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+ [Diff.q, ], + [EVi]! (3.35)
[Fo )i, = —I[Adv.gli, + [Turb.g.] ™ + [Diff.q.] ">
—[CNa + CLa i, (3.36)
[qu];k = —[Adv.g];, + [Turb.qr]z’;m + [Diff.q.] >
+[CNe + CLe — EV, ] + [PR], (3.37)
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20000000000000 30 gboboobooogn 19

oo0.boobobobobobobobob,00b00ob pifobobobo.
oo,CN FV, 000000000000 0ODO0ODO,b0bb00bO0obDOoD.

0,4, ¢,¢ 00000 ¢000,00000000000.0000,

9¢

t
+ | Wi k(w) [azlik(w)]% ( )

t
¢
Adv ol = lui(u)’k lax‘|i(u)k

ik

0D00,00000000,

_ t
- 8¢
[Adv.qﬁhk = [wi,k(w) [&]ik(w)] B (3.39)

O00.0000o0g CReSSOOOO 15 000000000D0OOODOO,

a a¢ t—At
P {(Kh)i(u),k <83:> i( )k}] ;
wu), i,k

a a¢ t—At
— < (K}). — 4
,kR(w Z,k‘
ogod,gobooooooon,

_ t—At
t—At 0 0
[Turb_gbL’kA - [82 {(Kh)@k(w) (af)%( )}] (3.41)

ggb.ooogan,

-A
[Turb.gb]zk ¢ =

+

t—At

t—At
o AL _ 9 (99 9 (99
Diflelac™ = Vh{ax <a$>i<u>,k}i,k +Vv{az <az>i,k<w>}i,k o)

000. K, 0000000000000000000000(@00000). v,
0 (329 000000.

00000 Qug O

Qo = = [ BVe| == {485 X 107l — ) Pislrn)*™)
k

CpyT
(3.43)

goo.

00000 Qs O

dlik T m L (Cul)® — cpgit Ol ‘
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0000.000 1= (AzA2)Y2000.
0000 [Quaix 000D0000DOOO.

ooooooooooooo ON,, CL,, 000000000.

3
10°(2]:x ([ge)t 1)
60(2[613]21€ + 2.66 x 10_8N0/[ﬁ]l‘,kD0>
No =5.0x 10", Dy = 0.366 (3.46)
0.875
[CLarl: = 2.20act i ([P)in [ar): )

goooobooo pv, 000000000.

CNcr =

[BV: )i = 4:85 % 1072 ([qusult s — [0u]5) ([Piklar]i )™ (3.48)

gboobgoboobobobdo PR OUDOODODODDOODO.

1 90, ¢ ¢
PR = g (PhalUlalalta) (3.49)

[Or]i ke = 12.2([a )5 )™ (3.50)

3.21 0O0OO0OO0O0O0O0O

Klemp and Wilhelmson (1983), CReSS OO0 OO0OO0OO (DOOOO, 2001) O
0,00000000000000 —CN,+ EV,, O, Soong and Ogura (1973)
ooobboooooobboooooob. Doggo dS=0000000,
Loapar = Heondensephase 00000 (1 000000000)0000000000
gogoooboobbbbooooog.ogobooobbbbuooooa.

00000000000
0000000000000, 00000 (3.30)-(3.37) 00000000 =0
000, [0, [ ¢ [« 000. 00000000000

Age = MAXA{0, [q]" — qusu([0]7)} (3.51)

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

[Q]H-At _ 6*+7([fv—]i_782}1:1“2[((£91*)) (3.52)
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20000000000000 30 gboboobooogn 21

[q] 2 = mr+wriﬁm% (3.53)

= )" + g = @)™ (3.54)

000,v=L,/(cI)000. 000 [¢Jf*4>0000,0000000000
«+0000000000,(352)-(354)000000000000000000
00,000000000000,000000000000000

[q ]H-At

000 ¢**<000000,

C

(6] = (6] — yla)", (3.55)
[0 = [qu]” + [a]" (3.56)
2] =0 (3.57)
0D,000000000.
00O0O00O000O0oo
0000000000000
NH + HaS — NH,SH (3.58)

goob,200000 100000000obb 1o000obbobboboago
gbogoog,bobooboobgn.

ggbbobuogooobbooogboobadd,

10834
K, = In(pxu; - pu,s) = 61.781 — —— —In 10 (3.59)

gob.bogoobbuogobbo,bbbuogobbuooobbuooobboo
gogbbobogooboboood.

o000 TrTooodg NE,SHOOOOODO X0OOooo,00o0o0ooooooon
gogoooo.

