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FA N Q i (樊 琦 )
,

W AN G A叮
u (王安宇)

,

FA N S h a

oji
a (范绍佳 )

,

D e p a r t m e n t o f A tm o s p h e rie S e ie n e e s
,

Zh o n g s ha n U n iv e r s it y
,

G u a n g z h o u 5 1 0 2 7 5

W U Du i (吴 兑)
,

D E N G X u ej ia o (邓雪娇)

G u a n g z h o u In s tit u te o f T r o p ie a l a n d O e e a n ie M
et e o r o lo g y

,

G u a n g z h o u 5 1 0 0 8 0

a n d L IU Y in g w e i (刘英伟)

M
a e a u

M
e te o r o lo g ie a l a n d G e o p hys ie a l S e rv ie e s

,

M
a e a u

R e e e iv e d N o v e m be r 28
,

2 0 0 2 : r e v is e d M
a r e h 1 0

,

2 0 0 3

A BS T R A CT

N o w m o r e e o m p re h e n s iv e e lo u d m ier o p hys ie a l p r o e e s se s h a v e b e e n in e lu d e d in a dv a n ee d th re e -

d im e n s io n a l m es o s ea le m e te o ro lo g ie a l m o d e l s u eh a s PSU /N CA R MM S m o d e l 5 0 th e m o d e l e a n b e

u se d in th e p r e d ie tio n o f fo g
.

In th is p a p e r
,

M M S w a s u tiliz e d to s ixn u la te a n ad v e e tio n fo g

o e e u r rin g in N a n lin g M o u n ta in a r e a
.

T h e s im u la te d re s u lts w e
re

e o m p a r e d w ith th e fa e ts o bta in e d

b y d e ta ile d o b s er v a tio n e x p e rim e n t
.

T he r e s u lts s h o w e d th a t t he s im u la tio n w a s s u ee e s s fu l in th e

fo llo w in g a s p e et s : (1 ) th e fo r m a tio n a n d d e v e lo pm en t o f th e fo g : (2 ) th e te m p o r a l v a r ia t io n o f th e

m a x im u m liq u id w a te r e o n te n t : (3) th e d iffu sio n o f th e e o ld a ir
,

e s p e e ia lly t h e te m p o r a l v a r ia tio n

o f th e g r o u n d te m p er a tu r e ; a n d (4 ) th e u plift o f th e a ir a n d th e fo r m a tio n a n d d e v e lo pm e n t o f th e

lo w
一

le v e r in v e r s io n
.

B e sid e s
,

w e d id s o m e s e n s it iv ity n u m e r ie a l e x Pe r im e n ts an d d is e u s s e d th e

e ffe et s o f th e r a d ia t io n the r e le a se o f e o n d e n sa t io n lat e n t h e a t a n d th e eh a n g e o f 5 0 11 m o is tu r e a n d

te m p e ra tu r e o n t he fo r m a tio n a n d d e v e lo p m e n t o f fo g
.

T h e s u e e e s s o f n u 现e riea l sim u la tio n

e x p e r im e n t o f fo g h a s p r o v e d th a t th e n u m e r ie a l fo r e ea s tin g o f fo g 15 p r o m isin g
.

K e y w o r d s : N a n lin g M o u n ta in
,

a d v e c tio n fo g
,

n u m e rie a l s im u la丈io n
,

se n s itiv ity e x p er im e n ts

1
.

IN T R O D U C T IO N

W ith th e d e v e lo p m e n t o f the h ig h w a y
,

m o r e a t t e n tio n h a s b e e n p a id t o th e p r e d ie t io n

o f fo g s
.

Sin ee th e fo g m o d e l h a s fir s t be e n s e t u p b y F ish e r a n d Ca p la n (1 9 6 3 )
,

the

r e s e a r eh o n the n u m e r ie a l s im u la t io n o f fo g s h a s b e e n d e v elo p e d r a p idly
.

O n e o r tw o -

d im e n s io n a l fo g m o d e l w a s u s e d in th e s tu d y o n th e fo g b y Fish e r a n d C ap la n (1 9 6 3 )
,

Z d u n k o w s k i a n d N ie ls e n (1 9 6 9)
,

R o a e h a n d Br
o w n (1 9 7 6 )

.

R e e e n tly Z h o u (1 9 8 7 )
,

Q ia n

e t a l
.

(1 9 9 0 )
,

a n d Z h a n g e t a l
.

(1 9 9 3 ) a ls o a n a ly z e d th e fo r m a tio n a n d d is sip a tio n o f the

fo g u s in g o n e o r tw o 一

d im e n sio n a l fo g m o d el
.

A ft e r 1 9 9 0
,

S hi e t a l
.

(1 9 9 6 ) a n d H u a n g e t

a l
.

(2 0 0 0 ) h a v e d o n e n u m e r ie al s im u la tio n r e s e a r eh e s o n the r a d ia t io n fo g u s in g a th r e e -

d im e n sio n a l fo g m o d e l
.

T h ey all a eh ie v e d m a n y m e a n in g fu l r e s u lt s
.

O n e o f th e o bie e tiv e s

o f th e n u m e r ie a l sim u la tio n r e s e a r eh e s 15 t o d o the n u m e r ie a l p r e d ie tio n
.

In r e e e n t y e a r s
,

T h is st u d y w a s s u pp o r te d b y th e N a tio n a l K e y P r o
i
ee t ZK CX Z

一

SW
一
2 1 0 o f C h in e se A ea d e m y o f

S e ie n ee s a n d th e N at io n a l N a tu r a l S e ie n ee F o u n d a tio n o f C h in a (4 9 9 7 5 0 0 1 )
.
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.

1 7

th e n u m e r ie a l p r e d ie t io n m o d els ha v e g o t r a p id p r o g r e s s e s (W h ite e t al
.

1 9 9 9 )
.

Fo r

e x am p le
,

a e o m p r eh e n s iv e e lo u d m ie ro p h ys ie a l p r o e e s s h a s b e e n in e lu d e d in the fifth
_

g e n e r a t io n N CA R / Pe n n S t a t e m e s o s e a le n u m e r ie a l p r e d ie tio n m o d e l (MM S) (G r e ll e t al
.

1 9 9 5 ) elo u d w a t e r a n d r a in w a t e r a r e t a k e n a s p r e d ie t o r s
,

th e fallin g sp e e d o f th e r ain

d r o P a n d the a u t o
一 e o n v e r s io n b e tw e e n elo u d d r o P a n d r ain d r o P a r e e o m Pu te d in the

m o is t u r e p r e d ie t io n eq u a t io n s
.

O b v io u sly it w ill e o n t r ibu t e to the n u m e r ie a l sim u la t io n o f

fo g s
.

