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k=1 i=1 j=1
ooo,
K
Z=— ka -V, (3.71)
k=1
3.4.2 0J0O0OOO
x I
o 1 . W
n_ _ _ ily’m.* )\i7 . J
ot I;;lm(w‘)] n %)acosgoj
I
1 w; (3.72)
- y Ly (n, o) —
+I;;(uA)jCOS<P]8W 0 %)QCOS%
+ Dl nCi's
IJ
oD 1 w
n - . . % )\“ '
ot I;;Zm(u'q)j n %)acosgaj
1L "
T ZZ(UA)U COS()DJ Yn ( 77@]) ;
= 0 G Co8 5 (3.73)
I J
n(n+1)1 .
T2 T ZZ(KE)UY (Ais pj)w;
i=1 j=1
+1 o o
+ %(@Zn + Cphr Ty ) + Dip D
ooo,
~m —n(n+1) No/2 2\ Vp
wmn=—Kup l(a2> -3 . (3.74)
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3.4.3 0OUO0OOO

oty
ot

goo

3.4.4 0OU0O0O0OO0

Q
)
3

Q
-

3.5 U000

gboooboooobooobo

I J
1 - mx Wy
-7 SO i T (i, ) ——2

a .CoS

< Wi

I J
1 a mx
+7 D0 T cosp; a5 Y (Ais 05)

J o/ Qi
> (Hz‘j + C”) Y (Nis 0 w;
p

wj

'Fﬂi
M <~

@
I
-
.
I
=

imuijQinJn*(Ah Wj)w

wy

e
-
M~

s
Il
—

<.
Il
-

0 mx*
Vij Qi COS%‘%Yn ()\u%)w

o
M-
Mk

s
Il
-

<.
Il
-

(Rij + Sq,ij) Yo (N, 5w

+D

T3

~m
nln -

goooo.

@ COS

(3.75)

(3.76)

(3.77)

0000000000000 leapfrog000. OO00,00000000000000000O
0000000000.0000000000000000000 (Asselin, 1972)0000. OO

0At000000000,000000 semi-implicit 00000000 (Bourke, 1988).
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3.5.1 leapfrog OO DOODOOOODOODOOOO

OO000000000000000 leapfrog0000. OOODOOODO 2A¢t000000000
0.000000 (Fa,F,,Q,5)002A¢t0000000000.000,0000000000
gboboboboobboobooboaoboab. bg,bogboobooboobooboobo
000000000,000000000000000000 (adjustment). 00000000
gooo.

000000000 A0DO0O,
AFAL = A8 L 9Nt A gy (AY) + 28 Agig (A“N) + 20t Ay, (AR (3.78)
Awy 00000, Agiy 000000, Ay, 0000000000000.
A+At 00,000 (Ag,) 0000000000 (A 00000000, AHAt000.
AUFAL — JHAL L oAgf (A”Af) 20t A (A“At) . (3.79)
leap frog 0000000000000 00 Asselin(1972) 00000000000000000
0.oo00o0,
Al = (1—2¢5) A" + 5 (AR AR (3.80)

0 A0000.¢ O00000D0O00OO0ODO,00000000 0.0600000.

3.5.2 semi-implicit 00O 00

000D00000,7T=T7T,00000000000000000000000000000O00O0
O00. 000000000 (Non Gravity wave terms) D000 0O NGOOOO. O00D0OOOO
00000 D={Dy}, T={T,} 0000,

or _ (or -C-D, (3.81)
ot ot ) na
oD oD
— == —V3(®5+WT + Gr) + Dy D, (3.82)
ot ot )na
oT oT
— == — hD +DyT. 3.83
ot ( ot )NG bb A+ D (3.83)
ooo,000o0o00,
(971’ NG K
(61&) = — I;vk . Vﬂ'AO'k = Zk, (384)
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NG 371' NG K
dk—1/2_ —O0p_ 1/2(3t> —ZUZ-VTI'A(TZ,
=k

ot

(8D>NG 1 {(’)uA,,C N 0(va cosgp)} K

acosp | OA Op =

o1\ "¢ 1 OUT,  10VTy /
il E— - = Hy, + D(T; D
< ot > a(l —p?) OA a Ou + Hi+ D(Tk) + D'(w),
Hy, = T.Dy,