(pNHg, - X)(pHQS - X) — ekp
X2 — (pxug + Prs) X + pawy - Prys — €% =0 (3.60)

goooboobo,0b0 Xoooooo.

X = {(pNH3 + PH,s) \/(pNH3 + PH,s)? — 4(PNm, - PHoS — GK”)}

N — DN =

X = {@mn+ﬁmOiJWMb—mﬁV+@&} (3.61)
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000 exp(K,)~000000,0000
X:min(PNHg,PHQS) (362)
oob0. xXxgooooobooo,

Mnym,sn - min( Py, Pi,s)

min(Pym,, Pr,s) > X, X < - MyP,y,

(3.63)

goo.0ooboobooboobobD, X=0000.

X0 (363)00000000000,0000000000 6,¢,q¢0000.

i) 2 = [gnmy)” + Agaas, (3.64)
lamas]”™" = [qms]” + A, (3.65)
[QNH4SH]t+At = [anm, " + [gm,s]” — [QNHg]HAt - [qH2S]t+At7 (3.66)
[Q]HAt =0"+v ([QNH;J* + [quys]” — [QNHg]H_At — [qH2s]t+At) . (3.67)

000, v = Lnmsu/ (6 I1) 000, Agyn, 0 Agu,s 00000,000 X 00
O00NH;0 H,SOOOOODOOD.0000000000000000.

3.3 UO0UOuoboouobooun

Klemp and Wilhelmson (1978) DO O CReSS (00O OOOO, 2001) 0O OO,
l5000ooooobbbb. o0 ooouooobobobbbboboon
gogoooboobbbbbooooo,ggoooooo.

[Knlih2 = K] + 248 Fg,, ]t (3.68)
ooo,
[Fr,Jte = —[Adv.Ky]L, + [Buoy.K,,Ji ;% + [Shear. K, )12
+[Turb.K,,]472" + [Disp. K], (3.69)

OO00.CReSSOODOO,0000¢t0,000000¢t-At00O0O0OO.

Fr OO00DOOO0OODOOOOOObOOObOoOobOooD.

¢ t
0K, 0K,
[AdV.Km];k = {ui(u),k< O > } + {wi,k(w)< 92 > } (3.70)
i(w)k ) g bk(w) ) g
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9 19 —At
[Buoy. K]; > = {3901 <89d> } (3.71)

2
[Shear.K,,J;, > = (Ch.P%). ou)’ +(C2 ?) dw
x ik 0z )
1,k\wW i,k

(};’“ o ) a } (3.72)

1 a K2 t—At a K2 t—At
t—At _ - o m e m
[Turb-Knli™ =3 {ax ( oz ). } {a ()}
L i ik
t—At
0K,
+ {( o ) } { } (3.73)
L i(u),k (w) 1k
t—At . 1 2 t—At
[Disp. K]l = —ﬁ(Km)iﬁk (3.74)

000 C.=C,=020000 [=(AzA2)Y*000.00 6,0000000
0o.

La,
Oy =0+ L

de’ﬂ'

+9—{ Y¢/M, Y t+tYe+Xe

3.75
1/ Mg+ 3 ¢/ M, 1+ ¢ }( )

34 0O0O0OOO0OOO

gobboogobbbooobboodgbbbooobboooobbooan,
Asselin (1972) OO0 000000000 DOOOODO 1000000000ODO (DO
O000000000oooo N, =2A¢t/Ar0000000000)000O0.

o000 360000 ufa)AtDDDDDDD gobboogoobobooooboon
goo.

u;‘k(u),k = Uk -

TH(N-—1)AT C_pe_,uAT 87TT+(NT_1)AT a(a_D“))T'HN‘F_l)AT
Oz Oz i(u),k

+F1i,i(u)7kAT7
ultSe = (=29t g + (U, + winsh) (3.76)
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0000000000000 OO,0000 0050000. (3.7), (38000
ggboobobooggoobooooooobo.

3.5 O0Ogogn

ggbbobuoooobboooobob,gobbboooobbbouoooobn.

