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deepconv DBEHE 2
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deepconv DBEHE B1E HEFEORE 3

3
ek
K
S
i
Ellh
10
O
5]
XA

1.1 BFEEHOBLE

ARETNTIE K11TIZRT DI, KE - REAHOZEHRZT S U THWVEWNIZ
BliE 9 5. BliE 5iEE, AKSEHHENZ Arakawa C 277U v R, $RIE 51712 1% Lorenz 7
Dy Rz2HWTWS.

TRTCDAHN T — & (¢ KL, WALFZ, KAKEG, EXKESH, MAKE
B 2HFOFIMNIEET 5. X7 MVE GEE u,w 2 ) IEFLn 5RO LS
ERTTSUTHET S, o HEARZ MVEZFHMET 5 £, $iiEHAICIEA D
T—BEEUL UKEAMIEERTT ST, o HRRT MVEZTHETT 5 ik, K
SEHMEIZIFEAR T —REFE L & UME AN ER T3 69, BT R0 I uol)
BIOERITI 12 DX ICEET S.

1.2 ZE[E, BEAROBESIED R E

25 A M OB IE 2 YK HULZE Y 2 AW TET 5. IR 1A O BiEE b I R 43
#HEEAWTTS . #HE) R T AR OCEMA A Ar CREES 217
S, FHIZET 2TEOERLIZIE HE-VI E2 AL, v ORNITTEZES, w,m D
NIFEIBESTIAMT 5. FIHIZH PO S RWIHIZOWTIZY =7 7ay 7ik%E
WTHENT 5. BhZoReZFoMD ML —HORE, V-7 JEE2HWT
BV ZI A At TSRS 2175 .
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deepconv DBEHE B1E HEFEORE 4

/I o /; o /
| |

1., k+1/./ 1, k+/1.(}m

? ,J+1(\Qk 1 i+ ,j+$(v k+1

' o ' o
_i,l'(v)_ls_l' ; i+ IOkl _

Y
./ 1,j,k+1 1(u),3 1‘+1I1+1,_] k+1i+1(u),j,k+1
i ; /
2J¥).k _‘ii _(\i?)_‘_d ).k éill_,ji:(_}vz/_
L o ,/i,j+1,(¥),k| i+ 1j+L(vik
|
e e .
° o Slile-L__g 1+1M - -

7 Z
7 7/
/ . / .
7 7/

L1 My RORE.

“ N
boundary boundary
7, N

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

im2 im-1 im pNm+1im+2

| @ vector oscaler|

1.2: 7 e BIFRORE. EBRICFHRE T 2RFOHPAIE 1 26 im £ § 5.
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deepconv DBEHE F2E¥E ZEEABORERIL 5

28 ZEEAROBERE

\
Jdif

Z DI TIRZERIMD DMEBULD ik F D OIZ T & 70 B e, BRIk
DEHZFFIZDOWTEHT 5. BEEbIx 2 KB 20 7213 4 S E 24> %2 FlW T
179.

1.1 OZEMOAEEZRTHRTFZL LT, o AT 7Y 27 ADKTRZ%Z (i(u),5,k), y
Tl 7 2w 7 ZADF K% (i,7(v), k), z BT 7 v 7 AT K% (i,], k(w)), A
HT—ROKTEE (i, k), TOMIZYN7=5 5% (i(u),j(v), k(w) T3 (K
L1 2. HU 1 <i(u) <im, 1 <i <im, 1 < jw) < jm, 1 <35 < jm
1<k(w)<km,1<k<km Tbs.

2.1 EHEE

22 DEEBUL 21T D BN, T DI BB L 5 P2 ez L TE L. 4
zixﬁﬁ77/ﬁzﬁ¥£f&MéM6ﬁW%xﬁ7 EOKF LTINS %
BEk, 799 AKFEOEE T U TAN T —KF R TDMEE AT

B 2 5 PYIEERDATIZRT. 22Tk o ARAD T I v 7 AT ROE %
W) jior Y DT T 9 7 ARGF DL % 0, oy 5, 2 HEDT T2 7 AFEF D
B Wi gy, AN T —HETROEE% 7y, ELTWVWS

M1k T Tijk

Mifu) gk = — I8 5 (2.1)
Tij+1k + Tijk

Tijoyk = % (2.2)
T k+1 1 Tk

T4 k(w) = % (2-3)

1
Ti(w),j(v),k(w) = 3 (Tijk + Tit1 gk + Tija1 ke + Tit1,j41,k
Ti gkt + Tit1 jkt1 + Tijbt ket + Tik1 j+1,k+1) - (2.4)
Ui(u),j.k + Ui—1(u),j.k
uzgk— (u),], 5 1(w).j, (25)
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deepconv DBEHE F2E¥E ZEEABORERIL 6

Ui(u),jk+1 T Wim1(u),jk+1 T Wi(u),jk T Wi1(u),jk

U j(v),k = 4 (2-6)
Ui k() = Wi(u),k+1 T Ui—1(u),k+i + Uigu) b + Uim1(u) k @)
Uity o) ) = Ui(u),jk+1 T Wiu),jk + Zi(u),j+1,k+1 + Ui(u),j+1,k (2.8)
Vg = )k +2Ui,jl<v),k (2.9)
Vi) i) = Vit1,5(v).k + Uij(w)k + ZiJrLjfl(v),k + Ui j—1(0)k (2.10)
Vi) = Ui j(v),k + Wij—1(v),k +4U¢,j(v)7k+1 + Ui 1 k1 (2.11)
Vit (o)) = WUit1,j(v) k1 T ui+1,j(v),:I + Ui j() k1 T Ui j(v).k (2.12)
wi g = a0 ¥ 2w L (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 ZUz'H,j,kq(w) + Wi jk—1(w) (2.15)
Wit gop ) = Rk T W) T Zi“’j L) T Witk q6)
2.1.1 SNEAZERF TOFGEE
Azijriw) = (Dzijr + Azijir)/2 OBREHVTU RO & S 12h 5.
Az
Tijhw) = Tigk + (Tijke1 = Wi,j,k)m (2.17)
WZka + 7Tz‘,j,lc+12:AZj% (2.18)
Wijk = Wigiw) F Wijk—1(w) (2.19)

2

2.2 ZEEWD OBEEUE

2.2.1 2 RBEEHDLED

ZERMA & 2 OS5 CHEIL S 5 BRIT I8 & 72 % B R DL F ISR T, 2
Tl HADT 5y 2 AT EOEEE w2 HADT 5 2 AT DL
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deepconv DBEHE F2E¥E ZEEABORERIL 7

B wipw), ANT—HTROERE m), LLTWS. 2,2 AAEHIZT TV IR
M RO éﬁz%:qu)k LLTW53.

ZTNTNDOLELIIX U THD 2l T 8 FRIE—RICIRE S, TD7d, ok
FRUZBWTHD 2 37l 256 12 I3 FEREZ W 5

[O7 ] Tit1,k — Tijk

o = Dvtlgk - Tegk (2.20)
O | i(w)jk Az

(O] Tig+1,k — Tijk

- = it Tugk (2.21)
10y | 0§ (v).k Ay

(O] Tijk+1 — Tijk

on _ Tightl = Tigk (2.22)
_82 d4,5,k(w) Az

[Ou ] Ui(w),jk — Wi—1(u),jk

_ = Lol >0 223

a ~ (2.23)
o =47,

du _ Yiw).j+1k T Ui(w)jik (2.24)
:ay: ()5 (0) b Ay

Ju = Yiw)jik+1 T Wilw),jok (2.25)
0% L ity g i) Az

@ — Vit1,5(v),k — Vi,j(v),k (226)
L9 [0y i)k Az

[Ov] Vi j+1(v),k — Vi, i().k

_ = i > ’ d (227)
19y | ik Ay

v — Yij(o)k+1 T Vijj()k (2.28)
L2 ] 5wy i) Az

8710 — Wit1jk(w) — Wijk(w) (2.29)
L9 L ity k) A

ow — Wijt1k(w) = Wijk(w) (2.30)
L9Y L0 kw) Ay

[Ow ] Wi j,k(w) — Wi jk—1(w)

