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T H R E E 一D IM E N S IO N A L M E SQ S C A L E M O D E L IN G

O F M E T E O R O L O G ICA L FIE L D S O V E R

Z H U J IA N G (PE A R L ) R IV E R D E L T A

肋i 物馆
n ia n (施永年)

G u a n g d o n g In stitu te o f T r o p iea la n d o e ea n ie M e te o r o lo g y
,

G u a n g z ho u s l0 0 8 0

a n d R Og
e r A

.

Pie lk e

D e Pa r tm e n t o f A tm o sPhe ric se ien ee ,

C o lo r a d o s ta te U n iv e r sity
,

Fo rt C o llin s ,

C o lo ra d o 8 0 5 2 3
,

U
.

S
.

A

R ec elv e d M a y 3
,

19 9 1

A B ST R A C T

T he C S U 一R A M S一ZA w a s u se d t o sim u la te th e m e teo r o lo gic a lfi eld s o v e r the Z h uj ia n g R iv er D elta in So u th Ch in a
.

In 一tia l一z ed fr o m a h o r iz o n ta lly h o m o g e n eo u s a tm o sPh er e , r e a lto P o g ra Ph y a n d in ho m o g en e o u s su rfa e e b o u n d a ry eo n d i
-

tio n s
,

th e m o d e lw a s r u n w ith the rm a l a n d te r r a in fo r ein g
.

T he m o d eli n g re su lts o f w in te r a n d su m m er ea se s a r e e o m
-

Pa r ed w ith th o se o b serv e d
.

T he slm ila rity o f the Pre d ie te d d istrib u tio n s o f场 in d s , tem pe
r a tu r es a n d hu 爪id itie s to the o b

-

serv e d Pa tter n s Pe

rm its u s to e o n e lu d e tha t th e m es o sea le d is tri bu tio n o f m e te o r o lo g iea lele m e n ts fo r the tw o stu d y d a te s

15 the r esu lt o f th e the rm a la n d d yn a m iea lfo rc in g by the u n d e rlyin g su rfa ce a n d to Po g r a Phy
.

K e y , o r d s : th r e

e-- d im e n sjo n a l m e so se a le m o d e li n g
,

in itia leh a r a e te ristie s ,

Pa r am e te ri z a tio n ,

Z h uj ia n g R iv er D e lta

IN T R O D U CT IO N

T he Z huj ia n g 几
v er D e lta 15 a n im Po rta n t ee o n o m ie d ev elo Pin g a re a in So u th C hin a

.

B e -

e a u se o f its lo w la titu d e (the C o rio lis e
ffe c t 15 sm a ll)

,

th is D e lta 15 str o n g ly in fl u en ee d by

m e s o sc a le m e teo ro lo g iea l sy st
em

s
.

A lln
o st ev e ry yea r , sev ere m eso sc a le sy ste m s e a u se eo n sid e r a

-

b le d a m a g e a n d 10 55 o f life
.

T he se syste m s in e lu d e sq a ll一lin e s ,
to rn a d o es

,

ha ilsto rm
s a n d th u n

-

d e r s to
rm g a les

.

G e n er a lly sPea k in g
,
seve r e m eso se a le syste m s Pr ev a il fr o m F eb ru a ry to S ePtem

-

be r in S o u th C h in a
.

T h e g e n e sis a n d Pa th s o f m e so sea le system s re la te n o t o n ly to th e syn o Ptie

m e teo r o lo g ic a lfi eld s ,

bu t a lso to the to Po gr a Phy a n d the se a 一la n d d istribu tio n o f So u th C hin a
.

Fo r in sta n ee ,

th e m e so sea le syste m o v e r the Z huj ia n g 瓦
v er D elta o ft e n Pr e sen ts itself in thi s o r

th a t fi x e d a r e a
.

R iv e r va lley一m o u n ta in o u s a r e a s o r e o a sta la r e a s a r e e x a m Ples o f the ge o g ra Phi
-

ca l en v ir o nLm
e n t in So u th C hin a w he re w e ll一d e fi n ed m eso se a le syst

em
s o ee u r

.

T h u s ,

th e

m es o se a le to Po g r a Ph y a n d se a一la n d d istrib u ti o n a r e im Po r ta n t fa e to r s fo r fo rm
a tio n a n d d ev el

-

oPm e n t o fm e so se a le sys tem s
.

U sin g r o u tin e syn o Pti e e ha r ts o r syn o Pti e re so lu ti o n m esh n u m eri
-

ea l fo r ee a stin g m o d els
,

Pe o Ple in e v ita bly fa il in the Pr e d ietio n s o f me
so sea le sy stem s

.

5 0
,

m e so se a le m o d elin g o f th e regi
o n a l a tm o sPhe ri e e ire u la tio n s a n d m e te o r o lo gi

e a lfi eld s o
ve r th is

ar ea 15 n ee d ed to fu n d a m e n ta lly u n d er sta n d th e fo rm
a ti o n ,

d ev e lo Pm e n t a n d m o v e m en t o f th ese

system s
.

T h is Pa Pe r Pr e se n ts a fi r st a tte m Pt to d o cu m e n t fo r th is r egi o n the st
ruc

tu r e o f a tm o s
-

Pher ie e ir e u la tio n s w h ic h a r e fo r ee d by m e so sea le v a ri a tio n in te r rai n
.
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Fig
.

1
.

T o p o g r ap hy o fZ h uj ia n g R iv er D elta a n d v ic in ity (e o n to u r in ter v a l: 2 5 0 m )
.

11
.

G E O G R A PH Y

T he Z huj ia n g R iv e r 15 th e m o st im Po r ta n t w a te r system in So u th C h in a a n d its tr ib u ta r ie s

a r e the W
est R iv er ,

N o r th R iv er a n d E a s t R iv er
.

Fae in g the So u th C hin a Se a in th e so u th e a s t
,

th e D elta o f the Z huj ia n g 瓦
ve r 15 situ a ted in the so u th一ee n t ra l Pa r t o f G u a n g d o n g Pr o v in ee

.

H o n g K o n g a n d M a ea u a r e Pla ee d a t th e ea ste rn a n d w este r n sid e s o f the m o u th o f Z huj ia n g

R iv e r ,
r esPec tiv e ly

.

G u a n g z ho u ,

the big ge st c ity o f S o u th C h in a
,

15 a t the h ea d o f th e riv e r
.

O th
-

er tha n so m e h ills n e a r o r lo w e r th a n 5 0 0 m
,

the Z huj ian g 侧
v e r D elta 15 a lm o st a Pla in

.

It 15 su r
-

r o u n d ed by m o u n tain o u s te rr ain in th e e a st
,
n o r th a n d w e st

.

