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1.2 00,00000000000 ..., ... ... 2
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222 40000000 ... .. e 6
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235 0O000DO0O0O0ODODOOO ... ... .. ... . ... . ... 9

24 0000 ... e 10

241 O00ODOOOODO0O ... ... s 10

242 0O000D0O00O00O0O0O0O0O ... ... oo 10

243 0000000000 ... ... . . 11

030 0OO0ODooood 12

3.1 00000000000 ... .. e 12

3.1.1 000DOO0O0OoOoooooooooo oo, 13

3.1.2 O00O0ODOOOOOOODOOOoOoOoooOoO ... ... ... .. 17

32 000000000 0ODOO0O0OO0O ... oo 19
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00AO0O0O0O0OO0 (??)00000000ooooo 28
Al OO0ODO ... e 28
A2 OO0OD0 . ... 29
O00BOOOOOODOOO 31
OO0ocCooooooooad 33
C1 20000000 ... . e 33
C2 40000000 ... . e e 34
OO0DOOOoObOoooDon 36
D.1 OO0O0O0O ... e e e e 36
D.1.1 OO0O0O0O0O ... e 36

D.1.2 O0O0O0O0O ... .. e 36

D2 00000000000 ... ... e 37
D21 OO ... e 37

D22 OO0 ... .. 37
O0OE ODOODOOO0DOO 39
E1l O000000(@O)00000 « ..o 39
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10 ooy

1.1 0O0Oooood

gododdd oli1uouaadg,bbboboououuuuououooooao
O0O00.00000,00000 ArakawaCOODOO,000000 Lorenz O
gogbobobodood.

00000oOoooo (p: 00O, 0000,000000,00000,000
00)0000000O0O000. 00000 o wwwOO)ODOOOOOODOO
gobboooobbod. z0000000bbb0o00b,000bobboo
gobboooobboooobbooo. 000000 bboooBbn,d
gogogoobbbbbobobbbboooddgogoog. bbooouooggo
gogobobo ol20b0b0ooogn.

1.2 0O00O,00000000000

gbooobooboob 20000000000000. 000O00DLOODDOO
OO000O000O0. 0000000000 ooooo0obobD ArOobooooDooo
O.0o0oo0oooobobdob HE-VIDODOD,« 0000000, w,m O
gbobobobobo.oopoooooooooooooooooooooon
gbgbod.bobgoobobooboboobo,oobobobbobon
00000 At0Ooooogooo.
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/: s /: N /
/; + J» k+1(/./ i+1,], k+/1.(y0
| .
— @ 7J+1(\a k 1 1+ ,J+$(V ,k+1
: : .1"(V) 1' : .i+1 i(v),k+1
o | o - 1A }8_ _?J &7 = =
[ 7 1,j,k+1 1(u),3 l‘+1I1+1,_] k+1i+1(u),j,k+1
| /. | /
'.__L______‘___I______
7 1 1,J, K(W) (1277 pi+1,j,k(w)
7 g | . /‘. . '1 ( ) 1{? /l . ( k
/7 | s 1L)+1, ’ 1+ 1)+ 4(V),
P o o
| e | I ®
o ' o P __g lilgk
: ° 1,j,k ¢ 1(u),r] k_- i+1}, ls 1+1(/),J k
| /
A ] N <IN T
R L P e
7 7

U 1.1: 00040go.

“ N
boundary boungary

im-2 im-1 int im+1im+2

im2 im-1 im pNm+1im+2

| @ vector oscaler|

U 12 00000000.0000000000000 100 m0O0O0O.
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20 U4y

gddodoodooooooououououooooooooooobobobb, o0
ggoobobooogobbo.bbbd 200000000 40000000000
go.

011 00000000000000,2000000000000 (i(w),4,k),y
000000000000 (i,j(v),k), 000000000000 (i, j, k(w)), O
000000000 (5,5,k), 0000000000 (i(u), j(v), k(w)) 000 (O
1100). 00 1 <i(w) <im 1<i<im1<j@) <jml<j<jm,
1<k(w)<km,1<k<kmOOO.

2.1 O0O0O0O

gobobuogobbuoggb,ggobobuooobbooobbooobbo.d
U z00dbobbugobbbuooobobboooobbbooodobbboo
gogb,dgoobbbodogoboobuogoobboooonobog.

00000000000 0000. 0000 000000000000000
Ui,y 000000000000000 vk 2000000000000
000 wixw, 00000000000 m,00000.

_ Tit1jk T Tijik
_ Tig+Lk T Tijk
Mgk = " 5 (2.2)
_ Tigk+1 T Tk
1
Ti(w).j(0) k(w) = g (Tijk + Tir1 ik + Tijark + Tip1 41k
Ti gkt + Tit1 jkt1 + Tijbt ket + Tik1 j+1,k+1) - (2.4)

_ Uiu), ik T Uiz1(u),jk
ui7j7k == 2
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deepconv 00O 00O 020 ooooooon 6
Ui joy i = Ui(w),jk+1 T Ui—l(u)7j7k+i + i) ik + Wim1(u),jk (2.6)
Ui k() = Ui(u),k+1 T u¢—1(u),k+i + Uigu) e + Uim1(u) k @7
i) o) ) = Wi(u),jk+1 T Wiu),jk + Zi(u),j+1,k+1 + Ui(u),j+1,k (2.8)
w%kzlhﬂwk+;%juwx 2.9
w@mm)z?%ﬂnw»k+1%ﬂmeZHLj1@m;%umu@k (2.10)
Vi k) = Wi j(v),k T Uij—1(v)k +4“i,j(v),k+1 + Ui i1 k41 (2.11)
Vit (o)) = WUit1,j(v) k1 T ui+1,j(v),i + Ui j() k1 T Ui j(w)k (2.12)
wmkzw“mrg%“”m) (2.13)
Wi oy = Wi j+1,k(w) T Wi jk(w) T ZUi,j+1,kfl(w) + Wi jk—1(w) (2.14)
Wity o = Wit1,5k(w) T Wigkw) T Zﬂiﬂ,j,kq(w) + Wi jk—1(w) (2.15)
Wity oy ) = o) T Wightu) T Wikttt T WigtLh(w) (9 1)