1
" Aoy Gr—1/2(T k=172 — T}) + Grgr 2 (Th — T’ kg1 2)]

1. A o .
- E[U}:i/z(Tk—lm —Ti) + 63501 0Tk — Trgr)2)]

+ I%kTv pUE - VT

K
Ak Br
_AO'k kavl Vﬂ'AO’l AO’kTuk Z ’Ul-V’]TAUl
I=k+1
b Tzl;ykZDlAﬂl - 7T/ & Z DZAJI.
=k I=k+1

00,0000000000000O0O (oooo)g,

Cr = Aoy,
Wi = Cpadi>1 + CpBidk—1>1,
G = I%kaT]w
h=QS - R,
1 = — 1 o~
Qrl = R(qu/z —Ti)0k=1 + Tak(Tk = Try1/2)0k+1=1,

Syt = op_1/2801 — Aoydr<y,

Ry = — (AAUl5k<l + Aﬂ

A015k+1<z> Ty

000,000 &<« O0,k<I0000000 1,0000000o000000O00O.

gooo,0b0obooooobooon.

1
eny (
¢

j = 5 (At+At +At—At> _ At—At + (5tAAt

5t¢4 = AtJrAt Atht) ,

00000 semi-implicit 0O0O0O000O0O,

(3.85)

V2(KE);, — V2 Z Wia(To — T0) + D(Dk),

(3.86)

(3.87)

(3.88)

(3.96)

(3.97)

(3.98)
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oD 2 it —t t—At
0D = e —Vi(®s+WT +G7)+Dy(D + 2At6,. D), (3.99)
NG
T _
6T = (8> — D' + Dy (T2 + 2At5,T). (3.100)
ot ) na
(3.98), (3.99), (3.100) O O,
{(1 = 2AtDy) (1 — 2AtDy)I — (A2(W b+ GCT)V2 ) D'
= (1 -2AtDg)(1 — AtDy ) D2 4 (1 — 2AtDy) At (%’?)
NG
(3.101)
— AtV2 { (1 - 2AtDg)®s + W {(1 —2AtDy) T A + At (%f) }
NG
+(1 — 2AtDy)G {wt‘“ + At ((%) } } )
ot ) na
Doooo0O00OO0oO000oOo0o,
nn+1
V2 = —% (3.102)
0o0O0,(3.101) 0 D* 00D0OD0O0OOO0OO0. 000,
DAt = 9D' — pi—At (3.103)

000, (3.98),(3.100) 000 t+At00000 A+ 0ooooQ.

3.6 UUOO

Arakawa, A., Suarez, M. J., 1983: Vertical differencing of the primitive equations in sigma

coordinates. Mon. Wea. Rev., 111, 34-35.

Asselin, R. A.; 1972: Frequency filter for time integrations. Mon. Wea. Rev., 100, 487-490.

Bourke, W.P., 1988: Spectral methods in global climate and weather prediction models. Physically-
Based Modelling and Simulation of Climates and Climatic Change. Part I., M.E. Schlesinger

(ed.), Kluwer Academic Publishers, Dordrecht, 169-220.

Haltiner, G.J., Williams, R.T., 1980: Numerical Prediction and Dynamic Meteorology (2nd ed.).

John Wiley & Sons, 477pp.

o0 00,2004: OOOO0OOO0OOOOODOOOOO .O000O0000, 232pp.
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40 UOOoUO0Uootdbotdtd

4.1 0O0O0OO

goooobooobooooboobobooobobooboooobooboooboo,booboobooo
obooboooobooooobooboboobooboobooboooooooOoobo.boboooboog
00000000000000000000D000000000000O0DOOOY, 0000000
oooooooooobooobooobbo.oobooboooboobooboobooboooooo
O,0booooobooooooboon.