T o th e n o r th o f th e Z huj ia n g R iv e r

D elta the r e a re th e N a n li n g a n d D a yu m o u n ta in s
,

T he w e ll一k n o w n b o rd er b e tw e e n ee n tr a l

C hin a ’5 e lim a te a n d s o u the r n C hin a ’ 5 elim a te o cc u r s h ere
.

G e n e r a lly s
pe

a k in g
,
th e e le v a tio n s

o f th e N a n lin g a n d D a yu m o u n ta in s a r e be tw e e n 10 0 0 a n d 15 0 0 m
,

b u t s o m e hig h Pe a k s e a n be

b etw een 1 50 0 a n d 2 00 0 m
.

T he e o n to u r m a P o f th e Z huj ia n g R iv er D elta a n d its su rr o u n d in g

a re a s 15 sh o w n a s Fig
.

1
.

111
,

T H E M O D E L

T he C SU 一R A M S二ZA (v er sio n ZA o f th e C o lo r a d o Sta te U n iv e r sity R e g io n a lA tm o sPhe rie

M o d elin g S yst
em )w as u s

ed to sim u la te th e m e teo ro lo g ica lfi e ld s o ve r th e Z huj ia n g R iv er D e lta
.

R A M S 15 th e c o m b in a tio n a n d d e v elo Pm en t o f th e n u m e rie a la tm o sPh er ic m o d els d esig n e d in d e
-

Pe n d en tly u n d er th e d ir e c tio n o f R o g er A
.

Pielk e (Pielk e ,

19 74 ; M a hr e r a n d Pie lke ,

19 7 6 ; M a h r
-

er a n d Pielke ,

19 7 7)
a n d W illia m R

.

C o tto n (T riPo li a n d C o tto n
,

19 8 2 )
.

It 15 a g e n e r a la n d fl e x i
-

ble m o d e lin g system r a th er th a n a sin g le Pu rP丽e m o d el
.

It e o n ta in s m a n y o p tio n s fo r v a r io u s

Physie a la n d n u m erieal Pr o c esses
.

T he m o d e lu sed h er e ha s 4 0 X 4 0 x 14 g r id Po in ts in th e a tm o s
-

Pher e a n d 4 0 X 4 0 x 3 g rid Po in ts in the 5 0 11
.

T he h o riz o n ta l g rid d ista n c e 15 2 0 k m a n d the v e r ti
-

ea l g rid d is ta n ee 15 2 5 0 m in th e a tm o sPhe r e an d 15 0
.

1 m in the 5 0 11
.

T he tim e steP 15 30
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sec o n d s
.

T he m o d e lo Pti o n s a r e Pre sen ted in T a ble 1 a n d the ini ti a l eh a ra ct e rsti cs a r e sh o w n in

T ab le 2
.

T a b卜 l
、

M o d e lO P tio n s

G rid syste m th r e ese d im e n sio n a l sim u la tio n eo o rd in a tc tr an sfo rm act iv a te d

△Z = 2 5 0
.

0() m

△X = 2 0 0 0 0
.

0 0 m

△ Y 二 20 0 0 0
.

0 0 m
·

△t = 3 0 0 0 5

In itia lfi e ld :

P r essu r e e a le u la tio n :

V e r tiea lve lo eity d ia g n o sis :

T o P b o u n d a ry e o n d jtio n s :

L a ter a lb o u n d a ry e o n d itio n s :

Fin ire d iffe
re n ein g :

Clo u d o Ptio n s :

h o riz o n ta lly h o m o g en e o u s in itia liz a tio n

h yd r o sta tie

a n e la stie

K lem P一D u r r a n (19 8 3 ) g
r a v ity w a v e ra d ia tio n

K lem P一W ilhe lm so n (19 78 a ; b )
r a d ia tio n tyPe

sec o n d o rd er h o ri zo
n ta l

,

se e o n d o rd e r v e rtie al ad vec tio n

w a te r v a Po r as a P a ssiv e tr a ce r

T a b翻e 2
.

In 一tia lC ha r a e te risties

L a titu d e o fe en te r :

L o n g itu d e o fe e n ter :

S u rfa ee la ye r Pa r a m e ter iz a tio n :

R o u g h n e ss

M in im u m fr ic tio n ve lo eity (u
‘

)in su rfa ee la ye r p a r a m e teriz a tlo n

M in im u m v e lo e iry v a一u e to u se in e o m p u tsn g u .

R a d ia tio n e ha r a e te ris tie s :

Sh o r tw a ve r a d ia tio n tyPe

L o n g w a v e r ad ia t一o n tyPe

F r e q u e n e y o f r a d ia tio n ten d e n e y u Pd a te

5 0 11 eh a r a C te r istiC S :

5 0 11 m o d e leo m P u ta tl o n a l se he m e

5 0 一1 tyP e

2 2
0
5 6

,
N

1 13 02 8
,
E

0 0 5 m

一 l
0 刀lm s

0
.

10 m s
一 I

M a hre r一Pielk e (19 7 7 )

M a hr e r一Pielk e
(19 7 7 )

I m in 一l

A 】b e d o

T re m b a ek 一K e ssler (19 8 5 )

sa n d y ela y lo a m [U
.

S
.

D e Pt
.

o f

A g rie u ltu邝(19 5 1 )5 0 11 te x tu r e e la sse s
]

0
一

2 5

F o r th ese

.

C o o r d in a le

o Ptio n s ,

the m o d e lea n be b r ie fl y de seribed a s fo llo w s :

砂
s te 脚

In o rd er to fa c ilita te sim u la tio n s o ve r v a ryin g to Po g r a Ph y o f Z huj ia n g 斑
v e r D elta a n d its

s u r r o u n d in g a re a s
,

th e ter r a in fo llo w in g e o o r d in a te system 15 em Plo ye d
.

T h e r ela tio n shiP o f th is eo o rd in a te syste m w ith th e o rig in a le a r te sia n syste m ea n b e w ritte n

a S

x = x ,

(l)

y = y
,

(2 )

a n d
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, H (, 一 , 。)

z 二 一 z 。 )
(3 )

w he re x
‘ ,

夕
* an d z * a r e ter r a in fo llo w in g e o o rd in a te s a n d x ,

夕 a n d 2 a r e C a r te sia n

e o o r d in a tes
, z ‘ a n d z 万 a r e the heig h ts o f su rfa e e a n d th e m o d el to P

, re sPe c tiv ely
.

T h u s , z ‘ is a

fu n etio n o f ho riz o n ta le o o rd in a te s : z 。 = z 。
(x

,

y)
,

w hile z 二 15 a eo n sta n t h er e : z 二 = 3 2 50 m
.

2
.