22 0O0O0OO0OOOOO

221 20000000

4

00000 20000000000000000000000000000. O
000 ¢:000000000000000 s >0000000000000
00 wirw), 00000000000 7, 00000. 2, :0000000000
0000000 Giwiw 00000,

gobbuogobbuogobbuooobbooobbooob.bbog,bod

ggbboboooobbboooobbboooobn.

o
_81. -
o
|0y |
o
_aZ -

i(u),4,k

i?j (v)7k

l?]’k(w)

_ Titl4k — Tijk

Ax

_ Tij+1k — Tigk

Ay

_ Tigjk+1 — ik

Az

(2.17)

(2.18)

(2.19)
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deepconv [0 0 OO 020 goooooono 7
[Ou ] Wiu),jk — Wim1(u),jk
_ = el ) 220
or |. . Ax ( )
L di,g.k
gu _ ui(u)u’ﬂz— Wiu),j.k (2.21)
- y:i(u),j(v),k Yy
gu _ Uz‘(u>,j,k+1A— Ui(u),jk (2.22)
LOZ 1i(w) g k(w) o
_8 7 (v - Ui g(v
al _ Vit,4( )JfA Yij(v).k (2.23)
LT 1w (o) k t
[Ov Vij+1(v),k — Vij().k
ov]  _ vignw), (2.24)
19y | ij K Ay
-a 4,5 (v 1,3 (v
c‘TU _ Vi >,k+1A Yirj().k (2.25)
L% ]ij() ki) &
gw _ wi+1,j,k(w)A — Wigik(w) (2.26)
L9 Jitw) g hw) o
-a i i w) — Wi 4 k(w
ETw _ ’w,y+1,lc()A Wi,joke(w) (2.27)
LY L4 i) k(w) y
[Ow] Wi j k(w) — Wi jk—1(w)
_ = il sl 228
| 0% | ik Az ( |

222 40000000

2000000b0b00bbog,uoooda
ggbbobuoooobbod.

o]

4A000000000000000

9 /Mot ih — Tis 1 _y

v =2 <7T+1,],k 7T ,j,k‘) L ( 7T l,j,k) (229)
ox )k 8 Ax 24 Ax
o R
or _9 <7Ti,j+1,k - 7Ti,j,k> 1 (Wi,j+2,k - 7Ti,j1,k> (2.30)
| Oy | i)k 8 Ay 24 Ay
or _9 (Wz‘,j,k—i—l — Wi,j,k) 1 (Wi,j,k+2 — Wi,j,k—l) (2.31)
_82_ik(w) -8 Az 24 Az ‘
@ _9 <ui(u),j,k - Ui—l(u),j,k) 1 (Uz’(u)—i—l,j,kz - ui—2(u),j,k> (2.32)
_8x_ijk_ 8 Az 24 Az '
[Ou] _9 <Ui<u>,j+1<v>,k - uz‘(um(v),k) s <Uz‘<u>,j+2<v>,k - Uz‘(um—l@;gé)
Oy | i) (o) 8 Ay 24 Ay
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@ _ 9 <Ui(u)’j’k+1 - Ui(u),j,k> 1 <Uz’(u)7j,k+2 - Ui(u),j,k—1> (2.34)
:az: iwikw) O Az 24 Az

@ _ g (UiJrl,j(v),k - Ui,j(U)Jc) . i (UiJr?,j(v)vk _ Uil:i(“)v’“) (2 35)
ox|., .. 8 Ax 24 Ax '

- :Z(U)J(v) k

@ _ g (vi,j(u),k - Ui,j—l(v),k) _ i (Uz‘,jﬂ(v),k - Ui,j—2(v),k> (2.36)
_ay_ ik 8 Ay 24 Ay

v 9 (Uu( ) k41— Vij(v), k) 1 (Ui,j(v),k+2 — ’Ui,j(v),kl) (2.37)
:az Jijeysw 8 Az 4 Az

aiw _ g <wz+1g Je(w) — wz] k( w)) (wi+2,j,k(w) — wi—lajvk(w)) (2.38)
:893 di(w).jk(w) 8 A

8711] — g (wz J+1k(w wlj k(w ) (wi7j+27k(w) _ wi,jl,k(w)) (2 39)
:39 Jij(0) (w) 8 Ay

aiw _ g (wmk( w) — Wi jk—1(w )) 1 <wz Jok+1(w) — wz‘,j,k—Q(w)) (2 40)
_Gz_ijk_S Az 24 Az ’
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23 UO0OO0OOOOOOOOOO

231 0O0OoOO

P
l”] -9 (2.41)
9z ik Cpal@ulijk
000000 p,,, 00000000000,
_ po [T/ T
L == IR 2.42
pz,j,k Rd [Qv]i,j,k ( )
2.3.2 0OJUO0OOO
OUi(u),j " [(’M} ; [(‘M] w lau]
— = Uik | 7o — Vi(w),jk | 3 — Wiu),jk | 5=
ot O i(u) ik Ay i(u),j.k 0z i(u).j.k
— on
—Cpglbulicu) ok e + [Turb.u]i(umk (2.43)
i(u),5,k
OV j(v) k " [81}1 ” [81}] w [81}]
= —Uju),jk | 5= — Vi(w),jk | 5 — Wituw) 4k | 7=
ot O ij(v).k Ay 0§ () k 0z ij(v) .k
— or
Y1ijew)k
OW; j e(w) " [810] ; l@w] w [81{1]
Y, = TUWjkw) | 3. — Vigk(w) | = Wigk(w) | 5
ot 0% |, k(w) 0Y 1, kiw) 0% |, kiw)

