oottt 20000000
Juood

oo ooobo,d0b0 oo,don0 oo

2006 U 8 J 18 [



20000000000000 1

g1
1.1
1.2
1.3
1.4

020

Ooo0oaA
Al

A2

A3

UoB
B.1

000000 2
0000000000 0000000000000 .. ....... 2
00000000000000000 .+« o v v oo 4
000000000 .« o0t 6
000000000000000 « .+« « o oo 6
141 00000000000 .. .00 6
142 0000000000 .. oo, 7
143 000000000 .« . oo, 7
144 00000000 ..« o 0o, 7
0oooQ 8
00000o00o0oon 10
00000000000 « .« o oo 10
All 007,00 p,00 w,w, 00 pO0O00O00O00O ... ... 10
Al2 006,00 p,00 w,w,00 pO0O0O0O0OCOO . ..... 13
Al3 00 6,00000 7,00 w,w,00 p000O00O0 .. 14
OO0 o oo e e 17
A21 0O0O0000000 .. ..o, 17
A22 00000000000000 .. .0, 17
A23 0000000000O0000 .. ... 18
A24 000000000 .. oo, 19
A25 0000000 ..o oo, 21
A26 00000000000 .« . oo, 21
OO0 oo oo 21
000000000000 23
000000000000 .+« « oot 23
B.l.l 0000O00OO0OO0O00000 .+ ... 24
B12 200000000 .« . . o o oo 28
B.13 000000000000 « . o oo 29

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 2

0D0C 000000 31
C1 0000000: CLey + o o o e 31
C2 00000 EViy « o o o oo 32

0O0ODO0O0O0O0 35

00

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 u10 gbooogao 3

10 doobotd

goboboobobbooogdg 2b000bbod0. 0obbuoobbbdd «,00
gobbobudgd 0b0b0,00b0bbdoog «ggg.

1.1 O0botoboobtdbootoboboobbobouboogod

O00000000,0000000 (Klemp and Wilhelmson,1978) D 0O 0. OO
gobboodg,0bboooobbbuoodgbbbuooobbboog,bbod
O00000D000. 00000000 Appendix ?2?2000.

goodggoobbboboboobbbbooodoguadg. bbobboooooaad
gobbuooobbuoogbbo,obbuoobboo.obbuooobboo
ggbbobuoooobboa,oboboooobbboooooboo.

goood
ou ou ou _Oom
a - (“ax a2 ) = Codbiy T Turbu (1)
ow ou ou _ 0w
5 = (“ax + w@g) — cpdev& + Turb.w
0 > qu/M, G+ 2+ 2 qr
e — 1.2
+@+JMQ+Z%MQ L4+22 ¢ g (12)
gooond
or c? 0 -
2 __ 75 7 (5 - 1.
ot deﬁév2 Ox; (P8u;) (-8)
gog
00 00 00 00 1
E — (uax an) - wail' + % (and + Qrad + Qdis)

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 u10 gbooogao 4

+Turb.0 + Turb.f (1.4)
ogoooood

0q, dqy gy dq, _
T <u o +w 5 ) W + Sre.qy + Turb.q, + Turb.q,(1.5)
8qc . aQC aQC
% = <u 9 +w 9 ) + Sre.qe + Turb.q. (1.6)
gy . 0q. q.
% = (u e +w o ) + Srec.q, + Fall.q, + Turb.q, (1.7)

godb, " gogbobobbooooobobbuogooobbo,bbodugdg ed
ggbooogodabn.

gogooood «

Rd/cpd
p
mT=\|— 1 8
00 6
Rd/cpd
p T
ad p
p 1/M,
= 1 ) . .
P R,T (1/Md+ZqU/MU>( +d wt+q +Zq)
p poﬂ-cvd/Rd
B - 1.10
RdTv Rdev ( )
0oo 6,
b = M ! (1.11)
(1/1\4#/22/1\4> I+Yq+Xg+Xa)
oooo c,2
C? = PR, (1.12)

Cud

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 u10 gbooogao 5

1.2 0000O0O0OO0O0OO0OO0O0O0O0O00OO0

00000000000000000 Qg 000 Sre, 000 Fall0ODOO,0
0 (1998)0 00000 Kessler (1969) 00 000000000000,

goon
goon

goboboboboobbboodooooo,ogooobbbobb 300
goooo.

g o g

Qv gbobobod dggboboboooobbodad
qe goboo gobbbuoooobbooo,bbbuoooobbbooan.

o 100miodooooogooon.

Gr goboo gobbbuoodgbbboooob,booobbbooooboo.

goo,bbobougogobbooboboag. bbb, ugoooobboobodd

gogno

gbo,0b0boobooboobobobobboboo.

HRN

ERN

CNye
EVey
EV,,
CN,,

CL.
PR,

O0000000000000000 (condensation)
O000D0000000000000 (evaporation)
O0000000000000000 (evaporation)
gobbooboooboboogoooo.
O00000000000,00000000000000000 (autocondensation)
0000000000000 0000.00000000000000 (collection)
O0000000000000000000 (Precipitation)

O0oooooooooo (1b5)-(lnyooooooo,co0o0ooooon.

99
ot

0qy
ot

Jq.
ot
0qy
ot

00 00 00 L
= —(uWE D) - Nyo — EViy — E
<u8x +w82> w(‘?x + Cp T (CNee Ve Vo)
- deJerZS) + Turb.0 + Turb.0 (1.13)
7r
( aQU 8%}) — U)gqv - (CN’UC - E‘/cv - E‘/;“U)
ox
+Turb. qv+Turb Qv (1.14)
a C C
( 4 ) 4 (CNyo — EViy — CNyy — CLey) + Turb.gfl.15)
aqc aqc
+ (CN, + CLy — EVyy) + PR, + Turb.q, (1.16)

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 u10 gbooogao 6

000,v=Ly,/(¢r) 000, L, 00000000 [JK kg™, ¢, 00000
00000 [JKkg!,x00000000000.

ggbbobuoooobbooooboob.

