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deepconv DBEHE B1E HEFEOHE 3

B1E FESEOBE

1.1 BFEEHOBLE

ARETNTIE K1ITIZRT LD, KE - REAHOEHRZT S U THWVEWNIZ
BliE 9 5. BliE 5iEE, AKSEHMENZ Arakawa C 277U v R, $RIE G172 1% Lorenz 7
Dy Rz2HWTWS.

TRTCDAHN T — & (¢ KL, WALFZ, KASEG, EKEEH, MAKE
B 2HFOFIMIEET 5. X7 MVE GEE u,w 2 ) IZFHLn 5RO LS
ERTFTOSUTHET S, o HEARZ MVEZ T 5 £, $iiE G AICIZA D
T—BEEUL UKELEIERTT ST, o HRRT MVEZTHET 5 ik, K
SEAMIZIEAA T —mE AU & USRE AR TT 57, KT mD T X)L
BIUOBERIZI H12DE5IZ&RETS.

1.2 ZE[E, BFEAROBESIED A E

251 A M O EERAL L 2 Y HULZE S 2 AW TIT S . IR 17 O BERC b I R 49
#HEEAWTTS . #HE) G T AR OCEMA A Ar CREES 217
S, HFIZET ATEOBHLIZ I HE-VI IE2 AL, u ONIXEIEES, w,m D
RIFBIBRAED T T 5. FIKIZDPDSBRWIHIZOWTIRY =77 ay 7% A
WTHENT 5. BhZoReZFomo b L —HoRiE, V-7 JEE2HWT
BV EZI A At TR 2175 .
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1.2: INF R D

L1 MFROMRE.

ROE. EBUIHE T S RFOHPEIL 1 25 im &9 5.

main.tex

2012 4 12 A 5 H (SRR )



deepconv DBEHE F2EF ZEEABORERIL 5

28 ZEEAROBERE

\
Jdi

Z DI TIRZERMD DMBULD kL F D DIZ & 70 B e, RSk
DEHZFFZDOWTEHT 5. BEEbIx 2 K20 7213 4 S E 240> %2 FI W T
79.

1.1 OZEMOAEEZRTHRTFZL LT, o AT 7Y 27 ADKTRZ (i(u),,k), y
Tl 7 2w 7 ZADKF K% (i,7(v), k), z BT 7 v 7 AT R % (i,7, k(w)), A
HT—ROKTEE (i, k), TOMIZYS7=5 5% (i(u),j(v), k(w) T3 (K
L1 28]). HU 1 <i(u) <im, 1 <i <im, 1 < jw) < jm, 1 <35 < jm
1<k(w)<km,1<k<km Tdb5s.

2.1 EHEE

22 DEEBUL 21T D BN, T DI BB L 5 Pz @&z L TE L.
zixﬁﬁ77/ﬁzﬁ¥£T£MéM5ﬁW%1ﬁ7 EOMKF RTINS %
BEX, 77w AT ROMEEEHUTAN T — &R TOHEE AT,

B Y 22 BEEE R DL NIZRT. 22Tl o DT T v 7 AT RO %
Ui(u),j,k> Y 7‘:_1‘["5‘[0)7 7 &X*%%}f—io)ﬁﬁi Vi j(v),ks Z El_"ﬂo)7 7w 7;(*%%){—\:‘;0)
B Wi gy, AN T =T ROEE% 7y, ELTWVWS

Tit1,5,k T i jk

Tiu) gk = kL L 5 J (2.1)
Tij+1k t+ Tijk

Tri,j(v),k = % (22)
Tijk+1 + Tijk

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

1
Ti(u),j(v),k(w) = 3 (Tije + Tit1 gk + Tijrt e + Tit1 1k
T g k41 T Tit1jk+1 + Tija1 k1 + 7Tz‘+1,j+1,k+1) . (2-4)
Ui (w),j,k + Ui—1(u),j,k
uzgk— (u),], 5 (u),], (25)
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deepconv DBEHE F2EF ZEEABORERIL 6

Ui(w),jk+1 T Wim1(u),jk+1 + Witu),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) e + Uim1(u) k @7
Uity o) ) = Wi(u),jk+1 T Wiu),jk + Zi(U)J—i—l,k—l-l + Ui(u),j+1,k (2.8)
Vg = )k +2Ui,jl<v),k 2.9)
Vi) ) = Vit1,5(v).k + Wij(w)k + ZiJrl,jfl(v),k + Ui j—1(0).k (2.10)
Vi k) = Ui j(v),k T Uij—1(v)k +4“i,j(v),k+1 + U i1 k41 (2.11)
Vit (o) k() = WUit1,j(v) k+1 T Ui—}—l,j(v);]z + Ui j(v) k1 T Ui j(w).k (2.12)
Wiy = 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 Wijkw) T ';UiJrl,j,kfl(w) + Wi jk—1(w) (2.15)
Wit op ) = Rk T W) T Zi“’j L) T Witk 16
2.1.1 SMEAZERF TOFGEE
Azijriw) = (Dzijr + Azije) /2 OBREHVTUTO L S 12h 5.
Az
Tighw) = Tige + (Tigrer = Tiga) 51 Zi,j,]k(w) (2.17)
WZka + 7Tz‘,j,k+12:AZj% (2.18)
Wijk = Wigiw) F Wijk—1(w) (2.19)

2

2.2 ZEEWD OBEEUE

2.2.1 2 REEHDLED

ERIMA & 2 ORSEE S 5 CHEIL S 2 BEIT I8 & 72 % B B2 DL F ISR T, 2
T HADT 5y 2 AT EOERE w2 HADT 5 2 AT DL
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deepconv DBEHE F2EF ZEEABORERIL 7

B wipw), AN T —HBTFROLBE 1, LLTWS. z, 2z JHEEHIZT TV I A
ST ﬁ%@mk LLTV3.

ZTNTNDOLRLIIH U THD 23l T 8 F RIS —RICIRE S, TD7d), otk
FRUZBWTHD 2 #2356 12 I3 FEREZ W 5

O] Tit1gk — Tijk

| O | i(w), g,k Az

Kl Tij+1k — ik

or = [ttbk Tk (2.21)
19y | 0§ (v).k Ay

(O] Tijk+1 — Tijk

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

[Ou | Ui(w),jk — Wi—1(u),jk

et = )y ol 223

a ~ (223)
= =47,

du _ Yi(w),j+1k T Yi(u),jk (2.24)
LY L 4 Ay

Ju — Ui(w)jkt1 ~ Uiu)jik (2.25)
0% L ity g i) Az

@ — Vit1,j(v),k — Vi j(v),k (226)
LOZ |3 o) Ax

[Ov] Vi j+1(v),k — Vi, i().k

i = 5, ’ 2 ) (227)
L9Y ] Ay

dv — Yij(o)k+1 T Vijj()k (2.28)
L2 ] j(w) i) Az

8710 _ Wit1jk(w) = Wijk(w) (2.29)
L9 L ity k) Az

ow — Wijt1k(w) = Wijk(w) (2.30)
L9Y ] o) i) Ay

[Ow] Wi j ke(w) — Wi j k—1(w)

ow|  _ Wij, J, 2.31

|9z | ijik Az ( |

2.2.2 4 RBEEHRDLED

2 R HULAED DG L FRRIZ, ZZEMD 2 4 UOREREE ) TR LS 2 BRIc 3
LIRS RER LA RITRT.

main.tex 2012 4 12 A 5 H (MERFEARE R {ELSEE)



