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gboobobbobboobooboobgooboboo.

e DU z000000,0000000000DO.
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gbogobgooboobobbo,boob,0oboobgobgn.

gbogobgoboboobooboobgd.
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Klemp and Wilhelmson(1978) 00000000000 OOOODOOOOOOO
gobob,dbbboogobobuogobbto.ggbbooobbuooobobood
g,bbuoggobbboooobbbuoodbb,ooobbooodobbboo
gobobuooobbuogobbo.ggbbooobobooobooboa,bbod
gobboogbobbuooobbbuodobbbuooobbboooobbooa.
goobobbbbodoogoooobobobobboouoooooboobobboogd
gobbd.gobbuooobbooobbuooobbooobb,oobboo
gogbbobouoooobboog,bboogobbboooobbbuoooon.

0o0oooo0oooooo,000go,oo0,00 (0)0 4000000000
gogogo.

g o HEN
qd gobobooodgn
Qv gboboobooogn

qe gooo goboboooobbobuooooooo.
gobbooboogogd.
Qr gooo goboboooobbbuooooooo.

gobbbooooobboad.

P4 P Pes pr, p000000000CO000D,0000000,00000,00
00O0,0000000,

p=rpatd Pty petd pr (1.1)

gogbobob,g0bbbooodobobbooooboboobog.

Pd
qa = pp, (1.2)
¢ = ;f)’ (1.3)
qc = ppa (1-4>
@ = (1.5)
gooood
W+ @+ g+ ¢ =1 (1.6)

gboggbgoboo,gbobobbobb ggbodbtoobuoobuoobon
oo.
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/

x,y, 2, t),

x,y, 2, t),

(2,9, 2,1),

(2) +0'(z,y, 2,1),

(2) + ' (x,y, 2, 1),
(co)2(2) + ()™ (w,y,2,1)
+qd (z,y, 2,t),

+ ¢ (z,y, 2, 1),
x,y, 2, t),

x,y, 2, t).

u
(%

(
(

SIS

=

qa(z
(2

~— —

/

dc
dr

(
(

6,11, (c;,) 00O O0OO0O,0000000,00000,

ggo. oo

(cp)o

<Cv>0

(R)o/{cp)o
;) (1.7)
(R)o/{cp)o
T
T (i;) == (1.8)
<C >0<R>0H0v
e (1.9
qdo + >_ Gwo '
4doCpd + Z qvoCpu (1 11)
qdo + 2_ Gqwo '
4doCud + Z qv0oCov (1 12)
ddo + >_ Gwo '

000. qu, o 00000000000, 000000000000, ¢y, ¢y O
Oo00o0oooooo,doouooudiod, eq, e OO0 oooooog,
oooooooood, Ry, R UODOODUODUOOOOOO,ddooouoooon
O 0. qdo, Guos Cpds Cpv, Ba, R, DO D000, OO0 qaos qwo U qao +2-qo =10
00D00,000000000. (1.10), (1.11), (1.12) 00000000000
O00000000000. (¢, (R 00D00DO0O0OO0OODOO0DOOOODOODO
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O000000000D0. 000000 (¢, (Ry00ODOOODODY. ODOOOO
ggn

p _ p _ p0H<CU>O/<R>0 (1 13)
(R)ol10, (R)o0,
ooo0o0o0.o000
M M
0, = (%ﬁ%w+§:%}%ae, (1.14)
qdo + 2 Gwo
M = 1.15
Who = /My + 5 quo /M, (119)

000.00 Mg, M, 00000000000,000000000000. (M),
ggooboogg,bouoaon.

gg,bogogbobobooodgb.boboood

. 7 _ p0ﬁ<0v>o/<R>0 (1 16)
(R)olII0, (R)ob, '
ooo. oo
— (M)o__ (M)o__\ 4
0, = | 0, 1.1
( My ZRDY M, (L.17)
_\ (R)o/(cp)o
0= <p> , (1.18)
Po
(R)o/{cp)o sl
0 = T<m> _ L (1.19)
P 11
000.q, 3@ 0
W+y =1 (1.20)
0000.00000000
om___9_ (1.21)
0z (cp)obh
0o00o0.000
I
G = (olotBhllh, (1.22)

<Cv>0

YR), (¢,), (M) 00000000000 00000O0D0D000O0OODOOOOO.
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0000.00000 T, q, g 000, (1.16) - (1.19), (1.21), (1.22) 00000
000000000000,