00000000000: —CN,. + EV,,
00000000,000000000000000000000000. 0
000,000000000000000000000000000000
000000,00000000000000000000.00,0000
000000000, 000000000000000000000000
00,0000000000000000000.

d vsw
—CON,, + EV,, = zlt . (1.17)

goooogoOd: CN,,
Berry(1968) 000 0000000O.
10°p¢;
60(2¢. + 2.66 x 10~8Ny/pDy)
No =5.0x 107, Dy =0.366

O0000000000,0000 Kessler (1969) 0000000000000
O0o00oooopoOooOooo(ooooo,0b0ooooooooo,oo
0000000000000 0)000000000. 0000, Berry(1969)
gbbogobood,bggbbogbbooobbooobboooobo.

CN,, = (1.18)

0000000: CL,
Kessler (1969) 00 00,00000000.

CLer = 2.2q.(pg,)"57. (1.19)

00000: EV,,

EV,y = 4.85 X 1072(qusw — @) ()" (1.20)

gbooobodgoi: PR,
gbgobgooobboboobon,

10
PR, = ——(pU,q,). 1.21
597 (pUray) (1.21)
000,000000000 U, ms™'] O
U, = 12.2(q,)"'% (1.22)

goon.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 u10 gbooogao 7

1.3 000o0oooon

00000000,000000000000000000000000. 000
0D0000,0000 QmOi0000.

1.4 0O0000O0O0O0O0O0OOO0OO0OOO0

1.4.1 0O0O0OO0OO0OOOOO0OO

Klemp and Wilhelmson (1978) D00 CReSS (00000, 2001) 0000, 1.5 0
00000000000000,0000000000000000000000
0o.

0Ky _ [, 0Kn 0Kn\ 39Cal (06,
o \"ar "V 29, \ 0z

+(cnr) { (gg)z + (?;;)2}

C2 2 <8u 8w>2 Ko, <8u aw>

T\ er) T3 \ar T as
1 62K;+62K; (0K 2+ 0K\~

2\ 0x2 022 oz 0z

1 2
LY (1.23)

000 C.=C,=020000 |=(AzA2)"*000.6,000000000
00

O = v—l—@; (for g.=0) (1.24)
O = 97+9;+2Lq” (for q.>0) (1.25)
Cpgq
noo,
O, +0, = ev{1+g+1/Mde”g\Z_:/Mv—Zq“irfgquzqr} (1.26)
oDoo.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 u10 gbooogao 8

1.4.2 0O0O0O0OO0OOOOO

Klemp and Wilhelmson (1978) D00 CReSS (00000, 2001) 0000, 1.5 0
00000000000000000000000000000.

_ a !,
Turbu; = _azr;j (ujul)
0 Ou; ~ Ou, 2

oo K,doboooooooboobuooboo,podbboobbonobon
gogbbobooogod

l— K2
E = 5(u/)? + (w')? = B

(1.28)

>

gogo.

1.4.3 U0OOOO0OoOOO

Klemp and Wilhelmson (1978) 0O 0O CReSS (00000, 2001) 0000, 1.50
gboobgobobbooboobuoobooboboboboboboo.

Turb.d = -— iw
E“)xj

0 00

Ubd K, 0obuoobgoboooobobo.

144 0O0OO0OOOOO

00000 Qus 0, 0000000000000 000bO,b0boboobooog.

R
& 1 (Cul)®

Quais = (1.30)

000 = (AzAx)Y2000.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 g20 gooo 9

20 OO0o0

Browning, K. A.; 1964: Airflow and percipitation within severe local storms which
travel to the right of the winds. J. Atmos. Sci., 21, 634-639

Curic, M., Janc, D., Vujovic, D., Vuckovic, V., 2003: The effects fo a river valley
on an isolated cumulonimbus cloud development. Atmos. Res., 66, 123-139.

Das, P., 1969: The thermodynamic equation in cumulus dynamics. J. Atmos.
Sci., 26, 399-409.

Deardorff, J. W., 1975: The development of boundary-layer turbulence models
for use in studying the severe storm environment. Proc. SESAME Meeting,

Boulder, NOAA-ERL, 251-261.
Houze, R. A., 1993: Cloud dynamics. Academic Press.

Kessler, E., 1969: On the Distribution and Continuity of Water Substance in
Atmospheric Circuration. Meteor. Monogr., Amer. Meteor.Soc., 32, 84 pp.

Klemp J. B. and Robert B. Wilhelmson, 1978: The simulation of three-dimensional
convective storm dynamics. J. Atmos. Sci., 35, 1070-1096.

Klemp J. B., 1978: A splitting procedure for numerical solution of the compress-
ible equations of motion. 777, 777.

goobnD, 2003 oO00dogooobobobooboobobooboodg. bbooooob
b oooooboboo boog.

Mellor, G. L., 1973: Analytic prediction of the properties of stratified planetary
surface layers. J. Atmos. Sci., 30, 1061-10609.

Mellor, G., and T. Yamada, 1974: A hierarchy of turbulence closure models for
atmospheric boundary layers. J. Atmos. Sci., 31, 1791-1806.

Ogura, Y. and M. Yoshizaki, 1988: Numerical study of orographic-convective
precipitation over the eastern Arabic Sea and the Ghats Mountains during
the summer monsoon. J. Atoms. Sci., 45, 2097-2122.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 u20 gooo 10

Ogura, Y., and T. Takahashi, 1971: Numerical simulation of the life cycle of a
thunderstorm cell. Mon. Wea. Rev., 99, 895-911.

goboob,bod,god,1998: buodggooobo—ooboogod. oo
goboo, 652.

gbooD 0,1999: 00ooggbo.bbooodb g 1960,0b00040d.

