FEEFENZFEET )L deepconv DENIL

I A4 2B At (B 2K AR

2012 £ 12 A 5 H



deepconv DER L 1

B R

F1E EBREAEAR 2
1.1 EHAHERX - EHARERER - B0 - BEEoBEX .. 2
1.2 ZWPHEEREORTI ARV =3y 4
1.3 BURINBIEHORIE . . . . .. 6
14 FLRBEDONRNSAZIVE—=ay o 7

1.4.1 EBpAGREANdOIEIE . 7
142 BHFEOXROHEEIE . . ... 8
1.4.3  SLRIEERE O . 8
144 BORMBIEORBE . . . . .. 9
145 MKRETZ IV I ADRE ... 9

B2E ZEXM 10

7 8% A EEMHEARAROER 12
A1 EEEAREAX . 12

All SR T, BE p, BOE u,v,w 2 PRERL T2 ... .. 12
A1.2 BAL 6, £ p, BUE w,v,w 2 THRERE T 256 ... ... 15
A1.3 BAL 6, FERTTIEN 7, BE u,v,w & PWERE T 554 .. 16
A2 ¥FEMEAREAROEL . 19
A2.1 BARGEEIIGODEE .. .. 19
A22 KEHMOEEBHEXORMA 20
A23 shEAMOEE RO o 20
A24 JFEHHRBRAOREAL .. 22
A25 BOROIIEAL . . . .. 24
A26 BEBELOBEROEEAL . .. 25
A3 FEO . 25
A4 ¥EFHEARESROT RVF—HBEX ... 27

7 8B ELFA XA )VE—>3 Y 30

Bl FB/ATRAZ VY =3y 30
B.1.1 #LyEBT AN F—HRERo®|SY 31
B.1.2 FLmRIEBURECE WA RE . 35
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deepconv DER L 2
T % C EMYIEER 38
C.1 ZKOEELBEE . . . . 38
C.2 WAKDIRFE . . . 39
7 %D ZT#H) A K 42

AT
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deepconv DER L B1E  HEEAEXR 3

B1E HEEAEAXR

VS DR & x,y, SRIE TR DMEELRZ » &R U, KGR OLEIL ¢
EFRY.

1.1 EFgHEN - ENARN - AON - BEEALHLORER

JIF R A, MEFERE G FE AR (Klemp and Wilhelmson,1978) Z AW 5. 20
IR TIE, PREBZ KE—RGEARGEZ I 60T NIZHEEL, HRAD
ML 21T > TWd . GRREAH ORI F* D IR,

ARIZH¥E M R RNRORHAE GREAZ B35, BEONTIXEZERD LR
MDD FEDEEZERT 20, BMOANTIEEB L\, -EHHEXTIIIE
WrZ Nz £ B KK DIZIR &, a2 fE S E N2 Z2 L T\ 5

EEAER
e (A LN NURRI L) R
a YT ey TV T Vg, T8 ) T Vs
c,,deg + Turb.u + Turb.u (1.1)
@—_(4_)@4_(4_)@4_@_@
a CT Y e Yoy T2 ) T Yoz
—Cpyl gy + Turb.v + Turb.v (1.2)
ow _ ow ow ow or
i —((u+u)a—x+(v+v)@+wa—z> cpdea + Turb.w
0 > o/ M, unJquchqu)
(9. 1.3
(5 s~ = 43
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deepconv DER L =
EHAREX
or du  Ov\  CF opfuw
o oxr Oy Cpy p0,° 0z
B on B on on Rym (Ou Ov Ow
—|(+u)—+ O +v)—tw— | + —+t 7+
ox oy 0z Cog \Ox Oy 0z
L@ g’_(zqﬁzqﬁzg_ > G/ M, ) (1.4)
by | 0 1+> 4 1/ Mg+ q/M,
2D
06 _ 00 00 06 1
a = — ((U —+ U)— + (U + ’U)a—v + wa—> — wa—x + % (and + Qrad + Qdis)
+Turb.0 + Turb.0 (1.5)
BEHEORENX
gy _ 00 | \9¢  0gy 9
ot _<(“+“)ax+(”+”)ay “”aw)‘wax
+Sre.q, + Turb.q, + Turb.q,, (1.6)
dq. N N [/ )
5 <(u+u)ax+(v+v)3y +w82
+Sre.q. + Turb.q. (1.7)
¢, ~ dq. g, 9q.
5 —((u+u)8x+(v+v)ay +waz)
+Sre.q, + Fall.q, + Turb.q, (1.8)

722U, T DNOWIRBUIIIKF— R EAGTHE I 2R, ENEHAF ¢ 1
il = D et R 7 2 R

IVRFT—B8 «
D Ra/epy
T=|— 1.9
<po) (1.9)
mAL o
Ra/epy T
QZT(@) == (1.10)
p T
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deepconv DER L B1E  HEEAEXR 5

BE p

p= R]:T (1/Md—1k/gdqv/Mv) (HZ"”Z%JFZ%)

cvd/Ra
_ b DPoT
= BT - . (1.11)
RRAL 6,
0, = Y ’ (1.12)
(i) (14 S+ X e+ X ar)
BREE C,°
0.2 = PR q0, (1.13)
Cvd
1.2 EWMYEBRONIAYYE—Vz Y
FRERRITE EN DRI £ B IBIE Qena, FIKIH Sre, ¥ FH Fall ORI,

55 (1998) THW 537z Kessler (1969) D/8F A XY ¥ — 3 VITHED.

AW DNV ZEDNT AR )X =2 a vTiE, K& a2 % 1.1 #& L
723 D20AT 3 =233 5. 300K 7TV —[HTEL LMY EEFEEZ K 1.2
WRY. TNHDEIFRTIEDEE LTERIND. 08, KAKD EEMAKIZE
fES B IT AT 5.

GRS =S Ipa
Qv SHHDEA  SURDIRETREFITIAET DK,
e EIKES M %N EE DY 1 7R DR+
FEERDRKGFHDERITHINT 5.
HH 100 pm AR ORUNRFRIAR 7 TH 5.
qr KRS H BREE T HEE 2R OWERDOR T
EERORKH ORI N 5.

il

# 1.1: Kessler (1969) DT A X V¥ —> a vizBlF b HhT I —,
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deepconv DER L

B1E  ERAEAR 6

s A

CNye HFEIZ K 5K 5 EIKRANDZEH (condensation).

EV,, ZIIT K DK S KIELANDZH (evaporation).

EV,, ZRFEIT K DWKDP S KELRNDZEH (evaporation).

CN, DFEHRRIZEDEKDSWKNDLEH (autocondensation).
PEECKASILEIZ K D, ERFANMDOKRE I IZETHRET S

CL., TERHFEIZEDEKDSWAKNDEH (collection).
RIKTE DY & T2t &9 5.

PR, W/AKDENIE TS KRG HOZ(EZE (Precipitation).

2 1.2: Kessler (1969) ®/8F X X ) ¥ — 3 VIZE ) 2 EMYHE i

OB EREEZ VT (1.6) - (1.8) Az2FEZET L, UFDLI1Th5D,

a0
ot

0y
ot

0q.
ot

9q,
ot

_ 00 00 00 00 L
_ ((u + u)f)_x + (0 + U)% + wa—z) —wo + o (CNye — EV.y — EV,,)
1 _
+— (Qrad + Quais) + Turb.6 + Turb.0 (1.14)
T
_ ¢ | \0¢ 0y 94y
_((u+u)ax+(0+v)ay waz)—wax—(Cch—Ech—EV}v)
+Turb.q, + Turb.q,, (1.15)
_ 9¢c | 0qc Oqc
((u+u) e + (04 v) Dy +w 82) + (CNy. — EV,, — CN,. — CL,,)
+Turb.q., (1.16)
- (a+u)aqc+(@+v)aqc+waqc + (CNg + CLer — EV,y) + PR
8:1: ay aZ cr cr TV T
+Turb.q, (1.17)

ZZT, y=Ly/(cyym) THY, L, WKDEFEOWE[I K kg™V], ¢, REIEAE
DEEWB[I K kg '], 7 3T 2 2 F—BIEKTH 3.