deepconv DBEHE F2EF ZEEABORERIL 8
O ] _9 (W) L (Wﬂl’ﬂ — 7”—1’]”“) (2.32)
orl|. .. — 8 Az 24 Ax '
- di(u),j,k
om _9 <w> 1 (”iw?:k - ”m'l»k> (2.33)
Oy | i,j(0)k 8 Ay 24 Ay
on _9 (w) 1 (%M - Ww‘:k—l) (2.34)
10z ], () 8 Az 24 Az '
@ _9 <Ui(u),j,k - Ui—l(u),j,k) 1 (“Z’(U)Hvﬂkk — ui—g(“)ﬁjvk> (2.35)
Oz ik 8 Az 24 Az '
'@ _ 9 (ui(u):j-ﬂ(v),k - Uz‘(u)u’(u),k) o1 <“z‘(u),j+2(v>,k - “z’(u)vj—l@;gé)
L0 iy sk 8 Ay 2 8
% _ g (W(u),j,k:-i—l - ui(u)7j7k> . i (ui(u),j7k+2 — ui(u),j,k—l) (2 37)
0z , -8 Az 24 Az ‘
- i(u),j,k(w)
@ _ 9 (Uz‘—i-l,j(v),k - Ui,j(v),k) _ i (Ui+2,j(v),k — Ui—lvi(’”)ﬁ) (2.38)
9% iy sk 8 A 2 A
v _9 (vi,j(v),k - Ui,j—l(v),k) 1 <Ui,j+1(v),k: - Ui,j—2(v)7k> (2.39)
_ay ik 8 Ay 24 Ay
@ _ 9 <U7j,j(y)7kj+1 - Ui,j(v),lc) B i (Uivj(v),k-i-? - Ul}j(v)a’f—l) (2.40)
:82 i)k 8 Az 24 Az
dw _9 (wz+1jk(’w Wi, j k(w ) (wm,j,k(w) - wz’lM(w)) (2.41)
:a“’ k() O A
aiw — 9 <wz J+LE(w) — wz] 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 k—1(w )) 1 (wu ht1(w) — wi,j,k2(w)> (2.43)
_az_ijk_S Az 24 Az '
2.2.3 SMEAZERT (2 REBE)
WMESAAEETEEZS. LFDOEIITES I EHNTES.
871’] Tigk+1 — Tigk
i = bkl TGk (2.44)
[82 ,5,k(w) Azi’j’k
[M] _ Wi(u),g,k+1 — Wi(u),j,k (2'45>
i(u),j,k(w)

AZz(u) j,k
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deepconv DBEHE F2EF ZEEABORERIL 9

lavl — Vij() k1 ~ Vij(w) k (2.46)
2 1 jw) biw) B2k

[&u] _ Wijk(w) = Wijk-1(w) (2.47)
0z ik AZijk(w)
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deepconv DBEHE F2E¥E ZEEABORERIL 10

2.3 ZEfEIRERE L7-EREARER

2.3.1 FKEDR

oT g
la] SR - (2.48)
“lijk Cpal@ulijk
HARGOEE p, ) FUANDO LS IZERT 5.
_ po [T/
K Ry 0,55k (2:49)
2.3.2 EFARENX
OUi(u), j k _ ou _ ou ou
= = —(U +u )z(u )9k | - (U + U)i(u),j,k a, - wi(u),j,k a9
%]
—Wi(u),j,k | 5
9z i(w) gk
. on _
—CpalOuliqu),jin Iz i + [Turb'u]i(u),j,k + [Turb.u]i(u)7j7k (2.50)
i(u),j
81}1- i(v),k _ ov ov ov
— = _<u + U’)i,j(”u),k o ( + U)Z] wi,j(l}),k 9.
ot Ox i,j(v),k 8y 1,5(v),k 0z 1,5(v),k
0v
Gt [821 ).k
_ 87r _
—CpalOulicu).jok o + [Tmrb.v]Z.J(v)’ﬁC + [Turb.v}i’j(v)’,C (2.51)
Y 1,j(v),k
OW; j e(w) _ ow - ow ow
—F " = —(U, + u)i7j7k(w) a9, - (U + )Z] k - wivjvk(w) a9,
at ax ,5,k(w) ay 1,3,k (w) az i,5,k(w)
— om
—CpglOoli g e(w) [32] + [Turb. w]”k( )
1,3,k (w)
03 j.k(w)
_|_gi 7]7
0,5 e(w)
g 2o1Go)igib(w) /Mo
1/ Mg+ Y[Goli jw) /Mo
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deepconv DEERL B22E EFEAEDBEEL 11
. E[qv]zjk _'_E[QC]z]k +Z[Q7"]zjk (w)
1 + Z[QU]Z,],]{: (w)
2.3.3 EAHAENX
. 2 2. 50
87'(7,,],].; + Zj k [au + av] + C%in [apevw‘| = [F ]Z] kg2 53)
8t de[ev]ij k (%v ay .7,k dep@j,k[ev ]i,j,k 02 1,7,k
B B onr B o onr Rym (Ou  Ov Ow
Frelije = — ((u + u)% + (v + v)@ + waz> + o (81‘ + o + 82)
=2
Ci ik 1
+ = o cond]i,j + rad]t,j + 151,79,
ool { Tlior ((Qeondlijk + [Qradlijk + [Quislijik)
i (Z[(L)]i,j,k + Z[QC]i,j,k + Z[lf‘v]i,j,k i Z[QU]i,j,k/Mv )%51‘0
L+ X [@lije 1/Mg + X[@lijr /M,
HEARGOEE e I ZLATD XS IZEHET 5.
R _
= P Bl (2.55)

(2

2.3.4 EBAHFEDOL

+ [Turb.9]; , + {Turb.?Lk
1

Wz]k

([and]z gk + [Qrad]z J,k + [des]z Js k)

2.3.5 EMENRDDRESLLOZRER

a[Qv}i,j,k: o _ 8(]11 Qv
ot = (U + )i jp or i — (V4 )ik ay . Wik
+[Src.qulijk + [Turb.@)i ik + [Turb.qu)i )k

0qy

0z

_ _ 00 00
4], 75 27y

Lo

0
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FEo2E

EREAROBRIE

Olaelik

ot

Olarliik

ot

—(+ )ik

+[Sre.qe)ijr + [Tu

—(u + )ik

— (0 +v)ijk
ik
rb'qc]i,j,ka

— (04 )ijk

ik I
+[Sre.qrlijn + [Fall.g,]i j 1 + [Turb.q )i jx

— Wijk

— Wik
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deepconv DBEHE F2E¥E ZEEABORERIL 13

2.4 ERFEH

I TIREEBAE U2 BBUI R T 2R RM D5 R Ti2 XD b. FET DEME
0, ISR, BERTI RO B URMF LGN URMFETH S,

2.4.1 RBEHHERFZHEOSEZAA

Ble LT, o A7 7y 7 AEFRIZEE S B8 w0 25 A5, sHEHEE
WD x AADOHFT% 1(u) ~im(u) & U, MRES O TR8E 2 £95 (1.2
ZM). Zo L EHMBERFMFEIUTOLSITEZ6NS.

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 T 2 AR RICEE S W22, AN T =7 RICHE S 7 250
FHUTHAKIIEZSZENTES.

2.4.2 IARYBRLFHDEZA

BERTHER 095, ZO5E, ERZIIIATERDENRIIRZ2S L 51
525%.

