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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.
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_ Tig+Lk T Tijk
Mgk = " 5 (2.2)
_ Tigk+1 T Tk
1
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ui7j7k == 2
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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)
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_8 7 (v - Ui g(v
al _ Vit,4( )JfA Yij(v).k (2.23)
LT 1w (o) k t
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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)
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Oy | i) (o) 8 Ay 24 Ay

main.tex 20120 120 50 (00000OO0OODO)



deepconv U000 g20 gboboooogn 8
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:az: iwikw) O Az 24 Az
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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 ’

main.tex 20120 120 50 (00000OO0OODO)



deepconv U000 g20 gboboooogn 9

23 UO0OO0OOOOOOOOOO
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9z ik Cpal@ulijk
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_ po [T/ T
L == IR 2.42
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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=
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— or
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233 00000

O i Oplyu  Opfyv  Opb,w
T —— 5 3 5 = [Fal;n,  (2.46)
CpaPi g lO ligk L OF Y “ ik
[Felije = L { = ([Qeondlijk + (Qradligr + [Quais)ijx)

. Cpalfulign [Tijn 7 7 .

B (Z[Qv]i,j,k + Sldeligr + Zlrlige  Xldolige/Mo )2}47>
L+ 3 [olign 1/ Mg+ X[@oli /Moy
godgob edgoogoooooo.
cp R —

ik = P T alolie (2.48)

(

234 0O0OOOO

0y _ o0} _ o8] _  |9¢
a M ox ik R EE irjoke |0z ivjcdk
+ [Turb.0]; , + {Turb.@} .
+f- o ([and]i,j,k + [Qrad]i,j,k + [Qdis]i,j:k> (249>
i,

235 UU0OUbObooooooon

- 27]7 Z7j7 Z?J? 17.]7
ot | Oz | ik Oy ik 0z ik ox ik
+[Sre.qplijx + [Turb.Gyli ik + [Turb.qy)i ik, (2.50)
aos _ (0] (0] Ly fo]
- 27‘77 27‘77 1/7]7
ot _8x_i’j’k _8y_i’j’k | Oz ik
+[Src.qelijr + [Turb.qcli ik, (2.51)
Olalis _ . ¢ . L . -8%]
— 1,7, 1,7, 75
ot _ax_ivjvk | Oy i | 0z ik
+[Sre.qp ik + [Fall.g i + [Turb.q,]i (2.52)
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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 (2.53)
U1 (u) gk = Wim—1(u).jk (2.54)
Uim+1(u). gk = U1(u).jk (2.55)
Uim+2(u).jk = U2(u).jk (2.56)

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 (2.57)
U1(u) ik = UL () 5ok (2.58)
Uim41(u),j,k = —Wim—1(u),j,k (2'59>
Uim4-2(u),j,k = —Wim—2(u),j,k (2'60)
god. ouoooooooboooooooooon,
To,5,k — —T14k (2-61)
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T_14k = —T1,jk (2'62>
Tim41,5,k = —Tim,j.k (2'63>
Tim+2,5,k — —Tim—1,5,k (2'64>

goo.

243 000OO0OO0OOOOOO

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

goob «000000000000DLDDODO. 0000000 OODOOOO0O
gogooboogd.

Uo(u).jk = Wim(u).jk = 0 (2.65)
Ui (u) gk = ~UL(w). gk (2.66)
Uim4+1(u),j.k = —Wim—1(u),j,k (2-67>
Uim42(u),j.k = —Wim—2(u),j,k (2-68>
gdo.otdotdotdodououououoodgo,
770,j7k = 7T17j,k (269)
T—1,5k = T4,k (2-70)
Tim+1,5,k = Tim,jk (2.71)
Tim+2,.k = Tim—1,j,k (2.72)

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.