WHFEBREIA T XS ITERT 5.

KEQEEKDOEDEH: —CN,, + EV,,

EIKIFRDVNE < KFRSK L O CHRENICBIRIFRS P EZ 5 DE 5. ¢
bbb, Bite Y OHEZGE U ZBOEE L KRKEDVHEARRE L 725 T
WBIGAIZI, B kO CRIANC R 2 BOKRLG2EEIES. —H, BiERY
DIE% FHE U ZBIZ, BKRDBEET 21250 5 RN > TW B
T, B &S ERANIIR D EDEKRERFEIES.
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deepconv DER L B1E  HEEAEXR 7

EXROHEKTK: ON,,
Kessler (1969) 2> T, M FD L SIT5 2 5.

CNcr = <QC - QCO)/Tac (118)

EKOBERHEE: CL.,
Kessler (1969) 2> T, M FCTEA/LT 5.

CLer = 2.2¢0(pgr) ™. (1.19)

MKD#ZEFE: EV,,

EV,, = 4.85 X 1072(qusw — @) (pg:)"® (1.20)

MKD7Zv Y R: PR,
MIZKDEIE TIZ & 2 EAHDOZRIL

+

PR, = — =~ (pUsq;). (1.21)

=
QJ|Q_3

TH Y, KO FHEE U, m s &
U, =12.2(q,)*'* (1.22)

ThHZ%.

1.3 TREINEARDRE

U INBAIE Qroq 1 ZIERD ERIEHRSN 7Ty 7 A Fpy ZFAVWTU RO & S IZRE
nas. L aF
_ net
Qrad — ﬁcpd dZ

ARETIVTIE Frp G ICHEE T, Qrog EEEDAIKFET ST AR LTE
2B 5RBIEDTED Qe O—MHlE LT, H1E (1994) DFERE B FIZRT.

Qrad % 1
Qrad = ;QR +Qn (1.23)
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deepconv DER L B1E  HEEAEXR 8

YEET B, 22 TOR

0 [K/day] z> 15000 [m]
Qr(z) =< 2(15000 — 2)/5000 [K/day] 10000 [m] < z < 15000 [m]  (1.24)
2 [K/day] = < 10000 [m]

THY, BEIZL > TEMT 2K FE—RRBHZRLTWS. £72, Qy ld=a— |
VHBEHITH D,

9/
Qy = Peanx (1.25)

TH5. ZIZTOyunx TN OIS % x HINEIU7ZMET, Dy = 1/5 [1/day] &
Qn DRETH 2. ZOHIK, ETNVEROEENEAEG D O KE{H#nLWED
IS BHTH .

1.4 ERBEDNSASYE—T 3V

1.4.1 EFAEXNFDOILEIE

Klemp and Wilhelmson (1978) & & U CReSS (FEA & Hillil, 2001) & [FBRIZ, 1.5 1K
DIZBA—=Y Y =205 I & THMEEBIEEEUATO LS IZEHIT 5.

a 1,1
10 ou;  Ou; 2

= —— | 9K ! J =00 E| . 1.26
ﬁaxj{pm(aijraxi)Jr?’pj] (1.26)

2T K, \FHEEEIZWT DEIRILERETH O, E IV 770y RAT—)LD
FLyES) T R L ¥ —

(1.27)

Thb.
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deepconv DER L B1E  HEEAEXR 9

1.4.2 BHZOXDILEIE

Klemp and Wilhelmson (1978) & & U CReSS (FEA & #illil, 2001) & [FBRIZ, 1.5 1K
DIZBA—=Y Y —Z& W5 & TRADKEILFEHIZA IO X 5 I2EFH T 5.

Turb.0 = —iuw’
Gzz:j
1 0 00
= —— (pK,— ). 1.2
pOx; (p ha%') (128)

Z 2T K (JRALITH T B ELILBSR T H 5.

1.4.3 ELRILEZREB DR

Klemp and Wilhelmson (1978) & & 0" CReSS (FEA & i, 2001) & [FBRIZ, 1.5 1K
DI7O—Y v —% NS Z LT, ALIRILEERE DI F R GRRIU T O & 5 12F
5.
0K,
ot

oK, oK, mq>_3¢%ﬂ(m@)

- —((u+u) ox +(@+0) Dy T 0z 20, 0z

ou\? v\’ ow\ >
272 ou v -
”Cm”{(ax) “(5) +(5) }
#gﬂ a@+m+gg2+§@+a@+m2+f@+@£2
2 0z ox oy 0z oxr 0Oy

Ky, (Ou  Ov  Ow 1 (0°K? 82K§1+82K72n
3 2\ Ox? oy? 072

ox + @ + 0z
0K \> [(0Kn\> [0K.,\> 1 .,

+( X ) +<—ay ) +< u > K (1.20)

ZZTC.=0Cp =02 EHEHE#M | = Min(Az, Min(Az,Ay)) £95. %=L

Az, Ay, Az BZZNEN 2, y, 2 HADOKTFHERTDHS. 04 FEAFD LS ITER
5

0., = _v+0; (for g.=0) (1.30)
— / Lq,

P D DL U (1.31)
de7T

772U,

_ _ 0 S qu/M, qu+2qc+2qr}
0,+0, = 0,1+ = —~ — — 1.32
+ 0 { +0+1/Md+ZqU/MU L+> 24, (1:32)

THb.
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deepconv DER L B1E  HEBEAEXR 10

1.4.4 BUERMBAIBDRIR

HBORIMNMPATE Quis 1%, ALIEB) T 1)L F —DHGRIEZ B £ 12, UTD L5252 5.
1C. K3
Qais = =1 Cnl) (1.33)

Z Z Tl =Min(Az,Min(Az,Ay)) TH5.

1.4.5 #MEREMI SV I ADRKRIK

AEFTIVTIE, MERHH S OHEBE, 2 KELKDOT7I7v 7 ADRBL LT,
5 (1994) (IZ X BB NIV IZEOERMEEZRHAL TS, BUF T, HERKS
2 B HMIAR N L 2 DR R ERT

MEHE 2O OEEE, B KEKKDT IV I AEENENF,, Fy, F,, £ 35L&,

F, = —CpVspepu.—o, (1.34)
F, = —CpVspepu.—o, (1.35)
Fy = —CpVipep(Tozo — Tsye), (1.36)
F,, = —CpVirep(Qua=o — Gsse)
= —{hﬂan(%ﬁz Aﬂfﬂf>. (1.37)
Mg pse
ZZT,Cp=0.0015 1F/ NNV RE e IFBANARIETH D, TN ERATE “— 1

K& ?TE®@%[WJTﬁiﬁf*wﬁfﬁ%ﬁ®@%§?dﬁ”ﬂiﬁ@
Vg 1%

Ve = V(@ + u)2 + (04 v)2 + 12
TRIND. ZIT v3 [m/s] FEHEDRMBETH D, HARNT WS THH
BHZ X B INBOEFE L W o BN R BRADN L E L 2 L 2 RET 5720 DHDT
5.
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deepconv DER L B2E SEXE 11

28 &

I
JuT
O

EH EHE 1983 KKMTRORY:, QR FED 70 L — R 14, FHILHE K.

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.

Deardorft, 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.

Marshall, J. and W. Palmer, 1948: The distribution of raindrops with size. J.
Meteorol., 5, 165—166.

Mellor, G. L., 1973: Analytic prediction of the properties of stratified planetary
surface layers. J. Atmos. Sci., 30, 1061-1069.