99 - Aot (@6~ 0) + (=)0~ ) (3.77)

gbd,e0bbooboobon,e. bbb oobuoobo. bon
O1000000b0o000 t-At000D0O,0D000DOOO0bOOOoOobDboOO
00000000, 0b0b0b0bO0obO0obO0o 2Aat0b0obOobobobo
ggbbobooobboboooooboo,

[w]' "4 = 24t {[Ad o {ml@) + ()} (r— 7)) (3.78)
[u] A" = 24t {[Ad s (@) + ()} ) A (3.79)
[w] A = mﬂAww ~w%m+mwﬂw*% (3.80)
(01744 = 2At {[Adv.0)" + -+ + { (@) + 1 (2)} ()2} (3.81)

ggb. 00 ~0ooobbbooooboboobog.

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

\3
Y =y (1—d> (x < dp),
h
Yh = 0 (dh S € S LTmaz — dh)a
3
Y = Qy <1_(I—56maz)> (> Tymaz — dp), (3.82)
dp,
000, 000d0d0fd0fdfddd0dddg d, 00, 200000<z<z,,0000,
f)/v:O (Zgzmax_dv)a
w(z — 2 )3
Yo = (1—cosdmaz> (2 > Zmaz — dy), (3.83)

god. 0o0, e, UOO0O0O0O0O0OO0O0O0O0O0O0O0O0O0O0OU. ap,a, U
00000000000,000000 1/ap,1/a, O e-folding time 0000 O.
e-folding time OO0 100 - 300 s DO OOO. OODOODODOO dp,d, OOODO
0,0000000000,00000000001/3000000000.
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40 CO4OOO

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.

Ooood,0000,2001: CReSSOODDOOOOO O 20.
http://www.tokyo.rist.or.jp/CReSS_Fujin/CReSS.top.html
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0O 0A 00000 (3.9) 0000
oo n

(39 00000000.

(3.9)left side = ;2"

5 ZAT? 1 g2 OmTHAT

P\ Gp? ), Az G “)k<w> 92
PP )k i k(w)
E2A7—2 1 _ aﬂ-T+AT

4 2 - = — —82

’ <CpP912; )k < {(Cpp U)k_l(w) ( 92 ) k1)
— W;:AT

(B L[y (S
&2 ) Az |\ PP k) Az

o (CATY L L) (T
cppt2 ), Az PP )k 1(w) Az

=2 2
— 2 AT L T =02 T+AT
- {0 (S ), a0, it

Al 0O0OO0O

0000 (k(w)=0w)0000000. 000 (3.7) 00,

OmTHAT B d(aDiv)" on” o,
() () e () (),
= Ei,O(w) (AQ)
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00000,(3.9)00000,k=100000,

(3.9)left side = 7127

A2 0O0OOO

0000 (k(w)=kmw)00O0O0000. (3.9 00000,

OmTHAT B Jd(aDiv)" on” r
’ ( 0z )i,km(w) B [( 0z ) ~(1=h) ( 0z > " (%éﬂFw>]i,km(w)

00000, (3900000, k(w)=kn(w) 00000,

(3.9)left side = a o7

i,km

72A 2 1 B T+AT
—ﬁQ (C_ _2'2 ) L (C}),EQ?}) (87? )
cppt2 ), Az kem/(w) 92 ) k()

ZAT? 1 o OnTHAT
5 ( - —9‘2> Az (e0 95)km4<w> ( p) )
CpPY% ) km 27 < i,km—1(w)

T+AT
i,km

= T
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2A 2 1 _ ﬂ_jr+AT o 71,7'+A7-
+B2 <C_ _z_2 ) L {(C_pﬁeg) ( i,km 'L,km1> }
cppt2 ). Az kem—1(w) Az
1
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0 OB 0OO0OO000O0000O0

0000000000000 0000000 (DD0000)0, Klemp and Wilhelm-
son (1978) 000 O00O0OOOOOOOOOOODO.OODOO0O0O0ODOO,0000
0000000 CPRLOO0OO0OOOO0OO0OO0ODODOD0OO0OO0ODODODOOoODOOOoOoOn
O0000. 0000000000000 00000000 2At/Ar0Q0000O
00000000000 (Skamarock and Klemp, 1992, 0 1 0 00O ). Skamarock
and Klemp (1992) 0000000000 OOOO0O,000000000000
godododotdodooooodotooooooooooo.

googoobbbbbobobbboboooddgooog. bboooooggo
gogboboboooobbooo

ou 07 oD
o = Wl TG (B.1)
ow O oD 0
E = _Cpeva +0467 +ga7 (B2>
on 2 [opd,u  Opf,w
T B.
ot Epﬁgi [ ox + 0z 1 ’ ( 3)
00 040,
a = —w az s (B4)
ou Ow
D = -7
ox + 0z
oooooon
oD I o (0 9
0? 0?
2 — - -
vio= 02 + 022

gogbbobuoooboboogooo.