_ or
—cpd[ 'U]i,j,k(w) [621 + [TllI'b.U)L’j’k(w)
1,5,k(w)

2 [qv)i  e(w) /Mo
L/ Mg+ X[ quli,jk(w) /Mo
B gZ[qv]i,j,Mw) + 2lge]igibw) + Zlarigrw)
1+ [ Gli g k(w)

+g

(2.45)

main.tex 20120 40 190 (00O00O0OOOODO)



deepconv U000 g20 gboboobooogn 10

2.3.3 UUOUOQOg
0T j k n Ci,in dpf,u n dpl,v n dpl,w —0.
ot depm’k[@v ik ox oy 0z ik
oo egdgboogoooogogno.
R .
E?,j,k = Cpg dﬁz’,m[@v]i,j,k.
2,34 0O000O0OO
;i o 00 o 00 Cw @
Tl 1 P 7 P P
2,7, 1,7, ]
+ [Turb.6]; , + {Turb.@}i’k
1
+ ([Qendlijk + [Qradlijk + [Qais)ijk)
T4,k
2.3.5 UUUonoodoonoooon

(2.46)

(2.47)

,cdk

(2.48)

Olgolie _ _, [o%] _ '8%] i laq] i m
ot R Rz ik "oy igk Y0z igk o 05k
+[Src.quli ik + [Turb.@)i ik + [Turb.qu)i )k (2.49)
Olgeligr _ _ﬂ,%_a%_ _U“k"a%' _u%k_a%]
ot R ik Loy | ik oz, jk
+[Sre.qeli e + [Turb.gel; k. (2.50)
a[qr}i,j,k - -aCIr- . -8%_ Wi -aQr]
ot W O | ik S oy | ik 0z ij.k
+[Sre.qp)ijx + [Fall.gylijx + [Turb.q, )ik (2.51)
main.tex
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2.4 0O0O0O0O

gogodgooobobboboboobbbboooddddooooo. boooogad
gg,buoggob,ugooobbooogbbobooooboo.

241 00O0OO0OOOOOO

0000,z000000000000000000 wu,, 0000. 0000
00 2000000 1(u) ~im(u) 00, 0000000000 2000 (0 1.2
00). 0000000000000000000000.

Uo(u),jk = Uim(u).j,k (2.52)
U1 (u) gk = Wim—1(u).jk (2.53)
Uim+1(u). gk = U1(u).jk (2.54)
Uim+2(u).jk = U2(u).jk (2.55)

000 4,k000000000,00000 -1<k<jm+2,-1<k<km+2
ooo.

y,z00ogoogooogobbooob,gogbboobbooobboon
gbggobgoboobboboob.

242 0000O0OOOOOOO

gbobogboogobb.ogoo,gobbugbobuogboboooboooboo
gao.

goob 0000000000000 0O0O. zt0000000OODOOOO0
gogooboood.

Uo(u) ik = Uim(u).jk = 0 (2.56)
U1(u) ik = UL () 5ok (2.57)
Uim41(u),j,k = —Wim—1(u),j,k (2'58>
Uim4-2(u),j,k = —Wim—2(u),j,k (2'59)
god. ouoooooooboooooooooon,
To,5,k — —T14k (2-60)
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T_14k = —T1,jk (2'61>
Tim41,5,k = —Tim,j.k (2'62>
Tim+2,5,k — —Tim—1,5,k (2'63>

goo.

243 000OO0OO0OOOOOO

gogoobooobbo o, ggogooobboboobbbo oo, oooo,
gbogoobooboobboobuoobbooboobboobuoobbon
g,bgbbouogbbodgbooobuoobbogbooobuoobbogboo
gogooog.

goob «000000000000DLDDODO. 0000000 OODOOOO0O
gogooboogd.

Ui (u) gk = ~UL(w). gk (2.65)
Uim4+1(u),j.k = —Wim—1(u),j,k (2-66>
Uim42(u),j.k = —Wim—2(u),j,k (2-67>
gdo.otdotdotdodououououoodgo,
770,j7k = 7T17j,k (268)
T—1,5k = T4,k (2-69)
Tim+1,5,k = Tim,jk (2.70)
Tim+2,.k = Tim—1,j,k (2.71)

goo.
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30 U

3.1 ODO0O0Ooooooound

0000000000000 (243), (245000000 (246)00000000
000.000000000000000000 Ar00000,0000000
00000000 AtO000000.00000000000000 HEVIOO
000,«0000000,w,x0000000(00000000000)000
000.00000000000000000000000.000000000
000 «000000. 0000 7r+A70 w0000 #0000, u,7000
0wO00000.

gobooboboobo,0o0buoobobog F,F, B, 00000000,0
ggbobobooggoobooooooobo.

OUi(u),j [ _ J(m — &Div)]

— = Gl —— + [Pl e (3.1)
ot r O - ()

OV, j(v) k [_ _ O(m— ozDiv)] .

PR = eyt + [Foli o) (3.2)
ot ’ 0y i.§(v)k 7

OW; j jy(w) [ ~ J(m — aDiv)]

— = |Gy ———— + [Fult () (3.3)
ot r 0z i) Jk(12)

—~

Ok e 0(ph,w) & (Ou Ov
J I _ — _ - _ ‘4
o [c},ﬁ@% oo |~ e \owTay)| o BY

000 w,0,w 000000000 oDiv 000000 (Skamarock and Klemp,
1992). OO0OOOOOOO F,F,F, O,

(Fliir = —Advali, , + [Turbafic 5%+ Diffuli )%, (3.5)
[Fv]z,j(v),k = —[Adv. U] i+ [Turb. U]”(y) » T [Diff. U]:j(Aut ko (3.6)
(Fullinw = —[Adv. w]” k(w) F [Buoyl! ; 4oy + [Turb.w]i 50, -

+ [Diff ]! - (3.7)
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gud. gououuouuu gogogooogua. bbb, 000000000
o00oooobOoboOo,0000b0 pifboboooobog.