Mellor, G., and T. Yamada, 1974: A hierarchy of turbulence closure models for
atmospheric boundary layers. J. Atmos. Sci., 31, 1791-1806.
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P AR SS, 2003: $RIE S T — D3 E AT T RIE T R, JuN R R b
B HEREE M A B

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.

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

KR A, =84, SEEL 1998 LI OBUERMA N F—E TV L GHEE. R
KFEH R, 652.

FRERIME B, 1999: JEFFHZEETIV. KEWZE/ — b 58 196 5, HAKRFEA.

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.

PEARFIA, W, 2001: CReSS L —H =1 K £ 2 iR,
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.
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deepconv DER L 8% A EEHFEAEAROEH 13

T %A ZHEREAFEINROEH

A1l EiEHREN

MR K ST B 1T B IR R O 8 B FERR, KDL 7 & Bk S Do 78D %
WWEEONITIEERT 228, BORTITFRLBRVWELSIBRREEZS. ZORTIE
KEDBT AN F— TR KOBT AN T —CI_REDZ I LIZHRE. ZDE5%
RTIIEAN 0 ZIRFEE L LU THWAZ N TE S,

All SUBRT, BE p, AR u,v,w EFRERE T 2156

AFEERTE 3 IRTRRDIRER, ] T, £ p, JBE u,v,w, B p TRET 55
&, HRGRARIIL T L5122 5.

EEARER
du 10p
— + —— = Turb. Al
7 + o urb.u (A.1)
dv 10p
— 4+ —— = Turb. A2
7 + Oy urb.v (A.2)
dw 10p
a + ;(9_2 =—g+ Turbw (A.3)
EEDOR
dp ou Ov OJOw
atid T I A4
dt+p(8x+8y+8z) 0 (A4)
BEOR (REHER)
p
= A.
P =R (A.5)

teishiki.tex 2012 4F 12 H 5 H (HBERFIRE I (EEEER)



deepconv DER L 8% A EEHFEAEAROEH 14
20
dl" 1dp
Cpa gy~ ondt =Q+TurbT (A.6)
BRWEN D DRELRER
dgy
dqt = Src.q, + Turb.q, (A.7)
dgc
d(ff = Src.qe + Turb.q. (A.8)
dgr
d(ff = Src.q, + Fall.q, + Turb.q, (A.9)
ROEETDH

Z I T Ry, ¢py pa 1 FHAEE Y72 D ORI D SURER, &L
T&ARR T D
a3 DELTZ VI FAES B, Turb, Sre, Fall 241 7-1HIZZ N

D, Q iéF%ﬁﬁﬂD?f& o |
i’?’)% Qv @rs e VX, 1

TNIRHCH, ERRTHRIE, E N HZ R

YA OFMAER - 3 (1) %)

DIRELL, q. XFEKEEL, ¢ TWAKESLLT

kT 5.

DIREGHIREBEERINTVS

Pd+va+ch+Zpr

= pa(l+D @+ @+ Y @) (A.10)
ttb Qo = Po/Pas Ger @ VETNTNEHEIELR, K, FKDRALZERT S,
Tﬁaiﬁﬁ)ﬂiﬁ@ﬁrpd
- (1_22%)
> P )
— 1—
p( pd+zpv
_ (1 > poRT )
- F paRaT + > puR,T
_ p(1 > qu/M, )
1/Md+ZQv/M
Y RBHDT,
_pa D 1/M,
PA= R~ RyT (1/Md+ZqU/Mv> (A-11)

THsd. HLU M 30 rEZRL,

(A.10), (A.11) & b,
p

HEME ) DEEIIMETE 28D AL 7.

1/M,

p _=

(

R,T

1/Md + ZQU/MU

) L+ a+> @+ a) (Al2)
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deepconv DER L 8% A EEHFEAEAROEH 15

AN

f

1/M,g
<1/Md+2qv/Mv> (1 +Z%+qu)

YREHETDHL, (A12) REUTOL S 1c#IT 2.

B p
A (A-13)

T, mfie 7 AF—BBEHWTREAT S &,

b

P = Ra(0/f)
_ poreef (A.14)
Rq(0/f)

THd. HLZIAF =B 7 1 7=T/0 DBIfRZ#i7=9

RIS IR BREIC BT S RFRTH 5. R RIRE 2 £ T HDF DA
cpdT — adp =0 (A.15)

Thd. ZIZTTIXRE, pldES, ¢, IFHEABEEYZD OE o XA THS.
(A.15) KD o &, HELKKDRELHEAZH WS &,

a= AT (A.16)
p

eEFSH. ZIT M EATE R EREEETHS. (A15) AT (A.16) AEAA
AUEERT 5 &

g B,

TdT pdp— 0 (A.17)
75, B EE U WA ITIISBOMEIZZM L WD Te, & RIFIHIT p T
LW, —fRIZ ¢, 3T OFBTH 2D, ¢, ZEBEHRT &,

Tol po 1
—ar = = | -d
/T T / g

In (Ty/T) = - ln(po/p)

P
R

§ = T(@)CP (A.18)

p
LY RAPFSND.
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deepconv DER L 8% A EEHFEAEAROEH 16

A.1.2 BL 0, A p, BIR u,v,w = FHRENE T 515

HESRIE 3 IR R ADIREEZIRAL 0, T p, JBE u, v, w, B p TRIT 254,
EREARARIIUTD L S512745. CReSS(PEA L HillJi, 2001) Tlx, Z DXEEEHE
XxEHNTWDS

EEIAER
du 1 8p
dv 10p
_+——_Tu7“bv A.20
9 (A.20)
dw 1 ap
= — Turb. A21
o + - prE g+ Turbw ( )
EHAER
dp 1d6 1 of dqv 0f dge 5f dgy
- = PG { Vaut oo (Z Z@qc a " 8qr dt
0)* ('{klu\ji*f_t)
" ( 2 ) rraltns (A.23)
Rdev Do '
2D
de — O+ Turb. (A.24)
dt
RRER D DEREEHDERER
Ciz: = Sre.qy, + Turb.q, (A.25)
dgc
pral Sre.q. + Turb.q. (A.26)
CiZ; = Src.q, + Fall.q, + Turb.q, (A.27)
7272 UIRAL 0 1%
Ra/cpy
0=T (%) (A.28)

teishiki.tex 2012 4F 12 H 5 H (HBERFIRE I (EEEER)



deepconv DER L 8% A EEHFEAEAROEH 17

TH Y, Kbz 0, 1%
(A.29)

>
o4

Il
~| <>

ThHd. Tl C 1

T
C2= ZLZRdTv - %Rd7 (A.30)

THD. cpy & cpg FTNTNHAE TR Y 72 D ORZSERT DEE B & ERILET
HY, oyt Ri=c,y CVWOBRIZH .

JERARANZZBEEORN L HGO A ZMAGbELZ L THRONS. FTEER
p=p0,0,q,q.) £LT p DEWH%EKRDS.

i Cvd/Cpy
Po p !
dp = d -
P _Rdev (pO) ]

- i (1)

L m e (2) L ()
Rq(0/f) cpy \ 1o Po Ry \ po 62

cva/c
po (P n of of of
+R—d‘9 (—> { Bq, a0+ 2.5 B, e T > —dqr}
) ) )

02 p fd +Zp fd +Z£—fd% (A.31)
Y75, (A.31) ﬁ%ﬁﬁ@ﬁa uﬁkfia‘%&

dp _ o (dp  pdf pf?f paf N rof

o (T - - Y 80 )
THO, HioANzZHNWB L,

dp 1d¢ 18f 1af 1af

b e (Vs g - Y 5 i - Y 5 - S )

L0, ENARAPGOND.