Bl UT o ARNZERZH5 X 7-56%52 5. ¢ A7 7Y 7 AT I E X
NT-ERIZx LTl

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 EICIE ST DR WU LTI,
70,5k — —T1,4,k (2-68)
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deepconv DBEHE F2E¥E 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 WWHBRLFHEDEZ R

B ECHR G IERE 2 0, R A AEEOERAAMS %2 0 235, 2054,
B ETREI NSRS IZER 2 XX A TEROEP NN 5 X5 i2h
Z, R EICHE SN TWARWEARBIIR U TIREEZ XX A TEBDIEI NI R 5
£951I525.

il UT o AAICERAZGAT5E6%2FA5. ¢ AA7 7y 7 A7 aUICHE
N EBEIZR LTl
Uo(w),jk = Uim(u)jk = 0 (2.72)
U—1(u) gk = ~UL()jik (2.73)
Uim+1(u)jk = —Wim—1(u),jk (2.74)
Uim+2(u)jk = —Wim—2(u),jk (2.75)
S5 BEREICEBES N TWARWEARIZR L T,
To,jk = T1,k (2.76)
T—1,5k = T4,k (2-77>
Tim4+1,5,k = Tim,j.k (2-78>
Tim+2,.k = Tim—1,jk (2.79)

95,
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deepconv DBEHE £3E RKEABEORERIL 15

B3E REHZROBERL

3.1 EEHENEENHEN

ZS AL X 7B SRR (2.50), (2.52) & EH HFEA (2.53) % KRR G 1A) 2 B AR
3%, SIRICEE ST ZIHIZE WX A AAT Y 7 Ar THELL, ZDOMOIEIZE
WERA LAT Y 7 At CTHER(ET 5. HIICBE T 2 HOBER L IZIX HE-VI &%
BAU, u ORXITFTEZE D, w,m OXIFEBED (77 V7 - =3)) ViR) THERK
b3 %. ZOMOIEDEETALIZIZY =T 70y ZHEEZHWS. BEELL -ROFHE
ET wDADPSITS. BoNr+ AT D uw ZHVWT 7 Z25HEL, v, 7 ZHW
Tw Z2stHET 5.

HEAREADORIED S, FIHICBER LR WIEE F,, F,, F,, F, LTt dsL,
EE AR ENARRXIUTO LS IEIT 5.

Pty _ lcpé gﬂ o [aagajvli(u),j,k R e 3.1)

avlgév)’k - [%9 221”(@ ! laaaDwaj(v) k i [Fv]ij(v%k’ (3:2)

8wgfw>:-b@&§Z]Mkm)+laagivLjM)Fg@ﬁ%mw, (3.3)
y =2 _7 P

83;& + L_pcﬁéga(fg;w)]”k __ L‘SG_U <g;‘ + g:)] . + [Fall e (3:4)

72720 u,v,w DRI EWIREIH aDiv Z A TdH 5 (Skamarock and Klemp,
1992). HFIZEHE LR WIH F,, F,, F,, F, 1%,

[Fu]é(u),j,k = [AdV u]z (u),4,k + [Turb u]z(u )3,k + [Dl{f u]t Aj k> (35)
(Fli e = Al + [Turboli 5608+ Diff.o] 0] 4 (3.6)
A
[FW]E,j,k(w) = [Adv. w]” k(w) [BUOY]” k(w) + [Turb. w]f] k(t )
+ [Diff ]! ) - (3.7)
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deepconv DBEHE £3E RKEABEORERIL 16

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

Ry <8u ov 8w>

con \oz "oy T oz

—2

Ci ik 1 . . )

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

ik
_ <2[4v]§7j7k + 2 [de)i i+ Xlult ik _ Sl uls jn/ My > }
L4+ > [@0)ijk L/ Mg+ X2[@)i g/ My
(3.8)

Thb. ZNSDHEIFKLG ¢t TIMET A2 21235, HU, hdEHTY =77
0y ka5 720, BAEk M Diff ZBMLTH 5.

3.1.1 ZBRICEAETZEDOEEAEOBEE
KEHREDES A2 OBESL

(3.1), (3.2) 2l G N HERAL T2 L AT DK 512785,

- . onT J(aDiv)T
T+AT _ T = t
i(u),j,k i(u),j,k
(3.9)
_ o on” d(aDiv)"
vTTAT = o], — [06’ 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 ij(v) .k

(3.10)

MEAMOEE AN & ENAERDBRMIL

HE-VIEZHWS DT, w & 7 DAZEV LU THLS. w ORITEWTHIKBEIH
EHTHEZE S, [E NI ERIR 2 THEBUE T 2. 7 ORITHE W TKEMAIHIZ (3.9)
TRDOz w™A7 & AW THEERE U, SRhiEM D HIZ R 2 CHRUE S 5.

B TH+AT T o \T
WS — e pae g0 g -y 0L 9D g anis 1)
0z 0z
e AT o
Cppt? 0z cppt? 0z
AT (OuTTAT  QuTHAT
—— FIAT.
by < Oz * Jy > AT
(3.12)
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deepconv DBEHE £3E RKEABEORERIL 17

I CRHDOB T RAEBEZ R THRFIIERL 2. (3.12) KT (3.11) 2/RA
LT w e 2HET 5.

=2 2 T+AT
THAT 2C Az— g 92 or
" 0 e oz { P ( BE

AT O(pO,w™)  EPAT [OuTTAT  QuTTAT .
T (1 " B — EFCA
m-=F )c;,ﬁeg 0z Cpby ar Jy T oaT
AT [0 - _ = on” d(aDiv)” ¢
— — ATl .
ﬁcprQ [821)9 { CpevAT{u 2 0z }+ 0z AT+ AT

(3.13)

(3.13) X/ed 2 22 A I HEBUL U, PR EZ X TR 2N TRTEEITD
e A (nJr%O)ni%lH X %A% 7’3?@)

s =02
/82 E2AT2 1 (Cppev) k(w) T+AT
— _ T ]
ept2 ) Az Az bgk+1

I P (EQAT2> 1 {(Cpp@%)k(w) N <%995)k1(w)}] prtan

cppl? ), Az AZpy(w) Azg1(w)
+4-5° earty 1 (@), 1w) | _rrar
_ m
o2 ) Az Az R

B pe wT) B EQAT au'r-i-AT N 8UT+AT
= Mk cpr 0z ik &by ), oz W )i

o d(aDiv)T ¢
- (Cpev)i,k(w) AT {(1 —h) 0z } ) + (az) . )AT + (Fw)z‘,j,k(w) AT}
ij,k(w 2,7,k (w

2,5,k
(3.14)

AU ORITEIME S UMRFELRWD T 2 JHDORTFOANITTH 5.

BREM

ETBRZEERE L T S50, BIREM X B MBS T,

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

THEBER (k(w) = 0(w)) ITD2WTHEZ S, ZOIF (3.11) RICHFEMIFTEET
ERS

T+AT T < N\T
3 (87?8 ) _ _(1-p) (8; ) N (_19 a(aé?w) ) N (_19 Fi;)
SRVART 2 /igow) N\ o ij0w) NP S ijow)

= Ei,j70(w) (317)

L%, LEdoT (3.14) R FO& 51245,
)
o [ C°AT 1 - e
_ 7 7 ..
{ ’ <6p0912) >1 Az Az (CP’O ”)1(w)} Tij2
GAAT? 1 -
1+ 5 7] D0 THAT
i { i B < C_Pﬁeg )1 AzlAzl(w) (Cpp v)l(w)} 7T%J,1
: AT 8(56_va) ¢
= Tij1— (1 - ﬁ) <Cp,0912,>1 { 9z i + (Fﬂ)i,j,l AT
E2AT auT-f—AT N aUT+AT
q)e_'u 1 ox 8y il

AT\ [0 o - o or™ . d(aDiv)” t
-0 <C_p/i0_g>1 [azpev {w — CPQUAT {(1 — /B) 5, } + o AT+ FwAT

,7,1
EAT? 1 -
- _ ) (cp 0 1
5<6pﬁ93>1ﬁz1 (P82). 0y Prow (3.18)
LERIR R
EEBER (k(w) = km(w)) ICDWTHEZR L. ZOW (3.11) AzhTFe Ml THE
T &,
T+AT T - N\T 1
05 o 7 ) ()
< g em(w) % ) ijkm(w) CpYu < i,jkm(w) CpYuy i,jkem(w)
= Ei,j,km(w) (319)

705, ULizh->T (3.14) RIELTFD LS 1272 5.