3.1.1 0JOUgoboboboobooobogd
gooooobobobbooodaad

(3.1),(3.2)00000000000000000000.

= on™  Od(aDiv)”
T+AT T = t
i(u),j,
= or™  Od(aDiv)"
T+AT T = t
Vijo)k = Vijw)k ~ [CpevAT { o oy H + Fy i) 1 AT, (3.9)
1,j(v),k

gogbbobuooobbbouoooobobod

HE-VIOODUOODODO,»w O #1 000000O000. wOOODOOODOODOO
00000, 00000000000D000. s 00D00O0OOODOOOO (3.8)
0000« 00000000,0000000000000000.

- OrTHAT or™  J(aDiv)"

THAT T+ . . t
w =w" — GO,AT {B P +(1-7) 5 o } + F, A7. (3.10)

=2 =N o TH+AT =2 =0 o T

riar . RCATO(pb,w ) L ;C AT 0(pb,wT)

T ﬁc‘ppég 0z = = B)c‘pﬁég 0z
_E2A7' 8UT+AT N 8UT+AT
el ox dy )

(3.11)

000000000000000000000000. (3.11)00 (3.100000
00 o™ 00ooog.

=2 2 T+AT
rar  @CATT O [ 502 o
" 0 e oz {<C”” )< BE

) 2 o o
éph2 0z By Ox Oy
AT [0 - - on™  J(aDiv)"
- — | —p T — 0,AT < (1 — - F!AT G

(3.12)
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(3.12) 0000000000000, 0000000000000O0DOODO0O0OO
00000 (00oooo OoADOO).

2N 2
o [ C°AT 1 — 2 T+AT
- (S ) 5 (577), | 58

=2 2
o [ CAT 1 - . Cn
! ll i ﬁ < c_pﬁé?) >k @ {<Cpp6v)k’(w) T (cppe”)k_l(w)}] Tik

k
T (1 p) AT O(pb,w™) (AT OuTHAT N OuTHAT
— ik et ), 0z ik &by ), Oz A )ik

ik
(3.13)

ggbboboogobbboooobobbudod . obbboooobobog.

ggon

ggbobobuooooboboa,gobboboooobobod,

w(i, §,0(w)) = 0, (3.14)
0 (3.15)

w(i, j, km(w))
0oo.

gogoo:

0000 (k(w)=0w))0000000. 000 (3.10) 00000000000
oo,

O HAT O(aDiv)™ on’ 1
("), = G eealE) L (Ga)
1,5,0(w) 1,5,0(w) 1,5,0(w) prv 1,5,0(w)

= Ei,j,O(w) (316)

O00.00000 3.13)000ooooooo.
22
2 (CAT Lo T+AT
{7 (o), 2 (699), 7
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2N 2
o [ CCAT 1 ) T+AT
e (535), 55 (6980
AT O(pf,w™)
- a-0-0 (550 4
Ji1 eppl2 ) Oz i
( 2AT> (auT+AT avT+AT>
+
1 Ay 05,1
AT 0 ~ on™  d(aDiv)"
50, PO AT S (1 — — FLA
ﬂ<cpp92> L? g { I T{( g 0z 9z }+ ‘ THM;

AAT? 1
_6 < — ) AZ ( pr )zj,O(w) Ei,j,O(w)' (317)

gooo:

0000 (k(w) =km(w)0000000. 000 (3.10) 0000000000
ooo,

onTHAT O(aDiv)™ onT 1
e I ) B 18 B = )
i,j,km(w) i,j,km(w) i,j,km(w) prv i,j,km(w)

= Ei,j,km(w)

O00.00000 3.13)0oooooooog.
AT 1 _
1 ? = o _62 T—‘&—AT
{ " 6 ( C_pﬁeg >k;m AZQ (Cpp v)k’m—l(w)} Trzvjvkm
=2 2
o, [CCAT 1, e
B 7 Z 4
i { 5 ( C_pﬁgg >km Az2 (Cpp )km—l(w)} T g km—1
T AT 9(pf,w")
Cpp v/ km z i km

B BAT auT+AT N aUT+AT

2AT o - . = or™  d(aDiv)T .
—8 < 92> [wpﬁv {w — GO, AT {(1 - p) 5 P } + AT o

main.tex 20120 40 190 (00O00O0OOOODO)
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ggboboobogogboo

(3.13), (3.17), (3.19) 0000000, 0000000000O0O0O0OOOOOO
go.

T+AT
A By 0 T11,1 7211 - Timgm,1
O . . T1,1,2
Bkm
0 Ckmfl Akm T1,1,km e o Tmyjm, km
-
D1,1,1 D2,1,1 ce Dz‘m,jm,l
D2 :
— - . (3.20)
Dl,l,kzm e T Dim,jm,k:m

gboobooooododod -, 0000, d0gogoaooooooood
gooo.

_9 2
om0 (558, {6+ 658 )

(k=2,3,--km—1),

AAT? 1 _
B, = —p? =, p0
’ (c‘pﬁ@% )k Az (GP0), Ly
(k=2,3,---km),
AAT? 1
C, = —p? — = 00>
’ (C_pﬁgg >k+1 Az? (cpp ”)k( ’

(k:1’2,...]§m—1),
AT 8 (pfywT)
Di . — T 1 - N
gk 7T7':J7k ( /B) (cppeg > k { aZ 1,9,k
AT Qu™AT  GyTTAT
B + + Fi,j,k
. ox dy i,k
(k:2’3,...]§m—1),
AT 9 (ph,w")
Di . — — 1 - )
1 i1 ( 2 <Cpp912)>1 { 0z 6,51
AT\ [OuTTAT  QuTAT
B + + E,j,l
) ox dy i,j,1

main.tex 20120 40 190 (00O00O0OOOODO)

0,

0,




deepconv U000 30 gboboobooogn 18

ZNAT? 1 -
- ) As \G 792 E’L 1,0(w) s
B < 0_17/5912; )1 Az (Cpp U)i,j,o(w) ,3,0(w)
AT 0 (pl,w")
D’i .km == T _ 1 _ S a(pt,w")

2AT QuTHAT  QuTHAT
- — A + + E,j,km
cpgv km &c ay i,5,km
B

goo.