00000000000,0000000000 F,F,F,,F, 00000000,
0D00000000000000000000.

aiu’ —_a —aDi
TMMﬂ:_Fe(”‘Iw) + [Fulf (3.1)

ot O L(u),j,k

V5 j(v), _ -~ J(m — aDiv
# = — lCPQU(a?J)l . + [Fol i) o (3.2)
2,5 (v
OW; j k(w _ - O(m — aDiv
§f>:_kwv(é%)] + [Fult j k) (3.3)
,5,k(w)
Ot & 9(phyw) & (Ou v
J» _ _ (@ fou 0w - .
ot +L_pﬁ93 2 P o oz oy "k+[ i (3:4)

000 w,0,w 000000000 oDiv 000000 (Skamarock and Klemp,
1992). OOOOOOOOO Ry, F, Fy, Fr O,

(Fuli) i — [Adv.uly, ;, + [Turb.uli;,; ]KHMHMtﬁW (3.5)
[Fv];j(vm = —[Adv.]; (wyx T [Turb. U] + [Diff. vlfﬁ,ﬁk, (3.6)
Fultinw = — AVl [BuoyJi,j,Mw)ﬂTurb Wi )

+ [Diff ] ) - (3.7)
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2
Fﬂ—t: - Cii”k {1 conl?~ + ral?4 —+ zst
[ ] de[e ]ivj,k [T]i,j,k ([Q d]z,j,k [Q d]l,j,k [Qd ]Z,],k>
_ (Z[QU]E,j,k + Z[CJCHJJC + Z[fv]g,j,k _ Z[QU]g,j,k/Mv >§3 8)
L+ ¥ [q]in /My + S[a)in/M, ) Y

goo. goouououo gogogoooguo. bbb, 00000000 o
oooooooooOo,000Dboo bitooooooo.

3.1.1 0O0000gooobboooooon
gogouooobobobooodaao

(3.1),(3.2)00000000000000000000.

- orn™  J(aDiv)”
T+AT T = t
Uiy ik = Witu),gk — [Cp‘gvAT{ or o H ik + Fu,i(u),j,kATu<3'9>
nu),7,
- or™  9d(aDiv)"
TH+AT T - t
Uik = Vijwk [CPQUAT{ 3y - 3y H +Fv,i,j(v),k;AT(3'1O>
1,j(v),k

ggbbobuooobbobouoooobbod

HE-VIOODOODODO,w O s 000000000, wOO0ODOOODOOODOO
00000, 00000000000D000. s 00D0O0OOOODOOOO (3.9
0000« 00000000,0000000000000000.

a T+AT T )T
WA = " — Cplu AT {ﬁaﬁ +(1- 5)85,7; — 8(0482211) } + F,A7. (3.11)
AT O(ph,w AT AT O(ph,w™
,ﬂ_T—l-AT + /8 — (p ) - a7 — (1 . /8) — (p )
Cpph? 0z epty 0z
ENAT [OuTTAT  QuTTAT
o/ FIAT.
0y ( ox + oy > AT
(3.12)

00000000000000D0000000000. (3.12)00 (3.11) 000
00 o™ " 00ooog.

=2 2 T+AT
rar  @CATT O [ oy (07
" oy {<C”p9”>< 02 >}
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deepconv [0 0 OO

CATI(pO,w™) AT [(OuTTAT  QuTHAT
- 1T (11— " v _ — FIA
TP E T e, oo \Tox T oy )T
AAT [0 - - o™ d(aDiv)T
BTN 9 g L — e g, AT (1 — - FEArU
/Bc_pﬁeg [az pev {w CPQ'U T {( /B) az az + w T
(3.13)

(3.13) 0000000000000, 00000000O00O00DO0OOO0OObO
00000 (000000 OAD0 OO).