M a e a u M e t e o r o lo g ie a l a

nd G e o ph ys ie a ! S e r v ie e s h a v e in t r o d u e e d MM S m o d e l a n d

to o k the m o d e l a s th eir o w n o p e r a t io n a l n u m e r ie al p r ed ie t io n m o d el (E SCA P /W MO

T y p h o o n Co m m it t e e 2 0 0 0 )
.

W
e d id s e v e r a l n u m e r ie al sim u la t io n e x p e r im e n t s o f the fo g

u s in g th is m o d e l a n d a ll h a d s u e e e s s
.

Be fo r e 1 9 9 0 o n ly fo g m o d els w e r e u s e d t o r e s e a r eh

the fo g e a s e s
.

In 1 9 9 1
,

B a lla n d e t al
.

(1 9 9 1 ) e o n d u e te d th e fir s t a t t e m p t t o u s e th e U n it e d

K in g d o m M e te o r o lo g ie a l O ffie e m e s o s e a le m o d el t o s im u la t e the fo g o v e r n o r th e a s t

S e o tla n d
.

U s in g MM S m e s o s e a le m o d e l w e ha v e p e rfo r m e d s o m e s u e e e s s fu l fo g s im u la t io n

e x p e r im e n t s
.

T he r e s u lt s o f th e e x p e r im e n t s w ill b e sh o w n a s fo llo w s
.

T he r e ha v e m a n y fo g e v e n t s in w in t e r a n d s p r in g in N a n lin g M o u n t a in a r e a
.

M o s t a r e

a d v e e t io n fo g s a n d ha v e a lo n g d u r a tio n a n d a lo w v isib ility
.

B e ijin g
一

Z h u h a i hig hw a y fr o m

s o u th t o n o r th p a s s e s th r o u g h N a n lin g M o u n t a in
.

T he p r e d ie tio n o f th e h e a v y fo g 15 v e ry

im p o r t a n t t o the s e e u r ity o f the t r affie
.

In the fo llo w in g
,

w e w ill d is e u s s a s ho r t
一
t e r m

n u m e r ie a l sim u la t io n e x p e r im e n t o f a n a d v e e tio n fo g o e e u r r in g in N a n lin g M o u n t a in a r e a

u s in g MM S m o d el
.

W
e e a n e o m p a r e the n u m e r ie a l s im u la tio n r e s u lt s w ith th e o b s e r v a t io n s

e a r efu lly
.

B e e a u s e w e d id d e t a ile d o b s e r v a t io n e x p e r im e n t o n this fo g e a s e
,

thu s m a n y

v a lu a ble d a t a w e r e o b t a in ed (T a n g e t a l
.

2 0 0 2 )
.

T he s im u la t io n e x p e r im e n t 15 s u e e e s s fu l
,

a n d th e n w e d id s o m e s e n s it iv ity n u m e r ie al

e x p e r im e n t s
,

the n d is e u s s e d th e e ffe e t s o f r a d ia t io n
,

a n d th e r e le a s e o f la t e n t he a t
,

a n d th e

e ha n g e o f the 5 0 11 m o is t u r e a n d t e m p e r a t u r e o n th e fo g fo r m a t io n a n d d ev elo p m e n t
.

11
.

MO D E L
,

D A T A AN D S C H E M E S OF N U ME R ICA L E X PE R IM EN T S

MM S m o d el d e v e lo Pe d v e r y fa s t in r e e e n t ye a r s
.

T he MM SV 3
.

4 v e r s io n w e u s e d n o t

o n ly in elu d ed the e o m p r e h e n siv e elo u d m ie r o Ph ys ie a l p r o e e s s bu t a ls o in elu d e d th e O S U /

E t a la n d
一 s u r fa e e m o d e l (C he n a

nd Jim y 2 0 0 1 a : 2 0 0 1b ) a n d th e n e w lo n g w a v e r a d ia tio n

s eh e m e d e v e lo Pe d by A E R In e (M la w e r e t a l
.

1 9 9 7 )
.

T h e a bo v e s t a t e d la n d
一 s u r fa e e m o d el

h a s in elu d e d a e a n o p y la ye r a n d fo u r p r o g n o s t ie v a r ia b le s : 5 0 11 m o is t u r e a n d t e m p e r a t u r e in

th e 5 0 11 la ye r
,

w a t e r s t o r e d o n th e e a n o p y a n d s n o w s t o r e d o n th e g r o u n d
.

T h e 5 0 11 15

d iv id e d in t o fo u r la y e r s a n d th e d e p th o f e a eh la ye r d o w n w a r d fr o m th e g r o u n d s u r fa e e 15

1 0 e m
,

3 0 e m
,

6 0 em a n d l m
,

th e 5 0 11 tyP e s a r e d iv id e d in t o 1 4 k in d s
.

T h is s eh em e h a s

o bv io u s in flu e n e e s o n th e e o m Pu t a tio n o f th e s u rfa e e s e n sible h e a t a n d la t e n t h e a t
.

It

g r e a tly im p r o v ed the e o m p u ta tio n a n d p r e d ie tio n o f th e he a t ba la n e e o n th e u n d e r lyin g

s u rfa e e
.

T h e n e w lo n g w a v e r ad ia t io n s eh em e h a s in elu d e d th e r a p id r a d ia t io n t r a n s fe r

m o d e l a n d u s e d a e o r r ela t e d
一k m o d e l t o r e p r e s e n t the effe e t s o f th e d e ta ile d a bs o r p tio n

s p e e t r u m t a k in g in to a e e o u n t w a t e r v a p o r
,

e a rb o n d io x id e a n d o z o n e
.

It 15 a h ig hly

a e e u r a t e a n d e ffie ie n t m e tho d
,

Fr o m the fo llo w in g n u m e r ie a l e x p e r im e n t r e s u lt s
,

w e e a n

s e e th a t it 15 im p o r t a n t to the s im u la t io n o f fo g t o in t r o d u e e th e O S U / E ta la n d
一s u r fa e e

m o d e l a n d th e n e w Io n g w a v e r a d ia t io n s e h em e
.
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T he s e le e t e d d o m a in s in

S e h o o l)
.

e x p e r im e n t s (b la e k d o t K d e n o t e s the K a ife n g P r im a ry

t he p h y s i e a l o p t io n s
,

b e s id e s th e O SU / E ta la n d
一 s u r fa e e m o d e l a n d t h e

n e V V

lo n g w a v e r a d ia t io n s e he m e
,

G r e ll e u m u lu s e o n v e e tio n p a r a m e t e r iz a t io n s e h e m e
,

w a r m r a in

e x p lie it m o is t u r e s e h e m e a n d M R F p la n e t a r y b o u n d a r y lay e r s e h e m e a r e e h o s e n in o u r

s im u la t io n e x p e r im e n ts
.

T h e s e le e te d d o m a in s in o u r e x Pe r im e n t s a r e sh o w n in F ig
.

1
.