3.1.2 0OJ0O0UOO0OUobObooboboobooon

000000000000000 (35),(36),(37)0000000.

—A . —A
[Fuliwe = —[Advady, ;, + [Turb. U]E(u) § p + [Diff i )
[Fv]f,j(um = —[Adv. U]”(u) » + [Turb. U] 'u) , + [Diff. U]ZJ(AJ ko
t t t—At t—At
[Fw]i,j,k(w) = —[Adv. w]” k(w) + [Turb. w]” e(w) + [Diff. w]” k(w)
+ [Buoy]z 7,k (w)

oob,AdvO0d0O0,DOOO0OOO,Buwoy 0000, DIfOO0OOOOODOO.
gogbboboooobbboooob.boobad,

oul’ oul’

[Advu]:(u) ik z(u)jk [ 1 u),j,k [‘| + wé(u),j,k [‘| (3721>
’ i(u) gk dy i(u) 4.k 0z i(u),4.k
ov]’ ov’
t . t

[AdV-U]i’j(v)’k - z]('u [ ‘| ) v),k [a?J] o + wi,j(v),k [&] ” )(]?722>

1,j(v) 2,7(v), BYAC

ow ow’ ow
Advwl iy = Uik [axl + Vi h(w) la] + Wi k(w) l 82] (3.23)
i.4,k(w) Y Jijk(w) i.4,k(w)
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nooo,
et
Buoy|; : bw) = _dk(w)
[ ] Jyk(w) ez,j,k(w)
+g E[QU]E,j,k(w)/Mv
1/Md + Z[q_v]ijk w)/M
vlg, + C 4,7,k (w + T4, w
1+ Z[QD]z,],k (w)
nooooo,

t—At
0 ou
t At
it 2 [2 e (2). )]
63k ) 1i(u),j.k
B { v du
15 (KM)i(u)j(v)k<> +(Km)z'(u)j<v>k<> }]
Oy Ox i(u),j(v)k dy ()i ).k ) 1iu),jk

t—At
0 ow ou
+ 5 (Km)i(U),',k(w) () + (Km) i(u),j,k(w) ( ) }]
K& { ’ O / i(u,jibtw) v P J sty i)} | sy i

t—At

i(u),7,
5 a 31 —At
_W< i ) N (3.25)
Js
t—At
a 81)
Turb.w]/ 0 =2 e <>
[ ]ZJ(U) {ay {( )%k 0y bk ) 1 j(v)

t—At
9 { Hw S
+ 1574 Eon)i o) kw) () + (K )i o) hw) <> }]
dy ! dy 0,5 (), k(w) ! 0z i.3(v)k(w) ) 155

1,5,k (w)
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2 aKz t—At
- o 3.27
3C2 12 ( 0z )ijk(w) (3:27)

gogb.ooogan,

t—At t—At

0 (0u 0 [0u
et (), ) 5 )
Or \Ox ), ;). 0Y N st o)

Z(“)?J? Z(u)hY?k
t—At

i, {j (o) } (3.29)
2 NOZ J iu). g k(w) ,

i(u),g,k

t—At -

0 (0 0 (0v
wwioali 3] (3
J(v).k ax 81‘ i(u),j(v)k . k ay ay 1,5,k 0,7

i,5(v),
t—At

wde () (329
ZNOZ /i) k(w) ) ;

i,5(v),k
t—At

t—At
a2 2 ) a5 )
x x i(u),j,k(w) ) Y Yy 1,3(v),k(w)

4,5,k (w 1,5, k(w)
t—At

0 (Ow
— {az <az> | k} (3.30)
LIED) GGk (w)

000. K, 0OOOODDOO0OO0OO0000000oooooo(@ooon), vs,v,
gogbooogoon.

apAx?

= 3.31
YT TAL (3:31)
apAZ?
= 3.32
000 Az, A-00000000000000000, ay,0, 00000,
1 1
< = o < = 3.33
ah_87 a_8 ( )

goo.

3.2 UO0OUobOoobuoboooood

goooboooboobooboobbo FOOO,b00DO0ODbOODOO
ggboooooon.

gt = 0%+ 20t Ry (3.34)

Z?j7k i7j7k
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@i’ = ladie + 200 F, ]l (3.35)
@i = laigh +2AHF, ], (3.36)
@ li5x = lalije +200F, ), (3.37)
ooo,
¢ =1t t—At t=At
Folige = — [Adv]; — [Adv.f] 4 [Turb.g] 75" + [Turb6]
+ [Diff. e]jjit + [Qendlt jx + [Qradli 53" + [Quisli 2! (3.38)
[qu];j,k = —[Adv. qv]” , — [Adv. qv]z’j,k + [Turb.qv]i’j’kt + [Turb.qfu];;%t
+ [Dlﬁ q”]fjit + [E‘/Tv]z] k (339>
[Fqc];j7k = —[Adv.q)! g T [Turb. Q! Jit + [Diff .qc]fgf
—[CNgy + CLy)! gk (3.40)
(Folin = —[Adv.g]l;, + [Turb.g]i;3" + [Diff.q.); 3"
[CNCT’ +CLCT’ E‘/;“’U]'ij—i_ [PR ]Z]k‘ <341>

oob0.bobobobobobobobob,00ob00ob pifoboboDbOo.
0oo0,CN. FV, 000000000000 0D00DO,OD0b00000D00DO.