ow|  _ Wij, J, 2.31

|9z | ijik Az ( |

2.2.2 4 RBEEHRDLED

2 R HULAED DG L FIRRIZ, ZZEMD 2 4 UOREREZE ) TR LS 2 BRIc 3
IR DM EREE LA RITRT .
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deepconv DBEHE F2E¥E ZEEABORERIL 8
O | _9 (W) L (MM’“ — 7”—1’]”“) (2.32)
ox A().k_S Az 24 Az '
- 41 u),7,
om _9 <7H+lk—7wk> L (”w?:k - Wl»k> (2.33)
19Y i jwyw 8 Ay 24 Ay
on _9 (w) 1 (%M - m,j,k_l) (2.34)
10z ], () -8 Az 24 Az '
@ _9 <Ui(u),j,k - Ui—l(u),j,k) 1 (“Z’(U)H»M — ui_g(“”*) (2.35)
Oz ik 8 Az 24 Az '
[ Ou _ 9 (um),m(v),k — uz‘(u)u’(u),k) _ 1 <“z‘(u),j+2(v>,k — Uz’(u)vj—l@;gé)
L0 iy sk 8 Ay 2 B
Ju _ 9 (Ui(u),j,k:-‘rl - Ui(u),j,k) 1 (Uz’(u),j,k+2 - Ui(u),j,k—l) (2.37)
:8z_ () () 8 Az 24 Az
@ _ 9 (Uz‘—i-l,j(v),k - Ui,j(v),k) _ i (Ui+2,j(v),k — Ui—lvi(’”)ﬁ) (2.38)
9% iy s 8 A 2 A
v _9 (vi,j(v),k - Ui,j—l(v),k) 1 <Ui,j+1(v),k - Uz’,j—Z(v),k> (2.39)
19y ijk 8 Ay 24 Ay
@ _ 9 <Ui,j(y),k+1 — Ui,j(v),k) 1 (Ui,j(v),lﬁ-? - UiJ(v)Jf—l) (2.40)
:82 i) kw) 8 Az 24 Az
Jw _9 (wz+1jk(’w Wi, j k(w ) (wi+2,j,k(w> - wz’lM(w)) (2.41)
:a“’ iw)gkw) O A
8711] — 9 <wz J+LE(w) — wzy k(w) ) (wi,j—i—Q,k(w) - wi,j—l,k(w)) (2 42)
Iay - 53(v) k(w) 8 Ay
ow _9 (wi,j,k(w) Wi j ke—1(w )) 1 (wm Ft1l(w) — wi,j,kZ(m)) (2.43)
| 0z ik -8 Az 24 Az '
2.2.3 SMEAZERT (2 REBE)
MESAAEETEEZS. LFDOEIITES I EHNTES.
871’] Tigk+1 — Tigk
i = bkl Th)R (2.44)
laz ,5,k(w) Azi’j’k
[(%1 _ Uit g1~ i) gk (2.45)
i(u),5,k(w)

AZz(u) j,k
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deepconv DBEHE F2E¥E ZEEABORERIL 9

laq)] — Vij() k1~ Vij(w) k (2.46)
92 1 i)t A

(910] Wi j k(w) — Wi jk—1(w)

_ = il 20 (247)
[82 ik A2 j i(w)
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deepconv DBEHE F2E¥ ZEEABORERIL 10

2.3 ZEfAIRERUE L7-ERARER

2.3.1 FKEDK
aw] g
a9 (2.48)
lﬁz ijok CpglBoli,jin
RAGDEE p, ), 1A TD XS ICFHRT 5.
*Cv/Rd ..
po [T i (2.49)

Pijk = E [E]Uk

2.3.2 EEARER
OUi(u) j k _ ou B ou ou
= — (4 i)k | 7= — (0 + V)i jk | 7= — Wiw),jk | 5=
ot O i(u),4ik dy i(u) 4.k 9z i(u).j.k
5
—Wi(u),j,k | 5
9z i(w) gk
— on ~
—CpglOulicu) ik [(’91’] + [Turb.u]i(u)dk + [Tulrb.u]i(u)d",‘C (2.50)
i(u),j,k
Vi j(v) k v v ov
; —(U+wijoyn |5 — (V+0)ijek | 5 — Wi i)k |7
ot O ij(v).k dy 6§ () k 0z 0§ () k
%
Wi i),k | 52
62 1,5(v),k
. on _
—CpylOulicu). ik [ay] + [Tmrb.v]m‘(y”‘C + [Turb.v}i’j(v)’,c (2.51)
1,j(v),k
OW; j e(w) ~ ow B ow ow
— —(U + Wi j k(w) — (U +0)ijkw) |5 = Wijk(w) | Ao
ot O |, j wuw) 0Y 1, iw) 0% |, hiw)
— on
—CpglOoli g e(w) [az] + [Turb.w]i?j,k(w)
1,5,k (w)
03 j.k(w)
_|_gi 7]7
0i.,k(w)
g 1ol b (w) /Mo
1/ Mg+ Y [Goli jw) /M
main.tex 2012 4F 12 H 5 H (HUBERFIRE I (EEEEE)



deepconv DBEHE F2E¥ ZEEABORERIL 11

_gE[QU]ZJk _'_E[QC]z]k —"_Z[qr]ljk (w)

2.952
1 + Z[qv]l,],k‘ (w) ( )

2.3.3 EHARER

,2 _9 e
87Ti,j,k I Ci gk [8u 81}] n Cijk [8p0vw

L 3 (R 253)
ot de[ev]wk dx Oy ik depi,j,k[ef]z’,j,k 0z ij IH

Flo = (@t 0™ 4 @400 407 4 Bam (Ou Ov Ow
Tk ox dy 0z Cog \Ox Oy 0Oz

=2
Ciik 1
+ =L o al Qcon %7, + Qra %7, + Qis 2,7,

Cpglbolij {[T]z‘,j,k([ st + [@radlig + [Quilea)

B (Z[qy]i,j,k + Yldeligre + Xlroligre >[Golijn/ M, )% 54)
1+ X[ )ik L/ Ma+ Z[@ijn/Mo )]

BEARGOHEHE e ZATD &S ITEHET 5.

cp R _
&k = 4Bl (2.55)

v

2.3.4 EBAHFEDOL

) ) 90 90 00
= —(u+u)ik [81‘] ; —(04+v)ijk lazl - — Wi jk [32] - — Wi jk [83] o
4,7, 75 > i

+ [Turb.9]; , + {Turb.?}ik
1

ﬂ-z]k

([and]z gk + [Q'rad]z 7,k + [des]z Js k) (256)

2.3.5 EMENRDDRESLLOZRER

a[Qv}i,j,k o _ 8(]11 aCIU a(h a%
T B _(u—f—U)w,k % 4,5,k (U+U)”k ay i,j,k_wZJ’k g i,j,k_wwk % 5,k

+[Sre.qulijk + [Turb.@)i ik + [Turb.qu)i )k (2.57)
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deepconv DBEHE B2E

EREAROBRUE 12

a[Qc}ij k -OQC- -aQC- -GQC
— — (U + )i jk — (0 +v)ijk — Wi jik
ot L% i LY i 1907 [
+[Src.qclijr + [Turb.qcli j i,
8[%’}1‘]’ k _aQT— _aQT- _a%"
— — (U + )i jk — (U0 +v)ijk — Wijik
ot _8x_m.7k | Oy i | Oz ik
—i—[Src.qr]i,j,k + [Fall.q,«]@j,k + [Turb.qr]id-’k
main.tex

2012 4 12 A 5 H (SRR )
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deepconv DBEHE F2E¥ ZEEABORERIL 13

2.4 ERFH

I TIREEBAE U2 BBUI R T 2R RM D5 A Ti2 b, FET DEME
0k, ISR, BERTI RO BRURMF LGN URMETH S,

2.4.1 RBEHHERFZHEDOS5ZAA

Ble LT, o A7 7y 7 AEFRIZEE S B8 wiwr 25 A5, sHEHEE
WD x AADOHFT% 1(u) ~im(u) & U, MRES O R8E 2 £95 (1.2
ZM). Zo L EHMERFMFRIUTOLSITEZ6NS.

Uo(u).jk = Wim(u).jk (2.60)
U—1(u)jk = Wim—1(u).jk (2.61)
Uim +1(u) ik = W1().j,k (2.62)

(2.63)

Uim+2(u) g,k = U2(u),j.k

72720 gk IMERDOEETH Y, ZORPIE -1 <k < jm+2,-1<k<km+2

y,z FA7 v 2 AR RICEE S W22, AN T — K7 RICHE S 7 2502
FHUTHAKIZEZDZENTES.

2.4.2 IRYBRLFHDEZA

BERTHESZ 0 £T5. ZO5E, EREZIIIATERDMENRIIRZ2S L D1
525%.

