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11 0000 ooooooddo200000oooon

O0b0ooobooobbobboobobooobod (Klemp and Wilhelmson, 1978) O
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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.
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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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gobooood
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o9p _ 1.8
9 Py (1.8)
00000.00¢000000000.(1.8)01IL00000O0
o1l g
—_— = 1.9
5, ol (1.9)

goo.

gbobgoobg co,ubobugbooobo,obuoboooboboboob.on
gbobggbogoboo.ggboooboobboobboobbooboo

2012/03/27(00 O 0O)



gobboooogn gobooo 5

oooooooo?).

ou ou ou _oIr
Bt il sfe
5 u@x waz Cput! o + D, + D)’ (1.10)
ow ow ow _oIr 9 R 0
— = —U4— —wWw— —cp 00—+ D - — 1.11
ot Yor " Vo T Mo, * w+g(9 poﬁC”“/RPS)7 (1D
ot Oz 0z 0z
1 SJc
+ﬁ<QC(md + Qrad + Qdis) + D9 + Dgf ) (112)
o @ a@@w_+agﬁw)
ot cpopl L Ox Dz
2 1 e
—9 :(Qcond + Qrad + Qdis) - ?Mconm (113)
Cput 11 Cpu P
dps _ O(psu)  O(psw)
ot = O BP + Mcond + Mfall + Dp5~ (114)

000 ¢000000000000,00000000000000.
@ = &0 T — % Rt (1.15)
Coy Cyv
00 ¢, 00000 CO,0000000,0000000, ¢y~ 5452 [JK!
kg1, cpo = 7341 J K kg™, 00 0. Dy, Dy, Dy D,, 000000000, O
000,00,000000000000000.D¢, DY 0000000000
0000,00000000000000000. Quugs Orags Quie 0000000
00D00D000,00000,00000000. 00 Mg, Mpay 0000
0000000000000000,00000000000000000000
0. Dy Dy, Dp, D,, 000000000000 1200000.00 Meongs Myan
000000000000 1300000,

00000 (112, 00000 (1.13) 000000000 Qg Qrads Qais 0 0 0
gooo.0oooooooon

LM cona

Cpop
Jod.ddd Lopoooooob co, oo, booobonooog
000 L~58x10°Jke" ]000.Qu 000000000000 12000

O0.QU0000000000000000,0000b00b00b0obooon
gboobooggbboboogd.

C20071d =

(1.16)

ooobo d)oboobooboooboboboobob.aa3)ooob 200
obooboooboooooboo,a3)yuobog3boogooooobgooon

$1.10),(1.1HD0D00000000 A,(1.13) 0000000000 BOODDODOOO.
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ooobbobobbbbododgod. Klemp and Wilhelmson(1978) O 0O, (1.13) O
ogoo200003000000o0o0bo000ooooooo,obooooooon
O00.(1.16)00000,1.13)00000000000000%.

o @ [9(pfu) N O (pow)
ot cpupl L Oz Dz
c? L 2
+ = ( — 1> Mcond + _2_<Qrad + Qdis)- (117)
vape vaT Cpo II

0000000 OT) ~150[K]00000, ¢y ~ 7341 K kg™'], L ~ 5.86 x
10°[Jkg 100 L/(c,,T) >100000.0000000 €CO,0000000
00,000000000000.

gbo,gbbggboogobo.ogobodboooboobobooobo,boo
gboobuooboobooboob.oboobooboobbo Lobog,
gboobd bbb oobooboobooboobo

d(x,z,t) = ¢z + L, 2,t) (1.18)

oboobo.gooooboboooboobobo p,bwOODODOOODO »OOO
g,b0oggobobodd

w =0, (2=0,D) (1.19)
o B
=0 (=0D) (1.20)

gooobo.

1.2 0O0ogogoooouood

gogoboboooboodooooo,gobob@mbbob)bbbboodogooad.
gbobobgobooboboboboobobobobooo,bobobon
gbogobuog@uobubbogbo)goboobboobooboobg.og
gbooboobbooboobbooboobbooboobbuooboon
gboooboo@ouobooboobon).

1.21 0000

000000 Klemp and Wilhelmson(1978), D OO0 O 00H D O0O0OoOooOoOOd,
gpoooobo,ogboobgobobob sbobbobooboobgn. s

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

D, = —C% :—2Km% + %Etm} - % [—Km (% + 88—7*2”)} . a2n
Dy = —% :—Km (z—j n %)} . % {—szg—Z’ v gEmb} . (1.22)
D = -2 :th—i'} -0 {Kh—w(;j 9>] , (1.23)
D, = —% :Kh%‘;s] - % {Kh%[:] (1.24)

00 K, K, 00000000,00000000000000, By, 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 = —=E = ( ) (1.28)

Cpol Cpol \ Crnl

gooo.
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1.22 OOOOO0OOO

000000000,000000000000 F,, FO0000,0000000
00,00000 DY, pfeoooon

Dyc = —laF“, (1.29)
p 0z
1 OF,
Dife — -0 1.30
b Ipc, 0z (1.30)

goooo. oboooo,gooboobobooo,goobooooobooa,
Louis(1979) 00000 DOOO0O oohUoobodooooobuooooboon.
gobo,ggbboboggoboboooobo.