0, 4,0, 00000 ¢000,00000000000.0000,

t t
06 96
[Adv. ¢]”k [ui(u),j,k L?x] ] + |:'Ui,j(v),k [8] ]
i(w).gk] i p Ydigwikl i

t
o m } (3.42)
az Zvjvk(w) i’j’k;

000,00000000,

+

t

t k0]
[Adv.gbL’j’k = [wi,j,k(w) [321 ( )] (3.43)
2,7,k (w

ihj?k"

Oo0.000ooog CReSSOOOO 15 0000000DO0DODOODOO,

t—At
t—At a 6¢
[Turb.¢]i,j,k = [ax (Kh)i(“)’j’k o () gk
()., 1,7,k

t—At
B 06
’ |9y {(Kh) ot <ay>z‘7j(v),k}] i

1,5,k

8 8¢ t—At
sl i {(Kh)i,j,k(w) (az> - H (3.44)
B3k (w) ) 15 5k
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ggbo,uggoobooad,

_ t—At
t—At 0 0o
{Turb.gb}i’jyk = [82 {(Kh>i,j,k(w) (82) » )}] (3.45)
2,7, k(W

ggb.ooogan,

t—At B
. t—At 2 @ g %
[Diffg]; ;0 = v {(‘9:}0 <8x>i(u),j,k}~ : o {ay <a$>i’j(”)”“}

7,k
a 8¢ t—At
o — = 3.46
+V{82<8z>.. } ( )
i,J,k(w) ik
O000. K, 0OOOOOOOOOoOOOoOOoOoOoOOoOoOoOoOooOo(QoooO). v,y
0 (333)000000.

00000 Quyg O

t

[and]ﬁ@k = _[ L_EWU]

CpT 4T

i7j7k

L - —
- el T {4‘85 x 10 2([stw]§,j,k - [C]v]z,j,k)(Pk[Qr]i,j,k)0'65} (3.47)
Pd

gao.

00000 Qus O
[Qais|l 74t = LG WEnige) 1 (Knig)? (3.48)
Wlidk = o 71 (Cul)® — cpmt  Cpllt '

O0000.000 [ =Min(Az, Min(Az,Ay)) 000O.

0000 [Qrdijx DO0O0O00DO0OO0O0OODO.

goooooooooooo ON,, CL, O0O0O0ooooag.
[CNCT]E,j,k = (qz,i,k - ch)/Tac (349)
. 0.875
[OLCT‘]Z,]',]@ = 2'2[%]2,]',19 ([P]kz [%“]Z,j,k)
ooodooooo V., 000oooood.

[EVTU]Z,M = 4.85 X 10_2([%511}]2,]‘,19 - [qU]g,ng)([ﬁ]k[%]g,j,k)&% (3'51)

gboobuooboobbobbog PR UDOODODDOODO.
1 0

PR = Gy (PlesslUligalin i) (3.52)
UL = 122000, )¢ (3.53)
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3.21 0O0O0OO0O0O0OO

Klemp and Wilhelmson (1983), CReSSOO OO OOOOO (DOOOO, 2001) O
0,00000000000000 —CN,+ EV,, O, Soong and Ogura (1973)
goobboooooobboooooob. Doggo dS=0000000,
Lvapar = fleondensedphase 00000 (n000000000)0000000000
gogooobobobbbbooooogo.ogobobobbbbuooooa.

gogbooooogooo

0000000000000, 00000 (3.34)-(341) 00000000 %0
000, [0 (¢ ¢ [« 000. 00000000000

ch = MAX{()? [qv]* - stw([e]*)} (354>

0 A¢>0,0000000000 ¢>0000,0000000000 6, q, ¢
oooo.

o = e*ﬂ([fv]ﬂaiiiiéﬁ"}*” (3.55)
[q.,) 5 = mr+wriﬁwm, (3.56)
2] "2 = [g)" + ] — (g T2 (3.57)

000,y=L,/(c,lI)000. 000 [¢Jff>0000,0000000000
+0000000000, (355 —(3.57)000000000000000000
00,000000000000,000000000000000

000 ¢ <o00000,

(01772 = 16)" = lgel", (3.58)
[0 = [q0]” + 2] (3.59)
] "2 =0 (3.60)

00,000000000.

00000000000

0000000000000
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gogob,200000 100d00000obb 1o000bbbobbbodadgd
ggbooooa,gbbobuogoooo.

0000000000000 0000000,
10834
K, = In(pxn, - PH,s) = 61.781 — Affrg—-l n 10° (3.62)
O00.000000000000,00000000000000000000
D00D00000DO0oO0O0ooo.

o000 TrToob00 NHE,SHODODOODO X0OOooo,0oooooooooo
gogoooo.

(pxts — X)(pros — X) = €'
X? — (pxus + PHos) X + PN, - PHps — €7 =0 (3.63)

gooooooo,oono Xooooogo.
_;{(pNHg +szs)i\/(pNH3 + PH,s)? — 4(pNw; ‘PHQS—GKP)}

X = 2 {wn, + pias) % /o — prs)? + 4650 ) (3.64)

000000 exp(K,) 000000000 XOODOOODOOOOOOOO.

exp(K,)~0000,0000
X = min(PNH3, PHQS) (365)

000. 00000000000, Pyy, > PrL,s 00000000000 X = Py,
000.000 (3640000000 exp(K,)~0000 X="Py,s00000,
0ooooo.

1
XZﬁMm+MM%~Wmm—mmP+@&} (3.66)

2
XOOooooooo,
0 S X S l’IliIl(PNHS, Pst) (367)

gboo.bodboobooboobo0 X=0000.

X0O @B67)000oooooooO0O,0000000000 6,4q0,¢ 0000.