Bl UT o ARNZERZ 52 7-56%52 5. ¢ A7 7Y 7 AT I E X
N-EBEIZR LTI,

Uo(u),jk = Uim(u),jk = 0 (2.64)
U—1(u) ik = ~U(),jik (2.65)
Uim41(u),j,k = —Wim—1(u),j,k (2'66)
Uim4-2(u),j,k = —Wim—2(u),j,k (2-67)
YF 5, B EICEE ST DR WS LT,
70,5k — —T1,4,k (2-68)
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deepconv DBEHE F2E¥ ZEEABORERIL 14

T_14k = —T1,jk (2'69>
Tim41,5,k = —Tim,j.k (2'7())
Tim+2,5,k — —Tim—1,5,k (2-71)

95,

2.4.3 WWHBRLFHEDEZR

Bif BTG S % 0, B AR EDIER AR a %2 0 L35, ZD05A,
B ECllE X N7 R 3B 2 13 X A TERDMEDN KA FRIZ RS & 5125
Z, BR BB I N TOWRWEABIIH U TIEEER 1 X A TEBDEI NI 5
L2252 5.

Hle UT o2 AMNZERZ 5 X 7-56%F 2 5. x AR 7 7Y 7 ARG E X
N EBEIZR LTl
Uo(w),jk = Uim(u)jk = 0 (2.72)
U—1(u) ik = ~UL()jik (2.73)
Uim+1(u)jk = —Uim—1(u),jk (2.74)
Uim+2(u),j,k = —Wim—2(u),j,k (2-75)
5 BERECEHBES N TWARWEARIZR L T,
o5k = T,k (2.76)
T—1,5k = T4,k (2-77>
Tim41,5,k = Tim,j,k (2-78>
Tim+2,.k = Tim—1,,k (2.79)

95,
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deepconv DBEHE F3E KEABEORERIL 15

B3E RKEHROBERIL

3.1 EEHRENEENHEN

ZS AL X 7B AR (2.50), (2.52) & EH AFEA (2.53) % KRR G A) 2 BB
69 5. FICEHET BIEIIENZ A LAAT Y 7 Ar THEIL L, ZOMOIEIZE
WERA LWAT Y 7 At CTHER(ET 2. HIICBE T 2 HOBER L ICIX HE-VI &%
BAU, u OXITETEZRE D, w,m OXIFEBED (77 V7 - =3)0) ViK) THERK
b3 %. ZOMOIEDEETALIZIZ) =T 70y ZHEEHWS. BEELL -ROFHE
ET uwDAPSITS. Bor+ AT D uw ZHVWT 7 Z25HEL, v, 7 ZHW
Tw Z2stHET 5.

EHGRERORIED S B, FWICERLURWIER F, F, F, F, 2 LTI dHd L,
EEN AR ENARRNIUTO LS 1IZET 5.

Ptgr _ lcpé gﬂ o [aag’;v]i(u),j,k R e 3.1)

W - lee gﬂ”m " [aagyiv]”(v)k F Bl (3:2)

W = [%QUZZLMM + laagjv]“k( | + [Fult j kw)» (3.3)
. =2 _7 5

87;;,1: + L_pcﬁé%@(fg;w)]”k __ L_ze_v <gz + g:)] . + [Fall e (3:4)

72720 u,v,w DRITIEEWIREIH aDiv Z A TH 5 (Skamarock and Klemp,
1992). FIZEHE LR WIH F,, F,, F,, F; &,

[Fu]é(u),j,k = [AdV u]z (u),j,k + [Turb u]z(u )4,k + [Dl{f u]: u?z k> (35)
(Fli e = Al + [Turbo]i 5608+ Diff.o] 0] 4 (3.6)
A
[Fw]z,j,k(w) = [Adv. w]” k(w) [BUOY]” k(w) + [Turb. w]fj k(t )
+ [Diff w]; ) - (3.7)

main.tex 2012 4 12 A 5 H (MERFEAREN )



deepconv DBEHE F3E KEABEORERIL 16

[Feltie = [Adva]l,, + Diffa) 3" +

Ry <8u ov 8w>

cor \oz "oy T oz

—2

Ci ik 1 . . .

+ = ol Qcon i + Q,«a i —+ Q isli i
CpglOulijk {[T] ([Qeondlije + [Qradli g + [Quislijn)

ik
_ (Z[QU]ﬁ,j7k + Xldeli jp + Xl ik _ Sl qulf jn/ My ) }
L4+ > [@)ijk L/ Mg+ X2[@)i g/ My
(3.8)

ThHb. IThoDHEFIRKL ¢t THMTAI 21235, HU, hibEoTc) =77
0y ZEE WS 720, BUERYEE Diff ZE8MLTHh 5.

3.1.1 BRICEAETZEDOEEAEOBEE
KEHEDEE A2 OBESL

(3.1), (3.2) WM G N HERAL T2 L AT DL 1270 5.

- . onT d(aDiv)T
T+AT _ T = t
i(u),j,k i(u),j,k
(3.9)
_ o on” d(aDiv)"
vTTAT = o], — [c@ AT‘| + l] AT+ Fto AT
4,5(v),k 1,5(v),k pYv v,4,5(v),k )
y i\j(v),k dy i.j(v),k

(3.10)

MEAMOESE AN & ENHERDBREMIL

HE-VIEZHWS DT, w & 7 DAZHEV LU THLS. w ORITEWTHIKBEIH
EHTHEZE S, DI ERIR 2 THEBUE T 2. 7 ORITHE W TKEMDIHIZ (3.9)
TRDz u™A7 & AW THEERE U, SRiEM D HIZ R CHRUE S 5.

B T+AT T 0 \T
WA = T — &0, AT S B O dlaDiv)” \ FEAT(3.11)
0z 0z
e EATII) o
Cppt? 0z cppt? 0z
AT (OuTHAT  QuTTAT
—— FIAT.
cpby ( Ox * oy > AT
(3.12)
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I CRHDOOBTRAEBEEZ R THRFIIEL 2. (3.12) KT (3.11) Z2/RA
LT w e 2HET 5.

=2 2 T+AT
tar | pCATT O 72 on
" 0 e oz { P ( BE

AT O(pO,w™) AT [OuTTAT  QuTTAT
— T (11— " v _ — FIA
G )c*ppeg 0z Cpby ar Jy T oaT
AT [0 - - on” Jd(aDiv)™ .
— 2 1— .
60;:092 [82 p0., { — GO, AT {( B) P } + P AT+ F, AT

(3.13)

(3.13) A0 % 2T A 1 MERAL U, K 7R & B R & R TR 2 B F O
e NN (nf%@#%ﬂﬂi % A% %ﬁﬁ)

.
_52 E2Az—2 1 (Cppev)k(w) 7_‘_“["+AT
@ﬁ@% k Azk Azk(w) bkt
— 02 = =02
| 4 B2 (EQAzJ) 1 (cppe”)k(w) + <Cpp9v)k’—1(w) AT AT
P02 ) Az | Az A1 (w) W

+4-5° earty 1 (@), 1w) | _rrar
— ﬂ"
CprQ k AZk Azk 1(w bkl

+

pe wT) EQAT auT—i-AT 8UT+A’T
= ik 9 “\eo or 0
CpPUs, 0z ik Cply /g, L Yy ik
t
+ (Fw)z,],k
AT d /- ,
- (c‘pﬁe%>k [8»2 (79 s LT
. on” J(aDiv)™
_ Ard(] — S A Ft A
(Cpev)i,k(w) T{( B) 0z } - + < 0z ) . T ( w)z‘,j,k(w) T} .
1,3,k(w) 1,5,k (w) 1,5,k
(3.14)

AU ORITEIME S UMRFELRWDT 2 JHDORTFOANITTH 5.