A.1.3 GRG0, ERTEND 7, BZE u,0,w ZFHREHET 25

IKSEERIE 2 IRTERADIRIEZ IRAL 0, FERTTEN 7, B u,v,w, BE p TRHET

5856, BRARERXREIUTOLS 145, E%ﬁo)ﬁ (A4) RESLFEA (A.23)
ZHWS Z e TRONDENHEAZFMET 5. Klemp and Willhelmson (1978)
Tk, ZOEMEAEAZHVTWS
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ft A EERAEXROEH 18

EHARENX
du or
p + cdeU% = Turb.u (A.32)
dv or
e + deev@ = Turb.v (A.33)
dw on
r + cpdeva—z —g+ Turbw (A.34)
EHARENX
dr C? 1d6 of dqv of dqc a f dg,
dt Cp B {_V. * odt f (Z Z 0q. dt 8qT dt >}A
KEHEX
Cvd/Rd
PoT
= A.36
R (A.36)
2D
do
=Q + Turb.0 (A.37)
dt
KEKIB LI VKMERELHOR
dq,
di = Sre.qy + Turb.q, (A.38)
dg,
v Srec.q. + Turb.q, (A.39)
d
dq: = Src.q, + Fall.q, + Turb.q, (A.40)
272U, T2 AF—F « 1Z,
T D )Rd/cpd
T=—=|— A4l
0 (po ( )
THO, 5 C, 1F
2= 4R g, = PiR ., (f) (A.42)
Cud Cod f
Thsb.
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HEEGREROENAE, B T2 A F—BBE2HWS Z e THEONS.

%@ = ————Lﬂm#%mﬂ

_ Ram(0/F) (pocdede/R1> dr

Ry

0,dm (A.43)

FEhHHEBEARBEEOREGEOREZHMAGLEL e TEHEONS. FIEEL
p=p0,7,q,q.) ELTp DLWMNEHET .

dp =

pom /R
d
{ Raby }

d {powcv/Rd}

Rq(0/f)

PO (eoymy—1)Cod g PO “/Ra f df
Ra(0/ 1) Rd Rd 7

+p°g:d< 9 44 +Z 9 44 +Z )

va(6/]) (deRS:TCEG/ f )) (gjg@v// ;) - ]ngg// ;d) i

7 () (S Do Ziym)
%dw—%d&—i—p?( d +Z 9l +Z )
C”g’jfd Lo + _(Za da, +Z d +Z )A44)

Yib. (Add) REEHORE LTBHT L

dm
dt

&,

dm
dt

C2 (1dp 1d6 1
= el A d A
cpdGU{pdt+9dt f( ”+Z +Z )}< R

DO AN ZHWD L,

C,> 1do 1
s U a7 (St Tt T

)

LY ENHREAREOND.
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A2 2#FEHEAEXNROEH

HETEME TR AR T, R8e HAG L BRI I L, #UBAL 21T D

A.2.1 ERFEEBEIGOOHH

L e BRG L BEELG I L, ARG ORI H B L IRET . T DI,
ZHIFLLTFDELSIZET 5.

u=1u(z)+u(x,z1t)
v=10(2)+v (2,1
w=w(z,z1)

T =7(2)+7 (x,2,1)
0, = 0,(2) + 0, (x,2,1)
p=p(z)+p(x,z21)
0 = Gu(2) + ¢,(w, 2, 1)
¢ = q.(z, 2, 1)

G = q.(z,2,1)

HU,0,=0/f & U, EAGORE®E v, w &ERREGILEWAMESEER &R
7=. T UTERARGIZ i*%wkrﬂém,
or g g

2 _deév - _de(é/ f) AT

OGO IO2HDE T 5,
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A.2.2 KEABEDEENHERDIEHIL

VTG DB iR 2 EARY & BTG IS 0T 5.

ou’ o o Outd) o datu) | S 9(utu)
Ji O“+“) R U e e

!

—Cpy (HU%—I—&,&—W%—@U/%%—Q on ) + Turb.u

ox ox ox ox
o' 0@+ L, 0(+Y) O+
5 —((u+u) o +(0+v) oy tw =

@ﬁ' ~ (971'/ /37? /87'('
—de (eva—y‘i‘evw‘i‘eva—y‘i‘ev ay) +TUTb’U

ERCBWTHFRIENUNAD 2 IROP/NAEZFERL, T o IZEAG EIKCE TR
ZALLRNWZ L 2RAT 2L, MFOBEEES ORPRSND.

!

8_u’ - _((@+u )8u+< . )8u+ O’ ,@_C ga_w
o “ ox i 92 ) VoL Py
+Turb.i + Turb.a (A.48)
o _ (a+u)av + (v +v)8v +w v _W9 . e_a—ﬂl
o ox dy 9z 0z T4V 9y
+Turb.v + Turb.v' (A.49)
ZZTé, 3,
0, = v S /Me (A.50)
P (- ) 0+ 2 a)
ThHb.

A.2.3 SEAREOEHSHAHRER DRI

SRE T O E B iR e AR L LIS I 0T 5.

ow (a+u')8—w+(@+v')a—w+ ou
ot ox dy 0z

,8_ 78 /(9_ /a
—Cpy (HUa—Z +91)a—7; + 0, 8_7; + 46, 6—7;) — g+ Turbw

Lo
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ERIZBWTHREMUND 2 IROFPUNEZFEET L E AT LR85,

ow __ @+u5@£+w@+vf)/+ o
o Oz oy 0z
or - on 0T
—Cpy <9 2, +0,— e + 0, az)—g—i-Turbw

SHIZHKEDORENAT L LN 5.

/ /

a_wl - _ (—_|_ /)8&4_(—4_ )8_w_|_ /a_wl
a YTy TG T,
- g _on' / g
+de0U (E) — deevg + deev (m) — g + TUTbUJ
L ow o ow _or 0,
= —((U—FU)%—F(U—FU)%—FUJE)—deevg%-efvg—i—TU’l“b.w
zzZ7Te, I3,
, 1 00f . eaf eaf
= T - e Xt
1 (6 1af 1af 1af,}
= - — - =L A51
f{9 2 Fog T oy 2 Fagty (A
ThHv, (A5l RDHE 2 HEZFHT S &,
2:laf _ 1 O L+ X g+ X g + X ar)
f 0a, wﬂ%(lJrzqurzchrzqr) 94,

1M,
1/Md+22v/Mu T+ +2 g+ 4)

1/Mqy B > 1/ My
[1/Md+zqv/Mv {<1/Md+zqv/M (2 a+d 0+ ) H
1 B > 1/M,
1+ZQU+ZQe+ZQT 1/Md+ZQU/Mv
ThH, (A5 ROF 3HEZHET S L,

Ezlaf _ 1 O 1+ Y g+ X e+ 2 a)
f 0. Wﬂ%(HZqﬁqum) 04c
1
L+ g+ a+2 4
THY, (A5 ROE 4 HEFHAT 5L,
Zl@f _ 1 QW#%(1+Z%+Z%+Z%)
f aqr l/Md-li—/gzv/MU (1 + qu + ch + Z QT) aQT’
1
R D A
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L30T,

Thb. ZZTEILEDTEIRDIZ LR THRITNI VDT, BEZ YRR DI
BEEZ 5 LT,

00 > ¢,/ M, _Z%+Z¢+Z¢}
= f{e "M+ Y d/M, 140Gy (A-53)

5. INEHWS L, BERD OEE w ORIFLATD K S I12FIT 5.

a_w, - _ (—+ ,>8_u/+(_+ />a_wl_|_ /a_w, _ éa_ﬂ-,
o W)y TN T ) T a7y,
/ Zq//MU Zq/+zq/+zq/>
_ v _ v C ' T b.
+<0+1/Md+zq;/Mv I+ a0 g+ Lurbw
(A.54)

A.2.4 EAAREADKRFAE

R (A.35) BBALT 5. BB0E FIRA L BEAE AL, BILR A TS
EDBFANE < TR - OAOHERE TS A (A.35) I

= (A.35) 530 =

87T’+ (@ + ,)871'/_‘_(7_'_ ,)87’+ ,on’ n ,@
ot U gy TN T g, T e ) T s

AN

R (A35) HAUE T HEHE C° DERH CF = ¢ Rymly/c, VWS Z T, AT
DEIIZET S.

