dcpamb
B AR & € ORI

Hb IR TR BB AR KR

W24 10 H9 H



ii dcpamb XEEAERR & Z DB

B 'R

F1E BEMR 1
L1 BT . . 1
1.2 SERGREEET ... 1

1.2.1 BEBRGERBL . ... 1
1.3 BEOCE ZXUDIT . 4
1.3.1 KAELKDPDRNE WS EBEITSISEE .. 4
1.3.2 RELHEBOFMMEOFELE ... .. 4
1.3.3 KELZDBDZVWE WS EME LWESE . 8
14 HBEDESIIGE ... 15
1.5 NHA1992 DRXZFEDTBHE . . . . . . . 23
1.6 Relaxed Arakawa-Schubert AF—24U . . . . . ... 24
1.7 BEHR . ... 24

2012/10,/09 (HBBR AR 8 IR R ) basic’equations.tex



dcpamb XEEAERR & Z DEEHIL 1.2 SEENIRERE 1

il
B
=
=i

15

\niy
JdUT

1.1 [FC®HIC

FEAEDRLGRBERE T NVIZBWTIIMEZRICKRIT 5721 OO EEZ K-
VDT, EORAET 2541 TITERNKRLKKRIGERITE 2 5DV THa & 5
DHETFHEIE X2 25750\, ZOFHEGEE—RICEHEAIAZ VY —vare
IFIENns.

BWAED depamb TR TR (Manabe et al.,, 1965) & Relaxed Arakawa-
Schubert A ¥ — 2 (Moorthi and Suarez, 1992) 5L THh 5. 72, TH %D
KA EFARRBIZ HIVUXFEADI KL Z 5. T2 IERRMERRS KBRS & uv
5. T DWTIEPIHE FIERMERERS (RIS )] 22D Z L.

1.2 EEXREAS

1.2.1 BEBIRIR

Z 2Tk, JEE AT (e.g., Manabe et al., 1965) OERLIZDWTHHT 5. 72
B, WA O 'R IE, KELD WV E WD &0 N T, xR o X
MORGITERTE 5720, 2 IR T NTEZENRFAT OMHIZE R > T W5,

MR TIE, HEH L7z 2 DOEIZE T, IROFKMED - T 555 23l Z
&)

1. FEE LEOREEHN T AL —DAMFME L b KE W (FEOIEMERHK T
WFE=DPLEEDOZNEL D BRE W (REREERIZHEEAREL DB REW)),
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2. PR AY B AE BA 12

S, ML L =X TRET e T LS ITRDbEINS.

Coli+ Lg (k) + 95 — (ot + La* (Th1) + 951) > GAT, (L)

S (1.2)
q* (T, pr)
Qk+1 > 1 (1.3)

0" (Ths1, Pry1)
2T, IEHAMBTOMERT. £72, C,AT, IFALENE Z 2 HFHK T 2 )L ¥ —

ZDOBMETH D, r. \ZEFEDE L DMHNTREDORMETH 5.
R I i 72 9 S 1

. ) Pr—21 = Di41 A R Pryl — Pry3
{Cka + LQk} QTH + {CkaH + LQkH} T

- pk-‘r pk_;_f

Dp_1
= {Cka + qu} 2 + {C Tk+1 + qu_H} T (14)

Cka + Lqx + gz, = Oka+1 + Lqxy1 + 92K+ (15)

@ = ¢ (Thpr)
1 = ¢ (Thyr, Prr1) (1.7)

TH5.

ZZT, (1.5) Z2EKEFHEOXZHWTEET L &,

RTy 41
Co(The = Thewr) + L(q*(Th) — ¢ (Th41)) — » = (pk — Pry1) =0 (1.8)
k+3
5. Lo T, ... D658 —IRGRERNZB IRV, 28, TH% &
Tk+% = % (1.9)

LEIZIX, ZOREIZE e THS. UL L, FEBRICTIEE T IUVE TRIBHN CIRE - IRE DDA D b
3z a#%zem WA DT 2L F — %#JzDU\J:’C%O“CB MFHANTREMRIZZ N
s,

2HUIZ T, BEREDVE U AR OBIMEIZ 1 THB. LA L, EBRIZIZE F IV FHEN TE
FE@%Z‘E%)%% ENEZ 5, %%@Iﬁmﬁmﬁ‘?#lu?f(‘bof% N TEFEPEZ Z 5
Ze I NG,
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ERBTHILIZT S,

Z :'"67 ik, dk+1 }%%/r 5_@%1/7

*

o = ¢(Top) =d (Top) + 55| ATy (1.10)
T=T}
Ghe1 = ¢ (Toprs Prs1) = ¢ (Tor, prsr) + G?F AT (111)
T=Tk+1
AT, = T, —Tj (1.12)
ATk+1 - Tk+1 - Tk+1 (]_]_3)

EUTHEN—RGEAZ S &, TOmIFELND.