B

ETERZEEE 556, BRAEMIE BT T,

w(i, 7,0(w)) =0, (3.15)
w(i, j, km(w)) =0 (3.16)
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TERIESR:

THBER (k(w) = 0(w)) IT2WTHEZ L. ZOIF (3.11) RICHFEMIFTEET
ERS

T+AT T < N\T
3 (87?8 ) _ _(1-p) (8; ) N (_19 a(aé?w) ) N (_19 Fﬁ;)
SRART 2 /igow)  \G%v o ij0w) NP S ij0w)

= Ei,j,O(w) (317)

L%, LT (3.14) REBFO& 5127545,
2N 2
o [ C°AT 1 - e
_ 7 7 ..
{ ’ <6p0912) >1 Az Az (CP’O ”)1(w)} Tij2
GAAT? 1 -
1+ p° 7] o0 THAT
i { i B < C_Pﬁeg )1 AzlAzl(w) (Cpp v)l(w)} 7T%J,1
H AT 8(58_va) t
= Tij1— (1 - ﬁ) <Csz012}>1 { 92 . + (Fﬂ)i,j,l AT
E2AT 8UT+AT N a’UT+AT
C_pe_'u 1 ox 8y il

GATN [0 o o or™ . d(aDiv)” t
-0 <W>1 [@Zpev {w — CPQUAT {(1 — ﬂ) 9, } + o AT + FwAT

%,7,1
2AT? 1 —
- — — (& - J.0w)- 1
LERIR SR
EEESR (k(w) = km(w)) IZ2WTH X 5. ZOK (3.11) Az2HRTEMNITEE
&,
T+AT T cNT 1
e I 1 I € e o B O 2
< i\jkm(w) 2 ) i g km(w) Cpluy < i, km(w) CpYuy i,jkem(w)
= Ei,j,km(w) (319)

705, Lizh->T (3.14) RIELTFD LS 1272 5.
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oA 2
o [ CCAT 1 o e
- = 0 7
+{ ’ (C_ppgg )km Az Azgm—1(w) (Cp v)kml(W)} Mg k=1
AT 0 (pf,w") .
- (1 , o\ptuw’)
Wl,],km ( ﬁ) <%p93>km { aZ . + (Fﬂ-)i,j,k‘m AT
(52 AT) <auT+AT Oy AT )
C_pev km ax ay i,j,km
AT 0 - I onT d(aDiv) )
- <pe> [82/)0” {“’ ~ AT {“ ~0%; } o, ATrRAT
m 17]7 m
AAT? 1 _
= =, p0? E;; 9
(EA) S () o

EAARAORERESYAE

(3.14), (3.18), (3.20) R&EH LT B &, LFD K S 27 HADERNTEHELS Z AT
5.

T+AT
A1 By 0 Tiil 211 Tim,jm,1
Ch T1,1,2
Bkm
0 Chm-1 Apm T1,1,km Tim,jm, km
i
Diia D2i1a D jma
D2 ’ :
= ’ (3.21)
Dl,l,km Dz’m,jm,km

ZOHENABREML LT oy, 2RDD. ZOEARADERIEUTO L >
ITEF B

A -1 + /32 (_32A7-2 1 (Cppev)k(w) N (Cppev)k;—l(w)
’ 0_17150_12) k Azk Azk(w) Azk—l(w)
(k=2,3,--km—1),
AT 1 _
A == 1 2 ¢ — = 792
' o < Cppt?2 )1 Az Az () (cpp ”)1(w) ’
?Ar? 1 ]
A m 1 2 (& — = _92
’ o7 < 519:595 )km AzkmAzkm—l(w) (cpp v>km—1(w) ’
- =02
B, = —p (EZAT2> : <Cpp9v)"’—1(w)
' P02 )y Dz Azpaw)
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(k=23 km),

.
C, = —p? (52Af2> 1 <Cpp0v)k’(w)
P03 ) i1 D2k Ak

Y

(k: 1,2,---km — 1),
AT O (pb,w™)
Dyin = 77, —(1— \
gk Wl,],k ( ﬁ) (Qppeg)k { Oz ik
EZAT 8uT+AT avT+AT
— + + Fijk
L ox Jy ik
(k:2,3,~~k’m— 1),
AT O(pf,w™)
D,if = 77 —(1— \
,J,1 7Tl,_7,1 ( ﬁ) (%P@%) ) { 82 it
EQAT auT+AT aUT+AT
— + + i
) ox dy il

2AT? 1 B
_ - I - 792 E,L o,
6 ( c_pﬁﬁg )1 Azl (Cpp v)i’j’()(w) ,J,0(w)
AT (pb,w")
j ik Cpp02 ), Oz .
AT QuTTAT Gy HAT

B o o + Fijkm

» v Yy 1,7,km

2AT? 1 .
+5 ( (Cpﬂez) () Lidskm(w):
k

0,

0,

0,

Coply ) o Diom

7272 U,

B v = —(1— B) on N 717 J(aDiv) N 717 Ft

k() 0z 0 0z 0
i.3,k(w) prv i,k (w) prv i3,k (w)
=2
- . AT 0 / - .
- on” Jd(aDiv)T "
— (Cpgv)i,k(w) AT {(1 - 5)82}2 o) + {62 }z o) AT + (Fw)i,k(w) AT} |

THb.

3.1.2 TRICEAELAVWIEORRBABEOEEL

BN ARE RO F P ICEE L 22 WIH (3.5), (3.6), (3.7) A& BT 5.
(Fliwge = —[Advai , + [Turb-U]Z(_ﬁ;,k + [Diﬁ-u]z(_u%,ka
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A
[Fv]z,j(v),k = [Adv U]z J(w).k + [Turb U] v) k + [lef ’U]:j(vt k>
t t—At t—At
[Fw]i,j,k(w) = —[Adv. w]” k(w) + [Turb. w]” k(w) + [Diff. w]” k(w)

+ [Buoy]zj k(w) -

2T, Adv 3B HRIE, D IZKPEHLEIE, Buoy (3% 3E, Diff 13BUEkMIETH 5.
%M%MO)IE IR D & S IZEHET 5. BikEIX

t t t
T i),k Y Litw),jik Z Li(u),jk
ovl’ ovl’ ov’
[AdV U]z (v),k = ij(v [ ] + Uf,j(v),k l] + wzt',j(v),lc [‘| (3723)
! O ij(v),k Ay 0§ () k 0z ij(v) .k
ow]’ ow]’ ow
AVl py = Wigik(w) [1 + Vi j k(w) 1 + Wi j k(w) l} (3.24)
v O | ; kw) Y 1 jwuw) 0% 1, j k)
TEEI
,7,k(w)
[BUOY]Z k(w = 9]7
Jyk(w) @Mk(w)
1g Z[qv]z]kw)/M
1/Md + Z[qfu]z] k w)/M
_gz[qv]z]k +Z[qc]z]kw) +Z[QT]ZJI€ (w) (325>
1 + E[qv]z,],k (w)
KDL BRI

t—At
t—At a au

[Turb.ul;,"; _2[8:1: (Kom)s jn or il

YD 7,(u),]7k

-A

’ {(K ) <8U> + (o) (au> Ht |
a i(u),j(v),k iu).gv)-k
dy 7 Ox (w),j(v),k M dy i(w),j W)k ) 1 iu),jk

1 0 ow
+ i w Km i(w). i k(w <>
( )z ik |:8Z { ( ) Jk(w) ( ) (u),4,k(w) ax i) ()

+

ou o 2 OR2\'"A
+(ﬁ)i,j,k’(w) (K )z(u ), J:k(w) < ) }] - 272 ( m) (326)
92 ) st ikt ) L SCmE N\ 0T [y g
8 a t—At
v
[Turb. v]fjég =2 [ {(Km)ijk () H
%y %y bik ) 1ij(v),k

t—At
0 { dv Hu
Or 9 /ity s 3 /iy s i), 3 (0)
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1 o ow
+ = =21 Pigikw) (EKim)i o) k(uw <>
(P)ijk [32 { H TORIN Y ] sty

t—At

() k(w m i,5(v),

i?j (U) )k

t—At
e _ 2 [0 o
[Turb w]zj k(w) (;0)1] k(w) [82 {( >” * (Km)ivm <az >i7j:k}]

Z7J7k(w)

_ t—At
0 ow ou
+ (K i) kw)( ) + (Km)iqw), k(w>( ) H
_8ZL‘ { J 837 )] k( ) , aZ l(u)vjvk(w)

27-]7k(w)

[ 9 { ow v
+ 574 Eon)i o) kw) () + (Km0 kw) <> H
_8y ! dy i,§ (v),k(w) ! 0z i,j(v)k(w) ) 1 5

12 fopp Y o)
(D)ijkw) 3CZ12 \ 0z .

,L’.])k(w)
TdhD. BUAEREMEHEIX

9 /6 t—At 9 (9 t—At
u U
ez nl )17 (38,
! Ox \ Ox i,5,k ) ; ik 8?] ay i(u),j(v),k 3 j

i(u),j, (u),5,k
a 8 t—At
+%{a<;ﬁ } (329)
N i) g k@) ) iy ik
t—At t—At
_ _ 0 (ov 0 (0v
izl () ) {2
i) 30k ) i i) Y NI ik} jw
a a t—At
+yv{a<8”> } (3.30)
SIS GVARIONITHY FETEeS
t—At t—At
_ ~ 9 (ow d (Odw
[Diff ]y = v {0 <8> } o {5 (8 ) }
TN T iw),g k) ) i j ) YN i@k ) s j k)
8 a t—At
w
19 3.31
v {82 (82) k} ( )
53k ) i, k()

THB. Ky EILHT 0L F — OIEIFE RS 538 U (FMIER), v, v,
WELFD LS IZED S.