=2 2
2 (< =il L = > T+AT
{_B ( Cpp0? >k Az? (Cppev)k(w)} i g ke+1
T+AT

22N 2
o [(CTAT 1 I .,
: ll o < cpY; >k Az {<Cpp6”)k(w) * (cppe”)k—l(w)}l ik

A2
o (AT L T+AT
+ {—5 < )k A2 (Cppez))k_l(w)} T jk—1

Cpp0?
. AT d(ph,w™ AT QuTTAT  GyTTAT
om0 (525
P05 ) 1 z irjok &by /) x Y Jijk

¢pph? 0z
_ or™  Jd(aDiv)" .
_<Cp0v)zk( )AT{(]__/B) 8 o 82; } . +( w)z]k(w)AT
i,5,k(w) ik
(3.14)
godooooooooooooooooobooboobDbD z00b0b0b0b0ooOooooao.
gooo
godoobooooooo,ooooooouoooog,
w(i, j,0(w)) =0, 3.15)
(3.16)

w(i, j, km(w)) =0

gogo.

gooo:

20120 120 50 (00000OO0OODO)
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0000 (k(w)=0w))0000000. 000 (3.11) 00000000000
oo,

OnTHAT O(aDiv)™ onT 1
(), = (7)ol w) L G
i.5,0(w) i.5,0(w) i0w)  \PY% /G 00w)

= Ei,j70(w) (317)

O00.00000 3.14)00oooooooo.
2 A2

o [ CAT i — 72 T+AT

B
2 A2
2 (C AT L ) THAT
() o
AT O(pb,w")
AT (1— 7 o Fl) A

Tt ( A <Cp:0912;>1{ 0z i,,1 ! ( ﬂ)i’j’l '

AT OuTtAT N OuTHAT

&0 ) | Oz A )i

-5(55) |t for - anarfu-mSe - 2Py rack
) 0z 0z il

&2 ), |0z
EATH 1, P . o
-0 c‘pﬁé?, ) Az (Cpp ”)i,j,o(w) 4,5,0(w) - (3.18)
oood:

0000 (k(w)=km(w) 0000000, 000 (3.11) 0000000000
ooo,

OmTTAT O(aDiv)™ on” 1
(%) = ) (5 (527
i,j,km(w) i,j,km(w) i,j,km(w) p~v i,j,km(w)

= Ei,j,km(w) (319)

O00.00000 3.14)0000o0ooooog.
2AT? 1 _
1 2 = ~ _62 T‘+AT
{ " 6 ( C_pﬁe2 >k’m AZQ (Cpp v)k‘m—l(w)} Wz,],km
=2 2
o f(c AT | A
o (258) (), i

. AT d(pl,wT) .
= Towm = (1=0) (%P93>km { 0z irjkm " (Fﬂ)i’j’km A
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B <C2AT> (auT+AT N 8U7+AT>
&b ) im Oz Ay i,j,km
AT 0 - - o™  J(aDiv)"
- . —p0, dw” — Gf,AT 3 (1 - - F,A
’ <%P93>km [azp {w v " {( 2 0z 0z } T THi,j,km

B (AT o
A oY 6 Ez km(w) -
+Az P2 ) i (Cpp v)km(w) dokm(w)

gogbbbooodaboo

(3.14), (3.18), (3.20) O ODODOO,0D0O00000DDOOOOOOODOODOO
go.

T+AT
Ay By 0 T1,110 7211 Timgm,l
4 e . 11,2
Bkm
0 Ckmfl Akm T1,1,km T o Timogm, km
-
D1,1,1 D2,1,1 ce Dim,jm,l
Dy ' ' :
= Y (3.21)
Dl,l,km T e Dim,jm,km

ubooboobooodoodobd -, 0000, gbogogooooooooood
gooo.

-2 2
B o [ CCAT 1 T = =02
A = 145 < C_pﬁe_g )k A2 {<Cpp0”)k(w) + (Cppev)kl(w)}
(k‘:2737km_ ].),

2AT?