_ L
AT, = {Ape(1+7)} " {FAQ — Apgir (14 Ye41) ATkH} (1.14)
p
-1
ATt = |Fupy {80 (14 ) = Apgas (1430400} + (L4 ) (14 9011) (Aps + Apy)]
L
[Apk (1+7) Spps + {1 + oy — F,H%} FAQ] (1.15)
p
Apy = Pr-i =D+l (1.16)
R pr, — pr1
Fp,i = D= Pe (1.17)
Bk Cp 2ppy1
. L (.- o .
Sper = T =T + ol {q (T, pe) — ¢ (Tk+1,pk+1)} = Fpp1 <Tk + Tk+1> (1.18)
p
AQ = Apg { dx — ¢ (Tkapk)} + Aprt1 {C]kﬂ - C]*(Tk+1,pk+1)} (1.19)
L Oq*
o= (1.20)
C, oT T—1,

%B%éc: 1%, FRLOMRIE qr, g 2T 17— B L TROZEMET U 27 <, IEHE
LRI LTWRWD. X 50T, 380)%4%4&3( FHEHDEE E+1 ZHHDE

@(Eé %:i'%nabm\ét T TH BN, ;@ X 3EMUEDEBIZOEAEDT

DAB5. XTIT, LELOHFEZ LMV IR LTI 22T, R7ICHETL T L.

mE, BAKEIX

! 1
Po= T Z - §AQk
1 - Pr_1 — DPgyl
- 2A¢ — @)y — 0} (1.21)
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TH 5.

1.3 EDOXE: [FL®HIC

UTEEOXE. 5%0ED-OIZKLTEHEL.

HE L 72 2 DDLU R)VDDEIZEWT, RO 7- XN 255 I i 2175
1 IRERER D LEE YRR L D & K E V.
2. fIRH U < I3EALA.
1.3.1 KEZINDALWE WS ELEITIBE
FREOZM (1) TBLT, = huotE— S OFEEZLLIZET 554
ds
EZ<0 (1.22)
Z, TKEGKPDIRW] LS EHEHWTEEZNZS L
or _RTop, Lo¢ _ (1.23)

92 Cpo- T, oz
L%, 2T, Cp FHBERKDEELE, LIXER, ¢ 3R TH 5.

FREOEME 2) FEDEEHWS

INSZEZHAVWTEELREZHLTIONIOETILTOT 7 )L b DOIEENHR
FAHIAFXF—LTHS. ITF, AF—2DERMLOFHHZIT S

1.3.2 BELHEDRAHEDAELE

IR ERIEE, (§,T) 75 (¢,T) ~AfiT220LT 3.

32T, BREAMOMIE EED S FEICHT THZES Z 212U TWa. 2k, EEDADE
FEEBDRWZOTHS.

AU TFIRAEDELRS 5 EFEIZZR>TLESTWADT, H & THkRDF L MEBRDFE LI
TEMBENDB.
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ZHERIFLLTOEY TH 5.

Q-1 = ¢ (Th-1, P-1), (1.24)
ar = ¢ (Th, pi), (1.25)
R Ap—1/2 Tj—1 + T,

T 1 — T, +— Ti_1, —q" (T}, — =0, (1.26
k—1 k Op{Q(klPkl) Q(kpk)} Cppk—l/Q 9 ( )
(CpTr + L) Ap + (CpTi—1 + Lar—1)App—1 = (CpTx + L) Apr + (CpTh—1 + LGr—1) Api—1.
(1.27)
IILATTD X S22 5.
® (i, Gr—1 (q <K 1 Ci{ﬁ’)flﬂtﬁb\)
FEGIZ B U T, #@AAFI DA IZBA T O & 5 I faFR B IZ I $ 5.
— ¢ (Top)+ 2L AT (1.28)
dr = g ks Pk 8T Tk ks .
= (T U e (1.29)
Qk—1 = 4 \1k—1,DPk—1 T A k—1- .
z 7,
ATy, = T, — Ty, (1.30)
AT]C,1 = kal - kal (131)

ThHd. ZTN6OEHIZEHLU TR TZ22BDOZ &,

o ATy (q<<1 Cifﬁﬁfb\iﬁ\/\)
(1.27), (1.28), (1.29) £ 1,

(CoTiy + Lage—1)Apr_1 — (CyTho1 + Lir—1)Ape—1 = —(C, Ty, + Lap) Apy, + (CTh + L) Apy,

L R L .
{ATk—l + 5(%-1 — %-1)} Apg—q1 = — {ATk + ?(Qk - Qk)} Apy,,
p p

L . aq*
[ATk—l ta {q*<Tk—1) + =

p

oq* R
{ { (Tr) + aqT kATk—QkH Apy,
L oq¢*
14+ — AT, 1A — T — Apg_
{+Cp8Tk_1} k-1 pk1+0p{(k1) %1} Pr—1
L 6(] L * (T ~
{1 + 5 a7 } ATy Apy, — Fp {q (Ty) — Qk} Apy,

(1.32)
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Thsb. 22T
L 0q*
= — 1.
= ar|, (1.33)
el SRR

{14+ 1} AT 1 Apr_4
L ~ * (T ~ * (T
= — (14 ) AT Apr + c, qu_l —q (Tk—l)} Apr_1 + {Qk —q (Tk)} Apk]
(1.34)

AQ = {inH - q*(T;H)} Apy1 + {@k - q*(Tk)} Apy, (1.35)
EBEE, AT, IZDOWTHRITIE,

L -
{1491} AT Apiy = = (14 3) ATeApx + 5-AQ,

p

AT, L A L L, ]
- 1+ Yi—1 Apg—q 1+7%-1C, " Apip_y
(1.36)