W
e

e h o s e t h e lo e a t io n o f t h e e e n t e r s it e in th e d o m a in n e a r by th e K a ife n g Pr im a r y S e h o o l in

Y u n ya n T o w n in L e e h a n g C ity ( 2 5
O

N
,

1 1 5
“

E )
,

w h i e h 15 o u r o b s e r v a t io n al s it e
.

T w o

n e s tin g t e e hn iq u e s a r e u s e d in t h e e x p e r im e n t
.

H o r iz o n t a l g r id d is t a n e e s a r e 5 4 k m a n d 1 8

k m r e s p e e t iv e ly (F 19
.

1)
,

T he v e r ti e al r e s o lu t io n 15 2 3 la ye r s a n d the t o p le v e l 1 0 0 hPa
.

T he o b s e r v a t io n a l s it e 15 a t 2 5
.

I
O

N
,

1 1 3
.

I
O

E (Fig
.

1 ) a n d it s h e ig h t a bo v e s e a le v e l
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.

T h e t o p o g r a p hy o f th e o b s e r v a t io n a l s it e : ( a ) t he m e r id io n a l t o p o g r a p hy d i s t r ibu t io n a lo

11 3
.

I O

E ; (b ) th e z o n a l t o p o g r a p h y d is t r ibu t io n a lo n g 2 5
.

I O

N
,

the a r r o w d e n o te s th e s i te

th e K a ife n g Pr im a r y S e h o o l
·

116

n g
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.

1 7

(a s l) 15 8 1 5 m
.

T h e h o r iz o n t a l d is t a n e e fr o m the o b s e r v a t io n a l site t o th e h ig he s t tip o f

th a t h ig h w a y o v e r N a n lin g M o u n t a in 15 1 0 0 m o r 5 0
,

a n d the o bs e r v a tio n a l s ite 15 v e r y

e lo s e t o tha t hig hw a y
.

Fig u r e 2 15 th e to p o g r a p h y o f th e o bs e r v a t io n a l s it e in MM S m o d el
.

It 15 s im ila r t o the a e t u a l t o p o g r a p h y b u t th e h e ig ht o f a b o u t 5 5 0 m 15 s o m e lo w e r
.

T he r e

a r e m a n y a d v a n e e d in s t r u m e n ts b e s id e s th e r o u tin e m e t e o r o lo g ie a l o b s e r v a tio n in o u r

o b s e r v a tio n a l s ite fo r fo g o bs e r v a t io n
,

s u eh a s d ig it al m ie r o p h o t o g r a p h y
,

ho t一w ir e liq u id

w a t e r e o n t e n t m e t e r
,

w ir e s o n d e
,

d u a l s o u n d in g a n d 5 0 o n
.

Fo r n u rn e r ie a l e x p e r im e n ts o f fo g th e in itia l a n d b o u n d a r y d a t a a r e ta k e n fr o m the

N C EP / N CA R d a ily 2
.

5
“

x 2
.

5
0

g r id
一

d a ta
,

in elu d in g th e in itia l v a lu e o f 5 0 11 m o is t u r e a n d

5 0 11 t em Pe r a t u r e
.

N u m e r ie a l s im u la tio n s t a r t s a t th e 2 0 0 0 lo e a l tim e (1 2 0 0 U T C ) 6

M a re h
,

2 0 0 1 a n d e n d s a t 2 0 0 0 LT 7 M a r eh
.

111
.

T H E OB S E R V A T IO N S O F T H E D E N S E F O G PR OC E S S IN N AN L IN G MO U N T A IN A R E A ON

MA R CH 7 2 0 0 1

O n M a r eh 7
,

2 0 0 1
,

a d e n s e fo g a p p e a r e d in th e N a n lin g M o u n ta in a r e a
.

T h e

s o u th w a r d e o ld a ir e n e o u n t e r e d th e n o r th w a r d m o is t w a r m a ir in th e a r e a a n d e a u s e d th e

fo g
.

T h is fo g b e lo n g s to a n a d v e e tio n fo g
.

It w a s s ho w n fr o m th e o b s e r v a t io n s tha t th e

w in d d ir e e tio n 15 b y s o u th in th e K a ife n g Pr im a r y S e ho o l b efo r e 0 0 0 0 LT 7 M a r e h
.

A b o u t

2 3 0 0 LT 6 M a r e h th e w in d d ir e e tio n w a s S SW
a n d th e w in d s p e e d w a s Z m / 5

.

A t tha t tim e

s t r a t o e u m u li elo u d s aPP e a r e d in th e lo w e r tr o Po sPh e r e
.

T h e a ir n e a r th e s u r fa e e w a s v e r y

d am p a n d w a r m
.

T h e a ir t em p e r a t u r e w a s 1 3
.

8 ℃ a n d th e a ir h u m id ity w a s 9 7 %
.

A b o u t

0 2 0 0 LT 7 M a r eh
,

th e d e n s e fo g fo r m ed a n d th e w in d fe ll d o w n
.

T h e a ir te m p e r a t u r e

s ta r te d t o fall a n d th e hu m id ity r o s e u p to 1 0 0 %
.

T h e v isib ility fe ll t o 2 0 0 m
.

A b o u t 0 5 0 0

L T
,

w in d d ir e e tio n s t a r t ed t o eh a n g e fr o m b y s o u th t o by n o r th (N N W )
.

A t th a t tim e it

s t a r t e d to r a in
.

F r o m 0 7 0 0 t o 0 8 0 0 L T th e r a in fa ll w a s 1
.

4 m m / h tha t w a s the m a x im u m

o f th e d r iz z le e a u s e d b y fo g o n M a r e h 7
.

T h e a ir t em p e r a t u r e fe ll fa s t a n d it w a s ab o u t

8 ℃
.

B e e a u s e o f the d r iz z le
,

th e d e n s e fo g th in n e d b e tw e e n 0 5 0 0 a n d O7 0 0 LT
.

A ft e r o 7 0 0

L T
,

th e w in d s t a r t e d t o fa ll
.

T he fallin g o f th e t e m p e r a t u r e b e e a m e t o slo w a n d th e fo g

b e e a m e th iek e r
.

A b o u t 0 8 3 0 L T
,

th e v isib ility fe ll t o b elo w 2 0 0 m
.

M e a n tim e it s t a r te d to

r a in a n d be e a u s e o f the d r iz z le th e fo g be e a m e th in n e r a g a in
.

It sh o u ld be p o in te d o u t th a t

th is sit u a tio n h ap p e n e d r e p e a te d ly
,

th a t 15
,

b e e a u s e o f th e d r iz z le the d e n s e fo g thin n e d
,

a n d v ie e v e r s a
.

T he s e e o n d a r y Pe a k o f the d r iz z le o e e u r r ed a t 1 4 0 0 L T
.

It r e a e h e d 0
.

5

m m / h a n d th e v is ibility w a s n e a r 8 0 0 m
.