000 (2001)00 Do, pfeoooooooon.

Fu = —CDstchzl, (131)
Fg = _CpCD‘/sfcp(Tzl_Tsfc)- (132)

o000 Cp 000000, 000000000,T,,,000000, Ve OOOO
gobob.gobobobuogogobobo,gobobbogogobobogd
gooo,

d
Dife ~ — 1.
y 5, (CoVesetiz,), (1.33)
sjc a TSC
Dy~ %{CDVSJ% (9“_11:1)] (1.34)

00000. Vi O

Vige = /2, + 12 (1.35)

gogotb.ypbbbboduggoooooooobbbbbobbbodooogog
gbbooggbogobuogbbooboooboob,ogbodl vg=0m/sU
oooo.cp0b0db0obobobU0 Rep00onoon,

1+A3‘Ri3‘1/2

Cp = (1.36)
CDNm’ (RZB > O)
0 +6, —T

Ry — 90t 0 = T (137)

0, ‘max(u?, u2,. )

min

Con (1 - Aﬁ) (Rig < 0)

gbobodo. ooty b0o0ooobuoogbboodgbbooooboad,
Umin =01m/s OO0O00.00 CpyOODOOOOODOODOODO, Ay, A, As0D0O

2012/03/27(00 O 0O)



gobboooogn gobooo 9

gooobod,

S

Al — 94,

Ay = 47,
- 1/2

As = T4CpnA,; <—1> (1.38)
20

O00.000 x=0350000000,2 00000004, Sutton etal.(1978) 0
00,102?m0O00.

1.3 J0000ggoogoooog

13000000000000000000 M,,,00000000000000
000000 My OOOODOO0OO0O0O0O0O.

doddooooboooooo,0oobooboboo0oooooooooooo,oo
J0o0oo0boobobodboobobdg (@od Soong and Ogura, 1973 ). O
O0o0oooooo,0dbboo00obobooooboboooobooooooooao
O00boboood @ogd Colaprete et al., 2003; Glandorf et al., 2002; Méittinen
etal.,2005). 000 00000O0OOOOO0O0O0O0O0OOOOOOOOOOOO0O
ogooooo.

gboboggbobogoboggbooag,cogunnooboooobboobood
Obo0.0b00boob0obgoboboobon co, bbb co, oo
goob.gobbobog,obbbodgooobbbooooobobobbooood
oooboboboboboo,obobobobobooobob 2000000
gboooobboobob @ooobo ooy bodbbuooobooobood
Dooobuoobuoobuooboobbo.booboobooboob HoD
gboooobodbbogobuogoooboo,boobbooobooobood
(Gooding, 1986). DO O DO ODDOODOOODOOODODOODLOODLOODOOn.

ooooobobooooboboobobooo 2b000bo0o0.ooobooooo
gobbbobbouooooobbbbbbooooooobbbboooooad
goboboo.obbobbogooobobobog,gobbbbogoobbbooood
OO00000.Tobieeral(2003) 00O, 0000000000000000 0.5
[pm] OO0 (Ockert-Belletal,, 1997), OO0 O OO OOOOOOOOOOODOOOO
gol1oooboobooo,bgsopml0O0000000OO0O0DOODOOO
ooooboboobooooboobobuoobboobooD. bbb @o06)000O
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gbbodgbbuogobbuoobboobbooboboooboo,buoobboo
gboog1-20(sjoboooobo,coobogs=-25swm]0000nboonogon
g.buggdgbobbbduoodgobobbuoooobbbboooob,buodgd
gbboggbogobuogbbuoobbuodo.gobbuoobbuoobbooboo
gobboboooobbobooo,bbouoobbbod.

131 0OOOooog

go,0000b00b0o00bo0b Mep,yDooooobooobo.ooboo
gogobbobobbouooooobobbobboodoooobbobooooo
gob.0bobbbodoodgobbbouoooobbboooobbbooog.go
gobbobooogoobobooooo,buooooobbbbooooob.od
O0,000000000000000 Mppe Tobieetal. (2003) 00,0000
oooooos).