1 _
_ 2 B !
Ay <5p593>1 na (@),

P2AT? 1 _
B —  _ P2 - =N2
’ (CM% )k 3z ()
(k=2,3,---km),
2AT? 1 _
C - _ 2 - — 792
’ ’ ( Pty >k+1 Az? (cpp ”)k(w) ’

(k=1,2,- -km—1),
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. S2AT\ [0(pf,wT)
Digk = Tgx = {17H) (c‘pﬁ@‘?)k { 0z i
v 1]

AT Ou™TAT  QuTTAT
- + + Fijk
p\ O AW )i

(k=2,3,---km—1),
. AAT\ [0(ph,wT)
D;j1 = 7Tz‘,j,1_<1—5) ( )1{ Bl i

&0,

CpPt}
GAT\ [OuTTAT  QuTHAT
- 0 + o + Fija
! g Y Jija
AAT? 1 ~
- ) Az \G _92 EZ 1,0(w)»
’ < C_pﬁe?, )1 Az (Cpp v)iJ,O(w) 3,0(w)
! CATY [ O(phu)
m i,j,km

AT QuTHAT  QuTHAT
- n a + a + E,j,km
k € Y Jijkm

AAT? 1 _
+ _ — (¢,p6? E; i tm(w)-
’ ( P03 ) o D7 (Cpp v)km(w) ()

&0,

&0,

noo,

Div)™ T 1

Eijk(w)E M —(1—5) on + _—Fi)
- 0z i,j,k(w) 0z 1,5,k (w) Cpa” 1,5,k (w)
9
B . AT 0 / - .
For = ()83 (25), [ 00 s o
- or™  Od(aDiv)" .
o (Cpev)i,k(w) AT {(1 -5 0z 0z }k( ) + (Fw>i,k(w) AT
1,k(w ik

aooo.

3.1.2 0O0O0O0O0O0OO0OO0OOOOLOO0O0O0OO0

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

t t t—At . t—At

Fuliy e = — [Advafy, ;, + [Turb.ul; % + [Diffoufi %
—A . —A

[Fv]z,j(v),k = - [Adv'v];j(v),k + [Turbﬂ]z,j(v;k + [DIH'U]Zj(vg,k7

t t—At . t—At
[Fw]zj,k(w) = — [Adv.w]zjvk(w) + [Turb.w]ivjvk(w) + [lef.w]i7j7k(w)

t
+ [Buoy]i’j’ k()
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O00,AdvO000,DOO0O0OOO,Buwoy0 OO0, DIfO0OOCOOOODO.
gogbooboogobobooooo.oobodg,

oul’ oul’
’ z(u)jk ay i(u),], 0z i(u),5,k
ov ovl’
[AdV’U]: j(v),k = zg(v [ ] l ] + wf,j(v),k [‘| (3723)
! 1,5(v),k ay 4,5(v),k 0z i,j(v),k
ow owl’ owl’
[Adv.wl ) = “m&@»[] +vmmm>l] *wmmwal](32®
’ 0% |3 hw) 0 L) 92 [ jk(w)
nooo,
7 w)
[BuOY]z E(w) — ]7(
Jik(w) ka(w)
+g Z[qv]z]k( )/MU
1/Md + Z[QD]H k w)/M
Z vlg, + Z C 7, w + Z T4, w
1 + Z[QU]z,],k (w)
noooooo,
8 a t—At
t— At U
[Turb.ulj,; , = 2 [83: {(K )ik <&U> k}] .
4 i(u),j,k

+

t—At
0 { ov ou
o (Km)i(u)j(v)k<> +(Km)z‘(u>j<v)k<> }]
dy O i(u),j(v),k dy i(w),j W)k ) 1 iu),j

u),j,k
1 0 ow
+ a. P 1,4,k (w K i(u w
(ﬁ)i,j,k [8,2 {(p) 7,k ( )( >( ),d,k(w) ((91:) () 4.k (uw)

t—At
) ou 2 [(0KZ
H@)igiw) Fom) i i) <32> }] - 302l2< O ) (320)

i(u),j.k ik

t—At
0 ov
[Turb. v]fjég =2 [ {(Km)”k () H
y dy B3k ) 1 i)k
9 {(K | (m) ) <8u> }]t“
9. i(u),j(v),k) i(u),j(v)
Ox i Ox i(w),j(v)k y i(w),j(v),k ) 1 i00).