刀口, ic Eq
u a tto n s

S in ee the m o d e l

Z huj ia n g 几
v er D e lta

o Pti o n 15 a hyd r o sta tie o n e a n d n o ste eP o r o g r a Phy 15 the r e in

a n d its su r r o u n d in g a r ea s ,

the ba sic e q u a tio n s ea n b e w ritten a s

竺 + 0竺
Ot 匀X

台U O U

二 一 “

— 一 V
— 一 W

OX q )夕

台U

+ g
O Z

z 一 z 万 。z ‘

z 万 。x

~ Z
, ,

一 Z 一 ,

: 广 义 月 U

宁J v 一 J

—
w

Z ~

U

/ z
,

、2

+ l

一
】

、Z
, ,

一 Z ~ ,
、 J, Q /

K 卫竺
一

一 一 」

材 厂 .

OZ 台Z

+ 三 K 竺
o x 一 M H 匀x

匀 , ,

+ 一人
: , LJ

妙

竺 兰 F

妙
(4 )

鲤 +

产
二

。t 妙

‘

竺 + g

刁Z

z 一 z H 0 2 ‘

z 月 妙
一fu

丝 三 F

材 H 妙
(5)K

0
一妙+丝奴

O V J V

一 “

石 ,一 r

万 一 w

/ z
, ,

、2 ,

+ l

一
】二

、Z
, ,

一 Z ~ , , ,

、 月 U / 。‘

二 K 脚
O V + 三 尤

匀X M H
OZ

竺
一 二 _ 度z H 一 z G

0
(6 )

O艺

。8

二
。8

廿下 宁 W 一一二~
J t , ,

勺, 石

。0 会8
= 一 U

— 一 V

—O x 妙

/ z
_

、
2

十 l

一
l

、名
,

一 Z ~ ,
、 J, U /

K 卫
材 厂 .

OZ OZ

+ 三 犬
勺8

H H g x

含8

口X
H H 妙

+ 5 0 三 F o ,

(7)K
0一妙+

竺
.

"

丸鸽

, 一 ‘ 、一 , _ , _
/ z

_ _

、
2

。甘 . ’
. 甘 _ 。甘 。衬 . 1 汀 侣

甲代
一

一 w 一甲犷 一 一 “

— 一 v

— 一 几

—
.

J l , , 2 工 g V 、Z
, ,

一 艺 _ I
. , ‘ 矿 、 月 U /

O

OZ

K
。
一妙+

+ 三 犬

自义

笠
H H o x

。 。

兰 + S
-

“ “

妙
,

(8)

,

/ z
, ,

一 z _ .

、
,

/ z
, ,

一 z _

、
,

/ z
,

一
z _

、
。 ,

_
八 。 - . _ 。 ,

_
月 Q ‘ . 万 汀 t. l

一, 二 几P

—
w l- 一 — IP

—
“ l一 丁, tP

—
v l

,

, , 、 Z
, ,

I 刁X \ Z
, ,

l 刁F \ 艺
, ,

l
。‘ \ 月 I \ 月 / 了 \ 月 /

(9)

w h er e 50 a n d 凡
a r e the so u rc es o r sin k s o f he a t a n d w a ter v ap o u r r e s

Pe
e tiv ely

.

w
’ r efe rs a s

th e e o m Po n en t o f v e lo eity o f a ir Pa r tie le w hi e h m o v e s b etw een the z * e q u isea la r s u r fa c es

(w
‘

= dz
‘

/ dt )
.

二 15 th e E x n e r fu n e tio n
.

o the r sym b o ls ha v e th eir u su a lm ea n in g s
·

3
.

B o u n
da ry CO

n di tio 刀s

T he to P b o u n d a ry eo n d itio n u se d fo r this m o d e lin g 15 the K lem P an d D u rr a n (19 8 3 )g r a v ity

w a v e r a d ia tio n eo n d itio n
.

T his b o u n d a ry e o n d itio n 15 d eri v ed to a llo w v e r tiea lly Pr o Pa g atin g in
、

te r n a l g r a v ity w a v e s to Pa ss o u t o f th e m o d el to P fo r lin e a r h yd r o sta tie a s w e ll a s B o u ssin esq
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w a v e s
.

In this fo rm
u la tio n ,

the Pr essu r e alo n g the m o d e l to P 15 d e te n 刀In ed fr o m th e F o u rie r

tr a n sfo rm o f th e v e r tie a lv e lo eity a t the m o d e l to P
.

T hi s b o u n d ary e o n d iti o n ea n e a sily be in oo r-

P o r a te d in th e m o d el a n d re q u ir e s little a d d iti曲
a l e o m Pu ta tio n (in elu d in g th e Fa st F o u ri e r

T r an sfo rm )
.

K lem P an d D u rr a n (19 8 3) ha v e a lso sh o w n r ea so n a bly g o o d re su lts fo r

n o n hyd r o s ta tic a n d n o n lin ea r w a v es a s w ell
.

F o r la ter a l b o u n d a ry eo n d itio n s , a g r avi ty w a v e ra d ia ti o n s
ch

em e su g g este d by K lem P a n d

W ilh e
lm

s o n (19 7 8a ; b ) 15 u sed
.

T h ese eo n d itio n s a r e th e a d v ee tio n s o f the n o
rm al ve lo eity e o m

-

Po n e n ts o u t thr o u g h th e b o u n d a rie s a t a sPeed g iv en b y th e su m o f n o

rm
a lv elo eity eo m Po n en t

a n d a n a p p r o x im a ted in tr in sie p h a se v elo eity (
e ‘

)
o fthe d o m in a n t gr a v ity w ave m o d es m o v in g

o u t th o u gh th e b o u n d a卿
.

e ’

15 se le ete d a s the B ru n t一
a isa la fr eq u e n e y m u ltiPli e d by th e

he ig h t o f the m o d elt o P (32 50 m ) a n d d iv id ed b y 3
.

14 15 9 2 6 5
.

A t the b o tt o m b o u n d a ry
, su rfa e e la yer Pa ra m ete riz a tio n o f B u sin ge r (19 7 3) 15 em Plo ye d to

ea le u la t e the tu r b u le n t fl u x e s o f m o m en tu m
,

he a t a n d w a ter v a Po u r
.

Th
e e n e r

gy b a la n e e o f

g ro u n d su rfa e e in c lu d e s lo n

gw
a v e a n d sho r tw a v e r a d ia tive fl u x e s ,

la te n t a n d sen sib le h ea t fl u x e s

a n d e o n d u etio n fr o m be lo w th e su rfa ee
.

T o in elu d e th e la tte r effe
e t, a thre e lev e lPr o g n o sti e 5 0 11

tem p e r a tu r e m o d el 15 p r o v id ed (T r em b a ek a n d K essler
,

19 8 5)
.

4
.

T “r b u le n ee P a r a m e 了e r iz a tio n

T he tu rb u len ee Pa r a m eteri z a tio n 15 Sm a g o r in s
ky 一tyPe ,

w h ich
ea lcu la te s th e ex eh a n g e

c o e ffi eie n ts ba se d o n th e d e fo rm
a ti o n o f str ea m fi eld w ith 凡eh a rd so n n u m be r d eP en d en ce

.