LB AT, DERIZOWTIEMTE22BOZ &,

[ ] ATk

(1.26), (1.28), (1.29), (1.30), (1.31) & b,
EAqu/z Ty + Tk

L
T. 1 —T; — g™ (T._ 1) — ¢ (1T; — =0
k—1 kTt c, {¢" (D=1, p6-1) — ¢ Tk, i) } Cp o1 5 )
. . L . oq* 9q"
Ty + AT, —(T AT) = (T ATy — ¢*(T2) — AT,
k-1t E—1 kT k+cp{Q(k1)+8Tk1 -1 —q" (Tk) T |, k}
R Apap T + AT + T+ ATy
Cp Pr-1/2 2 ’
. . L . - R Apy_1jo Ty + T,
Toy =T —{*T_ —*T}——
k—1 k+Op ¢ (Th-1) — q"(Tk) Cy Dovya 5
L 8(]* L 8(]* RApkfl/QATk_l‘l—ATk
AT, 1 — ATy, + — AT, 1 — — AT, — —
TRl T AT e T S TG, ar |t T G s 2

(1.37)

77\(“
— — 5

. o L - . R Api_1/2 Ti1 + T
Sy_12=Th1 =T, —{*Tf —*T}——
k—1/2 k—1 k+Cp ¢ (Th-1) — q"(Tk) C, P12 9

(1.38)
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LB T D LAY ED S
Si_1j2 >0 (1.39)

TRINS. (1.38) ZHWT (1.37) 22K T 5 &,

R Apk—1/2AT R Apg_yy

AT, — AT, AT — AT, — — _ AT, = —S)_
k—1 k+ Ye—1A81p—1 — VAl Cy 212 k—1 Co 201e k k—1/2;
R App_1/s R Apy_1/2
-1 — 9 — = AT, 1 R AT, 1 = —S)_
( Tk Co 201e 73 O e e (P Co 20n1e k—1 k—1/2
(1.40)

R Apk1/2> ( L+ Apg 1 L, a1 )
(1t — = - AT;, + ZA
< T 1+ 761 Aprey " T+ 7 C, Qﬁpkq

= —Sk_l/g (141)

k=R/C, &> &7

T+ =
1+ Y1 Apr— 1+v-1Cp " App

S (1.42)

Ap._ R
Dk 1/2) (_ 14+ Apg A 1 LA 1 )

LB, AT ZBET2HZAULIZEF LD D L,

App_ App_ 1 A
{(—1—71@)—/{—% 1/2+(1+%—1—/i Dk 1/2) (— L Dk )] ATy,
2p—1/2 2p1—1/2 1+ ye—1 Apr—1
A1%—1/2) 1 L ~ 1
= —Sk-12 = (1 + W1 — kK —AQ 1.43
e ( o 2pk-12 ) 1+ m-1Cp " Apry (143)

PHS LHIMOEINE?? (I—NEDHBIZE > TE k ZEDRVEN I VDN E)
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5. AT, IZDOWTHEL &,

ATy,

Apkl/?) 1 £A A~ 1
2pp-12 ) 1+ w1 Cp " Apra
App_ Apj_ 1 A
(_1 _%) _ ok Pk—1/2 n (1 vy — 5 Dk 1/2) (_ + Yk Dk )
2pk—1/2 2pk-1/2 1+ Ye—1 Apr—1
Apk 1/2) I L, s 1
22% 12 ) L4+ Cp " Appy

—Sk—1/2 — <1 + V-1 — K

Sk—1/2 + (1 + V-1 —

Apr_1/2 ( Apk—l/z) T4+ Apy
T+ y) + 2 (1 ey — &
(%) 2pK-1/2 Tt 2pk-1/2 ) 1+ -1 Apr
Apy_ L .
(14 Yr—1) Apr—1Sk—1/2 + (1 + V-1 — K Dk 1/2> —AQ
_ 2pk—1/2 Cp
Ap/f—1/2 Apk—l/Q
(T+ ) (L + 1) Aper + (1 + 1) Apgr + [ 1+ %1 — K (1+1
2pk—1/2 2pg—1/2
Apj_ L .
(1 4+ Y%—1)Apr—1Sk-1/2 + (1 + V-1 — K zpk 1/2) —AQ
_ Pr—1/2 Cp
A,’!91%1/2
(T4 ) (L4 7-2) (Ape—r + Api) + " opeys {0+ 1) Apr—a = (14 7) Apy }
~1/2
(1.44)
n“Eohbd
1.3.3 KEIHSDRWVWEWIELE LRVWSEE
depamb TIEAREA.
| B—EDGE,
ds d q d dr
& _pla T mT)+1- L
dt Rddt(npd)+( Tz )det(n )T
d d (1 ¢
—- In(p(1 — oty 1L (2L
Rag (o1~ )} + G D) + 15 ()
(1.45)
2 g o TEESMA 2. HIZERK T 5L
ds 1 d 1 C,dT 1dT ¢
-~ = _ R - 1— _— TP oL —=—=_t
dt de(l—q)dt{p( q)}+1—qT dt+ { T2 dt 1—gq szf(l—q}}>
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Ik, 95 =0 LB M
Ry d 1 Cdl 1 q dT 1d ( q \
p(l—q)dz{p(1 VYT 0T & TPl-gd: ' Tdz (1_q>—Q1-47)

dS =0 DRZEDLDRIZTHDM best DT L b oWw. 20H R
T, W EG D B o= 2L 72 RIZ L THAS.