i(u),j(v).k
1 0 ow
+ P 1,4,k(w K 4,5 (v),k(w) < )
( )ij |:az {( )Jk( )( )J( ay i () k(w)

v t—At 9 8K2 — At
+(p)i,j,k:(w) (K )U(v Je(w) <8Z> }] - W ( 89:m> (3.27)
@.k@w) J ] jw) m ()

1,5 (v),k J(v).k
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t—At
t—At L g P)ij 871“
[Turb w]z] k(w) — (p)m k(w) [82 {( >”7k (Km)ivm <az >i7j7k}] i\j

i,5,k(w)

_ t—At
9 { dw du
+ | 52 1 (Kn); i(w),4,k(w) ( ) + (K )1(u) k(w) ( ) }]
_8x 7 OZ / i(uyj bt g 2/ itw) gkw) i,k (w)

_ t—At
9 { Hw O
+»(Kwu@um<> *WKMMMMM<> H
_39 dy 0,7 (v),k(w) 0z 6 (W)Ew) ) 1 5 k(w)

o () "
(P)ig k(w) 3CHI 92 ) i)

ggb.ooooan,

t—At t—At
[lef-uﬁwiif”h{m <a> } +”h{a (a) }
5k ) i(u) gk Y \NOY/ iw).i(w).k i(u),j,k
t—At
0 [0ou
o {a (8) } (3.20)
Z(u)vjvk(w) z(u),],k
t—At t—At
_ a av 8 87)
[lefv]fjv)k h{@x (8:{:) } +Vh{8<6’> }
i(w).5(0):k ) o)k YN iik) oy
t—At
0 (0v
o {a (a) } (3.30)
Z,](’U),k(’w) i,j(U),k
t—At t—At
et = (5) ol ()
x x i(u),j,k(w) 3,5,k (w) Y Yy 1,5 (v),k(w) i,3,k(w)
t—At
0 [ow
» 3.31
v {82 <8z> } ( )
3k ) i g k(w)

000. K, 0OOOODDODOO0OO0OO00000o0ooooooo(@oooon), v,y
ggboooooon.

apAx?
= 3.32
N (3:32)
A 22
- 3.33
v AL (3.33)
000 Az,A-00000000000000000, ay,a, 00000,
1 1
<= L < = 3.34
ap >~ 3 Q 3 ( )

goo.
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3.2 UO0OUOobOoobuoboooodod

goooboooboobooboobbo FOOO,b00DO0ODbOODOO
ggbooooooo.

Ot = 0%+ 2L, (3.35)
@life = [a)h +200F, ), (3.36)
@i’ = ladih + 20U, (3.37)
@i = el + 200 F, ) (3.38)
ooo,
_ qt—A
Flije = —[AdvO),,, — [Advd]  + [Tub gl 8" + [Turb.] "
W Z’J7 o Z7]’
. —A _ _
+ [Diff. 0], 5" + [Qenall i + [@raali 3" + [Quisli ;2" (3.39)
Foltn = —[Advagll,, — [Adv.g];,, + [Turb.g ] 3 + [Turb.g )3
+ [Diff.q ] + [EViol: (3.40)
(Fo i, = —[Advagl;,, + [Turb.gl ;5" + Diff.q ;3"
—[CNer + CLer ;4 (3.41)
(Fy )i = —[Adv.gll,, + [Turb.g, ) 3" + [Diff.q.]; 5"
+[CNe + CLer — EVyi); 1 + [PR (3.42)

O00.00000O00bOO0bOO0bOOoDbDO0DbOODbD,00000 Dif0bO0bODO.
oo,CN., EV, 0000000000000 0O0DO,b0b00booooo.