T he to ta l d e e r e a s e o f t em p e r a t u r e w a s n o m o r e

th a n 1 oC fr o m 0 7 0 0 t o 2 1 0 0 LT
.

T h e e v o lu t io n s o f th e fo g d r o p le t s p e e t r u m w e r e v e r y

e o n sis t e n t w ith th e v isib ility (n o t sh o w n )
.

T h e s p e e t r u m o f fo g d r o p le t s w id e n s a n d th e

n u m b e r o f fo g d r o ple t s d e e r e a s e s w h e n th e v is ibility in e r e a s e s
,

a n d v ie e v e r s a
.

F ig u r e 3 15 th e t im e 一

he ig h t s e e t io n o f th e o b s e r v e d te m p e r a tu r e a n d d e w p o in t fo r the

fo g e a s e
.

F r o m F ig
.

3a
,

w e e a n s e e tha t th e lo w
一

le v e l in v e r s io n d id n o t a p p e a r a t 2 3 0 0 LT

6 M a r eh a n d a ll th e a ir w a s s a tu r a t e d in th e lo w e r t r o Po s Ph e r e
.

B u t it is a Pity th a t the r e

a r e n o o bs e r v a t io n a l d a ta a t 0 2 0 0 L T 7 M a r eh
.

In Fig
.

3
,

the lo w
一

le v e l in v e r sio n a p p e a r e d

o bv io u s ly a t 0 7 0 0
,

1 1 0 0 a n d 1 7 0 0 LT
.

In F ig
.

3 e a n d Fig
.

3 d
.

the a ir w a s n o t s a t u r a t e d a t

he ig h t s hig he r th a n 2 k m
.
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2 0(℃ ) 巧

(m )
勺 2 6 35卜

l0 15 (℃ )
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T h e tim e 一 he ig h t s e e tio n s o f th e o b s e rv e d te m p e r a tu r e a n d d e w Po in t a t (a ) 2 3 0 0 L T 6 M
a r e h

,

(b ) 0 7 0 0 L T 7 M
a r eh

,

(e ) 1 1 0 0 L T 7 M
a r eh

,
a n d (d) 1 7 0 0 L T 7 M

a r e h
.

IV
.

T H E R E SU L T S O F T H E PR E D IC T ION E X PE R IME N T

W h e n the s o u t hw a r d e o ld a ir flo w e n e o u n t e r e d w ith th e n o r thw a r d a ir flo w
,

th e

e o n d e n s a tio n m a y ha p p e n a n d th e fo g s fo r m e d
.

Fo g s a n d v isib ility w e r e o p p o s it e
.

T h e

d e n s e r th e fo g s a r e
,

th e le s s the v is ib ility 15
,

a n d v ie e v e r s a
.

F ig u r e 4 15 the t im e

ev o lu t io n s o f th e o b s e r v e d a n d s im u la te d liq u id w a te r e o n t e n t a n d th e o b s e r v ed v isibility
.

T h e sim u la t ed liq u id w a t e r e o n t e n t s d e s e r ib ed th e m a x im u m liq u id w a t e r e o n te n t s u n d e r Z

km h e ig ht
.

A s a r u le
,

fo g s a r e a s s o e ia t ed w ith the v isibility b e lo w 1 0 0 0 m
.

L ig h t fo g e a n

be a s s o e ia t e d w ith th e v isib ility b e tw e e n 1 0 0 0 m a n d 2 0 0 0 m (T o u r s ko i 1 9 6 7 )
.

B y th e

o bs e r v a tio n a l v is ib ility
,

th e fo g fo r m e d a t 0 2 0 0 L T 7 M a r eh a t th e K a ife n g Pr im a r y S eh o o l

(o u r o bs e r v a tio n a l s it e ) a n d m a in t ain e d fo r o n e d a y
.

W he n th e liq u id w a t e r e o n t e n t 15 o v e r
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15
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0
.

1 卜. 山
飞

0刀5 山 ·

⋯
诬

0 3 15 0 54 5 0 9 00 12 0 0 1 50 0

L o e al T im e (h)

18 00 2 10 0

Fi g
.

4
.

T im e e v o lu t io n s o f t he o b s e r v e d a n d s im u la t e d liq u id w a t e r e o n t e n t (L W C ) a n d th e o b s e r v e d

v i s ibili ty
.

0
.

0 5 9 / k g t h e fo g w ill fo r m (C o t t o n a n d A n t he s 1 9 9 5 )
.

F r o m t h e o bs e r v a t io n s
,

t h e fo g

fo r m e d a t 0 2 0 0 LT 7 M a r e h a t t h e K a ife n g Pr im a r y S e h o o l a n d d is a p p e a r e d t hr e e t im e s a t

0 4 3 0
,

1 4 3 0 a n d 2 1 0 0 L T
,

r e s p e e t iv e ly 份19
.

4 )
.

T h e fo g m a in t a in e d fo r 1 5 h o u r s
,

a n d t h e

o b s e r v a t io n a l m a x im u m o f t he liq u id w a t e r e o n t e n t (LW C ) w a s a bo u t 0
.

4 9 / k g
.

Fr o m Fig
.

4 w e e a n s e e t h a t t he n u m e r ie a l s im u la t io n e x p e r im e n t w a s s u e e e s s fu l
.

T h e

s im u la t e d fo g fo r m e d b e fo r e 0 5 0 0 L T a n d d is a p p e a r e d tw i e e a t 1 3 3 0 a n d 2 1 0 0 L T
.

I t

m a in t a in e d fo r 1 4
.

5 h o u r s
.

T h e m a x im u m LW C r e a e h e d 0
.

3 5 9 / k g
.

T h e t e m p o r a l

v a r ia t io n s o f t he s im u la t e d LW C w e r e a lm o s t e o n s is t e n t w it h t he o b s e r v a t io n s
.

B o t h t h e

o b s e r v a t io n a l a n d th e s im u la t e d Pe a k v a lu e s o f LW C w e r e v e r y s im ila r
.

Fig u r e 5 15 t h e t im e 一

h e ig h t s e e tio n o f th e s im u la t e d L W C n e a r by t h e K a ife n g Pr im a r y

S e h o o l
.

W
e e a n s e e fr o m t h is fig u r e t h a t t h e t e m p o r a l v a r ia t io n o f th e v e r t i e a l d is t r ib u t io n

o f th e LW C o f t he fo g
.

T he a v e r a g e LW C o f t he s t r a t o e u m u lu s e lo u d 15 a b o u t 0
.

3 一 0
.

5

g / kg (F le t e he r 1 9 6 6 )
.

T he LW C in s t r a t o e u m u li e lo u d 15 o b v io u s ly h ig h e r t h a n th a t in

fo g
.

In Fig
.

5 t h e r e h a s a s he e t o f s t r a to e u m u lu s e lo u d a bo v e t h e fo g
.

