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[ i L)k @X; o ,.@Zigu);k (520
@w' @w'
[Adv:w];, = Ukw) + Wikw) —o (3.21)
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.
i (3.23)
3CRIZ @x iy«
2 @g A@Vil 93¢ ¢t
aati 6t _
[Turb: Wiy = 2@ K @z .7
ik itk (w)
2@2 A@! A@! 93¢ ¢t
w u B
+4— (Km)i ' =N +(K ) : Y 5
: (u):k(w) mJi(u);k(w) :
@X ~ @X i(u);k(w) @Z i(u);k(w) itk (w)
A [
2 @ p " tict
AL @@ (3.24)
m ik (w)

main.tex

2006 4 8 D18 O(?+p°0 , —6YS ,z ° )



2 liti—TPAgwm,= H3 . 1 M2wm,= 18

pK” . :«céQox
g A 1 gtiﬂ:t E A I gtiﬂ:t
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h ct (3.27)
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v i (3.28)
Wp ¢x;¢z x+ ~ UM2w™ “H>™ , @ ® xfege
1 1
.o .z 2
® - g & g (3.29)
gb” .
32 a—fwUqg uzw- Uwm,=
awUq uzw- UWE%>1qgSo Fp ,1 M2te”ONég -
O>;Mom,=b"
Wit = WS+ 2e R (3.30)
[l " = [l +2¢ t[Fq I (3.31)
[l © = [ali’" +2¢ tFe ]y (3.32)
Gl " = [ali’" +2¢ t[Fq I (3.33)
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|
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2 E A 1 93 ¢t
@ @A -
+4 = (Kp)iy = 5 (3.40)
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qs“ , ,SOweéeQ!,ox ,
2 8 A 9 3;.
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LA - = hlikw) - . .
) @z @2’
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pK” . Ky xZvoEca"wl C2M UT'-%b” (Alx™\ ). 0.0
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q)Q” . \\p [I=(¢ x¢2)¥*? pK” .

LUEM [Qraglik X-% f 1qt)Q”~

A+T'i+ew!d> b CNg, Cly XZ<w‘Ots”
[CNCI']};k = (qt:;i;k i 900):(.3.0 ; (345)
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[CLcr]?;k = 2:2[0c]it;k 2% [Q]};k (3.46)

[+wacC>b EV, xZ<w'Ots"”

[Evrv]it;k =4:85£ 10 2([q/sw]it;k i [q\/]it;k)([l/}i;k [Q]};k)O:GS (3-47)

i+t'"+N&a¢«p> b PR, xZ<w'Ot{z”
PRI = 5 o (UL a L) (3.48)
[Ur T = 12:2([g Ji ) **%° (3.49)

3.21 ék”éeb..O

Klemp and Wilhelmson (1983), CReSS"2"UCéaz¢ (6eeqWj ,b2001)p

X, +ta>ga+w w!d> b i CN,c + EV,, x, Soong and Ogura (1973)
tSM0o0% C*rehék”eb..0>;M” . \wMOx dS=0 w...a¢tq,
1vaparzlcondensedphase W QUE (* X=‘HUAT3BG )W,7"9S~y—~
ER>ST$'[{S"Z<I’ODK" . 2<prW°"M>I’Tb"

rga>y>;M”0Ou

ékreb...0>;M"0u  , fc+St  (330){(337) UT {f""t o s
4C° W [a) [@]°, [9]° ab” . +tOb”a”é uz
¢ g = MAX 1O [q]° i qsw(lH)9 (3.50)
Utqg>0, < Xxa{ azU E>0s'y ,iU>;Mo0" $t W O, G
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(4] B+ Lt O () (3.51)
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[] ‘=0 (3.56)
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S wOuw , ék"éb..0>RQ"”

z=21PC¢UW\RS wy ¢ :x :
10834

Kp " In(Pnus CPH,s) = 61:781 i In10? (3.58)

PK” .y ¢ >;M"\qgp , U™Mw9St0ob"2iPCzqz=+Ew
Pczwu>{S"\qUpV”