000000000 00000000000000. 000000000000
0o, w, 0,1, q¢ (a=v,c,r) 000. 000000000000000000
000000000,0000000000.0000000000000000
0ooooo.

gooond
ou/ Jou0u ,0u’ — oIl
W = —ua—x—v@—wg—@pﬁ)@v%—%Du (123)
o’ ,0v ,0v 0 __OIT
oo T v W el + D, 1.24
ot or Vo, Ve, ety t (124)
ow  _ o0uw 0w 0w (e,) (9*871'[’
o “oar oy ez g,
0" X(R./Ri—1)q, — ¥(q. + q,)
+—qg+ v ¢ "2g+ Dy 1.25
TS (WY 129
gooond
o1l o2 _
- o) g ()
ot <Cp>05‘9v
(cs)? |1 { 1 }
— |5\ con ra 1S D
+(Cp>09v 5 H(Q d+ Qrad + Qais) + Dy
1
1+ (& -1)g
R,
{ - Z(un + ch + D(Ir) + Z Rd [MSTC(QU) + qu] }]
(1.26)
gog
oo’ ,00' ,00' ,00' ,00 1
E - _u%_vaiy_wﬁz waz+ﬁ(Qcond+Qrad+des)
+Dg+ Dy (1.27)
gooogdg
Iq, _ _u,aqu . U/aqg . w/8Q(ll . w/8%
ot ox oy 0z 0z
1 / 1 / % /
_’_%Mfall(pa) + %MS’V’C(pa) 5 > Myau(p,) + Dgz 4 Dy,
(1.28)
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0000 (128)0 a=v,¢,r 0 3000000000 Qeonds Qraas Qais 000
000000,0000,000000000000000, My, M 0000
0000,000000. Maye, Miar, Qeong 000000000 1200000
0.Q.,000000000 1.3000000. Qu, D, 000000000 1.4
oooooo.

1.3 000ooooooooooooon

000000 Kessler(1969) 0000000000 OO Tobie et al.(2003) O O O
000000000000 200000000002

1.3.1 Kessler(1969) 00000000 DOODOOOOO

Kessler(1969) 0000000000000 400000000000,0000
ggobobbuodgoog. oo, ggobobbooooooboobog,d
ggbbobuogogbbbuoooobbbdaod.

oo oo

CN,, 000000O0O00000O0DO0O0O (condensation)

EV, 0000000000000D00O0 (evaporation)

EV,, 000000O0O00O0O0000D00 (evaporation)

CN, O00O0O00O0OO0O0OOOO0ODOOOO0.0b0OO0O0bDbOoOoDO,
O000D0000000D000D0000 (autocondensation)

CL, O000O0OO000OO0OO0OOOOODOOOO.
O00000000000000 (collection)

PR, 000000000O0OOODOOOOO (precipitation)

gododooooooouod,goo,oou, oo oooooooog.
( ) = _p(Cch_Ech_EVrv)a ( )
rc(p,c> = p(Cch - E‘/cv - CNcr - CLcr)a (130>
( ) - p(CNcr+CLcr_E‘/;v)a ( )
(py) (1.32)

I
o

00,000000000000 Tobieet al.(2003) 000000000000 0O0O0OOD0O
gboogogoogn.
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Myai(p.) = 0,
Myai(py) = PR,
L
Qcon = _%Msrc P;
4= Tl e

(127),(128) 000000, 00000000.

ot

1
+ﬁ (Qrad + Qdis) + D@ + D@’

dq, ,0q, ,0q, ,0q, ,0¢%, G
v v v v v PRT
ot “or Yoy Yo Yo pz
- (Cch - E‘/cv - E‘/T'v) + DqT,_'_ Dq{,a
dq, 0q.  ,0q.  ,0q, Qe
c - _ c c _ c _ 1c¢ PRT
ot Yor Yoy Yo 7 2
+CN’UC - E‘/cv - ONC’I‘ - OLCT + Dqéa
oq, _ _ 9 0% 04
ot Ox dy 0z P

o0 00 _ o0 oy 07 L
Ox 0y 0z 0z (cp)oll

(1.33)
(1.34)

(1.35)

- E‘/cv - E‘/r'u)

(1.36)

(1.37)

(1.38)

1
+ —PR, + CNg + CLy — EVyyy + Dyf1.39)

000,L, 00000000 [JkgY,(¢) 00000 JKkgJODOO.

ggbbobuoooobboooooon.