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

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

gogo.ooo N2:§%—@DDD.DDDDDDDDDDDDDD

, N2

=i
Ood0O000000000 cO00O00O00O00O00Oooooooo,oodgo
DDDDDDDDDDDDDDDDDDDDDDDDD.DDD,eEa\/m/é
ool wi egdo0doooooooooooodoooo, 0o
gooodooooooooooooooooo,obddooooooooon
0000 (Skamarock and Klemp, 1992, 0 5 0 0 ).

gobbobodg e0boooobbobo,g0obbobboooobobobog 20
gb.1oggbooobooobooobbooboboobboobboobobo
g,gg1bbbobobbbotodgooooooobobbooobbbooggo
O00. 000 (B5OOOOODOO,00000000000DO0O0OODODODODO
00000000.000000000000000C00D0D0OO00000d ((3.6),
(3.7)000), 0000000000000 DO00000C0ODODOO0OOOOOOO

gogogdogo
alAT 1

< —

Min(Az?, Az2) = 2

O000000000000.00000000000 Skamarock and Klemp (1992)
0000000 «e000000O0O0DOOOODOOOOY. e0OOODO

(B.7)

200
Min(Az, Az)e

Max(e) =

B 20AT cAT
~ Min(Az2,A22) / Min(Az, Az)
00000000, Max(e) <1 0000000

aAT < 1 CAT (B.8)
Min(Az?, Az2) = 2Min(Az, Az) '

000000000.(B8UOODODOOODODOOOOOOOOOD 100000
000000,B/YILIODODODODOOO (B)OODODODODODODOOOOOOOO.

00000000000 Skamarock and Klemp (1992) 000000000
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0 O0C Oououodgnn

gbbodbooobuoobbooboooboobboo,uoobbodobbo
0o00.000000000O0D0000000 w0, (4,j) 00000000 20O

gogodg
[8“]
ox ik

gogboo,gboboboogo.

Cl 20000000

00000000 (i(u),7) 00 u (tw,) 0 e 000 —Az/2000000000
000 (4,j) 00 w(w,) 0000000000000, 00000000.

|0 A 10 <Aw>2+163u <Aw>3
fiog = T g | T2 Tar|ee) \2) T |0a?],, \ 2

e, () a e G e

000,00000000 (i—1(u),5) 00 u (4i1,) 0 4, 00000000
00O000,00000000.

o [0u] Az 1]0% (Ar)ll P (M)S
e 7 R RRECTH 1572 BN RV BTN 7 B
1 [0% Az\* 1 [0% Az\°®
T lax](z) _zﬂlax]<2) o (©2)
(C.1) — (C.2)00,

s —tis = | 2] ser L[] (Ar)', L[] (ary
tig = timtmg = G| ST | 0a8) 2 60 [ 927, \ 2

+0[(Az)T] (C.3)
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oooooooo (,j) 00000000 w0 0000000000 ODODO.

87r] Ti+1,5 — T4 1 [8%’(] 2
- et L Y I (A:E)
[ax i) Ax 24 | 0z i)

_19120 BZ] o () + Ol(a)’ (C4)

ERERE (A:E)2DDDDDDDDDDDDDD,DDDDDDDDDDD 2000

goooon

8u] Uit1,5 — U4

28| Uiy~ iy (C.5)

[895 i(u),k Az
gogoouo.obobbobbboooooo

1 [ 0%

i(u),k

goo.

C2 4000000040

2000000000000000000 (C.1),(C2)000, (,7)00 00
0 +A32/2000000000000000 u (Uig1(u) Uiaw,) 000 u; O
000000000000,

g |0u] 3Bz 1[0 (m)2+1 Fu (MI)S
B P P I TH 7'2] BN 31 08|\ 2

L Ol (3A$>4+1 Ou <3Ax)5+... (C.7)
4ot \ 2 51 025, \ 2 ‘ '
o |0u] 3Bz 1 [0% <3Aw>2_1 P (%x>‘°’
e S P R TR o 22] BN 31 08|\ 2
1 [0 3Az\* 1 [0% 3Az\°
t [ax](z ) _ylax]<2 )+ (C8)

(C.7) — (C.8)0 O,

o — s = |2 sap g 1[0 (m)SJFl o <3AI>5
Wit1(u),y = Wim2(u)y = oz |, . v 3|0x3|,  \ 2 60 [92°],, \ 2

+O0[(Az)T] (C.9)

main.tex 20060 30 100 (DODOOO,0000,0000)