T h e

v e r tiea la n d h o riz o n tal m o m e n tu m ex e ha n ge e o effi ci en ts a r e ta ke n a s

、.少、.户

0
‘.1‘.1勺.二了

‘
、

‘
、

、、 。 一

豁
,
: {
。 + :、二 (一 N

’ ,

“),
’/

”

、 , 二 一

豁
,
;
。

,

w he r e D 15 th e d efo r m a tio n d e fi n e d a s
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T he r ela tio n sh iP b e
tw

e en h ea t (o r w a te r v a Po u r)a n d m o m en tu m e x c h a n g e e o e ffi eien ts 15 se t a s

乒
一

乒
一 3

.

一 一 M r 一 一
M H

(17)

5
.

R a di a tto n 尸a ra m e te r iz a tto n

Sh o r tw a v e a n d lo n g w a v e r a d ia tio n m o d e ls d e se rib ed b y M a h r er a n d Pielk e (19 7 7 ) a r e u sed
.

Th
e sh o r

tw
av e r a d ia tio n in cl u d e s th e e

ffe
e ts o f fo rw

a r d R a yleig h se a tterin g
, a b so rPtio n by w a t

-

e r v a Po u r an d te r ra in slo Pe
.

T h e lo n

gw
ave o n e in e lu d e s the em issiv itie s o fw a ter v a Po u r a n d e a r

-

b o n d io x id e
.

6
.

刃“m e r ie a lIn reg r a tto n
Sc hem e

T he m o d e lv a ria bles a r e d efi n ed o n a sPa c ed 一sta g ge re d g rid w ith v a ria ble sPa c in g in b o th

the h o riz o n ta l a n d v e r tiea l d ir eetio n s
.

In thi s system
,

all se a la r v aria b le s a re Pla ee d a t th e

而d Po in t o f e ac h g rid v o lu m e
.

V elo e ity c o m Po n en ts a r e d efi n ed o n the fa ee s o f th e v o lu m e Pe r
-

Pen d ic u la r to the c o m Po n en t d ir ec ti o n
.

See o n d一o r d er sPa ee d iffe
r en ein g 15 u se d t o c a le u la te a ll

d e r iv a tiv es
.

In o r d e r to a llo w a lo n g e r tim e ste P
,

th e fo rw
a r d一b a ek w a r d tim e--

sPlit seh em e 15 u tiliz ed in

R A M S
.

T he o
bj

ee t be hin d th e tim e--
sPlit se he m e 15 to e o m Pu te th e term

s r e sPo n sible fo r th e

Pr o Pa g a tio n o f the fa st m o d es o n a se rie s o f sm a lle r tim este Ps tha t r u n sim u la n eo u sly w ith th e

slo w e r m o v in g m ete o r o lo g iea l m o d es o n a m u e h lo n g er tim este P
.
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·
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(4 ) P re ssu r e a t r+△心 15 eo m Pu te d w ith (6)
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(5 ) T he h o riz o n ta lv elo e ities a r e stePPe d to t+ △ts :
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I !
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(6) T he v e r tic a lv e lo eity a t t+ △t,

15 c o m Pu ted w ith (9 )
.

(7) T he sm a ll ti m e steP 15 r ePe a te d n tim e s u n til n
△ ts = △ t,

.

F o r the o Ptio n s o f thi s m o d
-

elin g
, n = 3
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.

I n it ia l fi e ld s fo r w in t e r c a s e : (a ) u 一 e o m p o n e n t s (i n m / s ) ; (b ) v--
c o m P o n e n t s ( in m / s):

( e ) t e m pe
r a t u r e s (in K ) ; (d ) m ix i n g r a t io s

( i
n 0

.

19 / k g )
.

I V
.

M O D E L I N G R E S U L T S

C a s e l : 环万刀 te r

I n t his c a s e ,

th e m o d e li n g w a s ho m o g e n e o u sly in itia liz
e d fr o m th e s o u n d in g o f G u a n g z h o u

(2 3
0
8
‘
N

,

1 13
0

19
‘
E ) fo r 12 2 (2 0 L o c a l Sta n d a r d T im e

,

LST ) o n Fe b r u a ry 2 6
,

19 8 0 ( se e Fig s
.

Za一
Zd ) ahd r u n fo r 12 ho u r s

·

T he w in d s n e a r th e s u r fa ee Pr e d ie te d b y the m o d e l a r e sho w n in Fig
.

3 a
.

T h e Pr e d ie te d

w in d s o v e r th e So u th C hin a Se a in d ie a te a e o n sis te n t d ir e e tio n fr o m e a st t o n o r the a s t
.

H o w e v e r
,

o v e r the la n d s u r fa c e
,

the d ir e e tio n s o f the w in d s a r e r a the
r v a ria b le

.

T he re a r e se v e r a l sm a ll e d
-

d ie s a n d c o n v e r g e n c e lin e s Pr e s e n te d in D a yu
,

Jiu li a n a n d D a ya o M o u n t ain s
.

I t 15 v e ry in te r
-

e s tin g to Po in t o u t th a t the se a r e a s e o in e id e w ith the n o

rm
a l tr a v e l Pa ths o f S o u th C hi n a

m e s o s e a le sys te m s (C h e n a n d Y u a n ,

19 8 5)
.

Fig s
.

3 b a n d 3e a r e Pr e d ic te d tem Pe ra tu re s a n d m ixj n g ra ti o s n e a r the gr o u n d s u r fa ee

re sPe e t iv e ly
.

B o th the te m Pe r a tu re s a n d 而
x in g r a tio s h a v e a te n d e n e y to d e e r e a s e fr o m se a t o

la n d
.

U n lik e n e a r th e s u r fa ee
,

the w in d s a t the 1 12 5 m le v e l h av e a s o u th w e s t d ire e t io n
,

bu t th e

te m Pe r a tu r e s a n d th e m i劝n g r a tio s a t th is le v e l s till ha v e the te n d e n e y t o d ec r e a s e fr o m se a t o

la n d
.

T he Pr e d ie te d w in d s a t a n y le v e l a b o v e 15 00 m re ta in th e s o u th w e s te r n d ir e c tio n
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3
.

Pr e d ie t e d r e su lt s a t 12 5 m fo r w in t e r e a s e

( a ) s t r e am lin e s ; (b ) t
e m Pe r a tu r e s ( in K ) ;

( e ) m i x in g r a t io s ( in 0
.

1 9 / k g )
-

( e )

一 3。。
.

0--02
0 0四 1。。

.

0
00

, 0 1。。
.

。
子0

0
·

o

飞
。。。。

x (km )
.

e o n s is te n tly
.

