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DCPAMS5 XEEAERNR E 7 DBRUE 1.2 DCPAMS5 OEE 1

EB1E IFL®HIC

1.1 ZDOXEIZIDOWVWT

Z DXE, MBRGEAREREEE TR O KK KIEERE 7V, DCPAM, D/N—
Vay 5 ThsdDCPAMS DXL AFEARE KO Z DAL FIEZ ML 72D
Thb.

FURTIE, AXEDOHNBEL Y — A2 — R T—HUARWEFREH L Z LIZTEREIN
77\,

1.2 DCPAMS5 DOHE

Z 2T, BIFERR (2013/09/20) @ DCPAMS OBEE 2 /R 9. NIZm$ &Kfe i35
FTLUTHED, TRTEMOLRSTEEHBEEITI ZLIFTES.

o it
— TV IT7 1 THEAR
— YWEBIROFEAEIZANRY MVEHE X575 vV aik (Kashimura
et al., 2013) 7 5 ZEHR
o Bk

— AGCM5 f4E 7 )V (Numaguti, 1992)
— MERF S E TV
« AN - WL - JEARSL (2600-57142.85 cm )
- 1000-57142.85 cm™! % 11 /NY RiZ43#] (23> R43ElE Chou
and Lee (1996) (ZfE5)
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- 0-Eddington JEBLU 7z R SRR IZ & D (Toon et al.
(1989) D J5#% AW TEHA)

- Hy,O @3 (%, Chou and Lee (1996) 12 &5 k FAiED /YT
A—R &MU TEHRE

- EOEBRE, B—EEL T VAR R, FEFRA T 1L Chou et al.
(1998) D % {diH

- L) —#ELREUE Chou and Lee (1996) Dl % {5 /4

- O3 DIFINFREUE Chou and Lee (1996) D % {5

« 74k (0-3000 cm 1) 1

- 0-3000 cm™* & 9 N NIZpE (N2 FD3ENIE Chou et al.
(2001) 127> A%, band 10 1XEWH)

- HGEL & AR U 7 ORGSR AU & D FHR

- HyO, CHy, NoO DiZi#¥ (% Chou et al. (2001) O FIEIZHD
WCEHR

- COy, OFE MR (KEER) 1& Chou et al. (2001) O HiEIZED
WTEHE

- COy, DFEBHE (FEEhK) (£ Chou and Kouvaris (1991) O F5%
IZHEDWTEA

- 03 DFEEF (L Chou and Kouvaris (1991) D FEIZHE DO NWT
Eip

- EBOHEBRE, B—EELT VAR R, IESFRAF1E Chou et al.
(2001) DfEZ A (EEX 1 Z2K0E)

— KRG E TV (Takahashi et al., 2003, 2006 DU EfR)
o U7V NAT —VRA - ek
— GLiRIRA
* Mellor and Yamada level 2 (Mellor and Yamada, 1974, 1982)
* Mellor and Yamada level 2.5 (Mellor and Yamada, 1982)

* PNV ZIRIZ X BHKTE 7 7 v 27 X (Louis et al., 1982)

* NV IEIZ K BRI T T v 7 A (Beljaars and Holtslag, 1991; Bel-
jaars, 1994)

— RSN PRENEN (e.g., Manabe et al., 1965)
— FENR
« TREXHREET (Manabe et al., 1965)

12600-3000 cm~! IXEFE#. 300 K O BAHE TlE, ZOWBKMDO TRV F—i%, 0.5 W m—2
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* Relaxed Arakawa-Schubert (Moorthi and Suarez, 1992)
— IR PR RS (KHIBEERS) (Manabe et al., 1965)

o =
— B, SLIRIR S, HERG1C K D4k, R BURERIC K 2 THE B R L TEK
BEH%E T
o HERKmW

« PEIIZ P 1T B BIN
- Huh BV G R A BUEMIC R Z e THEBIRE 2 HE

* NV E T )V (Manabe, 1969) 12 & - T 1HIKD % 5HA

* FEE DT
R FERRIRED 273.15 K AR DEGAICHIZE L 25
K BEIZIEFEED o0
- B 1 EHOBN K 2 BIEL TRlE
- = = =7 G A
- AFEENE 1.0

— 1)

x* ND 2 Dh 5 R
CBRERECEREOEERETE | 77 AVRO525
- MY (slab ocean) (T & - CBRMIMIRE % 514
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4 DCPAMS5 XE AR & ZDERIE B2E [FEER-BEAR

T
A
Rt
S
>
gl

25

g
JdUT

2.1 XU ®IC

2T, BEERE X O T, ShE L XV OELD H 25T, X 512, ¥k
DIFEEMZBWTHATKEARZ MLV ZEHL, KT RHE AR MLORF
e DEMAIZFT.

2.2 HEEEXR

JERESR L, AT BTN GRS o, B\ %, ShE AMICIE o = pﬁ %% 22Ty
TR, p. RHETLRETH B, ’

FEREDHN D 512 B3 % FERIE AL TSRl AR R OEHIZEE T 2 228k O THE
BEROMDY 51 22 RE L.

2.3 KEERF=

DCPAMS5 1%, K EBIRDFHEIZART MIVE#IEZ AWT WA 720, KEH RO
MR DAE L, Gauss M2 (M7 a8 J 8? ), FMEORE (R 1) TH 5.

o Gauss &

Thttp://www.gfd-dennou.org/library /dcpam/dcpam5/dcpam5_latest /doc/derivation /pub/derivation.pdf
2R, J 3B T 5. DCPAMS T, (Gauss #E & LT 258121F) J 3MEHTRTH
(ESANCEANAY
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DCPAMS5 XEEAERNR E 7 DBRUE 2.4 #MELANIL 5

Gauss ##E % JIXRD Legendre BHEX Py (sing) DFE R @;(j =1,2,3,---,J) &
LTREETS. lEFL LTI, § > 01 > g > >y > —g 953 b
DI, sinp=pu &EL 2 LDH 5.

o REESTAIDIE T
REIE ST 13 DA F DAL IE %

&:ﬁﬁgﬂ-@:Lzuwn (2.1)
rrz,
2.4 SHEL XN
Lorentz 7'V v RZ2HW5. ZOKTEETIE, ACEEGE, HE, g, WEOE

el Al fﬁ%®¢ukm%ém,%ﬁﬁﬁiﬁﬁg®ﬁﬁ WZEREX NS, -,
DCPAM5 IZBEWTEHEE 2 E T S RICME 2RO 5 DIFEHEREOEERTH D,
FOMIE TRV, ShEEOFMIEIXZET VO R THELIZETRINS.

FEEIZIE, TOE» S EALEORSEDIT5. BOHRZITIE, BOKERIE W
TIHPEEE, )%@EP)L\ IZHEWTI i*kiﬂz%:ﬁﬁb\é PRIERRES K D& &) PR X

VOREE S, FIIZBWT L THY, LB NWT K+5 &705. BEL LD

E%eigrwgkamf1T%D,FL@LBmf}(aﬁé.

J&DHFINDALE (B NIVD o Dffi o, (k=1,2,...K)) I, Arakawa and Suarez
(1983) DEREFAEIT D FIEIZHE D WTRD S Z 212 5. FBOHLMIED o DfEIX

IRDOAMNPSKD S,
k+1 k+1 1/k
1 ot —o
oy = k—1/2 ~ Okt1/2 ‘ (2.2)
IL+kK \Or—1/2 — Oks1/2

3 J XD Legendre E# Py(u) &

d d

Lm {(1 —/f)dM} +J<J+1>} Pyi) =0

Zii7-3 JIREEATH Y, Pr(p) DERIIET —1<pu<1iZHb. &b, Gauss FEITTA
i=1/2 >T5K%%é

4 RMFEESHTIEZVS LWVWD M.

1213 sin ! <COS
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6 DCPAMS5 XE AR & ZDERIE B2E [FEER-BEAR

R = P (=} = -/
ZIZTh= o R 3HIGERDL[RER, C) FHBEKDEEETH 5°. %
p
72, LAOUVIIE Ac A TD XD ITEHRI NS,
Aakzak_1/2_0k+1/2, (1<k<K>
AO’I/QEUl/Q—Ul:l—O’l, (23)

A<7K+1/2 =0K —0K+1/2 — OK-

K+l O'ZO
}? 77777777777
K—3
5
2 77777777777
2
12— — = = = — — — — — —
1
. oc=1

2.5 KEZARZT ML

Z 2T, RO CTOREIZEWTHWS ARY MLVEEAL, K+
MTOEE AR MVOFRBEDR DEL D ODAXERT.

2.5.1 KEZRYI MNILOEEDEA

MPREDETERSINLYHET TR ETOAMEZFED ATFZDZ L%,
[BEERAL U7z ) LIRS BRIEFEFHE DR DL TRE I NG, £z, HHETRICB T
2 WL B DK % Tl T 5 72012, (N, ) BITEHRI N (BAF, RO
CIEZ) BREFARBER TR L TR ONIEBEHAWS. 2 2 TldkZ OBKmEH
R ZEAT S, d, OO, HifiROBRHEFFIEKE D A% BGIZF 3. B
H R D BRI AT B 280 358 52 R D BRI SRR B AU A& T R DR Z R A L 728 D2 5
I 5.

SVWINEEHRLE L TWA.

2014 4 6 H 18 H (MBRITRE NN (H2EET) basic equations.tex(coordinates/crd-spectral.tex)



DCPAMS5 XEEAERNR E 7 DBRUE 2.5 KEZRRI ML 7

(A, ) HIZHWT, EREFAMBE Y, (N, p) FIRD XS ITEERIND.

Y (A, ) = P (sin ) exp(imA), (2.4)

n

U, mnid 0<|m|<n Zi/zdBEETHY, P (sinp) 1F2 THEMIASI N
Legendre PR - B EREL

[m|

n n—|m) (1 —p2)=z drtiml
P (p) = \/<2 J(rnli(,mbl 26 2;;!) di:ﬂm (= 1)", (2.5)
| RACLANTEE (26)

ThHd. %8, P % P, LtEL. Flhsing=p THHIZ2HEHLTHL.

2.5.2 EELIBT

BN I = AT EIT (T) %72 R ILBIN (R) &35, M, N X =ATKY)
W, SEATIA UM D & ZIZDWTENTNLLTD L E D THB. 272U, YKk
BE N, 95,
o MUK DHG
M:Nt'm N:Ntra IZSNtT+17 75)0‘]23]\%;_‘_1
HEEL, (N, +1)2 TH 5.

o FATINAIL YW DG
M:NtT, N(m):Ntr+|ml, IZ?)Ntr+1, ﬁ)OJZBNtT—i—l
HHEL, 2N, + 1) (N, +1) TH 5.

F<HWSNBEDEIE LTiE, T42 OGS T = 128, J = 64, R21 OBE I =
64, J =64 DB 5.

BRTHI 8 A B AL & A2 B9 5 3, 28 B il KO B iz St K.
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8 DCPAMS5 XE AR & ZDERIE B2E [FEER-BEAR

/|

2.5.3 BEEIELI=ARYI MILOEEDERM

HESE U 72 Legendre B & = A BIEUIZIR DIE AR S % i 72976,

J
D P () P (i) wy = S, (2.7)
j=1
I
Z exp(imA;) exp(—im'A\;) = [, (2.8)
i=1

2J — 1)(1 — sin® ;)

Thb.
{JP;_1(sin %)}2

Z 2T w; 1 Gauss W EH T, w; = (

2.5.4 HFEEEARYT MLDFREEDETHE

PR A ORETR (N,e) (72720 0 = 1,2,--- 1. j = 1,2---,J) TDfH
Ay = A, @) EART MVERBTO Y (72720 m = -M,--- M. n
Im|,---, N(m) ) ORI A™ LIZIROEHENHES .

M N
m=—M n=|m|
~ 1 I J
i=1 j=1

AMWEHTHBEIEHVDE L, {flzl exp(im)\)}* = A M exp(—im\) DT, m
IZOWTIHAETRWVEROHTHIZ L 5 Z A TESS 22T, “ TR

6FFLIEE B Hiz s RE &,

TOIEZ L AR ORBUIE AN E A TSI 2 VXRED .

8 51T, EBOEIRETF/RE & LTI, P (sing) 2%, n—m B BE (even) DI p =0 (2D
THIR, n—m HY AR (odd) DFf ¢ = 0 IZDOVWTKNHRTH B Z & &2 E/-L CHERBZ S
TIENTES. Thbb, Aj; OFFRTIRALEIRO AT DWTRALNFRK D A" & KONFRE )
AP IZOWTENE NG AL, BEERIZOWTIX Ai, J —j = Afper — A9l L9 nid&v. £,
A:ln 0)51‘%01%‘14\163:, %@iﬁ*ﬂ:‘l\i, }iyﬂ-*ﬂvl\EL:%OL\’C Ai,j + Ai7J—j if: =% Ai,]’ — Ai7J_j D—
FzjIZDOVWT 1256 J/2 ETMANIE X V.
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DCPAMS5 XEEAERNR E 7 DBRUE 2.5 KEZRRI ML 9

ERY. U, A" DEREZUTOLSITEBIELTWS Z EIZHEEE K.

M N
Ay =) RATY (N, 9)), (2.11)
m=0n=m
1 1 J
_TZZAUYTT*()‘“%)MJ’ m:(], mSnSN,
Am — ) =1l (2.12)
fZZAUYnm*()\Z,QD])w], 1 SmSM, mSnSN

i=1 j=1

2.5.5 HWEAR

(A @) ZEETEBRSINDIYHE A\, @) 2T RHE A; 20 L IZNFTS5EIC
%, BBAREHNT A; 5 A" 2Rz BT,

AN = > ) AN ) (2.13)

m=—M n=|m)|

LLTHR5.

2.5.6  ZEfEfl o FE

FAGF RIS BT B 22 M ED AL, WA & HIW TS 7z i B oD 22 [l 70
DI F RAETHHII S 5.

o )\ 4y
of Moo
(ﬁ) = D D imfIYI N e), (2.14)
W m==M n=|m|
/a;c/m 1 I J
((9_)\) =220 D il (N og)w. (2.15)
i=1 j=1

basic’equations.tex(coordinates/crd-spectral.tex) 2014 4 6 H 18 H (MuBERUEAR ML)



10 DCPAMS5 XE AR & ZDERE F2E [FEER-BEAR

o 1 5

Pm

n

d
dp

of ) B M N _
ZJ = fr
< O (] m:ZM n=Z|m|

IF\" I~ , AP
(), ~ 1 X2

=1 j5=1

exp(imA;), (2.16)
J

exp(—im\;)w;. (2.17)
J

2.6 SE A
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in sigma coordinates. Mon. Wea. Rev., 111, 34-35.

[RT T, 1982 1 ARV MVEICE 28EFHR (ZDREBEER) . [RT,
111pp.

Haltiner, G.J., Williams, R.T., 1980: Numerical Prediction and Dynamic Mete-
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DCPAMS5 XEEAERNR E 7 DBRUE 11

B3IE ETFTILEARTOREESD
i

ARETIVCIE, Bit@E (7)), BU@R, 7270y FA7 -V ORLIRES
WEZEEL T, RKRTMOLRH e REXRHE, TRHPOLRZEFET L. AHiTIX, £
N o Rk% e & W RS 2RO E %2 R T

RLAFDEHZ ¢, BERAB LOLBEHOLEKZ ¢, £ T5 &, ETIVOLET
ARSI TOLSITHSZENTES.
Iq

ot = D(¢a) + Pui(da, @5) + Pap(da) (3.1)
00,
O — Posl60,6) + Poal60) (32

Z T, D (3B FERE (FHER), Ik aRME R TH D, £72, Py, Py 13%
NZNELERE 1 (BUHHERE, INEELTER) (X2 RRQPOERERERTS &
OHEHOEBDRHZEETH D, P,o, Pop IETNTNYHLERE 2 (BEXRE
R, FER IR RS AR, RO AHET) [ X A RAF DL L RERM S L O 11
FOEBDIEHZEARTH B, Poy, Pix, Puo, Pip EFDESIIRBTES.

Poi(@as &) = Pajrad(@as 0s) + Patvdiff(Pas Ps) (3.3)
Ps1(9as ¢s) = Ps1rad(Pas 0s) + Psrwdigs(@as @s) (3.4)
Po2(0a) = Po.cum(Pa) + Pa2isc(Pa) + Pa2,dca(Pa) (3.5)

Ps2(ba) = Psp.cum(Pa) + Ps215¢(¢a) (3.6)

Z T T, Pujsirads Pajsawdisss Pajszeum Pajszises Pajspdea &, T T N R,
f’c}rﬁﬁtoﬁﬁﬁ FEEE AR, FEx it e E AR, 2 R A AR 1T & B K&
DEBF-IIRERAS LOLEBEHOZHORMENRTH S, YHIEREEZ 1, 2
DIT=DZHTTWBDIE, WHER 2 H [T OYEGERTH LD TH
D, FIZRT DT, ZEBEICH T THEST 5.

INSOHRRE, X TBIER (PR L WEER 1 2B L TR L
G THIFLER 2 IO WCIFIIRA T2, 7, Byl (I5565) & wie
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12 DCPAMS5 X AR RE ZGRESE. TTIL2ATORBESOHME

BT AIFEES I RO LD ITRINDS.

or = ¢L A + 2ALD(¢f, oL, 8L ) 4+ 20t P, 1 (8, oL, B, L) (3.7)
¢f = LA L nALP, (¢, LA oF 68

ZIT,n il ¢, PEEBRMEE, HEEREOELEIZIE 1 THY, HiBKG HER
DEGEIZIE 2 THB. £/, ZZTHWS Pa/51(¢+ PAL oF pEAY) 1K, BIR D
R AT — VDN 728D, D & S 7y A% ik z2 - W T < 2 & TR
35,

QZS;— = gbZ_At + 2Atpa,17rad( 2_7 ¢Z_At7 ¢:_7 ¢ts_At) + 2Atpa,1,vdiff( ;_7 ¢Z_At7 ¢ ¢t At)
(3.9)
OF = A £ 2P, aa( ), B2 O, LAY + 2AEP, 1 uaigs (67, 0O 6, 8L
(3.10)

BN T, of 1& TFHET ] OYFERZ EXEIRT 2 Z 8T, TOXDIZEHRTS.

O = ¢ + 2Py 2 cum (B, 07) (3:11)
G = O + 2At Py 015 (017, 617 (3.12)
GEFAY = §7 4 OALP, 5 gea(BFD, 627) (3.13)
57 = 67 4 2Py (67, 61) (3.14)
PIFA = ** 4 2ALP, 5 15 (@52, 97F) (3.15)

mEB, RERMIRE & BERE I OWTIIYHEER 2 THEAZM L2V, Eid
DREFIFITDTIT ¢f = ¢* L7025,

BT, Asselin (1972) £ U < 1% Williams (2009) 12 X W] 7 VX &GS 5.

[\

MitEiE (J1226818), s, %fa?m.b, FEXRRME GRS, ShEFLIRIEAIZDOWT
X, TNFNE 4,7,8,9, 10 ETHRRS. HEXREP L OCLEHOBEREIZOWTIX
%12, 13 BTN 5. X7z, (3.9), (3. 10) TR U7z, PEfs 112 K 52 b
%KD HBRDEMIEIZDWTILEE 14 BTN B,

Z D& ITRHRMNEN R S 0%, BERMIRE (& HHRE) OB2kEE LT, AGCM5 O
TR LTWSDTHE. WITNHEETILENH S5 5. (YOT, 2011/09/06)
ZREMIE N (yot, 2012/12/24).
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48 NFERE

\niy
JdUT

4.1 EUL®HIC

ZDETIZNFERDO I GREAZL L, T DX GREADHELZ1T 5

ZZTlBAND NP L, RO LSRR E T 24 NEHZ RO D 259
S IIIET & 2 [ PSR ERLIRIEHOP E 4 EIZB T 28R I DWW TRl e 2|0
Ze.

HERALIZ D \WTIE, 2B 9 S BERUE T & 5 ShiEEEsub &, AKFEREEE D S5k 7%

W RIZ BT kL 21T D .

4.2 BIEERE

ZTIRNFBREO LR REAROBHKE 2. ZOHBEAROFMIZEL
\&, Haltiner and Williams (1980) % U < 135l IZEAEXNAROELIZEYT 2

S2EZER O THFEEREO XN AFREAROER] 22T &,

W Aoy

4.2.1 EFEDR

%“"UH VUW:—D—%.

thttp:/ /www.gfd-dennou.org/library /dcpam /dcpamb /dcpam5_latest /doc/derivation /pub/derivation.pdf
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¥k, MIRKEDRHZEMNAR L 0 RTOIRERE ¢ %KD 2 ZWi X

1 1
a—7T:—/ vH-VUWdU—/ Ddo, (4.2)

ot 0 0

' on o o
a:—a——/ Dda—/ vy - V,mdo, (4.3)
ot 0 0
NEPND. 61T, TNH6 &0
wzd—f:ps{avH'Vaw—/ (UH-VUW—l—D)dU} (4.4)
0

4.2.2 FRKEDR

L) RT,
% - o (4.5)
4.2.3 EHAERN
a¢ 1 1 9Vy 0U,
ot (1_M2 o o ) + D(0), (4.6)
oD 1 ( 1 09Uy  0Vi ) _
ot (1—,u2 I\ + aﬂ) Vi(® + RTwm+ KE) + D(D). (4.7)
4.2.4 BAZOR
oT 1 1 oUT  avVT ,
o _5(1—u2 oax " on )+TD
orT on & Q (4.8)
—U%JFHTU(EJrvH-VﬂJr;)+@+D(T)+D(v).
4.2.5 KEZDX
¢ 1 ( 1 08Uq 9Vq
ot (1—;1,2 A +aﬂ)+qD 1)

. 0q
— 00— D(qg).
080+Sq+ (q)
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ZIZT, BN AEBISATDED TH 5.

o FREE [deg.], (4.10)
Ao R [degl], (4.11)
o =p/ps, (4.12)
t: o TR [s]. (4.13)
ZIT, plERE, p, FMKRHSETHS. £72 p=sinp TH 5.
ETNVCIRMRBREFET DI L LR FHREBIILTORY TH 5.
7 (o, A) = Inpy, (4.14)
T (p, N\, o) i [K], (4.15)
q (o, A 0):  HilE ke kg™, (4.16)
1 1 ov ouy .
¢ (p, A, 0) = P <1_—MQ@—)\ - E) DB [T, (4.17)
1 1L oU OV w1
ZZ7T,
Ulp, A, 0) = u(p, A, 0) cos p, (4.19)
Vg, A o) =v(p, A o) cosp, (4.20)
u : BRPYEGE, (4.21)
v : FA AL EGE (4.22)

ThH5. FIEE Y EEERTF VUYL y2EATSEE, U, V,(, DIFTNFNLL
TokozRbEING.

_L(ox L 00

U=- (m (1—p )ap)’ (4.23)
_L (0%l X

V_a(a)\+(1 u)au), (4.24)

¢ = V3, (4.25)

D = V?y. (4.26)
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16 DCPAMS5 X EEAHEAR & Z DL BaE  NFER
BREAT Y T THWIITROD SN EHIILATO@ED TH 5.
d=gz: VARTFUVYILEEm? s, (4.27)
('Tzd_(tj = % ac:sgog_i+gg_;+%’ (4.28)
T (0): FEMERE K], (4.29)
T (g, \o) =T —T, (4.30)
T, (p, N\ o) =T {1+ (¢," = 1) q}, (4.31)
T (p,\o)=T, T, (4.32)
Ua (p, N\ o)=(C+ f)V — gg RaT g—; + F cos ©, (4.33)
Vi (o, N\ o) =—(C+ fHU — ag—z — Rj (1—pu )g—; + F, cos o, (4.34)
vy - V,m = ﬁ% + Zg; (4.35)
2
v, = a2(1 1_ 12) aa)\z + %% {(1 - MQ)%} ) (4.36)
2 2
KE (p,\,0) = % (4.37)
D(¢) T DCEILER E AR Y VRBIZ B 504, (4.38)
D(D) FEER DA & AR Y VEIZ B 2804, (4.39)
D(T) B D IKHEHL, (4.40)
D(q) : KRR D IKEHEER, (4.41)
Fx(p, N\ o) : AN B @R (R ST 1), (4.42)
F, (p, N, o) : /NS TR B AR (R T 1)), (4.43)
Q (p,\,0): JECE, S NS BGEBE RS &k B NE - IREAL,  (4.44)
Sy (o, N, 0) e, NRAE B SRR S I K D KER Y — A, (4.45)
D' (v) JEESREL. (4.46)
BACEHLER (4.38)~(4.41) IZBIL TR 427 HiTHAE NG, EHFLATO@EY T
H5.
a: R ], (4.47)
R: WHRRKKOGHER [ ket K1Y, (4.48)
C,: WIRRKORKZETE [T kg™ K, (4.49)
f: AVAVRIT A=K7, (4.50)
k= R/C,, (4.51)
€1 IKARKID TR (4.52)
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4.2.6 ERZHE

EIRICEE T B BRI
=0 at o=0, L. (4.53)
Thb.

4.2.7 KELBERRV DB

KPR E AR Y VEIZE T DM & FEDBURIZIRD & S IZRET 5.

D(() = Dup(C) + Dsc(C) (4.54)
D(D) = Dup(D) + Dsc(D) (4.55)
D(T) = Dup(T) + Dsc(T) (4.56)
D(q) = Dup(q) (4.57)
Z 2T, Dyp, Dsp \FZNENKFHE ARV VEITH T ik 2 KT,
HOEHEEIEE, (RD K 512 Ve DX THET 5.
[ 9 Np /2]
Dyup(¢) = —Kpup |[(-1)NP/2VNP — (?) ¢, (4.58)
[ 9 Np/2]
Dun(D) = —Kgp | (—1)V2/27 (—) D, (459)
Dyp(T) = —(=1)NP 2Ky p VNPT, (4.60)
Dyup(q) = —(—1)NP2PKypVieg. (4.61)

INZ TR AT — AT IR R 2 R 9 726D, [HBI& U T Np 1T 4~16 %=
W3 Z DL\,

ARV VRBIZB T L EEREOPUREIL, H TR 2 BRI 556 & TERW
Gan 2@ OFMEEEEAT LS. HIEEERDBREIEL5AI1TIF,

Dsc(¢) = —ymC, (4.62)
Dsc(D) = —yuD, (4.63)
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785, ZIZT, yy ARV YBIZE 2 EHROMERETH L. HIEEEK
N ERMEI B VESITIE,

Dsc(¢) = —ym(C = ), (4.64)
Dsc(D) = —yu(D — D), (4.65)

LA 2T, HEEERT.
ARV VENOREELOWEIZIILAFTOHZEAT 5.

Dsc(T) = —yu(T = T), (4.66)
ZIZT, vy BARYIBIZE 2IREBEILOBERETH S

WEELREL yar, v D o AFVEIZ —RIZ 13720 AHY, DCPAMS T FD & 5 7% o #fF
WEEET 5.

VM0 (@) L (0 < oum)

_ 0\ 4.67
M { 0. (0> 0lim) ( )
=4 ()7 (o < o) (4.68)

0. (0> Glim) '

Z :T7 YM, 05 VH,0, NSL, Olim Ci%j’b%ﬂ, 0O = 0y &:Bcjé{}ﬁﬁf%&, g 'f&ﬁ‘lﬁo)#ﬁ
B, AR EDFRRD o THSH. DCPAMS T, 0p IFETNVEREED 0 ¥ LT
W5,

4.2.8 KTHLEREDIEZ RO B 1o &b DHIBTA L

HFARRGREL Ky p ORI IE U CRITEEA L TRD S Z 212705,

HIWHHHED 1 DI, TR IVF—ART ML
2 n ~ -
> GH+1D71) (4.69)

m=—n

1 a
bn = 4n(n+1)

IZBEWT (2O RN F—ART PILDFRAIE Koshyk and Hamiltion, 2001 1Z &
%), FEBAESIZ B 5 T AV F —DAWRBEY TV —OFEBEMBENZ N
2TV ITLTHD.

FEZFDO—D2L LT, @EBEHSIZB T2 T XN F—AXT MLD n=>3 OFEHI
RS TOWNIERDA S, LHWd 52 & HTE 5725 5. Takahashi et al. (2006)
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& AFES Z W THIER R ST B9 5 | 0 fRRERT R 2 17\, 200hPa 1285 1) 5 #E) T
FIVF—DARY MVHEIEEGEIR (B X% n < 80) Tl n=3 OIREHENC, mEiK
B Tl n=®3 HINZHE S ACEIEBURBOME 2 EL TWA. hivs 17J<M?§cﬁﬁ5£
DARL—=R2UT KgpV* Z#HWZ5E (Np =4 L UIZBEICHIBT 5) (12
W, T79L24, T159L24, T319124, T639L24, T639L48 & I fiReE%# A L 7= nJrﬁ%:
To7. ZDFER, HLERBOMEE LT

Ky =12x10"n;?* [m* sec™!] (4.70)

EHEZZONPEWELTWS. 22T, n BUIMEETHS. ZOXDS, ZFED
IKEDNMRGEIZIE U T Kyp DEE ETIVTRBINBH/NAT — L DFER % 2
Hepe £41 %5,

UIWr s | Ky (m? sec™) | JEHR (1/days) | H=EKH (day)
T21 7 x 1016 0.7 1.4
T42 7 x 10" 1.2 0.8
T79 9 x 104 1.9 0.5
T159 1 x 10% 3.2 0.3
T319 1 x 103 5.6 0.2
T639 1 x 10'2 9.6 0.1

# 4.1: Takahashi et al. (2006) DFERD 515 S N7 KFEHLEFREL D H t?d\x
T—IVORWER. Np=4 L ULGHEDOKREZRT. 72720, T21 & T42 @n+

(n—;l)} AN

Takahashi et al. (2006) TR ST VWAV, WERIL K {
TEHE L 7.