000000 (Manabe et al., 1965)

000000 (Kuo, 1974) 2
e 0DDODO3

ooooooooooood

ubO,0000b0000o00o00oo00obobobobo. oooboobob0obo. 0cooooag
gbooobooooobobooog.

OO000 depamb 0000000000 DOOOODODOOODOOOOOODODO.

4.2 00O0O0O0OO

4.2.1 0000

ubooboo20000000000000,000000000000000000.

l. 0ooooobooooobooooon.

2.000000000.

lQgDo0OO0000000000000000DO0O.
2dcpamb 0O ODOOOODOO.
3depamb 000000000,
4dcpam5 00 DOOOOODOO.
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4.2.2 ODUO0000OO0OOOO0OO0OOOOOOO0

00000 ()OoOooo,000000 SOOoOoOoOUooOoOooo
ds
dz

O, 000000bb0o0oooobooooooobooa

or RTOp L0y

0z Cpp8z+0p82
ooo.o000,c¢,0000000000,L000,¢00000O0O0O.

<0 (4.1)

<0 (4.2)

00000 (2)oooooooo.

obooooboooooooboooboooboooboobooOooooooboboooooooboooon
0.00,00000000000000°.

423 ODUO00O0O0OO0OOOOO0OOOODO

oooooo, (¢7) 00 (¢, 7) 0000000000,

gboooooooooon.

k-1 = ¢ (Th—1,DPr—-1); (4.3)
ak = ¢ (Th, ), (4.4)
L ., . R Apy_1/2 Ty + T,
Tpor =T + 5 {¢" (Th—r.08-1) — ¢ Tk vk) } — = L AL (4.5)
Cp Cp Pr-1/2 2

(CpTy + Lay) Apg + (CpTi—1 + Las—1)Apg—1 = (CpTh + Lir) Apy, + (CpTh—1 + Lir—1)Apr—1.

(4.6)
oDoooooooo.
e ¢, k-1 (¢ 10000000)
0D00000,00000000000000000000000.
= ¢* (T}, ATy, 4.7
qk q(kpk)+8TTk k (4.7)
1 =q" (Th_1, pr_ ATy_y. 4.8
k-1 Q(k17pk1)+6TT k—1 (4.8)
k—1
ooog,
ATy =Ty, — Ty, (4.9)
AT =Ty1 — Ty (4.10)

god.ooobbbbuoooooboboooboog.
S000000000000000000000000,000000000000000000000000.
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e ATy, (¢<10000000)
(4.6), (4.7), (4.8) 0 0,

(CpTho—1 + Lak—1)Apr—1 — (CpTh—1 + Lix—1)Apy—1 = —(CpT + Lar) Apx + (CpTi, + Lix) Apx,

L N L .
{ATk1 + —(qr—1 — %1)} App_1 = — {ATk + —(q — Qk)} Apy,

Cp Cp
L . aq*
ATy — g (Th_ — AT 1 — Gr.— App._
kH‘CP{Q(le-aTkl k—1 le} Dk—1
L aq*
= — |AT; — L g™ (T; —| AT, —q A
[ k+Cp{Q(k)+8Tk k Qk}] Dk
L Oq¢* L, .+ R
{1 + c, ar k—l} ATy 1 Apr_1 + c, {(1 (Th—1) — %4} Api_1
L 0¢" L .
=— |14+ — AT Apy, — — <" (T%) — G ¢ A
[+CP8TJ K APk Cp{Q(k) Qk} Dk
(4.11)
goo.ooo
L 0q*
= = (4.12)
c, oT |,
oooo,