H o w e v e r ,

the te m Pe r a tu r e s o v e r th e S o u th C h in a Se a in e r e a se fr o m w e s t to e a s t a t

le v e ls a b o v e 15 0 0 m a n d the m ix in g r a ti o s th e r e h a ve the o PPo site te n d e n e y 一一 to d e e r e a s e

fr o m w e s t t o e a s t
.

O w in g to s a v in g the sPa c e o f this Pa Pe r
,

the s e fi g u r e s a re n o t sh o w n h e r e
.

2
.

C 口s e Z : 万“用m e r

I n this c a s e ,

the 12 h m o d e lin g w a s a ls o h o m o ge n e o u sly in itia lize d fr o m th e s o u n d in g o f

G u a n g z h o u
,

b u t fo r 0 0 2 (0 8 L ST )
,

Ju n e 1 8
,

19 86 (s e e F ig s
.

4 a一4 d )
.

Fig s
.

sa 15 the 12 h Pr e d ie te d s tr e am lin e s n e a r the s u r fa c e la ye r
.

I t 15 sh o w n th a t the d ir e e
-

ti o n o f s tre a m lin e s 15 ge n e r a lly fr o m s o u th to n o r th
.

o ve r th e So u th C hin a Se a
, s o u the a s t w in d s

Pre d o m in a te
.

T he re a r e n o t a n y e d d ie s in the m o d e li n g d o m a in
,

b u t a e o n v e r g e n e e lin e w as s im u
-

la te d n e a r th e D a ya o a n d D a r o n g M o u n ta in s
.

Fig s
.

sb a n d se a,r e the Pr e d ie te d te m Pe r a tu r e s a n d m i劝n g r a tio s n e a r th e s u r fa e e
.

A s e o n
-

s t ra s te d to th e wi n te r e a s e ,

the tem Pe ra tu r e s n e a r the s u r fa e e ,

P r e d ie te d fo r s u m m e r c a s e ,

in
-

e re a s e fr o m s e a to la n d
.

B u t th e Pre d i e te d m ix in g r a tio s n e a r the su r fa e e st ill d e e r e a s e in the

sa m e d ir e e tio n ev e n fo r t he s u m m e r c a se
.

C o m Pa re d to th o s e in th e su r fa e e la ye r
,

the w in d s a t th e 1 12 5 m le v e l a r e m o r e u n ifo rm

fr o m s o u thw e s t t o n o r the a s t
, a n d th e te m Pe r a t

ure
s a t this he ig h t re ta in the te n d e n e y to in c r e a s e

fr o m s e a to la n d
.

B u t the m ix in g r a tio s a t the 1 12 5 m le v e lh a v e a t e n d e n cy o PPo se d to t ha t o f

th e s u r fa e e
.

T he Pr e d ie te d w in d s a bo ve the 15 0 0 m le v e l a r e v e ry sim ila r t o th o se a t th e 1 12 5 m

一一
u n ifo rm ly fr o m so u thw e st to n o rth e a st

,

b u t the te n d e n e y o f te m Pe r a tu re s a b o v e 15 00 m 15
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.

A s i n Fig
.

2
,

b u t fo r s u m m e r e a se
.

in e r e a sin g fr o m w e s t t o e a s t a n d tha t o f m i石n g r a tio s is d e c re a s in g fr o m w e s t to e a s t (fi g u r e s n o t

sho w n )
.

V
.

CO M PA R I SO N W I T H O B S E R V A T IO N

C 口s e l : 环任h te r

Pre s e n te d a s F ig s
.

6 a一6 e
,

the e o n to u r s a n d s tr e am lin e s a re d e Pie te d by the o
bj

e c tiv e a n a ly
-

5 15 Pr o g ra m o f R A M S fr o m the o bs e rv a tio n a l d a ta o f 0 0 Z (0 8 LST )
,

Fe bru ary 2 7
,

19 8 0
.

Fig
.

6 a sho w s the w in d s n e a r th e su r fa c e
.

T he y a r e sim ila r t o tho se p r
ed ic te d (s e e Fig

.

Za )
, e sPe e ia lly o v e r th e So u th C hin a Se a

.

B u t o n a e c o u n t o f th e sPa r se n a t u r e o f the

o b se r v a tio n a l n e tw o r k
,

the a n a lys is Pr o g r a m e a n n o t d e Pie t a n y e d dy s tr u c tu re
.

O v e r the la n d

a re a ,

P r e v a ilin g n o r th w in d s w e r e o bs e r v e d ne a r the su r fa c e
.

It 15 b e e a u s e o f a syn o Ptie Pr o e e s s
.

T h e in s e r tio n o f a c o ld s u r g e o n the e a r ly m o rn in g o f F e b r u a ry 2 7
,

19 8 0 c au s e d thi s
.

Fig s
.

6 b

a n d 6e a r e o b s e rv e d te m Pe r a tu re s a n d 而劝
n g r a tio s n e a r th e s u r fa e e

.

Sim ila r to tho se Pr e d ie te d

(s e e Fig s
.

Zb a n d Ze )
,

th e t en d e n c ie s o f the sPa tia l d ist ri b u tio n o f th e se tw o m e te o ro lo gi
c a l e le

-

m e n ts to d e e r e a se fr o m s e a to la n d a re v e ry a PPa r e n t
.

B u t o w in g to the e o ld su r g e
,

it 15 e o ld e r o r

d r ie r tha n th e Pr e d ie te d :

T h e s tr e a m lin e s n e a r th e 10 0 0 m le v e l a r e a little d iffe
r e n t to th o s e Pre d ic te d

, a n d Pe r ha Ps it

15 in d u c e d by the syn o Pt ie Pr o e e s s to o
.

T he in s e r tio n o f the c o ld a ir s u r ge c a u se d Pre v a ilin g

n o r th w in d s a t this le v e l
,
a n d the m e s o s e a le m o d e l e o u ld n o t Pr e d ie t su e h a la rg e--

s e a le syn o Ptic
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00
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3 0 0刃

早0 0刃

匕
/ 2 86
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巴 10 0
.

0仓
入

0
.

0

一 100
.

0

一 20 0
.

0 0

3 n 0
.

0砂砂砂
300

.

00

20 0
.

00

日 10 0刃 0
留‘

入 0加
一 100

.

0 0

一 200
,

00

一 3的
.

00 少挤
x (k m )

一 3
丽雳

0众四1。。乃
00加

, 。。刀。2 00
.

00
30 0 刀0

x (k m )

300 刀0

(日召)
、

一 ,。0 0 0
一

一 2 00
.

00

一3 00
.

0 0扮
300

.

00

20 0刀0

10 0 刀0

0 刀0

一 10 0
一

0 0

一 20 0 0 0

一 300
‘

0 0

8
.

0(uz召�气

l2

( 夕
( e )《2

.