T h e he ig h t o f t h e

s t r a t o e u m u lu s e lo u d 15 a bo u t 2 0 0 0 m t o 4 0 0 0 m
.

O b s e r v a t io n a l r e e o r d s s ho w e d t ha t t he r e

h a d s t r a t o e u m u li e lo u d in t h e s k y o f t h e K a ife n g P r im a r y Se ho o l
.

F r o m Fig
.

3 a a n d Fig
.

3 b

w e e a n s e e t h a t t he a ir w a s s a t u r a te d a bo v e 2 0 0 0 m fr o m 2 3 0 0 LT 6 M a r e h t o 0 7 0 0 LT 7

M a r e h w hi e h w a s e o r r e s p o n d in g to t he s tr a t o e u m u li e lo u d s
.

In F ig
.

5 t h e r e ha s a n o b v io u s

t r a n s it io n la y e r b e t w e e n s t r a t o e u m u li e lo u d a n d fo g
.

T h e d e w
一

p o in t d e fi e it w a s v e r y sm a ll in fo g r e g io n o r e lo u d file d
.

F ig u r e 6 15 t h e t im e -

h e ig h t s e e t io n o f t he s im u la te d d e w
一

p o in t d e fi e it
.

By e o m p a r in g Fig
.

6 w it h F ig
.

3 it e a n b e

s e e n t h a t t he s im u la t e d r e s u lt s w e r e in a e e o r d w it h t h e o b s e r v a t io n s
.

T h is fo g e a s e w a s a s s o e ia t e d w it h a d iffu s e d e o ld a ir
.

B e fo r e t h e fo r m a t io n o f fo g
,

th e

n o r t hw a r d w a r m a ir a t t he K a ife n g Pr im a r y S e ho o l w a s v e r y a e tiv e a n d t h e w in d s p e e d w a s

a b o u t 3 m / 5
.

W h e n t h e s o u th w a r d 。o ld a ir e n e o u n t e r e d w it h t h。 w a r m a ir a t m id n ig h t
,

th e

fo g s t a r t e d to fo r m
.

Fig u r e 7 15 t h e t e m p o r a l v a r ia t io n o f t h e s im u la te d g r o u n d t e m p e r a tu r e

a n d th e o b s e r v e d a ir t e m p e r a t u r e a t t h e K a ife n g P r im a r y S e h o o l
.

R e e e n t ly a g r e a t



N o
.

3 F A N q
,

W A N G A ny
u F A N S ha oj ia et al

.

3 4 3

(hPa)

2 0 0下

4 0 0

2 10 0 0 00 0 0 30 0 0 60 0 0 90 0 12 00 15 0 0 1 80 0 2 10 0

L o c al T im e (h)

Fig
.

5
.

T h e t im e 一h e ig h t s e e tio n

(hPa )

2 0 0匕
二毛云

o f th e s im u la t e d LW C (g / k g )
n e a r b y th e K a ife n g P r im a r y S e h o o l

.

n八U0
nU

64

8 0 0

l。00

一
2 10 0 0 00 0 0 3 00 0 6 0 0 0 9 0 0 12 00 15 0 0 1 80 0 2 10 0

Lo c a lT疏
e (h)

F ig
.

6
.

T he t im e 一h e ig h t s e e tio n o f th e s im u la t ed d e w
一
p o in t d e fie it (

o

C )
.

im P r o v e m e n t in E CMW F m o d e l 15 to a d d it s v e r t ie a l r e s o lu t io n a n d d e s e e n d th e lo w e s t

Pr e d ie t io n la ye r t o 1 0 m (J a k o b e t a l
.

2 0 0 0 )
,

b u t in MM S m o d el it e o u ld n o t d o it
.

L im it e d

t o th e v e r tie a l r e s o lu tio n o f th e MM S it e o u ld n o t g iv e the s im u la t e d air t e m p e r a t u r e n e a r

th e s u r fa e e
.

B u t fr o m Fig
.

7 w e e a n s e e tha t th e s im u la te d g r o u n d t e m p e r a t u r e w a s

e o m Pa r e d w ith the o b s e r v a tio n a l a ir t em Pe r a t u r e n e a r th e s u r fa e e
.

T h e g r o u n d a n d a ir t em p e r a t u r e s n e a r th e s u r fa e e a r e m a in ly in flu e n e e d b y th r e e

fa e to r s
.

T h e fir s t 15 the d iff u sio n o f th e e o ld a ir
.

T h e s e e o n d 15 th e lo n g w a v e r a d ia tio n
.

B o th o f th e tw o fa e t o r s e a n e a u s e the fa ll o f th e g r o u n d a n d a ir t e m p e r a t u r e s n e a r the

s u r fa e e
.

B e fo r e s u n r is e
,

w ith the in flu e n e e s o f the d iffu s io n o f th e e o ld a ir a n d lo n g w a v e

r a d ia t io n the g r o u n d a n d a ir te m p e r a t u r e s n e a r th e s u rfa e e fe ll fa s t
.

T he th ir d fa e t o r 15 the
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7
.

T h e t e m p o r a l v a r ia t io n s o f th e s im u la t e d g r o u n d t e m p e r a t u r e a n d th e o b s e r v e d a i r t e m p e r a t u r e

a t th e K a if e n g Pr im a r y S e h o o l
.

sh o r t w a v e r a d ia t io n
.

T he in flu e n e e o f t h e t hir d fa e t o r 15 o p p o s it e to t ho s e o f th e fo r m e r

tw o fa e t o r s 5 0 t ha t a ft e r s u n r is e t h e g r o u n d a n d a ir t e m p e r a t u r e s n e a r t he s u r fa e e ha v e n o

m u e h e ha n g e
.

I t g o e s w it h o u t s a y in g t ha t t he s im u la t io n o f fo g g r e a tly d e p e n d s o n t he

p r e d ie t io n o f g r o u n d a n d a ir t e m p e r a t u r e s n e a r t h e s u r fa e e
.

Fig u r e 8 15 th e v e r ti e a l e r o s s s e e t io n o f t he s im u la t e d t e m p e r a t u r e a n d w in d fi e ld in t h e

n o r t h
一 s o u t h d ir e e t io n

.

A t 2 3 0 0 L T 6 M a r e h
,

b e fo r e t he fo r m a tio n o f fo g t he e o ld a ir w a s

v e r y e lo s e to t h e K a ife n g P r im a r y S e h o o l a n d d u e t o d iffu s io n a e t io n it s fr o n t i e r w a s v e r y

t hin n e r a s sh o w n in Fig
.

sa
.

F o g s t a r t e d to fo r m w h e n t h e d iffu s e d e o ld a ir e n e o u n t e r e d

w it h th e w a r m a ir
.

M e a n t im e th e w a r m a ir s t a r t e d t o u p lift a bo v e t he th in n e r e o ld a ir
,

w h ie h r e s u lt e d in a lo w
一

le v e l in v e r s io n la ye r n e a r t he s u r fa e e
.