{1+ -1} ATk 1Apr—1

= — (1 + ) AT Apy + C£ Hqu - q*(qu)} Apr_1 + {fik - q*(Tk)} Apk}

p

(4.13)
0oo. o000,
AQ= {1~ a (B} Aper + {d — 0" (1)} Api (4.14)
000,AT, 0000000,
L N
{14+ -1} AT 1 Apr—1 = — (1 + ) AT Apy, + FAQa
p
14+ Apg L . 1
AT, 1= ——— + 4.15
ol T+ %1 Apr1 " T+ 76 Cp " Apr1 (4.15)

Ooo00. AT, 0000000oooooooon.

o AT}
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(4.5), (4.7), (4.8), (4.9), (4.10) OO,

L R Apk_l/g kal + Tk
Tio1 — Tk + — {q" (Th—1, pe—1) — a* (T, - =
k—1 k+0p {¢* (Tr—1,pr—1) — ¢ (T, pr) C, Do 2 0,
. . L . aq* ~ aq*
Ty AT, — (T AT, — (T — ATy, 1 —q*(T) — AT,
k—1+ ATk <k+ k)+CP{Q(k1)+aTk1 k-1 —q" (Tk) ar |, k}

R App_ye Tho1 + ATj—1 + Tj, + ATy

Cp Pr-1/2 2
. . L . . R Ap_1y2 Ty + T
T._1— 1T, — 3¢ (Th—1) — ¢*(T; - —
k—1 k+Cp{Q(kl) Q(k)} Cp Driyo 5
L 0q* L 9q* R App_1/2 ATy + AT,
AT, — AT, — AT 1 — — - —
+ Al k-i-Cp ar |, _, k—1 c, aT |, k Cy P12 9
(4.16)
ooo,
. . L . . R Api_1/2 Ty—y + T,
e =Ty — T {*T, —*T}—— 4.1
Sk-1/2 k—1 k+Cp 4 (Te—1) — ¢ (Tk,) C Doy 5 (4.17)
Oodo0.000o00o00o0ooood
Sk,1/2 >0 (418)
D0OO00. (417) 0000 (416) 000000,
R Ap_ R Apy_
ATy — ATy + yk-1ATj—1 — ATy, — LS LN R s LY —Sk_1/2,
Cp 2p—1/2 Cp 2pp—1/2
R App_12 R Apg_1/2
-1 — - — 12 VAT, 1 14— —— )V AT 1 =-S5 4.19
< Vi Cp 2912 {1+ Cy 2012 k—1 w—1/2 ( )

O000.000 (41500000,
R Apk—1/2>
A== 55— | AT}
( Cp 2pi—1/2

R APlc—1/2> < 14+v  Apg 1 L . 1 )
(1t — - AT, + E=N
( et T+ 961 Ape—r T+ e Cp, " App

Cp 2pp—1/2
= —Sk_1/2 (4.20)
k=R/C, 0000,

Ap_
CJ_%_HAW1N>Aﬂ
2pk—1/2

Apr_1/2 L+ Apy 1 L 5~ 1
_ AT, + =
2pk—1/2 1+ k-1 Apg—1 L+9%-1Cp  ~Apr—

= —Si1p (4.21)

+ <1+7k1—f€

ooo. AT, 00o0ooooooooooo,
Apr_1/2 ( Apk1/2) < 1+  Apy )}
—1—v)—k———+|1+v_1— K — ATy
{( ) 2pk—1/2 T 2pk—1/2 L+ vk-1 Apr—1
Apkl/Q) 1 Looa 1
1 +'Yk—1 Cp Apk—l

‘00000000002 (000000000000 «x000000000000)

= —Sk,1/2 — (1 + Ye—1 — R (422>

2Pk—1/2
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Oo00. AT, 0ooooog,

ATy,

Apk1/2) 1 L -~ 1
—Spgs— (1471 — & =
. oz ( T 2pp—12 ) 1+ 71 Cp Api_1
B Apr_1/2 ( Apk1/2>( L+ Apg )
=)k + (1 +W%m-1—k -
( ) 2p_1/2 ! 2pg_1y2 14+ vk—1 Apr—1
Apk1/2> 1 iA A1
20172 ) 1+7%-1C)p Apr_1