BIZ, Takahashi et al. (2006) &, KZ&SEL - L DF ﬁ@% & T Held and
Suarez EER (Held and Suarez, 1994) 17> TW5. ZDHH, T639L24 & U 7z
IZEEEIRIZ BT B TRV F — AT MVAREANZHE S JZ OLTZﬁ’ IZiE b
ATHRASND Kyp OED 0.5 525 OBRRVWE WS ERERTZ.

D&, TANF=ARY MUDPFREBANIHED £ 512F 27211, 2fFae L
EEREE IS U CEATHER CHAIR I 2 IRE T D D D 5. %O)B" ZiE, EEO

BiEZ2HZE U THWSDOREWEAS.
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4.2.9 HEBRE

DK D LFBUHE (divergence damping) ZE AT 5.
(4.71)

Dgyqg = —yD

ZIT,y IFEERETHS. 2

—

4.3 BRI sniEREEUL

TR EGEAZIRE A #ERE T . Arakawa and Suarez(1983) (24>
T, (4.1)~(4.9) ZESFANTEDIT L > THEEIL T 5. & HRADREREABIX
RDEDIT/0B.

EROR, ShERE

4.3.1
o K
5= ;(Dk + v - V) Aoy, (4.73)
or K
Ok—1/2 = _O'k—l/QE - Z(Dl +v; - V7)Ao (k=2,---,K), (4.74)
=k
d1/2 - 0'-K+l/2 - O (475)
Z Z T,
Uk 87r Vk 2 87r
— —_—. 4.
I )E)u (4.76)

2T, AR D E ZAIZELIREZ L.
FEEDOYHED SIED BFHBIZEWT, BB RZ 222 2 HKME LT, v 13,

ERIZETFTD L1252 5.
(4.72)

1 Tyt
T A Toa

ZIZT, At IFRI AT Y 7, Tyy WFEHERMED S FEURZE 1 EIG X N D HEE, ¢ 13RI TH B.
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4.3.2 FRKEDI

Py = s+ Cpoy " — )T
= (I)s + CpalTM.

Ok—1/2 " Ok—1/2 "
—Pp 4 = — | 1|7, 1—(——— Ty ke
Do P =6 K oy, ) } ’k+0p{ (Uk—l > } )

= Cpau Ty o + CpBr—1Ty 1.

(4.77)

T,
ap = ("’“‘1/2) 1, (4.79)
O
Be=1— (M) 7 (4.80)
Ok
o, = gz, (4.81)

THY, 2z, FHEREHETH 5.

4.3.3 EFAER

I, 1 1 0V, 0OUxyp
— = — = — : D 4.82
oDy 1/ 1 0Uy, OV, L
(4.83)
ZZ T,
) CoirT) | O
Usr= (G + )V — e 03/2(Up — Us) — P clz ’15 + F,1 €08 p,
1 . )
Uar = (G + Vi — Aoy [0k-1/2(Uk—1 — Ug) + pq1/2(Us, — Up1)]
Cpri T, O
IR k=2 ... K—1
a a)\ +‘FA,kCOS()07 ( 9 ) )
1 . Cohi T ;O
Usk =Cx + [)Vk — QAUKUK—l/z(UKA —Ug) — %a + F K oS @,
(4.84)
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CpraT! on
el — u2)% + Fop1 COS @,

Var1=—(G+ fUr — 032(Vi = Va) —

1
2A0‘1

1 . )
Vag=—(G + Uy — (0—172(Vie1 — Vi) + Grs1/2(Vi — Viey1)]
2A0k

C, i T 5
—-ﬂi—ﬁa—¢ﬂ52+f@mw¢, (k=2,--- K1)

1
Vak = —(Cx + f)Uk — Nor

CohiT), on
_ u(l _#2)@ _l_f(p,K Cos ,

0x-1/2(Vk—1 — Vk)

a
(4.85)
i Uk—l/Q(UZ_l/z —U@ +Uk+1/2(‘7;_‘7;+1/2)
k p—
O (Ok-1/2 = Ory1/2) (4.86)
_ Ok-1/20k + Oy1/255
AO’k ’
T/, = Tyi — T, (4.87)
U2 + V2
KE), = A% 4.88
K= =) )
4.3.4 BNZOHX
o7, 1 1 oUT, OV,T]
P = Rk TRk 4 oH,
ot acosp \1—p? O\ o (4.89)
+ %L 1) D).
Cp
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zZ7T,
L .. A . -
H, =T,D; — A_O_k[gk—l/2(Tk—1/2 — 1) + Grgry2(Th — Tiov1/2)]
K
+ {Ozk lakl/Q'vk -Vr — Z(Dl + v, - Vm)Ag;
1=k
& 1
+  Br |Okt10vk - VT — Z (Di+v;- V7)Ao } A—akTv,k
I=k+1
I . o . ~
=T, Dy, — A_Jk[ak—l/Q(Tk—l/Q — 1) + Grgry2(Th — Thv1/2)]
+ Rpvy - Vo,
o * (4.90)
Tv k
— D . A ’
CM]C;( l+vl Vﬂ) UlAO'k
K T
— B> (Dl—l—vl-Vw)AalAZZ (k=1,---,K—1),
I=k+1
.. o . A
Hx =T Dk — F[UKA/Q(TKAQ —Tx) 4+ 0xy1/2(Tk — Ti41/2)]
K
+ /%K’UK . VTI'Tv,K
T,
—CMK(DK—F’UK'VW)AUK K
AO’K
ThY,
() - ()
N Ok Ok—1
Ti 12 = "
Ok—1 —
=apTy + by_1Th_1 (k =2, ,K), (491)
TI/Q = 07
TK+1/2 = 07
Kk —1
ap = O |:1 - ( ) :| y (492)
Ok—1
o K —1
b = B [( i ) - 1} (4.93)
Ok+41
4.3.5 KFEKIDX
0 1 19U oV,

ot a

1—pu? 0O\ ou
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ZZT,
Ry=qD L ; ( )
1= q11 2A0103/2 q1 —4q2),
1 . .
Ry, = qx Dy, — [kal/Q(Qk—l - C]k) + 0k+1/2(Qk - Qk-i-l)] ) (k =2, K — 1)
2A0'k
Ry = qx Dk — Or—1/2(qx-1 — qK)-

2A0’K
(4.95)

4.3.6 SHBEEDICETIERE

Arakawa and Suarez (1983) (Z X 2FhiEAT O SIZBL T, BBl ZEML T
<.

Arakawa and Suarez (1983) D$RE £/ RIZPL N ORI Z K D.

o [EIIAIEIEHDSNERE S & HIIZIh - 72 FAERARICIN > TR 2 & 012725
(Arakawa and Suarez, 1983 IXfEERD 0 127525 t WO EHEHZLTWDS)

CNIREE SRR AR T 5 %M TH 5. (HIBEL DBA 113
HEHEARET S 2 L 2 HET ),

o AL X)L F¥— L HEHFT X)X — & DEMIHD A RA D ELUTEE) T 1)L ¥ —
DRATHAIANTF—DATERUEE LS.

o 0 DEHKEEMD (7) VWBGER TRIFEIND Z EBVRIETNT WS (IR1E,
PR EMRYZRANRIX? flux form [ZH¥ERLL 72202 >TW5b, TIEL
W?)

o HKEDAPSH/SNLEH NEDEFE X local 2E%2 LTWW5

o HKIEORDENIIMMEAIZT Y b ¥ ——RR AR W TIE#ELRE
FLTW5.

® Diop =0, 3IRIGHFELY PO Y —KRKDHE (T = a+b(p/po)~ DHBHE?) 1T1F,
JFEN AT EMHE R IZ o TW 5.

o LML, 0 DD global mass integral IEWr#GEiE CTHREF I N2,
3(2011-09-07 443%) Z OfilE F 7ZMETTH 5.
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4.3.7 SAELRILDRO A

AGCM>5 TlE, L16 DFREL U TU RO DL T E 72,

k Ok+1/2
0 1

1 0.990
2 0.970
3 0.930
4 0.870
5 0.790
6 0.700
7 0.600
8 0.500
9 0.410
10 0.330
11 0.260
12 0.200
13 0.150
14 0.100
15 0.050
16 0.000

# 4.2: AGCM5 @ L16 FHETEBEMI DN T S 728EMF MOMLE. o)1) &
PRI )y FIZBIT S o FEIEE.

4.4 BHEIERIE: KEBBUL

ZZTIREEHRRER 2 AR T 5. KGR OB LIZ AR N VEREE
W% (Bourke, 1988). JEAMEIHIFM 7R ETEHEAET L. £ABRKDARY FLE
BUILATR D &S 1245, AT MVRBUZET 25 5DEKRIZOWTIZ 25 Hi%2 2
I NzW», ZOFEMIZIOVWTIEEBEZ2RE L. &b, MHElDD, B0
WZERTE A RIRT k2 AT 5.

4(2011-02-22 447%) Z Ok £ 72 METTH 5.
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4.4.1 EHEDR

O _ N~ pm S~z
k=1 i=1 j=1
Z Z T,
K
= — Z’Uk : V?TAO'k. (497)
4.4.2 EFAREN
o 1 LK w
N - imVoa i Y (N, J
ot T ZZIJZI Asig ( MJ) (1 M?)
I
1 W (4.98)
+ = Ua,ij(1 = p15) 2= Y (Niy ) =5+

+
oDm 1 I -
no_ - ; VL VR S A
o = 12 2 U ) i
1~ 0
=3 Vi (L= i)Y (N ) ———
I3 j=1 Op a(l = pz5) (4.99)

I
_ M% Z Z(KE)innm*()‘ia ) w;

. n(n+ 1)) "/ 2\ "2
DM,n = —Kup [{_¥} -\ 3 — VM kn> (4-100)

i o\ sz
TALOn (U_f) (k2 kspim) (4.101)
0. (k < ksLiim)

~m
TMkn =

ZZT, kspiim WWARVYVEZEINT D FED kL THB. £72, ARVYEIZBW
THRIGTARD BWME S ELDIGEITIE, 350, = Y0 TH Y, HIGTIIHRD 2
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IHLWIGEITIE,

TH5.

728, DCPAMS T, Kgp &, 715 Y] 0 U&7 DIBZERER (1/e 1270 2 1[H]),
THD, FHAWTEZ %5 OF b,

1 (N(N+1)] Ve
Koy — { ( ° >} (4.103)
THD a
Ths.
4.4.3 BHEDK
W
= —— Z’I’FLU T/ Ym* )\zapf)—J
ZZ ali= 1)
8 w;
T' Ym* i, (i __J
+ = ;;V 8 ( ’M])a(l—,u?)
O . (4.104)
SYY (Hw s R
=1 j=1
+DHnTm
1A
+ I Z Z D;J (V)Y (Nis ) wy
i=1 j=1
Z Z T,
N 1 ND/2
Dg,n = _KHD {—%} - ﬁ/g,k:,n' (4105)
sm (e >k
%%cyn _J) THon <a'_k) , (k= KsLiim) (4.106)
0, (k < ksLiim)
~ YH,0, (m 7é O)
mo_ ) 4.107
,YH7077’1, { 07 (m — 0) ( )
Ths.

S IEHEIC I, IREEELOMEREHR TH L. ... ROLHSID L D IT, HE) HFER O KFEHEHUH
ZiE, BAEEEEZRET SODEMMD 5720, Thp 1 1/e 272D HEIZIEL 57\,
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4.4.4 KEKDI

aqr w;
— = —= ZmUz QZ >\z7u' )—J
S O
d 8 o
+ - Viiii ( — Y, (N, ) ———
;E;EE; T Op "a(l - p3) (4.108)
1 I J
+7 D> (Bij + Saip) Y (N 1w,
i=1 j=1
+anqn .
Z Z T,
i 1)) No/2
sz——KﬁD{—n%;_)} (4.109)

4.5 RBERIERIR: BEFEIRERUL

ZZTIIRHEED AF — L2 DOWTERT

IR0 121, RO k2 HAEHLETHWS. WD HEOREZ IR IZRT.

— KB KOAR Y VBIZB T 2 EHIZIE, B AEZ2 AV
— ZDMDIFIZIX, leap frog #£ & Crank-Nicolson 7% % #ll A& 8 72 semi-
implicit % (Bourke, 1988) ZH\ 5%
o YHHEE
— THRMOYHMEIRIZIE FIAESZH WS

— AT OYIHELEFE 1L, semi-implicit K TO I FEBEROBRICHAE I N
iz AWCEHT 5.

o Rl 7 + W&
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— JEERE, YIELERE D R T ORI, HEEFE THWT WS leap frog
A RIFE 3 55RE— FIIHHID720 D, Asselin (1972) 12 & B H5H 7 «
VR — F 721 Williams (2009) 12 & 207 « VX &2 @RS 5.

ZDHEER, TWEHE A bRT L, UTOATEREI NG,

AtJrAt . '[ltht B 1
2At 2

{Adyn,G («th_m) + Adyn,G (AHM)} + -Adyn,NG (-At)
+Adyn,dis (At+At> + Aphy,p'red (/It_At) , (4110)

AP A oAy (A 200y (A7), (a11)
ZHUTHEN T T 5 Asselin (1972) IZ X DK 7 1 VRIETFD K S icRI N 5!
Al = Al 4 ep (AR — 24" + ATAY) (4.112)

% 7z, Williams (2009) IZ X BRI 7 4 LV XIETFDO LS IZRKINS: ©

ZZT, Adymg, Adyn,NG XENZE N, NFEBEFRIZHE W T semi-implicit 74T X
NS PIE (RRTUIE) & IEESIIE (R, Agynais WEKEILB E AR Y
A B DI, Apy prea W ETFHELOYHBRRIECTH 5. Apric, Aphyagj 1, TH
OB X 5 MAIHE KRR OYBERIITH 5. ¢ FRH 7 1 V2D
¥ TH b, DCPAMS TOIEHEMEIX 0.05 ¥ LTW5.

4.5.1 NFBEBROHENROBEHEDRN

3, semi-implicit % AW S 72012, iflERXR%E T =T, TH I EHITE W
THIEEIRIHE TN UNOIHIZEET 5. ShiIEAMDONT MILERB A = {AL),
BIOMTHIRH A= {Ay} ZHVS & H@inoX, BHAREN, B7oAg,

~m ~m\ NG —m
oty _ (?{‘) —c-D", (4.113)

~ m ~ m\ NG
oD, (0D, nn+1)\  =m “m o mem
ot _< ot ) N (_ a2 )(@S7n+ETn + G7)') + Dy, D,

(4.114)

OREZEBNTWVZR (yot, 2012/12/24).
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~m ~ m\ NG
T, T, S mam
5 (675 ) —hD, + Dy T, (4.115)
yimsT () % [ | o 2RI D WTIE 2.5 80 (2.10), (2.15), (2.17) %
BEDOZ Y. 22T, IRFE NG OMNWEIEIZ, FEERHFIETH Y, LFDO LS ITE
INb.
orm\N¢ .
(22) 7z e
8[72}” NG_} 1 aUAij m+ aVAﬂ'jk m
ot Ca\|1—p2 OX " o |,

— m (4.117)
(KE)i + > Wi(Toy —T))

=1

)

()

n

~ m NG —_ — —_——
aTkm . _1 1 anjkT/ijk mn + (‘3VijkT’ijk mn
ot oa\[1-p O |, o], (4.118)
+ [Hijl,, -
T ADEOERLTEL L, & (@Tn,égnn,---, n) TH5.
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BIHIZLAT DMWY TH 5. EHEAD-ORE, MEHRRT i, DRILE2EBKT 5.

K
Z == v Vrloy, (4.119)
k=1
Hy = T.Dy,
1

B AO’k

1 7. -~ _ . __ =
" Aoy A <Tk—1/2 - Tlc) + Ghrij (Tk - Tk+1/2)}

+ /%kTv,k’Uk: -V

Ok—1/2 <T/k—1/2 - Té) + Opy1/2 (Té - T'k+1/2)]

r K K
— A&—k TukZ’UZ 'VWA0l+T£7kZDlAO'Z
Tk | I=k I=k
3 r K K
—A—’“ Tox Y v Valho,+T), Y DiAoy (k=1,--- K —1),
ELN I I=k+1
Hy = Tl Dx
1 7. A . A
N [UKA/Q (T/Kq/z - T;’() + O0Ky1/2 <TI/( - T/K+1/2>]
OK
1 . -~ _ ) _ o
" Aox [0291/2 (TKA/Q - TK) + 0%9;1/2 <TK — TK+1/2>}

—+ ’%KTU7K/UK -V

— AOé—K [TUJ(’UK . Vﬂ'AO’K -+ Té KDKAO-K} s
OK ’
(4.120)
o\ NG K
dilj—Glm = —0k-1/2 (a) — Z'Ul - VAo
I=k
p . (4.121)
= Ok—1/2 Z vy - VrAo, — Z v, - ViAo,
k=1 1=k
0, (k=1)
Ticijp =9 Tecrjp— Thorpe, (=2, K) (4.122)
~ 07 (k? — 1)
Ti1jpo=1 axlp+bp 1Ty, (k=2,---,K) (4.123)
0. (k=K+1)
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E7, BEOPEHORY VB XTI TOEE D TH 5.

Wkl = CpOél(SkZl -+ Cpﬁlék—IZla (4125)
Gy = ~pCpTh, (4.126)
h=QS - R, (4.127)
1 1
Qu = . (Tk 1/ — Th)Okmt + E(Tk - Tk+1/2)5k+1 s (4.128)
Skl == O'k_l/gAO'l — A0l6k§l7 (4129)
o} _
Ry = — (_Ak Aodr<; + —ﬁk A015k+1<l) T, (4.130)
O Aoy,
~ —n(n+1) No/2 2\ Vr/?
(Do) = —Kup [(T) | Ok=1
Nsip
o
— MMom (-li> Ok=10k> ks 1 1ign (4.131)
OK
~ m —n(n+1)\ 7/
(Du)y = —Kup (—(a2 )) Ok=1
op Nsr
~ VHon (“‘) Ok=10k> ks L1im (4.132)
OK

Op<t 1, E<IDEDIDEE L, I TRVWEE 0 LM THS.
7B, WE AR E DR IEL L NW2D, T2 TIEIRI W, 8
o DA

o NEHLER E AR Y VEIZB T B IEIHEIT I FIEE S
o TDMDIFIZIX, leap frog & & HbED Z M AEDE 72 semi-implicit ¥4

ZHEIGT DL,

g7m\ NG —mt
§im = ( af) —c-D, (4.133)

_m\ NG
@Dm:<aD"> ._<_<"+1»(¢ T WT" +{%M)+@M“Dmﬁﬁ,

a?

(4.134)

8 ZZ AL SRR EEIRELZS S, HTEL. (YOT, 2009/10/11)
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~m\ NG
m =t ~ m~m
6T, = (agtn ) — D] + Dy T (4.135)
DA I S U
1
(575./4 = E (AH_At - At_At) s (4136)
Zt — % (AtJrAt + Atht) — Atht + 5tAAt (4137)

Th5.

(4.133), (4.134), (4.135) £ 0, D" 12DWTEIT 3 ¥

M) {W(] —2AtDy ) 'h+ GCT}] D,

a?

ki—muéub—waw2(—

" ot
()

~m~\ NG
+W(I - 2At@f)*1 (I — At@:)i’f’t’m + At (agt” )

+G 7i,m,tht + At aﬁ-gb e
" ot

~ m\ NG
~ m, =~ m,— D
=@—m2%ﬂ>¢“+m(a”>

zm

P

s,n

(4.138)

—t

Y%, 22T LIREAATA, CT I3 C DB MLV TH 5. (4138) % D, 12
DWTHEE,

~ mt+ At —mt ~ mt—At

D =2D, —D

n n n

(4.139)

BLU, (4.133), (4.135) IT& D AHA IRD SN B,

4.6 SEH

Arakawa, A., Suarez, M. J., 1983: Vertical differencing of the primitive equations
in sigma coordinates. Mon. Wea. Rev., 111, 34-35.
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Asselin, R. A., 1972: Frequency filter for time integrations. Mon. Wea. Rewv.,
100, 487-490.

Bourke, W.P.; 1988: Spectral methods in global climate and weather prediction
models. Physically-Based Modelling and Simulation of Climates and Cli-
matic Change. Part I., M.E. Schlesinger (ed.), Kluwer Academic Publishers,
Dordrecht, 169-220.

Haltiner, G.J., Williams, R.T., 1980: Numerical Prediction and Dynamic Mete-
orology (2nd ed.). John Wiley & Sons, 477pp.

Held, I. M. and Suarez, M. J., 1994: A proposal for the intercomparison of
the dynamical cores of atmospheric general circuation models. Bull. Am.
Meteor. Soc., 75, 1825-1830.

Koshyk, J. N. and Hamiltion, K., 2001: The horizontal kinetic energy spectrum
and spectral budget simulated by a high-resolution troposphere-stratosphere-
mesosphere GCM. J. Atmos. Sci., 58, 329-348.

Takahashi, Y. O., Hamilton, K., Ohfuchi, W., 2006: Explicit global simulation of
the mesoscale spectrum of atmospheric motions. Geophys. Res. Lett., 33,
L12812, doi:10.1029/2006GL026429.

Williams, P. D., 2009: A proposed modification to the Robert-Asselin time filter,
Mon. Wea. Rev., 137, 2538-2546.

Al 32—, 2004: ZART MVEICEL 28EFTEAM . FJEKRFEHIRS, 232pp.
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s

74

58 MEHR

\niy
JdUT
S
=

5.1 XL ®IC

ARETIIYI TV IV alRZ LB ROHAETIHIZOWTRRS, KET
BARZDI, MEIRAH ¢ OBFEHER 2L, IFEEFEHNOXYI T TV aikT
H5.

—iI, FRFR L I 575 vV 2k TR,

1. KRt + At THRF R EIZ SARF O, K4 ¢ TOME (ERN) 2K,

2. ZDAEDKZt TD q DA% FERIFHE TR,

Thzelhlt+ At TORTRTOEE T 25HEZ2TS. I40bs, StEFHIZE
RRBRREMEEIIDTOoND.

¥ 3IFGUTUValkE ML TR S 45 ¢ FiAgERS MlEES, 9
WIZEMICROHBE I A NP AT S, 2072, DCPAM TlEARISEEE WS F
EEHWTWS., $40bbKELAMOYERRZEHEL, £D0M %AW TEIES
MDA EZ1TS.

BB, 2ITT T aEOBINEF DO L DIk CFL &M% 8 2 T Reft] % A&
E2REENBZETHD. UL, DCPAM Tl JEXR 7 ¥ DFHE &
AR B5720I17, CFL &2 B2 -REZAEZ WS Z &3\ (2013 4 1 A
BE).
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5.2 BRAENOHIERE

RRAEEZ p 5 L&, BAARPIZE TN YEOERDIKFHZ(LIX

9 _

ot
TRIND. 7720, t 3R, v JREEZR L, SIFEK - HBIHTH L. YED
AR - HIE Z AW E, (5.1) A& p DIHEIZA

-V - (vpq) + S (5.1)

dp

&=V () (5.2)
"o, g DIFFEIZAN (BRAERN) 25 oh 5.

dq

5= v Va (5.3)

5.3 LEARAEE

DCPAM DR T Y — T 70y JIETH 5720, Kl t + At (A; After) DR
BIERDB72DIZ, t (N; Now) B KUt — At (B; Before) DfEH%Z WS Z &2
k2., ZD7d, Bho A X CHOEEHRES 2 N OF#EGTEL L T, B
mMZE BT 5 (Williamson and Rasch, 1989). T 7b b, Kl A IZH T 51 2§ (i
NTL BB F D4 N TOMER oy (HEA) | K% B TOMES x5 (L
W) 958, 2o FRA i~

x4 =y + Atvy(zy) (5.4)

x8 = xp + 2Atvy(xy)

— Iz, zp TR TR EDAETIER VDT, (5.4) AEfiG72d oy & vy(zy) &
%ﬁfﬁ@% DJEL/D+ (’f XL —T3 /) J:ijz&bé ’UN(.’L'N) ﬁ‘ﬁ?iﬁ’bli, (55)
ALY By D RDSNSB.

5.3.1 KI¥E

KES A D EFR SRR uy, oy KN UT2RTZ VTP a3 RMA%ZED K
U175, 97%4bb, fRALEDHREHEM Ay, on) TDKEGTE uy( AN, dn),
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un(An, ¢on) & 21007 77 Y a SIREETRSD, (5.4) A& k5 7213723 &
ITHEEMZEEL T L.

BB, 2T VT Y a IRAHE LI, #E U7 WL (A, o) ZHLD BT 16
7))y RTOfEZEHWT, ZIHK

3 3
L) =D ai N

i=0 j=0

T2, 7 a;; 2 KD T, MiFEME f(Ay, o) 2RO D TILTH 5.

5.3.2 #hiE

BNE D LR EHERIZ L OBEMT, oy TN LTI RTS VS YY1 3 RE™%
B

5.4 EBEELHEE

5.4.1 KE

R E o @R E R Ak L LT, AR MV 3 XA (Enomoto, 2008) 231 5
NTWa., Zhid, BREFAMBERE B ZFHL C, BELDHED Y v K EDZERM
PE g, g9, gro & KD, L 72 WEEER (A, dp) DI 4 KTD q, g, ¢, grs P
FEHD S ZIE,

3 3

FOL0) =)D ai N (5.6)

i=0 j=0
DRI a; ; 2RO T, MR f(Ap, op) ZRDZFHETHD. T DOHIEDREIL, 1
MR AR MVEHZFIHLUTROTWEETH Y, ZDFDITHEE D &\
MHFEIZ > T\ 5.

DCPAM Tld, EAD/EZHEI - AAPBMEIRY MVERMITILT—M5R
ME CEA DK M OMEEH R 21T 5.
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A EE

B3 IRAHE T IR U 72\ R D A B DR & oAl &2 2 155 (5.6) THEM L T, A
P4 270 v F LD 16 fAD R S 16 HDRE a; ; 2 KD T W7z, T, 16 78
DES RN Z S Z 2 ITHET 5.

EZAM, AR KD ITRE S & EE Aoz 2 #T 2 Z 2T, &b EifEIcH
Md2ZeNTED. 22T, fifALZVERZE (A, ¢p), TDOEED4 7Y v K
DEEFEE (Ni, ¢5), (Nig1, 05), (Mo dj51), (Nig1, dj41) £9 5.

L (N, 05) & Niy1,05) ED g, g ZHWT, BEHMAO 1 RGTIV I — b 3Rl
I & 0 EERE (Ap, ¢;) TD q Z3KD 5.

KD 5.

3. (N @j41) & (Nig1, @j41) £ED g, qp ZHNT, HHENZ & 0 FEER (Mg, ¢j41) TD
q %KD 5.

4. ()\Z, ¢j+1> el ()‘i+17¢j+1) ED ¢, Gre 72}5@\1\(, %ﬁﬁfﬁcz J: D F‘;Et% ()\B7¢j+1) T

5. LD 1-4TRDT q(Ap, ¢5), 4s(XB,05), ¢(AB, dj11), @o(Ap, Pj1) ZHNT,
ATV I — b 3AE 21T 2L, ¢(AB, ¢B) RO SN S.

ZOHFEEBNIRME &R U B4 27V vy K EDOE 16 @D EHRZEHNTH D,
M OREIIR U E. —AT, ARSET 52 LT, AP — FRHFIC
BB EEMALRT KRS, IOIEMETEITAERED 7 1 VAU Z fid Z
LSHREL 7R B (k).

q1,921,92,9z2 — qq
Qy1,9zy1,9y2, Qzy2 — Qya
43,493,494, 9z4 — Qb
Qy3;9zy3; Qy4; Qzya — qyb

qa s Qya> db, Qyb — qr

5.1: JimrEE DRI, T I3MHE U 72\ 2 K9
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B, TV I — b 3RAIAE & 1% T IRTTDMEIGIETH 0 | FlilA] U 72 W ERE D FE [ 2
RODAE & Z2RIME D FF 4 i D fF i S il 2 H A

f(z) = asz® + ayx® + a1 + ag

DRI a; 2RO T, MlifE2Z KD D THIETH 5.

777 Y AN L EHRORE % EIF57-012, KO IEWHIFEDZ Y v RE
EHWSLDIIZA LT, TV I — Ml ZHERORE % EIF57-012, Kb &
B D2 EZFIHT 5.

ZRITILX— b~ 5 RFHMAE

DCPAM TIHEA LA C I3 M2 ERN%Z2 b IkDZIEA L LT, filfEE%2 LS
%, WED 1 IRTTIIV I — b bR U 72\ WD E B 2 550D q, ¢, Gus &,
e 2 B ETRE L RS, FUT, Ik EROGADEED 55T 2 IRIT D
B 217 5 720121, ¢, qr, Qo Doy Drps Togr Dirgs Drogs Dargs &Rt AN EFIIED
KIEIZHEZTULES.