0
一 3。。
砧

00
00--

1。。
.

。

君
, 0 1。。 2 00

,

0 0
0 0 3() 0

,

0 0
一 20 0

一 30 0 00
0 0 0

.

0 0
一 10 0

.

0 0
l。。刀。20 0

一

o
夕
。。刀。

x (k m )

F ig
.

5
.

A s in F ig
.

3
,

b u t fo r su m m e r e a se
.

x (k m )

F ig
.

6
.

o b s e r v a t io n s fo r w in te r e a s e
.

( a ) s t r e a m li n e s a t

10 m ; (b ) te m Pe r a tu r e s a t 1 5 m ( in K ); (e ) m 一x
-

i n g r a t io s a t l
.

s m ( in g / k g )

Pr o ee ss a s e o ld s u r g e’. B u t th e te n d e n c ie s o f sPa tial d is t rib u tio n o f the o b s e rv e d te m Pe r a tu r e s

a n d m ix in g r a tio s a r e s till s im ila r t o th o s e Pr e d ie te d a t this le ve l
.

C o m Pa r e d t o th o s e Pr e d ic te d
,

the h o r iz o n t al d is tr ib u tio n s o f o b s e rv e d w in d s
,

te m Pe ra tu r e s a n d m ix in g r a tio s a r e v e ry s im ila r

to th e ir Pre d ic te d c o u n te rp a r t s : the d ir e e tio n s o fw in d s a re fr o m s o u th w e s t to n o r th e a s t ,

th e te m
-

Pe r a t u r e s in e r e a s e fr o m w e st t o e a s t a n d th e
而

x in g r a tio s d e e r e a se fr o m w e s t to e a s t
.

T he s e fi g
-

u r e s a r e n o t sh o w n h e r e
.

2
.

〔恤召c Z洲夕“尹陀m e r

F ig s 7
一

7 b a r e o b s e rv e d te m P e r a tu r e a n d m ix in g r a tio s c o n to u r s a t the 10 0 0 hPa
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3 0 0
.

00

2 0 0 0 0

1 0 0
.

0 0�日衫入

3 0 0
‘

0 0

2 0 0
.

0 0

10 0 00

百 o乃o
.

习

丫
一 10 0 刀0

一 2 0 0
.

00

一 3 0 0 0 0

3 0 0 we

一一
一

30 3 0 0

翌红丢黔全
一 10 0

.

一 2 0 0
.

一 3 0 0
.

一 2 0 0
.

0 0 0
.

0 0 2 0 0
一 3 0 0

.

0 一 1 0 0
.

0 0 1 0 0
.

0 0

29 6

—
(a )

-
~ ~ 舀. . . ,

乃0
3 0 0刀0

_

一夕
0

.

丁

即
·

o一 洲

/ 尸
2 2

‘

Q

2 0 0

一 2 0 0
.

一 3 0 0
.

0 0
万 江00 2 0 0
一 10 0

.

0 0 10 0
.

0 0

(b )

叽言蕊

00000000

x
(k m )

F lg
.

7
.

o b s亡r v a t io n s a t 10 0 0 hPa fo r s u m m e r e a s e : (a ) t
e m Pe r a tu r e s ( in K ) a n d (b )

x
(k m )

m ix in g r a t io s ( in g / k g )

is o b a r ie s u r fa c e ,

d e Pi e te d b y th e o bj e e tiv e a n alys is a c e o r d in g t o th e s o u n d in g d a ta o f 12 2 (2 0

L ST )
,

Ju n e 1 8
,

19 8 6
.

Ju s t a s tho se Pre d ie te d
,

th e te m Pe ra tu r e s inc re a se fr o m se a t o la n d a n d th e

m ix in g r a tio s d e c r e a se in th e sa m e d ire c tio n
.

U n fo r tu n a te ly
,

w e
do n o t h a v e e n o u g h d a ta t o

o bj e c tiv e ly d e Pic t th e s tr e a m lin e s n e a r the g r o u n d su r fa e e fo r this s o u n d in g tim e
.

T he d ir e e tio n s o f s tr e a m lin e s a b o v e the 9 0 0 hPa is o b a ri e su

rfa
e e

, o
bj ec tiv e ly d e Pie te d fr o m

th e s o u n d in g w in d s
, a r e alm o s t u n ifo rm ly s o u thw e s t

.

T he d is tri bu ti o n o f o b se rv e d te m Pe r a tu re s

a t th e 8 5 0 hPa iso b a r ie su r fa ee sh o w s th a t s o m e h ig h te m Pe r a tu r e ce n te r s a re alo n g the e o a stlin e

a r e a a s w e ll a s o v e r the Le iz ho u Pe n in su la a n d D o n g sh a I sla n d s
.

A ls o
,

th e r e 15 a hig h h u
而d ity

be lt a lo n g th e S o u th C h in a S e a e o a s t a t the 8 5 0 hPa iso ba ri e su rfa e e
.

T h e o b s e rv e d te m Pe r a tu r e s

a b o v e th e 8 0 0 hPa le v e lin e r e a s e fr o m w e s t to e a s t a n d th e o b s e rv e d m i灿n g r a tio s th e r e d e e r e a s e

fr o m w e s t to e a s t
.

A ll o f the s e c ha r a e te r is tie s are v e ry s im ila r t o the ir e o u n te 印a r ts Pr o d u c e d b y

th e m o d e lin g
.

I n o r d e r to save the sPa ee o f thi s Pa Pe r
,

th e s e str e a m lin e s a n d c o n to u r s ,

ha v in g

b e e n
de Pie te d o

bj
e e t iv e ly b y the R A M S a n alys is fa e ilitie s

, a r e n o t sho w n her e fo r 9 0 0 h Pa

iso b a ri e s u r fa c e a n d a b o v e
.

V l
.

V E R I F I CA T I O N

T h e v e r ifi e a tio n a n a lys is w a s Pe rfo rm
e d b y e o m Pu ti n g the

r o o t m e a n sq u ar e e r r o r

(R M S习
,

the s ta n d a r d d e v ia tio n o f o b se rv a tio n s (口
。b s

) a n d o f Pre d ie ti o n s (
a m “)

,
a n d the r a tio

R MS E / 叮。b s a s the fu n e tio n s o f w in d d ire e t io n
,

w in d sP e e d
,

te m pe r a tu r e a n d 而
x in g r a tio

.

M o r e o v e r , th e v e r tie a l Pr o fi le s o f th e w in d d ir e c tio n
,

w in d sPe e d
,

te m Pe r a tu r e a n d 而劝n g r a ti o

a t G u a n gZ h o u (2 3
0
8
‘
N

,

1 1 3
0
19

‘
E )

,

H o n g K o n g (2 2
0
19

‘N
,

1 14
0
10

‘
E ) a n d Sh a n to u (2 3

0
2 1

‘
N

,

1 16
0

4 0 ‘E ) a re e o m Pa r e d w ith th o s e Pr e d ie te d
.