In F ig
.

3b
,

t h e d e p t h o f t his

lo w
一

le v e l in v e r s io n la y e r w a s a b o u t 4 0 0 m a n d th e to p o f th is in v e r s io n la y e r w a s n e a r 8 5 0

hPa
.

T h e e o r r e s p o n d in g s im u la t e d d e p t h (Fig
.

sb ) w a s m u e h t h e s a m e a s t ha t in Fig
.

3 b
.

D u e t o t he lo w e r t e r r a in h e ig h t in MM S th e s im u la t e d d e p t h o f t h e la y e r 15 a ls o r a th e r

lo w e r
.

D u r in g 0 7 0 0 t o 1 1 0 0 L T 7 M a r e h
,

t h e e o ld a ir d iffu s e d s o u thw a r d e o n t in u a lly a n d

t h e w a r m a ir e o n t in u e d t o u p lift (F ig
.

s e )
.

O bv io u s ly it w a s fa v o r a ble t o t he

t r a n s fo r m a tio n o f t h e e o ld a ir a n d t h e d e v e lo Pm e n t o f fo g
.

A fte r n o o n
,

th e e o ld a ir

d iffu s e d fa s t a n d s t r e te he d u pw a r d a s sh o w n in F ig
.

sd a n d t h e fo g s t a r t e d to d is s ip a t e
.

T h e t e m p o r a l r e s o lu t io n o f t h e N CE P / N C A R d a t a 15 6 h
.

Fig u r e 9 15 th e v e r ti e a l e r o s s

s e e t io n o f t h e t e m Pe r a t u r e a n d w in d fi e ld e ale u la t e d w it h th e N C EP / N CA R d a t a a t 0 8 0 0

a n d 2 0 0 0 L T 7 M a r e h
.

T h e s im u la te d r e s u lt s w e r e s im ila r t o t h e r e s u lts e a le u la t e d w it h

t h e e o r r e s p o n d in g N C E P / N CA R d a t a
.

Fo r e x a m p le
,

in Fig
.

g a a n d Fig
.

sb it e a n b e s e e n

th a t o bv io u s a ir r is in g m o t io n 15 p r e d o m in a t e d in fo g r e g io n a t 0 8 0 0 L T a n d in F ig
.

g b a n d

F ig
.

sd t h e r e h a v e b e e n a ll e o n t r o lle d .b y n o r t h w in d s u n d e r 9 0 0 hPa
.

T h e r e h a s n o o bv io u s

a ir r is in g m o t io n in fo g r e g io n
.

B e e a u s e t he h o r iz o n t a l a n d v e r t i e al r e s o lu tio n s o f N C E P /

N CA R d a t a a r e lo w e r t h a n t h a t in MM S m o d e l
,

t he h o r i z o n t a l r e s o lu t io n o f t he N C E P /

N C A R d a t a 15 2 5 0 k m a n d t he v e r t ie a l r e s o lu tio n u n d e r 1 0 0 hP a 15 1 2 la ye r s
.

B u t t h e

ho r iz o n t a l r e s o lu t io n u s e d in th e e x P e r im e n t 15 1 8 k m a n d t h e v e r t i e a l r e s o lu tio n 15 2 3

la y e r s in MM S
.

T h e lo w e r r e s o lu tio n o f N C E P / N C A R d a t a h a s s m o o t he d m a n y lo e a l



N O
.

3 FA N Q￡
,

W A N G A ny u FA N S ha oji
a et al

.

3 4 5

F ig
.

8
.

T he v e r tie a l e r o s s se e tio n s o f th e sim u la te d te m p e r a tu re (
o

C ) a n d w in d fie ld (m /
s ) in t he

n o r th
一s o u t h d ir e e tio n

.

(a ) 2 3 0 0 L T 6 M
a r e h : (b ) 0 7 0 0 L T 7 M

a r e h : (e ) 1 1 0 0 LT 7
,

M
a r e h

,

a n d (d ) 1 7 0 0 L T 7
,

M
a re h

.

p he n o m e n a
.

W
e be lie v e th a t th e r e s u lts s im u la te d by th e m o d el m a y be elo s e t o th e

r e a lity
.

F o r e x a m p le
,

th e lo w
一

le v el in v e r s io n la ye r o bs e r v e d by th e r a d io s o u n d in g s a s

s ho w n in F ig
.

3 e a n b e s im u la t e d e le a r ly in F ig
.

8
,

b u t e a n n o t b e s e e n in Fig
.

9
.
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T he v e r t ie a l e r o s s s e e t io n s

N C EP / N C A R d a t a a t ( a )

o f the t e m p e r a t u r e ( oC ) a n d
一

w in d f ile d (m /
s ) e a le u la t e d w ith th e

0 8 0 0 L T 7 M
a e h

,
a n d (b ) 2 0 0 0 L T 7 M

a r e h
.

V
.

R E SU L T S O F S E N S IT I V I T Y E X PE R IME N T S

玩 o r d e r t o d is e u s s t he e ffe e ts o f r a d ia tio n
,

t he r e le a s e o f la t e n t h e a t
,

a n d t h e e h a n g e

o f 5 0 11 m o is t u r e a n d t e m p e r a t u r e o n t he fo r m a t io n a n d d e v e lo p m e n t o f fo g
,

w e d id th r e e

s e n s it iv it y e x P e r im e n t s
.

W
e e a ll t h e b a s i e n u m e r ie a l e x p e r im e n t a s “ e o n tr o l r u n ’

(E x p e r im e n t A )
.

I n th e fir s t s e n s it iv it y e x p e r im e n t
,

w e g o t r id o f t he r a d ia t io n t e r m in t h e

m o d e l a n d d id 2 4 h in t e g r a t io n ju s t lik e E x p
.

A (E x p
.

B )
.

T h e s e e o n d s e n s itiv it y

e x p e r im e n t w a s s im ila r t o t he E x p
.

B e x e e p t t h a t w e th r e w o ff th e la t e n t h e a t in g t e r m o f

t h e t e m p e r a tu r e p r e d i e tio n e q u a t io n ( E x p
.

C )
.

In E x p e r im e n t D w e u s e d fiv e
一

la y e r 5 0 11

m o d e l in s t e a d o f th e O SU / E t a la n d
一 s u r fa e e m o d e l in MM S

.

I n t h e s u r fa e e h e a t b a la n e e

e o m p u ta t io n s e h e m e in E x p e r im e n t D
,

5 0 11 m o is t u r e a n d t e m p e r a t u r e fi e ld s a r e d e fin e d a s a

fu n e tio n o f la n d u s e a n d o n ly t a k e t w o s e a s o n al v a lu e s (s u m m e r a n d w in te r )
,

5 0 t h e y a r e

u n e h a n g in g
.

1
.