FIZT, RO LS BETIVI— hbIRMilZHWS. DX 0, i L 72 \WEEED
JEAPE 2 55D q, g, WA, ZNFNE SO EDOMUDZ Y vy KD g DIEEZE WS,

—f AT S — b 5 kAl EM )L S — b 5 XAl
F——>¢— > I —>¢— >
q q q q q q
qx qx qx qx
Q$IE me

X 5.2: —f%7 )L I — b S kgl & 2RV I — b 5 RAi. xEIADEIR L 7=
WEERE % R T,

AR BRI 2 3R FIE % | 88 F Y ERIR 056 (R & A& (FrE, $hiE)
DIGEITDITTHRRS,

ZERBTDOFE ML 72 WEBEED S < ] (LSRN Z4H]) D 5D FERE %
JFaie UTC, AR BT &, A4 MOmBEIL s = —Ax, 0, Az, 2Az TH 5.
WE, ML HERN f(2) %

f(JT) = 051'5 -+ (I4$4 + CL3.CE3 + (12.932 + a1x + ag
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L35 e, TOEHK g(x) 1X
g(x) = basx* + 4asx® + 3asz® + 2a07 + ay

Y b, BERIOMEIE f(—Ax), £0), f(Az), f(2Az), g(0), g(Ax) DT, T D
AR R D L0,

f(=Az) = —asAx® + ayAx* — asAz® + ayAx® — a1 Az + a (5.7)
f(0) = (5.8)
f(Ax) = a5Aa: + ay Azt + as Az + as Az + a1 Ax + ag (5.9)

f(2Az) = 32a5A2° + 16a4A2* + 8asAx® + 4ay Ax® + 2a, Ax + ag (5.10)
9(0) = (5.11)
g(Azx) = a5Ax + 4asAx® + 3azAx® + 2a,Ax + a; (5.12)

A (5.8) & (5.11) £V, ag, ay XEPARDT, LD ARRRIZFEMITIE 4 5658
JifERTh 5.
HE (5.9)—(5.7) 25
f(Az) — f(=Az) = 2a5A2° + 2a3A2° + 20,2 (5.13)
A (5.10)—4x(5.9) 22 5
f(2Az) — 4f(Ax) = 28a5Az° + 12a4 A7 + dazAx® — 20, Ax — 3ay  (5.14)
A Arx(5.12)—2x(5.9) 75
Azg(Az) — 2f(Az) = 3azAr® + 2a4,Az" + a3 Az® — a1 Ax — 2ag (5.15)
HE (5.14)—6x(5.15) 22 5
f(2Az) +8f(Ax) — 6Axg(Azx) = 10asA2° — 2a3Az° 4 4a;Ax + 9ag  (5.16)
A (5.13)+(5.16) 5
f2Az) + 9f(Ax) — f(—Ax) — 6Azg(Az) = 12a5A7° + 6a; Az + 9ag  (5.17)

ik

1
12Ax5
E,oas WRE D, BAEEIEL DT, a5 ZFHHE L7, ZhZ2BEHOEE LT, il
DB RDZ7-DIZFS T ENTES. T4D5 a3 1EX (5.13) &0,

1
2A 23

[f(2Az) +9f(Azx) — f(—Az) — 6Axg(Az) — 6a; Az — 9ag] (5.18)

a5 =

as = [f(Az) — f(—Az) — 2a5A2° — 20 Ax] (5.19)
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FkRIZ LT, X (5.15) & D

@4 = 2A1x4 [Azg(Az) — 2f(Az) — 3asAz” — azAz® + a1 Az + 2a9]  (5.20)
ZUTC, B (5.9)+(5.7) TRoNBERED
1
Uy = 533 [f(Az) + f(—Az) — 2a,Az" — 2a0] (5.21)
WEoNS. DLEDOREIZ LY R a, 2 RD7=D5, A THiFEZ KD 5.
F(&) = as€® + as€" + az€® + a€? + a1 + ag (5.22)

ZZTax=EWRHULZWEORERTH 5.

FEBEREFOEZE ML 72 WEREO T <M (LIRS 2 4H]) D 5D R
ZRAEUT, BEZINDEL, FEF 4 ROBEEEZ v = Aryy, 0, Axgz, Azgy &3
T. ZZTAwy <0 THBZLIZERLEZV. REREETOEE S RN
X, FRIEE O L E LRI 4 THEN AR ZRINE I VDED, ZOF £
ST BERDEMEITIR D, T T, Avoy WRE X 1T 5B & DT, FEFEEA L% [
. BMBOREEE X TRTE, X =7,0,1,t THD. 72720, r = Awyy /Awys,
t = Axgy/Axyz £ T 5.

WE, MiEZHEA F(X) 2
F(X) =a5X" + as X* + a3 X? + as X? + a1 X + ag
LB E, TOBBKG(X) 1
G(X) = 5a5X* + 4a4X> + 3a3X? + 20, X + a;

LB, WMHOMIE F(r) = f(Azy), F(0) = £(0), F(1) = f(Azy), F(t) =
f(Amgy) BEU, G(0) = g(0)Azas, G(1) = g(Axg3)Azys TH D, ZHUZ L D JEFE
DMEHE U 7272812, 784 DZERIMMEIZ Axgs Z T TV 5.

(5.8) & (5.11) IZHIG 9 & HIFARRIIRD L S I2EFE NN S.

Tl
Fi=F(r)—ay—arr
Fs=F(1)—ay—a
Fy=F(t) —ap — agt
Gs=G(1) —ay
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CEITE, B R EE AR

as +ag +az +ax = b (5.23)

a5t 4+ agrt + asr® + aor® = Fy (5.24)
ast® + agt* + ast® + ast> = Fy (5.25)
Sas + 4ay + 3az + 2a5 = G3 (5.26)

EhA,. ZOHEMAGREROBUEM X

. F1 _ Gg _ [4—|—27’t—3<7’+t>]F4 Gg
4 = (r—12r2(r—t) (t—1)22r—1t) (r—1)2(t—1)2 (r—1(t—-1)
(5.27)
= — (t+2>F3 (7“+2)F4
T (r=122(r =) | (t—1)282(r —t)
[5=30r*+rt +*) +2rt(r+)|F3  (r+t+1)Gs (5.29)
(r—1)2(t—1)2 (r—1)(t—1) '

as = —2F3 +1-— 3&5 - 2@4 (529)
a9 = F3 —as — Q4 — Asg (530)

TR TE 5. fifffElFkTkdons.
F(E) = asZ° + a4=* + a3Z% + 0,2 + a1Z + ag (5.31)

ZIZTX =E=¢/Any BRI L 72\ DFEEETH 5.

2 eHiiftl &2 3 25610, U2 WEZBOEB 16 77V v RTOREGHE ZD%E
WWﬁm#bﬁEﬁﬁ%@ﬁ&%%bfl53@i?k1ﬁmﬁmé7ﬁﬁ5l
TROSND (K5.3). ZOB EEAMOMBEZRZITO LT, LhEtEaR
N D EWAERIBEE - COMM B E RDRIZIMZ s b,

5.4.2 $hiE

RE A M OREAS M EZH D)L I — F bR ZHWS. 7272 UREDES,
AR MVEBZFIA UM et BN HE R ND T, 4 RKEE DRz 015 Tl
EZ2FHET S, ZOB $HhiEZY v RE—RICAEMBE 20T, HEABET
H5.
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13 14 4 15 16

' 41,925 922,93, 923,94 — qa

45,46, 96,97, 927,498 — Qb
9 10 c 11 121  Qy55 Qy65 Qxy6; Qy7; Qzy7s Qy8 — Qyb
® ® ' ® ® 49,9105 9210, 911,9211,912 —7 qc
TE qvy9, 4y10; Qzy10, Qy11; Qzyll, Qy12 —7 Qyc

2:( 413,914, 9214, 915, 9215, 4916 — 4d
SQ 6Q b; 7Q sg Qar Gbs Qyb, Ges Qye> Gd — 4T
1 2 i3 4
® o———e ®

X 5.3: ZRIT)V I — b b RMRID KRS &5 2 RoTHif OB AR . T Xk
U=\ 2 KT, K& G A E RIS 71272 5 D TIHEENBE

RTERRRF D 4 RIEERRES

AE RIS T D 4 YR EE P2 ) OFHRIC I, MMEZER L2 vwme 20 EF 2
R EFD DI RIIMBEL 725, T b RDIEREE FNE N0, _a, Op_1, Ok, Okt 1, Okao
L35 IHIUTOLI IR FRFEIREZEERT 5.

$1 = 0) — Op_1

t1 = Og41 — 0%

S9 = OF — Ok—2

lo = 042 — 0

m®4m®ﬁ—ﬁ—if@%45—@%%%zé(F%@t@ﬂquﬁaﬁ%J

fri1 = fk+tﬁk+ Qf fm fm' (5.32)
_ ! 1 _ S_ilg 11 S?ll 1"
fk,1 = fk — Slfk + k 6 k + = 24 k (533)
t2 t3
frio = fr + thIQ + _Qf// f/// f//// (5'34)
3 4
4m4=ﬁ—@ﬁ+ f—~—$+24# (5.35)

A s2x(5.32)—12x(5.33) & b

242 24242 2
s7t7(s1 + 6 site(ty — s
karlsf —fk(S%—t%) _fk—lt% — f]/gsltl(51+t1)+ 1 1( 5 ) I/{// 1 1(214 1) ]/C///
Z LT
Sltl " Slt1<t1 B Sl) "

fi=Fu — L L (5.36)

basic’equations.tex(sltt/sltt.tex) 2014 6 H 18 H (MERIEIRENMNELEET)



44 DCPAMS5 X ECHEN R & € DRERRE BHE  MEBR

7272 L,
fer15T — fu(st —t]) — fumatd
F = 5.37
H s1t1(s1 + t1) ( )
&b, FRRIZUT, A s5x(5.34)—3x(5.35) & D
t _
fi= Py gy 2l 2 ) g (539
=72 L,
FQQ = fk‘l*QS% - fk(sg - t%) - fk*?t% (5 39)
82t2(82 + tQ) '
75)?%‘6*1/%) {ﬁﬁ%ﬁ 82t2x(5.36)_81tlx(5-39) IZ&D
S1t1Sato(t; — 51 —to + s
fr(saty — s1t1) = Fiy8ata — Fagsity — ihisala(ty 241 2 2) i (5.40)
NESN5.
7z, B s2x(5.32)—t2x(5.35) & D
fllc _ F21 . SQtl ]/C// . SQtl(tl - 82) ]2/// (5.41)

6 24

=72 L,
2 2 42\ 2
Fy = fk+132 fk(32 tl) fk—2t1 (5‘42)
Sgtl (82 + tl)

I 5IT, B s2x(5.33)—13x(5.34) £ D

51t oy N 31t2(t2 _ 31) mt

fi= P2 = == fi o0 i (5.43)
=72 L,
Py = et Z Sl 2 8) = ity (5.44)
s1ta(s1 + t2)
135, HE s1tox (5.42)—saty x (5.44) 1T & D
fe(sita = sat1) = Faisita — Frasats — sitasafalh = 52 =t 2 51) g (5.45)

24 F
"Eonsd, ZIT,

TlEtl—Sl—t2+82, TgEtl—SQ—t2+81
(72720, 11, m0 # 0) &3 3UE, B rox(5.40)—ry % (5.45) & D

Ir [(satg — s1t1)ra — (S1ta — Sot1)r1] = (Fiisata — Fagsity)ro — (Fo1S1ta — Flasaty)ry
(5.46)
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Lo T
(Fi159ty — Fagsity)ra — (Fois1ta — Fiasaty)ry

fr =
F (saty — s1t1)r0 — (S1t2 — Sot1)r1

IAAFEWIPEAE 7 D 4 UG Dk ZD AT 5.

(5.47)

t—l:ja, @E}E%%ﬁ)%ﬁﬁﬁgﬁo)i%é 281 = 2t1 = S9 = tl 72{:@(, T =719 = 0 Kfa: b, ﬁ
(5.47) EREHIC RSB, ZOBE, & (5.40) 1%

38%(](]; = 4F118% — FQQS%
27 B DT,

,  AFn — Py —fipo +8fk1 — 8fk1 + fro
Jr = =
3 1281

M APRKEEDHRAETRITRD.

5.4.3 LTipER

ERNEAREDFEICIE E RO Z D ICEEERICH 2R EBWTEHREL T
2. j—tﬁb% Q(O'()) = Q(Ul)v Q<U*1> = Q(O-Z)u Q<Uknlax+1) = Q(Ukmax)a q<0knlax+2) =
q(Ckmax—1) &85 D ITHFIZ LR LU TEEAEL TW 5.

72720, EIAA R L (¢ 13Ty R ETEZINTWS) &b E BTk
7% EIE, fliEE e U TR BB DI ¢(0kmax) 2 T DX EMEHT 5. BRI, E
AR NE LD E NICR-25AICE, #iffEeE LT NEDOM g(o)) 22D F
FHHT 5.

55 BHET71ILY

ZHIT)LI— P BIRFHEIC K > CRABRBEASOHATEHE X SHMTE2—F
T, MiMZERNDOED E\N DI, A6 A EH AR & Cld A TR 50 (FREh) A
EURTL 5. £, WOEDFEIZ AR MVEHZFIHLTWSZHIZ, ¥
TABGITHRT B AT REREFRELTLED. 204D, BARAHEIZAT
(7oK - BUNDYE U C, BIEAF —aizkdons THEN | 28 abhTL
¥o.

ZOEDBRATHRERZRET 272012, Sun et al.(1996) DHFH 7 1+ VX % —
MEELTHWS.
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5.5.1 Sun et al. (1996) 7 1)L %

1 GETER, WL 7% gr, WL 725 Ol 4 KO % ¢, g2, g5, g1 £F
B. £, g D RARDEAE Fe/IME & KIFIIEARME (gama) ~ B/ME (qerin)
VIET, gy & g3 DS 5K E WS & RIIIRAME (g, N E W % BT EME
(qoaim) LIRS, DY X,

L (@ —q1)(qa — q3) > 0 DIGH

e HU gr < quvin 725X, gr & quaim CEHZ 2
e HU gr > qivax 7RO, gr % qryax CEMRZ S

2. (p— @) — @3) <0 DEGH

o HU ¢r < qram B 5, gr & gomin CEMZ D
e HU gr > qomax B 513, gr % qomax CEHA S

&I B5DN Sun et al. (1996) DHEF 7 1 VX TH 5.

DT ANVRIZE->T, AL RPRETES. LrL, EO2 OWBIZE -5
T, BA WD/ OBRKAMEIR 2 IR U720 /AMEDSEEIN T 2 BIEF D S 5.

ZZTDCPAM T, LD 2. O IZITH T, 1. DAFETTS. 2552 LT, iR
G LA DEKR (VN EEA BN T2, L 2AD, SEIFFITA —N—
Va— b TUR—Ya— bOHRTHRRESEMLUZD, B/MEEAL S 5.
Rz, m/MERZT VX =2 a—MI o THDIHIZR S Z XK EHRMEIZRS.
s REALIIIFATERINSIETH D, ADREAIIYHEMIZH 0 20
NHTHS.

5.5.2 ArcsineZ#7 1)L %

ZZ T, AZRRIET B72DD T 1)L X L LT, Arcsine Z#1% F|H 9 % (Kashimura

et al, 2013). n+1 A7y THOBMEIE 21T S A1, IRAEL ¢, ZIRAUTHRENEE
ZEHYT 5.

< Qn < (5.48)

SN
SN

1 2qy,
Qn——arcsin( ¢ —1>; —
2 aqglax
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5.4: Arcsine 24 (5.4). HEilAY ¢ THE®D Q.

ZIT, @ g DEAMEERL, a X 1 EOERET S, Q, ONTE S &IT
ERACHIREIREZ LT Qup Z23RD, LFDOWEHIZ LD ¢, ZRD S,

max

i1 = O‘qg [Sin(2Q41) + 1] (5.49)

DEDOFHEEIZLD g DIEEMEDHLEI NS, FEGFHHEORER, Q. P8 (5.48) D
REXNEN X2 TH, WA (549) 1L 0,0 < g1 < aqgP™ 278505 TH
% (H5.4).

ERDEERT Z LT, K54 I1IZBWVWTHEOEAENKE WV ¢ =0, ag™™ i
Tl&, WL ORI R M@ < (KA, 2003). ¢ (HEDEAIZ o =1.05FEEL T 5
ZeTHHTES (DCPAMTlda=10520LTW3). ¢g=0DETIXEE, #
EHRVE (A S BUBESLER DS TR\ 72 8 ) Z8HUT K 2 WM S BUEILER 2 1 2 5 & 5 1
<.

R D Arcsine Z#12 Sun et al. 7 4 VX D—EHHT S Z & T, FEAME L
Lanis, NLIRERZRETEZ 22 HKS.
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5.6 X—A'Y) XML BHH

RETHENTZRIFZTTI YR EDWERIRAF —LIZEBRT A —L Y A
[N G N A o

dynamics_hspl_vas83_nml

2R 57 4V Ml e

FlagSLTT false. YITFGTAF—LHEHT TS
sltt_nml

FlagSLTTArcsine true. Arcsine B 7 « WA T 52
SLTTIntHor “HQ” IR AR T
SLTTIntVer “HQ” SR IEAH ]I

*HQ: T)V I — b 5k, HC: =)V I — b 3 ¥R,

S 3R

e Enomoto, T.: Bicubic interpolation with spectral derivatives, SOLA, 4,
pp. 58, 2008.

e Kashimura, H., T. Enomoto, Y. O. Takahashi: Non-negative filter using
arcsine transformation for tracer advection with semi-Lagrangian scheme,

NCTAM, 62, 2013.

e Sun, W.-Y., K.-S. Yeh, and R.-Y. Sun: A simple semi-Lagrangian scheme
for advection equations, QJRMS, 122, pp. 1211-1226, 1996.

e Williamson, D. L., and Rasch, P. J.: Two-dimensional semi-Lagrangian
transport with shape-preserving interpolation, Mon. Wea. Rev., 117, pp. 102—
129, 1989

o KiBE, WNIgHELT, B —: CIPEJH TP oFHAT -V ETEMES IV
F A0 —I)Vgik, ARk, 2003.
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6= YIEBRETHWVWSFREH

\niy
JdUT

6.1 XL®HIC

PIEERROEB IS W T, LIFUIKNERE ORI B T 2 HEX, Shibfg o5
RPHLDEERBREL RS, ZITIE, TN DHEFEE2RT.

6.2 BERIRIR

6.2.1 SNEEBERICBITZEE

?E‘E: :@@U@W&*@j_ ]\‘\ ko)jﬁmliﬁﬁmu\b‘tb\j&b\ K\/‘ 5 cl: D, ad— ]\‘\O)Wg
RO DIz WV,

BOBEFIZBITHEEIE, FTOIIICHATAZILIZTS. 1<k <kpw—10D
rE,

Tiyr = a1 Th+ Bry1Ti (6.1)

log o1 —log o1
. = 2 6.2
Y3 log 0}, — log 041 (6.2)
8 B log oy, — log Opyl (6.3)

B3 T logoy — log Oht1 '
YL k=0Dr ¥,
T, = T (6.4)
Tkmam""% = Tkmaﬂc

9%, 1<k <kne—1 DHAEDREI, QLTS 2N BEV SRR AFITDH 5.
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6.2.2 SREEHLEERICBITIEE

JEDOHFNMIEITEEE, TOLIIEHRETLILITT 5.

R
21 = Zg + ETl (1 - 0'1) (66)
R =
2 = 2.1+ _Tk_lu (6.7)
g 2 Op_1

2

—F, BOBERICB I 5EEIX, TOXSIZHAETSAZILIZT 5.

z

— (6.8)

R_ Op-1 =0kl
R
2 2 g

N|=

(6.9)

Ok
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BTE B

7.1 FLC®HIC

ZZTIEBEETVIZOWTHRARS . £FTHOIT, FHARL 225 MEK, FELD 72
B OEHEE AR, #EL 2 ZR U 2 BUHEE AR OV TERRS . DRI,
HIBRFRAR MRS AGCMS THEEHEX L THW S T WU € 7L, HiER K&
AT ET VO ENETNIZRADEIZDOWTHRAR S,

7.2 @I HERIE

7.2.1 INEEK

TEHBREIZ K 2 MARIITDO L S ITRBIEN 5.
1 OF

- 2 1

Q= -55 (7.1)
g OF

= =—— 2

55 (7.2)

F = F,+ Fs (7.3)

ZIZT, F, Fg WENENRIRBE 7 7y 7 A /EBE 77y 2 AThHhsb. Z0D
£ DIT, 1F L A YDA ITIIER U & KRB A < i kb s.
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7.2.2 HELZERLIGEORMNESREN

F A DWW B T B EERIIHRMSPDOTHETEZ NS LT 5 &, Hilil% fE
U756 OBEHMREIRERNEITOLIITELL N TES.

F(r) = F™(r)—F (1) (7.4)
F(r)" = 7BT(7s,7) — / 7TB(T/>%dT/ (7.5)
F(r)~ = /OT wB(1") dT;:/ ™) dr’ (7.6)

ZZT,BR7I VI HAVIEZOESMETHY, T IXBHELTHS. Bk

7B(r) = = /k %GIB(T(T))dk: (7.7)
7B, — / B (T di (7.8)

ThHhb. ZIZT, kITHEETHBL. FHIZKORK[EEZEZDGEICE, AT 77 -
j_:}[/\yv.//‘\Eﬁ osB %)EHL\T,

mB(1) = osgT*(7) (7.9)
B, = ospT} (7.10)

ER5.

mE, FHERIZT7 Iy 7 ADEE 5255612, 52579V I A% Frg &L
T, By = Frp &3 IE &\,

B T (r,7) 1&, PIZITRZRESBEZ oND5E, TOLSITRINS.

T<TvT/) = T<T(p)>7-(pl>>
= exp[—af|rr(p) — 7.(p')] (7.11)

a ITHOENFTH B, HFHEIIZED IS IZE5EZTHERWY, Hil 21X Schneider
and Liu (2009) Tk, FOLSITHEZXTWVWS

m(p) = TLO(;U)2 (7.12)

ZZT,po, oo BENTNHERE L ZDKETONRFHNESTHS.
LB DXEHHP R TND,
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— 7, Numaguti et al. (1992) OEE TV TIE, (k HAECME 2B E LT
5ZL%ERC L) FOLSIZHEZTWS.

TL(p) = kL,wv/ pQwvdZ/+kL,da/ de, (713)
z(p) z(p)
1 P
= kL,wv_/ Qwvdp/‘i‘k'L,daZ_) (7.14)
g Jo g

22T, kpe krge EENENKELR L GIRARORIURITH D | o, ZHIET
55

—H, NV RETVERVIGEEIE, HERLRETEZON5.

7.2.3 AL ZERLAITRAEML RS EEARER

ZIZT, b N ZARBELLL 72 A /2N (e.g., Liou, 2002; Toon et
al., 1989) IOV TR S, BT, BUF ISR T RO FERKIE, Toon et al. (1989) i<
WS,

HELRHE EDIFE KRR, 25 WIKIIEKRKE, (2395, — b X 7 =5 rba
U7 aHMEeE GRERNE TO XS ICEL LA TE S.

aai: =y Ft —pF - S* (7.15)
85: =y Ft —yF + S (7.16)
T,
S* = yam Fyoop exp (—TC; T) +2r(1 — wo)B (7.17)
ST = yrF,wexp (_TC,L;: T) +27(1 — wy)B (7.18)

THD. Y, Y2, V3, Va &, BEHMBE G RRADEBHIEIZ K> TERBBHTH D,
(6-)Eddington %, (6-)Hemispheric mean {KIZHE 1T A2 K 7.1 ITRT . @y 1F—
IREGEL T VAR R | g WRIERFRN T, nF, IZ KK EITO N E ARBS 75 v 7 A,
o WA RTEMTH 5.
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R 7.1 ZELERNS BT B EE G READ ER

URCNES gl 72 73 Y
— 4 1-— 4 — 2 —

Eddington ! woi +39) — woi 39) i)g,uo 1—1s

Hemispheric mean | 2 — wy(1 + ¢) wo(l —g)

723, Hemispheric mean %I, —#%IZ RGBS U TIEHWR W20, i(l%ﬁﬂ(%]‘
/ORI L IR D TER 3, 74 WD WVWTIEIRI 78\,

T, TOM, FE, 3 TOESICEL ZENTES.

Fig(T) = F*(1) + Fy,(7) (7.19)
FT(1) = kiexp(A\1) + Thyexp(—=A7) + CT (1) (7.20)
F7 (1) = Tkiexp(A1)+ kgyexp(—A1) +C™ (1) (7.21)
Fjya(r) =0 (7.22)
Foinn(T) = pomkFyexp <—£O) (7.23)
Oty = wor ks exp <_M_O)AQ{E%__ —) 73+ 7472}
+ 2 {BOJFB1 (T+ %iw)} (7.24)
o) = womF exp <—M—))\2{E’Vl_+ > Va + ’72’73}
+ 2 {BOJFB1 (T— o Jlr%)} (7.25)
A= (B-ad) (7.26)
r = %Vj L (7.27)
By = 7nB(t=0) (7.28)
B — mB(r =71,) —nB(1 =0) (7.29)

2T, O~ BRD BB, REAHFD T T Y 7 BBAEHNE X 26 U TRE
KIET 52 2INELTWS. 72, 7, BAKEKROKRFENEX, HD WX, &
ZHVARGEDHFNEETH D, ke, ko BEBTH O, BEFRZMHIZ I 0IRD S,
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BARARMEITOESITEZXS.

F+(’7'5) = Asch_(Ts) + szc (731)

F7(0) = Froa (7.32)

Ssfe = AspepromFyexp (—E) + em By, (7.33)
Ho

T I T, Aspe, mF5, €, Byge 1&, TNENTNHIEAD T IV R FHRAR 7 7 v 7 X,
TNEER O R, NBERDO TSV 7B THS. Frp, FRKREIWIZEITZ T
MEHT7 7 v 2 ATH Y, —fRIZ Frp, =0 TH 5.

I 5T, 5-F% (d-adjustment) 217D 728, 7, @, g 1FIuX DIHE... ZHWT FD &
DITRD S,

A (T
IEFRHBARICE T BRI by, ks

ZITE, S URWEHERGQIZNT S, Rk, by 292 %08, 20L&, 198
KK THBMO, —IREELT VAR FESFRR ISR E S I —RRkTH 5.

ZHHETARKRUSH L TCE I IR T I by, ke 2 RDZZLIETED LEDNDY, (7.19)-
(7.30) ZRD7z & EDSRME, KKD 7T v 7 BBHHENE S T8 U THEIZE(T 2, 23—
RIZIZ RGO L2720z, 2 2 TR UL AW RKRIZDOWTEZ .

radiation /radiation.tex(radiation /radiation-math.tex) 2014 4 6 A 18 H (MuBRUTA NN EAEE)
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Z DR, fRIE, (7.19)- (7.30) &0, FD X327 5.

Fig(m) = F5(1)+ Fj?r(T) (7.34)
Fr(r) = kiexp(AT) + Thkyexp(=A7) + CT (1) (7.35)
F~(r) = Fk1 exp(AT) + kyexp(—AT) + C(7) (7.36)
Fi (1) = (7.37)
Fipn(T) = pomFsexp ) (7.38)

o) = wom Fs exp ( TO) {(’yl — —) V3 + 7472} (7.3
(-

A2 — L
No
wom Fs exp 7 + Y4 + 273
¢ (1) = ng__ ) } (7.40)
13
A= (’Yl '7)1/2 (7.41)
V2
r = 42
Y+ A (7.42)

F 7z, BRI, (7.31)- (7.33) & FD LSR5,

F+(TS) = Asch_(Ts) + szc (743)
F7(0) = Froa (7.44)
Sspe = AspepromFs exp < ;s) (7.45)

0

UEOBRZENZEHATEI LT, by, ke I TOLDITRkDOENS.

(Aspel = 1) {Froa — C7(0)} exp (A7) + T | =CF(75) + Agpe {C_(TS) + pomFs exp (—;—;) }

(Asch - 1) eXp ()‘Ts) - (Asfc - F) Fexp (_)‘Ts)
(7.47)

ky =

7.3 H@EED: BEBIERIR

ZOMONED T — K e OMIGIRHRLTWAN. FEMNES 2L, (I—FDA
ZELTVRWN)

2014 £ 6 H 18 H (MuERIEAREMESEE) radiation/radiation.tex(radiation/radiation-disc.tex)
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7.3.1 fNE=xR

S IIERIE T O & S IcHiiibE .

