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010 0O0000

01000000000 deepconv/arared 0 0O O0DOOOOOOOOOOOO
oogd.

11 0000 ooooooddo200000oooon

O0b0ooobooobbobboobobooobod (Klemp and Wilhelmson, 1978) O
DOO0D0b000bO0obOo0bOdDd (Odakaeral.,2005)0000. 000000
obogoobooobooobg,bobbobobobobobobooboboobo.ogon
oooboboboboboboooooobob.opooooboboboon
obgobooobg,bobobobbobbobobobbooboboobb.boon
OO00oo0boobodobobobobobd (Klemp and Wilhelmson, 1978) 0 O 0 0O O
0000,0000000000000000Y.00,000000000000
ooobobobobooobobobo,oooobobobooboooboboon
OO0bO0oboooboobooob0oboobObO (MacDonald et al., 2000). 00O OO
obobobobboboobooboobooboobon.

gboboboooobobi1bob,001gbbo20b0b000ooboboooon.d
gbobogdgboboogbboobboobbuoobboobbuoobbuoonob,d
gbo30bbbogoooboooobob20bb000oobooon.

gb,budgdgobbbbouooobbboooobobobo.bbbboooad
oo, odddddoooogoooad
opboooobo,gbboobboobboobooo 2000b0000b000.
ooobobobobooboooboobobobo,oooobobo200b00
gbooggb.bbodobbobuobbuoobboobboobboobobod
0000000000000000000000».0000000000000
v, 0000w, 00 6, 0000000 1LO0O0O p,0000,00 p,00 p, 00O

U0o0DD0D0D0D0D000000000000000000000000.
00000000000 0000000000000000000000000000000
oooooo,00 ooy ADoooooo.
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rogoogbooboobooboobooboobooboo.oo,oo0oon
gobboogobbobuoooon.

R

0 = T(ﬁ)%ﬂ (1.1)
p

I = <£>cm - (1.2)
Po 0

000 po, R ¢,, 000000000,000000000000,000000
0,R~1889[T K kg '], ¢, ~7341[JK kg ']000. 000000000
00000000000000,p,=700[Pa]000

ooboobobooboooboobooboobooooboooboobooboobooD.ooDo ¢
0000000 ¢, 00000 ¢ 000000000,000000000000
gooo.

= u'(x,2,1), (1.3)
= w'(z,2,1), (1.4)
0'(x,z,t) + 0(z), (1.5)
= Il'(z,z,t) + (2), (1.6)
= ps(z,2,1). (1.7)
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gbbodgbbuogbboobobogoboo,boobboobboobboo
oooooOooooooooog “'00000.000000DODODOOOOg,

gobooood
op

o9p _ 1.8
9 Py (1.8)
00000.00¢000000000.(1.8)01IL00000O0
o1l g
—_— = 1.9
5, ol (1.9)
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oooooooo?).

ou ou ou _oIT

. = y— —w—=c. 00—+ D 1.1
ot Yor Vs Ty Thw (110
ow ow ow oIl ¢ R 6

= u— —w=——c. 0=+ D - 1.11
T ua$ w@z Cpv 9 + Dy +g (9 ™ ﬁCUU/RpS) , ( )
o0’ fol4 oY’ 20 1

2 - s w2+ = , D 1.12
ot u O w G waz + I (Qcond + Qrad + des) + (2] ( )
o @ [9(pbu) N O (pow)

ot vaﬁ§2 Oz 0z

21 e
—9 :<Qcond + Qrad + Qdis) - ) Mcond7 (113)
chQ I vaﬁe

dps _ O(psu)  I(psw)
W = o ER + Mcond =+ Mfall + Dps' (114)

gbobedbbODbOoooobboboo,0bbboogobobooon.

@ — 2 RT — & Rl (1.15)
C’U’U C’UU

00 €y 00000 CO,0000000,0000000, ¢y ~ 545.2 [J K-
ke, cpo = 7341 I K" kg1, 00 0. Dy, Dy, Dg, D,, 000000000, 0
000,00,000000000000000. Quug, Qras Quie 0000000
00D00D0000,00000,00000000. 00 Mg, Mpag 0000
0000000000000000,00000000000000000000
0. Dy Dy, Dg, D,, 000000000000 1.200000. 00 Maongs My
000000000000 1.300000.