AT 1 ~
1 2 ’ =~ —92 T+AT
{ + /8 ( C_pﬁeg > . AkaAka_l(w) (Cpp v)km—l(w)} ﬂ-z,],k)m
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oA 2
o [ CCAT 1 o e
- = 0 7
" { ﬁ ( C_Pp912) >km AzkmAzkmfl(w) (Cp v)kml(w)} ﬂ-z,],km—l
AT 0(pf,w") .
- AT (1 , g\pyw )
Wl,],km ( ﬁ) <%p93>km { aZ . + (Fﬂ-)i,j,k‘m AT
(52 AT) <auT+AT Oy AT )
C;)H'U km ax ay i,j,km
AT 0 - . onT d(aDiv) )
- <pe> [82[)0” {w ~ AT {“ ~0%; } g, ATHRAT
m Z7.77 m
AAT? 1 _
= =, p0> E;; 9
() S (o) e o

EAARAOREESYAE

(3.14), (3.18), (3.20) R&EH LT B &, LFD K S 27 HADERNTHELS Z L&A T
5.

T+AT
A1 By 0 TiLl 211 Tim,jm,1
Ch T1,1,2
Bkm
0 Chm-1 Apm T1,1,km Tim,jm, km
.
Diya D2ia D jma
D2 ’ :
= ’ (3.21)
Dl,l,km Dz’m,jm,km

ZOHENABREML LT oy, 2RDD. ZOMEARADERIEUTD LS
TEF B

Ay = 143 earty 1 [0 0”)k<w> N (Cppev)k:—l(w)
’ 0_13150_12) k Azk Azk(w) Azk—l(w)
(k=2,3,---km—1),
2AT? 1 -
A - 1 2 ¢ — = 792
= (S3) mman 7,
?Ar? 1 ]
Apy = 1432 caT _
' o < 0 )km Az AZgm—1(w) (Cpp v)’fm—l(w) ’
— 72
B, = 62 (EQAT2> 1 (Cppev)k’—l(w)
' P02 )y Dz Azpaw)
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(k=23 km),

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

Y

(k: 1,2,---km — 1),
AT O (pb,w™)
Dyin = 7., —(1— \
gk 7Tz,],k ( ﬁ) (Qppeg)k { Oz ik
EZAT 8UT+AT avT+AT
— + + Fijk
L ox oy ik
(k:2,3,~~/€m— 1),
AT O(pf,w™)
Dy = 77 —(1— \
,J,1 7Tl,_7,1 ( ﬁ) (Cpp912)>1 { 82 -
EQAT auT—i-AT aUT—I—AT
— + + i
) ox dy il

ZNAT? 1 B
- P02 An G 792 Ei jow >
’ ( &Pty )1 An (Cpp ”)z‘,j,o(w) 1J,0(w)
E2AT a(péva)
j ik cpp02 ), Oz .
AT QuTTAT Gy HAT

B oz 0 + Fyjpom

¥ v Yy 1,7,km

ZAT? 1 .
+5 ( (%P@%) () Lidskm(w):
k

0,

0,

0,

CoP03 ) o Dkm
=72 L,
B = —(1— 5) om N 717 d(aDiv) N 717 Pt
Sk (w) 0z 0 0z 0
i,k (w) prv i,k (w) prv i,3,k(w)
=2
B . AT 0 / - .
Far = (F7),,,0r =8 (Cpp@%) " [Gz (v 9“>i,j,k<w> {0k
. on” Jd(aDiv)T .
a <Cp9“)i,k(w) a7 {(1 7 0% }ik(w) " {az}ik(w) T <Fw)i’k(w) AT} :

TH5.

3.1.2 FRICERE LaWEDKRE A ROBRESIL

BN ARE RO F P ICEE L 22 WIH (3.5), (3.6), (3.7) A& BT 5.
(Fliwgr = — [Advaliy o+ Turbai 30 + [Diffufic)
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A
[Fv]f,j(v),k = [AdV U]z Jw).k + [Turb U] v) k + [lef ’U]fj(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 XK PEHLEIE, Buoy (3% 3E, Diff I3BUEKMIETH 5.
%M%MO)IE IR D & SIZEHET 5. BikEIX

t t t
T i)k Y Litw),jik Z Li(u),jk
ovl’ ovl’ ov’
[AdVU]Z i(v),k zj(v [ ] + U;j(v),k l] + wzt'aj(v)vk [‘| (3’23)
’ O ij(v),k Ay i,j () k 0z ij(v) .k
ow]’ ow]’ ow
[Adv.w]; kw) — Wigk(w) [1 + Vi j k(w) 1 + Wi j k(w) [1 (3.24)
7 O | ; k() Y 1, iu 0% |, j k(w)
EEI
Buoyl; i k) = 97” ()
[ ] jk( ) 617‘7714;(11;)
1g Z[qv]z]kw)/M
1/Md + Z[%]” k w)/M
_gz[qv]z]k +Z[q0]2]k +Z[QT]1]I€ (w) (3 25)
1+ E[qv]z,],k (w) .
KDL BOE X

t—At
t—At a au

[Turb.ul;,y;. _2[833 (Kon)s jn or o

0 7,(u)7]7k

-A

’ {(K ) <8U> + (o) (au> }]t |
a i(u),j(v),k iu).gv)-k
dy 7 O (w),j(v),k M dy i(w),j W)k ) 1 iu),jk

1 0 ow
+ ? w Kmlu j,k(w)
( )zjk |:8Z {( )Jk( )( )()Jvk( <8x> () e (w)

+

ou o 2 OR2\ "
+(ﬁ)i,j,k(w) (K )z(u Jk(w) < ) }] - 272 ( m) (326)
92 ) stwyin)) L SEmE N 0T Jic
a a t—At
v
[Turb. v]fj(Avg =2 [ {(Km)ijk () H
%y %y b3k ) 1 o),k

t—At
0 { dv Hu
Or 92 /ity s 9 /iy s i), 3 (0)
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1 o ow
+ = =21 Pigikw) (EKim)i o) k(uw <>
(P)ijk [32 { ) TORIN By ] sty

ov o 2 OK2\"
+(P)igibw) (Kim)i j0) k) <> } V=T ( m) (3.27)
92/ i i) h(w) i SCml 0% ik
9 a 8 t—At
Turbw] 2 = 2 1L @)iin (K)o [ 28
[ ur w]uj,k(w) (p)i,j,k(w) Oz (p> J,k( )z,j,k Oz ik _
> 2,7,k(w

_ t—At
0 { Hw Hu
+ 152§ B iw) gk () + (Bon )i k) () }]
_(% ! O i(w),j,k(w) ’ 0z i(w).gik(w) ) 15 5 k(w)

_ t—At
) { ow v
+ 5 (Km)ij(v) k(w) () + <Km)ij(v) k(w) <> }]
_89 dy i3 (V) k(w) 0z L (W)kw) ) 1 5 k(w)

1 22 : <8pK%>t_At (3.28)
(P)ijh(w) 3CLE N 02 /)

TH 5. BRI,

t—At
S el vl o <>
(u),j Ox \ Oz | Oz L/ gk i(u).gk/) Gk i(u),j.k
2Jy wnu),7,
] t—At
B,
VW o la Yo | o
A\ 9 | 0y \9 )0 in LOERVETORIONS PR
: t—At
0 (0o (o
T 57 3{8 <u } o
_ 2 A z z i(u),5,k(w) i(u),j,k i(u),5,k(w) i(u),7,k
t—At
o o 0 (0ov
[Diff U]fj(ﬁk “Ulos | or { () }
Oz \ 0z | 0z \OT )\ i)k BIOVRS i) g ) k] ;)
) qt—At | |
oo {8 <8v> }
Vb o= la- Y3 | o
_8y dy | 9y \9y Lk ig)k) i,§(v),k
] t—At
oo fo (o
» 2 8{8 <U> } (3.30)
_ S\ TN i@k ) )k 0.5(0)k(w) ] j(0)
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Q

. t—=At 9 0 0 O
[Dlﬁ‘wh,j,k(w) = Un or T x \ Oz i(u),j,k i
i(u).gk(w) ) ;i k(w)

r t—At

h _ _ _ [

v),k(w) i.5,k(w)
Lo (o fo o
"oz | 02 oz \ oz
63k ) 5 5 e(w)

t—At

i7j7k Z,j,k(w)

ThH5. K, FERT AV F —OWFEFRRE AR, SR L (FEflE

WUTDESIZEDD.