F.1—F, 1
g el T Fe-d
= 2t 2 7.48
O Cy by, +1 7 Pl ( )
7.3.2 HELZEELGEORSHEEARER
BB 7 7y 7 ZETO &5 ICHBbE 5.
Fpr = F,j - F (7.49)
F,;Q = WBS’E-F%,% - ZWBk' <77€+%7k/_% - 77“%7,6,4%) (7.50)
k=1
ka.CL‘
F];_% = Z 7 By <77€+%7k,_%—7;+%’k/+%> (7.51)
k' =k+1
ZZT, Bl
N
By = WZBi (T, k) w; (7.52)
B, = WZB Tk i) w; (7.53)

ZITE, widH I AEATH Y, PRI Y ZRBUE TR 5. £721%, K
BRLADGEITI,

By = ospTy (7.54)
B, = ogpT?! (7.55)

LiRs.
72, RFWEIDREZ SN GEDERFIETO LD Tk NG,

Terpsry = (a7 — Toass) (7.50)

— 7, RO —fRIE, BB RO RN % 18 U THRE LG FE X 22 K D Ey
WX EBBRLTHY, 2N 5D LN U THIIZMHS 2 212745, ShEILEL

radiation/radiation.tex(radiation/radiation-disc.tex) 2014 4 6 H 18 H (HiBRimA NN H4EER)
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BTE R

X BE R DB BEARIE TR L TS 720, MR SR D —EIIz D
WTHIL L, B 7 5 v 7 ZADIREITNT 226K 2RO TES BEVRD 5. 1K

BT Ty 7 ZADEEIZRT KT

N
Sk - B, (757
82? ~ 0 (7.58)
iy _ {—%”Tif'(m;,k/;—m;w) E2
Ty 0 ko< K
OF) 1 0 k> K
oy {%(ﬁﬁ,k'—;—ﬁﬂ,m;) ko< ¥ (700
B INSIZED, BE T Ty 7 AL,
(FX )" = (F, )”4-+8 ;¥%AT«+%§féUI:2ATk (7.61)
k+i k+3 T, OT
(F )t :(wa*+aF“AT+%§a%“An/ (7.62)
k3 b+ T, Ty
AT, = Trt -1t (7.63)
AT, = TP -1t (7.64)
rLTkobond. 7270, FEORTIETRTOBIZOVTHIEZ Z > TWED,
EBRIIE NEOFSDOAZREL,
(FLO™ = (R, >“-1+a§;:%ms aggéw (7.65)
(Fl;%)nﬂ — (Fk+é)”1+a§;:§ATs ag;:éATl (7.66)
LT 5DNBENTH 53,
7.3.3 MEZERLLTRIAEM L B EEAEN

AYFPERKUZEMN S 5 728

I, REDLHDYTED KRKEN 6B ERD.

I, n & H OIFERKE J(ﬂ“é ﬁxﬂ:ém#_ﬁrﬁﬁ{ubf:ﬁ&%ﬂz%??&ﬂ@ﬁﬁ
SRR, SRIEHLHORRE, RERTMEE, TIHHOBNLORE FLHTHEALLEDE =

BEXATINC T 5O TH 5.

2014 4 6 H 18 H (IR MK {E

pR A
Ziib)
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BETDESITEHLZENTES.

Fi(r) = kinexp(Aa7) + Dpkonexp(—=A7) + CF (7) (7.67)
F (1) = Tpkinexp(AT) + kojexp(=A,7) + C, (7) (7.68)
st (252 {2k )

N B ,
Ko
1
+ 241504 Bon+ Bin + — 7.69
/JJL { * b (T 71,n+72,n>} ( )
T T 1,n+%
wo s exp (— :; ) {7 i & 4 ’Vz,n’Y:a,n}
C’V:(T) = AQ o L
n H(Q)
1
+ 2uin < Bon+ Bin e 7.70
O O
N
EEU, 7 & n BHO LGS S EMES THY, 70 = > 7 W n JEH

k=n+1

F0H EEONFENESITHD. 72, 22T, 7 13 k BHOBEEDONFNES
Thb. £72, By, By (377 V7B L Z DMy RENEZIZ XL 2M) 2 n %
NI DTH 5.

INoDOHREAIHUT, TOBEREMGZ25X 5.

Fr0) = Fly(m) (7.71)
£, (0) Fra(m) (7.72)
F/ (1) AgreFy (1) + Ssfe (7.73)
Fy(0) = Froa (7.74)

Ssfe = AgpepiomFyexp (—%) + em By (7.75)

InoDEFREMEEEHT 52 8T, PRGN, ki, ke, (W BN —
KA L5, 51T, Toon et al. (1989) D AIEIZHEDNWTERMT LI LT,
D& D IATHIER D & ZENATINCT DI LW TES.

Az = d (7.76)

radiation/radiation.tex(radiation/radiation-disc.tex) 2014 4 6 H 18 H (HiBRimA NN H4EER)
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2T, Ax,d DEZIFIENETNTDOLIIZEFITS.

ai; = e11 — Aspeesn (7.77)

12 = —(6’2,1 - Asfc64,1) (7-78)
A2no2n—1 = €17€2n+1 — €31€4n+1 (7.79)
Aonon = €21€2n+1 — €40€4nt1 (7.80)
A2n2n41 = C€ln41€4nil — €21 41€3 041 (7.81)
Aont12n = €272€370 — €1n€4n (7.82)
A2n412n+1 = €1,n€ln+1 — €3n€3n+1 (7.83)
Aon+12n4+2 = €3n€antl — €1 n€2n+1 (7~84)
oN2N-1 = €1N (7.85)
a2N 2N €N (7.86)
Qjj4i—1,004+1 — 0 (7-87)
= Yis (7.88)

zs = Yau (7.89)

Toan1 = Yia (7.90)

Top = Yo, (7.91)

Ton—1 = Yin (7.92)

vy = Yau (7.93)

di = —C{(m)+ AspCr (11) + Sse (7.94

don = e2n11{—C, (0) + Cr iy (Tn1)} — €an1{—C; (0) + C; (7041 )(7-95
dont1 = e3,{=Cy (0) + Criy (Tni1)} — e1n{=C (0) + Coiy (Tni) b (7.96

doy = —Cy(0) + F(0)

ZZT €1.n,€2n,€3n,€4n Ci‘F@ ck 5 CZ%H%

€1n
€an
€3n

€4n

= T,exp(—\,7) + 1 (7.98)
= Tpexp(=\,7) — 1 (7.99)
= exp(—A\u7n) + T (7.100)
= exp(—A\,mn) = T, (7.101)
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Ag
1
Yin = §{k1,n exp(AnTn) + kan} (7.102)
1
YQ,n - é{kl,n exp()\nTn) - k27n} (7103)
ThY, ThoZ2fVWEE, 7797 AETFTDEIICELZENTES.

FX (1) = Yiplexp{=Au(7n — 7)} + Thexp(—\,7)]

+Yonlexp{=An(1n — 7)} — Tnexp(=A\.7)] + CF (1) (7.104)
F (1) = Yialhexp{—An(1 — 7)} + exp(—A,7)]
+Yo,[Chexp{—Au(7n — 7)} — exp(—= A7) + C,, (1) (7.105)

INEY, BOERIZBIE27 7Yy 7 AT TOLIICEL I LNTES.

= eB,n}/l,n + e4,n}/é,n + C; O)

F;(O
Fn+<7—n = el,n}q,n - e2,nYr2,n + C; Tn)

) ( (7.106)
) ( (7.107)
F7(0) = e1,Yin+ enYo, +C,(0) (7.108)
) ( (7.109)

n n

Fn_ (Tn = eB,n}/l,n - 64,nY'27n + C_ Tn)

n

BB, ERIIHUTIE, BEEXARDZNMASIETRTI IV I A%ZES.

Fion(m) = Fi(1)+ Fy (1) (7.110)

Fipn(t) = 0 (7.111)

Flonn(T) = pomkFyexp (—TC’”+T> (7.112)
’ Ho

IRETRBEEUEIC & B

Z 2T, Toon et al. (1989) THIN TN T W2 M JHEIEE (source function
technique) 12 & 2% "7,
BEHEBEIEZ W TRODSNE T Ty 7 AFTDLIITELS LN TES.
1
Fo(r) = / pl = (r, p)dp (7.113)
0

~ sz‘/ﬁz’]i(ﬁ 1) (7.114)

i
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ZIT, 79V A %RDDB L EOMEREDE, AU AKEEEZHNTEHET 5. Z
ZT,w; EHIAEATHD. 72, & p W23 5, HAMAHFIIHES U 72 i
B IE X, Tk icELZenTES.

[0.8) = If(n)esp (——)

Faon {u — (T + 1) exp (—%) } (7.115)

Tn

L (Tny =) = L, (0)exp (—;)

il (o2
SEE

+o1n {1 —exp ( T") }

+oa {u exp ( ) + 7, — } (7.116)

:‘:f Gn7 Hna Jn7 Kna A1n, A2y O1n, O2.n i‘FODJ:'D 5‘ b

_|_

1
Gn = (Yin+Ya,) (— — )\) (7.117)
1
1
H, = (Y1,—Y,)T ()\ + —) (7.118)
H1
1
Jn = (Yin+Yo,)T <)\ + M_> (7.119)
1
1
21
1
n = 23 By,+ Bi, — 7.121
O, { 0, 1, <% I, Ml)} ( )
Qo = 2By, (7.122)
1
n = 2By, —Bi, — 7.123
o { : " (71+72 Ml)} ( )
O2n = 2Bl,n (7 124)

2014 £ 6 H 18 H (MuERIEAREMESEE) radiation/radiation.tex(radiation/radiation-disc.tex)
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BEARARMEITOESIZEZONS.

If(1a) = 2enBige + Aspely (1) (7.125)
Iy(0) = 0 (7.126)
Thd.
®nE,
OF; (1) OI* (7, i)
G ~ zi:wi,uz‘a—Ts (7.127)
al:(ovu) o 8Bsfc & Tk
01, (0,p)
aT. =0 (7.129)
OF=(T)
or, = ! (7.130)
b S

7.4 AGCMb5 RS ETI: HIBRIA

Z 2T, HBREARENEEE AGCMS IZEZEINTW S ET VIZDOWTIR
N5, ZOETINVIE, Numaguti (1992) DS E TNV Z2IKIZL T, ELSEE
EHELUIZEDTH B,

DB ET VT, RFETIREELZEG L, Mk TIx, BELORR Z2 IEH (2 i
ICHFRE LT, FEBRINDO AR S .

7.4.1 REBE

E O MU EE AR, 235 7.2.2 8 (2R U7z, BGEL % JEGL U 72 URHE 2 5 72
RNTH5. TZTUFTIE, BHEORDART.

4 0L 000 gy RALK, ERETIRARL. HLETEB. £/, 550 LERB e 250 3 fiup
LoRDSND LESH, 20 HAT /A,

5 ZZTHRRBBPTE T IV E Numaguti (1992) DS E TV DEX, BHEZEHRRNORS %
HAMAILUTVEREDIPDENTH L. Lh> T, #ktR TIEME IESE L W, BEHL L 72 R R

TEPHEZIETTHS. EL5DHEDHBEVDNIEE L 50570,

radiation/radiation.tex(radiation /radiation-agem5-mat20tdx3F 6 H 18 H (BRI A E NN H4EER)
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AEFIVTBWTIE, BIE L L TKERE 2NUANOREEE R 5. 2IER
12V RE U, k DAfkE SIS, BIUREA N Y RN T 2R256 %25 X
%9,

D& &, mB(r) &

mB(1) = osgT*(7) (7.131)
B, = ogpT? (7.132)

EELIZENTE, BHRIITDOISICELSILNTES.
T(r,7) = T(r(p), 7))

1
= / eXp[_a{’TL,wv<p7 g) - TL,wv(p/7g)|
0
+|71.da(P, 9) — TL.aa(P' 9)|}]dg  (7.133)

TL,wv(p>g> = kL,wv/ pqudz/ (7.134)
2(p)
1 [P

= kL,wv_/ Qwvdpl (7135)
g Jo

TLda(D,9) = KLda / pd?’ (7.136)
2(p)

= kL,dag (7.137)

ZZT,o5 BAT 77V - RIVYSRVEBHTHY, a IZHERFTHS. ko,
kpdo \EENENRIFBENZ BT B KA L TN DO LURDBINBRETH L. ¢
IFEBEHERER (DLH>RED) THSD.

7.4.2 FERHRET

RETIMZBEWTIE, IEE I BICHELOR R 2 Z 3 208, HEMIZIRIN D A1TF
D KD BIHRE TR 2 <

RIE & U TIEARER L TN DLAMEEZZ 5. ®EREEZ 1 XU el k
AR BRI, IR N RN TG 2R 2GEGE2E A 57, BELEFEDR)
BRI, RET VAR A, LWIHINRTRA=REEHAL, KKAD LIHIZBEWTZDE S
DB T AN F =D T HLEXDLILIZL>TEET S.

6 ZDFZAFIMEL BB k PEEDH R/ LBEWNPE S PR DP SRV, UL, Numaguti

(1992) DERCIYIRERZMN T B T2, 2D LD ITkhs Lilbhs.
T ZDFEZFFREBH L FARTH 5.

2014 4 6 H 18 H (MERITARE NN (HadiHion /radiation.tex(radiation /radiation-agem5-math.tex)
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oL E MMHEEARERNIFOLIICELLZ LB TES.
Fs(r) = F{(r)— F5(7) (7.138)
F(r) = (1—A)Fo(x)AsTair (1, %) (7.139)
Fg(r) = (1—Ad)Fo(X)Tair(T,X) (7.140)
%ir(77X) - 7:117‘( ( )7X)
1
= / exp[—sec X{Ts.uwo (D, 9) + Ts.aa(p; 9) }1dg (7.141)
0
Tair(1,x) = Tair(t(p), X)
1
= / eXP[_ sec X{TS,wv (psa g) + TS,da(psg>}]
0
-exp|—a{|Ts,wu (Dss 9) — Ts.we(Ds 9)|
+175.da(Ps, 9) — Ts.aa(p, 9)|}]dg  (7.142)
TS,wv(pa g) = kS,wv /( )pQwvdZ, (7143)
1 ) pp
- kS,wv_ Qwvdp/ (7144)
gJo
TS,da(pa g) = kS,da )szl (7145)
z(p
= ksl (7.146)

Z 2T, x IEARBBOXRIEMA® (Liou, 2002 12
R TTH D, ks, ksdaa 1 EZTNT NIRRT
ROBINRE T 5. £,

BIARKRLHECOEEDORF 7w 7 A TH 5.

SRIEMZRTHFH BT I L ->TELELTHD. 2H (1982)
TIX Z, Hartmann (1994)

6o, Peixot and Oort (1992)

Tl 0, BMEDNTWD

L iF solar zenith angle ) TH D, o 1&
BB KESR K%MJ«)\%@W
ANIBERH T VR R TH S, Fy(y) 1%, KIEA y 12

Tl 0, Liou (2002) Tl

radiation /radiation.tex(radiation /radiation-agem5-dis20a<d) - 6 A 18 H (HIBRYTAR NN EAEE)
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7.5 AGCMb5 B ETIL: BEEARIR

7.5.1 RBEBE

BIITB 5 1B(r) LBBKIITO LS LI 3.

By = ospTy (7.147)
B, = ospT! (7.148)
l'maz‘,S
7;f+%,k/+% = Z AgLJ eXp(_a(|7-L,wv,k+%,l o TL,wv,kUr%,l’
1=1
T daks 10— Thdag+11) (7.149)
Thawvk-31 = FLawoiMy, 1 (7.150)
Trdak-3i = KrdaiMggp 1 (7.151)
k
max p ;1 — p J 1
Myt = > Guog——2——2 (7.152)
kl:k g
Pp-1
Mda,kf% Ty (7.153)
lmazS
77<:+%7k/+% = Z Agr, eXp(_a(kL,wv,l|va’k+% — va7k/+%|
=1
+kL,dayl|Mda,k+% - Mda,k’—&—%l)) (7.154)
k
max p ;1 — p Sl
va,kfé = Z Qwv,k’w (7155)
k/:k g
Ph-
Myg -y = p (7.156)

2T, bpawr V&, RIEBESNIZET 5, BEREREBIIN T 580 D57 MO (HHI
D) THY, Agr, IEEMLREALRD | HFHOHEORTH 5.
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7.5.2 FERRG

IR 7 2w 7 23T &S It E b,

ey = F,:;% - F,;r% (7.157)
Floo = (1= AR (00 AT (1) (7.158)
F;;% = (1- Aa)F0<X)7Zlir,k+§(X)
lmaz,s
%ir,k—i—%(X) = Z exp|— sec X{TS,wv,k—&-%,l +TS,da,k+%,l}]AgS,l (7.159)
-y
Taigrrs(X) = Z exp[—sec X{Tguwv, 11 + 5 da,3 1}]
I=1
'eXP[—a{Ts,wvé,z ~ TSwuk+30
FT5da 11~ Todaks i3] Ags, (7.160)
Tswoh-ti = KswoiMy, g1 (7.161)
TSdak-11 = KSdaiMaap1 (7.162)

radiation/radiation.tex(radiation/radiation-EarthV2.t&014 4 6 H 18 H (HiBkimAE NN H4EER)
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7.6 HEKMEETIL: BB /BEERIR

7.6.1 BE

Z ZTl%, DCPAMS THW T WA HIER K KBS E T VOB EEFiHT 5. 22T
&, BEEE TV BEEE TV AR D TIORT . AT, RS EIHE Y, ThEN
OWEHFIZBE W THERT IRNIE, B LUOFHEAECODVTHRRS (FPETH
%). L2 U, BUR, REiCIRRIEB OZ@EEDERAGEICODVWTARRNSZ &iTE
rHb.

7.6.2 EREHRG: BIE

EH €57V TlX, Chou et al. (2001) D AEIZE> TEBEKREZFHEL, Tz
ﬁﬁL\’CﬂﬂzELODtb\ﬁﬁﬁﬂiéﬁﬁ‘ﬁ%%< PUR T, RS HIHP, EiERDOEE
THEIZDOWTHR RS, FHEIZHW B EELDO 2 WIEHEZ R DWW T, 85 7.2.2
Hi, 857328 23352 L.

7.6.3 RERI: BRERODE

ARETINTIE, RS Z2 K7.2 DL S ITHEEDEHT 5.

7.6.4 ERFERE: E@EXDEE
BE

Chou et al. (2001) TiZ, FEERDFRERIZEWT, RINGAKRITIS U THEL - HEE
IR 3 NS EATHNTNS.

o k ATk

O BUEDRKTIE, Chou et al. (2001) THWOHNTWA TR TEIBNIYEAFZEL TVWBE DT
7.
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7.2 RIEBESENZB T B IED/3EH

NV RES  BEEIF (cm™t) RINWE TR GRS

1 0-340 H,0 line k 3 Ak

2 340-540 H,O line k ARk

3a 540-620 H,O line k 3 AETE
H,O continuum 1 /87 A —=&X A7 —1Y v ik
CO, k /24615 or RBIRIE

3b 620-720 H,O line k ARk
H,O continuum 1 /89 X=X A7 —1 v ik
CO, k 5 AR1E or XSk

3c 720-800 H,O line k 3 AETE
H,O continuum 1 /87 A —&X A —1 v ik
CO, k AL or RSHRIE

4 800-980 H,O line k ARk
H,O continuum 1 /87 A —=&X A7 —1 v 7k
CO, 1RSGRA—=R A —1) v 7k

5 980-1100 H,0 line k 3 AETE
H,O continuum 1 /87 A —=&X A7 —1Y v 7k
CO, 1R R—X A —1) v 7k
O3 RSME

6 1100-1215 H,O line k 73 Ak
H,O continuum 1 /87 X=X A=Y v 7k
N,O 1R RAR—R A —1) v 7k
CH,4 1RSGR—=R A —1) v 7k

7 1215-1380 H,O line k 73 Ak
H,O continuum 1 /87 X=X A=Y v 7k
N,O 1R R—=X A —1) v 7k
CH,4 1R RA—=R A=) v ik

8 1380-1900 H,0 line k 3 AETE

9 1900-3000 H,0 line k 73 AETk
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o REMHA

o 1 NTA—RATr—Y Ik

72, EOBEPUZDOWTIT B & IEB D FHiEZ AW TEERZFfid 5. AT,
SARDIRIUZPES 3 FEEHOE BRI FIEIZOWTHERS.

mB, HHNY RNIZEROYEIZ X B2IRINDE U 256121, FHORRZWGE,
ITFDESIZ, #NTNOYEIZL 2B EELDFEE U TEAEDEERZ G L T
W5,

T="TT (7.163)
ZIT, T, Te BZNTN, INWE 1,2 12X 2NV ROEEFEBRTH S,

k 2%k

Chou et al. (2001) TIX, GHEIAMZWS T I L2 HBLTL AL k k%
EE U ZOHEEHVSEGE, ZEERITOLSIZEHET 5.

k,w

T(w) = exp(— )80 (7.164)

= ” z z p(Z) " z zZ
wlernm) = | REre ( - ) W(T(=), T,)d (7.165)
=2 [" (pﬂ) WT(p),T,)dp (7.166)
W, T) =1+ (T —T,) + B(T — T,)? (7.167)

ZZT, N ZEAMRERODERTH O, k, & n BHDOE VORIIUREL, Ag,
En HEHOE Y OEA, u FHLHE (i =1.66) TH 5.

%7z, Chou et al. (2001) Tl&, FHHEZ&ESHIZIT S 72012, BIUREEZ L FD & 5 12
HEIRLTWA.

kn = nkn_1 (7.168)
ZIZT,n REDOERTHD. ZOXIITEINZ & T, FHEBEBOFFE R E S
TIEMNTES.

FAWT WA /8T XA —=&IZDWTIE, Chou et al. (2001) @ Table 3, 4 &9 5%
Ze.
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Chou and Kouvaris (1991), Chou et al. (2001) IZ & 2 RK&SREEZH 255, &
BRITTO XS IZEHAET 5.

T: 1 —A(peff,w,Teff) (7169)
=1~ Ag(pess, 0, 250){1 + a(pess, w)(Tepy — 250) + B(pesy, w)(Ters — 250)°}
(7.170)
pdw
Deff = W (7.171)
Tdw
Tt = (7.172)
dw = qpdz (7.173)

Z :VC“, Ao(peff,w,250), a(peff,w), ﬁ(peff,w) Li%@%}}:, {ﬂ%ﬁg&:gbjéjt%bﬁ\/
HERIZN U TTOREINZBINER EBBORP SEZNFHL TRD L.

1NSA=GRG—1) U TE

Chou et al. (2001) (Z2& % 1 8T X=X A7 =)V 7EE WL GG, BEERILT
DEDITEET 5.

T — exp (- ’“;") (7.174)

i 1 1
wé(pe, T) = /Z1 qp <§—Z) exp {1800 (T - E) } dz (7.175)
oGt (7))
== — ) expq 1800 | = — = | pdp 7.176
g/pQ ! (po P T T (7.176)

Z 2T, pe WEIKFELDIE, po = 1013 hPa, T, =296 TH 5.

’; Dffl%, Chou et al. (2001) @ Table 9 ZZH 45 &.
7]
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7.7 RJLmTOEEORFIZY IR
BEED 1 HIZB2 KA EHTOEEDBRE 77 v 27 A Fy(x) &

Foly) = { Fyo (%) cosy (cosy >0) (7.177)
0 (cosx <0)

EELSZENTES. Fyg WHERERICBIIPEHEOKN 77y 7 ATHD, X
BB 3 510, rg [3RKE @@mﬁ%#%f%ﬁwmﬁ'laé%& F'EJEE%&U%
X EBEZTVARHIZB I 2 HEHEDKEATH 5.

cos x &,
cosxY = cos@cosdgcos H + sin¢sindg (7.178)

ERLIND. T T, ¢ 13HE, 6s IFEEDOMERA FREDOKETH» SW > 72K
D AETHS. Liou, 2002 12 LUK declination of the sun. KEK EIZHBI1F 5 1H
BOREELELY) THS. H IFMA (hour angle) TH D, # X 5 MOBUEDAL
BEIEFIZRBRFONMEE DREDZE (B UK IFERE T RORE %2 1T U 72#%
) TH B, (7.178) 1B = ABEBD AR ZH A IXEL Z A TE S (Liou, 2002
D 2.2 fiB & U Appendix C 2If). ZFEOAEOEFKE K 7.1 LXK 72 I1T/RLT
B<. 2B, DCPAMS DHFHEIZBE WTIX, cosy £ DB secy DD S HMEF]
THDHDT, BHE U T secy DEEEMHLZHDEHELTWAS.

ro FREOYHEERENPSIRO LS IZEHEI NS (T VXY -V T2y [J1%] §15
2.

\)

rs = (1—ecosf) (7.179)

ZIT,eldMETHS. &IFHEOERA (X 7138 0T HEA , eccentric anomaly)
THO, IEHEDMEERZ5Z D7 A=Z2THOY, 75 —0 R

§—esing =1 (7.180)

YORBAREEBD & 0 IEfEZE R ISR KRR OFIHEMIC B 2 HEDOBHN 7 7y 2 ATHE. 7
— IS 5 EEDMEE D 5 OFIIFRETE X

a <1 + ;62)
725, (a FHERELRE, e IXHELR). e < 1 THIWEIHEMIL o 2 IFIFFEL V.
WEMOFLZE AU, EHADAAZ o filiC L o> 72REICHEM EO s (v, y) LBEGIRA ¢ &

2014 £ 6 H 18 H (MuERIEAREMESEE) radiation/radiation.tex(radiation/radiation-misc.tex)
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Figure 2.5 The ecarth—sun goometry. P denotes the perihelion, A the aphelion, AE the aufummsal
equinox, VE the vernal equinos, WS the winler solstice, and 55 the summer solstice, nis pormeal e the
ecliptic plane, a is parallel to the eanh’s axis. & is the declination of the sun. € the obligue anghe of the
earth’s oxis, & the longitude of the perihelion relative to the vernal equinox, v the true ancmaly of the earth
at o given time, & the true longitude of the earth, O the center of the ellipse, OA {or OF =) the semimsjor
axis, OF (= b} the semiminor axis, 5 the position of the sun, £ the position of the earth, and ES (= r) the
dhistance between the earth and the sun.

7.1 REBERICEITZREAEOEMR. HXIE Liou (2002) @ Figure 2.5.
WTFNHDTEENZARVEWTRWES S, HFD § M 6g 12, v D3O IR
75,

Lacal zenilh

=]

Figure 2.6 Relationship of the solar 2enith angle 8y to the latitude g, the sotar inclinotion angle &,
and the frour angle fr. P &nd D ore the point of observation ard the point directly wndsr the sum, respectivaly
(see vext for farther explanation).

7.2: RIEf - BE - [EEDMERA - BFAODOER. FXIX Liou (2002) @ Figure
26. WINHDTEEDRZRWVEWITRWES S, KFdD 6, Dy 12,6 D3 6g 12X
IR
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EES 2Tk oTRkOOENS. TIT 1 IFEEERA (mean anomaly) TH D,
REYPEZMTIELL T, JulEdtbz2FE e UTEH RO D S - 7z E DAL
BETOAETHD. WAl%E t, NiEFRAHZ T, L35

_27(t — 1) s
I 180

L725. to WdoeHl (FA &, RIRLEGI R OFUE & 70 2 1], KRBT I3 s 2
EHPBPIN7ZHEZ AL T2) 2 RTIELTHD. Pppog 1 FHIZE T 2 EE
DN A (ALK degree, TLIZB T B RKGOERIZ T ZRLZHD), Oy &
IEHRERETH S, DCPAMS T, HRLICHB TS [ 23K 72112 Newton #£I1Z
5T (7.180) % £ IZDVWTHRWT W5,

l (7.181)

+ <(I)Epoch - (I)(])

ds A TFDOATEHHAEINS.
sin dg = —sin b, sin(Py + D) (7.182)

0, \FAEMER A (RIROBIET & FREH D729 M. Liou, 2002 12 & #uiE oblique
angle of the earth’s axis. H#gHl & AEEID 2T AIZHEFEL ). ¢ ITHEHIIRMA (true
anomaly) TH Y, HEZFEAE UT, EHA»SHBHEOHE LOMEZRKT
HETHS. © ZUTOAPSRET NG
o 1+e §

tan 3 = T tan 5 (7.183)
Oy I FEHNERTH Y, BARDOAMEEHRDRIMTHS. &g+ O IFEE%
JRee UC, BRRDOAAPOEEDMNEE CHl-72AE LR ->TWVW5S.

i H IZEANOATIRET 5.
H = QWtByDay — T+ A (7184)

tByDay \FRZZ HEALTRIAL7ZE D TH B (tpypay = 0 DK 0 FIZ, tpypay =
0.5 WIEFIZHINT 2). HOHEHDAD ORORA Hy 1

cos Hy = — tan ¢ tan dg (7.185)

DRERIZLATD & 512725,

x = a(cos§ —e),
y = av1-—eZsiné,

72720, a IFHERERAE, e IXHELRTH 5.
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DCPAMS5 XEARRAR E ZEEME R LIn COEEDRN 7S v 7 R 75

LR s.

R TIE, BifE DCPAMS IZFEE I N T WA HHF MO E HIKIZET 550id %

S =

179

1.

2L (FHZAL) 2 HET 254,

ZOHEIE, EFEEO (7.177), (7.178), (7.179), (7.182) % W THEE - R/,
%2 52 7258 DOKRK LI B 21EE» S OBH 7 5 v 7 A0k %5t &
T5.

DCPAMS DT 7 4 )V hDNT A —RFE %M > THEAL KK LIGIZES T
%A HE EORE BN 2X 7.3 12, BEOKBIZHOEZ/NTF X —
RBTE "> CTRHE L2 H P H R B O AEE A2 X 7.4 1TRT. BlE
DHIERD LA DFER (X1 7.4b) 1&, Liou (2002) @ Figure2.8 TR I 17245 %
EREUNR =225 TS,

LY - S S SAE W 2556

DCPAMB IZBEWTIE, FEIAS =D L OCHEEIAS A%, L FOEAR %
FAWTERELTWS.

F_é(SO) = _SO(Ains + Bins COSQ 90), (7186)
cosy ~ A, + B, cos® . (7.187)
28, BRI OISR E RN THBEL 725 sec( &
1

seex = A, + By cos? ¢ (7.188)
LUTCEEAET 5.