20000000000000 Ooo0C 0Ooobooboood 33

(C.3)x27—(C.9 000 (Az)) 00000000,

du 216 [0u] [Az\°
27(Ui(w)j — Ui-1(w).5) — (Wir1(w,g — Vi2()j) = [ax']zk A= 60 [85’75]11@ <2>
+O[(Aa)] (C.10)

ooooodo (4,j) 00000000 w0 2 0000D00OCOCOOOOOO.

ui _ 9 <“a—“u) 1 <“i+1u’ - “izj)
ox ik 8 Ax 24 Az
9 [ 0% 4 6

ERERN (A:z:)4DDDDDDDDDDDDDD,DDDDDDDDDDD 4000

goooo
ou 9 uij—ui_1j> 1 (ui+1j—ui_2j>
ul 9 (u d) L (Uit T Miz2g 12
l@x]ik 8( Ax 24 Ax (C-12)

gogbbb.oooobbbooodn

0 [‘95“ (C.13)

< |os| (A
80 8955] i) k

gao.
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0 O0D 0Ooodoodoodd

gogbbbooogbbbuooda,bbuodobbbuoodobbboooob,od
gogboobuogooboboool.

df + vdq, = 0. (D.1)

ooo ’y:Lv/(CpH)DDD. godooobooocoooooooocoooon
00000 [0 @ ¢, [ 00, 000000000000000000
[Q]t-l-At’ [Qv]H_Ata [qc]t—l-At, [qr]t+AtDD. DDD,(Dl) DD,

([12 = 167) = v([ae]” = [@.]*) (D.2)

ggbo.obogoggboboood,

]2 = gsu ([0]F2)

000000000, 000 u 000000000, qu.(0*2) 0 [0* 00
0000000000 20000000000000,

aral(01721) = (0] + 22 et g (D3
DoO0. (D3)00 (D2) 000000000000 (352)000000.

(5 = 1) = ([ = au(7) - 225 2~ )

(17200 (et =~ a6

[Qv]* - stw([e}*)
[0 =[]+~ o I (D.4)
1+~ 80([] )

(353) 00 (b2) 000000000 OOODO.

([0 = [0]) = 2([a]* — @],
[0.)7F4" = [q]" — (0772 = 10]) /-
(D.5)
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(354) 000000000000 00O0O0O0O0O000O0OOOODODOOOOO.

([C]v]* + [C]c]*) = ([QU]t+At + [QC]H—At)?
[qe) 2 = [qu]" + [ac]* — [q0)" T2 (D.6)
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0 0Ok 0OO00000000

El 00000

E.1.1 0O0O0O0O0O

000000, Antoine 00O OO0OO.
Inp* = (A — B/(C +T — Tp)) * log(10.0) + In(133.322) (E.1)

000,y 000000,7000,T,=273.15000. A, B,C O Antoine 0O
000.000000000000400000.0000004000,000
000 mmHeg, 000000 °CO0000,00000000000000

O E1.0,000000 Antoine 00O

A B C
HyO(1) 7.9186968 1636.909 224.92
HyO(s) 8.184254  1791.3 238.1
NH;(s) 9.96382 1617.907 272.55

gobodbobooboob,oobooboboobobooboonobuoobobo
gooo.

E.1.2 0O0O0O0OO

gobbooboggbbooboo
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ggboooad,

10834
K, = In(pny, - pH,s) = 61.781 — —7— —n 102 (E.3)

gob.bogoobbuogobbo,bbbuogobbuooobbuooobboo
gogbbobogooboboood.

E2 0O00O0OO0OO0OO0OOO0O

E.21 OO

0000000000000 0000000onooo,
dpy,  puls
dT"  RT?
O0000000. 0000 L, 00000000000000,0000000
ooooooo.

(E.4)

__dlnp,

L, = R,T? E.5
o (E.5)
OO0 R, O00D000D00O0DO0ODODOODOOO. Antoine DODODOODOOO,
B1n(10.0) )
L’U: RvT E6
{(C+T—T0)2} (E6)

goo.
E.2.2 000
gogoouoooooobobon

o000, NH,SHOOOOOOOO NH;O H,SOOOOOOODOOoOooD,000
gogbboboogooboboool.

NH,SHODOOOOOoOoOoog,

. 0 HUNH,SH
or

pxng + s + RTEK, — RT Inp,?)

K,
oT

SNH4SH =

o7
= 3NH3 + SHQS — RT

— RK, — RT In py> (E.8)
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