Ry d{(—)}+ 1 CdT 1 q dT  13(1-q)—g¢f(1-0)

p(l—q)dzp ¢ —qT dz T?1—qdz T (1—q)?

R, d 1CdqudTl1dqlq
— {p(1 - -t = - — (1.48

pi-ga P D T T T S T P& Th-gd  TO- )2dz = (L.48)

ZOROWHLIZ T2(1—q)2 25T 5.

Ry d dT dT dq dq

=0,

BT 1= g (o1 - 9} + GT( - )L —lalt - 0 +T(1 = 5L +1TaE =0,
T 1= ) (bl - )} + GT (L~ ) g —la(l = ) + T = 0149

BIZ dz 2 i nid

]ZdTQ( —q)d{p(l —q)} + C,T(1 — q)dT — lq(1 — q)dT +1T'dq = 0, (1.50)

ERLZETI, PR > DR % £ D X FHELT 5.

R
_pk d/ T1€271/2(1 - Qk—1/2) [pkq(l - Qkfl) - pk(l - Qk)] + Cp(1 - Qk—l/Q)Tk—1/2(Tk71 - Tk)
—1/2
—lgr—1/2(1 = qu—1/2) (D1 — Ti) + 1Th—1/2(qr—1 — qx) = 0, (1.51)
zzT,
Th_ T
Tpajg = ——21°F 1; k. (1.52)
-1+
Gr—1/2 = It T Gk 12 a (1.53)

328 (I, AYEIRLSBWDIES S, Ty 1IZ2WTIX Arakawa and Suarez
(1983) DIEL WHHHIRZHE S RER LS REANT S, LA L, agemb BRI
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VW—F VDRI BEEZDDDHE 572D TI S5 LTW5S., depam TV TIL—F
YINT Thorpp ZIEDZDTHRVMRE LR,

Ry <Tk_1 + Tk)2 (1 _ w) Pre—1(1 = qr—1) — pr(1 — q1)]

_pk—l/2 2 2
_ T T,
e |- B T L KTy — T
2 2
_ZQk—1+Qk 1_(]1@714'% (Tor — T})
2 2

T+ T,

‘H%(%A —qr) =0,
Ry (Teo1 4+ Te\? _ _
__d(ﬂ) (1_C]k 1+%){Pk1(1_qk_l)_ Pk (1—q)
Cp 2 2 Pr—1/2 Pr—1/2
_ Ty T
n 1_C]k 1+ qk k-1 T k(Tk—l_Tk)
2 2

L qp—1+ qx k-1 + Gk
B Tk (g et TR op

c, 2 2 (Ter = T0)

LTy + Ty

TR TR g — =0 1.54
+C’p 5 (k-1 — k) ( )

BEDRK LI o B otz Wl o LIZUTEIRE.
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Ryl 7+ A 2
a (qu + AT + T + ATk)

. dq
AT (T,
k-1 +q"( k)"‘aT

p
aq*
k—1

1 ~
1— = (¢ (T
X{ 5 (q (Th-1) + T
Pr—1 ; g Pk ;
X 1—q"(Ty_1) — ATy 1) — 1 —q* (7
[Pkm ( q"(Tr-1) a7 k 1) s ( q"(T) 5T
V(o dq . (rF )
+ {1 — 5 (q (Tk—l) + oT - ATk_l -+ q (Tk> -+ T . ATk)}
1 /. N A ~
X = <Tk_1 + ATk_l + Tk + ATk> (Tk—l + ATk_l — Tk — ATk)

* (T aq*
ATy 1 +q"(Tk) + o |, ATk)
)
k

ATk> }
k

%)

k—1
dq

*

*

L1 dq

—— ¢ (T
Cp2 (q( k 1)+ oT -
aq* aq*

1 A .
1—=1{q¢ (T ATy (T,
X{ Z(q(k1)+8Tk_1 k1+Q(k)+aT
X(Tk,1+ATk,1—Tk—ATk)

L1, )
b= (Tk_l + AT + Ty + ATk>
2
Jq

) (q*(fk‘l) v

. oa*
ATy —q' (1) = 5 (1.55)

k—1

*

ATk) =0
k
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ZIT, UATNOEBEEZEAT 5.

MM = 1- —(q (Tkz—l) — —q*(Tk), (1 56)
aq*
D, = 1.57
aq*
D, = 1.58
TP = T\ +Ty, (1.59)
T™ = Ty —Tp, (1.60)
Mk—l = 1- q (Tk;—l)7 (161)
R,
F = — 1.63
Cp? ( )
L
EF = — 1.64
Cp’ ( )
QP = ¢ (Tra) + " (Th), (1.65)
QM = ¢ (Th-1) — q"(Tx), (1.66)
P, = v (1.67)
Pr—1/2
p = (1.68)
Pr—1/2

NSl 52 HWT, AEORXZEZHMAL LU TOLIIT4S.