Ax?

vy = O‘hAt‘” (3.32)
Az

Ve = O‘A: (3.33)
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Z 2T Az, Az 13K - SnE SO FERZERL, ap, a, ZTNTN,

n < a, < (3.34)

OO\}—‘
ol =

95,

3.2 ANZFOXNEEEGHLOREFXNDOBERE

BOABEALOEEAROALE DT F TRLU, AR =T 70w s
EE AWt LT 5.

Ot = 00+ 208 Fy)L (3.35)
(@550 = Ll + 208, ) (3.36)
g%t = laelih + 24, ]” " (3.37)
@558 = el + 28 E, ], (3.38)
ZZT,
-t t—At
Folige = —[Adv),, — [Adv.@]mvk [Turb. 6] 4" + [Turb. e]
+ [Dﬁ e]fgit + [and]fj k + [Qrad]fj%t + [les]f]%t (3 39)
[FQU]l;,j,k = - [AdV qv]z] k [AdV qv]lj k + [TU.I"b qv]z] k + [Turb qv]f]it
+ [lef qv]f]it + [E‘/TU]@ .3,k (34())
[Fqc]l;’j’k = —[Adv. qc]” . + [Turb. qc]:]%t + [Diff. qc]fjﬁt
—[ON,. + CLCT]” . (3.41)
[qu]z’j’k — [Adv. qr]” . + [Turb. Qr]f it + [Diff. qc]:jjt
+[CN. + CL, — EVW]” . T [PR, ]” ) (3.42)

Thd. BieFhAEnTLEL THEL 7212, BAEkEE DIff 280 TH 5.
7z, CNye, EV,, HIZGHERFFHEE L DRO D720, TNODIEHZ G\,

0, o, Go, @y ZFELOT ¢ TEL, TNTODHZEE Y. BHREIZ

t t
9 9
[Adv. ¢]”k [ui(u),j,k L%] + | Vij)k [8] ]
i(w).gk] i p Ydigwnkl i
t
ol
+ | Wi k(w) [82] } (3.43)
Z,],k‘(w) ’i,j,k
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TH Y, EAGOBHRIEIX

_ t
1t agb
[Adv.ﬁbLmk = [wi,j,k(w) [&]ijk(w)] » (3.44)
irj

TH 5. KMEHEBUEIZ CReSS & EFRIZ 1.5 RO B =Yy —% W5 Z & T,

t—At
At d ¢
et =& (o (3),_ |
(u).J, ik

8 a¢ t—At
+ a5 (Kh)i,‘(y)7k <> }]
Oy { ! Oy B3k ) 1k
1 a 8¢ t—At
+ (P)ijk(w) (Kn); j kiw () H (3.45)
(P)ijk {82{ 7 S ANCEY S i

780 FARG ORGTERERIE X

— t—At
1 t—At 1 o |, 0¢
[TUl"b-ﬂ iik B)isn laz {(p)i,j,k(w) (Kh)i,j,k:(w) (az>ijk(w)}] (3.46)

785 BAERMEIH X

o (9 - 0 (99 -
[Diﬂ%]ﬁff =1 { () } T { <> }
5Js 8.1‘ 8:6 Z(u),],k ’L,],k ay ax 11]("7)1k 1/7]7k
a¢ t—At
. {82 <3Z> } (3.47)
B3k(w) ) ik

THb. Ky \FELIRT 3V F — OReEFER AR S FHR T 2 GEllIZERR). vy, v,
3 (3.34) XAzxRHT 5.

BEEINBVE Qe 1%
L t
[and]g,j,k = _[ va]
T i,k
L — —
= —— {4.85 % 1072 ([qusuwll 4 — @]t 0) (Prlgri )P} (3.48)
Pd
THd.
HOERINRTE Qs 1
1 Kt At \3 1 Kt At \3
(Quis)i 5" Ce Bmign)” _ Konijn) (3.49)

Tyt L (Ol i G2l
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Y5.2%. 22T 1 =Min(Az, Min(Az, Ay)) TH 5.
SR [Qrad)i s RABRESLICER B,
ERD S WANDEWE KT CN,,, CLo WEATD X127 5.
[CNeJi i1 = (Geige = 9e0)/ Tac (3.50)
CL = 2200 (17 la))
MKDHEFKERT EV,, IZUATDLI 1245,

g = 485 X 107 ([quswli ju — [@u]i ) ([Plelar]i )™ (3.52)

BEAKIZE BMAKRT Ty 7 A%KT PR, IZLATFD LS I12EIT 5.

PR = D (kU (3.53)
)

=12.2([q. i ;)" (3.54)

[EV,.);

iJ,k T

3.2.1 SEEEMAE

Klemp and Wilhelmson (1983), CReSS L —H#—~<=a 7 )L (FEAR L HillE, 2001) T

¥, KELK L EKOBOEWEZFKRT —CN,. + EV,, &, Soong and Ogura (1973)
LBL\'CEEI%%Mt{mﬁﬁ@%ﬂ%}%%?ﬁ%)ﬂb\é. ZDSHEZ dS = 0 DWEGER L,
Hoapar = Meondensedphase D FHIGAME (u 13LFERT U vV DR DBRE - [T -
A 2 KAERNZ KD BEUEMRIETH S, LR TIEZED® D F2 ST 5.

PNESEERAWS5E
TRTEHRAEIE 2 VWS 5E, £THOIT (3.35) — (3.42) A 6K EIC + %
B, 10, (0], [ao)" (@) &£ 5. KIZRT 2 @AaFIEA

Ag. = MAXA0, [qu]" — qusw([0]7)} (3.55)

M Ag >0, HUSIEERBESEDY ¢ >0 2olX, A2 HWTEEWIZ 0, q,, q.
ZRDDB.

O = ot ’y([;zq:]r 78«3,2110([(9?1*)) (3.56)
0] = (@) + w (3.57)
2] 72 = [q]” + [ — ) (3.58)
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72720,y = Ly/(c,]1) THB. LB [¢) T2 >0 %51, WERIZES i %
* fTEDHDITEEHZ, (3.56) — (3.58) RNDMEAPRT 2 E THVIELUEHT 5.
e, 52 BUERE D REIEPUR L, B BRDMEP RO NDZ 5 TH 5.

BLb @A < 0 DBIAITIE,

074 = [6]" — ~q]", (3.59)
2] = )" + [a)” (3.60)
2] =0 (3.61)

LU, #BOBRLZHRIETS.

EFEERZAVS5E

WAL 7T V' =7 LD RG
D&%, 2 BEHOKAR 1 BIVDODSEHMYIE 1 TP ERIND LS RERK
D60, {EarHFHgEzEzE 2 5.

WAt T > & =7 LD A B SO D Al E 28U

10834
K, = In(pxp, - pu,s) = 61.781 — —— —In 10 (3.63)

ThHd. JEPHEREHNVEZ LT, EEDEEICNT ST VEZT LHLKED
ENHOEERDZZ N TES.

EREOHEE T 1281} 5 NH,SH O EE X L3258, [EPHEEHRDONIILTD
EH512ET 5.

(pxts — X) (Pr,s — X) = €
X? — (puy + Pros) X + Pamg - Prys — €7 =0 (3.64)

frDRNREMS &) AR X FATER5.

1
X = 9 {(pNHs + Prs) £ \/ (pNH, + Pros)® — 4(pNmg - Pros — GKP)}
1
X = 2{(PNH3 + pi,s) i\/PNHg PH,s)? +46KP} (3.65)
RSO exp (K,) =~ 0 DEAIZED DD X OEEZKET DI L THRDS.
exp (K,) = 0 D5, S0

X = Hlin(PNH?)7 Pst) (366)
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Thsd. ZITRERG %L EL_&M>}@ST%6 EERNET DL X = Pyu,s
Thd. ZIZT(3.65) DIRFDORF L exp (K,) ~0 DL E X = Py,s £%25 &9,
HEERT S
1
X = 5 {(pNHg + PH,s) — \/(pNHg — pHos)? + 4€KP~} (3.67)

X D7z T RN E LML
0 S X S min(PNHg, PHQS) (368)
Thd. LM 2HE-ZIBVWEEIZIEI X =027 5.