00000 (112, 00000 (.13) 000000000 Qunds Qrads Quis 0 0 0
0000.0000000000

LM, cond

Cpo P

Qcond = (1.16)
O00.000 LO0O00O00000 co,000000,0000000000
000 L~58x10°[Jkg ' 1000.Qu 000000000000 12000
00.Q,,0000000000000000,000000000000000
Doooooooooooon.

o000 d.3)doodoooooooobooooobo.aa3)oooo 2000
0ooooooooooooo,a3)oooo 3goooooooooonooo
Joobobobobbo0ooooood. Klemp and Wilhelmson(1978) O O, (1.13) O

$1.10),(1.1HD0D00000000 A,(1.13) 0000000000 BOODDODOOO.

20117121400 O0O)



6 gobbooogn goooo

OD002000030000000000000000000,00000000
O00.(1.1600000,1.13)00000000000000%.
o1r fo [8(ﬁ§u) _I_ﬁ(ﬁ@w)]

o gl O 0z

c? L 2
+ ( — 1) Mcond + ggﬁ(Qrad + Qdis)- (117)

vaﬁe va T cpv

0000000 OT) ~150[K]00000, ¢y ~ 7341 [JK 1 kg™ '], L ~ 5.86 x
10° Jkg Y100 L/(c,,T)>100000.0000000 €O, 0000000
00,000000000000.

gb,gbbodgboobbdo.oobbodboobbooboooba,boo
gboboobuooboobooboob.oboobbooboobbo Lobog,
O000db0d o00OO0D0OO0ODLOOOOOOODOODODLOOO

d(z,z,t) = ¢z + L, z,t) (1.18)

oboobo.oboooboboooboobobo p,bwOODODOOODO »OOO
g,0uoggogobodd

w = 0, (z=0,D) (1.19)
oy B
5 = 0, (z=0,D) (1.20)

goooo.

1.2 0J0000oooooog

gogopoobooobboooooo,goob@goboboob)bbbboboogooag.
gbbodgbbuogobbuoobobogboboooboooboo,boobboo
gooogobog@uoobuobboobo)oobbooboboobobooobo.oo
gobobbobbouooooobobboobbooooooobobbobooooo
gobbobbo@uouobboboooooDon).

1.21 0000

000000 Klemp and Wilhelmson(1978), D O OO O 00H D O0O0OoOooOoOOd,
gpoooobg,ogboobgoboob sbobbobooboobgn. s

(1170000000000 BOOOOOOO.
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Oooboodoobooooodn D, Dy, De, D,, DOOOO0OO0O0O0O00O0O0.

D, = —(,% :—gng—;‘ + gEtm] - (% l—Km (% + aa—l")] ., (121
Dy = —% :—Km (z—;" + %)} - % {—%ng—;” + gEtwb] . (1.22)
Dy = —% :th—ﬂ - % {Kha(%jg)} , (1.23)
D, = —% :Kh%‘;s] - % {Kh%/:] (1.24)

00 K, K, 00000000,00000000000000, Ey, 0000
O0000000000000000000.00000000, Eyyyd K, 00

gooo ,
K
R 1.25
e 125

OO00.000/00000000,000000000 Az0D0D0O0D0ODOO

00 A:00001=(AzA2)Y?00000.00 C,000000000. K,0O
0000 Deardorff(1972) O O O O

K =3K,, (1.26)

oooo.1.5000000000000000D00 K, 00000000,00
oooboogod.

0Ky [ ,0Kn  OKn\ _ 39Cu’l? 00'
o “or oz 20 0z
ou\’ ow\’|  CLA (Ou  dw\’
272 | [ dU ow m gu ow
FOmt (6x> * (62) 2 <8z * 8.%)

_ﬁ % + a_w +1 82Km2 + 82Km2
3 \dx 0z 2\ 0x2 022
oK, \> [(0K,\>  C. )
+( oz ) +( 0= ) “ oo, (1.27)

000 C.000000000.000000000000 Deardorff(1975) 0 0 O
0C,=C.=02000.

00000 Qu 00000

C. C. (Kn)®
Quis = — lEfJfb = (—C l) (1.28)
U m

pv

gooo.
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1.3 0J0000oogoooooog

13000000000000000000 M,,,00000000000000
000000 My, 0OOOOOOOO0O0O.

00o0oOoOoO000d0doD,0b00d0dddoDbObOo00o0oooDooOoO,0d
0000000000000 00000DO0O0 (@Od Soong and Ogura, 1973). O
00d0o0odbDOo0,0bodbo0bdoo0ooooOoDoooooooooa
J0oboooodbd @oo Colaprete et al., 2003; Glandorf et al., 2002; Miittinen
etal ,2005). 0000000000000 O0O0OO0OO0OO0ODOOOODOOOO
oooooo.