F 1 1
—5 (TP + AT,y + ATy)? {MM = 5Dk ATy — EDkATk}
X [Py—1 (My—1 — D1 ATy 1) — Py (M, — D ATy)]

1 1
+3 {MM — 5 (D ATy + DkATk)} (TP + ATy + AT}) (TM + ATy, — AT,)
E 1
—E (QP + Dk_lATk_l + DkATk) {MM — 5 (Dk_lATk—l + DkATk)}
X (TM + ATk_l — ATk)
E
+Z (TP + ATy + ATy) (QM + Dy ATy y — DyAT) =0 (1.69)

2
ZOREFELHIIM ZEIIRERDT, XLE2ZATIHELTS. A D2 DB ER
DolHAEHT L2 L1275, BT6L MIKEL] EE-oTRVWDESS &
B TWEH, ZOEMDOZLMIZEI U THEB TIEE > 2 <G LTV,
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Az2REHLDD IR EDIE] ZIEXREHLTHWSE, RO LS 12745,

F 1 1
—— {TP2 +2TP - (AT + ATy)} (MM — 5Dk AT — §DkATk)
X (Po—1My—1 — Poo1 D1 ATy — PeMy, + PL.Dy AT,

(
1
+ (M - —Dk ATy — —DkATk) {TP-TM + (ATy_y + AT)TM + (ATj_; — AT,)T P}
(

QP + Dy ATy + D ATy)

1 1
X {MM -TM+ (ATk_l — ATk)MM -+ <_§Dk—1ATk—1 — §DkATk) TM}

E
+5 ATP - QM + (Dir ATy — DAT) TP + (ATiy + AT)QM} = 0 (1.70)

F 1

-7 {TP2 MM — 5TP2 (Dy—1ATy—1 + DyATy) +2TP - MM (ATy—1 + ATk)}
X {(Pr—1My—1 — PeMy) — Po1 Dy 1 ATy 1 + P.D ATy}
1

+3 {MM -TP-TM + {(ATy_1 + AT})TM + (AT)_1 — AT,) TPy MM

1 1
TP -TM (éDk_lATk_l + §DkATk> }

E 1 1

-5 {QP MM -TM + MM - QP(AT_, — AT,) + TM - QP <—§Dk_1ATk_1 - §DkATk)
FMM - TM(Dj1 AT,y + D AT}
E

+5 (TP QM + (TP Dyoy + QM)AT,y + (TP Dy + QM)AT,} =0 (1.71)

HIZH 1 HE R 5.

F
— = [TP?- MM (Py_yMy_y — PiMy) + TP* - MM {—P; 1Dy ATy_1 + P, DyATy}

4
1
+ (Pe_1My_y — P M) {—§TP2 (Dp_1ATy_y + DyAT,) + 2TP - MM (AT, + ATk)H

+% {MM -TP-TM + {(ATi_1 + ATW)TM + (AT,_y — AT,)TP} MM

1 1
—TP-TM (§Dk1ATk1 + §DkATk) }

—g {QP MM -TM + MM - QP(ATy_, — AT,) + TM - QP (—%DklATkl - %DkATk)
+MM . TM(Dk_lATk—l + DkATk)}
E
5 {TP - QM + (TP Doy + QM)ATyy + (~TP - Dy + QM)AT,} = 0 (1.72)
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ZORE AT, DIHEHE AT, DIEHIZEFEHTWL . £TIE67.

F
7 [TP2 MM (Py_ 1My — PuMy) — TP? - MM Py Dy ATy + TP? - MM P, D AT,

1 1
—3 (Pe-1My—y — PuMy) TP? Dy 1 ATy — 5 (Peo1 My — P My) TP> D, AT,

42 (PyoyMy_1 — PuMy) TP - MMAT)_q + 2 Py My_1 — PoMy) TP - MMAT}]
1
+5 (MM -TP-TM+TM - MMATy + TM - MMAT, + TP - MMAT, ~ TP - MM

1 1
TP - TMéDk_lATk_l —TP- TM§DkATk}

E 1
-5 {QP MM -TM+ MM - QPAT,_y — MM - QPAT, — TM - QPka_lATk_l -TM
+MM - TMDy ATy + MM - TMDyATy}

E
+5ATP-QM + (TP - Doy + QM)ATiy + (<TP - Dy + QM)ATL} =0

DWT, &5,

F
~ TP - MM (Peet Miy — PcMy)
F 1
- {—TP2 MM - Py_y - Dy + (PeyMy_1 — PuMy) (—§TP2 - Dy +2TP - MM) } A

F 1
-7 {TP2 MM - Py - Dy, + (Pe_yMy,_1 — PpMy) <—§TP2 . Dy, +2TP- MM) } AT},

+%MM-TP~TM
1 1
—1-5 {TM-MM—%—TP'MM— QTP-TM-Dkl}ATkl
1 1
+§{TM~MM—TP'MM—§TP~TM-Dk}ATk

E
—5QP MM -TM

E 1
-5 (MM “QP — STM - QP Dyy + MM -TM - D,H) ATy,

E

1
5 (—MM-QP—§TM-QP-Dk+MM-TM-Dk)ATk

E E E
+5TP QM + (TP Diy + QM)ATiy + o (=TP - Dy + QM)AT;, = 0 (:
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PAN
7

15

5 4?77).