X B (3.68) ROSME M5 1E, W& AV TEERIC 0, 0, q. 2KD 3.

e, ) T2 = [gnmy)” + Agans, (3.69)
(ai,s] " = [g1.s]" + Ag,s, (3.70)
[qNH4SH]t+ = [gnms)" + [qras]” — [QNH;),]H_At - [C]Hgs]t+At, (3.71)
[0)F2 = 0% + ([QNH;J* + [qrms] — [gnm, /T4 — [qHQS]t+At) . (3.72)

fbf:b, Y= LNH4SH/(de ) ’CE?) D AqNH3 & AQHQS i%ﬂ’b%fﬂ« iﬁk% X C:ﬂ
Jid % NHy & HoS DIEALTH S, WAVINRT 5 F TREXREZITD.

3.3 ARILBREDOI

Klemp and Wilhelmson (1978) & & ¥ CReSS (FEA & HillJi &, 2001) & [HkkIZ,
15 D=V v —2 5. FLIRILEBRBORMFERIMEZ ) -7 70y 7
Fe HWTREAICHET L, MTO L5245,

[Knlihnt = [Kmli % + 20 Fr, (3.73)
ZZT,
[FKm]l_] = [AdV K ]2] k + [Buoy K ]f]%t + [Shear K ]f]%t
+[Turb. K, )52 + [Disp. Kot 4 (3.74)

TH5. CReSS 1276\, BlitlH%Z t T, BiiHEHISZ t — At THHAMS 5.

[Fie, )i CEENDHREFUTOE S ICHEEFFILHNTES.

t t
0K, 0K,
[AdVK ]z = Wi(u),j,k + U (v),k
Js i al' 9 8
i(w)gk ) g gk Yy 53(0)k ) G gk
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t
0K,,
+—{uamuw>< 92 ) } (3.75)
bgk(w) ) gk
~A
Buoy. i, |- _ _  9CAL® (9 - o)
y-Bmbije = 20 \o2), . [ |
4,7, (w) 4,5,k
s N2 oy 27tAt
[Shear. K, ]t At — (C’2 12) (8u - + <8U>t B + <8w>t B
Sk T )ik Y)iik 02 ), i i
r t—At t—At] 2
LS L5 N e (1
2 igk | Z /) i(w) g k(w) ik T/ i) gk (w) ik
r t—At t—At] 2
AL NG @)
2 ign | N9 i) i SEATORIONS B
N <021l2> { (8@) }tAt+ {(6) }tm 2
2 i,k i & 1,7(v),k(w) ik ay 1,3 (v),k(w) i,k
__<lﬂn>t_At u\"H | (00) T ow T (3.77)
3 Jijk L) gk )ik 9z ik .
) t—At 9 t—At
vt Al V2 ]
1,5,k -
& 2 O Ox i(u),5,k ) ; Gk ay ay ,5(v),k ik
A ) t—At
+{a (aKzn> } {<8Km> }
0z \ 0z k@) ) o Ox k)
t—At t—At
) 0K\ N 0K, \* (3.78)
dy .7 (v),k 02 i,k (w)
4,5 (v i,k LRW) L Gk
Disp. K 1A — 1 K2 t—At 3.79
[Disp. m]z]k = _ﬁ( m)ijk (3.79)

ZZTC.=C,=021=Min(Az,Min(Az,Ay)) £35. £/ 0, FLLTFTEHX
L5N5.

0 = 0,+6, (for q.=0) (3.80)
., Lq,
Oy = 60,+0,+ b2 q (for q.>0) (3.81)
de’ﬂ'
7272 L,
— 0 Z%Mf Z%+Z%+Z%}
0,+6, = 0, 1+ + - 3.82
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3.4 BE714ILY—

V=7 78y JEERAWZZ2IZE > THLUZEEE— NOMIEZ T 5720
Asselin (1972) OWFE 7 4 V& — 2 BWRHEZIAT 1 A7y TEHET 2812 (EER
AR WIFRZI A DR EE N, = 2At /A1 ATy THMET 2812) #HT 5.

7o & 2 (3.9) Z VT wil S} ZEET 50, LFO X DIk 7 1 b 2 — %
M9 5.

ot L VIC S OnTT(Nr—1)AT B d(aDiv) DA
i(u),j,k i(u),j,k pYv O oz
(w).j:k
t
+M&UMA

ITHE74 NV —DRETH Y, ZDFEIZ 0.05 ZHWS. (3.11), (3.12) DEF
:ﬁbf%ﬂ% I 7 4 VR —ZTEHT 5.

3.5 ARVIE

HSREAETOBED S 2 A 5 7012, BRI RIEZ T MAS.

99 - Aot (@6~ 0) +0l2)(0— ) (3.84)

2720, o IMEBEDFTHREBTH Y, ¢ I IFBURNEZDOADMETH L. ZDIH
1 DHIDRXA LAT Y Tt — At TEHEIN, NEWRALAT Y TTHhbhb
FHREBUTH U TH, BIREC BRI EH & FRRIZ 2At DRERXA LATY T
MofEe UTEHiiT b, BERIIZIX

[x] = 280 {[Advar]’ + -4 (@) + ()} (r 7)) (3.85)
[u] 20 = 2 {[Adv.u) + - + {n(w) + 70 (=)} [u] 2 (3.86)
] +A = MQAMwu-—H%®+%@HMHﬂ (3.87)
(01748 = 2At {[Adv.0]" + - + {(@) + 7 (2)} 0]} (3.88)

Y45 HU 7 I3 AF—BROHEALETHS.
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Yhy Yo 1EF VT IIKE SN BRI I M2 - T, $hE G AN I EBESE I b -
TNSLKBBPEBETH D, T o OEREUL, ACE LA IZIRAUE D JE A %
d, & U, x DHEiHZ 0 < 2 < 1pee & T,

T 3
Yn = Qp, (1_dh> ($<dh),
’Yhzo (dhgxgxmaz_dh)a
3
Yn = Qp, (1 — W) (l’ > Tmaz — dh), (389)

THY, SREHTNZIFIRNEDES %2 d, £ U, » DHEPIZ 0 < 2 < 20 & T UL,

Yo = 0 (Z < Emax — dv)a
(2 — Zmaz —

dy

4)\’
Yo = O (1 — cos ) (2 > Zmaz — dy), (3.90)
ThHd. ZIZT, ap,a EENTNKYE - SREFHOBEERTH 5. ap,a, &
R DOHBDIRTEFES, TN 5 D1/ ap, 1/a, 1 e-folding time &IEXN 5.
e-folding time (Fi@#% 100 — 300 s IZHET D, £RNEDEA d), d, (FZFNFE
N, KR AN AT B 743, SRE AT EEA 5 1/3 BERETHIXR W,

main.tex 2012 4F 12 H 5 H (HUBERFIRE I (EEEEE)



deepconv DBEHE B4E  SEXE 31

48 SZH

i
ujis)

0

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.

PEARFIA, W, 2001: CReSS Z—H =1 K £ 2 iR,
http://www.tokyo.rist.or.jp/CReSS_Fujin/CReSS.top.html
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it %A EAHARER (3.13) OEd
DZEFBWDDEZTTL

(3.13) ELDERESTS.
(3.13)left side = m[fA7

oA 2
o [ CCAT
_ﬁ<___2

E2A7'2 1 B 87TT+AT
(28) o5
P2 ) Az ( oP >k’1(w) 0z ivjk—1(w)

= T

T+AT
1,7,k
_p (AT L (8?) Tk — T
w002 ) Az | N k) Azi(w)
~ qTTAT _ pTHAT
(@ﬁeg) 1,5,k 2,7,k—1
k—1(w) AZk_l(w)
)
B2 (52A7'2> 1 (Cppev)k:(w) TH+AT

= — — = 7-(_1' ]
CprQ k Azk Azk(w) Jokt

(CZAzJ) 1 { (@ﬁég)k(w) N (C}Jﬁég)k_l(w) H e
k

Az (w) Az 1(w) bk

A1 TERER

TR (k(w) = 0(w)) IZD2WTHE RS, ZOR (3.11) i,

OmTHAT B Jd(aDiv)" on” .,
’ < 0z )i,j,o(w) a [( 0z ) —1=h ( 0z > " (CPHUFw>L,j,O(w)
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= Ei,j,O(w) <A2>
Y7 50T, (3.13) ROAMIE, k=1 OBEITIE,