Saunders, P. M., 1957: The thermodynamics of saturated air: A contribution to
the classical theory. Quart. J. Roy. Meteor. Soc., 83, 342-350.

Schemm, C. E., and F. Lipps, 1976: Some results from a simplified three-
dimensional numerical model of atmospheric turbulence. J. Atmos. Sci.,
33, 1021-1041.

Skamarock, Wiliam C. and Joseph B. Klemp, 1992: The stability of time-split
methods for the hydrostatic and the nonhydrostatic elastic equation. Mon.
Wea. Rev., 120, 2109-2127.

Soong, S-T., and Y. Ogura, 1973: A comparison between axi-symmetric and
slab-symmetric cumulus cloud models. J. Atmos. Sci., 30, 879-893

Tapp, M. C., and P. W. White, 1976: A nonhydrostatic mesoscale model. Quart.
J. Roy. Meteor. Soc., 102, 277-296.

O000,0000,2001: CReSSODOODOOODO O 20.
http://www.tokyo.rist.or.jp/CReSS_Fujin/CReSS.top.html

Wilhelmson, R. B., 1977: On the thermodyanmics equation for deep convetion.
Mon. Wea. Rev., 105, 545-547.

Wilhelmson, R. B., and Y. Ogura, 1977: The pressure perturbation and the
numerical modleing of a cloud. J. Atmos. Sci., 29, 1295-1307.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 11

0 OA 0000000000

Al OD0OO0OO0OOODOOOOO

gbobodboogobooboboobo,bbogbbooboobnbuoobobo
gobbuooobbuog,bogbobbuooobbooobboo.obboo
gogoggoobobbooboobbbbobobdddgoooooog. ouggd
gooooeDODOOOODOOD.

A1l 007,00 p,00 ww, 00 pO0O00O00O0

0000 20000000000 7,00 p,00 w,w,00 pO00000O0,
DO0oO0000ooooooooo.

ogoooao
du 10p
— + —— = Turb. Al
dt+p8;1: urb.u (A.1)
dw 10p
E#—;&—Q—Turb.w (A.2)
gooa
dp Ju Ow
0O0O0o(0oooon)
p
pr— A-4
P= R (A.4)

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 12

gog
deg ! Ccil? Q + Turb.T (A.5)
gooooooobobon
CZU = Src.qy, + Turb.q, (A.6)
Cfic = Src.q. + Turb.q. (A.7)
Ciiqtr = Src.q, + Fall.q, + Turb.q, (A.8)

000 Ry, 6y, p 000000000000000000,0000,0000
0,QO000000,¢ 000000000,q O000000,¢ 0000000
00. ¢q,q.0,000000000000. Turb, Sre, Fall 00000000
00000,00000,00000000.

ggbobuoooobbobuoooobobobood.

p = pd+2pv+20c+zpr
= pa(1+D G+ e+ a¢). (A.9)

000, g = po/pas ¢, - 00000,00000,00,00000000000.
0000000000 p, 0.

e = (1_va>

> Do )
pd+zpv

(-
(1 > puR,T >
(

I
i)

dedT + E pvR T

> qu/ M, )

1-—
1/Md+ZQU/M

I
i)

ooooo,

Dd D 1/My
p— p— A.lO
PA= RT ~ RaT (1/Md + ZqU/M) (A.10)

000. 00 MOOOOOOO,00000000000000000000.
(A.9), (A.10) 00O,

p 1/Mgy
RqT (1/Md+zqv/Mv>(1+ZQU+ZQC+Z%) (A.11)

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 13

ggo.

_ 1/My

O0oO0odOd,(Al)yooooooooooao.
p

= — A.12
P = BTy (A12)
ogo,ddobooouoooooooboooon,
o = b
Rqm(0/f)
Cvd/Rd
PoT
f— —_— A.-13
Rq(0/f) ( )

O00. 0000000000 r=7T/0000000O0.

ggbbbuoooobbooooboobo.ooobbbuoooobbodao
cpdT — adp =0 (A.14)

gobo.ooo0rodgo,pddd,00obobdobob,cdobogod.
(A\14) 00 o0, 00000000DDOOCDOOO,

_ BT

p (A.15)

o
O0000. 000 MOOOO,RO000000O0. (A14) 00 (Als) 00O
gogoooodg,

Cp R

—=dT — —dp=0 A.16
T L (A.16)
go0o. 0do0odoooobooobooooouobogooogobog ch ROOO pO

ooooo. 000 ¢, T0000000,e, 00000000,

T
OldT _ E poldp
v T CpJp P
R
In (To/T) = gln(Po/P)
" R
§ = T<m>p (A.17)
p

goo,bogooboo.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000

O0A [DOO0O0OO0OOoogoogoo 14

A12 006,00 p,00 w,w,00 pO0000000

0000 20000000000 6,00 p,00 w,w,00 p0000000,0
0000D0000000000. CReSS(0ODODOD,2001)00,0000000

goooog.

goooo

goooo

dt

D000 (0oooo)

ERERE

ggbobobooogoon

ooooo en

ooo,000 6,0,

dp ., 1do 1

du 10p

& oor Turb.u (A.18)
dw 10p

— + —— — g = Turb. Al
dt+p8z g urb.w (A.19)

of dg,
0q, dt

Of dq. of dg,
9g. dt 2 dq, dt )}'20)

Cvd/CPd
Po P
= — A21
P Rdev (PO) ( )
do
— =@ +Turb.0 (A.22)
dt
dgy
i Sre.qy + Turb.q, (A.23)
dgc
pri Sre.qe + Turb.q. (A.24)
dq,
d(ff = Sre.q, + Fall.q, + Turb.q, (A.25)
Ra/cpgy
6=T (p(’) (A.26)
p
0
0, = — A.27
7 (A.27)

teishiki.tex

20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 15

000.00 ¢, 0

02 =ap,r, = Ppg,t

A.28
Cud Cud f ( )