Ains, Bins, Ay, By D £ 7.3 12579, ZH5DfEIE AGCMS T
TWEEDTH D, EO LI ITREINIZDNITOVWTITEMR & Z A 130
RENTWARW., UL, (7.177) 12 & > TASHRE &% G5 U H Y - 457
U7z 2 W T, B/N_3IET (7.186) "D 7 4y T4 VI &{TD &KT.3
R U7z A BEY Bys OIEEIZIFE L WBUENE SN 5 (T42 THEL
72558 Ains = 0.12756, Bine = 0.18340 &7 3). A, B, {Z2WTI, (7.177)
DRI 2 - 726 DAY (7.186) TH B & & ZNUT Ais, Bins 2 ZNTEN
BT U2 DN A, B, 285 3TTH5. FKETDcosy DEA 1127
DEOICEBMERDDLERTID A, BEIUY B, LEFELUWENE SN D (T42
DEFFE TR S N7z Ay = 0.12756, B = 0.18340 Z VW2 & A, = 0.41021,
B, = 0.58979 &7 5).
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outgoing shortwave

latitude

0
(degree_north) (day)
time

CONTOUR INTERVAL = 5.000E+01

___IEEEEEE .

—600 —450 -300 —-130 0

7.3: DCPAMS5 D ASKIGHEIL—F DT 74 MEEEAVWTELNSE K
K[LiRICE 1T 2 B KRERHNORFE-EE DM, Ml 1 FORHH» S O HE,
el IIARE . K& EmIc B 2 KoMz 1 R IZqHE L, BiEEE2 & -
72fli%RLUTW5B. DCPAMS D KA LU COEEDRE 75y 2 A% 52597
W—F v HAWTEE U7z, AKEMRIEIE T21. Fy = 1380 W/m™2, 6, = 23.5°,
Dy = 0.0, ¢ = 0.0, TCIHITH T HREDHEREIL 2800 & LA, 1 FOERIIX

365 H.

Bins

Ains
0.183 | 0.410 | 0.590

AX BX
0.127

% 7.3 BEOHIAEBE LBED A, Bins, Ay, B, Dff
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outgoing shortwave (b) outgoing shortwave

latitude
latitude

200 400 600

Il [}
100 200 300 0
(degree_north) (day)

0
(degree_north) (day)

time time

CONTOUR INTERVAL = 5.000E+01 CONTOUR INTERVAL = 3.000E+01

| _ I EEEEEE N B [ 77 [

—-600 —-450 -300 —-150 0 —600 —450 -300 —-150 0

X 74 BREOREDREEXAVTELNDZALRLIFRICE TS HEE KGRSO
BERE-RBE . BifllX 1 OB H D S O HEL, Mt KR BB 5K
Bt iz 1 BRI ICHEL, HEE2 L 5 -fliz R L TW5. DCPAMS D
KA LI COEEDHS 77y 7 A% 5259 TNV —F v EHWTCEHE L. KE
FRAREEIX T21. (a) HEDOHBREEL 7285 A = RFZLEZHAWEE. Fyo = 1369
W/m™2, 6, = 23.44°, &y = 102.768413 + 180.0, € = 0.016713, JLIZ B 2 HE D
R X 99.403308 +180.0. 1 FFDEX X 365 H. (b) HFEDKEZBEL 7285 X —
RETE "R FAINT=EE. Foo = 588.98 W/m™2, 6, = 25.19°, & = 258.98, ¢ = 0.0934,
TTHIZ BT A REDOERIE —10.342, 1 FOEX X 669 H.
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78 DCPAMS5 XEE AR & ZDBRIL BTE RS

LA, B HRF A - R HS OIS 2 B R R RIZA T Ol
DTH5. THoDRITHEDSERY - HIEIHR D HEORNZHEHTE S
FTTHDEHP > TR,
o H€GEHIHS 46 D ERE R L
Liou (2002) 12 &, HEV-UN & Fy 1ZIRO XS IZEHRI N 5.
— 1\*S
Fan(@) = o) 2

Ts ™
X (cos ¢ sin hg cos §g + hg sin ¢sindg). (7.189)

ZZT,0& S(r) D1 HOBETOELEIZ/NZIWE T BIEMEHNT
W5,

o H¥J - AP H B /340 D IEME 72 R A
Liou (2002) (Z &+, HEE - 4R H S04 1

FOOTorb§(¢7 6)

F,(¢) = (1= )i (7.190)
: : 2
S(e,e) = %/{J (ho — tanho) sin Add\  (7.191)
THEALNS.

2% ¥ LT, North (1975) THWSHNTWS R E 2P TH <. North (1975)
TIE, KR LUHIZB T 2 EEORMR 7 7 v 7 A0y - B0 %

Sy = —0.482 (7.193)

ELUTC, TANF—NTVRAETMILBEHEZT>TVWS. 22T o =sing
TH5. Sy DfElE, Chylek and Coakley (1975) OHUERIZ B 1) 2 Kl i o
AN DBEIZ D ERE L2 D TH B (YR F RGBT 5
ERBHDPEL 72D BbND). TNhS, Ay, Bins CRINT 28%
AR T L
Ains = 0.1295, (7.194)
Bins = 0.1808 (7.195)

b A

3. FiE DHDHMN 6% H\\ 5% (perpetual run).

ZDEGAEITIE, sindg & rg IZEBUEZ 5 A T (7.177), (7.178) Z W\ T, K5
LU BT BEED» S DB T 7 v 7 ANHeitH T 5.
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4. BREER - ORI O E A (IR R 28
Z O)t%é\cztia kﬁ%ﬁ?)\f‘(@ﬁﬁ; Asubsolar C‘:ﬁ}jﬁ# ¢subsolar ;E,_j:%-é . qbsubsolar =
0 DEEEZEZRT, KIEMA %
cos X = €08 ¢ cos(\ — Asubsolar) (7.196)
ET5. ZHITKY HENSDBNT v I AnH%
Fy(¢) = Fyocos x (7.197)

TIET 5.

7.8 HHETETHWS/NNTA—%

BOHAI B CHE T AR E AT A— XD ERED (WPNBET 5 FiE) 2 U F i
¥,

o JHIHIZHT B REAT VAR DCPAMS DY — A2 — RNiZ@ELdhEhTWB1E
12 0.2.
BIEDOMIERDLGE TIE, MIKICRT 2 RET VAR NI 0.225 THS. Kiehl
and Trenberth (1997) 12 & 2 HER AR DB D B D Tk, REREIIHUR
342 W/m? ®5 5, 77 W/m? DRRIC L b Kb,

o HIEDHELE: DCPAMS @Y — A3 — RIZildk TN TWA1HEIX 0.0.
BEOHERD L&, PLEHELHEIE 0.0167 (BBHMERIZE S).
BEDKEDLE, it o%I% 0.0934 (Allison, 1997).

o JIH f#E#E: DCPAMS DY — A3 — RIZEdd TV AEIX 0.0 .

BFEOHBRDLG G, 3 H R L 102.924° (FRMERIZ & 5) 12 DOCPAMS T
T 2545121 102.768413 + 180.0 2 5-% 5.

WFEDKBEDEE, 1 H KRR 250.98° (Allison, 1997).
o KEZEH: DCPAMS OF 7 )b Ml 1380 W/m?2. Z Dffii% Ishiwatari et

al. (2002) 12& 3. UMFIZHBRS &S IZHEOHBRDO KRG ER L D PP K
%\1\13

L2Duffett-Smith (1988) HHERT 2 L.
3770 ME® 1370 W/m?2 IZ U2 B RBWrE.
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BREOMMDEE, KBHE#IE 1367 W/m? TH S (Hartmann, 1994). K5
DI RFRNZ FET B T 2V — Ly £ UT 3.85 x 1026 W (BERMER), X
PHHUEREI DR 7o & LT 1 ROCHAL (1.496 x 10 m; BRRMER, 1995)
ZHAWS &, KGRk

Lo 3.85 x 10% 2
_ = 1368.8W 7.198
4n7% 4 x 3.142 x (1.496 x 1011)2 e ( |
LEEINS.

BEDKZDEGE, K EEIE 588.98 W/m? (Kieffer et al., 1992)

7.9 BEXHR

Allison, M., 1997: Accurate analytic representations of solar time and seasons on
Mars with applications to the Pathfinder/Surveyor missions. Geophys. Res.
Lett., 23, 1967-1970.

Chylek, P., Coakley, J. A. 1975: Analytical analysis of a Budyko-type climate
model. J. Atmos. Sci., 32, 675-679

Hartmann, D. L., 1994: Global physical climatology. Academic Press, pp411.

Kieffer, H. H., Jakosky, B. M., Snyder, C. W., 1992: The planet Mars: from
antiquity to the present. Mars edited by Kieffer, H; H., Jakosky, B. M.,
Snyder, C. W., Matthews, M. S., The University of Arizona Press, 1-33.

Kiehl, J. T., Trenberth, K. E., 1997: Earth’s annual global mean energy bugdet.
Bull. Am. Meteorol. Soc., 78, 197-208.

Liou, K. N.; 2002: An introduction to atmospheric radiation 2nd edition. Aca-
demic Press, pp583.

North, G. R., 1975: Theory of energy-balance climate models. J. Atmos. Sci.,
32, 2033-2043.

Toon, O. B., C. P. McKay, and T. P. Ackerman, 1989: Rapid calculation of ra-
diative heating rates and photodissociation rates in inhomogeneous multiple
scattering atmospheres, J. Geophys. Res., 94, 16287-16301.

TY T -IFVRI AT -Th- VT VE JRE M KE KR, 1974 .
BURXE, pp214.
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AT HE, INE B, KA BEaER, 1998: RAK & il D R KFEHIE, pp259.

Numaguti, A., 1982: ZviFiZ 51 2 FEEEIHE) O KB G (2B 3 2 BUE SR, B
KEATE LGRS

ENZ R X B, 2010: BRRHMER, A2t
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8 BEWR

g
JdUT

8.1 I[XLU®IC

FE AL DRGREBRETNVIZEVWTIIEERZGICRBT 57O 0 fREE %2 Fiz
ND T, EOFRAET D MU ITENRLQKRIGERIZE 2 55202\ T S A
D FHIETIHIE X5 21570\, ZOFHE GIEIE—RIZEERSTIAZVEY=varvk
XN 5.

BAED DCPAMS TIIIRiE X i (Manabe et al., 1965), Relaxed Arakawa-
Schubert A% — 2 (Moorthi and Suarez, 1992), Z U CKHZETL L S ITHR L 72
Relaxed Arakawa-Schubert A% — 2 (Moorthi and Suarez, 1992) 253 L TH 5.

BRE, TR OBRANRBIZSNITEEVLEL 5L H X 5. Nz I RS
(KBUREERS) 20D, ZHUZDOVWTIE IR 28O Z &,

2014 £ 6 H 18 H (MuERIEAREMESEE) cumulus/cumulus.tex(cumulus/cumulus-intro. tex. tex)
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8.2 EEANRIAE

83

8.2 EEXIMAEI

Z 2T, SRR (e.g., Manabe et al., 1965) D& RLIZ DWW TGS 5. 72
B, SR O E XM 1E, KALKD R WSRO T, A O X2 6%

ZIZEETE 570, 2 IR RZEN M O IZ B > T\ 5.

8.2.1 FUIERIR

EERHESIE T LS IcENMEEI N 5.
0
@{QT+L¢UU+W}>QAZ,

q
> Ty
q*(T,p)

(8.1)
(8.2)

T 2T, CyAT. BARZENEZ 2TEFHH T 2L —2DFMETH D, r. 3ERED

AU S HNEEDOBIIETSH 5.

A HAIRE I3 72 3 S 1,

3/ (C,T + Lg)dz = 0

at p P q - 9
0

E(CPT—l—Lq—ng) =0

ThS.

E 7z, W& TRORL t =1, IZEWT,

o TWwWiRITE RS, 22T, ¢ IZMENEETH 5.

(8.3)

(8.4)

cumulus/cumulus.tex(cumulus/cumulus-mca-disc.tex.t2Q)4 4 6 A 18 H (MuBRUTA NN EAEE)
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8.2.2 BEHEARIR

ML U 72 ATRBT D& T XS ITRbEINS.

Coli+ Lg" (1) + g2 — (CTies + La" (Ter) + gis1) > GATL, (86)
S, (8.7)
q* (T, pr)
dk+1 r (8.8)

0" (Ths1, Pry1)
T, AR OMAERT . £, C,AT, IALEL K B IRHHH T XL X —
ZOHBMETH O, r, 1ZHEEELE U B HEEORETH 5.
AR (2 72 9 SR

{&T+ La} Ay + { T + Linnr  Amicy

= {Cka —|— qu} Amk —|— {Cka-I—l —|— qu’-i-l} Amkﬂ (89)
A

Am, = =& (8.10)
g

Ap, = Pe—1 — Pryl (8.11)

CoTi + Lk + 92 = CpThr1 + L@y + 92k (8.12)

a = ¢ (Th,pr) 8.13)

8.14)

Gor1 = ¢ (Thg1, Pit1)

ZZT, (812) zHKEFEONE HWTEET S &,

2 (g —pe) =0 (8.15)

Co(Tk — Thor) + L(¢"(Th) — ¢ (Ths1)) —
D+l

t&%.btﬁofw“@#6@5@3#Wﬁ@ﬁéﬂﬁﬁ§w.EBJE%M

Ty + Thia (8.16)

ERBTHILIZTS.
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Z :_VC“, qk, qri1 T A 5“'@5@[./7

oq*

@ = ¢ (Te,pr) = ¢ (T, pr) + o7 AT, (8.17)

=T},

. . oq"
Qo1 = @ (Thst, Der1) = ¢ (Topr, Drsr) + a7 ATpy1  (8.18)
T=T)11
AT, = T, —Tp (8.19)
ATerr = Tiyr — Thin (8.20)

EUTHN—RARAR 2 &, TOMBPR/ON5.

[ L
AT, = {Aps(1+%)} " {FAQ — Apgir (14 Ye41) ATk+1} (8.21)
p
—1
ATt = |Fupy {8 (14 ) = Apgas (1430400} + (L+7) (14 9011) (Aps + Apys)]
L
[Apk: (1+7) Spps + {1 oy — F,H%} FAQ} (8.22)
p
R pr — prn
Fopr = m—F—— (8.23)
k+3 Op 2pk+%
o o L . . o A
Spyr = T —=Thpr + roh {q (Th,px) — q (Tk+17pk+1)} — Fl <Tk + Tk+1> (8.24)
p
AQ = Apg {@k - q*(Tkapk>} + Appia {@kﬂ - q*(Tk+1,pk+1)} (8.25)
L Oq*
T = A (8.26)
Cp OT | p_p,

%B%éc: &, FELOMIE g, quer 2T 1 7 — B LU TROIEMMET U AL, [ERf
CERTEZLTWRY, 502, FEROERMEIE, E BHHOELE E+1 BHOE

@(E‘é z»‘:i‘%nabm\ét TTHEH, EBIZIZ 3 B EOEIZhZ5EABRZ

DA%, ZZT, Ll O MENIEDIELITY Z LT, RAIZHEATGILTWL.

B, BRI

1

1
- AmpA
P ZAtka. TSk

Age = @ — Gk (8.27)

THhd!

LZZC, ShEHAOMIZ EED S REIZHEIT THZESZ&iI2LTWS. ZhiE, EEOLM

kG 7b=d\m\t&bfaaé
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PUR &, BLERBE CIXIRIE S R fi 12 1R S22 U T W2 2o R R T 12 13 52580
& (yot, 2013/09/07).

ZIT, BB TR E, EHEYARLKUNOYEDREZTMET S 25 %
5. DO, HEBE, KAKUNDOYE L, B FMRIESET 52352 L 2{0E
U, “EloMBEEEL22ZWT 52 22723, iz > REERICB 2, k8
k41 FHOMOHMEEE My, &2, FROUELES L VKERUTIETO
Wi A/ RVASR

R R RTk+l
Akaka = (Amk — M]H_%)Cka + Mk-{-% {Cka;—i-l + D 12 (pk; - pk+1)}
k+1
+AmL(Agy). (8.28)
~ RTk+l ~
Amp1CpTepr = My Gl — “(or = prsr) ¢+ (Bmiy = My 1) Gyl
k+3
—i—AmkHL(Aqu)c (829)
AMmp1qeyr = My 1qr + (Ampqr — Mk+%)qu+1 — Ampi1 (AQrt1)e (8.31)

ZIT, (Aqp)e (& k JEIZET DEHKER (FFRERFIZ (Agr). > 0) THD. ZhH kD
M1, (Aqy). ERD D L,

CpATk + LAqk

My = ——— e Amy(8.32)
Cp(Th — Thoy1) + LGk — Grr1) — :f (Pr — Pr+1)
2
(Bade = (Gom—d)2E A (8.33)
qk)e = \Qk+1 — Gk Ay qk .
A ; L N 34
(Agrs1)e = _(Qk+1_Qk>Amk+1_ k41 (8.34)

£78%. LU, 2O My Z2XDEIAVD ERBENIRDIENDHDT-0, F
DESITERZELGZS.

AmyAmyy
Amy, + Amyqy

O ERRIE, BERICEEREALG EOAEAE O IZR S MEIIHINT S, £z,
AROLZED DI, My 1 OARABUEL D BN WBEIZE, My, =027

M1 < (8.35)

2R ORRE RS R B ATREME DDA R T2 . F 2, BEMER KU N2,

S EBIZIE, EFRCADEADHEEIIRERDIEEIOSNDID, TNTNEELIEETES
5E£ﬁi‘m\t&b CIZTIRAMICBE TS EIRETS. /2, 22 T2 2xrEE, BEX
NHZEEDO FRMIZHY T2 EEZZoN5.
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87

52T 8 ZOXIITLTRDE My, 2HVS &, FHEITERORE, KA

NOYEDIREHIIETTD LD

U, =
Uiy =
qr. =

dk+1 =

IRzRINS.

N N N Mk+l
U, + (Uk+1 — Uk) Am;:

A~ N N Mk;_;’_l
U1 — (Upqr — Uk)Amk-il
N N . Mk:+%

G + (Qr1 — Gx) Ay,

heor — (i — )
qk+1 qk+1 k At

4 BURTIE, BfEIX 1.0 x 107°C, L LTW5.

SZZTlkgrELZLIZT S,

(8.36)
(8.37)
(8.38)

(8.39)
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8.3 Relaxed Arakawa-Schubert X ¥ — A

Relaxed Arakawa-Schubert FE/XT X X ) ¥ — a v OE AL, Arakawa and
Schubert (1974) ¥ & OF Moorthi and Suarez (1992) 255 .

ZIZT, ETHHTHWDHEEIZ D WTHEHL L, IRIZ, &R TO Relaxed
Arakawa-Schubert FEZEENT A X V¥ =2 a VORBEZRT. TDREIZ, KIGERE
TITHWS, [ULEERTORKRZRT.

8.3.1 H&EICDWT

ZDOXETIE, FoEkT NEAL] WS HEEZHWT WSS,

P
Ptotal ( )

ZZT, p, IWE 2 DBEETHY, poj 1EERKAEETH 5.

0 REBED B VIFARFOMA TR, KEKEEZRTHEL U T, RGBT T 5K
K[REEDEIETH S NEAI] “mixing ratio”, ¢ = p,/pd, &L ERKEEIZRT 2 /KELEE DH|
HTHD THIE] “specific humidity”, ¢ = po/protat, P23 2 (Z ZT, pu, Pds Protao 1&T IV
THIKFEREE, WHERRJEE, RRAEETH D). L, BK BROEEZRTSEL LTI,
HAGEIZIZKESIZBIT B LS RV I PFELRVWE S TH D (HFETIE, IBAHIE “mixing
ratio” & “specific cloud water content” & \Wo7z XS R ODHENFON TS S5 LW). £Z
T, AETIE, NEEHK] CWIHEZHWT, RRAEE IS DEE, ¢o = po/protar, BT
Zrizys.
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8.3.2 HIERI
EEERERICBITA2ARERR
FEEXNTIC X AR, IR ORRIZ/LRIETD X S IZFHiid 5.
oT 1 /0s
( ) - (at) (8.41)
0q, 1 0s
a) =1 (G ) () ] 5
1
( t) —;D’ (2)ri(z) (8.43)
0s 1 1
(5) _;Mc——;wm ale) (1= (=) (8.44)
ony _ 1. 1 .
(55) =335 50 Cat) (4~ (8.49
Mo(2) = / na(2)ms(A)dA (5.46)
0
d\
D/(2) =~ (Y (Ap) 22 (8.47)

dz

ZIT, s h ZENFNZBEFHNT XX — LBHEEN I A LVF —TH D, ¢ 1FE
KBEHTHD. /-, r ZT P A VAV FENZEKD D B TERIEETIKRD
HETHB. NFIZY LA VAV RATA—RTHY, \p(2) ZfEE » HEE
(ThRLAYAVIE) LIRBEDZ VRNV A VAV INRTIA—RTHSB. 1), mp
XZENTNHIEESNZERE T IV IR BERICBITIEEZE7 IV I ATH 5.

T2, MENOEE 7 7 v 7 AL \|HEBENTRINTF =T T v 7 ZEXTFO AR % i

rTeT Bt
om(z) _
0z =2
& e ) +aia @] = 220, )
a77A( )

5;{nx() a2)}y = =5~ hz)
DEREME UT, B, 2 = 25, IZBWVWT

m(zp) =1

THBNME, ThUA VAV P INFEKRPTRCEK LB TEET 2HETH D

8 22 ;:c EENTORKEZHEHEL TS

(8.48)
(8.49)

(8.50)

(8.51)
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95, i, KALKEPHBEFNZ AL X —O FRERZHFITOLSIZERS.

hi(zB) = h(zp) (8.52)
@ (z8) = ¢u(2B) (8.53)
GA(zB) =0 (8.54)

¥ FRLA VALY NETH,

h5,(zp) = h*(2p) = s(zp) + Lq, »,(2p) = C,T(2p) + gzp + Lay , (2p) (8.55)
4y, (20) = q;(2D) (8.56)

CIRES .

mu(\)dA i, FEHEEE Tk 3. BALHER, Ay, RFOX 5102 HT 5.

a7 I ) — s}z (8.57)
Z Z T,
() = 5(2) ~ T U — () (5.5%)

ThdILEANT,

o1 g ¢ .
A, ~ /ZB Eaetex st CICIORINCILE (8.59)

ne
ol

5.

ZIT, EHFHHBORHE(EREZEZX DL, FOXIITEREDLASD.

aAA . 814)\ aA)\
= (3). (3), &0
)\max
(%> = / K,\ ,\/mB(X)dX (861)
8t c 0 ’
- - 814,\ LR - = s s 8A)\
ST W SRBUWE S DEE)NC & 2 ELFHERORHZE(LERTH D, e

LS c
IREENTIC K 5 EMHEBORHZIETH L. /2, Ky 1F, TV bbb AV
AVIRE N THIEESRV LTS, TP LA VAV MR\ ThHEIEENR
R BEMTREARORFHENEOBNEREERE 7 7 v 7 AHTZ D DIETH 5.

PLTHRPILWV. 5o T0EI LI, ZEHAHSE S OMEN, B25 /A UEHDOES S DE
DVBEXRTIITHEERITTE VWS k5T L.
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z T,
HA,
Ky =0, AN (8.63)
LIRET B &,
A\ [0A,
(%)~ (%), 500
<%) = Kyamp(\)dA (8.65)
1 OA,
K= mp(\)dA ( ot ) (8.66)
1 8AA)
A)dA = 2 8.67
mpir = 2 (52 (8.67)
DA, T s
rin, (7) EEZNE mp(\)d\ ZRDBIENTES.
LS
[EEERICEIT2AERAR
8.32 Mo % KEIERIZESHA 5.
BRI S5 0] D B K E S5 D X
A O
T (8.68)
p K
p=(L 8.69
() 5
R
T
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ZHWT, 832 fioXE2ETHL FOLdIcRKRINS.
0 0
(a—f) - —gMca—; — gLD(P)q(P) {1 — r(P)} (8.72)
oh oh
(57) = —oMGs + oDy 1 =) (8.73)
0
(%) =sp@parin (8.74)
’ Ap(P)
M(P) = [ (Phma)ix (8.75)
0
d\p (P
D(P) = s, (Phn(p) 22 (8.76)
O (P) Cp
Gp = (8.77)
0 onx(P
O Py = 2 ) (8.78)
0 onx(P
O (P {iaP) + aia(P)}] = 22 (8.79)

INoORZHEREMEIMTHCTEET S & S EEINZBRET IV 7 X 1y,
BLIOZVRLVAVAYVIR N IETFTOLIIIRTZENTES.

C,. [
m(P) = 1+?”>\/ 6dpP (8.80)
P
~ G (Ps WPy) = W(Fp) (8.81)
3 e, 0(P){h*(Pp) — h(P)}dP
£z, EHEEBEITO LS cHZ e T3,

A " ! ! PY{h§(P) — h*(P)}dP ].82

v [ e PSP - () 552

8.3.3 BEHEERIR

Relaxed Arakawa-Schubert fEZE/NT A 2 ) ¥ — a v O#iEbIX, 312 Moorthi
and Suarez (1992) D —#ZBELZELDZH V5.
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8.32 HiD itz N & 51T LS 5.

8Sk 8sk
 — = _— = M /FS / = !/ )\ /FS ! 883
( ot )c Z < ot )Qk, Zk B L sk k Ek, 15, AT o g (8.83)

k/
Ohy, Ohy,
— ) = = = MpwThwr = AV YT 8.84
ZIZTC K REHEDA VT Y I ATHD. £z,
(9
—A—pkﬁk/,k% (Sk - Sk—i-l)
Fs,k’,k = _ﬁLQLka’nk’,k’ (]_ — Tl,k’) 5k’,k (k S l{,‘/) (885)
k
L0 (k> k)
(T s (At — hiy1)
Thpg =4  +-2 (W — 1) ops (k<K (8.86)
Apy,
0 (k> &)
TH5HY.
M-t = Mt = —BrOeAe (8.87)
M pr—1 = Mt = — B b A (8.88)
C
B =2 (Pk 1 — Pk+;> (8.89)
g 2
C
By =" (Pk 1 — Pk) (8.90)
g
nk“k_%h;’kf% - nk/,k+%hz’,k+% = <’r]k/’k_% - nk’,k-ﬁ-%) hk (891)
M o= 3 o 1 = Mo o P g = <77k’,k’—% - nk’,k’) By (8.92)

c c c c _ o
Mkt -1 (qv,k’,k—% + qz,w,m%) ~ Mkt et <qv,k’,k+% + ql,k’,k-&-%) = <77k/,k:—% 77k’,l<:+%> Qv,k
(8.93)

Mkt ke —1 (qi,k',k/—% + qlc,k',kf_%> = Nk’ k! (qch,k;',k' + Qik’,k’> = <77k/7k’—% - 77k:’,k’> QoK'
(8.94)

10 Moorthi and Suarez (1992) Tk, Z DS OEEFALICHLER ZHAWT WS D, Z 2 TlHE
EEJEHNTWS. ZHZED, PEENEICRD L 2#ITH I LNTES.
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FEBEIZEZEHEAZFEOEDI Y LA VAV MRT A=K N\ XTO &S IZEEEL
T 5.

-1
A = (hk’mlt - hk’) {ﬂk‘gk’ hk/ hk’ Z B0, hk’ hl)} (8.95)

l=km1++1

ZZT, by WREEREEDOA VT Y I ATHS.

K JERICETHZ R OEOEMBERM Ay X TO &S ICHERILT 5.

k'—1

Ak/ = Z {/"Llnk/7l+% (hz/,l-‘r% - h?) + Elnk’,l—% <h2/,l—% — h?)} + ek/nk’,k’—% (hZ’,k’—% — hZ/)
l:lmlt+1
(8.96)
1 1
- = (R -P.y) .
" 1+%Pl( ,— Py (8.97)
1 1
= = (P - R) .
& 1+%Pz< 1 - PR (8.98)

MEEDRIRIZ & 2 B HBBDIFRIZ LRI, BEBCRICBWTTO L S IZRINS.

dAy k-1 k'—1
( yy ) = Mp Z ( + &) {Fh K ety Z <MW—§ - ﬂk’,l—f—%) Fh,kz’,l}
¢ I=lrmmie+1 I=lmit—1

- (umkw% + 61771«,1%) (L4 7) Py

— (nk',l—% - ﬁk/,H%) Th,kcl]

K —1
+ Mp lﬁk' {Fh,k/,lmlt - Z (77/4,1—% - 77k’,l+%> D — (1+ ) Uk/,k/_;rs,k/,k'}]

1=l

(8.99)
. o = N 0Ay
728, Relaxed Arakawa-Schubert /87 X & 1) £ —3 3 VTl e IETFD &
LS
DIZEZ 5.
8AA> 1
9N Ay — A, 8.100
(52) ~m -4 (100

Z T, Tras | FRRMIRFER, Ao IFELFHEBD E] THD. 7z, Ay 1358
T AT —IVIEER, U, BLIRIEG R EIC K 6T 5 2RI BROEMLFERTH 5.
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8.4 KHE#AZEL Relaxed Arakawa-Schubert F5&/\
ALY )VE— 3y

K% &L Relaxed Arakawa-Schubert FE/NT A X ) ¥ — a3 v O &AL
Arakawa and Schubert (1974) & & UF Moorthi and Suarez (1992) Z#LRT 5 Z
TEINT 5.

ZZTE, FTHHATHWSHEEIC D WTHENR L, RIZ, BEEFERER TO Relaxed
Arakawa-Schubert FAENT A X VX -2 a VORBZRT. TDRIT, KIEERT
TITHWS, [LEERTORRZ/RT.