(3.13)left side = a7 A7

1,1
-2 2 T+AT
9 [ C AT 1 _ _7 on
7 (mé?) A {(c’“pg”)l ) ( 02 ) }
PFYv 1 i,3,1(w)
EQATQ 1 B a,iTT‘l'AT
+52<__—> &l ( )
G2 )| Az ( P )O(w) 0z 0.3,0(w)
T+AT
= M1
—52 2AT? L (c_ _9—2> 7TZ‘T,J'+,2AT - WZIIAT
C_pﬁe_g 1 AZl P% 1(w) AZl(w)
ENAT? 1 ~ OmTTAT
+62<> &l ( )
&Py ) Az ( g )0(“’) 0z ) j0w)

2N 2
o [C°AT 1 - o
- 7 Z T
{ ’ ( c};ﬁﬁg )1 AzlAzl(w) (Cpp “)1(w)} Tij2
GZAT? 1 -
1+6° 7] s THAT
i { i B ( C_pﬁeg 1 AzlAzl(w) <Cpp v)l(w) Tr%],l

AT? 1 -
— | —(600?)  Eijow

A.2 LERER

BB (k(w) = km(w)) LD WTE X . (3.13) ROADIE,

o T+AT OaDiv)™ on” 1
)y = () 0o (50) ()
< 1,j,km(w) < o % i,j,km(w)

= Ei,j,km(w) <A3>

Y 7250T, (3.13) ROZLIE, k(w) = km(w) OBIEITIE,

(3.13)left side = w7 o7

i,4,km

_2A 2 1 B T+AT
—52<7.42> (@nf), (aﬂ )
cppe'u km Azkm m(w) 9z 1,5, km(w)

ZAT? 1 o O AT
+5° ( ¢ 062 ) Az {<Cpp05)km1(w) ( 0z ) }
pp v km km la]’kmfl(w)

T+AT
i,4,km

= T
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ANAT? 1 _
_ _ = 792 E,L _—
g < P03 ) o DZbm (CPP U)km(w) dokm(w)
AT 1 _ qTHAT _ pTAT
+52 (C_ _z—2 ) {(Qyﬂ@%) ( i,5,km ’L,j,km—l)}
P02 ), Az km—1(w) AZim—1(w)
ANAT? 1 ~
1+5° 7 w00, T+AT
{ B ( C;ﬁ@z )km AzkmAka_l(w) (Cpp v)km—l(w)} ﬂ—l,],km

=2 2
o [ C°AT 1 ., o
N ] 0 ™
N { 6 < C_pﬁeg >km AkaAkafl(w) (Cpp U)km—l(w)} 7TZ7],k‘m—]_
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ft &B EFRBRRRICOWT

AT TV THWW T B IR 5 [ ORERUY 5% (ReE 22 E17%) 13, Klemp and Wilhelm-
son (1978) IZ K> THRMIZREINHETH L. ZOAEEZHVS L, BHEB &
OBMIZNT 5 CFL &2 2 TNz U CWAGE T EAL T 2RI T
Giahid s, ZOREBIIEORERECTED ST AT Y TH2AL /AT Z2HEINX
TWLIZD2NKEL 4D (Skamarock and Klemp, 1992, ¥ 1 ZZH&). Skamarock
and Klemp (1992) 1 Z DFBEANLE % [l 5720, HiK 2 B RWICEEIE 5
TANVR— UCHETARACERREHEZEAT LI L2 REL .

ERIRER I I E G D FEHUI T D0 e UTIEM 9 4. 20 Z &I ERIR=HE
Za Ui AL S - BT R

ou _or oD

o = g, TG (B.1)
ow O oD 0
E = —Cpeva + 0667 + ga, (B2)
on 2 [opd,u  Opf,w
1 B.
ot el [ or 0 ] ’ (B:3)
00 040,
ou Ow
D = 41277
ox + 0z
NGRS A e
oD I o (0 9
32 82
2 — - -
vio= 02 + 022

ZRDDHZETHRET DI ENTES.

IR I 30 8 D RN 4 B AL D T, B S B R X S AT REME
EZoNb. LML Skamarock and Klemp (1992) F## LS v 7- HiEAEAD
AR EAWT, HRBEEHOENRBIANOREINS NI L ZRLTVD
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BAR Tl Skamarock and Klemp (1992) (281} 2 iim DM E 2 /RT. D=
JENARBRRCHNZEAGORITER L U, RTOEH%E u = gtz 9 X5
IR EFED LNE L CHBBRE kD5 &,

w* +ia(k? + P)w?® — [(k* + 1?) + N?|w? —iak® N?w + 2k*N? = 0, (B.6)
LB, 2T N2 = £9% TH 5. MR IBEIE O S HBIRR

, N2

k2 1%

aZBCHIZRATELE a ZBCHIZEWHBHELD D Z 96, HFHEE
HDOEIPEDNDEIININTH A5 L FHINS. FEBIZ, e = aVk2 + 2/C
PNSWVWEHRELT w % e ODITREMU CHIKBEHEHDORE 2T 5 &, &
BEIEITENWRE RS 2 WESI T L HMEICIEZ56 &, ZORERIIIEFIZTN NIV &
o H % (Skamarock and Klemp, 1992, X 5 Z#).

HIHREEOBRE o DIEZRDBIZH-0, BELRITNIERSZNWI 2R 2D
H5. 1 DFHEWBHEEZ DL DVEHBEALEDRRNE RSN ES5TEHILTH
D, 55 1 DIFFWREHDOE NI ANDHENKREL RSB NEDITHIL
Thd. QAiZIE (BS)ITRUZE DT, BHRBEEHPFEHRAREROILHIHE 25 Z
EMNOEFEIND. HIBEHEEORHR S FHTHEZE S 2 W TIThN s DT ((3.9),
(3.11) 22 M), HEARLEZE Z X2\ 72D IFHLBUE 2 jiE 2 5 TR

5 556 D EEVESA:
aAT 1

< —
Min(Az?, Az2) = 2
Z 72 TIRT LR S 70\, BFITHTBYE TR L 72 Skamarock and Klemp (1992)
DiFat CAHWz e NI WEWSFENPSEFEI NS ¢ DERAMHEIE
2
Min(Az, Az)e

(B.7)

Max(e) =

B 20AT AT
~ Min(Az2,Az2) / Min(Az, Az)
EHZ56N5DT, Max(e) <1 &9 57D

aAT
Min(Az2, Az?)

1 cAT
2 Min(Az, Az)

< (B.8)

TRITNIEX L5720 (BR) ALIZHND HHIINT 527 -5 VEUE 1 Lh/haw
L9 5DT, (BY) DEMEZRT N (B.7) IXHENIZH-INEZ LItk 5,

LZ O &M B9 % Skamarock and Klemp (1992) Tl I T W
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=10

ft & C ZDANDEHER

I TRRHEETZHW5E60EMMBS 0ERNDEH | ZFOFREIZDONWTE
b, HRFIE LTI Iy 7 AT ROER u D, (i,5,k) TR EZBT% 2

ﬁlﬁj .I}Hﬁ?lﬂ&ﬁ\
ax ik

DESAE, TDOHRELEEZD.

C.1 2 RBEHRLED

o HHIZ —Az/2 ZIFThizA

) k)
—I—REEE LUTERTE, LTFTDLIIZ

77w 7 AT (i(u), 5, k) ED w (uy
DT

A7 —KFR (1,5, k) ED w (uijx)

7%,
Ly |Ou] Az 1[0 (M)Zl% (Afcf’
B 7 P RTR 7 BRIV TH 177l BN
1 [0% Az\* 1 [0% Az\®
il Bl = — | 2= - 1
+4! [a$4]ijk( 2 ) 5! [8w5]ijk< 2 > ! -

FRRIZ, 759 7 ARF R (i — L), 7, k) ED u (w1 jn) & uijr PT—7 &

fleLTRTE, BAFDKDIT45.
du] Az 170% (Ax>2_1 o (Axf’
. ik 3! 023 ik N 2

Ui—1(u),jk = UWigk — |f9$ 7_’_5 @ .
T l%](z) _51[&5](2> o (C2)
Z’]’ irj,
(C.1) — (C2) &b,
(w),k Ui .= |2 A+1@ (M>3+1a5“ (Axf’
e ] R ) B 60 |97, ., \ 2
N v i,
+0[(Az)7] (C.3)
2012 4 12 A 5 H (HERIIRE I HSEER)
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TNEBBTBE (i, k) BEE BT u D o AH—BEEAORIESN D,

3“] Uip1jk — Wige 1 [a‘o’u] 2
- —  ruhr 7w T (AQJ)
l(‘?x i) ik Az 24 | 0x3 ik

1 [0 \ )

ERO (Ar)? P EOEREAERT 52 8T, KEKTEHVELEO 2 K
HUDAE 7T D

Gu] Ui4-1,5,k — Wi 4.k
— = Lok Gk (C.5)
[8x i) ik Az
PESNDE. ZOEEDEAEDKEIIT
1 [0% 9

L85,

C.2 4 XBEHRLED

2 HEE AR DAE KD BTN (C.1), (C.2) WA, (4,5, k) 225 o FH
I £A32/2 EITNIT TV 7 AT INTD u (i) s Wiy jr) PIEZE w;
DT —7—EHE LTKDD.

o [ou] B8 1 O <3Ax)2+'1ah (3Ax>3
etk = kT e ] 2 T o], 2 31 03], \ 2

L 1[0 <3Aw)4+1 i) (3Aw>5+ )
41 [ 0xt], o\ 2 5! 0x5],  \ 2 ' '
7‘7.77 Z?J?