U™Mw9ST tSZ” NH,SHw\R”> X gb”’q ,y ¢ :wUxZ<w
‘Ot{z"

(Pnrs i X)(Ppsi X) = €
X2i (Pums * PrHos)X + Pans CPHosi €9 =0 (3.59)

rw-U>-0q ,\R” X xZ<qgs”

Y2 Ya

q
(PnH; + Pros) 8 (Pabs + PHos)? i 4(PnH, ®PH,s i €XP)
1 3

q
X = 2 (pNH3 + szS) § (pNH3 | szS)Z +4er (360)

gwOox expKp) a0 wOutg“O0” X w<>> b"\qp>S”
exp(Kp) %0 wO U, 1'Tt

X =

RN

X = mln( I:)NH3; PHzS) (361)
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pK” . \\p%UG>)Y : !PNH3>PH2$ pK"\q)> b"q X:PHZS
pK” . fi\p (3.60)w gwOgx exp(Kp) %0 wqV X = Py,s qs”‘O
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hi® ,OZLNH4SH:(de:) pK“ 1¢q\lH3 q¢q.|25 Xf'g' , \R” X tO
b” NHz; g H,Sw uzpK” . 9¢U) b"fpSi~‘>a0
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-0>;Mol M2tm,=b"q , Z<w'Ots”
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pK* , UM2txu)Uw°"> d g ,zwc*s 0- Z- Znax qbey
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CaB ;pn0OotmMo

SPA¢p;MoM”l M2wm,=MO (1 GAO ) x, Klemp and Wilhelm-
son (1978)t‘lo7st SA+«hMOpK” .\wMO>;M"q ,; S*
| vtOb” CFL UEs>fege-h oM”QOuUp<-% AT >I\b
OQuUK” . \weélxyMIl “puiub”pA¢sO: 2¢t=¢ ¢, >y C"d
oMXtmeGVXs” (Skamarock and Klemp, 1992%$ 1 >€° ). Skamarock
and Klemp (1992) x\w-% £t >stb”hS , :p>-R$tn0~d”
NY¢c»"g o0a™™M Ut;pn006><Ob”"\gq> S h
pn0ox SOwC,t0b”!, g 0”;:b” . \w\gx:;pn0o
> % ¢ ="~eh,AM U
@u @Ys @D
Qu _ , B.1
ot i Cokh @x @x (B.1)
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=V o 4 @+ g B.2
@Ya ¢ @wmu . @w
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@ @A !
D 2 M 2
— = /it g— =— + @ “D; B.5
ot | GUE T e, , (B.5)
-
@)’( @2
>{S"\qpgrb”\qUpV”
;pn0ox SOwWC,t0b”!,swp , O—pRU«;,A"d”"D6QU
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Z<px Skamarock and Klemp (1992)tSZ"*aew“A>Ob . owhS
y—M Utqe",SOw"x :q° , Tow!l:> u=qglxrlzilt) w+:Q
sr>Emg> “oi, >{S"q ,

L4+ i®k?+ 1)1 3 [A(k®+ 12+ N2 2} i®k®N?l + T?k®N?=0; (B.6)

qs” . \\p N?2= ﬁi%vz pK” . m.s°&@O0—pwi, U

2o N2

) k2+|2’
> ®> % 0tEODb”q ®> % O0X“Mt'j« " KO\QT’ b ;pnoO
OWO—pRiU*Weix—"MpK-0q'VAe" . IMt ,2° ® K2+ I2=C
U-~Mqg> "o I > 2 WEpP2% '0;pn0owel>°Ab"q , P
NOOXO—pRU>N0ONd"M2txh’'V , fwnOpxtxt—-~"M\q

U~T” (Skamarock and Klemp, 1992% 5 €° ).