[anm) ™ = [gxma]” + Agw,, (3.68)
T [qH2s]* + Agus, (3.69)
[anes] T2 = [gwmg)” + [gmas]™ — laxmg ™ = [gmas] 2, (3.70)

)

0 = 0"+ (lawn ] + lamas]” — o)™ — las] 7). (371

DDD,szNH45H/(cde)DDD,AqNHBD AqH25DDDDD,DDD X 00
000 NH; O H,SODOOOOOO. DOooDooooooooooooo.
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3.3 Uooooogn

Klemp and Wilhelmson (1978) OO0 CReSS (DO O OOOO, 2001) DOOO,
1.5000000b000bob.gggbbuooobbooobobboooboo
gogbbobuooooboboooob,oooobooboog.

[Konligat = Knli it + 208 [Fx, Ji (3.72)
ooo,
[Fr, )i = —[AdV.Kp]l 5, + [Buoy. K, ]i55" + [Shear. K, (55"
+[Turb. K,,,{5" + [Disp. K )i 5" (3.73)

OO00.CReSSOODOO,0000¢t0,00D0000¢t-At00O0O0OO.

[FKm]”kDDDDDDDDDDDDDDDDDDDDDDDD.

t t
8K 8K
i k) Z]k) y i,j(v),k i,j,k’
n {w”k ( ) } (3.74)
i,J,k(w zg k
,5,k(w

39C2 1% (06,
[Buoy. K]l 75 = { g27 ( l } (3.75)
t—AtY 2 t—At) 2 —ary 218
[Shear. K, ]t At — (C’f,f),, <6u> + (61}) + <8w>
ijk T/ Y) ik 0z ik ik
r t—At t—At] 2
A NGt U )
2 ik | =/ i) g k(w) ik T i(w).g,k(w) i.4,k
r t—At t—At] 2
A NG A
2 ik | Y7 iw),jw) .k ik LV ATORION: i,k
. (C%p) _{ (81}) }tAt+ {(8) }tAt 2
2 agn | LN/ 50 hw) ke %y u(v @ )i sk
K,,\' A ou\' ov ow
_(> gu L[ v (3.76)
3 1,5,k T i,k ay 5,k 0z 1,5,k
L[ o (ox: o ok -
t At o m m
N (N Y ) |
i(u),j,k ik 1,5(v),k 1,5.k
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t—At 5 t=At
N g aKﬁl L 0K,,
0z \ 0z i k(w) ox
RYLIC 1:7j,k z(u)]k’ i,j,k
) t—At ) t—At
N 0K,, L 0K,,
dy 0z
1,5(v),k ik i,k(w) | ; 1
1 t—At
. t—At 2
[Dlsp.Km]m,f = —272( m)”k
000 C.=0C, =0.2,1=Min(Az,Min(Az,Ay)) 000O. 00 6, 000000
ooo.
bg = 0,46, (for q.=0) (3.79)
— , Lq,
by = Bo+0+ 2= (for > 0) (3.80)
Cpy T
ood,
. / — 9 v MU v C T
aooo.
3.4 0O0O0O0OOO0O
ddodoooooooooooobobobobooooooooooooooooo,
Asselin (1972) 00 000000000000 0OO0 10000000000 (0O
000000000000 N, =2At/Ar0000000000O0)0000O.
o000 380000 u’;(fﬁiDDDDDDD,DDDDDDDDDDDDDDD
ooo.
ut o u’T"F(NT—l)AT - C_g AT 87TT+(NT?1)AT . a(aDM))TJr(NTil)AT
i(u),j,k i(u),j,k pYv E)x 8x
i(u),j,k
t
+ [Fu]z(u),],k AT’
Uf&%k = (1- 27)u§(u),j,k + (U ik + Uf(_u)Azk) (3.82)

000 000000 O0ODODOOOO,0000 0050000. (3.10),(3.11)00
ggbbbuooobobbooodgbbboad.
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3.5 UOO0OO

gogboboboooobobooooboob,ggbbboooobbbuooonon.

09 - AdVG 4 ()6 60+ ()6~ ) (383)

gbd,e0bbooboobon, e bobooboobuoobo. bon
O1000000b0o00 t-At000DOO,0D000DoOoOooooOooboobooo
oooo00oo0ooo0O,0b0ob0b0obOobO0obOo 2At0b0obobobobo
ggbbobooobbbooaooboo,

) A = 2 {[Advoa] - @) + ()} (1)) (384)
[ul "4 = 2A¢ {[Adv.u)’ + - + (@) + 7 (2)} [u] A (3.85)
[w]tHAt = 2At{Adet+ (@) + 7u(2)} [w] 7] (3.86)
61720 = 28 {[Adv.6) + -+ {7 () +70(2)} 02} (3.87)

gogb. 00 ~0goobbooooooobod.

w7 00000000000000000000,00000000000000
0000000000000.000000000,0000000000000
d,00,20000 0<2<am, 0000,

T 3
Y = Qp, (1—dh> ($<dh>,
ﬁYhZO (dhgxgxmaz_dh)a
3
Y = ay, <1 — W) (x> Tpae — dp), (3.88)

oo0,0000000b0b0ob0dn d,00,200000<2z< zn,, 0004,

Yo = 0 (Z S Zmaz — dv)a

3
Yo = Q (1—005 w(z—zsax—dv)> (2 > Zmax — dy), (3.89)
god. ood, a0, 00O OD0O0OO0OO0OOO0O0OOO0OOO0O. ap,a O
goooooooooo,guodgod 1/Ozh,1/04UD e-folding time O OO OO .
e-folding time 0O 0 100 -300s 00 O0O0O. OO0O0OOOOO dy,d, 0000
O, 0ddobogoouo,oooooooood 1/3DDDDDDDDD.
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40 U400

Asselin, R. A., 1972: Frequency filter for time integrations. Mon. Wea. Rewv.,
100, 487-490.