B oul  3Az 1 [D% 3Az\* 1 [d% 3Az\°
R 7l R Rl PP ”k<2 >'_m &ﬁ..k<2 )

1,7, 2,7, 0

1 [0 3Az\* 1 [0%u 3Az\°

T Lﬂ(z ) ‘a[ax]@ )+ (©8)

(C.7) — (C.8) &1,

ou Sz 4 1[0% <3Ax>3
Uit () gk — Yi-2(w)jk = |7 e —

+610 [2?5] ijk <i%;$>5 - O[(Ax)7] ()

main.tex 2012 4F 12 H 5 H (HUBERFIRE I (EEEEE)



deepconv DBEHE T8 C ZEDRNOTHEKRE 39

(C.3)x27—(C.9) 217\ (Az)? DEAEMET S &,
27(ui(u),j,k - Ui—l(u),j,k;) - (ui—i-l(u),j,k - ui—2(u),j,k) =

ou 216 [ &% A
AL VYN e A I (e Ay B
3], a2 ] (5 voan e

INEEFRLUT (0,4, k) TR EZBT2 u® o AA—EBHIOREoN5.
du _ 9 <uz]k — Ui—l,j,k) 1 (Ui+1,j,k — ui—2,j,k)
Ox ik 8 Ax 24 Ax
3 [du
640 | 0xd

].'(Axf—FOKAxW] (C.11)

ERD (Az)! D EOERIEE RS 5 2 8T, KEKTEAWEZIGAED 4 )IEE
i R

ou 9 uijk_ui—ljk> 1 (Ui+ljk_ui—2jk:>
e — (kIR 2 i 12
[Gx]iyj’k 8 ( Az 24 Az (C.12)
NEONE. ZDEEDREDKE XL
3 [0 4

L5,
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ft &D (EFPEHEDEEE

D.1 MEEFE
D.1.1 fafIESKE

AUFIZ& ST X, Antoine DAL D kD 5.
Inp* = (A— B/(C+T —1Tp)) *1og(10.0) + In(133.322) (D.1)

T, pt IRREMIARSE, T IZIRE, T, = 273.15 TH 5. A, B,C 1% Antoine 25X
ThHb. TNo DMEIFMCHEERGET 4 B 5/5. (LHEERET 4 BRTIE, EHD
HALAY mmHg, IREDHALAY °C TH B DT, PALOHBIEMIME T WS,

# D.1: K, 7 E=T7 D Antoine 2%

A B C
HyO(l) 7.9186968 1636.909 224.92
HyO(s) 8.184254  1791.3 238.1
NH;(s) 9.96382 1617.907 272.55

EROMENEZ SN 6, B IFRNAKREL TEDOAL LTRAMS S Z L
MWTE5.

D.1.2 HE¥EEK

HALT V=Y ADEKKIG
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D A E B,
10834
K, = In(pny, - pH,s) = 61.781 — —— —n 10? (D.3)

Thd. JEVPHEREHAWE Z LT, AEDEEIZNT ST VE=T LHiLKED
EILOREERDBLZENTEB.

D.2 4O ¥ILE—Z1t

D.2.1 &

BIMASIE BRI IOV IR - 751D,
dpy,  puls
dT ~ RT?
TR oS, ZORE L, ORE L TELdAhETI LT, BRI TDO L
256N,

(D.4)

__dlnp, 9
L= “2PUR,T (D.5)
HU R, \XEHERE D 12T 554K EHTH 5. Antoine DAZRAT S &,
( Bn(10.0) )
Lw‘hC+T—%P}&I (D.6)

D.2.2 RIHE

WAL 7 v ' =" L DA G
WZBWT, NH,SH DT> bab¥—& NHy & HyS Oy haE—DED, Kl
Eo I N w R Y (AP S T I

NH,SH ®ELTY ho¥—Ii3,

a,UNH4SH
SNH4SH = — T

Jon + s+ RTK, — RTlnpy?)

K,
aT

0
_87(

_ o o

— RK, + Rlnp,® (D.8)
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TH5. ZIZT iy, Mis V& NHs & NoS OFEELZERT V2 ¥ )b, s{y,, shus 13
ZIT 52Ty brE— K, % (D.7) OISO EFHEMTH 5. NHy &

HoS NV b —DFIiE,
SNH; T SHyS =  Sup + Sts — RIn(pam, - pros) + RInpj
= S{u, + Sts — RIn K, + RInp;
(D.8) & (D.9) D3

0K,
oT
MDD T Y b E—2Z(IZHY T 5. BV Y720 O RISET,

0K,
or

TH5. NH,SH LS D FE e =R AT 5 &,

10834
Lmasi =~ RT* = 10834R

As = RT

Lnu,sua = TAs = RT?

ThHb.

(D.9)

(D.10)

(D.11)

(D.12)
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it &xE BUDBREFOFE

E.1 RALETEILEL(DE) & DBER

N=|
bz

iz
Z

BREEEZ L. BT ORATEE d & U, BRI ORZAFEE v 95,
TIHMER DR KD KK (RA T v) DIRA, THEEZRD 5.

BEL q 20F p, TRBITHL,

_ Pz
Gz = —
Pd
— R,T 1/Md + Zv qU/MU Dz
P 1/M, R, T
= %Mz(l/Md +> g /M,)
P\ Pa
p p vFET
q _ piMx<1/Md+Zv7éx qU/MU)
NG
G = PaMo(1/ Mg + ngw qv/M,)
’ P — Dz
pa:M:Jc 1/M, +Zv z Qv Mv
G = W/ s /M) (E.1)
PoTPd — Dz
L7, T 5, TEET B,
:L'acMa: 1/M, +Zv z Qv MU
g = M f¢ /M) (F.2)
— T,
MR A
—HT, BIE p, 2RBEH ¢ TRET B L,
by = QD
T M(YMa+ Y, 40/ M)
cpq/Ra
Py = qzPoT (E3>
Mx(l/Md + Zv qU/M’U)
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THY, BNV 2, TRETS L,

v, = i (E.4)

Mx<1/Md + Zv qv/MU>

Thb.

main.tex 2012 4F 12 H 5 H (HUBERFIRE I (EEEEE)



deepconv DBEHE A EE 45

S5

ARG, HIBRFAENERI DA VX —% v b ETOEMAROER L IHHOE
BRD—B2& LT

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

ZBWTRAINTWEHDTHS. (©deepconv FIFETZILV— T 2012). REJHIT,
FAER OFFHERNTHRAL L 2200 (REZ 2 T2 WV) RO ICBWTHHIZHHAL T\
EWTHEDIRN. 28, FIHT5BIZIES —EHONE 2D 5 Z & &2 BHWT
% (HEORAEMERT AT AL,

AEJFRIZE FN 50 ERRME (MEOHTHEZ EL) 613, BEENETO WEB
ECOEBREZ ZIIEATFHZETORVEERH LD, TS, [REOHK
Bl OFODEBRE WS ZEMEHNTH S Z &% THBEWNZIFTEH D LIE 0, 4l
DI HAFIEEZFS I L THFREEZBIETWZ VT WS, REFOF]H
BT, TOMEBHBO E ERLU TR TWEET S XD BHWT 5. Ji—, £48
BDHBHEITIE

dcstaff@gfd-dennou.org

FCHEHEL WA ITNESEWTH 5.
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