F
ZTP2 - MM

E E
+5 QP MM -TM — S TP -QM
F

1
Sy (P My_1 — PeMy) — §MM -TP-TM

4
1 1
+5TM - MM +TP- MM ~ 5TP-TM - Dy

E 1
-5 <MM “QP — TM - QP Dyy + MM -TM - Dkl)

(1.75)

1
~ {—TP2 MM - Py_y - Dy_y + (Pe_1 My — PuMy,) <—§TP2 Dy, +2TP - MM) }

+ g(TP - Dy_y + QM) (1.76)

TP-Dy+QM) (1.77)

(1.78)

(1.79)
(1.80)

(1.81)

(1.82)

=0 (1.83)

F 1
C = 1 {TP2~MM-Pk~Dk+(Pk_1Mk_1—PkMk) (—éTP2~Dk+2TP~MM>}
+%{TM-MM—TP-MM—%TP~TM-D;€}
E 1 E
—5(—MM-QP—§TM-QP-Dk+MM~TM-Dk)—1—5(—
Zhk,
BATk_l + CATk == St
&b, 22T, > h=0&0E6N5
14+ Apg 1 L . 1
AT, ; = — AT, + —
e T+ Apeg I+m-1Cy " Apr_y
= aAT,+f
ZRAT B L
%, AT, iZDWTHEITIE
_ S — BB
Y C+aB
1.4 HLEEINED GZE
L =D&, WiEdettoAid
—Ry dp(l—q)+ c +vaq 1dT Ei q _£ q d_T
p(1—¢q) dz MY 1—q)Tdz Tdzl—q T?1—qdz
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Th5d."
agemb IZHEWT, I RER 2 5H5E L T\ Did

nonstd/p2adeq.o nonstd /p2trpn.o nonstd /p2ctau.o usr/momoko/physics/p2radmN.o
usr/momoko/physics/p2radlN.o nonstd/p2adbtGl.o

p2adbtG1.F TiX, MM, QP 7= %2 ffio 722 XE2MEHLTWS. L>T Cpd %
ANFZHEZ AT RFIERVWE S I b 5.

DT, REBDAE. b KEKDPDRVWE WS IELZ LRWEE] ([ZED
NTWEZHEDEELTAS.

S ERLORORELHT 5.
£T, 1L WA EFETT B,

Ry, d Cpn, AT Cowq 1dT L q dT
_ 1— sz o, PvE 777
p(l—q)dz{p( Q)}+sz+1—quz 121 —qdz
LEl-a—agl-a)
T (1—-¢q) ’

R d ndT’ ,q 1dT L dTr
ey S
p(1—q)dz T dz 1-qTdz T?1—qdz
L 1 d¢ L q dq

T1—qdz T0—¢q2dz

Rk, BEHRTHS.
FiE D #iTHEA SN TV AWBGEMAEDOR (D.9) ZLAFOM@D TH 5.

—Rq dp(1—q)
p(l—q) dz

B A, ZHREE.

N\ 1dT Ld L ¢ dT
1qu) _ 24 zf 49 2 15 (1.84)

+<Cpn+ Td: Tdzl—q ¢l—qdz
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ZOROWLIT T2(1 - q)2 215

Rd d Cpr, AT
—T?(1 — ¢)? — {p(1 — T%(1 —¢)* 22—
( @p( )dzm< O+ T —a)"—7
1dT L ¢ dT
T2(1 — ¢ 2_Cpud T2(1 — )2 — al
17 )1—quz (1=q) 121 —qdz
oL 1 dq L q dq
21— g2 — 2 2 g2 1Y
R o dT dT
;T%L—@—{M1—®}+%n(1—® -5, tanTal—q)—
dT dq dq
—Lqg(1 — q)d— + LT(1—- q)a + LTqE =0,
R dT dT
Pt D (1~ )} + e T~ 0 + Tl )
z 2
dr dq
—Lg(l—q)— +LT— =
¢(1-q)— +LT-" =0,
(1.85)
HIZ dz 22T
R
;ﬁﬂl—@d@ﬂ—q»+qm(1—@%T+%ﬂhﬂ—qMT
—Lq(1 — q)dT + LTdq = 0, (1.86)
NNOF-V- i1/ ¢ | A AR
Ri
——— T 12(1 = @r—1/2) [Pr—1 (1 — qr—1) — pa(1 — )]
Pr—1/2
tepnTh-1/2(1 = qu-1/2)*(Thm1 — Tie) + Tt 2@—12(1 — qr—1/2) (Tt — Ti)
—LQk71/2(1 - Qkfl/Z)(Tk:—l - Tk;) + LTk71/2(Qk—1 - Qk) =0, (1-87)
Z T,
Th_ T
Ty12 = le—l_k, (1.88)
-1+
Qr—1/2 = qkl—zqk (1.89)

928 (I, AYIEIRLSBWDIES S, Ty 1IZ2WTIX Arakawa and Suarez
(1983) DIEL WHHH R Z S N ER LS REANT 5. LA L, agemb FHRIZ
VN—F VDR BEEZ LD >7-DTI S5 LTW5S. depam TlEH 7L —F
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YT Ty ZIEEDTHRVRE LW, BFOAPFL N5,