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

Skamarock, W. C.; and J. B. Klemp, 1992: The stability of time-split numerical

methods for the hydrostatic and the nonhydrostatic elastic equations, Mon.
Wea. Rev., 120, 2109-2127.

OO0O0O,0000,2001: CReSSUOOODOOODO O 20.
http://www.tokyo.rist.or.jp/CReSS_Fujin/CReSS.top.html
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0 0A 00000 (3.12) 000
Jodddoooon

(312)00000000.

(3.12)left side = 710"

_ 87.(.7'+AT
_ _92
(Cpp v)k;(w) ( 0z >ijk(w)}

1 - 87TT+AT
) N {(Cppev)k—l(w) < 0z By k=1(w)

T+AT T+AT
(5 59—2> Wi,}fkﬂ - ﬂ-z;—k
P o(w) Az

b2 ) Az
5 52Af2 1 (5 p§2> Tk~ T e
P02 ), Az NPT k1) Az
-9 2
. 2 [ C AT 1 -~ 2 T+AT
- 17 (G ) 3 6o
2
2 ([ C AT 1 =~ = 2 T+AT
+ [1 + (C},ﬁ@Q )k AL {(cppﬁv) + (Cp09v>k ( )}] e
=2
2 C AT 1 ) T+AT
+{_5 <Cpp93>kAZ2(pp v)k 1( )}ﬂ-z]k—l (A1>
Al 0OO0O0O

0000 (k(w)=0w)0000000. 000 (3.10)00,

OmTHAT B d(aDiv)" on” o,
o) = L) 0 () (G

Ei jo(w) (A.2)

main.tex 20120 40 190 (00O00O0OOOODO)



deepconv 1110 A

00000 (3.12) 0000000000000 30

ooooo,

(3.12)00000,k=100000,

(3.12)left side = w7 A7

2,5,1

—62<§$@TQ> Alz{@ﬁég)“w)( TW wuw}
(), & (7))
T
_;21 <C;?;_;>1Alz{(c_pﬁgg)l(w) ( ZjQAT— ijr)}
W (C;i;;)l e {(C_”ﬁeg)ww) (8 ;AT uo<w }
; M)

GZAT? 1 -
1 2 ’ =~ —02 T+AT
e (G, 3 (5990

A2 0O0OOO

0000 (k(w)=km(w)00O0O0000.

) i,5,km(w)

8 T+AT
6( 4

0z

goooo

(3.12)0ooo0O,

KW) ~(1-8) (%7:> + ((21910_qu2>]¢,]‘,1€”1(1”)

(A.3)

= Ei,j,km(w)

,(3.12) 00000, k(w) =km(w) 00000,

(3.12)left side = =7 AT

i,5,km

E2A7—2 1 o a,irT“"AT
_/82<c__9_2> Az{<pp92)km(w>< BE ) }
pPYy km i,j,km(w)
2NAT? 1 _ onTTAT
(252 (5
Cppt? o Az ( P >kmfl(w) 0z i kme1(w)

T+AT
i7j7km

= T

main.tex
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e AT L (C_ _9_2) ﬁjﬁ; - WZ;T,CA,ZA
& ) Az NP7 ke Az

1 - =2 T+AT
Az2 (Cppev)km—l(w)} Mg fem

=2 2
o [ C°AT 1, e
- (S ) () 20
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0 OB 0OO0OO000O0000O0

0000000000000 0000000 (DD0000)0, Klemp and Wilhelm-
son (1978) 000 O0O0O0O0OOOOOOOOOODO. OODOO0O0OOOO,0000
0000000 CPRLOO0OOOOO0OO0OODODODOO0OO0ODODOOODOOOOoOn
O0000. 0000000000000 00000000 2At/Ar0Q0000O
00000000000 (Skamarock and Klemp, 1992, 0 1 0 0O ). Skamarock
and Klemp (1992) 0000000000 OOOOO,000000000000
godododotdodooooodotooooooooooo.

googoobbbbbobobbboboooddgooog. bboooooggo
gogboboboooobbooo

ou 07 oD
o = g, TG (B.1)
ow O oD 0
E = —Cpevg -+ 0667 + g57v7 (B2>
on 2 [opd,u  Opf,w
1 B.
ot Epp@i [ ox + 0z 1 ’ ( 3)
00 040,
a = —w az s (B4)
ou Ow
D = -~ 1Z=
ox + 0z
goOoooog
oD I o (0 9
0? 9?
2 — - -
vio= 02 + 022

gogbbobuoooboboogooo.

gbobobobobobobooooobob,bobobobobobooon
O0000. 000 Skamarock and Klemp (1992) OO O0O0O0O0O0O0OOOOO
gboboooboo,oboobboobbooboobboobbooboon.
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0000 Skamarock and Klemp (1992) 00000000000 0. 00000
0000000000000000000,000000 u=aetke+—«) 0gQ
0000000000 O0D0O000000O0,

w +ia(k? + 1P — [(k* + 1?) + Nw? —iak®N?w +?k*N?* =0,  (B.6)

gogo.ooo N2:§%—@DDD.DDDDDDDDDDDDDD

, N2

=
Ood0O000000000 cO00O00O00O00O00Oooooooo,oodgo
DDDDDDDDDDDDDDDDDDDDDDDDD.DDD,eEa\/m/é
ool wi egddo0doooooooooooodoooo, 0o
gooodooooooooooooooooo,obddooooooooon
0000 (Skamarock and Klemp, 1992, 0 5 0 0 ).

gobbobodg e0boooobbobo,g0obbobboooobobobog 20
gb.1og0bogoboooboobbooboboobboobboobobo
g,gg1bbbobobbbotodgooooooobobboobbbooggo
O00. 000 (B5OOOOODOO,00000000000DO0O0OODODODODO
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