‘bnoow : ®w>>S"tKh* , RE sZeys’'sM\qU 2m
K”.1mx;pn0ofw«wU-% AT wj¥%qs'sM‘Ob”"\gpK
“, <0 1 mx;pn0owO—pRU*welUGVXs’'sM‘'Ob”"\q

pK” . 2 x (B5)tO h'Ot ,;pno0oUC,M Uw!,0qgs”\
qT Aene” . opnOowl ulix2 )i>;Moae™«"wp ((3.6),
(B7)>€° ), -% £t >I\*sMhStx!,0>2 )upl utb”
Ouwt QUE - .
2
. - B.7
Min(¢ x2;¢z2) 2 (B.7)
>ah”"sZeys’'sM . ™ x2°Xp°p h Skamarock and Klemp (1992)
whrep;Mh 2 U-"MgMO> T 'Aene” 12 w7G«<x
2®
Max(?) = .
ax(?) Min(¢ x; ¢ z)c
_ 2R¢ ¢, ’ Tt ¢
~ Min(¢ x2,¢z2)  Min(¢ x; ¢ Z)
q)Q’*"wp ,Max(?) - 1 gb”"hStx
®¢ ¢ 1 ct ¢
_ Lz e B.8
Min(¢ x?;¢ z?)  2Min(¢ x; ¢ 2) (B-8)
psSZsys’'sM (B.8) E%tqges"; tOb”"«”&i:x 1=~ M

<gb”wp ,(B.8) WUE>REbey (B.7) xx " $t-h"e"\qts”

"\wUEt b"reex Skamarock and Klemp (1992) pxs”~+soMsM
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CacC )uUw<«Zqj)

Wpx!“" >;MhOuwi suw)iiUw<Zq , fwi)tmMot
qS” . é.«q oN&¢«u” wl:

I uw,(i;j) " :itsz” X M
2°Sell

" #
@u
@Xi;k
w)uUq , fwj)>RQ”

(i(u);j) Tw u(Uy) > Xx M2t j¢x=2iZcehpga”
(i;j) Tw u(uy) wA”"&"2%q 0 bq , Z<w'Ots”

# " # " #
@u ¢x 1 @ FMex"™ 1 @ FexTe
Uiyj = Ui + — —t - — —_— + - — —_—
! ! @;i;k 2 2! @% i, 2 3 @% 2
+1 @J |J~¢Xﬂ4 1 @J H¢Xﬂ5

= = —= o+ = = =  +¢¢ 1
1@, 2 ‘sex, 2 °°° (©1h)
%o 7t, Nad¢«p” :

(|| 1(U),j) iW u(uiil(u);j) > Ui;j WA”é”Z%oq
‘o"bg , Z<w'Ots”

# v " #
@u ¢x 1 @ Mex" 1 @ Mex's
Uiiawi = Ui =, S % [

@Xi'k 2 E @( ik 7 : 5 @ ik 7
# ' " oy ;
Mgy Ta HaoTs
LS @ Texitol @ Tex e (C.2)
4 @% , 2 5l @% 2
(C1i (C2)*" ,
T .\ " ) )
. _ @u 1 @ Mex™ 1 @ HexTs
Uiuy; i Uij 1u);j = @x ¢ x+ 3 @( - + 0 @_{ -
bk ik i-k
+0[(¢ x)'] (C.3)
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\es! b”q G;j) © :itsz” Uuwx M2°SeiwUU™"e”
" # " #
@VYa _ 1/14-1-1;ji 1/4’1'_ 1 @% (¢ X)2
= = Ayl h L - =7
@xi(u);k ¢x . 24 @X )k
1 @/4 4 6
| =% ¢ x)" + O[(¢ x C4
1o @ ,,, ¢ 0" Ol (C4)
iOw (¢x)? Ziwoio>Atb”\qp L' 5 MhOuw 21irs
UI:J)UWU " #
@u Ui+t i U
= = -4 " (C5)
@iy ¢ x
U™'e” . \wgVwi)wGVAx
S 4 -
1 @u -
- — (¢ x)= (C.6)
24 @X )k
qs”