Ry (Tk—l + Tk>2 (1 Q-1+ e
Pr—1/2 2 2

2
_ Ty T,
Feom (1 Gk 12+ Qk> k 12+ k<Tk_1 ~T)

T+ Tk qi— _
k 12-|- k Gk 12-|- Tk (1 G 12+ Qk) (Tor — Tp)

_LQk—l;‘ dx <1 B Qk—l2+ Qk> (Tor — T

Ti1+ Tk
2

Ry (Tt + T\’ _ _
__d(kl—‘l'k> <1_Qk1+€1kz)[pk1(1_qk_l)_ Pk (1— gi)
Com 2 2 Pk—1/2 Pk—1/2

) [Dr—1(1 = qr—1) — Pe(1 — q)]

+Cpo

+L (qk—l - Qk) = 07

2
_ Ty + 1,
p(1o Bt e Tt Tn gy
9 2
_|_Cpi Ty + Ty k-1t Qk (1 _ w> (Tk71 - Tk)
Cpn 2 2
L ~ _
_Laata (1 _ qkl_+qk> (Toor — T)
Con 2 2
L Ty, 1+1T,
Cpn 2

IR, BBDSHEUSGEIZDOWTOE.
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*

Ryl 7+ A 2
a (qu + AT + T + ATk)

. dq
AT (T,
k-1 +q"( k)"‘aT

p
aq*
k—1

1 ~
1— = (¢ (T
X{ 5 (q (Th-1) + T
Pr—1 2 g Pk ;
X 1—q"(Ty_1) — ATy 1) — 1—q"(Ty) —
[Pkm ( ¢ (Tp-1) a7 k 1) s ( q (Ty) 5T
V(o dq . (rF
+ {1 — 5 (q (Tk—l) + oT - ATk_l -+ q (Tk> -+ T . ATk)}
1 /. N A ~
X = <Tk_1 + ATk_l + Tk + ATk> (Tk—l + ATk_l — Tk — ATk)

* (T 8q
ATy 1 +q"(Tk) + o |, ATk)
Aﬂ)}
k

Aﬂ)}
k
aq*

%)

k—1
*

dq

*

* *

L1 dq

—— ¢ (T
Cp2 (q( k 1)+ oT -
aq* aq*

1 A R
X {1 — 5 (q*(Tk_l) —+ oT ATk_l + q*(Tk) + oT

k—1
X(Tk,1 + ATk,1 — Tk — ATk)
L1/ .
o (Tt + ATy + i+ ATy )
C,2
dq

) (q*(fk‘l) v

~ aq*
ATy, — ¢ (Ty) — 1.91
AT - ) - G (L1

*

ATk) =0
k
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ZIT, UATNOEBEEZEAT 5.

MM = 1- —(q (Tkz—l) — —q*(Tk), (1 92)

aq*

D, = 1.93

aq*

D, = 1.94
TP = T\ +Ty, (1.95)
™™ = Ty —Tp, (1.96)

Mk—l = 1- q (Tk—l)a (197)
My = 1-q"(Ti), (1.98)

Ry
F = — 1.99
Cp? ( )

L
E = — 1.100
Cp’ ( )
QP = ¢ (Ti) + ¢ (Th), (1.101)

QM = ¢ (Ty-1) — ¢ (Ty), (1.102)

P, = v (1.103)
Pr—1/2
_ Pk
P, = (1.104)
Pr—1/2

NSl eHWT, AEORXZEZHMALLUTOLIIT4S.

F 1 1
—5 (TP + AT,y + ATy)? {MM = 5Dk ATy — EDkATk}
X [Py—1 (My—1 — D1 ATy 1) — Py (M, — D ATy)]

1 1
+5 {MM — 5 (Dea AT + DkATk)} (TP + ATy_; + ATy) (TM + ATy, — AT})
E 1
—5 (QP + Dy 1AT, 1 + DkATk) {MM — 5 (Dk_lATk—l + DkATk)}
X (TM + ATk_l — ATk)
E
+—= (TP + ATy 1 + ATk) (QM + Dy 1AT_ — DkATk) =0 (1.105)

2
ZOREFELHIIM ZEIIRERDT, XLE2ZATIHELTS. A D2 DB ER
DolHAEHT L2 L1275, BT6L MIKEL] EE-oTRVWDESS &
B TWEH, ZOEMDOZLMIZEI U THEB TIEE > 2 <G LTV,
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Az2REHLDD IR EDIE] ZIEXREHLTHWSE, RO LS 12745,

F 1 1
—— {TP2 +2TP - (AT + ATy)} (MM — 5Dk AT — §DkATk)
X (Po—1My—1 — Poo1 D1 ATy — PeMy, + PL.Dy AT,

(
1
+ (M - —Dk ATy — —DkATk) {TP-TM + (ATy_y + AT)TM + (ATj_; — AT,)T P}
(

QP + Dy ATy + D ATy)

1 1
X {MM -TM+ (ATk_l — ATk)MM -+ <_§Dk—1ATk—1 — §DkATk) TM}

E
+5 ATP - QM + (D s ATiy = DUAT) TP + (AToy + AT )QM} = 0 (1.106)

F 1

-7 {TP2 MM — 5TP2 (Dy—1ATy—1 + DyATy) +2TP - MM (ATy—1 + ATk)}
X {(Pr—1My—1 — PeMy) — Po1 Dy 1 ATy 1 + P.D ATy}
1

+3 {MM -TP-TM + {(ATy_1 + AT})TM + (AT)_1 — AT,) TPy MM

1 1
TP -TM (éDk_lATk_l + §DkATk> }

E 1 1

-5 {QP MM -TM + MM - QP(AT_, — AT,) + TM - QP <—§Dk_1ATk_1 - §DkATk)
FMM - TM(Dj1 AT,y + D AT}
E

+5 (TP QM + (TP Dyoy + QM)AT,y + (TP Dy + QM)AT,} =0 (1.107)

HIZH 1 HE R 5.