8.4.1 HEEBICDWT

ZOXETI, FTOEKT HEAK] WO HEZHWNTWASL

G = (8.101)
Protal

Z :.VC‘\, Pz titl:%g T @%}ET% D, Ptotal 6iéﬁﬁ%ﬁ§?%é

8.4.2 EREEDHK‘W

KELKEDHIFINO XS ITIREDOBEBTH S LIET 5.

0 T<T
q T-T
T) = = <T<T 8.102
a(T) p—— o1 S 2 ( )
1 T>T,
ZIT, Ti<T, THDB. 7z, INZHVTHANKALKEXFO LS I1TkD 5.
0,(T) = a(T)qy454(T) + {1 = AT)} 5 5ce(T) (8.103)

W RGBT 52 WIXERAFOMF T, KEKEEZRTHIEL U T, EBERKEEIIN T 5K
JEEOEETHS NEAH] “mixing ratlo” q = pv/pd, Ki‘jﬁfﬁyﬁf TR B KL E E DH|
GTHD ”:[Z{LJ “specific humidity”, ¢ = pv/ptotah DZDWH3 (ZIZT, pu, Pd, Protao 1E T
%7}"«7J<77‘< B, ﬁz,kﬁﬁj(h'ﬁ)ﬁ, BRAEETH D). LrL, EK, H;?ko)%%?%?-é%t LTl
HAGEIZIIKESIZE T 5 & D BEWS I BFEL RV & O’Cﬁ)é (HEETIE, IREHIZ “mixing
ratio” c‘: “specific cloud water content” & \Wo 7z K I R DDHFENFLNTVWE L LW). £
T, AETE, NEAK] CWHHEZAWT, 2RAEEIZNT DEE, ¢o = po/protal, ZRT

29 5.
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Z 2T, Guig(T)s @ iee(T) BZNTNHUR L FEUAD KD ETORFIKAKETH 5.

8.4.3 HIERIF
EEBERICSITEHRERTE

FEEFRIC X 2IRE, i, EAKE EZEXKDEASEORRIZERIZI T O X 512 i

3 5.
oT 1 [/0s
(E)c G (%)c (8104
Js 1. 9ds 1_, 1
(E)c = Megs T ;LXZ - ELiXi (8.105)
0w 1 0¢ 1, 1_, e
( BN )C Mgy + X + pD (2) (g5 — qv) (8.106)
aql 1 8ql 1 , 1 ’ 1 ,
) == — X+ =X+ =D'(2) (g - 1
< t )C ) c az le + sz + P <Z> (ql QI) (8 07)
8qi o 1 6(]1‘ 1 ’ 1 ’ c
<3t ) = Mg, TN + pD (2) (4§ — @) (8.108)
Ap(2)
M) = [ mE@mayix (8.109)
0
d\
D'(z) = —nap (2)ms(Ap) 52(2) (8.110)
Xi = D'(2)a(z) (1 = ni(2)) (8.111)
Xi = D'(2)qi(2) (1 —ri(2)) (8.112)

ZZT ATV RV VAV IRTIA=RTH Y, \p(2) IZEE 2 BEH (T H
VA YVAVINE) ERBEDIVRLA VAV IR TA=RTHD. gy, mp &%
NENFELINZHE7 v 7R, BRICBIIAEETV IV I ATHD. 77,
L, i WET RUA VA Y NEINTZEIKREEKRD S B TS, T I2E5E 45T
»HBH2

E7o, MENOHERT 7 v 7 AL FWHEN T AV X -7 5 v 7 ABITFOHERX

RHDWNE, TR Ay M INFEKREFEKRDPT RCTHSS, Bl U 7258 THRERS, BE S 5284
THb
13 Z Off 1%, 3535 Tl condensate static energy & IER K 5 72,
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T LT BN,
Om(z) _
5 A (8.113)
) 0
8—[ (2) {d52(2) + air(2) + &0 }] = 775( ){qv( )+ q(2) +qi(2)}  (8.114)
0 0
L 56 - L) = 2 )~y )
n DBERFME LT, EE, 2 =25, ITBWVT
m(zp) =1 (8.116)

5. Fi, KEAKEPEMEHFH T AL —D FRERZMEEITOLS 15X 5.

hi(zp) = h(zp)
@ (28) = qu(2)
qlc,A(ZB) = QZ<ZB)
QE,A(ZB) = qi(2B)

7, F LA VAV NETR

hS,(zp) = h*(zp) = s(2p) + Lq, »,(2p) = C,T(2p) + g2p + Lqy , (2D)

@orp(2D) = q5(2D)
4, (zp) = a(T(zp)) {afr, (z0) + & r, (20) }

YARET 5.
7 IRETIORLEZADS I

Gix(2) = @A (2) + qa(2) + @i\ (2)
hi(2) — Ligi \(2) = s5(2) + Lq, A (2) — Ligi \(2)
= CpTx(2) + g2 + Lay \(2) — Lig; \(2)

(8.121)
(8.122)
(8.123)

(8.124)

(8.125)

DIMEDMHERD D Z LI TEDN, T{(2), ¢€5(2), ¢1(2), €2(2), TOZ DI
ERMHZRDDZLIETERW. I T, FOLIITRELTENL DEEZ KD S
NP A a0

goa(2) = @ {Tx(2)}
ga(z) = a(Ty(z {611,\ )+ a2 )}
Mzl MERNTORKEZERLTWS.

(8.126)
(8.127)
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mu(N)dA 1, FEHEEE H Tk 3. SEHBIE, Ay, RFOX 5102 HT 5.

Ay = / v %m(z){si(z) ~ s(2)}d= (8.128)

B

(y
(y
o)

1

~ T e - e} (8.129)

sx(z) — s(2)
ThHDBILEANT,

w1 g c ;
Ay~ /ZB EaetexinCICIORINCILE (8.130)

95

(v
(v

T, ERFHEBOKHMELREZZEZ L, TOXDIIIRELKSD.

DA, [0A, DA,
= (o) (), 5131
)\max
(%> = / K)\ )\/m3<)\/)d)\/ (8132)
at c 0 ’
> - aA}\ He LET N - I Mz IR < aA)\
ZZT, e VIR EUL DEE)Z & 2 EAFHERORHZLETH D, e

LS
FREERRIC X 2 B HBEABORME{RTHD. /2, Ky &, TV LAY
AV IEN N THLIEENREIKITT, TV LA VAV MR\ THIBEENR
W2 BEAHBEBORKEZROBRNERERE 7 Iy 7 AHZ0DMETH B0, Z
Z T,

0A,
Kyn =0, A#£ N (8.134)
LES B &,
a ), \ ot ),
1 0A,
Ky = VD ( o ) (8.137)
1 aAA)
A)dA = — 8.138
mpis = 2= () (8.138)

B BEZLL,ARITAZ L ZHS-TCEESETLEIRVWEEbDNS, 22T, 832 HiThiH
MEZDEFHOVTWAEFITH Y, h 2o CTESET RN ZRIEE X2,

B rTHEPRILWV. FoTW0NEILIE, BEADDEIOBEED, B2 /RIUEHDOEHI DE
DVHERTIIIHEELRFT WS &5 L.
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8.4 DIRFENES? Riokiatl A akddEfidhubert BEE /XS X5 Y E—> 3> 99
DA, . L
U <W) 52 0UE, mp(\)d\ ERDDZENTED,
LS
SEBERICE T2 AERZR
8.4.3 MiD A% KL FEERIZEZIZ 5.
BNTE S5 16 D B K T A5 D 2
0z _ﬂ
55 p 0 (8.139)
p K
p=(L 8.140
(pr) (8.140)
R
=G (8.141)
T
0= (8.142)
ZEHAWT, 843 HiOAZEKTHETDLIITEKINS.
s 0s
(a)c = —gMc% —gLx; — gLix; (8.143)
0¢\ _ _ 17 9% (P _
(F) = =om 5 +aD(P) 6P = () + 0 (8.14)
B B
<a—il) = —gMca—]qj + gD (P) {q;(P) — a(P)} — g9xi + 9xi (8.145)
0q; _ % c o B A
(3) = -oMG+oD(P) G (P) — a(P)} = o (8.146)
Ap(P)
mp) = [ (Pms()ay (8.147)
0
d\p(P
D(P) = sy (Pyms(p) 22 (8.145)
X1 = D(P)QI(P> (1 - TZ(P)) (8-149)
vi = D(P)g:(P) (1 — r:(P)) (8.150)
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on(2) C

—5p = —?peA (8.151)
(P {ialP) + ain(P) + i (P))] = 228 4, (P) 4 a(P) + ai(P))
(8.152)
0 _ I (P)

op INPUIS(P) = Ligi(P)}] = — 5= {h(P) = Lig,(P)}  (8.153)

N DAEHERSMELHLITHCTEHET S L BRI NZEET 7y 7 A, 1),
BIOFZ VMV AVAVIR N I FDOEIIIRTIENTES.

c,. [fr
m(P) =1+ j’)\ 0dP (8.154)
P

{h(Pp) = Ligi(Pp)} — {h*(Pp) — Lig;(Pp)}

- o - (8.155)
% [P 0(P) [{h*(Pp) — Lig?(Pp)} — {h(P) — Ligs(P)}] dP
T, EAEEBIITOLISICELZIENTED.
Pp 1
Ay = / pEHSP) — s(P))ap (5.156)
H BN,

A v 1 1 PY{hS(P h*(P)YdP 8.157
o [ e PSP - K (P) (5.157)
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8.4.4 BHEIRIF

Relaxed Arakawa-Schubert FEZE/XT X XV ¥ — 3 > O#E#{L X, Moorthi and
Suarez (1992) O HiEz RS 5 2 & CTEHIT 5. 72, ZOHITIE, GOz v
LAY AV EELEAMLIIOVTHRRS.

8.4.3 HiDFifE%E T X5 ICHEILS 5.

851: (’9sk
- ) = e =) Mpplspr= (AN D 8.158

at’ ) = Z MB,k’qu,k',k = ZmB,k/A)\k/quk/’k (8159)
c,k’ k! k!

’ ) = Z MB,k/Fql,k’,k = Z mByk/A)\k/thk/,k (8160)
c,k’ K K/

N N
S5

N— — 7
I

7/ N N 7N
Q)Qj
|S
ol

at’ ) == Z MB,k/Fqi,k’,k = ZmB,k/A)\k’Fqi,k’,k (8161)
c,k’ k' K/
T, K WEHDA VT Y I ATHD. =,

—A—pkﬁk/,m% (Sk — Skt1)

FS,k'JC = 9 _gLDk’,k‘qlc,k’,k’ (1 — 7‘17;9/) — gLka/’quk/’k/ (1 — Ti,k;’) (l{? < ]{7/)

0 k> k)
(8.162)
(9
—A—mnk/,k+% (%,k - CIv,k+1)
Lo = +9Dw i (4530 — Qo) + 9Dw @i (1 —1ip) (R <F) (8.163)
0 (k> k)

\
(

—an L (QZk_QZk—H)
Apy s Mk

Lowe = 9Dk (@1 — @) — 9Dw it (1 = rigr) + 9D @S (L= i) (k < K)
0
\
(8.164)
( g
_A—pkﬁkf,m% (Gik — Gik+1)
Vow =0 +gDws (S — Gin) — 9D s (L —rin) (K <H) (8.165)
\0 (k> k)
1
Dy = — 1 1.0 10 8.166
k' k Apknk KOk & ( )
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Thod'.

M o=t = M kot L = — Bk A (8.167)
Mot Jor =1 — Mt k= — B0 A\ (8.168)
C
Bi= (Py = Pessy) (8.169)
, G
B, = ? (Pk_% — Pk) (8.170)

Mk k-1 <hz/,k_% - LiQZk/,k—%) M kL <hz/,k+% - Lz‘qzk@k%)
= (nk’,k—% - 771«,/%%) (hi, — Ligix) (8.171)
My -1 (h;,ﬁk,_% — Liq5k17k1_%> — Mg (P — LiG o 1)
= <77k',/c'7§ - 77k’,k’> (hr — Ligi i) (8.172)

C C C C C C
Mt k—1 <qv,k’,kf% + D k-1 + qi,k@k—%) Mt et 1 (qv,k/,m% + Dk ot L + qi,k’,k+%>

= (nk’,k—% - nk’,k—&-%) (o + Qi+ Qi)
(8.173)

C C C C C C
Mkt ke — 1 (qv,k’,k’—% + D er 1 + qi,k’,k’—%) = k' k! (quk’,k’ + Qe+ qi,k’,k’)

= (771«,1@/7% - Uk/,k/) (Qoi + Qi + Qi)
(8.174)

ENOYELE, T((2), ¢6.(2), afA(2), @a(2), 1%, 8.114, 8.115, 8.126, 8.127 Z# 1
SRTES ZETRDDD, ZNS BIEELRERNTH 0, TR T 207z
D, VR UIKIZEORD L. 7o, WEIHELS 72DIZ T XS ez iE <.

ap = a (T) (8.175)
Lo E R EET.

EFEEIZEHEZREODEDIY LA VAV MRT A =R A\ EFO &S IZHEL

17 Moorthi and Suarez (1992) Tl, Z DS OEEEALICHLES ZHVWT WS DY, Z 2 TIHE
EEJEHNTWS. ZHCE D, WEHENRIZRD I L2l LN TE 5.
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ERAR
Ao — (Phre = Lii k) — M o + Li (1 — ) {(Goee + Qo + Tidorse) — qqf,k/}
Ek/ - Ll (1 — Oé) (Ok/ - Bk/qak,)
(8.176)
k-1
By =B+ > Bib (8.177)
=k +1
K1
Cr = B0 (Qup + @ + Gigr) + Z Bi61 (qu + qu1 + i) (8.178)
I=kpmi+1

By = B.0p {hjy — (hwr — Ligip)} + Z B { by — (i — Ligin)} (8.179)

l:kmlt‘i'l
h$, = hi, (8.180)
Ty = Do i (8.181)

ZZTC, by WREEREEOA VT Y I ATHS.

FIERICEHZ R OEOEMHREK Ay ETO &S ICHHIET 5.

k' —1
Ay = Z {ME%,H% (SZ,JJF% — 81) + egnk,’l_% (321717% — sl>} + e;{:,nk,vk,_% (32%,7% — 3k’>
l:lmlt+1
(8.182)
ii=5 (- Py) (8.183)
1
I _ J—
i=7 (Pl_% B) (8.184)
LAY
k' —1
Ak/ = Z {:u‘lnk/,H»% (hil,l-i-% - h?) + Elnkﬂlf% (hZ’,l—% — h?)} + €k/nk',k’7% <h’i/7k/_% — hI:’)
=l +1
(8.185)
_ 1 1<p P ) (8.186)
=1y v P\ s .
11
P P> 8.187
= 1+ Vi Pl ( ! ( )

I8 FZEIZIE, 20 M\ 1, ZIRGRROBOFFTHE. ZDDRDIBDIE 6N, Kix&E
N A@iﬁft#%@r%héﬁﬁ( D EF, A\ F—IKAEROM) LFELWV. il Ik
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AL HEHOBEDOHII & BMMZLRIE, AEEHIC L > TRD B

dAk/ 1 A;;/ - Ak/
= q
( dt ) miy ., At (8.188)

22T, mp & (G) ERDBEDIEALEETORRT Iy I ATHY,

NS RIEDE G X B, AL W myy, %5 A THEOHRE TR Uk ECHEFL7H
[, HE, Bk e BADRS A - THIE L RAEHERTH B

728, Relaxed Arakawa-Schubert /X5 A XV ¥ — 3 VT, (%) T TFD &
LS
2ITHEZB.
OAA> 1
— ~ A — A 8.189
(%2) ~ ot =) (8.159)

Z T, Tras |FRRMIRFER, Ao, FELFBEBD NEE] THD. /2, Ay 135
TAT —VIEER, B, BLRIEE R E I X 2T 52 R - BOEMFHEBTH 5.

AT BEOYBEDFHEIZDOWVWTENTARL.

OOk Z & ERWEEIZIE, Ay 2REMD T 222 TROTW . LU, KHZELHEIC
REOYHE, he, 2REGOYHEB TR T eNTERV... Elbhs.. 2, ZZTIFAE
REMZE > THILTROTWS.

20 HARR el XA TR I L D D B

2014 4 6 H 18 H (MRt EME%EH sumulus /cumulus.tex(cumulus /cumulus-ras-ice. tex. tex)



DCPAMS5 XEEAERNR E 7 DBRUE 8.5 HEEA 105

8.5 HEt

Arakawa, A., W. H. Schubert, 1974: Interaction of a cumulus cloud ensemble
with the large-scale environment, Part I, J. Atmos. Sci., 31, 674-701.

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

Moorthi, S., M. J. Suarez, 1992: Relaxed Arakawa-Schubert: A parameterization

of moist convection for general circulation models, Mon. Wea. Rev., 120,
978-1002.
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g
JdUT

0 IERIAMEERRE (AR

9.1 XU ®IC

R 7 R DR DM 2 M R 72556, FEX Mg (MR, KRR & 09.5) 23
HUBEFEZD.

Z ZTlE, £9 Manabe et al. (1965) (ZfE > 72 HIEIZDWVWTHRR, ZDHET, Le
Treut and Li (1991) ZKMHZEL X D ITHR L 72 AIEIZ DWW TIRR S,

9.2 Manabe et al. (1965) DIEXTRIMEERE (KFRE
BT )

1T P DA I ASRRME 2 B8 R 72 3560 12 R R MR (BABR, KRB & IP.5)
MEULBEEZDL. FE L KIEEPDIZEKE > TH N L, MKDERKITE
A 78\,
RIFEEAE L T DOEEDRE DD SITHEL 5.
dk
¢ (Tk, pr)
2T, IR OMEER L, r XESEDE U A HHEEORETH B .

LHIIZ T, B U A AR OBIMEIX 1 THB. LU, EBIZIZE F I FREEA TR
BORENRHB I ENEZ SN, ETOEHMNEEDS 1 U FTHoTH, BTN TEMEVET 5
ZehEGBI NG,
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9.2.1 FHIERIA

RIS B L2 72 3 513,
% /,0 (C,T + Lq)dz =0 (9.2)
o / padz — (9.3)
TH5.
F7z, R TIRA t =t ITBWVT,

qte) = req*(T(te),p) (9.4)

THb.

9.2.2 BEEARIR

FRHROKIFTD LS ICHiftbEIN5.

CoTi+ Lg, = C,Ti + Lay (9.5)
@ = req" (T, pr)

o %, FAI—BELT - ROEETLES L,

A oa*

a = ¢ (Te,px) = ¢ (Ths pr) + 8qT ATy (9.7)
T=T,
LIRBIEEMANTEMT LY,
T, = Ti+ ATy (9.8)
) L{C]k —TCC]*(TAmPk)}

Cp + LTC 9T ‘T:Tk

@ = qr+ Agy (9.10)
~ 8(]*

= 1 ¢ Tk, pr) + AT (9.11)

AN
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72720, (9.7) Tq 274 7 —JBETELL TWE 720, EELOKERIZELUETH
5. U=oT, FEDOFHRZMEDEBEUITWV, #0RLOEHKZ [ £ 358 iz

(Ti)ir = (Te)i + ATy (9.12)
(@) = (q)i + Ags (9.13)

DEIITHEF LD S XD IELUWRERITEMNIT 5.

nEB, O, KR,

1 Pr—1 — Pg4 1
poo Loy el

1 pk—l _pk+l .
= o 2 @ @) (9.14)

TH 52

2 22T, MEHAORNZ EED?S FRIZAITTHMZES Z2I2LTWS. 2k, EEOAHR
BHREEN DI TH .
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IK GRS Feenie autt & CHEE D IEXRIERIEBAE (KRERE)

109

9.3

FHEETE (KIREE)

KHE%ZZE Le Treut and Li (1991) DIERFRME

Le Treut and Li (1991) DOIEXFrERERE (RKEBER) @REIOKMHZZER L TEX
b5, 28, KPR WGBEIZBEWTH, FOREFEEFIZEWT Le Treut and Li
(1991) &IFHEA 2 Z LTS

9.3.1 FUERIR

XEEARER

FEAS IO D YHEE T T O HRER 22T

4
dt

p(C,T + Lq, — L;ig;)dV =0

d
— dV =0
dt Pt

G =qQ+q=q+q+q

(9.15)

(9.16)

(9.17)

UL, EEORDOATIERMBOBIZH L THERDBLRE S\, 22T, F
DESIRET S, ZhiE, FHAT, BKEDN Aq DREXDFES E% DA

TROZ L 2EKT 5.
@ =a(T)q 9.18)
g ={1—a(@)}q=5(T)q 9.19)
(
(g5 > a: + Aq)
_ ) (@+Ag—q})® _Ag< gt < A (9 20)
G =4 A (@ —Ag<q) < g+ Ag) :
% — q; (g5 < a — Aqg)
Aq = g (9.21)
(
0 (g5 > ¢ + Aq)
¥ = " (@ —A¢< g < g+ Ag) (9-22)
|1 (5 < @ —Aq)
SAIMNELBDONENTLE -7 (yot, 2016/05/11)
Iscond /Iscond.tex 2014 4 6 H 18 H (HhBRFTIRE MM (E2EE)



110 DCPAMS5 XECHEN R E T DOREREE  FEXRIERE (KRB

9.3.2 BHERIR

XEEARER

BIETO XA HERIT T & S Izt n b,

CpT + Li, — LiGi = C,T + Lq, — Lig; (9.23)
Gt = q (9.24)
G =qo+4c=qo+q+ g (9.25)
q=a(T)q. (9.26)
g ={1-a(l)}q=pB(T)q (9.27)
0, = ¢,(T.p) (9.28)
(0 (¢ >+ Aq)

ge = WEMEGE (g Ag < g7 < g+ Ag) (9.29)
G — Gy (g5 <@ — Aqg)

Ag =g (9.30)
(0 (q" > q + Aq)

7= (g - Ag<g; < g+ Ag) (9.31)
|1 (g5 < a — Aq)

HIEfRE

ERZBFIEE VD, FERIE T 5 7 DN IR T . £ 2T, # DR Uk
W&o THzERD 5.

¢ &, TA—RBELT - RDEETL S &,

Jq,
¢(T,p) = q;(T,p)+ =¢| AT (9.32)
8TTT

AT =TT (9.33)

t@é:t%%mgﬂ;#ﬁ%m&é:t%%fﬁbﬂwudf)ﬁ:ﬁ@jt
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LCHET 2L,
emr{L+LJ@+{L+L6@ﬁ}A
AT = . (9.34)
Cy—{L+Ls(7)}B
Gv = 4t — qc (935)
qz:<x<T>qc (9.36)
g. = A+ BAT (9.38)
0 (g5 > @ + Aq)
A= % (¢ —Ag < q; < g+ Ag) (9-39)
G —a(T) (a5 <a—Ag)
0 (@5 > @+ Aq)
B = —%ﬂfm D o AT (¢ —Aq < q; < g+ Ag) (9.40)
_ oq f g
ot |, AT (¢ <@ —Ag)
b AN

72720, (9.32) T qu 271 7 —EATELL TWE 728, FEOFERIZELUET
Hb. UTzhoT, LELDOFHEEZEVIRLITD. #ORLOMBE | £ T5L, [H%

(Te)iy1 = (Ti) + ATy,
(Goi)ivr = (Qur)i + Aok
(@) = (qr)+ Ak
(Gip)i1 = (@) + Ddig

DEISIZEHRTEHI L THRERDS.

lscond/lscond.tex
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9.4 SZEX#E

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

Le Treut, H., and Z.-X. Li, 1991: Sensitivity of an atmospheric general circula-
tion model to prescribed SST changes: feedback effects associated with the
simulation of cloud optical properties, Clim. Dyn., 5, 175-187.
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108 #limiBiE

\niy
JdUT

10.1 FOEEXRIT

SRIEALERIC & 2B GFE N, ROFEORX, o ORTBEF 2RI TO LI IT%E
NENTDESITHESZLHTES.

<@) _ _10Fna (10.1)
ot)vp p 0z
0F, .

o _ 0F,,

ar . g th
(E)VD - L5 (10.4)
o IF,

3 = g—1 10.
(at)VD I Ip (108)

ZZT, Fog Frny, Fr, Ff BTN ZTNRGTTA, AL G AOEFHET Z v 7 2,
T IR KEGWE) DT Ty IATHY, FOXIICERBEINS.

ou

ov
Fong = —pKno—, (10.7)
00
Fh = _CpPpKh£’ (108)
Jq
F, = —qug. (10.9)
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7272 L,
T
= 10.1
Poo "
P = — |, 10.11
< p ) ( )
R
= 10.12
f = (10.12)
D
p = RT. (10.13)

T, FMRRETH 5. EHEERTIE

(v
(v

Frnz = 0, (10.14)
Fr, = 0, (10.15)
F, = 0, (10.16)
F, =0 (10.17)
E L, FEERTIE, NV IEZAWT T I v 7 A%3HiIT 21568121,
Fo. = —pCqlv|u, (10.18)
Fo, = —pCylv|v, (10.19)
F, = —C,PpCylv| (0 —05), (10.20)
Fy = —epCylv| (g —q5) (10.21)

U, BEOKEHR (HEEE 7 7 v 7 A LT) ¥l (BYWET 7y 7 A
XL T) 5 R BEEITIE,

1
Fr. = ——u, (10.22)
Tf
1
Fn, = ——v, (10.23)
Ty
Fp = Fs, (10.24)
F, = F,, (10.25)

9%, 12720, (1021) IR U FEEESICB I 2WED 7 5 v 7 A F, 13KHEK
DT TV IATHB. 2T, py BEEEITHS. K, Ky, K, [ FZNTNHEF)
B, B MEOIHBRERTH 5. Cy O, O, TN hEENE, B KEKD NIV T
RETHD. 72, 7 E NI BT D EBORER, Frs, F, s $EET 287
TYIRIKELT TV I ATHD. e IHMERHRDOEHMETH 5.

Ko, Kn, K, 1 ZZ 0% 3 Mellor and Yamada (1982) L X)L 2 D HIEIZHE - THE
flid 5. ;mb#ﬁﬁﬁwﬁwm R GBI DWTIE 51011 i Tk R 5. Oy,
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Ch, Oy, 1% Monin-Obukhov OFBIHNZFED L RT A XV = 2 iz & - THHT
I 5. \_?ﬂb/\)lxﬁﬁ‘éﬁo)ﬁﬁiﬁﬁ MG IR D WTIEEE 10.1.3 i, 58 10.1.4 i T
WS

10.1.1 EREEB T R F—, SHBEILBIRE 1 (Mellor and Ya-

mada level 2)

Mellor and Yamada (1982) 1/«“}1/ 2 @ﬁ?ﬁ%ﬁﬁb\% 56, SEILEREL, K, Ky,
Ky, B L ORLIGEE) T 2L ¥ — L [ WrHI »u+ﬁé<m>i>

Mellor and Yamada (1974, 1982) L L 2 D JGIEIZHE > TEEILEEREL, K., Ky,
K,, 23l 254, FOX S Ic&KBINh5.

K, = I gv St (10.26)
K, = P gv St (10.27)
K, = K (10.28)
ZIT,l ZRAHMTHY,
k(z— zs)

T 1+4k(z—2) /o (10.29)

DERAXNZHNS. 2T, 2, FHRESEE, [ ZLEEAER £ 37V~ ER
(Karmén’s constant) TH 5. £7z,

S\, = B} (1— Ry)* S,5, (10.30)

S, = BZ (1 — R)* 52,5y (10.31)

TH5. Sy, Sy &,

Sy = 1— Ry : , (10.32)

SH min (Rf > Rf,cm'tical)
R
{ ﬁl 62 fSH (Rf < Rf,critical)

{ 051_—052&” (Rf < Rfcritical)

Sy = B3 — BaRy

SM,mzn (Rf Z Rf,critical )

(10.33)

1(2011-8-17 437%) Z D FHFE X — i H2?
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ThH52 ZIT, Ry 1377 v AYF ¥ — KV Y (flux Richardson number)

1
Ry = ﬁ {ﬁl + BaRR; — \/(51 + 5431)2 — 4525331} (10.34)
2
THY, R 1INV TYFv—FY VE (bulk Richardson number)
2801,
R = %9z (10.35)
v
0z
VC% %)3. Rf,critical Ciﬁﬁﬁ U 5&‘\" _ ]\ ‘/ y%&f% b 5
71
Ry critical = 10.36
Ferttieal = oy 1y ( )
B, LRHEB T XL ¥— 2 13,
q? 1, dv|?

DESITEKRINDL

2 (2011-08-26 £1) AV ¥ F )LD Mellor and Yamada (1974)

ERIIREINTVARWL., ZOEEDIHIEL T, MTLOEMO TR T2RENE LR,
2,799 A Fr— RV UERN

-

(2013-08-10 =i&) Mellor and Yamada (1974), p.1801, B,
RS2 A =56 ICALREA PRI S 0w iR s T w5, ORI T ind 2 ILEH.
BRI IR D 720121 Syrmin =0 72 5.

3 22T, KERDORREZ R U TURIRAL 6, ZHVWTW5.

4 (2013-08-13 &Eif) Mellor and Yamada level 2.5 DREL & DI %EH 2 72854, (10.26),

DILBUREUL, ZD ¢ 2> TTDO LI IIREHT B2 APEBVERS.
K, = 1¢Su,
Kh = quH7

D& E, (10.61), (10.62) LR L ERS. WTHHE— L.