B an(v/ArAy)?
h = 2AL
B a,(Az)*
T AL

ap, oy DPIEREMIX 1.0 x 1072 TH 5.

3.2 BANZFOALEGHOFEADERE

i(u),j,k(w)

t—At

Z7J7k(w)

(3.31)

&), vn, v,

(3.32)

(3.33)

BOACBEELOEEADOALE DT F TRLU, B AR —F7av s

A N TS B
efﬁt = efj§t+2At[Fg]”k (3.34)
@it = Tl + 20ty T (3.35)
a5t =l + 208 F, ), (3.36)
@5 = lalt %wmr]”k (3.37)
I,
_ A
(Foliin = —[Adv.&]%k—[Advﬂ};m (Turb. 655" + [Turb, e]t t
+ [Diff. 0] %" + [Qendl’ s + [Qraali ;2" + [Quis 2" (3.38)
[qu];j’k = —[Adv. qv]” » — [Adv. q_v]fjk + [Turb.qv]l.7j7kt + [Turb.q‘v]f;ﬁt
+ [Diff.q ] 5" + [EViol: (3.39)
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[Fqc];j,k = [AdV QC]zj k + [Turb qc]fjit T [Dlﬁ ]:;’%t

—[CNey +CL!, (3:40)
Bl = = [Advall, o+ [Turbg]l 2 + [Diffq)l 3"

[ONcr + CLCT‘ E‘/T’U]Zj k + [PR ]Z] k (341>

ThH5. BiizHhoEDTLEELTHL 72002, BUfkiMIE Diff 2 8MLTH 5.
F72, CNye, EV,, ISR AL L kD D720, TN 5 DIHEZ EGD N,

0, ¢, ¢, ¢ ZEEDT ¢ TRL, TNTNDOHEEZEETT. BiRIHE

t t
06 96
bt Bl
Z(u)vjvk 4,7,k y i,j('U),k 1,5,k

t
aZ 3.k (w) ] 5 k

THY, ARG OBFIHEIX

_ t
i 8¢
[Adv.qu’M = [wi,j,k(w) [(%ij(w)] -~ (3.43)
W l’.]’

TH 5. KMEHEBUEIZ CReSS & AKRIZ 1.5 RO B =V vy —%2 W5 Z & T,

t—At
t—At 0 [0
[Turb'¢]i,j,k = [81‘ {(Kh)i(u),j,k (81: w0
Hu)ds 0,9,k

8 agﬁ t—At
— (K, . Ay
ay {( h)z,](v)vk <8y>i,j(v),k}] i5J

i,5,k

1 [o ¢ e
+mwka%%”wuﬁhk ﬁ%LMwH~ .

4,5,k
&80 FARG OREVEILE I

t—At
_t—At 1 0 0¢
[Turb.g| "~ = o [az{@o)”k(w) <Kh)”kw><az)z’j,k(w)}] (3.45)

1,5,k

+

_|_

L7585, BAERMEIEIX

t—At t—At
- 9 (06 9 (0¢
mﬁﬁé“ﬂ%{<> } +%{<> }
4, O \Oz ), i ik Oy \Ox ), iy i ok
8 a¢ t—At
+1y {82 (82) . } o
bgk(w) ) ik
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THB. Ky, FELET L F — OHRIRIE SRS 5 AT 5 (REIRER). vy, v,

3 (?7) REFAT 5.

EEMENEIH Q ong 13
L t
[and];jyk = - E‘/m
CpTT 4T ik
= 485 % 10l — [0 (i) (347)
de/ﬁ' 1,75 1,75 2Js

HOEINEIH Qs 13

m,i,j,k m,i,j,k

(Cul)® ey Cpllt

A 1 C (Kt At )3 1 (Kt At )3
[Qdis]i,j,k: = -7 =
CpgT 1
£5.2%. 22T 1=Min(Az,Min(Az,Ay)) TH 5.
TR [Qyad)s i XATEIRE 212 52 5.
TP STANDERZ KT CN,,., CL, ZATD LS 1275,
[CNCT]z] k (qcz k QCO)/TGC
(CLerlt s = 22lac)t s (170 [90]E 5

WAKDEFKEZRT EV,, ZATDO XDk 5.

)0.875

[EVrol;jr = 4:85 % 1072 ([qusui i — [00)i ) (Pl )

BEKIZEDWAKT7 7y 2 A%KT PR, B TDOLSIZHEHITS.

PRI = g (sl

[U]z]k 12. 2([qr]z]k)0 125

3.2.1 SEEEMARE

(3.48)

(3.52)

(3.53)

Klemp and Wilhelmson (1983), CReSS L —#—~< =27 )L (PEK & Hilll, 2001) T
&, KK EBKROMDER %2 KT —CN,. + EV,, 1, Soong and Ogura (1973)
ZBVTHFE S N EEEHREETEZ VS, ZOTEE dS = 0 OWEERE,
Lvapar = [eondensedphase P FBIGAE (n W 3ALZERT > v )V) DD LIWE - ST -

FHAK 2 AR KD D BUAMIETH 5. LT TIRZDX D 2T 5.
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RNASEZRW25S
AL EZ HW25E, £TMHOIIT (3.34) — (3.41) A H6RELREIC « &
WAEU, 01 (0], g, [a]F &9 5. KITHT DiEFRIE G

Age = MAXA0, [go]" — qusu([0]7)} (3.54)

D Ag >0, B U FERIRAED ¢ > 0 o1, X2 HACTEENIZ 0, qu, ¢
ZRD 5.

[Q]H-At _ 8*—’_,7([](:21}_]1_782?;1“2[(9%9}*)) (3'55>
[q] 2 = mr+wr,@m% (3.56)
4] = g + (g — @) (3.57)

727U,y = Ly/(c,]T) THB. H LB [¢) D >0 &5, BEMIZES W%
* fTEDEHDITEESHAZ, (3.55) — (3.57) RDMEAIPRT 5 L THRVIBELUEHT 5.
i, 2 B D SRR IXPCR L, iR OMEVI O NS ZS TH 5.

HLB ¢ <0 DHBEITIE,

[0]+5 = 107" — y[a.]", (3.58)
[ao] "2 = [q]” + [a]" (3.59)
lq]" 2 =0 (3.60)

L, #oRLUEGFIET S,

EFrEER=RAW5I5E

WAL v ' = LD NIG

D& D%, 2 BEORIK 1 TELODONSERMEYE 1 TUBRERINS & S5 AR
KInDE5E O, {REfafGffikz2 & 2 5.
AL T v € =7 L DA G O JE A 5T

10834
K, = In(pxm, - pa,s) = 61.781 — 7 —In10? (3.62)
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Thd. EVEREZHVE I LT, AEDIREIZNT ST VY E=T LiLKRED
EIVHOMZERDD Z LN TES.

EREOHEE T 128135 NH,SH OAFEEY X &35, [EPHEERDONILTD
EH5IzET 5.

(pnms — X) (Prys — X) = €
X2 — (pxwy + Pros) X + g - Prys — €% =0 (3.63)

frDRNREMES &) FfE X FATER5.

X = {(pNH:s +pH23) + \/(pNH:s +pHQS)2 - 4(pNH3 *PH.S — er)}

X =

N =N =

{(pNH3 + PHos) £ \/(pNH3 — PHas)® + 46KP} (3.64)

REDFFEIE exp(K,) =0 DEHHIZELD 52 X OEENET S L THRD .
exp (K,) =~ 0 D&, HS M

X = IIliH(PNH37 PH25) (365)
Thd. ZITRERKZE Eﬁb PNH3 > Py,s THEZEZMWET DL X = Py,s
Th5. 2T (3.64) DIREDOHEE exp (K,) ~0 DEE X = Pys 275 %5,
A2 'Y 5
1
X = B {(pNHg + PH,s) — \/(pNHg — P,s)? + 4€KP.} (3.66)

X D72 REEMIZ
0 S X S min(PNHg, PHQS) (367)
Thd. LMz I WG X =027 5.

