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—[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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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

Qulis = = [ =BV = = {485 510l ~ ) Pslan)*)
k

CpT 4T
(3.43)

goo.

00000 Qg O

delik = m L (Cul)® — cpgit Ol ‘

main.tex 20060 80 180 (OOOO,00C0O,0000)
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0000.000 1= (AzA2)Y2000.
0000 [Quaix 000D0000DOOO.

gooooooooooog ON,,, CL, O0O00000OD00.
[ONCT‘]g,k = (Qz,i,k — qe0)/ Tac (3.45)
CLal, = 2200 (1Plela))"™
odooodood rFV, 00o00ooooo.
BVl = 485 x 102 ([guuty — [@)0) (Pislar L0 (347)

gboobuoobobbobobog PR UDOODODDOOD.

t 1 0 t t
PR = g (PhalUfulat) (3.45)
UL = 12:2((a: )11 (3.49)

3.21 0O0OO0OO0OOOO

Klemp and Wilhelmson (1983), CReSS 00O 000000 (00000, 2001) O
0,00000000000000 —CN,.+ EV,, O, Soong and Ogura (1973)
00000000000000000000. 00000 dS=000000,
Lvapar = Heondensedphase 00000 (n000000000)0000000000
00000000000000000.00000000000000

gbooobooooboon

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

ch = MAX{O’ [qv]* - quw([e]*)} (350)

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

o] = W+7%ﬁvﬁﬁﬁﬂw (3.51)
) = mr+wriﬁ%ﬁ, (3.52)
g A = )"+ g — ] (3.53)
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000,y=L,/(clI)000. 000 [¢Jff*>0000,0000000000
+0000000000,(351)-(353)000000000000000000
00,000000000000,000000000000000

000 ¢**<000000,

(0175 = 16)" — lgel", (3.54)
[0 = [q]” + [ac]" (3.55)
2] =0 (3.56)
00,000000000.
0O0o000000O0O
0000000000000
NH; + HaS — NH,SH (3.57)

gboog,200000 10b000b0b000b00 100b0b000bOo0bbon
ggboooa,gobboboogooobo.

00000000000 D0000oOooong,
10834
K, = In(pxw; - P,s) = 61.781 — —— —In 10 (3.58)

gob.bogobbuogobbo,bbbuooobbuooobbuooobboo
gogbbobogooboboooo.

OooobTrTood0 NH,SSHOOOOO XDhooo,0oo0ooooboooo
gogoooo.

(pnms — X) (prgs — X) = e
X? — (pxus + PHos) X + PNH; - PHps — €7 =0 (3.59)

goooobgoo,bo0 Xgooogogd.

1

X = 5 {(pNH3 + PH,s) \/(pNH3 + PH,s)? — 4(PNm, - PH,s — GKP)}

1

X = 5 {(pNHg + PH,s) \/(PNH3 — PH,s)? + 4€KP} (3.60)

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

X = min(PNH3, PHQS) (361)

main.tex 20060 80 180 (OOOO,00C0O,0000)



20000000000000 30 gboboobooogn 22

gob.0boobobodod, Pyp, > P, 00000000000 X = Py,s
O000.000 6000000000 exp(K,)~0000 X="P,O0000O,
ggoooo.

X _;{(pNHg + P,s) — \/(PNH3 —pHQS)2+4€Kp-} (3.62)
XOoooooooog,
0 < X < min(Pyn,, Pa,s) (3.63)
gob.b0boooobboooobbb X=000O0.

X0O @363)00000000O00O0,0D000000000 60,q,¢q-0000.

= [qnu,]" + Agnns, (
= [gm,s]” + Agm,s, (
anmsn) T = [gna ]+ [gms]” — v — [aims) Y (3.66
Q]HN =0"+~ ([QNH;J* + [qr,s]” — [QNHg]H_At - [QHQS]H_At) -

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

3.3 UO0UOuoboouboogun

Klemp and Wilhelmson (1978) DO O CReSS (D00 OOOO, 2001) 0O OO,
l5000ooooobbbb. 0 ogouooobobobbbboboon
gogoooboobobbbbooooo,ggoooooo.

(K] k2 = (Kl + 208 Fk, i (3.68)
ooo,
[Fr, )i = —[Adv.K,]i, + [Buoy. K, ]i2" + [Shear. K, |12
+[Turb. K, 472 + [Disp. K )i, (3.69)

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

Fg, DOO0DOOO0OODOODOOODOOODOOODOODn.

t t
0K, 0K,
’L(’U,),k‘ i’k i? (w) i’k

main.tex 20060 80 180 (OOOO,00C0O,0000)
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t—At

272
[Buoy. K], = —{3955"1 (%9;l> } (3.71)
1,k(w) i,k
t—At t—At
[Shear. K, ]t At — (02 l2) Ou 2 +<C'2 l2) gw 2
" ik |\ Oz " ik |\ 0z

(), H%} N
GG e

B t—At
At 1) 0 aKQ Q Kv?n
Turb-Kuli™ = 3 {ax(ax o } {a »
- At At
oK,
(o) }( | (e } ] 73
L zu ,ka
t—At . 1 2 t—At
[Disp. K]l = —ﬁ([(m)ivk (3.74)

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

bg = 0,46, (for g.=0) (3.75)
00 = 97+9;+2Lf1” (for g.>0) (3.76)
Cpq
ooo,
0, +0, = ev{1+9+1/Mde”g\;/M Zq”irfg‘:;:zq’"} (3.77)
0oo.