2 _ / _ ,
O G Bl G, Bty By, (A.55)
deev Cvd Cvd Cvd
BEARGOEREHNS Z & T,
C,’ c? Ryn’
Vo= —Vut—Vuy (A.56)
deev deev Cod

LEITD. FMADEALITHES HIZ, BANFORTENWT T o2& IO X
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DNTEMRIT 5.
of ey
zi:faqviqvi Z:f ll/Md+quUj/Mvj

1/Mg1/M,, |
_(1/Md:_ Zj/qvj/Mvj>2(1 -+ quj + Zqu -+ Zqu)] qu‘

B 1 1/M,, :
= Z 1+quvj+2jch+2jqrj _1/Md+zquj/Mvj] Qu;
_ > G B > Gu/M,
L+ > g +> g +> 6 1/Ma+3 q./M,
> o > Gu/M,

~
~

1+3 1/Mg+>.q,/M,

) DERL ok L/ Mg -
y fan¢QCi ; fl/Md‘i‘Zijj/Mquq

_ > Ge
1_'_2(11)"’2(]0"‘2%
o 2 le
1+3> G
Lof . 1 1/M, ,
zi:f dq, " T zi:f1/Md+quvj/Mvjq”
_ >4
1+ZQv+ZqC+ZqT
o 2
1+>G
IhozHW5s &,
on' (o« o« 01\ 07 | Rgr’
% ((u—i—u)@x—i-(v—l—v)ay +w8z) w'==+ Cvdvu
e 0 (Sa+Td+Yd S d/M )
{—-Vu+-=— — ’
+cpd9v{ “Ta ( 1+>% 1/My+ > G@/M,
(A.57)
fHL,

do(u+ ) N 0(v+ 1) N ow' 8_u’+8_v’+ ow'’
ox dy dz  Oxr Oy 0z
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LI DERG OB HIE & FEHIHIZLATDO LS 12E DD

i Varp) — N Rd/cvd ~ 2
—w’a—W— CS_V-u = —u/2 (de&v) _ G Vu
0z CpyOu 0z Do Cpyfo
_ B 1 Reoph,  C2
n Cod (ﬁRd%) po 0z Cp O
po
— g
_ 052{w,8p90+p9vv_u}
deﬁev az
C? -
= ——V-{pbu}
CpgPOu
C,? (8u 81}) C2 0pb,w
= - \5. T | T 52
Cpgbo \Ox Oy CpgP0s 0z
PLEXD,
or' _ | GF (0w ov\  CF opbw
o cpgb \Ox Oy cpdpévz 0z
- (a+u’)8ﬁl+(@+v’)aﬁl+w’a—7ﬂ y Bar (Ou | Ov , Dw
ox dy 0z Cog \Or Oy 0z

b (Tt YitYd > 6o/ M,
+__{ (= ‘1/Md+zm/M@)}' 49

f#2: Klemp and Wilhelmson (1978) IZ& 1} 2 3E{HL

Klemp and Wilhelmson (1978) TlX, #ELE /3 OB, B & CIEM M 22 IIE0 &
% Bk & (AR S D2 b R L,

dm C,?

R V.
it~ o0/ "
ELUTEAMELT WS,
A.2.5 BORXDIFHAL
B DR % Iy L R IZ 0BT 5.
o0+6) NO0+0) NO0+0) 00+ _
= (w u)ﬁ—x (v+v) By w——" +Q+ Turb.(0+6)
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ZZTVEHGOEIT » DB THEZ L 2HVWE L,

ol 00,00 00 .00 . /
i ((u%—u)%—l—(v—l—v)@—l—w E) —wa—z—i-Q—i-Turb.é’—l—Turb.@
(A.59)

LiRs.

A.2.6 EBALORERERDEL

B D DIR G LD DOWTH, B ZE FIIR 0 L AL I D afEd 5. E
DR EFERRIZ, LD LS IcF T 5. HU, EEUH, & FEITEILK S OAFET S
CARFET B, ZDREIT G TIIEMEIZE L TVWRWEEZ B Z EIZEFE LWL

aq; . _ ’ aq; _ ’ 8(]; /aq; /a(ﬁ,
ot ((“+“>ax+<v+”)ay+waz Yoz
+Sre.q, + Turb.q, + Turb.q,, (A.60)
aq, o ’ aql _ ’ 8q, /8q/ ’ ’

£ =— — E E . Turb. A.61
5 ((u%—u)ax—l—(v%—v)ay +w 27 + Srec.q, + Turb.q,, (A.61)
% — ((a + u’)% + (0 + v’)%—z” +w gq;) + Sre.q. + Fall.q. + Turb.q.

(A.62)

HUZEKE L WKEIZEILE D DADETH 5.

A3 FE&H

WEGAREARIUTOLS Cx e ons. 2L, BilLeiT  13HRVE.
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EEHARER
ou _ ou ou u ou —om _
% = ((u + u)a + (v + v)@ wg) W cdeU% + Turb.u + Turb.u
(A.63)
v ~ v v v 0v —om _
5% = " ((u + u)a—x + (0 + v)@ + wa> —wo- = cpdev@ + Turb.v + Turb.v
(A.64)
ow _ ow ow ow ous
5 = " ((u + u)% + (0 + v)a—y + wg) - cdeU% + Turb.w
0 > o/ M, DGt D Gt D ar
- - A.
+<0+1/Md+2q‘v/Mv 1+ ! (465
ENHER
or _ [ G2 (ou ov\ C2 apf,w
o cpgbo \ O Oy deﬁév2 0z
(a0 gy 2T I B (Ou Ov Ow
ur ox vy oy w@z Cog \Ox Oy 0Oz
L@l (qu+zq'c+zq'r Y d/M, )
dea 5 1+Zq_’u 1/Md+zq_v/Mv ‘
(A.66)
2DORN
00 00 00 00 a0 _
P o (a+0Z s+ 0w ) — Turb.f + Turb.
o <(u+u)8x+<v+v>8y+w8x> w8x+Q+ urb.0 + Turb.0
(A.67)
BiEXD DRELDOERER
0q, _ 0y g,  0q, Iqy
o ((“”) R M
+Sre.q, + Turb.q, + Turb.q,, (A.68)
dq. = —((u+ )%+(_+ )aqc—l— 94c +S + Turb (A.69)
5 Gtu)m -+ (040 o wo re.q. + Turb.qe, :
O . 0¢ ._ O0¢ g
5 ((u +u) o + (v +v) o +w 5 + Sre.qr + Fall.q, + Turb.q,

(A.70)
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A4 EEEABRAROIXRILF—HRER
WIEM A ERNZBITE2 ANV —HRER2EH TS, 27702 2 CREZBERLA%
ME L, BeE IR 2IHA2 BT 5.