Sk—1/2 + (1 + V-1 — K

Apr_1/2 ( Apk1/2> L+ Apg
T4 y) + 2 (14 g —
(1 %) 2pk—1/2 T 2pp—172 ) 1+ -1 App—1
Apy_ L
. (1 + Y1) Apr—1Sk—1/2 + (1 + V-1 — HM) @AQ
Apkq/z Apkfl/Q
(T4 v) A4+ v-1)App—1 + i1+ 1) Apr—1 + (1 + 1 — h——= | (1 + ) Apy
2pk—1/2 2pk—1/2
Apr_12\ L , A
1 _1)App_1Sk_ 1 1 —k—2L" ] =A
B (14 vr—1)Apr_15k 1/2+< + Ve—1 H2pk—1/2 c, Q
Apk—l/Z
(T + ) (T +vr—1)(Apr—1 + Apr) + HW {4+ y—1)Apr—1 — (1 + &) Apr }
~1/2
(4.23)
ooooa.
4.3 KuolOOOO
KuwoOOODOOOOOO,O00 kpg0O0O0 kK OODO,
. L T — 1T,
Ty =T+ (1= b)) (T = 7o) (4.24)
P A
ST — T =2
k=k g
c _
qs = quAt_'_bI - (qk Qk> (425)
c Apy,
> (gE —a)—
k=kz g
ooo,/0,t—At00t+At00000000000O0O0OO0DOO0O0O,
=Y (@ —a =2, (4.26)
k=kp g
T¢,q D00000,000000000.
bOOUOOOOUOODOOOUDOOOOOOOOOOO0OO0O0OOO, Anthes(1977)0000O,
1‘<RH>>n RH) > RH
y_ ) (R R >RH, (4.27)
1 (RH) < RH,
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00000.RH=§/¢"(T,p) 00000000,

Apy,
§2Pk
ity
(RH) = — : (4.28)
T o A
3 g (1) =2k
k=kp 9

OO0 kp0,00000000000000000OO0O00ODOO0ODOOODO (LCL;00000O0O00)
ooooOO0oo0o0oo0o0ooOooDOooOo0o0o0oboOooooooo0o0. 000 k0 (Tg,¢y)00o
00D k+10000000000000000 (Tg,,,q5,,) 00000,

Ty = Ty (p“l)H (4.29)
P
Qo1 = (4.30)
ooo.oooa,
Gip1 > ¢ (Ti41: Pret) (4.31)

goboo,booboobgoon,

L g% — g*(T® ,
Tipy — T + Fq]Hl a (Lkér;*pk—'—l) (4.32)
p 1+ —
Cp OT

a _ a A%QZ+1 _q*(Tlg+1apk+1)
Ar+1 Ai4+1 c, oT - iaq* )
Cp 0T

(4.33)

goo.

00,7T¢=Ty,¢¢=¢ 00000000000000000000000, 000000000
00000 LCLOOO. 0000000000000000, T8 = Th,q® = ¢ (Tepy) 0000
00,T¢,,¢,, 000000,

TE, > Tin (4.34)

Do0000000oO0O0O0O0o00.
00000,00 Tf,¢ 000 kg O T2, = Ty, q?, = ¢*(Tip.prp,) 000000000000

00000000,00 T¢=Tq¢ =¢*000. ¢ =q¢*(T¢,py) 000. 00 kp0,0000
00000000000000000000000000,0000,

T < T (4.35)
000000000000O0000.
ooo PO,
P=(1-b). (4.36)
ooo.
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4.4 0000

4.5 00000O0O0O0OO0OOOO

4.6 UOO0OOO

Kuo, H.L., 1974: Further studies of the parameterization of the influence of cumulus convection
of large-scale flow. J. Atmos. Sci., 34, 1232-1240.