000.¢,0 ¢0000000000000000000000000000
00, ¢u+Ri=¢,, 00000000,

0000000000000 0000000000000000. 00000
p=p0,p49q¢) 000 ,p,00000000.

i Cvd/cpd
Do p
dp = d L
P _Rdev (pO) ]

i Cvd/cpd
_ Do D
= R/ <p> ]

o @u<p>mm”1dp_ﬂﬁ<P>“”“d9
Rd(e/f) Cpg \Po Po Ry 62

cvgfc
po (P o of
"o () {5 G+ Eac gy

pafd +Zpafd +Zpaf dg, (A.29)

1
02
000.(A29)00000000000000,

dp dp  pdf pof ., p 8f pof
= = EZ Ny LE -y L2y
i = O <ﬁ+9dt 2 Fpg =2 G g e = 2L G -dur

00O0,000000000,

I oo g 100 <1OF, 10F 10
dt_p05<vu 0 dt f 0q, 44, Zf(?chqc Zfaqrdqr>

gogbo,0gooobooag.

A.13 00 6¢,00000 n,00 w,w,0O pO0000000

Oo0bD 20000000000 6, 00000 n,00 w,w, 00 pOO00OOO
00,000000000000000. 0000 (A3)0000ooo (A21)0O
0000000000000 0000000. Klemp and Willhelmson (1978) O
g,0bogggbobooon.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20 000000000000 00A [O0O00O0O0O0O0O00 16
goooo
du on
m + cpdeva—x = Turb.u (A.30)
dw on
= cpdGUa—Z —g=Turb.w (A.31)
goodd
dm C,> 1do 1 df dq, of dq, of dg.
= Vet (S 2L 2 2L 32
dt depev{ Vet o f( 9o dt T og dt Ty )
goooo
pOTerd/Rd
= A.33
R, (A.33)
ooo
dé
— =Q +Turb.0 (A.34)
dt
gooooooooooood
ddiv = Src.q, + Turb.q, (A.35)
dq.
d%f = Sre.qe + Turb.q. (A.36)
dq.
d%f = Sre.q, + Fall.q, + Turb.q, (A.37)
ogogd,0o0oooog « 0O,
T P Rd/cpd
T=—=|— A.38
7= (2) (439
000,00 ¢, 0
0
CSQ = %Rdﬂ'ev = @Rdﬂ' <> (A39)
vd vd f

goo.

gogbbobuoogbbb,ogboobuoggobbbooooooboa.

ldp B Rdﬂ(e/f)d(

p

poﬂ'cpd/Rd)

teishiki.tex

20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 17

. Rdﬂ'(e/f) (pOdeﬂcpd/R—l) dr

Rq

= ¢y budm (A.40)

oo oooooooooooouoouono. ooooo
p=p0 m4q,q) 000 p00000000OO.

dp = dlpoﬁcv/’{dl

R40,
J [pOW v/Rg ‘|
Ry(0/f)
_ Do W(Cv/Rd—l)Cde B pOWCv/Rdf@
R4(0/f) R, R, R

PoEe/ Ra of of of
= c Cud poﬂ-cv/Rd T — M@
= 0! (orntar) (e ) =~ R o
1 [ pom®/ta af of af
5 (Rd<0/f>> (Za dqﬂrz dqc+z dqr>
_ dep(e/f)d Lo, <Zﬁfd +Zafd +Zaqur>

C,? 6 f 0
CpgPly af 8f 8f
= dr —Lao + p= dq, -] (A4l

052 9 +f<28 +Z q ( )
OO00. (Ad)yDoDOoOoooooooooooo,
dm C? (ldp 1d§ 1 (9f
i - A.42
i cpdpev{pdﬁedt f(z atte X g >}( )
ooo,000o0doooo,
dm C,2 1do 1 of
E = depgv {—V’U, + aa — ? (Z dqr> }(A 43)

gogb,uoggooboboodad.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 18

A2 OO0

ggbbobuoooo,buoogobbouooobbb,ooooboobo.

A21 0O0O0OOOOODOO

gggogobobobbbbbobo,oobbbbbbobobbboooda. oo,
goboobooggbood.

oo,0,=6/f00,000000wwd00000D00COOOODODOCOOO
g.gbbooogboobood,

or g g
- ___ 94 ____ I A44
0z Cp o cpy(0/ 1) ( )

gogbboobouoooobobod.

A22 OJ0O0D0OOOOODOOOOO

gogboboboodgoboboooobobobuoooon.

ou' ,Ou’ ,ou’ o - On 0T ,Or'
(Uax+w az> —de (9Uax+evax+ev 7+0v ) +Tu7“bu

o 0x oz

ggbobobbooooob 2000000000, bb000df0 00000
gogbboboooobob,odbobbboooobooboobog.

/

ou’ ,Ou' ,Ou' — o
o (“ o T a) ~ Galigy T Turbu

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 19

o’ o’ 0\ or
— _<U8x+w 82) (f) + Turb.u (A.45)
ooo f0O,
(1 X @/M, .
f‘@ UMM&MW%>G+Z%) (A.46)
ooa.

A23 0O0O0ODOOOODOOOOO

gobodoooooooooooooogooon.
ow’ Jow' ,Ow' or - or 0T o’
o () e (6.9 16,9 0,9 e, O
ai (“zh:+“}az> %d< : T T e T s

ggbboboooobbto 2000bb0b0odboobobooon.