0 ¢, q,¢- 00000 ¢000,00000000000.0000,

t
D¢ 9¢
[Adv'¢]§,j,k = [ui(u),j,k [&E] + Uz‘,j(v),k [a] ]
Z('U,),j,k i,k y iaj(v)vk 0,4,k
t
0
+ | Wi j k(w) [aﬂ } (3.43)
Z ..
7‘7.77k(w) 1,5,k

000,00000000,

_ t
- 8¢
[Adv.gb}i’j,k = [wi7j7k(w) lazlijk(w)] - (3.44)
W l’.]?

O00.000000 CReSSOO0OO 150000000D0DODOOOO,

t—At
t—At 0 a¢

i7j7k
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t—At
9 96
— (K
2 {( Dusons 8y)w7k}] ”

1,9,k

t—At
1 |o 96
A [az {( Ji.gaw) () j ) <8z>i,j,k(w)}:|. (3.45)

gob,0goooboogg,

— t—At
_qt—At 1 o |, _ ¢
[Turb‘gﬂ"’j’k (P {82 {<p)i7j7k(w) )i (az>nk(w)}] : 40

ggb.ooooan,

9 (09 o 0 (9¢ -
[Diffy]. %" = w, { () } I { () }
Js Ox \ Oz i(w) ok ) 5 Oy \Ox RIQLY RN

Z?]’
At

t_
¢
M {az ((92), B } (3:47)
1,7, (w) i7j7k‘

000. K,0000000000000000000000(00000). v,
0 (3.34)000000.

00000 Qug O

t

L

CpT T

[and];j,k = _[ va]

i7j7k

L _ _
= {485 X 10 (gl 1 — 00lt ) (el i)} (348)
Pd”

goo.

00000 Qg O

1 Kt At \3 1 Kt At \3
Cl’( mz]k) o ( ngk) (349)

At — =
{les]z,j,k (le) de’ﬂ' Cm2l4

CpgT
O000. 000 [ =Min(Az,Min(Az,Ay)) 00O

0000 [Qrdijx D0OO0O0O0D0OO0OODO.
000000000000 CN,,., CL, 000000000 .

[CNCT]Z gk T (C]C i,k qCO)/Tac (350)
0.875
[CLCT]E,j,k = 2'2[qc]i,j,k ([ﬁ]k [%ﬂ]ﬁ,j,k)
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goooooob pv, 000000000.

(EVeoli g = 485 % 1072 ([gusulf e — (0] 10) (Plelari )" (3.52)
000000000000000 PR, ODOOOOOODO.

0
PR = o5 (hslUdalalty: (3.59)
015 = 12:2([ar )" (3.54)

3.2.1 0OO0OO0OOOOO

Klemp and Wilhelmson (1983), CReSS 000000000 (00000, 2001) O
0,00000000000000 —CN,.+ EV,, O, Soong and Ogura (1973)
0D0000000000000000000. 00000 dS=000000,
Lvapar = Heondenseaphase 10000 (n000000000)000000000O0
00000000000000000.00000000000000.

gogbobooooaooo

0000000000000,00000 (335 -(342)00000000 %0
000, 6" (¢ ¢ ¢ 000. 00000000000

ch - MAX{O, [Q’U]* - %}sw([e]*)} (355>

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

gt ‘)*”([fv]ﬂaiiif‘ém*)) (3.56)
[q,]" % = [%]*er, (3.57)
@)t = (@] + g — [q] (3.58)

000,y=L/(clI) 000. 000 [¢J#*¥>0000,0000000000
«+0000000000,(3.56)-(35)000000000000000000.
00,000000000000,000000000000000.