C.2 4 i7rSwou)i

2 i7rSe0)iwU>{S"Mt;Mh (C.1),(C2)tCQ,(i;j) T x M2
t 8§¢3x=2 |ZC’hNéc«p pw u(ui+1(u);j;uii2(u);j) W<> Ui W
A"8"2%q 0{S"

" # " # " #

@u 3ex 1 @ Maex? 1 @ Maex'®
@x, 2 2 @%, 2 3 @% , 2
A ik, :

L1o@ Maex™ 1 @ Maex™

Uiti(uy = Ui

+ — — + ] .
4 @% ., 2 5 @% , 2 cee €D
" " # ) " #
b= g @U 3ex 1@t MaexTr 1@t Maex'™
2t T Mgl @x,, 2 2 @% ., 2 ' 31 @R w2
" # v Wty '
H Ma H s
L1 @ T3exTE 1 @u TEeXTE e (C8)
41 C@ﬁ itk 2 S} @i ik 2
(C7i (C8) ‘" ,
" # " # " #
Uj U - @u 3¢x+} e “g,q:ixﬂ3+i e u3¢7Xﬂ5
i+1(u);j | Yij 2wy — @Xi;k 3 @X " 2 60 @%X ” 2
+0[(¢ x)7] (C.9)
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(C.3)£27; (C.9) > M (¢ x)> wo>«"b"q ,

" # " #
1s
@u 216 @u Me¢x
27U i U )i (U i Ui i) = = 24CX|i —= — —
( i(u);j |1 i 1(u),])| ( i+1(u);j |1 i 2(U),]) @Xi;k 60 @i " 2
+O[(¢ x)] (C.10)
\e>! "0 (i:j) ~ :itsz” Uwx M2°SegwlUU™ e
"
@u  _ 9tuy i Uiy 1 MUy Uiz
@xi,k 8 ¢ X I 24 ¢ X
; ; ..@J#
+-— = (¢ x)*+ O[(¢ x)® C.11
530 @x , X'+ Ol (C.11)
0w (¢x)* Ziwoio>Atb"\qp , ' >:MhOuw 41nrs
ag)uU
" #
QU = guuiij i uii1§jﬂ. iuui*'l?ji uiiz;jﬂ (C 12)
@x, 8 ¢ X ' 24 ¢ X '
U™'e” . \wgqVwi)wGV~Ax
_ " # _
-3 @J 4Z
—_— —— ¢ xX)'— C.13
640 @R i(u);k( )= ( )
gqs”
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D.1.1 ~ea>y

rea>yx , Antoine wU“{S"”
In pu - (A I B:(C +T i TO)) o] |Og(10_’0) + |n(133322) (Dl)

\\p ,p® x*ea>y ,T x9S ,T,=27315pK"” . A;B;C x Antoine
pK” . fe'wex=T(a~ 4 [T'™” . =T(a~ 4 [px ,y—Ww
oeU mmHg, 9Swo+sU *C pK"wp , 0ewW0%OUCC~"reoM”

- D.1: +, zipCzw Antoine

A B C

H,O(l) 7.9186968 1636.909 224.92
H,O(s) 8.184254 1791.3  238.1
NHs(s) 9.96382  1617.907 272.55

U™MwIosU)Q’'«hOu , bkV"x~Nea>yquyw)g o_u<"\q
UpV” .