VIR KSR DI 6, HEFEME T RE A D i D X%

dp

Thbd. ZOXREVEEDOANT—& ¢ ITHL
40 _ 009 o5 9p
P = g T V(o) + oo (A.72)

PO D. ZOXDSHEEMEHERXTIX ¢ DEREMO 2 77 v 7 AR TEL
ZENTERNWIZ b hrbl,

A1 DEB) R (A.63), $RiE S OEH) HRERX (A.65) L0,

_ 9 9
———+V@Km:—%%wVH+mrD+ﬁ?w—K£ (A.73)

. ZIZTK=@wW+w")/2, D= (D,,D,) B\ DURETIZA(A.73) D
FAFE—IHE AR ZIHEZEL L TV L.

| —~

99 d
_ _fd(gz)
~ 9t
g gzao
AV
_ pd(fgz) gz [0p0 - 9p
=7 d 7\ o + V- (phu) +98t : (A.74)
K (A74) ODFEABE _HEEW T 5. BI1FDONX (A7) IF, BREPRWGE,
00 90
E—-U‘Vﬁ-W@‘}'Q‘I’DQ (A.75)

g /ot +u -V =0 WD NLTZIRNE WD T L.
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LRIND. WHLIZ p 20T, A(AT) ZHVWTERT S L,

opd  _ _ 06
W——pU'Ve—p’LUa—i‘Q—i‘Dg
00
==V (pbu) + 0V - (pu) — == + (@ + D)
dp o0
= -V (pou) — 9——_w—+p(Q+D9) (A.76)
ot 0z
7%, F7RN(AT4) OABEE—HIZ, XN (A72) &b,
d (6gz _2 phgz phgz ng@
(M) () g () i

Y75, ko TR (A73) DA SIHIE,

_0 0 (pbgz plgz 0gz0p  pgz 88
= = — — . — I -_— — D A
pogw at<9>+v< w)t =t g Vg QD (A.77)

LERINS.
X (A7) OEALE—HIZLATD LD IR I NS,
—c,0pu - VII = =V - (c,0pllu) + ¢, 11V - (Gpu). (A.78)

RGN & E DR ST (A66) 1,

o1l c?
— = 5V - 0w A.79
3 ) (A.79)
LRINSG. Lo TA(AT8) I,
—c,fpu-VII = —V - (c,0pllu) — cpﬂcpgf %1;[

— V- (c,fplu) — ;{:(szﬂ)z} (A.80)

rLESHAIOND.

L7At T, 3 (A73) 1,

%(ﬁK)JrV-(ﬁKu):—V (c,00TTw) — —{§<C’”9H> }+pu.D
0 (plgz plgz 0g20p  7pgz o ~dp
+8t(§)+v(§u+98t+§ Q Ko
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LD, TN I SITBHT S

2

0 |_ 0 1 (¢,011 _ 0 _

glp{K—Egz+§( = )} —l—V-{p(K—g—i-cp@H)u}
o0 0 dp

—u-D+ P21 o _p\ (kg _C,.\9
=pu-D+ 7 {waz Q Dg} (K ggz) oy (A.81)

L%, ZOWLE BT U, BREZHA D $5Mmn e hig,

- 2
o [_ 0 1 (c,611
a/p{K‘ég”ﬁ( G )}dv

p— a —_ —_
:/ﬁu-DdVJr/puigza—dV—/%QdV—/@iDQdV
g 0z 0 0

- / (K - %gz) %dv (A.82)

L7325, TNPEEMEARRDO I RNV F—FABRATH L. ELIEFRIXNLF —DK
MZfkThy, { } NOFE—IH F_JH FE2HEENENEH T 2L — 7))
WEBMEZ RV — HET XL —Th 5.

AU —TE, BB TE, S ETE, SEIUIEIE E N EE R OHLER, ARG O E RS
fid, R EINE (G, B0k), BAOIEEIZ X 2 T ANV F—Z(RTH 5. HAURED
TEIZHEEHE AR RNDGE AN T — 20K RSN 7 T v 7 ARATE T RN &
WZEkBZIZEVENS. ZOHEDEEIZ & 0 EEEHE AR TIETREITED 22 Wi
ETHIRLF=DMREEL R,
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it %B @ELR/AASXSUE—T 3V

B.1 &LRNAZXSYE—Tay

Klemp and Wilhelmson (1978) 3 &' CReSS THWHNTWD 1.5 IRD 7 11—
Uy —zHWS. 20L& SEER) T 3L F — OIFFFER AR AL

dE

A
— = B+S+DE—(T)E (B.1)

YEZONG. IZRAKHMT, | = (AzA) P ¢35 . B S i%ﬂ%fma—ma
FRNOEEEIZ X DEFET R INVF —AERIEH, Dy I$ELHE T VX —H580E, 26
FIXFLIR T 2L F —DHEETH D,

B = %JW (B.2)
S = —W?—Z, (B.3)
Dy = ai<KmS_E> (B.4)
THb. 15RO/ —=I% =TI, LTI /LR HEMUTFTO LS IZEHT 5.
W) = —K, <%+§§Z)+2%E (B.5)
uf = —thfj (B.6)

ZZT Ky \FHEE)EICT 2R TH Y, E XY T 7Yy RAT—ILDEL
FOER T RV X — ) K, I$RILERETH S, K, Ky 1 E ZHWTUTD LS 12
HZohb.
Kn = CnE2l, (B.7)
Kn = 3Kn.

RIA=R OO 1EBHIT 02 THS. a
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B.1.1 EAREFTIRIF—HARIADEH

Klemp and Wilhelmson (1978) Tl (B.1) iZ2WT, [Deardroff (1975), Mellor
and Yamada (1974), Schemm and Lipps (1976) THWSH N TWAH X LD E D
Ths] TR IN, ZOEBOFMIZOVWTIIFH I N TV, TN X
RLAKERET IV TE S HWSNT WS Mellor and Yamada (1974, 1982) /85
ARV E =Y a v EDMNEVRARHBETH L. £ I TR T Mellor and Yamada
(1973, 1974) DERALDO T > TR (B.1), (B.5), (B.6) DEHIEFFS .

FZEZTWBRYT 7Yy RAT—)VRIZB T, BEIZ—E, BIRIERECCHEBUREL
IREDYIFERIT—E LTS, HFR LD AL, Mellor and Yamada (1973)
DR (7) BLU (8)

@ + i uW+u’uu —u—uu
ot Oxy, | T Tk oz, !
9 -7 7
+ oz, oz, (€jmupul + €¢kluluj)
——0u; 7 /a“ 5 =
= —ukuia—xz — uku] axk ﬁ(gjuﬂ + gzuﬂ)
ou’ 8u; Ou! ou'.
¢ -2 ! J B.9
TP (axj + 0%) V@xk oxy’ (B.9)
ou.6' B, . 00’ o, o —_—
8; . [wg@’u + wpult — au oy V@’axi + oz, PO + € frwy
—— 00  ——0u; 80’ ou'; 06
- _ S TP Mo’} J . (B.1
BLY, (B9 tBWTi=j UK
a_q2 ua_q2+ ululu/_ya_qQ — _lul% i_/
ot ' "oy Oz, \ F99 T o, L T
T du;
ZZT
o = Jup

= V2E

T, v,a, B 13T NENERIERE, LR S K OB IER g; IZEIIINEE N2
FMVODE RS THS.
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(B.9) 8LV (B.10) ZBIN S [EJIICBIT 2 HBEIHB K O 3 IROMHBIEIZ DWW T

AN ez 6 <.

Lop (G + 52) (EDIE £ BT AL F — O FEH)
4 0o o (Oui | Ouy
TR (uz 31 )+ Cq (81@ * ox; )’
EHL. 22T L FELIRORHEN AR A — )b, C I3EIRGTDOERTH 5.

2. p2% (FEAIC & B BT 3V ¥ — 4 )
1@%&tﬂﬁ@% XIZ& 5T,

q
= —_—— 9/
31,

EBEL. ZITOENDAT —)ViF I, &9 5.

3. 2w (KM & B )
KiMEIZB 595 K5 NAT — VOBRIFEFEFHRE AT ¢ DATERET S

2 ¢°
3A5

ZZT Ay RO R I A T — LT H B,

4. (a—i—y)a 100

Oxy Ba:k

LX<

5. wpupul, st ug (60)

HWELRENZ XD ufulu

w il (0)2 LHFZIRD K DITB K.

l_]’

—— 8u’u ol T, 8u;u;
upglly = - Oxy, "+ Ox; ox; |’
— Ou 0’ v Ou;0”

wuil = —qh ( 8a:k )

—_— 8

u (0?2 = —q)s axk .