T 人e of R a d ia t i o 二

D u r in g n ig h tt im e t he r e 15 n o s o la r r a d ia t io n
.

F o r lo n g w a v e r a d ia t io n b u d g e t t h e

d o w n w a r d v a lu e 15 s m a lle r t ha n th e u p w a r d v a lu e a t t he s u r fa e e
,

5 0 t h a t t h e g r o u n d a n d

a ir t e m P e r a t u r e s n e a r t he s u r fa e e d e s e e n d by t he e ffe e t o f t he lo n g w a v e r a d ia t io n
.

T he

d e s e e n d in g o f g r o u n d a n d a ir t e m p e r a t u r e s n e a r th e s u r fa e e w ill e a u s e t he e o n d e n s a tio n o f

a ir m o is t u r e a n d th e fo r m a t io n o f fo g
.

Fo r m o u n t a in a d v e e t io n fo g
,

t he e ffe e t o f r a d ia t io n

15 a ls o im p o r t a n t
.

T h e d e s e e n d in g o f g r o u n d a n d a ir t e m p e r a tu r e s n e a r th e s u r fa e e w ill

b e n e fit t o t he d iffu s io n o f th e e o ld a ir
.

If w ith o u t t he e ffe e t o f r a d ia t io n
,

t he g r o u n d

t e m p e r a t u r e w o u ld b e hig he r a n d t he n th e d iffu s io n o f th e e o ld a ir w o u ld b e s lo w e r
.

F ig u r e

1 0 s h o w s t h e s im u la t e d te m p o r al v a r ia t io n o f t he g r o u n d t e m p e r a t u r e w it h r a d ia tio n (E x p
.
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u

,

FA N S h a
oj ia e t a l

.

3 4 7

l8

l6

l4
B

l2

l0

2 100 0 0 0 0 2 10 0

Fig
.

1 0
.

T he te m Po r a l v a ria tio n

0 3 0 0 0 6 0 0 0 9 0 0 12 0 0 1 50 0 180 0

Lo e al Tim e (h)

o f th e g r o u n d te m p e r a t u r e s im u la te d w ith r a d ia t io n (e m p ty so lid lin e

fo r E x P
.

A ) a n d w ith o u t ra dia tio n (fille d s o lid lin e fo r E x P
.

B )
.

A ) a n d w ith o u t r a d ia t io n (E x p
.

B )
.

It r e v e a ls tha t th e g r o u n d te m Pe r a t u r e in E x p B 15

h ig h e r th a n th a t in E x p
.

A a n d the m a x im u m o f th e ir d iffe r e n e e 15 o v e r 4 ℃
.

T he h ig h e r

g r o u n d t e m p e r a t u r e 15 n o t in fa v o r o f th e fo r m a t io n a n d d e v elo p m e n t o f fo g
.

F ig u r e 1 1

g iv e s the te m p o r a l v a r ia t io n o f s im u la t ed m a x im u m L W C u n d e r 2 km in E x p e r im e n t s A
,

B
,

C a n d D
.

It e a n b e s e e n th a t w ith o u t r a d ia tio n in E x p
.

B th e fo g 15 w e a ke r tha n tha t in

E x p
.

A
.

It m u s t b e Po in t e d o u t th a t th e e a le u la t io n o f r a d ia tio n 15 v e r y im P o r t a n t t o th e

n u m e r ie a l p r e d ie tio n o f fo g
,

w hie h w ill d e a l w ith in a n o the r a r t ie le
.

2
.

了
,

人e 互fj 砂c t of CO
n d e n s a tion La

t e n t l了e a tin g

T h e e ffe e t o f e o n d e n s a t io n la te n t h e a t in g 15 v e r y im p o r t a n t in th e fo r m a tio n a n d

d e v elo p m e n t o f fo g
.

W ith the d iffu s io n o f th e e o ld a ir
,

the a ir t e m p e r a t u r e d e s e e n d s a n d

th e a ir m o is t u r e e o n d e n s e s n e a r th e s u r fa e e
.

T h e n th e fo g fo r m s a n d d e v e lo p s
.

T h e

e o n d e n s a t io n o f a ir m o is t u r e w ill r ele a s e the e o n d e n s a t io n la t e n t h e a t a n d in e r e a s e th e a ir

t e m p e r a t u r e n e a r the s u r fa e e
.

5 0 if r e m o v in g th e e o n d e n s a t io n la t e n t h e a t in g
,

fo g w o u ld

fo r m a n d d e v elo p fa s t e r
.

Fig u r e 1 1 sh o w s th a t if w ith o u t the r e le a s e o f e o n d e n s a tio n la te n t

he a t
,

th e m a x im u m LW C w o u ld a PPe a r fa s t e r in E x P
.

C th a n tha t in E x P
.

A
.

T h e r e le a s e

o f e o n d e n s a t io n la t e n t he a t h a s g r e a t effe e t o n th e fo r m a tio n a n d d e v e lo p m e n t o f fo g
.

In

a d d it io n
,

the r e le a s e o f th e e o n d e n s a t io n la t e n t he a t e a n e a u s e th e d e v elo p m e n t o f th e

u p d r a ft flo w in fo g r e g io n
.

W
e e a n s e e fr o m F ig

.

1 1 th a t a ft e r th e fo r m a tio n o f fo g if the r e

15 n o th e e ffe e t o f la t e n t h e a t
,

th e fo g w o u ld fo r m fa s t e r a n d d is s ip a t e fa s t e r t o o
.

T he fo g

d is s ip a t ed be fo r e n o o n in E x p
.

C
.

T h e d u r a t io n o f fo g in E x p
.

A 15 lo n g e r tha n th a t in

E x P
.

C
.

3
.

T 人。互厅丢c t of th 。 Ch
a n g e

of 5 0 11 M dis tu re a n d Te
l刀Pe ra t u re

Fo r E x p
.

A the 5 0 11 m o is tu r e a n d t em p e r a t u r e a r e p r e d ie t o r s in O SU / E t a la n d
一 s u r fa e e
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1 7

匡
g/k以让

0
.

3

0
.

2 A

0
.

1

一

0
,

1
’

2 10 0 0 00 0 03 0 0
0 60 0 0 90 0

L o c alTi m e (h)

竺川
120 0 15 00 18 00 2 10 0

Fig
.

1 1
.

T h e te m p o r a l v a ria tio n o f s im u la te d m a x im u m LW C u n d e r 2 k m in E x p s
.

A
,

B
,

C a n d D (th e

e m p t y d o t lin e fo r E x P
.

A
,

th e fille d d o t lin e fo r E x p
.

B th e e r o s s lin e fo r E x p
.

C
,

a n d th e

sq u a r e lin e fo r E x p
.

D )
.

m o d el
.

Fo r E x p
.

D a s s ta t e d a bo v e th e 5 0 11 m o is t u r e a n d t em p e r a t u r e fie ld s a r e u n eh a n g e d
.