D.1.2 vy ¢

z=721PC¢UW\RS

NH3+H,S! NH4SH (D.2)
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WYy ¢ X :
10834
Kp = In( pnrs CPnys) = 61:781 i In10? (D.3)
PK” .y ¢ >;M"\qp , U™MwOoStob"2iPCZzqz=+Ew
Pczwu>{S"\qUpV”
D.2 \Rwgai»¢cb”!=
D.2.1 ca
nga>ygeax«at cu~«ao éiwuU :
dp, _ pvLy
LA D.4
dT ~ RT2 (D-4)
p nZ'e" .\wU> L, wUq ' 03qgSsSb\qgp , ®AXZ<wW'
0t)Q’e"
din
L, = TMRVTZ (D.5)
R, x»2VRUt0b">. :pK” . Antoine wU>EOb”"q
B In(10:0) 5
NGRS PRSI 00
pK” .
D.2.2 S a
z=721PC¢UW\RS
NHz +H,S! NH,SH (D.7)
tSMo , NH,SH woiAébp”q NH; g H,S weiAéb”w)U , St
POoiAéb”!=t0 b”
NH;SH wh¢oiAébD”x
s - . @jNH4SH
NH 4SH | @T
@3 + + 2’
= i@TlﬁHg"’lﬁzs*RTKpi RT In po
= S\hs T Stys i RT@@;?i RK, + RInpy? (D.8)
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PK” . \\p 1X4,, 5,5 X NHz g N.S waj=TUAT3R¢ , ShHg+ Sti,s X
fet0O b"oiAéD” ,Kp x (D.7) wS Uwy ¢ :pK” . NH3 ¢
HS wbcoiAébD"wex :
SNHs * SHps = Snmg * Sti,si RIN(Pus €Pn,s) + RINpPS
= Syn, * Sii,si RINKp+ RInp; (D.9)

(D.8) q (D.9) w)

@K
= RT—2 D.10
¢s aT (D.10)
US woiAép”!=tipb” . Pcph*“wS ax :
@
LnH,sH= TEs= RTZ@'_?_ (D.11)
pK” . NH;SH\RS wy ¢ :»EOQOb"q ,
1083
LNH,SH = 7z ‘kT2=10834R (D.12)

pPK” .
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o] ~ 0 0
C aE o0°w0 % Sw- %o
E.1 uzgqbg¢z (Uy)qwd%U
0>.5RBQ” . A6RUW4QE> dq , ekRUW4QE> v gb” .\
\pxU™weékRU>. (4QE x) w Uz , Uy>{S”
Uz g o>uy pcp gb’q
oo %
,%\/a P !
_  RdTI=Mg+ ,q=M, px
D 1=M, ReT
Px X
= =My(1=Mq + q.=M,)
A ! P X"
g 11 % = Pmyaemg+ T gemy)
p p \gx
% = &MX(]-:MQ"' VSXqIZMV)
p 1j %
P
G = PMx(1=Mg + g5 G4=M\)
Pi
_ pXMX(]-:Md T uex qIZMV)
% 7 PoY&ra=Ra | py ED
qs“ , P¢z X« p gqb"q o
_ XxMyx(I=Mg + 6, q,=M,)
= T (E.2)
qs”
*Mp,dy pc> Uz o p gb"q
P = Kb
My(1=Mq+ ,q,=M,)
1 =R
0, Ok Po/APa™r (E3)

M,(1=Mg4+ , q,=M,)
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pK“ , Pcz Xx p gb”q ,

e (E.4)

X =
X M,(1=Mg + , q,=M,)

pPK” .
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S¢ox , eev.?20b sew i»"E,AlpwI[EYWBuUqgAL;wi
gw°® g o

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

tSMo-%"eoM”<wpK"” . CcC6®\0 ,?2+pb°0 ,-06VYS3, 0
a Hp, »pup (K. Takahashi, K. Sugiyama, M. Odaka, K. Nakajima and Y.-Y.
Hayashi) 2003. S¢ox , 1» w~Vbt 1°sM (Ti>TZsM ) v t
SMox th;"oMhiMol~"sM . SS, b;b"Mtx °Sx’'°0
>-TS"\q>S&Mb" (A-AAyUj ).

S¢ot te”igo ™ ($swlis> %o )T'x ,U€$s pw WEB
ipwirVihx—;+Z>"oMsMOUUK”"U , % sU’' , ®°Rw-
-whSwiggMOf[e$pK”\g>]grMhizZz”«<wqgba , 11
ajw¥%; > "\gp~ V>t*doMhiMoM” . S¢owb;
tx , \wirgrwi , «™ o{loMhiZ"*OS&MDb" . a° /EN

awK”Outx
dcsta®@gfd-dennou.org
TpEW OMhiZey¥%MpK”
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