Oo00 ¢ <o000000,

0774 = [6]" — ~lql]", (3.59)
2] = )" + [a)” (3.60)
] "2 =0 (3.61)
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gd,buogaobbod.

ggboobouoogoon

googooooooobbn

goob,200000 100d00000obb 1o000bbbobbbodagd
gogoooa,gbbobooogoooo.

ggbbboodgbobboooobooad,

10834
KpEln(pNH3~pHQS):61.781—T—1n102 (3.63)
000.000000000000,00000000000000000000
0000D00000000000.

O0000T7T0000 NH,SHODOOOD XDOOOooh,0oooooooooo
gogoooo.

(pxts — X)(prys — X) = €
X2 — (pNug + rys) X+ pvwg - Prys — €7 =0 (3.64)

gooobogoob,bbo0 Xooooogd.

1

X = 5 {(pNH3 +szS) + \/(pNH3 +pHgS)2 _ 4(pNH3 - PH,S — er)}

1

X =3 {(pNH3 + PH,s) £ \/(pNH3 — PH,s)? + 4€KP} (3.65)

000000 exp(K,) ~000000000 X 0000000000000,
exp(K,)~0000,0000

X = min(PNHS, PHQS) (366)

000.00000000000, Pay, > PL,s 00000000000 X = Pys
000.000 (3650000000 exp(K,)~0000 X="P,s00000,
oooooo.

1
X = 5 {(PNH3 + PH,s) — \/(pNHg — Pi,s)? + 46KP.} (3.67)

XO0oooooooo,

0 S X S min(PNHS, Pst) (368)

main.tex 20120 120 50 (00000OO0OODO)



deepconv U000 30 gboboobooogn 25

gbo.booboobooboobob X=0000.

X0O @63) 0000000000 0O,0D000000000 60,q,¢-0000.

[ani) 2 = [axm]” + Agwn,, (3.69)
[qas]"" " = [qmas]” + Aqus, (3.70)
[QNH4SH]t+At = [qnus]" + [qras]” — [QNH3]t+At — [qu, ]Hm; (3.71)
[0]F2 = 0" + ([QNHJ* + lqu,s]” — lgnm, ] — [QHgs]t+At) . (3.72)

000, v = Lamsn/ (6 1) 000, Agyn, 0 Agu,s 00000,000 X 00
000 NH;0 H,SOODOODOOD.0000000000000000.

3.3 UooOuogognd

Klemp and Wilhelmson (1978) DO O CReSS (D00 DOOOO, 2001) 0O OO,
lsddddddooooogu.goououoooboooooonbobbbbbboo
gooooboobobobbooooo,gggoogooo.

(Kl 55" = [Kmli55" + 20t FK, ]t (3.73)
noo,
[FKW];M = —[Adv.Km]EJ,k + [Buoy.Km];;’%t + [Shear.Km]Zﬁt
H[Turb. K, ]840 + [Disp. K )t (3.74)

OO00.CReSSOODOO,0D000¢t0,000000¢t-At0000O0O.

[Fk,)t., 00000000000000000000000O0.

i7j7k

0K,
i(u),j,k i,k

t
0K,
)|
Za]vk(w) R

t t

Vij),k | =3 —
ay 7;7]'(1,),]{ ..

1,5,k

1,7,k
t—At
. 39C212 (96,
Buoy. K, |i 5 = —{ == : _
[ uoy ]z,]Jg { 20 82 - N (3 76)
i3,k (w) 2,5,k
N 2 t— AL 2 N ) t—At
[Shear. K|} > = (CEHZQ) . u + v + dw
" in:k T ), ), 0z ), .
4:Js b ¥,

i7j7k
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[Turb. K., ]} 5

[Disp. K, |15

1,3,k

000 C.=C,,

gogo.

000
0,+0,

gogo.