34 UO0OO0OOOO

gobboogobbbooobboodgbbbooobboooobbooan,
Asselin (1972) OO0 000000000 DOOOODO 1000000000OO (OO
O000000000ooo N, =2At/Ar0000000000)000O0.

main.tex 20060 80 180 (OOOO,00C0O,0000)
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o000 36) 0000 ufa)AtDDDDDDD gobbooooboooooon
gogo.

u* _TWNeDAT e A Ot N-—1AT B d(aDiv) +(Nr—1AT
o e o Ox Oz (u)
+F, i) £ AT,
uitk = (1= 27)ujyp + V(0 + Uig's) (3.78)

000 y00000D0ODOOOOO,00000050000. (3.7), (38000
ggbobobooogbboboooooobo.

3.5 Ui

ggbbbuooobobboooobobb,oobbbuoooobboboogbn.

gf = —Adv.d+ -+ (2)(¢ — de) + 70(2) (¢ — ) (3.79)

oobd,eo0000O0O00ODO0ODO,¢e. DODODOOOODOODODLDO.ODLO
010000000000 t—-At00000,D0D00000DO0ODODObDO
OO000O0o0DOOoO0,00b000000DO00DD 2Aat0000DbOObObOOO
gobbobooobboboooooboo,

(]3¢ = 2A¢ {[Adv.r]' + -+ {a(@) + ()} (m — 7)) (3.80)
[u 2 = 28t {[Adv.u]l + -+ {n(@) + 7l(2)} [u] 72} (3:81)
] = 22t {[Adv.w]’ + -+ {(@) + w2} ] (3.82)
(017447 = 2At {[AdvV.0)' + - + {(@) + 1 (2)} (0]} (3.83)

ggb. 00 ~0goobobooooboboobog.

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

\3
Y = ap, (1_dh> (x < dp),
'Yh:O (thxSImam_dh>a
3
Vh = (1 — W) (> Typaz — dp), (3.84)

main.tex 20060 80 180 (OOOO,00C0O,0000)
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oo0,0000000000000 d,00,200000<2z<zp, 0000,

Yo = 0 (Z S Zmaz — dv)a
(2 — Zmaz —

dy

)\’
Vo = @ (1—005 ) (2 > Zmaz — dy), (3.85)
god. ood, e, DOODOD0OOOOO0OOO0OOOOOOO0O. ap,a O
0000000000 0,000000 1/ap,1/a, O efolding time 00O OO
e-folding time 0 00 100-300s OO0 0OO0. O0OOO0DOOO dy,d, D0O0ODO
0,00000000C00,0000000000 1/3000000000.

main.tex 20060 80 180 (OOOO,00C0O,0000)
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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

main.tex 20060 80 180 (OOOO,00C0O,0000)



200000 MN0NADMNM OO (3.9) 0000000000000 29

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)
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(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)

0000000 (4,7) 00000000 «w0 0000000000000,
du| 9<“a—“u) 1<“i+u—“i2d>
ox ix 8 Az 24 Ax

3 [6%

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

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

gogbbb.oooobbbooodn

5 la% (C.13)

(AI>4
5

gao.
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0 OD 0OoO0doodod

D.1 0UO0d40don

D.11 00000

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

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

O D.1:0,000000 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.

D.1.2 00000

gobbooboggbbooboo
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ggboooad,

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

gob.bogoobbuogobbo,bbbuogobbuooobbuooobboo
gogbbobogooboboood.

D.2 OU0000O0O0OO0OOoOn

D.21 00O

0000000000000 000000ononooo,
dpy,  puls
dT"  RT?
0O0000000. 0000 L, 00000000000000,0000000
ooooooo.

(D.4)

__dlnp,

L, = R,T? D.5
o (D.5)
OO0 R, O00D000D00O0DO0ODODOODOOO. Antoine DODODOODOOO,
B1n(10.0) )
L’U: RvT D6
{(C+T—To)2} (B-6)
goo.
D.22 OO0
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> (D.8)
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0o00.000 K,0 (D7 o00o0o00o0o0bo0oD. NH;O H,SODOODO
ggoooooad,

_ Opxmg + p,s

Jd /. . 2
Jd /. .
- T ar (IL(/NHg + py,s + RT'K, — RT lnpoz)
= SNHy + SH,s — TK, — RT lnpo2 (D.9)

O00000000oooOo,0o0ooooooog. (b.g)Od (DY) OO

K,
As = RT—" D.10
s 5T (D.10)
000000000000 D0D0D0D0D. 000000oooa,
oK,
Lyn,su = TAs = RT? an (D.11)
O00.NH,SHOOOODODODDODOOOOO0Oo0ooO,
10834
Lnw,sH = T2 RT? = 10834R (D.12)

goo.
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0 0Ok 0OO00000000

E.1l 0O000OO0OO0OO0O@ODOD)ooooo

ooboobooob.boobooboboob d00,000000000 v000. 0O
000000000oooD (000 x)0DOD0O0O,000000.

000 ¢ 000 p, 000000,

_ P
Qe = —

Pd
— R,T 1/Md+2v q’U/MU Dz
p 1/My R, T
= DML(UMy+ T 0o/ M,)
Dz D=z
Gz <1 - ) = *Mx(l/Md + Z qU/Mv)
p p vFET
q _ piMx(l/Md‘i‘Zv;équ/Mv)
i
G = pr:p(l/Md + Zv;ﬁw qU/Mv)
’ P — Dz
pa:M:v 1/M, +Zv z Qv Mv
G = ”jR# /M) (E.1)
poﬂ' Pd/ d _px
ogod,0o0n0 ., 0o0ogon,
mquﬂU(l/Md + ZU x q’U/MU)
G = = (E.2)
god.
ogod,do0 p, 0000 ¢ OO0 0O0,
Py = qzP
T M(Y/Ma+ Y, 00/ M)
cpg/Ra
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