6711} = — (u/auj _'_w/@U}) - de (0_@871— + H_Ual +‘9v/aﬂ-> - g —i—Turbw

>—g+Turb.w

ot ox 0z 0z 0z 0z
goooooooooooogouooogg.
ow’ ,Ow' ,Ow - g _or g
— = - — | — ¢, 00— ) — g+ Turd.
5 ( S +w az>+cpd9v< p9> cpdevax + cp b <de0v> g+ Turbw
0w Ow _or 6,
= — (U, % +w az> — deev% + QTUg + Turb.w
oog e, O
, 1 (., 00f . 00f 00f ,}
0, = —160 — ) — .
f{ 2 Fo0 " X Fag T X T o,
1 (¢ 10f 10f . 1af,}
= —S— =) ———q,— > ——q.— Y ——q, AAT
f{e 704, e 704, (A.47)
DDD,(A.47)DDD 20000000,
18f B 1 al/Mdi%zv/MI,(l—’—zqv+ZQC+ZQ7’)
J gy M (1Y g+ Y g+ Y gy 94,

I/Md+z qU/MU
1

1/M,
1/Md+22v/Mv (1 + Z Qv + Z de + ZQT>

1/Mqy > 1/My
1m@+zmwM;_{uM@+zmMM' 1+§)%+§:%+§:%}]
1 > 1/M,

1+ o+ g+ 1/My+ Y /M,

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 20

0o00,(A47) 000 30000000,

1/M
10f 1 O s enn 1+ S+ Sae + X ar)
f 1/M
f 04c TS qn, (L e + e + 3 ar) e
1

1+>q +2q+2 g
000, (A47)000 40000000,

10f 1 8mﬁ%ﬁmu+z%+z%+zm

ot 1/M,
f O TS L Lt e+ X+ X 0tr

1
L+ g+ 26+ 2Xq

ooooo,

, 1{@’ Y q,/M, Sq,+Yq+Yg. }

6, === -
fle 1/Mi+>q/My, 1+Xq¢+>Xq+>q

gob.booobbuooobbooobbooobbooa,buooobboo
ggoooboad,

(A.48)

, 6_ 9/ /Mv ! ! /
6, :_{_ = a4,/ M, _qu+2qc_+zqr} (A.49)
f 0 1/Md+ZQU/Mv 1+ZQv
gdo.otdododo, oot wdddooooooooon.
ot uax v 0z de”ax
' >q, /M, Yq, Y+ q
+ =+ v _ v c T +T b
<0 /My + 5. 4o/ M, 1+>d, gLy
(A.50)

A24 0O0O0OOOODODOO

Klemp and Wilhelmson (1978) 00,0 0000000000000 O0OOOO0O
gogoood,

d C,?

am_ Y gy

dt cpg(0/f)
gooooooo. touoooodooouo,odouooooooouoog, oo
ooooooogoon.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 21

000000000,0000000000000.000,000000000
000000000 DOD0OD0ODDD0O,1/8=1/6,1/f=1/f000.

’

aﬁ+7r’+u,87‘r+7r’+w,ay‘r+7r’__ Cy° —_
ot Ox 0z ¢ (0/f)

0000 c000000000ooooon QDDDDDDDDDDD,CTQD
ggbobobooodabbobod.

C2 = C”de(ﬁjLn')((éJr_e/))

Cud f
g 6 .6
~ zded<7rf+7Tf+7Tf>
vd
Cpgry 0 0
= — — 1 — N
CvdeTFf ( + 0 + ﬂ_)
~ Cap - _ A A51
Cvde’/Tf _CS ( . )

D00#/i< 1,7 /a1 000000000.00000 00000000
O0000,0020000000000.

(()71'/ /8j 052

ot "0z ou0/))

’

V-u

U ~0odogoooobbbbbodoooobo,obbobboogd
ggbooogodabn.

o _ g0 (pRaO/DYM G2 (o ow!
ot 0z Do epg(0/f) \ Oz~ 0z
Ry 1 Rgopd/f)  C72 ((‘M aw’>

Coa (PO o D2 cpg(0/) or 0z

P

e (35
— 5V

= —w

oooao,

plo/ P’} (A.52)

goo.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 22

A25 0OU0OO0OOOOO

ododoooooooooooooood.
2046 00 +6) 00 +06)
ot - ox —v ox
gooodoouo zu00oooooouoouoog,

06 __( 04 ,ae’> /08

+Q+ Turb.(0+6)

o= u87m+w8x —w — + Q + Turb.0 + Turb.f  (A.53)

Ox
goo.

A26 0O0O0ODOOODOOOO

gobobuooobbuogobbood,buogobbooobbooobobo. g
gbbodb,obbodobbod.bo,bbg,buoobbuoobbodgbbo
ggbob.oooobobbodoooobbboooobobooogoboobog.

%qtv = — < 8qv / 8qv> / qv + Sre.q, + Turb.g, + Turb.q,(A.54)
a@ic - _ ( 3qc an) + Sre. qc + Turb. qca (A.55)
dq, _ 3%

5 — (u o +w pe ) + Sre.q, + Fall.q, + Turb.q, (A.56)

ggbbobuoobobbooooboobobogod.

A3 OO0

0000000000000 O0OODOOD. 000,00000 "0000.

alalalals
?9? _ (ugz Lw ZD _ cpde_vgz + Turb.u (A.57)

%2;’ _ (ug;” + w?j) - c,,de‘vgz + Turbw
R T es et

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0A [DOO0O0OO0OOoogoogoo 23

goooo

== _Wv {ﬁ(g/f)u} (A.59)

ERERE

00 00 00 o0 -
i (u&v w@az) W + Q+ Turb.0 + Turb.0 (A.60)

gobobobooogoon

04, = — ( 94y + 3qv> - waqv + Sre.q, + Turb.g, + Turb.gh.61)

ot Y ox v ox ox

9qe 9q. 0q.
5 (u pe +w o ) + Sre.q. + Turb.q., (A.62)
8qr . aQT aQT'
5 (u e +w o ) + Sre.q, + Fall.q, + Turb.q, (A.63)

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0B 00000O0O0O0DOOOO 24

0 OB 000000000000

B.1l 0000oodooodon

Klemp and Wilhelmson (1978) 000 CReSSOOOOOODODO 1500000
ggbobobuog.gbbboooobbouoooboboboooob,

dE
dt

e

_ B+S+DE—<Q>E (B.1)

l
000000.!1000000,1=(AzA2)Y?000. B0 SO00000000
000000000000 00000000, D, 00000000000,0 4
0000000000000000,

B = Zug. (B.2)
5 = _<uu>§“ (B.3)
Dy - ai(xmgf) (B.4)

goo. 150000, odododooooooououog.
i) = 4%<$:+$Q+§%E (B.5)
%ezz—mgi (B.6)

oboo K, 0oboooboboooboobgoob,rO000b0b0ob0bOobobOon
gooobooobo, K, 0boobobub. K, K, 0 EOO0DO0OOODOOO0
goooo.