00000000000 : —CN,.+ EV,,

gboogbogbo,bobodgbooboboobuoobobooban. b
gob,bddoobobobogoogoobbooooobbbooooboon
gbobogb,gbboobboobbuoobbuoobbo.ob,o0oon
gogboboboogo,bboggooobbooooobobbooooboon

gg,bogogbobobooodgobbbogon.

0o0o0o0o000: ON,,
Kessler (1969) 0000,000000000.

CNcr = (qg - CICO) /Tac

(1.40)

000, g0 7 00000000000, 000000000,0000 0,

100 [s) 000,

0o0oo0o000: CL,
Kessler (1969) 00 00,00000000.

_ 0.375
CL. = 10.3444"? <p>

w
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00000: EV,,
Kessler (1969) 00 00,00000000.

EV,, = 4.85 x 1072 (qusw — ¢.,) (pg.)"% (1.42)
000 g, 00000000,

gooobgoob: PR,

r—9 pqriterm- .

000,000000000 Vigre [ms™H O

r

0.375
mﬂw;:ogzzmﬂ2<pw> "1 (1.44)
12

gogoo. odd p, DOO0ooooog.

oooboooooooboooobo,bb0 cooooboobooo.

1.3.2 Tobie et al.(2003) OO0 00000000 DOOOODO

Tobie et al.(2003) 0000000 CO, 0000000000000 OOOO.
Tobie et al.(2003) 0000000 300000000000 (¢.=0). 0000
00000000000000000,0000000000000.00000
oooooooooo.

oo gd
CN,, 000000000000O0O00 (condensation)
PR, O000000O0OOOOOOOOOO (precipitation)

gobobogobooobob,gbo,bob,obouobobogboobobo.

Mg e(p,,) = —pCNy, (1.45)

MSTC(/);) = pCNy,, (1'46>

Mya(p,) = 0, (1.47)

Mfall(p;) = PRT7 (148)
L

Qcon = T : M. p; . 1.49

! plcp)o (00) (1.49)
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(127),(128) 000000, 00000000.

o _ —u’a—el — v’a—el — w’a—el — w’a—e_ + _Ls_ CN,
ot oz Jy 0z 0z (cpholl
1
T (Qraa + Quais) + Dg + Do (1.50)
dq, Oq,  0q, 0q¢,  0q @ :
v — _ v _ v _ v _ — P
ot War Ty TV Wy o 2P
—~CN,y + Dg; + Dy, (1.51)
dq, 0. ,0q.  ,0q, 1
roo 2y /T 4 PR, — CON,, + D, . 1.52
ot Yoo Vay Vo TR ONe Dy (152)

000 L,0 CO, 000000 [JK'kg™JOODO.

oo,CN, 000bo0boboboob. ooooboooooboboboboboo
gbobodbbooboooobbboobbooboobo.boobbuoobbo
googoobbbbbobobobbboood. bbobboobobbboboodougoo
gogboboobo,gobbbogooobuoooo.bbod

4
2PI(rg = Toero) N = 4P (1.53)

3 aero
00000000000. 000 p;0 CO, 0000, 7, 00000, rewe 00
00000, NOOOOOOOOOOOO0OOO0O00000. 000000 py =
1.565 x 10° [kg/m? OO0, reo, NJOOODDOO0O0O0OD. 000000000
0000000000000000000000000CN,, 00000000

ooo.
dmryN

p(Rh+Rm)
Ooo00 R,, R, SO00DO0ODODOODODOOO,OD000D0O00O0DOO,000
oo

CN,, = (S —1). (1.54)

L3 L
Bn = SR~ R (1.55)
R,T RO
m = y 1.
B Dp.  Dp, (1.56)
#11
g — P _D* (1.57)
D« D«

0O000O0. 00k D,p, 0000000000, 000000,C0,0000
00000.000000 Tobieetal. (2003) 00000000000 Ry > R,
000

(S —1). (1.58)
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O00d.Cco,0000DbuoooooboboouoDOog Antoine 00O

P« = exp (A _ B ) (1.59)

0000000 (Antoine, 1888). 000 A4, B,C 00000000000 OOO,
CO, 000 A=274,B=3103,C=-0.16000 (00000, 1999). 00O
000000000000000 O(T)~150K]00000,7T>C 00000

B
Ps R €XP (A — T) (1.60)

goo.