X W (3.67) RDOEMEZH72d 72 01F, A2 HNTEEMNIZ 0, ¢, ¢ ZRDD.

[anma) " = [gxma]” + Agwm,, (3.68)
[aas]" " = [qmas]” + Adus, (3.69)
lanisu]™ = lanme)” + [gmmas]” — [anm,) T = [ams]™, (3.70)
[Q]HN =0"+7 ([QNHJ* + [qms] — [gnm, /T4 — [QHQS]H_At) . (3.71)

f’f_b Y= LNH4SH/(de ) TZF) D AqNH3 C\f_ AQHQS li%?’b%ﬂ EEEZ%. X 015@
J§9 % NHy & HoS DIRGBHTH S, IAPPURT 2 £ TREBRZ1TS.

main.tex 2012 4 12 A 5 H (MERFEARE R {ELSEE)



deepconv DBEHE £3E RKEABEORERIL 28

3.3 ELRILEREL DR

Klemp and Wilhelmson (1978) & & T' CReSS (FEA & Fill 5 &, 2001) & FIFkIZ,
15 RD 7=V v — 25, FLRILEREORMER 2 ) -7 70y 7
HEE WG FIC M 2 & IRD &S5 12k 5.

[Knlisat = nli it + 208 [Fx, Ji (3.72)
Z T,
[Fr, )i = —[AdV.Kp]l 5 + [Buoy. K, ]i55" + [Shear. K, ]2
+[Turb. K,,,J{5" + [Disp.K )i 55" (3.73)

TH5. CReSS 26\, BifIEHE t T, BIRHEUMNZ t — At TS 5.

[Fr, )i CEENBRIVILTOLICEE TS LM TES.

t t
0K, 0K,,
[AdVK ]zgk’ = {ul(u)1k< or ) } +{U1]v)k< P ) }
i k) Z]k) y i,j(’l}),k i,j,k’
i,4,k(w i4.k

t—At

272
[Buoy K B]it _ {3gCl <aeel> } (375)
,4,k(w

20

1,5,k
t—AtY 2 81} t ary 24
R CHE MR N
z]k 8y k
1,7, .
dig.k
t—At] 2
(@) 66, }
2 i,j,lg i(u),,k(w) i,k Oz (u),5.k(w) ig.k |
o2 9 e 8 i
U v
(NG
2 )ik N ) ity i)k ik 0% /st j(w),h ik
c2p t—At p t—At] 2
w
GO L{C5 T s ()
2 4,5,k i,k ay 1,5(v),k(w) 1,7,k
ou

Qv

””{(Jmf (% (%)) o
()L L
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A t—At
+ 0 (9K, + 0Ky, \*
0z \ 0z ), ., Ox
1,5,k (w) 1,5,k i(u).j5.k 1,5,k
) t—At 9 t—At
0K,, 0K,
+{<a>} +{<a>} ]
y BJ() k] Gk Bk(w) Lk
. t—At 1 2 \tmA
[Disp. Koml; ;e = _272( m)i,j,k

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

eel - v+9; (fOT de = ) (379)
_ Lq,
bu = G0+ =50 (o g >0) (3.80)
Cpg
=7 U,

— - 0 > qu /M, St g+

0,10, = 6,11+ + S ! 3.81
{ 0 T UM+ s 0, 1 55d, (3:81)

THD.

34 BE714ILY9—

D—=77ay ZEEHWEZZ 2 I1ICE>TEUSEEE— NOMIEZINH T 2720,
Asselin (1972) DIE 7 4 V& — 2 BWRHEZIAT 1 A7y TEHET 25812 (EER
AR WIFRZI A DR EE N, = 2At /A1 ATy THHE T 28I2) #HT 5.

7z & 21X (3.9) Z HWT ufaﬁ ZEIR T LG54, LD XS ITKHE 7 1 )V X — %@
M3 5.

i _DAr B o T+(N-—1)AT d(aDi T+(N-—1)Ar
R e i P e L _ dabi)
> Hu)J, ox oxr ) ik
¢
+ [Fuliwy 6 AT,
“%)Azk = (1- 27)u§(u),j,k + (U ik + Uf(_u)Azk) (3.82)

ZZTyR7ANZ—DFEETHY, ZDfEIX 0.05 25, (3.11), (3.12) Dt
BT U CHREBRICR 7 1 V2 —2EHHT 5.
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3.5 RARVIE

WREAHECOWE DO KGN A B 72012, B SHRADMAZRIEZ ST MA 5.

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

2720, ¢ BEROFHREBMTH Y, ¢ 3EBRIIHEEDOEHDOMETHS. ZDIH
W1 DHIDRA LATY 7Tt — At TEHREIN, NSWRALATY T THbihd
FMARIIR LU TH, BRIECBUERMEIE & BRI 2At DRERRALATY S
MDffe UTEHMiiZ 5, BARKIZIK

)4 = 2 {[Advoa] - @) + ()} (1)) (384)
)5 = 2A¢ {[Advad)' + -+ {n () + 70(2)} [u] 2} (3.85)
[w] T4 = 24t {[Adv.w]’ + - + {ya(x) + 70 (2)} [w] >} (3.86)
6142 = 28 {[AAV.B] + - + {3 (@) + 70 ()} 1012 (3.87)

Y5 HLU 7 13T AF—BKOHEALETHS.

Vhs Yo \EZNF KT ST RN IZ A BRI A5 C, SAIE NS I EBERIIC D 5
TNI L RDWHEBLTH D, TN S OWEREIE, KT IZIRINE O JE A %
dh et L/, €T @%ﬁ% 0<z< Tmaz tj—z/wi\u

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

THY, ShEHFNZIFRINEDEX%Z d, L U, 2 OFiHZ 0 < 2 < 2400 & T 0L,
Yo = 0 (Z S Zmaz — dv)a

(2 — Zmaz — dy) ’
Vo = @ (1 — cos gm Y > (2 > Zmaz — dy), (3.89)

Thd. ZIT, apa, EFENEFNIKE - REHLAOREEHLTH D, ap, o, 1&
R DOH DR EFES, TN 5 D1/ ap, 1/a, 13 e-folding time & IEXN5.
e-folding time (F#H 100 — 300 s IZHET D. EBINEDEA d)y,d, 1ZTNT
M, ACER AN ITBHE 74, SRE G TFNICIE EiA 5 1/3 BRERETHITR .
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Q

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.