K, = C,EBzl, B.7)
K, = 3K, (B.8)

—~

ooodo C,¢, 0000 02000. a

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0B 00000O0O0O0DOOOO 25

B.1.1 OOOOOoOOOObObDOOOO

Klemp and Wilhelmson (1978) 00O (B.1) O OO O, O Deardroff (1975), Mellor
and Yamada (1974), Schemm and Lipps (1976) OO 0000000000000
gbogboooobgoo,gbooboboobobooboboob.obon
O000000000000O0oo0o0O0O0 Mellor and Yamada (1974, 1982) 0O O
O00o0oboobooboboobUoobo. ooboooob Mellor and Yamada
(1973,1974) 00 0O00O00OO0DO0O0 (B.1), (B.5), (B.6) D0ODOD.

00000000000000000000,00000,0000000000
0000000000000.0000000000, Mellor and Yamada (1973)
00 (7)000 (8)

T p—
o o (URVATAR SR RTATS V@xku
;0 (6,0l + el
W W + EikUpU;
85Ej 8 J ! i
7 /au' /auZ ) I
= _ukuiﬁixi — up e — Blgjuib + giujt)
au; 8ug~ au 8u
ou’o' oo’ o', 0 — —
J / / _ / J ! . /01
5t + . [ukeu —i—uku w6 ozu] R vl axk] + axjpe + € frug0
— 00 au S 00" ou’; 06
— U — Ouf, = J . (B.1
- B0 +p -~ (a+ 1) 52T (B0
oo0o,BYDOOO ¢=40000
00 00" | 9 (g 9T _ pr0u 0
ot kaxk &xk kT 3(13k N J ka aZL’k J
_ ou’.
+%ﬁ%9—4w<&2> (B.11)
oo
g = (u)?
= V2F

0,v0,30000000000,00000000000,¢, 00000000
0000 j00000.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0B 00000O0O0O0DOOOO 26

(B9)ODOO (B.1o)OODODODODOOOOODODODOODODDO 30000OOOOOOO
gogbooobogd.

Lp(5¢+42)(0000000000000000)

:—q(W%—&%%+Cf<&”+6W>

8xj 0@

o0o0.000 y0000b00bD0bobOo,coobogoooobooDbo.

QpW(DDDDDDDDDDDDDD)
1. 0000000000000,

q
= —— 9/
31,

gob0.0oogooboooob L,ooo.

o, v/,
e (0DDO00D00)
godoobooooooboooooooooooboo gooooooag.

2 3
:725”.
3\
000 A, 0O0ODDOOOOO0ODODODOOO0OOO0D.

4. (a+ V)a—u; oo’

awk azk

goo.

7 7 2
5. wpuiul, upuit) up (0")

0000000 wuu, wuld,«(¢)? 0000000000.

- au’u E)u U oulu’;
ol — k J)
Uit ( Oxy, Oz T Ox; >’
- U 9’ 3u-9’
u%uggl = _q)‘Q < b 8$k ) )
(0
u (0?2 = —qXs 835

o000 N(:@=1,23)000000000000000O.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0B 00000O0O0O0DOOOO 27

6. pul,pf (0DDODOOOOODO)

7.

pui =pf' =0

O000. 00000 Deardroff (1975), Schemm and Lipps (1976) D00 00O
gdod.

Jr(Ejmuul + eqquiid), frejuud (00000)

Io) — I —
Je€jmuqu; = fké?ikluzuj =0,

/
Jr€jrwt =0

O000. 00000 Deardroff (1975), Schemm and Lipps (1976) D 0O 0O
godod.

=0 (B.12)
ooo.

000000 (B9), (B.10), (B.11)DODO0O0O000,0000000.

gog

dw a )\ 8u’ , + au/u?ﬂ + au’ / a !,/
dt oxy, o oxy, Oz, U@xk Uit
= —uﬁgu;gj — 8% — B(gjui0’ + giut))
R Sowrw ﬂ 2) 8“9 2¢°
30 (uiuj q°) < 8%) 3/\15”’ (B.13)
du'’.0’ 0 8uk9’ 8u 0
— = |
dt oxy, 0z &rk
—— 00— 0uj q —
— Wy~ T — g0 - S (B.14)
dq? 0 o¢>  oulul, dq?
A J —
dt * 8 T |f1 1< ox T + 8a:j V&xk
A R, g2t (B.15)
= u; uka g;8u; A )
@i~ ot "om,

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0B 00000O0O0O0DOOOO 28

O00. 0000 Mellor and Yamada (1974) O Level 4 00000000000
goo.

0 (B.13), (B.14), (B.15)0 00, 000000000000

e 0 (B13)0,0000400050000000.000 (B.16)0O C=1/3
goo.

e ] (B14)0,0000 1000 40000000. 000 u}uﬁgquéjk/i’)ﬂ
guo.

e 0 (B.15)0,0003000000000.