Manabe, S., Smagorinsky, J., Strickler, R.F., 1965: Simulated climatology of a general circula-
tion model with a hydrologic cycle. Mon. Weather Rev., 93, 769-798.
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50 Uotuunh

5.1 OOOOO

gbooooogo,booboooboobobobobooboobo,0booboooobobooobOoonoog
goo.ooboooboooooooooobooooboo,bobooobooobo.0oooooboogo,o
gboooo,b0cobo0boocobooboooobobooooobooooboOooog.

gbooooobooooon,

q>q(T,p)

DDD.EIEII:I,T,QDDDDDDDDDDDDDDDDDDDDDDD,[I[II]I]D.

ooo,

oooo,o00

goooooooo.

Newton OO O OO,

00,00000000 PO,

00000,00000000T,¢0 7,400000,00020000000000.

q=q"(T,p)

CyT + Lg=C,T + L

(5.1)

(5.2)

(5.3)

(5.6)

2008/10/08(000000D000)
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el UU

6.1 OOOO

gbobobobobooooobobobobobobobobooobobobobobobon
go.

6.2 0O0OOO

0000o0o0o000oo00000O0 (bOo0D0ooO0U0OOO)DO00D0COO0OU0DOOOOUOD
oooooooog.

6.2.1 0OU00O0OO0OOOOO

gbooobobooooobooooboooooboobooog.

gogooooo FéD,DDDDD S, 00000 DO0DO, 00000000000 rg, 00O
0¢oooo,
FE(\ @) = —Sorg? cos(. (6.1)
(O0Dooboooono.
cos = cos @ cos g cos H + sin psin dg (6.2)

s OO0O0OUO,HOO0O (U000 #O0D0O0OO)0OODO.

6.2.2 0O0O0O0O0OOODO

gboooboobooooboooo,obo0b0,boboooa.

Fé(@) = _SO (Ains + Bins COS2 (P)a (63)

cosC =~ A¢ + B cos? . (6.4)
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ooo
oo

Ains
0.127

Bins
0.183

A
0.410

B
0.590

061: 0000000 Ains, Bins, Ac, B¢ 00

gooooOoOoOoooOOooD Aoooooo

Fé(@) = _SO(I - -A)(Ama + Bins COSZ QO) (65)

000.00,0000000000 cos¢ 000 secCO00000000. Ysec¢O0D

1

sec( = A¢ + Becos?

(6.6)

Ains, Bins, A¢c, B 00D 061000.

6.2.3 U00OO0OOOOOOOODOOOOO0On

§0000000. 00000000000. 0000000000 (degree) Asupsoler 000 0.
oooooooo

180
H=X\- )\subsolar * — (67)
T
ggd.
cos ¢ = sinpsind + cosp - V1 —sin®§ - cos H (6.8)
gbooooooooo
F&(X ) = =So(1 — A) cos ¢ (6.9)

6.3 UUOO

6.3.1 0O00OO0OO0OOO0dn

gbobooobooobooo,0oobooboobooobooobooobooooooooooobooooboon.
000000000 NeOOOUOOOOOO (kdistribution method). Fg O,

Ns
Fs(z) = Zai [(1 — aa)F§exp (—7s,(2) sec ()

—ay(1 — aA)Fé exp (—7g,:(0) sec ¢) exp (—(7s,:(0) — 7:(2)) sec Co)] (6.10)

1(2007-05-23 00) 0000007
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DDD,FéDDDDDDDDDD,(DDDD,CODDDDDDDDDDD,seCCO:I.GﬁDDD.
ay 0000000000000000,0000000. «, 000000000O0O0O0O.

7s:(2)0, 00000 0000000000004,

oo [e’e) B
7s.,i(2) :/ kS,qudZ+/ ks,ipdz (6.11)
z z

ks; 0000 i000000000000,ks; 0000 +00000000D000D0DOO0DODOO
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