TRERAY Fv— Y V8 Eflio

U

(10.27)

(10.38)
(10.39)

vdiff /vdiff.tex(vdiff /vdiff-math.tex)

2014 5 6 13 18 H (R HAIIE)



DCPAMS5 XEEAERNR E 7 DBRUE 10.1 #IERIR 117

7z,
o = 3A2’}/1, (1040)
ay = 3A2(n+7), (10.41)
B = AiBi(nm—Ch), (10.42)
/82 == Al [Bl (’}/1 - 01) + 6A1 + 3A2] s (1043)
Bs = ABim, (10.44)
By = Ay [Bi(m+72) — 344, (10.45)
1 24
= 5 5 10.46
71 3 B1 ) ( )
B2 6A1
= 5 T 10.47
V2 B, + B, ( )
THY,
(A1, By, Ay, By, Cy) = (0.92,16.6,0.74,10.1,0.08) (10.48)

TdH 5 (Mellor and Yamada, 1982).

10.1.2 EREEB T R F—, SHBEILBIRE 2 (Mellor and Ya-
mada level 2.5)

Mellor and Yamada (1982) L' ~\)L 2.5 O k% W 554, SHEILERE, K,
Ki, Ko, 1%, PHRERCHIEMEH T X L¥— £ »oiEaIN5. ILREHT

’ 920
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118 DCPAMS5 XEEARAR E ZDEEEIL BI0E  ELmBTRE
FPNVF DR ABRITTO LS IcRI NS5,
d (¢\ _  10Frkg
pm (5> = o + Ps+ Py, — érke (10.52)
F
= 98 S 4 P+ Py — erxr (10.53)
dp
0 (¢
F = —pKrgp— | = 10.54
TKE p TKEaz(2) (10.54)
ou\’
P, = Ky <E> (10.55)
ou\? v\’
— KM{<$) + (E) } (10.56)
g 90,
P = — 7 .
b KH@U P (10.57)
I
ETKE — B_ll (1058)
272U, P,, P, 1%, (10.71), (10.72) iI2BWT, JIOETREI NS,
58, T OBRKIITOLS1T%5.
2 3,2
¢ Biuz B
g = 3 at z=0 (10.59)
>
5 = 0 at 2z =00 (10.60)
ZIZT, u WWFEHERICB I 2BEEHETH 5.
SREILEUREL, Ko, K, Ky, Krgp 13 FO XS IZRE I NS,
Kpn = lgSu, (10.61)
K, = lgSu, (10.62)
K, = K. (10.63)
Krxp = lqStkeE, (10.64)
5 Py, P, DILDIEILLATF.
U / /@
P, = —u 5, VW5, (10.49)
P, = %w’@ (10.50)
qS
ETKE = A (10.51)
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ZIZC, HRGHERTH D, (10.29) IZX VT 5. 7272L, 1 1F (RRERIKIIZ?) DA
TN &S LHIRABE L 75256

0.53¢ 2 [q?
00
N2 = 1% 10.66
0, 0z ( )

£ 72, Sy, Sp &, Galperin et al. (1988) IZ X ABIEZFEL, TOXSIZHEAS
ns.

Ay (1 — 30, — 6A1) 4941 (Ag + 2A41)Gr S

. 10.
S 1—94,4,Gy ’ (10.67)

4y (15
p— ]. .
Sn 1 —3A5(64, + B,)Gy’ (10.68)
if:, STKE =0.2 VCZ?) 57. Z :,"G‘, GH 61

2 g 00,
= 10.
Cn =55 (10.69)

Th Y, FEORITIFENL VR,

B2 (2)) o

ThHbBS. £, 20 Sy, Sy 2ZHWVS L, (10.56), (10.56) D P, P, I FD XS
IZET 5.

2 2 %
P, = Ky (g";) — 1gShr (%) = 2315y, (g’:) (5) (10.71)

B g 00, 996, _ . g 90, 2
P, = —KH<9U 82) —1 SH(GU 82) = 22 ZSH<9 82) ( )1072)
Tz, BROLEMEZZE L, EBRIZIX Gy TTFD &S BHlE%EZ 5 2 59,
—0.532 <Gy < ! (10.73)

Ay(12A; + By + 3By)

ER (A1, By, Ay, By, O1) 1% (10.48) THZ 6N 5.

ZOHIRIE, ZEE T TORRREDY 1 XOFIRE% KM L T\ (Galperin et al., 1988).
7 Mellor and Yamada (1982), p.862, /&S .
8 Sur, Sy M Gy OAITHIFL, G ITHIFELRWVWODIX, Galperin et al. (1988) 12 & BEED
WRTHD. 2N VHENLZETS.
O Gy OFBRIE I OFIR ((10.65)) ICEEHLTH Y, EBRIZL AL 2 (DFM4) 1I2BWT Gy >0
LR BEMITEEAL TV S (Galperin et al., 1988).
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10.1.3 /ML &% 1 (Louis et al., 1982)

Louis et al. (1982) D AiEIZ LB &, WLV 7RI TD LS IZFHiE 5.

RITE U< REE (R > 0) BBE

Az, B USIXLE R; > 0 RGBEICIE, 2L REBULT O X 5 IZ§Hiid 510,

1
Cy = a’ : (10.77)
1+10R“ﬁ157
1

C m , 10.78
h My Y 15RA/T + BR, (10.78)
ay, = ——f%—ﬁ (10.79)

ZTZ0,m

log< o )
o i (10.80)

z+2p,
log ( - h”)
::(:zﬁﬁﬁﬁ6®ﬁﬁﬁkiwwvyiﬁzwm%hM%m%hﬂLiﬁﬂz

NTZHERTHE. A, 2 BWEESERT VY v OV (HBROBGAIZI A1 R)
o DIEHETCIZARWT S ITHERE.

10 708, st (Louis et al., 1982) T FD LS IR INT WS,

1

Ci = d®——— (10.74)
1+ 20R; ~Le
1
C, = a2 10.75
h Y 3bRAIT AR, (10.75)
k

a (10.76)

log(”zo)
ZIT,b=5d=5Thb.
" Louis et al. (1982) T, Fl & iRE I HMERICIEFAUEZHWTWS LS5 THS.
Z T, %M%%EU@fﬁéﬁﬁh\é L TRkl THE L.
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ARE (R; <0) BHFE

REE R; < 0 GEIZIE, 72NV ZREUE R D & 5 IZ5Hi§ 51213,

10R;
= a2 |1 , (10.83)
1+ 75a2 /zt)ﬂ] |
15R;
of | (10.84)

Ch = AapQm 1—
1+ 75am,an4/ Z+Z° h[ n

10.1.4 /N)L 7 {%# 2 (Beljaars and Holtslag, 1991; Beljaars,

1994)

£ L E TR (2013/08/20, yot).
Beljaars and Holtslag (1991) D HIEIC & D &, 7NV ZBEBUT T O & 5 IZFHii & 1

%14,
2
k
Cy = . . (10.85)
].Og <ZZ;0 7n> \IJM (Z ZOm) _|_ \IJM ( )
Ch = k h (10-86)
log(iSM) Wiy (5550 Wy () log (L2 ) — i (5500) 0 ()
ZIT, 2IT, 2 XMIE DS OREHE, kb XAV VR, 20m, 200 1ETNZNJEHE
12 728, st (Louis et al., 1982) TIE RO LS IZRFTLINT V5.
Cs = d®|1- 2bRs 7 (10.81)
1+ 3a?be ZJZFOZO\Ri\

3bR;
Cn = a*|1- - . (10.82)
( 1+3a2bc,/z;§0Ri>

ZIZT,b=5c=5Th3.
B Z 20, RIRM 265 Z & TRELKDHEEZE LTV S
14 Z’Cib\’CL\é Cp, 1%, ME R 5 Beljaars (1994) ) Cp LR ->TWS. Zhid

Beljaars (1994) D FAE A, aﬁj\b%#om\m\@#? 7= RAFRE. (yot, 2013/09/08)
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CIREITNTAHELETH 5. L 1E Monin-Obukhov EXTH D,

1w
— k—eg( 7 (10.87)

ThHbHD. Uy, Uy O DFMNE TIZRT. 7&35 2 MEMEERT VU v IVH (f@f}k@i@
BIETAAR) o OB CITZRWT SITHE.
15 Beljaars and Holtslag (1991) TIEKZAELKOMEEZRL T 6T, 0 TEAMbLINTEZ. Z

ZTI, 0 ZAVEZARE 0, ZHVEZROBEBREZ A THAS. KELXOMEEBYET L L, TO LD
IZELZENTE S,

- —u? = —C,U? (10.88)
Qo = —ub,=—CylU|(0—0,) (10.89)
uug _ % (10.90)

0(;205 _ W (10.91)

_ 95?&'?' (10.92)

Ry = %29;295 (10.93)

1.5
L = _;?Z%Q (10.94)
_ ,12317162'5 (10.95)
ZIZT,0% 0, CESHITH,

L = ;ZR;ICEZS (10.96)

L5
1 (u’w’
L = —— 10.97
ki ) e
Qo = —u.b, =—ChlU|(0s — 00.,) (10.98)
g ev - 91)75
Ry = e (10.99)
ThHb.
72U, 22T, w0 O 0 REHIZ O, TEZMMA DI LT, 0w, 25HELTWAEA, IELL
BFDES EBEEDES 5.
6, = 0(1+agq) (10.100)
0, = Bag, +0(1+ag,)+0aq, (10.101)
W', = whag, +w'0(1+ag,) + w0 aq), (10.102)
= w0 + agu'd + abuw'q, + aw'd'q, (10.103)
W' + ag,w'd + abw'q), (10.104)
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F 7z, Beljaars (1994) I2X % &,
v = {u’+0*+ (ﬁw*)Q}% (10.112)

YUTC, R EHBT L V= A e B AT ARE L, 2 i ZET 5.
ZIT, B IEERTHD, w, BTFDOXDIZER B,

1
w, — {ZBng'G;}S (10.114)

ZIT, 2 WEHEAEEETHS.

U % U, Beljaars (1994) T,

w'd! = w4+ abu'q, (10.105)

ELTWS. AUE HIZEZL L TWDDEAS.
NSV IREMH->TERT B L,
w'fl, = —CLlU|(0 —6s) —a@qu|U|(q—qS) (10.106)
—C|U|(0 — 05) — abeCy|U|(q — gs) (10.107)

$74%. 2T, 0 OFEED 0 THEHILITHER. ZITC,=C, kL, 0=0HFEIZ&i2d
3k,

w0, = —Cu|lU|{0(1+ aeq) — 05 — Oaeqs} (10.108)
XI5, 0, =095k,
w'f, = —CplUI{0(1+ aeq) — 0 (1 + aeqs)} (10.109)
LD e=17256F,
w0, = —CplU{0(1+aq) —0s(1+aqg)} (10.110)
= —Cn|U[ (v — 05,0,sat) (10.111)

22T, Osp,sar SRR RMRE TORIMBIRAL (7) TH 5.

U7zhio T, w'@ O 0 %A, TEEMA-H0L, ELW (7) W', 213V DD T#
WAH B,

16 Beljaars (1994) TIE RO LD iIzFE LN TV 5.

1
w, — {ZBL%w'ag}s (10.113)

Z 2T, MR DR EADHERBBEL, T 1 0 & LTHL.
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FILE LKIERE (R >0) BIBED Uy, Uy

AL, B UKIRZEE R, > 0 BIGEITI, Uy, Uy 1EFD &S IZ5HS 5

Uy(z) = log{(1+$)28(1+$2)}—2tan_1x+g (10.115)
Uy(z) = log{%} (10.116)
z = (1-16¢)7 (10.117)
¢ = 2 (10.118)

L

Z(ﬁ,"ﬁ (Rl < O) fc}:i%é@ \I/M, WUy

NLTE R, <0 RIGEIZ &, U, Uy IETRD &S IZFHiid 5

Up(z) = —al—b (g . 2) exp (—dC) — %c (10.119)
V() = — (1 + gaC) T (c - 2) exp (—d¢) — % +1 (10.120)

2T, a, b, e, d IZEBTHD, a=1,b=0667,c=5d=0.35Th5.

10.1.5 EFRBETHEVWLNB/NRSXA—4YD{E

o XHLEAIEHE I, : DCPAMS OBIAE (2010/02/20) DT 7 # )V MElX Iy = 300
mTh5.

o WL VEM k: DCPAMS DT 7 4 )V MEIX k=04 .

TN VERDAEIE 1950 £ 5 1980 AR F TIZiFbivz\\wW <L D0 D
HNZE D WTIRE I N T WS (GEME, 1982). Businger et al (1971) I&h v %
AZMDZHNZ BT BBIHIT 035 EWHEZEEFZ. ZHi2k D, 035 EWVWH1H
ML 7= D72HY, Businger et al (1971) T, JEGEFHTEIZFRE L 7281
HIFHE TR 2 IND 75 D EN D 5 T & X =M EGEEF DM IEA T4 Tld 2z
WZ R EWDIPoT. TDRK, EREMIERD 7V — T HhE25 L 77K H T#l
HZ17\, 0.39 & WD fE%ZFF72 (Kondo and Sato, 1982).
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ARH - W0 (1999) (Z1%, Dean (1978) 17 MWWEERINIZ A< Y EBDME L LT
0.41 237z, LRI T3,

o *ﬂgﬁ 20

DCPAMS5 (2B W CPEH & HHEDZ DAL ET 255121%, BRI TIE 20 = 0.1
m, M ETIE 20=10""m WS F 7 4 )V MEDPFKREINTWVWS

FLE R TR A OIRAEIZ K > TZAL T 5. Sheppard (1947) (ZEIMEHN K -
TIZEFORMIIBITOMHEREZRE L. £ I TIE, Bohskmb OK
PHOMBRERE)ITBWT 2 =9 x 1075 m, lE LU ZBREEIFET S
HIIZHEWT 20 =0.139 m & WS BUEA /RS VT WS (Shpeppard, 1947 D
Table 2). Sheppard (1947) H3RE U 7z HE R OMEIE Sutton (1953) 18 B XL F
BHE (1982) Y izbE[HI N TWS

10.2 BEEIRIR

DCPAMS T, ShiEILEUXEMREZ W TEHE T 5. i, Z2OMEILRGER
ETFD &S LT 5.

t+AL t—At Fitat o prtat

Uy — Uy m,x k‘+2 m,x,kfé
£ 3 = 10.121
t+At t+At
U]tc-&-At UZ At mek+7 F k-1
—_— =g , (10.122)
2At pk:+7 - pk——
t+AL t+AL
THA —TiA Foiis — Fhics (10.123)
24¢ Co” Prt = Peoy '

— i, IR DMEIEIC B LTI, BB (k> 2) TR & 5 L
Nna.
t+At qtht F”At FHAt

dy, & qk+3 qk—1
—_— = g . 10.124
2At Pyl = Pp-1 ( )

17 Dean, R. B., 1978: Reynolds Number Dependence of Skin Friction and Other Bulk Flow
Variables in Two-Dimensional Rectangular Duct Flow J. Fluids Eng., 100, 215-213.

18 Sutton, O.G., 1953: Mlcrometeorology McGrawHill. 333pp.

Y EE Bﬁ 1082: FLi & A% W) & 5+ DR~ fi- (ZRFDO T L) — K 6), Bl K.
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—H, B NE (k=1) 128V, BfEEE2HVCHET 25808 REE2ZE L,
2 DOMEBLEZ AR L TWS. 1 DI,
AL qtht At pttAt

- = k=1 10.125
- el DI (E

TH, 1D,

t+AL t—At FiHat _ pt-Aat
Tl e LY (10.126)
t Dyl = Dr-1

Thd. HiEDGE, K FEOMBILGIKIIE FEUNDRE (k>2) LRU LS
HSULE NG, BEOBE BERED T I v 2 ADH t — At DEZOE D
N2 ok, KK DB B D S 72\ WYIE O EEALENIE, (10.126) & [Fkk
(ZHERE S B

L7 7y 7 AFTFO LD ITHEE b N 5.

Fm,x,k+% = _<Tc)m,k+% (ukJrl - uk) ) (10127)

Frgrer = —(TC)ppr1 (Vkrr — vi), (10.128)
Te1 Ty

F,... = —C,P._.(TC 1| —— — — 10.129

hojot L P k+§( )mk+§ (PIH_1 Pk) , ( )

Foper = —(TC)gpes (Gosr — ) - (10.130)

ZIZC, (TC)psts (TO)prs, (TC)g gy BAATFD LS IZRBLE NS

0 HBFHEO/PEEFALRTURNT20 O, BEAFECEEBUEL L 72512 8B L TR 5 50T
— XK GRER DT % ZENATHNCT 5720, T LT, fROTLEADZ2HS7-dTH 5.

MIEHIZB 5 EREET T v 27 A%, REMID S BE, THBEFICBWTKRKIIZAZET T
JATHY, ZOFEKT, K OB L IFHERAS KO FO HEOBAN L LB LTWS. X
51T, KRR FAET 27 Tld, MRE ORI 1E, BERMIZ B 2 KEKDEF L FEFEEZ T LT
KELOPNEZE HBRLTWE. ZD7sd, AR, BORENLR, REREOHINL, i Fo 115
DEGEEK, KELDIREILER & FEMTE TR T 2 720121%, IR TOSHRERNZENY U TEHE LA
s, REICENMET 2L, 2N TRTEEOEY R AREROFHNIE ZERATTINIC
o3 HHEENSE RS TULES. ZEAMITHNTT 5720121%, BAOSREHLE, M~ D LIHED B
LB (RERAOBINE 2 ET), KEKDOREILRD S b D—D2% i L T BB H v, BIE
D DCPAMS DREAMTIL, KARKDOIEISZ 2HE L TS Z 212U TWD (6 — At DL
BREDKELKT T v 2 A2HWE LT, KEKDOMEILEIZ SN 5).

F7z, BTN TORWD, ARG AL RONELEEBRL TS, LU, AR LEKY
BEZADLGE, TEVPECU LOEDOKARDPERET S Z IR0, 2D K D 5% —
WAHRRICHET Z 23U <, BIEMICIZZENZE LU THZLIETERY. Z0oZed, BT
FW KD ITKARDOMEILZ SHE L TREBTH 5.

— 7, RO LEBOEGLE A R LR WE T IVIZBWTIE, 2 OSNELE, 2RI DR, K
ALK DMEILHE EN U TR SN DT 5IE =B ATINC R 5720, FIEIZEZ 5720, Zh% ]
HORVBHNONBIEETH S.

Ha—RFDaXxy bTiE, (TO) 1T TEEREU EAFPTIT o TNS.
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EEREES T,
(Tc)m,km(m—i—% = 07 (10131)
T hpaart = 0, (10.132)
(TC) et = 0 (10.133)
k= ks D E X,
Eovbmatt = 0, (10.134)
Fm,y,kmam—s—% = Oa (10135)
Fhkmarty = 0, (10.136)
Fyramerr = 0 (10.137)
5.
2<k <kpos —1 DEXE,
1
(TC) gt = P2 Ky ———, (10.138)
2 2 2 Zk41 — 2k
1
(Tc)h,kJr% = pk+%Kh7k+%m, (10139)
1
(TC) g v = PerBpey (10.140)
Prys R AV THHES 2.
P+l
Pril = : (10.141)
s RTv,k-l—%

ZZTCT, IMURETHS. k=1DLE WUVIZEEHWTT 7y 7 A%Hiid
LA,

m,z,k—% = _(Tc)m,k—%ula (10142)
myh—t = —(LC) g 11, (10.143)

Tk Ts
1= - 1 e 10.144
Fh,k—§ CPPk—ﬁ(TC)h,k—§ (Pk Pk_;> 9 ( 0 )
Foror = —€(TC)g 41 (e — 45) - (10.145)
(TC)p—r = psCalvrl, (10.146)
(TChp-r = psChlvil, (10.147)
(TC)gp-1 = psCqlval, (10.148)

ps

s = . 10.149
P = R, (10.149)

vdiff /vdiff.tex(vdiff /vdiff-disc.tex) 2014 4 6 H 18 H (HhBRFTIRE MM (E2EE)



128 DCPAMS5 XEHEXR & T DRERE BI0E  ERERE

THB2
E7-, PR CEBORER, 7, 25 A 5561213, (10.142), (10.143) (B W
TiX

Prit — Prot 1
(TC), 1 = ——Fz s 2 (10.150)
) 2 g 7—f

7557, PR CRE & BUET 5561213, (10.144) (2BVT
1

IOy = PrstBpprs——1 (10.152)
k+1 — Zs
LU, TEERCTEAEZHET 256121,
Fq,k—é = —(TC)M_% (qx — qs) - (10.153)
1
(Tc)q’k_i_% = pk+1qu+§m (10154)
LB,

T, ~EDRAT IV IAWMET Ty I AR HEZ 356120, K7 7 v 7 A%

Byt Fh s, (10.155)

Fo.1 = Fy, (10.156)

q, 2

A

10.2.1 EAREEB T RILF—, SHEILHBIRE 1 (Mellor and Ya-
mada level 2) DREERIKIR

SRESLEAREL, K,y Ky, K, &, Z0E 1 (10.26), (10.27), (10.28) (2R L 72X THE
BID. 20O, VF Y —FY U BEDEY T —, IRAHEEO M RE
LS. ZTNODRAIUTOEY THS.

2 Bl Ty (RADRE) O R? Ty (Ts,?7) TR T? 23R4, EXHOMERT. &
LHDENWEEFARWESS L.
Bz, Frs HHMED ELR) RES 2T

ou 1
5.

M2, D s FEHBEUTIEREL RV,

2014 4 6 H 18 H (MBRITRE NN (H2EET) vdiff/vdiff.tex(vdiff/vdiff-disc.tex)



DCPAMS5 XEEAERNR E 7 DBRUE 10.2 BEEARIR 129

(10.35) TEHL7ZV F ¥ — RV UL, #1REUATIE T & 5 2Bt T 5.

-2

8_1)
0z

Oy i1 — O
g vkl ” Puk (10.157)

Rz’,k+% -

Y

k+3
Uyt — ) Vg1 — v\
_ (_fil____ﬁ> + (_Eil____ﬁ) . (10.158)
k+d Rk+1 — Rk Rk+1 — Rk

RAEHE (10.29) (AN X S ICHERULT 5.

Ouirl Zhe1 — 2k

8_’0
0z

B(zry = Zours)

= . 10.159
T EA——. (10-159)

by

N|=

ZIT, 2oy BHKREEETH 5.

10.2.2 EREBIRILF—, SAEILEFRE 2 (Mellor and Ya-
mada level 2.5) OE#ERIFRIE

HRES T AL X —DOXEHERD S &, BREZRWZEH2 1 TO & 5 12BtEsub
INB2,

(ﬁ)Hﬂﬂ_<ﬁ>*ﬂt PEAL gt
2 ) 2 )4 _ TKE k+3 TKEk—1 (10.160)
2At P4l = Pr-1

t+At tHAL AL
+Ps,k + Pb,k KBk

2 Py, P T LTI, EORRDMEZE D MTEIRIZE S, erxp CRUTIE, t+ At OfEZEH
blhnwe EFRLfgrkhneEbns.
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130 DCPAMS5 XE AR & FDBERME B10E EmaRe
zzT,
e e
Frxepyd _(TC)TKE,IH-% {(5) - <5> } . (l10.161)
k1 k
1
(TC>TKE,I§+% pk—f—%KTKE,k-s-%z—_a (10.162)
k+1 2k
ou\?
P, K — 10.1
K M,k{(az> }k (10.163)
1 ou\” q° 2
22(,.S — — 10.164
() o
k
g 98,
IS —Kup | o 10.1
bk Hk (QU (9z>k (10.165)
1 g 00, q> 2
—22[}.S -~ = 10.166
2ka(evaZ)k{(2)k} ( )
28 /22
- 10.1
€ETKE Bl <2) (10.167)
¢\ *
Ky, = 23, <5) Sarn (10.168)
!
1
Kt §(KM,k + K1) (10.170)
1
KH,H% §(KHI€ + Knjpy1) (10.171)
Kpppr = Kpppo (10.172)
KTKE,kJr% KH,k:+% (10.173)
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b
g

—N—

Up1 — Uk) (M)Q k=1 (10.174)

X
——
>

I

(5) (Zk+1 — 2k Zk+1 — Rk

(a_u)2 = ( 0 e 1>2+(—U’““_U’“‘1>2 2 < k < kfl0-175)
0z . Zk41 — Zk—1 Zhi1 — 2k-1) - '
ou\? —u Vp — U 2

(_) - ( kT ke 1> (w> : k= Kmaz (10.176)
0z . 2k — Zh—1 2k — Zh—1

g 00, g Oppt1— Oui

= = —_ k=1 10.177
(ev 0z )k Qv,k Zk+1 — Rk 7 ( )
<i89“) Y R P Ty (10.178)
91} 0z k ev,k Rk+1 — k-1

g 00, g Opr —0Opr1

9 — , i k= ks 10.179
(01; 82 )k ev,k Zl — Rk—1 ’ ( )

L 72522,

BATEEE (10.29) ZBAT D & 5 ICHiEb 3 5.

k(zk — Zsurf)
1+ k(zk - Zsurf)/l().

I T, 2oy FHMRAEETH 5.

I = (10.180)

(10.161) I, TSI TFDESIZEIINDG. 2<k <kpoo — 1 DE X,

26 ERIZIE, BL 5720121, BER O Sz H BB BB S,

27 (2013-08-13 Fiff) 2 Z TR LU TV 2 BRI, ShiE O FHliE D 5T Mellor and Yamada
level 2 @%ﬁ%ﬁt?ﬁfﬁtﬁma level 2, 2.5 DELFE T IVIT & B2, SAEE DB FUZ B 1) 2 HEEERE
’5:?&5%71 IZHWS NS, LA L, Mellor and Yamada level 2.5 Tk, JEiREZ2 AT 5728

FLIREE) T R L ¥ — %ﬁﬁ?%%gﬁ‘f) D, BREIEEZTSZ Z”&%K% &, BRI IE LR
;ﬁJJIz U E — DN DU R X B % 13700, T DRER, A 5 A PTFILERIC X D $ATE
ERA OISR E RS 5. —4, Mellor and Yamada level 2 T, SLFEE T XL ¥ — DEHHE

CRERENE ENT, SREREOERICB I 2ILES T AL — 2 < BM T2 e N TE
5 level 2 DIFED 2.5 DHEELE L LS %ﬁ%hff%ﬁﬁﬁm&%ﬁﬁi H—d5Hizhbdh
THLWIZLERLZDONREVDE D 1 EED TR BHE
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qz t+At qQ t—At
_(TC)TKE k—1 (—> — <—)
o 2/ k1 2 )k
1 Prgl = P!
{_ 2At g + (TO)TKEJH% + (TC’)TKE,k—%

pk+; — DPr_1
+f(cs,2,k + Chok — Cd,z,k)}
2\ t+At o\ t—At
2/ 2/
2\ t+At 2\ t—At
q q
—(TC)rxppss {(3) - (5) }
k41 k+1

_ <Ft—At _ pt-At )

TKEk+3 TKEk—1
Pr+3 = Pr—}
g

L au 2 q2 t—At %
Corp = 22lk{(8_z) } sg;,ﬁt{(g) } (10.182)
& k
1 ) @ 2 2\ t—At _%
Csor = 5'22lk{(_1:) } Sf\/lﬁt{(%) (10.183)
% k
AW
— _93 iaev t—At q_2 '
Corp = —2 l’“(ev 32)kSH”“ 5 ), (10.184)
2\ t—At _%
(q—) } (10.185)
2/
2% o\ t—At
Cirp = Bllk{(%> (10.186)
k

1
3 2% q2 t—At) 2
C = — — .
wr = SpT { ( 3 )k (10.187)

(Cs1k+Cpip—Cang) (10.181)

(N
(N
o)
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C & % 28:29,30

28 ZZTik Csn, Cs2, Cpa, Cho ERLUTWED, A EHBIRTIE Cs2r=Char =0 U
m\é. _m;t P, P, LT, t—At DfiZRfioTWVWAZ &, D%, Z2ThSDIEZBGRIZHKS Z
CAIZKIET S BIRZ D &S L:Téfiﬁa& WAL T2Z22T, ZOENMEDO RTHTIEIZRS P,
MEIIZRDBI DR HH1-DTH5.

29 €ETKE %%ﬁ%ﬁ’fhbf:rjﬁjﬁ:%, €ETKE 755\,'%\0:7‘5:%) Z 2:7‘7‘3’0%) :.@E%Ci7 Od7*7k =0¢& bf@@g’tﬁj’ﬁ

0 PPy ericn W, FO S ICHEIZH L CHEIBALT 2 (51 5 —EILT—ROHETE 3).

t+At
PIAL = 23zksﬁﬁt{ } { } (10.188)
+2l ou 8S'M i t—At) 2 St N f t—At) 2
fl\oz) |, a(%) 2 ), ME A2 ),
k

t+At g\ t—At
= Csl+Csz{ qz) = (12> (10.190)
k
3
. 69} 2 t+AtY) 2
PIEAL = 23, Sl (69 a,;)k % k (10.191)
e 00,
v S (éia >k

(At 22
TKEE —
Byl

N 2\
T (L= 10.1
), -(5), a0:155)
o tHAL t—At
Car + Cas {(é) = (q2> } (10.196)
k k
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BREAM & 0 EFERCIKIERS T 2L —2EET 5720, FDO X 512753132,
E=10Dk %,

1 Pryl —Pp_1
{_QAt ) g -+ (TC)TKE,H% + <TC>TKE,k—%
Pty ~ P}

g (Csok+ Chok — Cd,2,k>}

o\ t+AE 2\ t—At
X L - (%
{<2>k (Q)k }
g t+AE 2\ t—At
q q
(T 1 Y “\ 9
( C)TKE,k+2{(2>k+l <2)k+1}

—_  _ (pt-at _ pt—At
- <FTKE,k+% FTKE,I@—%)
—_ 1
_pk+§ Prp-1

p (Csan+Crax —Carg) (10.197)

b= kg D& X
2\ t+At 2\ t—At
q q
TKE k-3 2 1 2 -

1 Pry} —Dr-t
2At g

+ (IO rkprsy + (TC) rkpp-1

Pyl — Pp_1
¥(0572,k + Chok — Cd,2,k)}

g
{6
2 k 2 k
=~ (Fndts — Frdiey)
—% (Conp+ Chp — Care) (10.198)
IhSEELDDY,
Dxrip = Grge (1O~199)

3USEEICIE, RIS CIREE T g\, NEBBEFUC 31 2 ELIRHEE) T 4 )L & — | 3B HOH 12K
T 20, YR+ At ITBITDEEHEIT ¢t — At ITBITDEEEE L R 5.