0000000000, 0 (B.13), (B.14), (B.15)0

51']' 2 0UZ ou;

/. /. = —_— b l J Bl

—r 00

i) = —qly— o, (B.17)
dq? ——Ou, dq 7

kR Y o R / L B.1
dt U g, T 200+ 5 [ ka] A (B-18)

000, (B.16) O Mellor and Yamada (1974) O Level 1 0000 wju; 0000
0. (B.17) O Mellor and Yamada (1974) O Level 1 DO OO0 w6 000 (6)% O
O0o00oO0ooooooOn. (B.18) O Mellor and Yamada (1974) O Level 3 O
000 ¢*000000,3000000000000000000000000.

di =K, qy=K,00,¢q0 EO0O0DOOO0ODOOODOOOODOOODOOODO

2 Ou;  Ou;

W o= S0,E — K, | — i B.19
UZUJ 3 J (8% + 6.771) ( )
— 00

o = —K,— B.2
;0 haxk (B.20)
dFE ——0u, 0 0q* 23/2
@t uo + — |K,——| — =—E3/? B.21

dt ujuk@ —I—g]ﬂ "o T l 33%] Ay (B:21)

000. 0000000 4=1//00000000000,0 (B21)00000
00000 (B.1)0DO0O0O00.

0000, Klemp and Wilhelmson (1978) DO OO0OO0OO0O0OOOOOOO, Mellor
and Yamada (1974) O Level 30000 Level Ll 00000000000 ODOOO

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000

O0B 00000O0O0O0DOOOO 29

O000000000. Klemp and Wilhelmson (1978) 0000000000000
O000000000000000000000000 Mellor and Yamada (1974)
O Level 25 000000. 000 Level 250000 Level 30000 Level 2
ggbbobugoobbooogoobogd.

B.1.2 200000000

2000000 (B1yooooo

B

gbooo.gggboobuooooboboood,

g] I@/
0

— T
0

-4 (kg

00

- (B.22)

)

go0.0o0o0goooboobobooobooooooobon sag,

Ty 2t

i j)ach
o
o (3
o

S

Ou
ax]’

+{K (3“’+

. (%
x
ou

m{@x

ou
_7E <8x *

9u;
afﬂj

~ZE

)2
(9710
0z

8Uj

8[Ei ) &UE}
) -50E) 5

ou;
0z

Ou;
ox;
Ou;
Or

o,
o
|

or;
2 0

) - 51]E} 8—;

J
8u] 5 aiw
0z wl 0z,
2 ow
o oo (ax

aw

ox z
@
0z

(B.23)

gboo.booboobodgb Dg O,

0

8xj

Dg

(K OFE

m
6xj

).

teishiki.tex

20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0B 00000O0O0O0DOOOO 30

) OE\ 0 OF
- a:(;(Kma ) ox (K 6x> (B:24)
ODO0O0. 000 (B.22),(B23), (B24) 00 (B1)00DODOD0OOOOOOOOOO
ao.

dE 00
dat 9 (Kh8z>
ou\’ ow\? ou Ow 2 ou Ow
() (22) Yo (22 22) 2 22 2)
0 oF 0 oF C. 3
to (Kmax> T (Kmax> - (z) B3 (B.25)

B.1.3 0000O0O0O0OoOoOoOO

(B25) 00 (B7)OOOOO K, OOODDODOOOOOO.000O0OO0ODOOOO
gooooooog,

0 ok 0 oFE
m(Kmax> * a(Kma>
1 (0 OK2\ 0 K2
- 0,2,112{@:5 (K’” o >+az<Km 9- )}

1 % O’K? 0K, 0K2 N 0’K2, n 0K, K2,
oo™ on? Jr Ox 022 0z 0z

_ K (OKL PR 2K [ (0K 2+ 0K\’
CC212\ 022 022 C2 12 oz 0z

(B.26)

00000, (B2) 0000000,

2K, dK,, 00 ou\>  [ow\’
Shom K ok, [ gw
C212 dt 6( h82>+ m{( :1:) +<8z> }
K ou L ow ow 2 K ou 4 ow ow
"\ oz ' 0z 36’,%1 or ' 0z
. Kn a2K2 2 L (0Kn 2
C212 \ 0z? 822 02 l2 0z

C.
T K3, (B.27)

m

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 O0B 00000O0O0O0DOOOO 31

ggooobooad,

oK, (0K OKn)  gCAP Ky (06
ot “or TV a2 2w K,

0z
ou\’ ow\ >
212 ou ow
+(Oml){<ax> +<8z> }
LCRl (0w 0w\t Ky (0w Ow
0z 0z 3 \dz Oz

2

K2 a%; (0K 2+ 0K\~
0x? 022 ox 0z

C

2

20,12
ooo,000 ¢,=C.=020 K,=3K, 00000D00ODOOO,
0K, _( 0K, | aKm) 39C2 12 (ae)

ot b oz v 0z 20 0z
ou\’ ow\>
272 ou ow
+(crr) {<8x> + <82> }
LCRP (0w Ow\T Ky (0w Ow
2 0z Ox 3 \Ox 0z
L(PKG | KLY | (0K 2+ 0K\~
2\ Ox? 022 ox 0z

1
R— (B.28)

ggo.

(B28) 0O0OO0,000000000O0O0DOO,00000O0DOOOOOOOO
0000, Meller and Yamada (1974) 0 1 000000000000 OOCOOO
ggbb.buoogoboboooaobn.

3g (00 ou\’ ow\’ ou  Ow\’

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 OO0C O0oooog 32

0 O0C oOuogognd

0000000000000 00000000000 (Kessler, 1969)0, 0000
O000000O00O00o0b00b L, 0,0000000D0DODOn0 EV,,
ooooooooh

C.1 0O0ooogd: CL,

0000000000000000000 CL, 0,00 DOOO0OO0O0OOO
0000000000 (dm(D)/d), 0 DOO D+dD 00000000000
00 NpOOOO

1 o [fdm
CLey = 7/ ) NpdD C.1
pa Jo < dt ) ’ (e
0D0000. (dn(D)/dt), O,
dm T
<dt>cr = ZD VEpaqe (C.2)

googo.boo vobooboobo,rDO00bo0o0oboobboobon
O00000000oooooO (ooo)ooog.