F
— = [TP?- MM (Py_yMy_y — PiMy) + TP* - MM {—P; 1Dy ATy_1 + P, DyATy}

4
1
+ (Pe_1My_y — P M) {—§TP2 (Dp_1ATy_y + DyAT,) + 2TP - MM (AT, + ATk)H

+% {MM -TP-TM + {(ATi_1 + ATW)TM + (AT,_y — AT,)TP} MM

1 1
—TP-TM (§Dk1ATk1 + §DkATk) }

—g {QP MM -TM + MM - QP(ATy_, — AT,) + TM - QP (—%DklATkl - %DkATk)
+MM . TM(Dk_lATk—l + DkATk)}
E
5 {TP - QM + (TP Doy + QM)ATyy + (~TP - Dy + QM)AT,} = 0 (1.108)
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ZORE AT, DIHEHE AT, DIEHIZEFEHTWL . £TIE67.

F
7 [TP2 MM (Py_ 1My — PuMy) — TP? - MM Py Dy ATy + TP? - MM P, D AT,

1 1
—3 (Pe-1My—y — PuMy) TP? Dy 1 ATy — 5 (Peo1 My — P My) TP> D, AT,

42 (PyoyMy_1 — PuMy) TP - MMAT)_q + 2 Py My_1 — PoMy) TP - MMAT}]
1
+5 (MM -TP-TM+TM - MMATy + TM - MMAT, + TP - MMAT, ~ TP - MM

1 1
TP - TMéDk_lATk_l —TP- TM§DkATk}

E 1
-5 {QP MM -TM+ MM - QPAT,_y — MM - QPAT, — TM - QPka_lATk_l -TM
+MM - TMDy ATy + MM - TMDyATy}

E
+5ATP-QM + (TP - Doy + QM)ATiy + (<TP - Dy + QM)ATL} =0

DWT, &5,

F
~ TP - MM (Peet Miy — PcMy)
F 1
- {—TP2 MM - Py_y - Dy + (PeyMy_1 — PuMy) (—§TP2 - Dy +2TP - MM) } A

F 1
-7 {TP2 MM - Py - Dy, + (Pe_yMy,_1 — PpMy) <—§TP2 . Dy, +2TP- MM) } AT},

+%MM-TP~TM
1 1
—1-5 {TM-MM—%—TP'MM— QTP-TM-Dkl}ATkl
1 1
+§{TM~MM—TP'MM—§TP~TM-Dk}ATk

E
—5QP MM -TM

E 1
-5 (MM “QP — STM - QP Dyy + MM -TM - D,H) ATy,

E

1
5 (—MM-QP—§TM-QP-Dk+MM-TM-Dk)ATk

E E E
+5 TP QM + E(TP + D1 + QM)AT)—y + 5(—TP Dy, + QM)AT, =0 (1.

ZIT, UTDEIIZEREZLDD (HD S, LIEBERAEHIELTWEIALS
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5 4277).
F__, 1
S = TP MM (Pp_1 My — P M) — MM -TP-TM
E E
+5QP- MM -TM = ZTP-QM (1.111)
F 1
B = -7 {—TP2 MM - Po_y - Dy_y + (Po_y My_1 — P M,,) (—ETPQ Dy, +2TP - MM) }

1 1
+§{TM-MM+TP-MM—ETP-TM-Dk_l}
E 1 E
—5 MM - QP — §TM-QP-Dk_1 + MM -TM-D;_1 ) + E(TP-Dk_l +QM)1.112)
%{TM MM —TP - MM—%TP TM - Dk}
E E
—3 — MM - QP——TM QP -Dy+ MM -TM - Dy 2(—TP-Dk+QM) (1.113)
kv,
BAT,_1 + CAT, = S; (1.114)
5. 22T, > h=0&0E56N5
1+v  Apg 1 L 1
AT, = — AT, + ——— 1.115
o T+ 71 Apeot " T4 75 Cp " App ( )
= aAT,+f3 (1.116)
ZRATBHE
ZhE, AT, IZ2DWTHRIHE
S; — BB
T = 1.11
T C+aB ( %)

1.5 NHA1992 ORA54EN T 255

NHA92 1252 5T\ 2 4 TnEE 2o X
RT | oz L
— ___Pom  onpon (1.119)
< )moistpsuedadiabat Tn + {L‘ o ﬁRTLTQC,m
ZZT

Y
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1.6 Relaxed Arakawa-Schubert X F—LA

Relaxed Arakawa-Schubert A& — A2 DWW TIX, Moorthi and Suarez (1992) & &
VOZDMXTH|LTWARXESRTLZ L.
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