T a ble 3
.

R o o t M e a n Sq u a r e E r r o r s b e tw e e n

a n d P r e d ie t io n (W in t e r C a s e )

R M SE

O b s e r v a tio n an d Pr e d ie ti o n a n d S ta n d a r d D e v ia t io n s o f o b s e rv a tio n

a o bs a 恤。

9 5
.

5 1

5
.

2 5

RM S E / 『 。比 (% )

W in d d ir e e t io n (d e g 〕

W in d sp e e d (m s一 l )

T e m Pe r a t u r e (
o
C )

M ix in g r a t io (9 k g
一1)

3 7

5 l

12 1 2 4

6
.

8 3

66丘

1
.

7 6

1
.

6 6

5 2 6

3
,

8 7

6
.

0 7

2 月l

5 4
.

7 4

8 0石7

3 1
.

7 5

4 2名9
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G u a n g z ho u H o n g K o n g G u a n g z ho u
Sha n to u

3 50
Sh a n to u

了护J尹,3 5 0 0

30 0 0

H o n g K o n g

t,’

。

;
"
寿

J讲|
.
J研|

00oo
,一
‘1.

�日�ltIZ右忿
l八八叭

认

曰日以川.、.1

⋯⋯
、、

八曰nn�nU�11�nnUCUO
凡j,‘,.

�日�1召助石H

(b )
0 1 ‘
18 0 3 6 0 18 0 8 0 1 80 3 6 0 1 80

O峪
0 10 2 0 2 5 0 10 2 0 2 5 0 20 2 5

s)飞叮Kodg)eeon八以叭
”SPH(

、

W i n d D i re e tio n (
o

)

H o n g K o n 只 Sh a n t o u
Sha n t o u

、、、

叭�丫必
m

:;:成
u a n g z ho u

3 5 0 0

3 0 0 0

W i n d

G u a n g z h o u

官
_ _ _ _

}丫
室

z U U u

} 狱
主 ‘。。0

{ {{
O匕一一二土一一一
0 10 2 0 3 0 2 0 0 1 0

.
司讲||f件J|0L0八曰n八曰一”�,�,

.人�日�4q曾。主

T e m p e r a tu r e
(℃) M ix i n g R a t lo (g / k g )

Fi g
.

8
.

V e r tie a lP r o fi !e s o f m e t e o r o lo g ie a l e le m e n t s fo r w 1n te r e a s e : (a ) w in d d ir e e tlo n ; (b ) w in d s p e e d ; (e ) te m P e ra

tu r e s ; Ld ) m ix in g r a ti o
,

( so lid lin e s fo r o b se r v e d
,

d a s h e d fo r Pr e d ie te d )

T a b le 3 Pr e s e n ts RM S E { 叮
。b , , 口m o d a n d the r a ti o R MS E / J o bs o f w in d d ir e e tio n s ,

w in d

sPe e d s ,

t e m Pe r a tu r e s a n d m ix in g r a tio s fo r the w in te r e a se
.

A s sho w n in th is ta b le
, e ithe r t h e

天材国石
o f w in d d ir e e tio n s o r th a t o f w in d sPe e d s 15 Pre tty la r g e

.

Th
e e a u s e 15 tha t the re w a s

s u c h a la r g e s e a le syn o Ptie Pr o ee s s a s the e o ld s u rg e
,

w h ie h w e e a n n o t Pre d ie t it w it h m e s o s e a le

m o d e lin g
, e v e n th o u g h the to Po g r a Ph y a n d Ph ys ie a lPr o c e ss e s a re ve ry w e llPa r a m e te riz ed

.

F ig s
.

sa一sd a re o b s e rv e d a n d P r e d i e te d v e r tie a lPr o fi le s o f w in d d ir e e tio n ,

w in d sPe e d
,

te m
-

Pe r a tu r e a n d m ix in g r a tio a t G u a n gZ h o u ,

H o n g K o n g a n d Sha n to u
.

T he s e Pa r a tio n o f v e r t ie a l

Pr o fi le s o f Pr e d ie te d w in d fr o m t ha t o f o b s e rv e d o n e fo r w in te r e a s e 15 o b v io u sly r e fl e c te d in

F ig s
.

sa a n d sb
.

R M S E o f te m Pe r a tu re a n d m ix in g r a t io
,
a s w e ll a s the v e rt ic a lPr o fi le s o f th e s e

tw o m e te o r o lo g ie a l e le m e n t s
,
sh o w s tha t the m o d e lin g fo r t e m Pe r a t u r e o r hu m id ity 15 b e tte r

th a n th a t fo r w in d
.

T a ble 4
.

R o o t M
e a n Sq u a r e E r r o r s b e tw e e n o b se r v a t io n a n d P re d i e t io n

, a n d S ta n d a rd D e v ia t io n s o f o b se r va tio 。

a n d Pre d ie t io n (S u m m e r C a se )

R M S E / a ob ,

( % )

W in d d ir e e t io n (d e g
.

)

W i n d sp e e d (m s一 l)

T e m p e r a t u r e (
o

)

M ix in g r a t io (9 k g
一 l)

R M S E

2 6
.

3 4

2乃5

1
.

10

1
.

13

口 o b s

3 2
,

4 9

3
,

2 5

5
.

9 3

3
.

90

叮m “

1 1
.

0 2

2
一

9 4

5
.

6 4

3
.

6 6

8 1
.

0 7

7 8
.

6 4

18
.

5 5

2 8
.

9 7
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3 5 0 0

3 0 0 0

G u a n g z n o u

:
,.

八汀双

H o n g K o n g Sh a n to u G u a n gz ho u Sh a n to u

3 5 0 0

3 0 0 0

H o n g K o n g

0nn八112-00

�日�兰妙。工
‘·盆
:
l-

⋯
吸口口.刊,“

2 0 0 0

10 0 0

�日��二切�。工

0 18 0
匕

。
以

.

一一3 6 0 0 tU 2 0 2 5

W in d D ire e t io n (
o

)

3 5 0 0

30 0 0

G u an g z ho u
H

艾
。n g Sh

Sp e e d 恤/ s)

H o n g K o n g S ha n t o U

a n t o ti

W in d

G u a n g z ho u

3 50 0

30 0 0

、

叭认笼n�11�n�o 0n
�,‘,人

�日�兰妙。工

2 0 0 0

10 0 0

叭.、协

0 10 2 0 3 0 咭 10 2 0 0

M ix in g

�日�乞四。工

10 2 0 (

R a t io (g / k g )

T e m 谬
r a t u r e (℃)

Fig
.

9
.

A s in Fi g
.

8
,

b u t fo r s u m m e r e a s e
.