ZZTNGE=1,2,3) ZENTNORBIA T —VTH 5.
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6. pul, pf (JENZETIT & 558

T
&9 5. ZOilflE Deardroff (1975), Schemm and Lipps (1976) TH{7H1
TW53.

7. frlemuul + euinl), fregu (30 AV IH)

Iy, 1y,
flcgjklului = fké?ikluluj =0,

fremui@ =0
&9 5. ZOilflE Deardroff (1975), Schemm and Lipps (1976) TH{7H1
TW5.
8. au; ggf/ , V@’?Tui
—0 (B.12)

95,

PLEDEMZ (B.9), (B.10), (BA) XL TIT> L, M FTOX%E1H5.
0

duu; ) Quju; N Qulul, N dusu; B
dt oxy, o oxy, Ox; o0x; oxy, °

— 0u; — 0U; T T
= Ukuia_xi — U, U, - ﬁ(gjuze + gluje )
q 5ij 9 9 8Ul 8Uj 2 q
L -2 — 04 B.1
s ) (axj Yon) T3nle (BB
O P T
dt 8xk 61’]‘ axk
00 -0 vl v
= —u;%a—xk - 9'%8; — Bg;(0")* — 3_12“3‘9 ’ (B.14)
2 2 a !, 2
Cizit + ai o (224 4 2t 97
T oz Oz Oy,
qs
= uka— + ZQJﬂu 0" — A (B.15)
1
ZZT
d _ 0 0
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THsd. ZH51E Mellor and Yamada (1974) @ Level 4 €7V DOXUTH T 5 A
TH5.

X (B.13), (B.14), (B.15) iZH L, T SICLATNOEMZE MR 5.

o XN (B.13)I, AIDHE AHEE 5 HZTERT 5. TH612(B.16)TXC =1/3
95,

o X (B.14) &, HADH 1 HE HZ I HET 5. 61T W), ~ ¢?0;,/3 &
5.

o X (B.15) 1%, LD 3 IRFIFIEZ #HT 5.

InsoiEETTS &, X (B.13), (B.14), (B.15) %

(51']‘ 2 8uz an
7 _ O o B.1
—— 00
ud = —qlo— (B.17)
J 8xj
dq2 a an q3
= = =242 ’ —2L B.1
dt G e+ 203000 + 5 [ | N (B.18)

Y7 %. (B.16) i¥ Mellor and Yamada (1974) @ Level 1 €TV D uju; DATH
%. (B.17) 1% Mellor and Yamada (1974) @ Level 1 €T LD u/¢/ DXT (0/)2
HEEH U725 D2 T 5. (B.18) Ik Mellor and Yamada (1974) @ Level 3 €
TND ¢ DRITBWT, 3 IRIHBIIHE % S0 UKL Z R L 72 £ D ITIR S 5.

ghh = K, glo = K, £ U, g & E TRUBRMEREBUZ FLIRIEAURECE S X % &

2 ou ou
/. /, = — E — K . J Bl
uzuj 35U m <3$J 81’1) ( 9)
— 06
dE ——Ou 0 o¢*1 237
— = - w0+ — | K — 7 B.21
dt U uk(? +g]6 o Oxy, [ maxk:| A ( )
L%, MESAKDOEE 3=1/0 THDHZ LIZEET L, A (B.21) IE#RED

R ERE (B.1) I2—3T 5.

PAE& D, Klemp and Wilhelmson (1978) DELHE/NT A & Y ¥ — 3 v i%, Mellor
and Yamada (1974) @ Level 3 €7V & Level 1 ET NV & ZflAdHHOE-H D LB

teishiki.tex 2012 4F 12 H 5 H (HBERFIRE I (EEEER)



deepconv DER L F 8B &ERNFAIVE—>3Y 36

fgd 52 LN TES. Klemp and Wilhelmson (1978) & [ERRIZ ELIRHEE) = L ¥ —
DA T UAMOHBERITZEHIZRKD 5 E TV & LT Mellor and Yamada (1974)
D Level 25 ETANH 5. LU Level 2.5 ET VL Level 3 ETIL & Level 2 €
TILEDMERETH D I LITHERBBETH 5.

B.1.2 ELRIGEREZFWERIR

(B.1) X%z (B.7) A2 HWT K, ICHT2RIZEFT 5. £9 (B.1) RELDAIH
ZHE T BT L BEIRT OV F — A K IHIZ

95— 99— 00
B = ?Jujﬁ =g 0 = <Khaz) (B.22)
THD. RITHNDOELHEIZ L BEITT 2V F —ERIH S 1%

S = —(uu Ou;

”55
- {r (G 52) - S} 5
- (3 () (5]

+Km(2“+%) i (G5 e (Gee 5)

__E (‘9“ Lo a_w) (B.23)

or Oy 0z
THhd. FLRT R IVF—HLHUH Dy 1,

0 oF
Dp = — (Kot
E 81'3( mal'j)’

0 oF 0 oF 0 oE
= 5 (Km%) + o (Km%) + % (ng) (B.24)
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ThH5. kD (B.22), (B.23), (B.24) X% (B.1) RZTRATHI L TUTDORZ

95,
dE g o0 ou\>  [Ov\® [ow)\’
= - (K== - -~ -
i 9( haz)”K’”{(m) *(ay> *(az)
T, (2 2 2+ Ov , Ow 2+ w , Ou 2
"1\9y Ox 0z Oy or = 0z
_2E @+@+a_w
3 oxr Oy 0z
9 OE\ d OE\ 0 OF
“ar (Kn7 )+ ay (K0 ) 7 (105 )

- (CT) E:. (B.25)
(B.25) X% (B.7) 2 HWT K, BT 2RNEKT 5. Tz )L ¥ —HLEHIX

1 0 OK2 0 OK2 0 OK2
De = C’%P{@?(Km Ox )—i_@(Km dy )+$<Km 0z )}

L[ R 0K, 0K 0K OK, 0K
C212)" ™" Ox? or Ox Oy? oy Oy
L ORL 0K, 0K
022 0z 0z
K, (0°K2 OK2 02
— + +
C212 \ 0x? 0y? 022

| 2K 0K, 2+ OK 2+ 0K\’ (B.26)
C21? oz Dy 0z '

+Km
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Y15DT, (B.25) RELKT S &,

2K,, dK,, 00 ou\ > ov\ > ow\ >
e = (o) e (5) < () (3) )
+K @—l-@ 2+ @—i—a—w 2—0— a—w—i-% 2
" Jdy O 0z 0Oy or 0z
2 K2 @ @ ow
3C2 12 az
K 82K2 82}(2 O*K2
31 oz 0y? 022
2 aKm 2+ 0K\’
C’2 l2 8y 0z
03 l4 K. (B.27)
R BT 5 &
0Ky 8Km+ 90212 Ky, (00
o ¢ ox v 20 K,, \ 0z
ou ov
2 72 ou gv
”Cm”{(ax) +<ay) (%) }
LG [ (ou 00N (0u ou\t (0w oY’
2 dy Ox Jz Oy oxr 0z
Ky %4_(%4_8“) +1 (921(;_’_821(73Z 0°K?,
3 dy 0z 2\ Oz? Oy? 022

(%

2
0K, c.
=) () ¢ (5) -wmt

%%, Ch=0C.=02&¢ K, =3K,, L05BFREZHVI LU TFOAEES.
0Ky " K,, +v0Km+w8Km _39073112 o0
ot Ox dy 0z 20 0z
ou\’ v\’ ow\ >
2 72 Jgu ‘v bt
”Cm”{(ax) () *(5) }
fOP L (0w 00N (D0 Ow\T L (Ow  Du)”
2 Jdy Ox dz 0Oy or 0z
3 \Or Oy 0z 2\ 0x? 0y? 022

<8Km>2 (aKm
+ + (==
ox Y

(B.28)

2 2
0K, 1,
) +( u ) R
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ft & C ZHYERRE

AREFNTHOTWSEMRYIEL T X X)) ¥ — 3 > (Kessler, 1969) O, E/KDE
EHEIZ X ZHKESHDOEE CL, &, ZFIZLDIHNKEGLOELE EV,,
ZDWTHERS 51

C.1 EKOERHE

EKDEEMPEIZ L DWKESLDEE CL,, &, B D OBR—OWh OEZE
HEIZ K B2EEZE (dn(D)/dt), & D 5 D+ dD OHEPHDOEL % KDk
D Np % HNWT

1 [ /dm
Ly = — ) NpdD C.1
Pd /0 ( dt )cr Y (©1)
YHEXNG. (dm(D)/dt)e 1,
dmy T peyg (C.2)
it )~ 4 pade ‘

ERIND. ZIZTV IIWHNOEBETNEE, £ W &EHELZERD S bW
FEIN2EEG2RITHBE (AL T°H 5.