PEARRIA, fil5E &, 2001: CReSS 2 —% =X 1 K 4 2 K.
http://www.tokyo.rist.or.jp/CReSS_Fujin/CReSS.top.html
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T %A EAHARER (3.13) OEd
DZEFBWDDEZTTL

(3.13) /DL ESTS.
(3.13)left side = @[ fA7

oA 2
o [ CCAT
%<_b

E2A7'2 1 B 87TT+AT
(28] o5
cppt2 ) Az ( oP >k’1(w) 0z ivjk—1(w)

= T

T+AT
i,k

. T+AT T T

—BQ CQATQ 1 (5 ﬁé ) Wi,;L,kJrl - Wi,zkA

D) . Az, PFZ0 ) e (w) AZp(w)
_ TITAT _ pThaT
(c82) ( 2 w’k_1>}
k—=1(w) Azg1(w)
- 79
32 2AT? 1 (Cppev)k:(w) T+AT

_ - _ . ]
c—pﬁQQ k Azk AZk(w) bkt

(czAz'2> 1 {(Cp/ﬁﬁ)k(w) N (C}Jﬁég)k_l(w) H riar
k

Az (w) Az 1(w) bk

A1l TERER

TSR (k(w) = 0(w)) IZDWTHE RS, ZORF (3.11) i,

OmTHAT B Jd(aDiv)" on” r
’ < 0z )i,j,o(w) a [( 0z ) —1=h ( 0z > " (CPHUFw>L,j,O(w)
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= Ei,j,O(w) <A2>
Y750 T, (3.13) ROLMIF, k=1 DBEITIE,

(3.13)left side = a7 A7

i1
_62 EZA,TQ L (C_ _9_2) aﬂ.T+AT
C_pﬁe_% LAz P ) 9z i.5,1(w)
ZAT? 1 ~ OmTrAT
+52<__—> &, ( )
G2 ), Az ( P )O(w) 0z i.3,0(w)
T4+AT
= Tij1
S (e A e
C_pﬁeg 1 AZl P 1(w) AZl(w)
)| 2 T+AT
o [ CAT 1 _ _o or
_ — 0
0 <0p093 )1 Az {(Cpp v)o(“’) ( 0z >z‘j,0(w)}

2N 2
o [CCAT 1 - o
- ; 0 T4
{ ’ ( C};ﬁ@% )1 AzlAzl(w) (Cpp “)1(w)} Tij2
ZAT? 1 -
L+p° 7] = o> THAT
! { H ( C_Pﬁeg 1 AzlAzl(w) <Cpp v)l(w) Tiga

AT? 1 -
— | —(600%)  Eijouw

A.2 _LERER

LIRS (k(w) = km(w)) L DWTEZ . (3.13) ROALIE,

o T+AT OaDiv)™ on” 1
5 )y = () 0o (50) ()
< 1,j,km(w) < o % i,5,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<7.22> (@nf), (aﬂ )
Cppe'u km Azkm m(w) 9z 1,5, km(w)

ZAT? 1 o O AT
+5° ( ¢ 062 ) Az {<Cpp912’>km1(w) ( 0z ) }
pp v km km la]’kmfl(w)

T+AT
i,4,km

= T
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ZNAT? 1 _
_ _ = 792 E,L _—
g < P03 ) o DZbm (CPP U)km(w) dokm(w)
AT 1 _ qTHAT _ pTAT
+52 (C_ _z—2 ) {(Qyﬂ@%) ( i,7,km ’L,j,km—l)}
P02 ), Az km—1(w) At —1(w)
ANAT? 1 ~
1+6° ) 000, 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 ™
i { B < C_p/302 >km AkaAkafl(w) (Cpp U)km—l(w)} 7TZ7]7km—]_
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ft &B EFRBRRIKRICOWT

ARE TV THWW T S IR 5 [ ORERUE /5% (B2 E17%) 13, Klemp and Wilhelm-
son (1978) IZ K> THRMIZREINHETHS. ZOHEEZHAVS L, HHB &
OB d % CFL &2 22T N7z U TCWAGE THHBEALZE 2L I T
Giahid s, ZOREBIIEORERECED ATy TH2AL /AT Z2HEINX
TWLIZD2NKE LD (Skamarock and Klemp, 1992, ¥ 1 Z2H&). Skamarock
and Klemp (1992) 1 Z DFBEANLE % [l 5720, HiK %2 B RWICEEIE 5
TANVR— UCHE AR ERREHEZEAT LI L2 REL .

E R T E G DSR2 UTIE 9 4. 20 Z &I ERIR=H
e UL S - BRE T R

ou _or oD

o = g, TG (B.1)
ow O oD 0
E = —Cpevg + 0667 —+ ga, (B2)
on 2 [opd,u  Opf,w
1 B.
ot el [ or 0 ] ’ (B:3)
00 040,
ou Ow
D = 127
ox + 0z
NGRS A e
0D [ o (0 9
32 82
2 — - -
vio= 02 + 022

ZRDDHZETHEST DI ENTES.

IR I 30 8 D RN 4 B HLER A D T, B IR BRI X S AT REME D
EAZoNb. LML Skamarock and Klemp (1992) F## LS v 7- HEAEAD
DR EAWT, HRBEEHOENRBANOREINS NI L ZRLTND
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BAR Tl Skamarock and Klemp (1992) (281} im0 E 2 /Rd. OO
JENARBRRCEHN S EAGORITEHR L U, RTOEH%E u = geiletlzwd) 9 X5
IR EFED LNE L CHBBRE kD25 &,

w* +ia(k? + P)w?® — [(k* + 1?) + N?|w? —iak® N?w + k*N? = 0, (B.6)
LB, 2T N2 = L9 TH 5. M IR E O S BIRR

, N2

k2 1%

ZaZB8CHIZRATELE a 2B8CHIZEWHBHELD D Z 96, HFHHE
HDOENPEANDEIININTH A5 L FHINS. FEBIZ, e = aVk2 + 2/C
PNSWVEHRELT w % e DITREMLU CHKRBEEHORE 2 FT 5 &, &
BEIEITENWE RS Z2WEI T HMEICIEZ5 &, ZORERIZIEFIZIN NIV &
MHH % (Skamarock and Klemp, 1992, X 5 Z#).

HIREEDOBRE o DIEZRDBIZH-0, BELRITNIERSZ2NWI 2R 2D
H5. 1 DFHEWBHEEZ DL DVEHBEALEDFRRNE RSN ESTEHILTH
D, 55 1 DIFFWREHDOE NI ANDHENKREL RSB NEDITHIL
TH5. fiFIE (BS) IR UL, FHBEHP R AREROILHIEE 25 Z
ENOEFEINDS. HIBEHEEORHR S FHTHERE S 2 W TITh s DT ((3.9),
(3.11) 22 ), FHERLEZE Z X2\ 72 DI IFHLBUE 2 jiE 2 5 TR S

5 556 DG EVESA:
alAT 1

< —
Min(Az?, Az2) = 2
Z 72 T IRT R S 7R\, BFITHTBYE TR L 72 Skamarock and Klemp (1992)
Digat CAHWz e WNIWEWSFENPSEFEI NS ¢ DERAMHEIE
200
Min(Az, Az)e

(B.7)

Max(e) =

B 20AT CAT
~ Min(Az2,Az2) / Min(Az, Az)
EHZ56N5DT, Max(e) <1 &9 5701

aAT
Min(Az2, Az?)

cAT

1
—— B.
2 Min(Az, Az) (B-8)

<

TRITNIEX L5720 (BR) ALIZHND HHIINT 527 —F VEUE 1 Lh/haw
BL 3 2DT, (BS) DEMEZET L (B.7) IFHENIZHHZINEZ LItk 5.

LZ O&MIZ 9 %% Skamarock and Klemp (1992) Tl T W
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deepconv DBEHE

=10

ft & C ZoNDEHER

I TRRHEETZHWGEOEMBS DEFRNDEH | ZFOFEIZDOWTE
LB, BRHIE LTI Iy 7 ARTROER u D, (i,5,k) TR EIBITS 2

ﬁlﬁj .I}Hﬁ?lﬂ&ﬁ\
ax ik

DESAE, TDHREEEZD.

C.1 2 R¥EEHRLESD

 x JHIZ —Az/2 ZIFThiZA

) k)
—I—REE LUTERTE, LTFDLIIZ

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

A7 —KFR (1,5, k) ED w (uijx)

7%,
L wy|Ou] Az 1[0 <M>2+1 P (Afcf’
B 7 P RTR 7 BRIV TH 177 BN
1 [0% Az\* 1 [0% Az\°®
il Bl = — 2= - 1
+4! [8$4]ijk( 2 ) 5! [&ES]@M( 2 ) ! 0

FRRIZ, 7T v 7 ARF R (i — L), 7, k) ED u (w1 jn) & wijr PT—7 &

e LTRTE, BAFDKIIT4HRD.
du] Az 170% (Aw)z_l o (Axf
. ik 3! 023 ik N 2

Ui—1(u),j6 = UWigk — |f9$ 7_’_5 @ >
T l&x](g) _alax](2> o (C2)
b i.j,
(C.1) — (C.2) &b,
(w),k Wi .= |2 A+1@ (M>3+1a5“ (Al’f’
e ] R 7] B 60 [02°]  \ 2
N v i,
+0[(Az)7] (C.3)
2012 4 12 A 5 H (HERIEARE RN E )
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INZERT DL (i,5,k) TR ECBTS u Dz HA—BBIOARELNS.