8w

oz

t—At72
( )»j»k(w)}i,j,k ]
t—At] 2
ik i(u),j(v),k }”k]
t—At t—At] 2
L }1j k { ZJ(U)vk(w)}i,j,k ]
au t—At aw t—At
25l
x>”k Ay ik 0z ik
t—At t—At
l(u)ﬂvk 0] ay ay ’L,j(l}),k ’L,]k}
) t—At
0K,,
ox
i(u),g,k | ;5

4,9,k

<8u> } {
0% ) sy ik )

t—At

<8u> } {

9 J iw.jtw),

QJ‘Q)
S

aﬂ
dy

(3.77)

(3.78)

(3.79)

> ¢/ M,
1/Md+ZQ'u/M

Xt gt g
14+X ¢

_ 9;{1+9+ } (3.82)

34 UO0OO0OOOO

gobbooobbboooobbooobbbooobboooobbooan,
Asselin (1972) D0 0000000000 OO0OO 10000000000 (OO
000000000000 N, =2At/Ar000000000O0)000O.
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o000 390000 ufa)AtDDDDDDD gobbooooboooooon
gogo.

oy o= T WrmDAT e g A G HN— AT B d(aDiv)™HN-—DAT
i(u).j,k i(u),5,k pVv or o "
u),j
+ [FU]Z(u),j,k Ar,
Uilge = (1= 20U g+ 7 (W 4 + Wise) (3.83)

000 0O00O0O0O0OO0ODODOOOO,0000 0050000. (3.11),(3.12)00
gbogobgoboobbooboobgoobgn.

3.5 UOO0OO

ggbobobuooooboboooooob,oobbbuoooobobbuooonon.

88? =—Adv.p+---+ ’)/h(l’)<¢ — (;56) + fyv(z)((zg _ ¢e> (3.84)

obd,e00bb0oboobOon, e, bbb ooboobo.bon
010000000000 t-At000DOO,OD000DOO0bOOOoOobDboOoO
00000000, 0b0b0b0bO0obO0ODbOo 2At0b00bO0bOobOobO
ggbboooooboboboooobn,

(@] A = 2t {[Adv.a]' + - + {n(z) +70(2)} (m — 7)) (3.85)
[u] 00 = 2 {[Adv.u) + - + {n(x) + 70 ()} [u] 2 (3.86)
] A — 27 { [Adva] + o {n(e) F (@ ] 7] (38)
0]+ = 2¢ {[Adv.]! + -+m<x>+%<z>}[er-m} (3.88)

gogb. b0 ~0ooobobboooobbbod.

w7 O00000000000000000000,00000000000000
0000000000000. 000000000,0000000000000
dy 00,20000 0<2< 2, 0000,

\3
Y = ap, (1_dh> (x < dp),
'Yh:O (thxSImam_dh>a
3
= ayp, (1 — W) (> Typaz — dp), (3.89)

main.tex 20120 120 50 (00000OO0OODO)



deepconv U000 30 gboboobooogn 28

oo0,0000000000000 d,00,200000<2z<zp, 0000,

Yo = 0 (Z S Zmaz — dv)a
(2 — Zmaz —

dy

)\’
Vo = @ (1—005 ) (2 > Zmaz — dy), (3.90)
god. ood, e, DOODOD0OOOOO0OOO0OOOOOOO0O. ap,a O
O0000000000,000000 1/ap,1/a, O e-folding time 00O OO
e-folding time 0 00 100-300s OO0 0OO0. O0OOO0DOOOO dy,d, OD0O0ODO
0,00000000C00,0000000000 1/3000000000.
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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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0O 0A 00000 (3.13) 000
Jodddoooon

(313)00000000.

(3.13)left side = w;;.fkm

_ 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 (3.11)00,

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

Ei jo(w) (A.2)
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ooooo,

(3.13)00000,k=100000,

(3.13)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

3.13)0ooo0Oo,

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

(A.3)

= Ei,j,km(w)

,(3.13) 00000, k(w)=km(w) 00000,

(3.13)left side = #7 2"

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
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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-
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