ArrgpN*
Mygng = 4P (g 1), (1.39)

Ry,

R, S,r,00000000000000,000,0000000,
L? L?
R, = — 1.40
" = KkRT?  kROTI?’ (140
I

g = P _D~ (1.41)

D« D+

3p 1/3

= (7 — 1.42
T'q (Taero + 4p17T,5N*) ( )

00000.00 kp,000000000OO0,CO,000000,p,0 CO,00
00,r,00000,r.,0000000,N*0000000000000000
00000.000000 pr=1.565x 103 [kg/m*]1 0 00, 4o, N* 000000
0000.0 1.100000000000000000000000000. CO,
000000000000000000 Antoine 00 (Antoine, 1888) 0000,

Ban
P ™ €Xp (Aant - t) (1.43)

O00.000 Ay, B,y DOO0O00O0D0OD0OOOOO00O,CO, 000 Agpr =274,
B,y =3103000 (0000, 1999).

(1390000000000 C0O000000.
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132 O0OO0OOooood

OoO,000000000000000 MypoooooOoOoO000d. MO
Kessler(1969) D OO0, 0000000 Vi, UOOODOODOOODO. OO

Mfall:aa_z(ps‘/term) (1.44)
Oob.0000b00bobboo,0bogbbobobob0obbOong Stokes O
oobooooooooobooobooobooobooobogobbo.oooooooo
O0ooboobg, Conrath(1975) 0000000000 0OOOOOO0OOOOOO
0 0O, Cunningham [ O O Stokes 0 0 00O 0O

2r59p1

9n
00O O (Stokes, 1845; Cunningham, 1910). n 0 00O 0O 0O O O O, Sutherland [0 O O O
0o,

e 3/2 —  3/2
n=n <Tref+0002> ( T ) / = (Tref+0002) (QH) / (1.46)
rel T"‘ CCOQ Tref rel m‘f“ 0002 Tref ‘

00000 (Sutherland, 1893). ,ef, Tyer, Coo, 00 00000000000,000
000,CO,0000 Sutherland 00 00O, e = 1.47 x 1075 [Pa - 5], Ty = 293
[K], Cco, =240[K]0000 (OOO00O,2004). C,, 0000000000 Stokes
0000000000000 (Cunningham OO0 0)000,

Vierm = Csc (1 45)

4
Coe =1+ 3K, (1.47)

0000 (Rossow, 1978: Tobie er al., 2003). 00 K, = A\/r, DO00O00O0OO
Knudsen OO O O%. A0 CO, 0000000000,

B kgT B kgl
V2r0?p ﬂWJQpOﬁCUU/R
0000 (Chapman and Cowling, 1970). kg O Boltzmann 0 0,0 0 CO, 0O OO
0000,k =138x 1072 m?kgs 2K !,0 =3.3x 107 [m] 000 (Golden
and Sircar, 1994). 0 1200000000000 0O000 (I ~ 150[K], p ~ 400[Pa]),
O0ooooo (T ~135KlL,p~90Pah) D0 OO0 OOOOOOOGOQ.

(1.48)

6)Cunnigham(1910) 000 00000000000 O0000O00
Cse = 1+ 1.255K,,

U00.0000000000 CuminghamOOOO000O0000O0O00O0O00O. OO0 Davies(1945)
oboooooboboooog.

1.10
Cse =1+ K, |1.257 + 0.400 exp (— i >} .

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

radius of particle
N w
T

\

Il Il Il Il Il Il Il
o] 4 8 12 16 20 24 28
(x1075 kg/m™3)

density of cloud

O ll:0000000000000000DO0O00DOO0O0.000OO0O0DO0O0
goobbooooooobboood (T = 150[K], p = 400[Pahp OO 00O
g,gobbooobbooobbuooobbbooobbboon I = 135[K],
p=90Pa) 0 000000000.00000005.0x10%kg 100000,

(m/s) Terminal velocity
T T T T T T

o
=Y

=)

o

N
|

o
IS
N

terminal velocity
o o
N o
T
N

o

°
o

Il Il Il Il Il Il
4 8 12 16 20 24 28
(x1076 m)

radius of particle

gl12.00000000000000000000000b00b00.0000000
goboobobooobobodobobuobn (I =150[K],p=400PahUd DO OO
gb,00b000bo0bobooboboboobobobobobg (7 =135[K],
p=90Pa) 000 O0ODOOODOO.
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Du 10p
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Dt pOx * (A1)
Dw 10p

_ 1% _ D, A2
Dt p Oz g+ (A-2)

OO0ooo.00 p=p,+p, 000000O0O.O000000 pO0O0ODOOLIIO
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1dp _— p, 1 0p

pdx; — p pyOx;

» ROIT O
— _p__ [pOHCPv/R]

p p Oz

_ Po RO poCpy e, /my-1 011
p p R Ox;
Pu RO Hcpv/Rcﬂa_H

p P 0 RII Ox;

= ——vaef (A3)

000.0000000000000000000 p=p,RT=p,RAIIO0000.
(A3)0 (A1), (A2)000000,

Du 011

Po
— = ——cpl—+ D,, A4
Dt P R * (A4
Dw Po o1l
— = ——cpf—— D, AS
Dt p o, I * (A-5)
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