T a b le 4 15 th e s a m e a s T a ble 3 b u t fo r a su 们比们n e r e as e
.

A s the r e w a s n o str o n g syn o Pt ic Pr o
-

ee s s in this e a se ,

the R MS E o fw in d d ir e e tio n a n d w in d sPe e d 15 m u e h sm a lle r th a n th a t fo r w in
-

te r e a s e
.

T h e R M S E o f te m Pe ra tu r e a n d m i x in g ra tio fo r the su rn 们。e r e a se r e fl e e ts tha t the

m o d e lin g o f the s e ,tw o m e te o r o lo gi
e a l e le m e n ts 15 v e叮 re a listie

.

Fig s
.

g a an d g b
,

Pr e s e n tin g th e v e r tie a l Pr o fi le s o f w in d d ir e c tio n a n d w in d sPe e d fo r s u m
-

m e r e a s e re sPe c tiv e ly
, a ls o sh o w the s a

me k in d o f s itu a t io n a s r e fl e c te d b y the R M S E o f w ind
d ire e tio n a n d w in d sPe e d in T a ble 4

.

T he v e r tie al Pr o fi le s o f Pre d ic te d te m Pe r a tu r e a n d m ix in g

r a t io fo r the s u m m e r e a s e a r e v e ry s im ila r to th o s e o f th e o b se r v e d to o (s e e Fig s
.

g e a n d g d )
.

V ll
.

D ISC U SSI O N

S in e e b o th the w in te r and
s u m m e r e a se s a r e h o m o ge n e o u sly in itia li ze d

,

the m o d e lin g re s u lts

a re in d u e e d b y the t o Po g r a Ph ie a lfo r c in g a s w e ll a s th e th e rm a la n d dyn a m ie a lfo rci n g o f the u n-

d e r lyin g s u r fa e e
.

T he s im ila rity o f the Pr e d ic te d d is tr ib u tio n s o f w in d s ,

te m Pe r a tu re s o r hu而d i
-

tie s to t he o b se rv e d Pa t te r n s Pe rm its u s to e o n e lu d e th a t th e m e s o s e a le d ist rib u tio n o f m e t e o ro -

lo g ie a l e lem
e n t s fo r th e tw o s tu dy d a t e s 15 th e re s u lts o f the th e

rm
al a n d dy n a m ie a l fo r e in g o f

th e u n d e r lyin g s u r fa c e a n d to Po g r a Phy
.

R A M S 15 a v e ry g o o d m o d e lin g sys te m w h ie h e a n de s
-

e rib e to Po g r a Phy a n d Pa ra m e te r iz e m a n y Phys ie a lPr o e e ss e s in d e t a il a n d re a lity
.

M o r e o ve r ,

the

re a s o n a b le a n d e e o n o m ic g r a vi ty w a v e r a d ia tio n sc h e m e s a r e u se d in R A MS fo r to P a n d la t e r a l

b o u n d a ry e o n d itio n s
.

o n e in te re s tin g r e s u lt 15 th a t u s in g th e sa m e Pa ra m e te r iz a t io n a n d o v e r

th e s a m e to Po g r a Phy
,

b u t in it ia liz e d fr o m the d iffe re n t v e r tie a l e o n s tru c tio n o fh o riz o n ta lly ho m
-

o ge n e o u s w in d
,

t e m P e r a tu r e a n d hu m id ity
, a
nd d u r in g the d iffe

re n t time
o f the ”

a r a
nd the d a y

(5 0 th e Pa r a m e te riz a tio n s o f ra d ia tio n a r e d iffe
r e n t)

,

the r e a re e d d ie s Pre s e n tin g in th e 12 h m o d
-

e lin g r e s u lt o f t he n e a r s u rfa e e la ye r o f w in te r c a s e ,

b u t n o n e o e e u rr e d in th a t o f su m m e r e a se
.
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.

6

A s th e r o u tin e o bserv a ti o n s a re to o sc a r ee a n d the
gh d syste m o f sy n o Ptie sea le n u m eri c a lw ea th

-

e r fo r e ca stin g 15 n o t d en
se en o u g h

,

th e r o u ti n e fo r ec a sts fai l to Pr e d ie t the se m e so sea le syste m s
.

B u t th e e x
pe ri m e n ts he r e su g ge st tha t eve n ifw e sta rt the m o d e li n g w ith v e ry u n ifo rm ini tia le o n

-

d itio n s (e
.

9
. ,

w in d
,

tem pe
r a tu re a n d hu m id ity)

,

w h ie h a re h o ri zo n ta lly eq u a l in a 8 0 0 km x 80 0

k m a r ea
,

bu t u se the r ea l to Po gr aPhy a n d ho ri z o n ta lly in h o m o ge n eo u s su rfa ee b o u n d a ry e o n d i
-

tio n s ,

the re su lta n t m ete o r o lo gi
e a lfi e ld s a r e sim ila r to tho se o bse rv e d

.

T h is r esu lt 15 v ery sig n ifi
-

e a n t ifw e a re g o in g t o im Pr o v e th e n u m e ri e a lfo re ea stin g o fm e so se a le syste m s
.

V lll
.

C O N C L U S IO N S

(l) W ith r ea l to Po g r a Phy a n d h o ri z o n ta lly in ho m o ge n e o u s su rfa ee b o u n d a ry eo n d itio n s
,

the m o d eli n g r e su lts a r e e o m Par a ble w ith tho se o b se rv e d
, ev e n if in itia li ze d fr o m a h o ri zo

n ta lly

ho m o ge n e o u s a tm o sPhe re
.

(2) R A M S 15 a v e ry g o o d m eso sc a le n u m e ri ea l m o d e lin g system w h ie h c a n r efl ec t th e ef-

fe e ts o f to Po g r
ap hy a n d Physiea lPr o ce sse s in d e ta ila n d r ea lity

.

(3) It 15 Po ssib le to n u m eri c a lly Pre d ie t su rfa ee fo ree d m e so sea le m e te o r o lo gi e a l sys te m s

wi th ro u tin e syn o Ptie o bserv a to ry d a ta
,

Pro vi d in g the to Po g r aPh y a n d su rfa ce fo rc in g a r e

re a listie a lly re Pr e se n te d w ith m eso sea le re so lu ti o n
.

T he stu dy w a s su PPo rte d b y th e U n ited Sta te s N a tio n a lSe ien ce Fo u n d a tio n u n d er g ra n t A T M 一8 6一 16 6 6 2
.

T he e o m
-

Pu ta ti o n s w e re Per fo rm
e d w ith the C o lo ra d o Sta te U n ive

r sity R e g io n a lA tm o sPhe rie M
o d elin g Sys te m (R A M S )a n d ea r

-

r ied o u t by th e N C A R C R A Y一X 一M P c o m P u rer
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