Kessler (1969) Tl&, MADY 1 XDMEE L WA DFE THEE V 2L FD & 512
RET 5.

ND = Noexp(—)\D), (CS)
V = 130D". (C.4)

ZIZT Ny A\ IFNRNTA—XTHB. X (Ch) DRMIF—MIZT—T v - b~ —
B15346 (Marshall and Palmer, 1948) &IFIX1 5. Kessler (1969) Ti&k Ny = 107 &

UKD NEITEH (1983) Oz S EI1Z LT,
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T2, 2nER (C1ITRATS L,

CL, = — ENoge D?*% exp(—AD)dD (C.5)
0
3.751 |«
= 325TENyGe—— =1/~
32.5mE Nyq 6 2\/:
= 60.93757%/2 ENygeA ™35 (C.6)

25 ZZTERDIZESBWERELT. Kessler (1969) TIZ E=1&95%.

MR DY A ANAHIEOMEE 2R TN A =2 A 1E, LTFTORZHVTHKES

g CTEEMZS.
1 [ 7
QT — _ pw—D ND dD
Pd Jo 6

Nopw [
— TP / D? exp(—AD)dD
6pa Jo

71—*NO/OwE
6,0d A4
_ mNopuy (C.7)
Pd
Z 2T po WFIKDEE (10° kg/m?) THE. TNz N ITDOWTHEE, X (C.6) TR
AT 5L,

_T 1
CLCT = 60.93757Tgpw8ENOSQC(deT)%
= 0.295 x 107 *EN 25 ¢, (paq, )57
= 2.2¢.(pag,)"*" (C8)

5. mEORERTIE, Ny=10", F=1 2{RA L 7.

C.2 FKDZEF

A X BMKREEHDOZMEK BV, &, X (C.1) &FERIC

:l ( ) Np dD (C.9)
pd ev
ERIND. ZIT (dm(D)/dt)e, \FELE D OBE—DOWR DI X 5 HEZ(

RTHD.
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KD ZAFE IR DKM D & DIKZRKDILEIZ K> THEHE I NS LIRET 5. Wk
JEBHDKER T Tv I A% F 358, MADBEEDELRI

dm
(%) B = —47mr3F (ry) (C.10)
YRIND. 22T r IZWRHOL S OFEEE, 1y IERRLOMET, F X
dpy
F_—Kﬂf

LRIND. p, FKELKDEE, K, ZKBLKDIEBIGRETH 2. RO FEPTIX
KR T T 7 ADWHFEHIT BN EINET S &,

10
r2or (T2F) =0
MY SLD. ThZEEDL
4
Pv = —7 + Cg

SR r =14 T py=prs, T =00 Tp, = pooo AT DL,

Cl = (pv,oo - pv,s)rda CQ = Pu,co
I&Y, WRERRTOIBIZ LB KEKT 7 v 7 A&

g Pes = Puse (C.11)
Tq
£oT,
<CZ—T) = —A1riKa(po.s — Po.co) (C.12)
LRINS. _Fﬁ*ﬁﬁ%?bﬁﬁz%%?—é%é\ﬁ &, Ky IZAHIETHD DWW
() ==t (14 57) Ko = o) (.13

PHWSNS., 22T F KN T, s IZNRRETOIZ X -V EOEXTH
52

Kessler (1969) T3, (C.13) DHMDIEHZLLND & S5ITELT 5.

F
zmm(1+—1) ~ 2.24 x 103DS,
S

Kd(pv,s - pv,oo) ~ 1075(p’078 - IOU,OO)‘
2Z DARDE I EETR.
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IO E(C13) 1

(CZ—T) ~ =224 % 1072(pys — pooo) D' (C.14)

25, InER(CYIWITRAL, RO 1 XML LT (C4) 2INET S L,

1 (e}
EV,, = ——224x107%(q,s— quoo)/ D'*NpaD,
Pd 0
= —224 x107%(q, — qv,oo)/ D'® Ny exp(—AD) dD
0
'(2.6)

= —2.24 x107%(q, s — QU,OO)NOW
= —2.24 x 1072T(2.6)(7pw) "N (qos — Goso) (padr) "
= —1.7%x 107" NJ*(qu.s — Qo) (pagr)™®

= —481x 10_2(%,5 — qv,oo)(pdq,q)o'65 (C.15)

BARDAL 217 D BRI (C.7) ROBRZHWT A Z2IHE L, I'(2.6) = 1.4296245,
NO = 107 <\_)_ [J7LZ3.

3Kessler (1969) TIdimf izl
EVrv = 4.85 x 1072(‘]1},5 - qv,oo)(pdqr)o'&r)

ELTW5,
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ft gD ZE&H' X b
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ELIRAL R I D 72D D e

FLIRHL BRI D 72 D D E K

i

HARIG DI

7E I L2

E TR L2

x; A OEEHFRENICBIT B3 77 v N AT — )V OFLT L EE

BAHEORIZBIT2Y 770y RAT — )V OFLIRAILEE

Y770y AT —)LOES T 2 IL¥—
TV FYNTA—X

EHIIEE

BTN B BL AL AR ER

TEENE A B GLIR LR

BAh

£

HARIG DT

MR H T DIRAEITE T

T A+ —B

HARG DT o7 A+ —FE

I AF— %ﬁ@ﬁ%

HERG T SRR S

EE7J</J:I:|:|J:I3

KRS

ﬁak””ﬁf)O)‘xﬁﬁiEiﬁ

HEARIG DB

i T OEE

PR ] JRE A

HAGOMRE

ARG OIRAL

MR 22

%}E, i=1,3 (u1,u3) = (u,w)
28] 7 EARE, 1 = 1,3 (71, 23) = (2, 2)

§5%%|q|w§;m§g$§z§>1::]|;:1§@|@~§5Q\@§5@@@ Q\QSQOQ
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5

AEFIL, HBRFAAREMNEEI DA X — 2w b E OGO ER/ L TEHDOE
ERo—EE LT

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

ZEWTRABINTWEEHDTHS. ((©deepcony BAFEZ IV — 7 2012). REJFIZ,
FEE OFHERNCHALL 7200 GRBZ TRV RO IZEWTHHIZFAL TW:
ZWTHDLW. o8, FIAT SIS —EH O NRZENPO S Z L 2 BV
% (fECRGEMEE AL A).

ARERFIZE TN 0EIERMEE (MEDOTEEED) 2561, ERENLETDO WEB
ETOEBEMEZ ZIIMEHTHZBTORVEEDRH LD, TR 5, [REOHK
Bl OFODEBRE WS ZEMHNTH S Z &% THBENZIFTEH D LE U, 246
DG HFIEE S 2 THTFHEEZBIT TV AZEZVWT WS, KEFROF A
HiZl, ZOMEBEBEO B ERLTH>TOWEEITSE L BEWT 5. H—, R
BDHBHHEITIE

dcstaff@gfd-dennou.org

FTCEHEBKEL W ITNESEWTH 5.
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