[81&] Uik = Uige 1 [a%;] (Az)?
or ) gk Az 24 |Ox i,k
1 [0% 4 6
~ 150 [8:5] el o

ERO (Ar)? P EOEREAERT 52 & T, KAEKTEHAVELEO 2 K
HUDAE 7T DA

Gu] Uit1,5,k — Wi 5k
— = Lk hik (C.5)
[8x i) ok Az
PESNDE. ZOLEEDEAEDKEIIT
1 [0% 9

L85,

C.2 4 XBEHRLED

2 WHEE AR DAE KD BB N (C.1), (C.2) WA, (7,5, k) 225 o FH
Iz :EA?)ZL‘/Q 7‘:67‘3‘%?:7 Z 7x*§¥){—if® u (uiJrl(u),j,k;uif2(u),j,k) 0)'{@:%2 Ui 5.k
DTF—7—REHELTKDS.

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

s o] <3A$)4+1 i) (3Aw>5+ )
40 [ 0xt], o\ 2 5! [0x5],  \ 2 ' '
7‘7.77 Z?J?

B oul  3Az 1 [0% 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 [M(z ) ‘a[ax]@ )+ (©8)

(C.7) — (C.8) &1,

ou SAz 4 1[0% <3Ax>3
Uip1(u) gk — Yi-2(w)jk = |7 e —

+610 [2357&5] ijk <i%;$>5 * O[(Ax)7] ()
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(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) =

du 216 [ 0% Az
O uAr - 22| Az AT ;
&, 2% (58, (5) roram e

INEERLUT (0,4, k) TR EZBIT2 u Do AA—EBHIOAREoN5.
du _ 9 (Uz]k - Ui—l,j,k) 1 (Ui+1,j,k - Ui—2,j,k)
ox ik 8 Ax 24 Az
3 [0
640 | Oz®

].'(Axf—FOKAxW] (C.11)

ERD (Az)! D EOERIEE RS 5 Z 8T, KEKTEAWEZIGAED 4 RIEE
FlE S R

ou 9 Ui]’]{;_ul'—]_jk> 1 (Ui+1jk_ui—2jk:>
il = 2 0k LR s > 12
[aka 8 ( Az 24 Ax (C.12)
WESND. TOLETOHEEDRE XL
3 [0% 4

LS.
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ft &%D (EFPMEHEDEEE

D.1 MEEFE
D.1.1 fafESKE

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

ZZT, pt IRREMIARSE, T 1XIRE, T, = 273.15 TH 5. A, B,C 1% Antoine 25K
ThHb. TUo DMEIFEFEERGT 4 585, (LEHEERET 4 BT, EHD
HALAY mmHg, IRE DALY °C TH B DT, PALOHBIEXZ M IS T WS,

# D.1: K, 7 E=T 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 FRENAREL TEOAL LTRAMS S Z L
MWTE5.

D.1.2 [EFEEEH

WAty =7 ADOAERKIG
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D A E B,
10834
K, = In(pny, - pH,s) = 61.781 — —7— —n 10 (D.3)

Thd. JEVPHEREHAVWEZ LT, EEDEEIZNTET VE=T EHibKED
ENHDOFEERRDBZENTES.

D.2 O ¥IILE—Z1t

D.2.1 E&

BIMASIE BRI IV TR - 751D,
dp,  puls
dT ~ RT?
TR oS, ZOR%E L, ORE LT dAhETI LT, BRI TDO X
256N,

(D.4)

_dlnp, 9
L= “2PUR,T (D.5)
HU R, B 12T 55K EHTH 5. Antoine DAZRAT S &,
( Bn(10.0) )
Lv_{(CJrT_TO)?}RvT (D.6)

D.2.2 KIHE

A7 ' =7 L OERRRIG
IZEWT, NH,SH > b E—% NH; & HyS DT> babE—D&EN, K
fES5 Ty bu -2 izHind 5.

NH,SH ®ELTY b —Ii3,

a,UNH4SH
SNH4SH = — T

ot + s + RTK, — RTlnpy?)

K,
o

0
_87(

_ o o

— RK, + Rlnp,® (D.8)
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TH5. ZIZT iRy, Mis V& NHs & NoS OFEELZERT V2 ¥ )b, s{yy,, shus 13
ZIRT ATy bRE— K, & (D.7) OISO EFHEMTH 5. NHy &

HoS DNV b —DFI,

SNHs 1 SHas = Sum, + Sh,s — RIn(pam, - prys) + RInpj

= S{m, + Sts — RIn K, + RInp;
(D.8) & (D.9) ®#*

0K,
oT
MDD T Y b E—2Z(LIZHY T 5. EILY72 0 O RISET,

0K,
o

TH 5. NH,SH LRGSO FE e E= AT 5 &,

10834
Lmsi = — RT* = 10834R

As = RT

Lnu,sa = TAs = RT?

THb.

(D.9)

(D.10)

(D.11)

(D.12)
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it &xE BUDBEFOFE

E.1 REBLEEILEL(DE) & DBER

iz
Z

LR DT R (KA T ) DIRAL, DEZRD 5.

BEL q 20F p, TRBITHL,

_ Pz
Gz = —
Pd
— R,T 1/Md+2v qU/MU Pz
P 1/M, R, T
= DMLUMy+ T 0o/ M,)
P\ P
qx (1_ > = 7Mx(1/Md+qu/Mv)
p p vFET
q _ piMx<1/Md+Zv7éx C]U/Mv)
oo (1)
G = pacM:p(l/Md + ngw qv/Mv)
: P — Dz
@ = po:p<1/Md + Zv;ﬁx C]U/MU)

pUﬂ-de/Rd — Pz
Y, B 2, TRETS Y,

lEme(l/Md + ZU#&: qU/MU)
1—x,

Qe =
MR A

— /T, DIE p, ZEEH ¢, TRETZ &,

. qzpP
Pe = ML (/M + %, q0/M,)
QIPO'/Tde/Rd
P = ML My + 5, qu/ M)

BERKEEZZ L. IR DORAT %2 d & U, WERTDORATE2 v &35, C
‘(\\

(E.3)
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THY, BNV 2, TRETS L,

v, = i (E.4)

Mx<1/Md + Zv qv/MU)

Th5.
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S5

AEWIL, HIBRFARBMEEI DA X — 2w b ETOZMHMFEHOER L TEHDOE
ERO—EBE LT

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

ZBWTARINTWEHDTHS. (©deepconv BIFEZ IV — 7| 2012). K&K
&, FEH ORI L v GREZ 2TV B IZ8WTHBICMELT
WZZWTHED R\, 2B, FIHT2BICIES —EHONAEZ IO 2 Z L % B
WD (HECRAEMER AT L),

KT & 2 N3 IR (RNEOBTSE A1) 5 5%, EEMNALTO WEB
ETCOEFEEEIIHHTFEZBETORWEGEEDR D E0, TR S, [RKOHK
Bl DEODERE WS ZEMEHNTH S Z &% THIEN-Z1F 580 G0, Fibi
BHEDSIHFIHZ TS Z L THFMREZBIETVWARZWVT WS, REFROFH
FIZE, COREHBED B ERELU TR TWeRZIF 5 X BWT 5. T—, A48
BDHBHGEITIX

dcstaff@gfd-dennou.org

FTHEKELTCWEEITNESEWTH S,
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