gbobobgbbbobdooog,co,bbobobuobooobobobon
gbo.gbobooboboobgobboobgn co,bug co,bnonon
gobob.gooboobo,gobobbbooooobobbooooobobobooo
gboboboboooobo,oboboboooobobob 20b0bDOn
gobogobooob@uouobb@oooy). booobooobboobboo
gbogbooboobboobboobo.boobboobbobbOod H00
gobogbuogobooobobooobbo,booobboobboobboo
(Gooding, 1986). U DO UODO0ODLO0ODLOOODDOODOODOOODOODO.

gogggoobobobobbbboobbbb2b0b0b0bbobbb.0ddgoooo
gogobbbbbbuooooobbbbboooooooobbbbooooog
gobob.gobbobooooobobo,guobbobogogobobogd
UO0b00d0d.Tobieeral(2003) 0000, 0000000000000000 0.5
[pm] OO 0O (Ockert-Belleral., 1997), 0000000000 O0OOOO0OOOO0O
golobgboobooob,bosopm]00000000OO0OOOOO0ODOO
gbooooboobobooboboobooboboobobono. onb 2006 000
gbbodgbbuoobbuoobboobboooboooboo,buoobboo
gbooog1-20(sjoboooobo,coobogs=-25wm]0000boonogon
g.bugggdgbobbbduoodgobbbuoooobbbboooob,bugd
gbboogbogobuogbbuoobbuoo.gbbuoobbuoobbooboo
gobboooobbobogoo,bbouoobobbog.

131 00OOOooog

go,0000b00000b000b Mep,yDUooboooboobo.ooboo
gogobbobobbouooooobobbobboodoooobbobooooo
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000.000000000000000000000000000000.00
0000000000000 00000,000000000000000.00
00,000000000000000 M,y O Tobieetal 2003)00,0000
oooooos).

Arr5N*
Moy = P (5 1), (1.29)
Ry,
R, S,r,0000000000000O0,000,0000000,
L2 12
_ _ 1.30
T kRT?  kRO2TI2’ (1.30)
1
g — P _Po ™ (1.31)
D« D«
30 1/3

— (s O 1.32

00000.00 kp,0000000000,CO,000000,p;0 CO,00
00,r,00000,r.,0000000,N*0000000000000000
00000.000000 pr = 1565 x 10° [kg/m*]1 0 00, ree, N* 000000
0000.01.100000000000000000000000000. CO,
000000000000000000 Antoine 0O (Antoine, 1888) 0000,

Ban
Pu = exp (Aam - Tt) (1.33)

O00.000 Ay, By OOOOO00DODOOOOOO,CO, 000 Agpe =274,
B, =3103000 @0O0O0O0O, 1999).

1.32 0JO00O0ooood

00,000000000000000 MyO0OOOO00000000. Mg O
Kessler(1969) 0000, 0000000 Vi, 00000000000, 00

0
Mfall = % (psWerm) (134)

oboo.0bgbooboboo,oboobobobooboboobg Stokes O
ooobobobobobooobooooobobobobo.oboboboo
ODoodooOd, Conrath(1975) 000 00O0O0OOO0ODOOOOOOOODOOOO
O O, Cunningham [0 O O Stokes 0O 0000

2Tc2lgpl
I

Vierm = Osc (135)

1290000000000 CcO000000.
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00O O (Stokes, 1845; Cunningham, 1910). n U OO OO 0O O O, Sutherland U O 0 O
oo,

n=1 (T%’f + CCO2> ( T )3/2 — (Tref +Cc02) (m )3/2 (1.36)
ref T+ 0002 Tref ref 0—H+ 0002 Tref .

00000 (Sutherland, 1893). 1yef, Ter, Coo, DO O OO OOOOOOOO,000

000,COo, 0000 Sutherland OO O OO, npey = 1.47 X 1075 [Pa - s], Trer =293

[K], Cco, =240[K] 0000 (QO0O00,2004). C,, 0000000000 Stokes
0000000000000 (Cunningham 000 0)O OO,

Co=1+-K, (1.37)

0000 (Rossow, 1978: Tobie et al., 2003). OO K, = A/r, 0000000
Knudsen OO OO®. N0 CO, 0000000000,
kT ksl
V2ro?p \/§7r02p0ﬁcw/R
0000 (Chapman and Cowling, 1970). kg O Boltzmann 0 00,0 0 CO, OO OO
0000,k =138%x1072 m?kgs 2K !],0c =3.3x 107 m] 000 (Golden

and Sircar, 1994). 0 1.200000000000000 (T ~ 150[K], p ~ 400[Pa]),
0000000 (T~ 135[K],p~9[Pa) 000000000000.