T h e eh a n g e o f 5 0 11 m o is t u r e a n d te m Pe r a tu r e h a s e o n t r ib u t io n t o th e fo r m a tio n a n d

d e v e lo p m e n t o f fo g
.

A e e o r d in g t o th e n u m e r ie a l e x p e r im e n t b y C he n a n d D u d hia (Zo o l a ; 2 o 0 1 b )
,

th e 5 0 11

m o is tu r e a n d t e m P e r a t u r e ha v e o b v io u s d iu r n a l v a r ia tio n
.

T he r e h a s m a x im u m d iffe r e n e e

a t 1 8 0 0 L T b e tw e e n E x P s
.

A a n d D
.

F o r E x P
.

A a t a b o u t 1 8 0 0 LT it w o u ld b e in fa v o r o f

th e d e v e lo p m e n t o f fo g
.

Fig u r e 1 1 s h o w s th a t if the O SU / E t a la n d
一 s u r fa e e m o d el w e r e n o t

u s e d th e fo g a fte r 1 5 0 0 L T 7 M a r e h w o u ld n o t be sim u la t e d o u t
.

V l
.

CO N C L U D IN G R E MA R K S

A th r e e 一d im e n s io n a l m e s o s e a le m e t e o r o lo g ie a l m o d e lMM S w a s u s e d to s im u la t e a 2 4
-

ho u r a d v e e t io n fo g e a s e o e e u r r in g in N a n lin g M o u n t a in a r e a
.

T h e sim u la t e d r e s u its w e r e

e o m P a r e d w ith the fa e ts o b t ain e d b y d e ta ile d o b s e r v a t io n e x P e r im e n t s
.

T h e s u e e e s s o f

n u m e r ie a l sim u la tio n e x p e r im e n t o f fo g ha s g r e a t sig n ifie a n e e fo r the n u m e r ie a l fo r e e a s tin g

o f fo g
.

T h e r e s u lt s s ho w e d tha t th e sim u la tio n w a s s u e e e s s fu l in th e fo llo w in g a s p e e t s :

(1 ) th e fo r m a tio n a n d d e v e lo p m e n t o f the fo g ; (2 ) th e t em p o r al v a r ia tio n o f th e m a x im u m

LW C o f th e fo g ; (3 ) the d iffu sio n o f the e o ld a ir
,

e s p e e ia lly th e t em p o r a l v a r ia tio n o f th e

g r o u n d t e m p e r a t u r e : a n d (4 ) the u p lift o f th e a ir a n d th e fo r m a tio n a n d d e v elo p m e n t o f th e

lo w
一
le v e l in v e r s io n

.

B e s id e s
,

w e a ls o d id s o m e s e n s it iv ity n u m e r ie a l e x P e r im e n t s a n d

d is e u s s e d the e ffe e t s o f th e r a d ia tio n
,

the r e le a s e o f e o n d e n s a tio n la t e n t h e a t a n d th e

eh a n g e o f 5 0 11 m o is tu r e a n d te m p e r a t u r e o n th e fo r m a t io n a n d d e v elo p m e n t o f fo g
.

T h e

r e s u lt s s ho w e d tha t :
(1 ) E v e n if this fo g b elo n g s t o a d v e e t io n fo g

,

the e ffe e t o f th e

r a d ia t io n 15 a ls o im p o r t a n t
.

If w ith o u t r a d ia t io n in MM S m o d e l
,

th e g r o u n d t e m p e r a t u r e

w o u ld in e r e a s e a n d the fo g w o u ld b e e o m e w e a k e r
.

(2 ) T h e r e le a s e o f e o n d e n s a t io n la t e n t
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he a t ha s g r e a t effe e t o n the fo r m a t io n a n d d e v e lo p m e n t o f fo g
.

If w itho u t th e r ele a s e o f

la t e n t h e a t
,

th e d e v e lo p m e n t o f fo g w o u ld b e fa s t e r a n d th e L W C w o u ld b e h ig h e r th a n

th a t in E x p
.

A
.

C o m p a r ed w ith E x p
.

A the fo r m a t io n a n d d e v elo p m e n t o f fo g 15 fa s t e r in

E x p
.

C
,

a n d it s d u r a tio n o f fo g 15 s ho r t e r
.

(3 ) T he d iffe r e n e e be tw e e n E x p s
.

A a n d D

m a in ly o e e u r r ed a t 1 8 0 0 LT
.

Fo r E x p
.

A a t a b o u t 1 8 0 0 L T it w o u ld b e in fa v o r o f the

d e v elo p m e n t o f fo g
.

W
e h o p e t o p r ed ie t th e fo g e a s e b y m e s o s e a le m o d e l in n e a r fu t u r e

,

a n d
.

it 15 o b v io u s ly Pr o m is in g
.

R E FE R E N C E S

Ba lla r d 5
.

P
. ,

G o ldin g B
.

W
.

a n d S m ith
,

R
.

N
.

B
.

(1 9 9 1 )
,

M
e so se a le m o d e l e x p e r im e n ta l fo r e e as t s o f th e

h a a r o f n o r th e a s t S e o t la n d
,

材d n
.

W
ea

.

R ev
. ,

1 1 9 : 2 10 7一 2 1 2 3
.

C he n
,

F
.

a n d D u d h ia Jim y (Zo ola ) C o u plin g a n a d v a n e ed la n d s u r fa e e 一hyd r o lo g y m o d e l w it h th e Pe n n

S ta te 一N C A R M M S m o d e lin g s y st e m
,

Pa r t l :
M

o d e l im p le m e n t a n d s e n s itiv ity
,

从d n
.

W
ea

.

R e v
.

2 9 : 5 6 9一 5 8 5
.

C he n
,

F
.

a n d Du d hia Jim y (2o 0 1b )
,

C o u p lin g a n a d v a n e ed la n d s u r fa e e 一hyd r o lo g y m o d e l w it h th e Pe n n

S ta te 一
N C A R MM S m o d e lin g s ys te m

,

Pa r t 11 : Pr e lim in a ry m o de l v a lid a tio n
,

卫
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.

W
ea
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R e v
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2 9 :
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C o tto n
,

W
.

R
.

a n d A n t he s
,

R
.

A
.

(1 9 8 9 ) S ro

rm
a n d Cl

o u d 马
, 之a m ic s A ea d e m ie P r e s s

.

E SC A P / WM O T yp h o o n C o m m itte e (2 0 0 0 )
,

N e w w e a t h er s ys te m s in a u g u r a te d
,

N
ew sle tte r

,

1 2 : 6
·

Fish e r
,

E
.

L
,

a n d C a p la n
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,
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J
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A tm o s
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S c i
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Fle te he r
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e t a l
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,
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. ,
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.

J
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a n d C lo u g h
,

5
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(1 9 9 7 )
,

R a dia tiv e
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,
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T a n g H a o h u a
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,
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