Kessler (1969) OO, 00000000000O0O0O0DOOODO VOOOOOoOoOo
gogoo.

Np = Nyexp(—AD), (C.3)
V = 130D, (C.4)

000 N, NOOD0O0ODO0O000. 0 (C4000000uoooooonoooog
000 (Marshall and Palmer, 1948) DO O0O0O. O0O0O0O (C.1)0bO0O000O0O,

CLe = " ENoge /OODQ'E’eXp(—)\D)dD (C.5)
0

00000000 (1983) 000000000.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 OO0C O0oooog 33

3.751 [«

A3 2V
= 60.93757%/2 ENygeA =35 (C.6)

— 3257 ENyq.

gboo.bod0 O DOOODOODOOD.

gboboboboboboboboooobobo AD0,000000000000
Ue¢g UDoonog.

]_ 0
& = — | puiD*NpdD
Pda Jo 6
Nopw [
- M/ D? exp(—AD) dD
6ps Jo
WNOpw 6

6pd ﬂ
Nopw
- 0w podp A (C.7)

000 p, 00000 (103kg/m®) 000. 000 ADDDOOOO, 0 (C.6)00
oooo,

19 _T 1
CLy = 60.93757% puw® NE qo(pagr)®
= 6.96 x 107*EN"*q.(paq.)" 5™ (C.8)

oooe2.

C.2 0O000O0O: EV,,

oooooooooooooo rV,O0,0/(C1H)0000

1 oo (dm
CLC,,:—/ 4mY N, dD C.9
paJo (dt>w Y €

00000. 000 (dm(D)/d)., 000 DOOOOOOOOOOOO0O000OO0
oooo.

2Kessler (1969) 0000000
CLer = 2.20c(pagr)**™

googo.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 OO0C O0oooog 34

gbboogobuodgboobboobdooboobuobobobbooboob.bo
goooboobobbo FOODOO,DO00DbO0DOOD

d
<m> = —47mr3F(ry) (C.10)
dt ),

goooob. oo r0oooobobbog,yoobobobog, F o

dp,
I'=-K,
Car
00000, p, 0000000, K, 000DODOODOODOODO. ODOODOOOO
0d0oDoo0oodooboooooboooooono,
19

r2 Or

("F) =0

gogboob.oogoboo
e

>
e
I

Uoodr=rqgld py=pys, r=000 p, =pyoo UODOODOL,

Cl = (pv,oo - pv,s)rdy 02 = Pv,co

ggbb,ggdgbbbuooodgbbboooobbo

dpy
F(ry) = —Ky4 ar ),
_ Pus 7%lpv,oo ©11)
noo,
(i;:) = —A1riKa(po.s — Po.o) (C.12)

gooob.dobogbuoobooobobobobb, Ky gboobooob

dm Fr
(dt) = —47ry (1 + s) Ka(pos — Pooo) (C.13)

ev
goooog.bdb FOoObOoo,sboboboboooboboobobobo.

Kessler (1969) 00, (C.13)0000000000000000.

F
dry <1 + T) ~ 224 x 10°D'S.
S

Kd(pv,s - pv,oo) ~ 10_5((]11,8 - QU,<>0>-

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 OO0C O0oooog 35

0000 (C.13)0

dm

(dt> ~ —2.24 X 107%(qys — Qu.o0) DO (C.14)

000.0000 (C.90000,00000000000 (C4)000000,
EViy = —2.24% 10 2(gys — Guoc) / DN, dD,
0

= 224 % 1072y — Gune) / DY Ny exp(—AD) dD,
0
= —1.92 x 107°N**(qu.s — Qu.oo) (pagr)™ . (C.15)

000000000000 (C.7)O0D0DO00D0ooOo AxoOoooo34.

‘00000000000000000000.
4Kessler (1969) 0000 OO DO

EVrv =4.85 x 1072(‘]1},5 - qv,oo)(deT)O'GS

googo.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 ooDb 00000 36

O OD 00000

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



20000000000000

Ooob

gobooo

37

gboooogoboood
gboooboooooood
00

gooood

gooo

gooo

r; U0b0boooobbbougooboboooobbbuooan

gooboboogooobboooobobobuoooooboood

gbobuoooobbbuoooobon

gooodoooo
gogdd
Joooooooooo
gogoooooooobobod
gogd

0

goodoo
guooooooon
gooodoog
gogooooooon
gooogoooon
gooooooon
googg

goagd
gooodooooo
goooog
googoog

gaad

goodoo

goooog

gogg

00,i=1,3 (u1,u3) = (u,w)
O00z00,i=1,3 (z1,23) = (, 2)

teishiki.tex

20060 80 180 (0O OOUO,00 00,00 00)



20000000000000 g 38

HRN

gbboa,bogbobogbbugbbodbobbuoobbuoobbodgboo
ggooobod

http://www.gfd-dennou.org/arch/deepconv/

000o0oo0ooooooooooo. oo ooo,00 oo, 00 oo (K.
Sugiyama, T. Kitamori, M. Odaka) 2006. 0000, 0000000000000
(0OOoooO0OOL)ODOoOoUoUoooooooDoOoOOoOoOoOOOoOOO.oo0,000
0000000000000 00000000ODOOO(COooDooooon).

000000000D000O0O (bO0oDUoOUoOO0)0DoO,0000000 WEB
gogooooooobobbobbbooooooooouo,gguoo,guooon
gogootbododoooooooobbobobobboddooooooo o, oo
gobbooogooobooooobuoooobbooooobu. bboooo
gog,booooboobo, bbb oo, oo
goooooon

dcstaff@gfd-dennou.org

ggbbobooobbboogooboo.

teishiki.tex 20060 80 180 (0O OOUO,00 00,00 00)