00,000000000000000 PR, 0000000000 O00. Tobieet
al.(2003) 0000000000000, 00000000000000000.
PR, O Kessler(1969) 0000, 0000000 V. 00000000000,
o0

0
PR, = & (pr‘/;erm) (161)
000.0000 Vi, DO0DO0O0OO0ODOOO0O StokesOOOOOO
2r2g
‘/term:Csc gnpl (162>

O00. 00D ¢, 0000000000 Stokes 0O0O0DOODOODODODOO
(Cunningham 000 0)000,

A
Cee =14+ 1.255— (1.63)
Td

goood (Cunningham,1910). A0 CO,00000O0ooonn,
_ kgT
\/§7T02p002

OO0000. kg O Boltzmann OO0, 0 0 CO, 00000, peo, O CO, DODOO
00,kp=138%x10"% [m?>kgs? K!],0=33x%x1071 [m] 00O (Golden and
Sircar, 1994). n 00000 O OO, Sutherland O O O

/2
jref+CCO2 1 ’
= Do 1.65
=0 f( T+ Ceo, Thref ( )

A (1.64)

00000 (Sutherland, 1893). 1yes, Ther, Coo, 0000000000000, 0
00000, CO, 0000 Sutherland 00000, 75 = 1.47 x 107° [Pa - s,
Trer =293 [K], Ceo, =240 [K] OO DO (D000, 2004).
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1.4 0000O0O0O0OO

00000 Q.OO0000000000000 F,, 000000000000

ogd.
1 dF,.
Q’/‘ad - d

plep)o dz

000000 F,0000000,Q,,000000000000000000
oo.

1.5 0000ooooooooood

1.5.1 O0ooooobgd

Klemp and Wilhelmson (1978) OO0 CReSS (OO ODODO,2001) 0000, 150
I T A

0
D, = ———(ulu.
Uq a.ij (UZU])
0 Oou;  Ou; 2
= —— |-K ‘ 1) + 26, FE 1.
al’j [ " ((%] + 6’@) + 351] turb] ( 66)

0oob0 K, 00000000000 000000, By 00000000000

ggoobobooogon
1 K>
Eturb = 5('“’)2 + ('U/)2 + ('w/)2 - 2[ (167)

O000. Deardorff(1975) OO0, C,,=02000.

[\

Q

1.5.2 O0O0OO0OOOOO

Klemp and Wilhelmson (1978) OO0 CReSS (DO OO0, 2001) 0000, 1.50
ggbbobuooobboooobooboooobb.boooboobobog,

0 —
D = ———
o 8a:j U]

0 00
= () .
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000,00000000,

0
Dy = -2 ug
o 3x]u

1
o) L*g, 00
I T o N TR 1.69
3x1{( §:<%hﬁiﬂﬁf) h&W] (169

O00.000 K,O0OooOooobooooo,d.00000D00D.

1.5.3 UO0O0OOO0obooogdd

Klemp and Wilhelmson (1978) 000 CReSS (0000 0O,2001) 0000, 1.50
00000000000,000000000000000000003. 000
oooooo,

a-Eturb aEturb aEturb aEturb
= —U — U —w
ot ox dy 0z
K, 0 3 7% aap Ok 3
—3gCl B2 =122 30, I B2 = B 0=
0 0z 1+ZE%—Z%

ou\>  [(ov\® [ow\®
s (52) +(3) + ()

2 2 2
o [ (0u 00\ (00 0w\, (2w ou
i lEt“”’{(@y * 8:6) * (82 - Jy oz T

2, (0w ov dw
37\ 9r oy T 0z
0 1/2 aEturb 0 1/2 aEaturb
-— E — E
+85E (le turb or > + ay <le turb ay
9, OB ur Ce\ .2
tor (G5 ) - (T ) B 10
ggb.oboggobobodad,
a-Eturb o _uaEturb B vaEturb B waEturb
ot B ox dy 0z
~1
—3gClE2 | 1+
rurt Z Cp OR 9 H

‘000000000000000000000DO0O00,00 BOOOOOOO.
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>
+39CulE (14 %

ou\>  [ov\’
+20mlEflffb{<az> +<a;}> +
N

(1.71)

000.000 C,=020000 [=(AzAyA2)?000. 000 Az, Ay, Az

gogboooboga.

1.5.4 0O0O0O0OO0OOOO

00000 QuO0,00000000000000000,000000000.

1 ¢ K3
l

(oo 1 (Cul)*

000 C.=02,1=(AzAyA)'2000.

Qdis =

(1.72)
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