(1.38)

6)Cunnigham(1910) 000 0000000000000 O0O000
Cyo = 1+ 1.255K,,

0o0D.0000000000 CuminghamOOOO0D0OO00OO0D0OOO0DOOO. OO0 Davies(1945)
goboobooobooobooo.

1.1

n
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=10 m) Radius of cloud particle
T T T T T T T

radius of particle

4

w
T

\

I I
0 4 8

L L L L L
12 16 20 24 28
(x1075 kg/m™3)

density of cloud

O lL1:000000000000D000O0O00O0DO0O.000O0O0O0O0O0O0
OoDobOo0ooooobobooodd (I = 150K, p =400Pahp 00 donon
O,gb0boboooobbooobboooobbooobbood I = 135[K],
p=90Pa) 00000000 00.00000005.0x10%kg 100000,

terminal velocity

©

©
S}

©
i
T

o
w
T

o
N
T

I I I I I I
4 8 12 16 20 24 28

(x1076 m)

radius of particle

O12.0000000000000D00DOO0DOO0OOLOOOOOO.ODO0O0O0OO0
O0b0booboob0ooouobobogn (I =150[K]L, p=400[Pah)d O OO
oo, 0000000000000 0000b00b0b00bOb0g I =135[K],
p=90Pa) 000 0O0ODOOODOO.
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Ooobooobooboo (.10, (11noobobob.00bdg p, 00000 p, O
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Du 10p
— = ———+4D,, Al
Dt pOox + A1)
Dw 10p

_ 9% ip, A2
Dt p Oz g+ (A-2)

OO0000D.00 p=p,+p, 0000OO00OO. 000000 pObOonoOooeIrn
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1dp _— py, 1 0p

pOx; — p py O

py ROIT 0O o
= = o I

_ Po RO pocu e, -1 011
p p R O;
Pu ROII Hcpv/R@a_H

p D 0 RII Ox;

= ——vae—' (A3)

000.0000000000000000000 p=p,RT =p,RANI0000.
(A3)0 (A1), (A2)000000,

Du o1l

Po
— = ——cpt—+ D, A4
Dt P P o i (A4
Dw Do o1l
— = ——cpf— - D, A5
Dt oy, I * (A-5)

goo.

00 (A4)000000.000000000000000000000,7=7,,
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JO0B 0O000O000O0

ooooooooog a.13),d1nyooogogo.coooog e, Iooon

oo,
_p_pll R po TR (B.1)
Y RT RIIO R 0 '
goo.@.1)d Lagrange 1 0O O OO,
Dpv D Po HCW/R
Dt  Dt\R 6
_ PoCuy I/ B71 DIT— po T1*/R DO
- R? § Dt R 62 Dt
_ Cw (Do [Ies/BN DIT 1 Do e /BN D@
~ RIO\R 4 Dt 6\R 6 Dt
cowpy DI p, DO
_ el e B.2
RII Dt 0 Dt (B.2)
oooQoooo
Dp,
L = —pV -t = Mo (B.3)
ooooooon
Do 1
E = ﬁ (Qcond + Qdis + Qrad) (B4)
0O @2)oo0ooog,
DII B RIT /1 Dp, 1D6
Dt ¢y \p, Dt 0Dt
RII 1 1
- -V - _Mcon = con is ra
Cw[ U p d+9H(Q d+ Qais +Q d)}
T Mot Qe+ Qe+ Qo)
- - U — — WMeon, e con 35 ra
el o d o1l d d d
i MO (Quond + Quis + Qraa) (B.5)
- - U — ——— WMeon ot con 1S ra .
ol Cpv Pt d cpd?11 d d d
oo00.00 cOOOOOO,
2 = 2 ot (B.6)

C’UU
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000. M, Q. 000000000000000,B.5000000000,

I [T 2
0 = _w/a_ - ‘ =V u' — C_—Mcond
ot 0z ¢y Cpopt)
2
+——= (Qeond+Qdis + Qraa) (B.7)
Cput!
oodo.ooad
po = B/ (B.8)
2 :E@%ﬁ (B.9)
oooooooooon,
0 = 0 Po=cov/R
2w - 2 ()
0z (p ) 0z \R B
_ CowPogpen/R-1011
~ RR 0z
_ Cwph Ol
 RTI Oz
_2 J—
cpupt O11
= - B.10
= - (B.10)
000.(B.10) 00
o1l c2 0
_ /_ _ /_ —9
0z vap§2w 0z (p )
2 _
= ———u' -V (pd) (B.11)
Cpupl
000.@B.1)0 (B.7)000000,
I 2 _ 2
0 = — C_Qu’~V(ﬁ9)— V.o
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