32 REIZ BRI ARSI SR D B, BB U CHLEE T R L X — D2 D
72 BT, BEEEESRTOHBGREE YO L IRET B &, BRSO EE) T L F — OEIZ IR
D0, FIOZFWATIE, Bttt e LT HZ 5 X 200 HMEEZ 52 5D OME. W& %5 2
LZEBNULRIEITRE. BURTIX, 2D &S REKRTOESMIZENTW AR,
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LFELZENTES. 2T,

= ()7 (97 (8 (2 (50

Grie = (9rkE1, 9TKE2: " YTKE ks ) » (10.201)
_ t—At t—At
IreEkR = <FTKE k+1 FrkE k—7>
Pyl — Pp—1
- p = (Csk + Coap — Cang) (10.202)

Ta@b? D = (dm,n) o)%}&ﬁj\ci; 2<k<kpe—1 O)}-)-%7

dpp—1 = _(TC)TKEJC_%y (10.203)
1 Pryl = Pt
dyy, = TN p +(TC)rxpprs + (TC)rxpp}
Pr4+l — Pp-1
+%(CS,M 4 Chone — Cas) (10.204)
dk,k+1 = _(TC)TKE,IH-%' (10-205)
k=10r %,
1 pk+7 — Pg_1
deg = ToAL : P “+ (TC) rkpprs + (TC) kg
Pyl —Pp_1
+%(CS,M 4 Chog — Caon) (10.206)
dip+1 = _(TC)TKE,I{+%7 (10.207)
k=kpo DEE
dk,k—l = _(TO)TKEJ@_%, (10.208)
1 Pr4l —Pp-1
dige = TOAL : p 2+ (TC)TKE,IC—% + (TC)TKE,IH-%
Pryl —Pp_1
+%<ng,k + Chop — Caop) (10.209)

THb.

10.2.3 /ML 7 {RE0 H@EEBD (Louis et al., 1982; Beljaars and
Holtslag, 1991) DOB#EIRE

POV AEEUE, 10138, B 101 4K IR UAERTHET S, 202z, ik
WDV F ¥ —RY VEOMBEREPBEL 5. ZORNIUTOEY TH 5.
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(10.35) TEHZRL7ZY F¥— RV VUL, HRmIZBWTIE, FO &S @ik d 5.

g 01} 1 01} s 81} -
o 7 | 9v 10.21
R%% Ops 241 — 25 | 02 1 ’ (10.210)
vl _ (e (o) (10.211)
Oz |, 21— Zs 20—z ) ’
T
0,, = —= 10.212
o= (10212
P, = ( ) (10.213)

Ps
ZIT, 2 FHIRIEOME, T, FWERMIRE, p, FHERMASETDH D%

10.2.4 /N)L 7 %% 2 (Beljaars and Holtslag, 1991; Beljaars,
1994) DBERIKRIA

#510.1.4 i 1278 U7z Beljaars and Holtslag (1991), Beljaars (1994) O /AL TIE, N
V272 EUE Monin-Obukhov £ &, L, (K173 5. LU, L &, BEEEHE BEE
REOEBTHY, 250, L ITHKFTS. o T, #VRLIKIZED L 2k 3.
TOYE SLVIVFr—RYVEL R, AW ZLIZT D,

L & R X, NIV, Cy, C, ZFWT

3

= kR Ch (10.214)
DEILERIZDHZ720, TOXIITHORLIEIZ L > TRDS.
o= e Ch(L") (10.215)

RN

ZIT, EfERATE n X, n FIOMORLVIZE>THEONMETHS Z L2 RT.
DR UECERT 2BOMMEIZ L' =1 £ LTWwa.

33 Z 2T, R DHBEICKEREEEZHWTWSEA, HERH LOKKOEREL2H WS ik
HBHDHH lmm\ EHLELNEVONTIEL TSN,
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F 7z, T BE L R BHIZ T D &K D ICEE LS 531
o] = {ul 4o+ (ﬂw*)Q}% (10.221)

%(9 - m,k BzBL

Bw, = 10.222)
{tog (=3222) + o (3 } {10 (=5255) + W (5}
Z :,"G‘, ﬁ = 12, ZBL — 1000 m ZT%SB.
34.(10.222) 1%, Beljaars (1994) ® FOR,
_ k2 Buw, (6, — 6,n)
v = (10.216)
{log(—%){—\pm(%m)}{log( VZ’)—}-\IJ ( )}
W = by (%zi)%(es—em)% (10.217)
by = kgfz - (10.218)
{1og( §EO5L)+\II (2 )}2{1og( Wh)wp (2 )}2
3
fm i LY, () 0219

o TDXSITER L.

Bw, =

{1og (_ 380“) + 0, (ZOE“)} {10g ( U h) L, (2 ,l)}] (10.220)

72720, (10.222) T, T % 0 ICEESHMATWE. FEMZIE, RERALOMZRDTEZ
AWETBRNWEFZZONDED, (05— 0,,) DIPPRoT VDD, 0 IZLTERRWVE, ﬁﬁ.\—u—fﬁiéi%%
MEEPSRELTNTVWB L EFIZZ 7 AF—[lBNEIFThTLES.

35 Beljaars (1994) DAL TIE FD LD IZREL TS

L 38.5L 20m) °
ZpL = e {log <— ’YZO,m) + ¥ (7L )} (10.223)
LU, ZBL DMEEEELTHIEFLAEREI NV (eg, ECMWF
IFS  documentation  CY38rl) (3% X4 & Ar &, Part IV.  Physical  processes,

http://www.ecmwf.int /research/ifsdocs/CY38rl /IFSPart4d.pdf @ Section 3.2.1, p.36 Td
%) ¥7z, LORZHWCEHET L L GHEPARLEILLD LI THS.
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10.2.5 EFEIULHRDEDHEXNDEIE

WP G A OB = OSREALG A (10.121) 2BH T2 2 <k <kpe —1 D
-
~(TC) iy (2 = i)

1 Pryl = Pp-1 . N
(~gmr o Ty + (TC) iy ) (™ — ™)

A -A
—(TC) s (" — uiy’)

- —<F“At _ proa ) (10.224)

1 1
m,z,k+5 m,z,k—3

k=10t %,

1 Pr+l = Pr-1 )
<_2At g IOy T <T0>m,k+;) (2 — )

~(TC) ey (w52 — i)

_ _(thm _ A ) (10.225)

1 1
m,z,k+3 m,z,k—3

k= kyppw DX
—(TC) ez (w3 — i 23)

1 Pr+l — Pr-1 _
(_ 2At 2 J 2 + (TO)ka_§> (U?_At o UZ At)

_ t—At t—At
- <Fm,x,k+% o Fm,x,k—%) (10226)

MAR

hozekdbdl,

Az, =G, (10.227)

@, = (uf" —ulm A A A A T (10.228)

Gu - (gu,la Gu2," " 7gu,kmaz) s (10229)
Gu = — (F;;Qf,i b1 F;j:f,j_é) (10.230)

ZZ2TC,2<k<knae—1DEE, A= (a,) DEHTI,

g k—1 = —(TC)m,k_%, (10231)
1 Pryl = Prt

= — TC TC 1 10.232

A,k IAL q + ( )m,kfé + ( )m,k+§7 ( )

A k+1 = —(TC)m,k,_i_%. (10.233)
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k=10Dk Z,
B 1 pk+% —pkf%
TN g + (TC’)m,k,% + (TC)m’kJr%, (10.234)
Ak k+1 = _(Tc)m,k—i—%' (10235)
k= Fkpow D& ZE,
arp-1 = —(TC)pp 1, (10.236)
1 Pr+l — Pr-1
= - 2 2 T 10.2
g SAL P + (TC) 1 (10.237)
Thb.
FEAEEWZBE LTI, PR E [ARRIZ T D LS IZELS Z N TE 5.
Az, = G, (10.238)
Ly = (U?_At - Ui_Atv U§+At - Ué_Ata e 71}]1:;?; - Ulﬁ::nf;) ) (10239)
Gy = (901,902 s Godomas) 5 (10.240)
_ t—At t—At
ok = — (Fm,y,k+% - Fm,y,k7%> (10241)

10.2.6 BILEIDEDHER DEEE

BOMEILHDORN (10.123) 2B T L L 2 <k <kpp — 1 DEE,
P, .

~Cp—(TC)p s (T,ﬁflm - T,ﬁ:lAt)
Py ’
1 Prrs = Pr—3 P’“—% Pk+% t+At t—At
=Gy G IOy + Comp 2 (T | (T = T7%)
Cpm(Tc)h””% (T = Tit)
_ t—At t—At
- <Fh’k+% B Fh”“‘%) (10.242)
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DEE k=1DrE, NVIETTITv I A%IiT 556121,

—Cp(TC) s (T = T2

1 Pr4i = Pr-1 Ppy1 By _
+< oAT Qg 2 +C, Pk2(TC)hk+1+C o) (TC)hk 1>(T,§+Af—T,§ A1)

L
~Cpp (T sy (LY = TEY)
Pt
t—At t—At
- (Fhk+2 F k——) (10.243)

MEREISR T O 2 HE T 2B,

1 Pyl —Pg-l P Py_s _
(‘Cp N : =+ C : (Tc)h K+ + C —= (Tc)h,k—;> (leJrAt - Tli At)

g " P Py
c Pk+% (TC) (Tt+At - At)
P it t (Lgy1 k1
P
_ t—At t—At
- (Fh e 1) (10.244)

—EMDET 5 v 7 A% 5 2 55481211,

1 Drrl =Pl Pey1 _A
(—opw o <Tc>h7k+;> (173 — 175
Piyi
Gy (IO (T~ Ti)
- (Fi;ﬁ% - B ) (10.245)

IR B. Fl k=kpee DEE,

P,
—Cp Pk—i <T0>h,k7% (Téfft - le:lAt)
L Pryy = Pry Dy t+AL t— At
+ _Cp2At g +C—— P, (Tc)hk 1 (Tk =1y )
_ t—At t—At
- (Fh ! Fhk_f) (10.246)
RAE

ozl REREIBITA 7Ty 27 XNV IETIHHET 555121,

Bz, = G, (10.247)
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T, = (TStJrAt o Tstht, Tf+At o Tltht7 T2t+At . thfAt . TtJrAt T]z;gﬁj)‘2748)

kmaac
G, = (gh 1,9n,2," " 5, 9h, kmaz) ) (10-249)
Gnk = (Ft = ;ﬁ%) (10.250)

EELIENTES. 30 22T, 2<k <k —1DEE, B, = (bynn) DB
gal s

P 1
bakp-1 = —Cpm—(TC)p 1, (10.251)
Py e
1 Pgyl — Pg-1L P
ba = - 2 - T T Q 2
Pyt
bojrt1 = —Cp Iz “(TC)p,ps2 (10.253)
k+1
THO, k=1DLE,
bagr-1 = —Cp(TC)yp 1, (10.254)
b = —Ce PPy o B ey o T (roya0.0s5)
akk = POAL g P P, hk+3 p P, ,13—
P,€+2
bajrrr = —Cpp— (TC)pprs (10.256)
k+1
THY, k= kmpey DE X,
P,_1
ba,k,k—l = _CpP—Q(TC’)h’k_%7 (10 257)
k-1
1 Pr4l = Pr-1 Pkfé
= — —=(T 10.2

THb.

ZIZT, B, & kmm 1T kppaz + 1 FIDFTFITH D, :@Jﬁt‘ U CIRRFE D HFRE A
BEDEL VDT RV, AREAZEAL 572012, MFICERSEERE TOD
BUN S A F ORI A, B U < IFKEK @J:’Eﬁﬁb\ . InsoXEHbET
AR i < BRICH WA 17O RICEA L T, 28 14 EZ2 S e L.

¥, REREIIBITBE7 IV 7 A I—EEE2E5 X556 ALLSICA%2%E
BLULTEMTLE k=1Dk &,

L Pr+l = P} Pyl
Pyt
baprr = —Cp Pk: (TC) s (10.260)

BB, DTFOEFRTD a ¥ [RK) 2ERTINNTHD. 5125 CRIMREHORIL 2K\,
ZZ Tk B, HW3
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L5, k> 1 DOHBAEITIE, (10.251)~(10.253) LHUTHS. ZDHEITIE, B, &
kmaz 1T kmaz FIOITHITH O, RABDSIREABEEFL Wz, TOARDATHES
ZLeNTES.

10.2.7 K#FES (MB) HBOED AREADEE

T ZTIE, KEKOMELE O ROBEUL A A2 K 5.

102 i OB DD THRAR & 512, KELKDOMELHIL, AVWSRERAD
KIELDT TV 7 ADKENZ L > T 2580 OMSA L AEEZFH WS,

BERAMOKELRT T 7 AL UT t+ At ORZIDMEZ W 5356, KEKDEH
ELHORN (10.124) 2B T 2L 2<k<kpp —1 D& &,

—(TC) gt (@75 = 72"

1 I)k—i-l_])k’—l A —A
(~gmi Ty + Ty ) (7 = )

~(TC) s (431" — dhat")

- (Ft*At - Ft*At> (10.261)

q,k‘i‘% (Lk—%

ERD . k=1DL Z,

_E(Tc)q,k_;g—;]i (T2 = T2
* <_22t = ;pk_é +(TC)gpsr + e(TC)q,k_;) (@™ — q, (40.262)
—(TC)g s (435" — ai33")
_ ( F;f% _ F;gt% ) (10.263)

THEADEEGHZRET 255G,

1 Pgyl — Pr-1 -
( : . 24 (TO)gys + (TC)%M) (g2 — gy >") (10.264)

C2A¢
—(TC)yprs (G35 — 4157")
—- (ngﬁﬁ - Fr ) (10.265)
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YD k= ke DX

—(TC)yps (G5 = -7)
( 1 Pryl = Pl

+ (TO)q,k_;> (g2 — i7" (10.266)

T 2A¢ g
_ t—At t—At
- (Fq’k% - FM_%) (10.267)

LiRs.

Ihozfedde,

Cz, =G, (10.268)
LELZENTESL. T,
e O % 1 )
Gq = (gq,la gq,?a o 7gQ7k'maz) ) (10270)
gor = — (P8 - P8 (10.271)

THD,2<k <hpow — 1 DEE, C = () DEHNIE,

Chh—1 = —(Tc)q,k,%, (10.272)
1 Pryl = Prp-1
Ckk = ToA7 g + (TC)gpgr + (TC) g1, (10.273)
Ckk+1 — —(TC)Q’H%. (10274)
k=10D& &,
8 *
it = —eTC)yyy 5 (10.275)
1 pk;-i-f — Di_1
Chk = ToAg : . F 4+ (TC)gprs +e(TC)g oy, (10.276)
1 = —(TC)pi1, (10.277)
k= kpow D& E
Coier = —(TC)gy 1, (10.278)
1 Pr4l = Pp-3
Chk = TgAg . +(T0)q,k_% (10.279)

ZZT, C 3 kpay 1T kmae + 1 FIOTHITH D, Z ORIV TIEARMED 2RI
FOBELWEHIZHAU . AREANZHU 272012, Z\OREHLE D 200 22 K
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T ORI N0 ORI A& FIRFCHE . FRIRHCHE S BUZ W 21751 0
WEL TR, B 14 EE SR &

7B, BERH 7 Iv AL LT t— At DEZOMEZFHWS5EI2E, AU LS
WWAZZR U TEBHET L k=1DL &,

Crr—1 = 0, (10.280)
1 Pr+d = P

= — TC 1 10.281

Chk AL g + )q,k+§7 ( )

ceprt = —(TC)gpys (10.282)

B, k>2 BT, (10.272) ~(10.274) LHEkTHZ. ZDEGAEIIE, C
& knaz 17 kmae SIOITHITH D, ZOXZITTHL 5.

B, BERH7 7y 7 AL UTEEZHVLGEICHARDSGIETH Z 27
TE 5.
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B11E  FEERESREES

N
IL

74

anj
IH]
ymy
=)

115F  #zieX

g
JdiT
S

WAIRN AR L, 26 8.2.2 Hi TR A G NAEIc B W Tlgz ¥ n & L Ga

XIS 5. FHMIZE - 22/i 2B T 52 &,
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|

5128 RERMA - ORI

\nF

2,

12.1 FHOEEXRIT

ZIZTE RERE - M ROBINLIZOVWTHERS,

12.1.1 HEXEXR@1EBETI

BEXREZ 1 EOWEHIETNEZEZS. ZOET VI slab ocean ET I & 5%
fiths.

ZD1JBOWDBEBEENEROR, BUNZIFTFTOL S IZRBTE 5.

T,
CSW = —Fsp—Fir— I, 1 — LE, 1 + Iy, (12.1)

ZIZTCOC, I 3BARETHA.

— 0, BVRENER KDL EFTOLIIZRHTE S,

T

ot
DL E RERMBEZEETEILLEMTHD, TOLIITEL AT
5.

— 0 (12.2)

T; = Const. (12.3)
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12.1.2 TERILEETIL

MEAMOETINE LT, LIBFOBZELZZELZETIVEER L. TIEEEDOH
EE SRR e, T OBREM 2 U T oMK RINE X

oT, OF, 1,
c,—=L = —-—2% 12.4
7 ot 0z ( )
Fg,h = FSR“‘FLR‘l’Fh‘I’LFq forz = 0 (125)
oT,
Fyn = —Iia—zg forz < 0 (12.6)

&5, 2T Cy IFHRAAREY 720 0 HERAEE (Jm P K!) THO, k 13118
DEZEHRE (Wm™ K THBL

AE - KO ICH S BINZDELE

AN PO D RLfiRE /RS DI IZ 18, RO RITEL S I F RS L £ 2 5. T Oy, BRI
i & RUB R DRI,

Ts = Tcond (127)

Fon = SR+ Fpp+ Fyo + LF 1 (+Fu) + Fsur (12.8)

5. ZIZT, Toppa WSEHEIRETH D, Fryy 1ZOKOEMR - BHEIZ X 2B T T v o
A, Foy WWMBIZ LTIV I ATHD.

12.1.3 XK 1 BBNIZETIL

HOKPEHET DHEEDETNE LT, 1 BOWKOETIVEEZZ S, HKE LD
I,

T,
ot
L. 22T, Cp KO BAARTE Y- 0 OBEE, hy XEKOEX, F, 13
IKDIEH D SVIZIEDREYEE T S VA TH 5.

Crhy

—Fsp— Fup— Fy — LF, 1 + B, (12.9)

U BATARRE Y 72 0 OBVARIE, B (kgm ™) CHMEED VOB (JK kg !) OFTH
%, BRI, BE (kg m™3), BATEED 720 OE (T K- kg™ 1), ILERIL (m? s—1) O
ThH5.
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BIKDRERARICHE S BN DIEIE

WK DIRE D EHEIRE % B0 B 0521%, HoKA @RS 5. Z OF, RERE (X
BEREEE) I3EEREZEBEZ 5 Z 2130,
Z DD BB R OB 1T

0T
ot

&%, T, Fry \JHEKOBRIZE BT S I ATHS.

Cr

= —Fsp—Fpp—Fy1 —LF, + F,— Fpy. (12.10)

12.2 B#ENERIR

Z 2Tk, RERm - i FOAUGE DBEFLIZDOWTIHRR B,

12.2.1 ZEXR@1EBETI

BRERMIZ 1 BOWDEHDETNIZBEWT, AEEVPEFROGEDOANEZOR
(12.1) %, B0 E TR U ERERBIIB TS 7 7 v 7 A2 HWTEMT S &,

—LE(TC)(L% (q§+At qifAt)

Q

4—(2At4—0(7znh1+- T Vo7

> (Tt+At Tt—At)
P OF
+<(%P0Uhr% m)?““ T
— _Fg'EAt o F Tt At Tt At) t At FtéAt_’_F;—‘rAt (1211)

LB, BE, ZOERIIEWTIE, RE BIIE2779 7R LUTt+ALtD
%ﬂ@@%%mfwé H L, BERMmIZ iémmm77/0§abft—AuD

6% IS BB E I, s — AR D £ L6<T0)qég§z EHIRTIZE
W, INnoE, SBROANDEBEOMEN S, k=0 L LT FOKRIZESET

bs,k,k—l (Qi—i_At qi At) + b (Tt—I—At . T;_At>
ot (T~ TE3) g, (12.12)
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T,

bs,ch—l = —LG(TC)%% (12.13)
Os 8q: 8FLR
bsrr = Ha; T C(TCO)y + Le(TC)qéa—Ts + o7 (12.14)
Py OFrr
bs = —Cp,—==(TC)p2 12.15
ko k+1 pPl ( )h,; + 3T1 ( )
Gop = —FLEA — Frp (T2 T2 — F;;‘%At — Lth"%At + FIT3{(12.16)
Thb.

— 7, BOREEVERK (6 U IIRERIIREAEE) OHEITIE, Rz LT

bs ke k—1 0 (12.17)
bs k. 1 (12.18)
bogrii = O (12.19)
gsk = 0 (12.20)
AN
12.2.2 HMREICHITI2RPNZEMTICE TR EEHEN
TEHOBEEHREAL T O &S Ik s,
_ t+At ot At
c Tgtj;m — T;’km _ _Fg7h,k+% Fg,h,k—% (12.21)
g 2At Tl — Zpd
:lfa 1§k§k5,max_1 O)t%7
Fg,h,k—i—% = _(Tc)g,k—&-% (Typr1 — Ton) » (12.22)
1
(TC)yg s ES (12.23)
THY, EMBERRME (k=1 D& &),
Fypjer = Fsp+ Fp+F,1+ LF,, (12.24)
THY, FEERRMIE (k= koo DE Z),
Fynppr = 0 (12.25)
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LU, 2OEETRABRROBE D BRI (REIE T (kg ), HIRTIERE
T, (1{8), TH8RE T, (ksmae ) OO HHLWDIZRIT 0. £ TEARD
A&eBEAT 5.

FQJ%% = _(Tc)g,% (Tg,l - Ts) (1226)
1
(TC)y1r = Ky1 p— (12.27)

S, (12.26) % EEREERSM L F X, FRIZ, (12.24) 2 k=028 5 R&E X
52T, KL TIEOBINL i/ X ¢ 52,

TIHOBIEH AR EZER U T T L 2 <k <konw—1DEE,
—(TC) gy (Ty321 = Ty350)

1 _
+ { Cg,lm (ZkJr% - Zk:fé) + (To)g,kf% + (Tc)g,k+é} (T;;At - Tgt,kAt)

20t
~(TC) gz (Torst = Tyash)
— t—At t—At
- (Fg7h,k+$ B Fg,h,kz—%) (12.28)

tf;b? k:ks,ma:p 0)(‘_’_%7
~(TC)g ey (T5320 = Tya)

1

2At
— t—At t—At
- (Fg,h,k+$ - Fg,h,kfé) (12.29)

LiRs.

k=1128135RF, (12.21) % (12.26) OXEZHWTER T 5 L THRLNDS. 5
SNBRIF, k=2 DRIZBWNT,

T,

i = T (12.30)

EUIAEFRUTHS.

k=0nrE, 2o, RoFL U Tid, iEmICAREY 00N 2 EHE
ETHLHRETEHI L EEMTHE. FIT, TITIEIDBEXZIERL, —HER

2 22T, —kpes <k < -1 BREFDBEDA VTFTIZATHY, k=071, EbIE, HHEREHD 1
VFIATHY, 1<k <kspmox WEBRDOA VT I ALS.
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RE T, 285, BAHEYS -0 OBREN C, THHENIMRAE FICHLLHE
25221285, ZOEOENEZORNIT (12.24) ZILRL, M FO XS icELZ L
MTE B3,

o7,
ZoRNERMNZEE L TRtBUE S % &,

Tt+At _ thAt

Com— = —Fsp—Fip—F1 —LF, 1 +Fy 1 (12.32)
ER5.
ZOXNZHMT 5L &,
—Le(TC), 1 (a7 — a2 (12.33)
( ¢ %(Tc)h L+ a;;f) (Tt — =2

C, 0FLr dq; AL t— At
+ <2At (TC) 1 +CP(TC)h,% + o7, +L€(T0)q7% T (TS - T )
H(TC)y s (T35 = Ty3™)
A At pt—A —A —A —A
= —FiP —Fop (T52 T2 — Fé’% b LF;’% ¢ +th’h’%t (12.34)
Lins.
3C, =0 DHEIT, (12.24) LFEULRD I LIIBGIHERTES. ZOXIITEREL THL
&, slub ocean DFAIZHEIETE 5. BIXIX, Cs #0, F, -1 =0,(TC)y 1 =0 DHEIZI, slub

ocean ZXFnd 5. Lo L, ZHILHEIC nfﬁi/%Tﬂ/Eﬁ%L@Ii‘if%éﬁ‘ TR E ORER
MVASY N FE SHIEE
4

Fq,k—% - 7€(Tc)qk %(qk*tk) (1235)
FL = —elTC) (g = (@) (12.36)
0
— =Ty " = (o (G ) -1y} (1237
0
= ATy = @)+ lTC) ey (G ) (T - T (12.39)
= TC)y (T T T Ty (G ) T 123
0
DO (T = = TO) sy () Ty () (1
= —e(TO)g s {ap*" - 1}+Fn+11+6(TC) 1<qu>(T"+1 71 (12.41)
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Tz, PEEEE T v 7 A t — At OFRZIOEE FHWA5E521E,

—Le(TC) g1 ("™ — g72) (12.42)
Py OFLR
(2 ) t+At  t—At
+ ( C, P (TC)p1 + T, (T T2
C {9FLR (9q* _
— L C(TC), 1 LT 295 ) (vt _ i—a
+ (2At + p( )h,§ + aTs + 6( )q,§ oT ( s s )
= —Fg™ = Fop (72 T7%) = By = LES S + B4 (12.43)
19 19 1S )

LR s.

FT, BT Ty 7 ATt — At ORFZIOfEE AW 255121,

Py OF
(~Cughreny + 9528 (s -1

Cy OFrr A N
(s~ 10+ CUTOY 208 (12— 122

t+At t—At
+<Tc)gé (ng =Ty )
= —FA — Frp (T2, T2 — F;j%ﬁt — LF;—%N + F;;ét (12.44)
AN

INSEEEDDE,

Bz, = G, (12.45)
LELZENTES. 22T,
T _ (Tt+At - thAt Tt+At . Tt—At
g 1 1 y -8 s )
T;jAt _ T;—lm7 T;EAt _ T;’EAt, s T;;ﬁim — T;;ﬂfrtnaJ , (12.46)
Gg = (997079971’99727 ""ggaks,maz) ) (1247)
gg0 = _FgEAt _ FLR (Ts_At,Tf_At> . F}i—%At
t—At t— At
—LE A E (12.48)
—A —A
Jgk>1 = — (F;’ké - F;,g_%) (12.49)

ZZT1<k<kopmuw—1DEE,

by = —(TC)yp1 (12.50)
1

gk = 2_At0g,k7 <Zk+% - Zk_%> T (TC)g 1 + (TC) g pyr (12551)

bgisr = —(TC)gpys (12.52)
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THO, k=0DL X,

by — —qé%gché+%£f (12.53)

byrs = ;it—(TC%é+(%UKUhr+igf (12.54)

birr = (TC), (12.55)
THD® k= kypoaw DE X,

bo k-1 = —(TC)M_% (12.56)

by = 2%15097’“’ <Zk+%—zk_%>+(TC)g7k_% (12.57)

ThH5.
77U, By 1% Kymag + 147 Komas + 2 FIOFFHITH b, 2 DR TR
FRREE D 2D LR, HRAZEU 57010, BOREROR &
R < .

BB, BOBKEAMEEK (5 U < LBRRAERELER) OBAIT I,

bori1 = 0 (12.58)
borr = 1 (12.59)
borirr = 0 (12.60)

9ok = 0 (12.61)

12.2.3 JKOFEE - BEIC X 2B DIEIE

IKDRELRB & R RO MR O BN L X, (12.8) 2tk d 5 &,

t+At _ it+AL
Ft+At Ts Tg,l
g

Z1 — 21
2

= FLEAt 4 prtAt 4 F;ﬁ?t + LF;EAt(JrF}LAt) + FEAT (12.62)

P ZITIE, T, (HERE), T, UREIRE), T (KKIRE) OIEFIZE TV A, 2010/02/20
DI — R CTRFEDIEFIZR>TWVWS.
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LB, X 51T, (12.32) LABRD AIEICED &, (12.62) %, HIEREIZBEED C,
ThHEEMDH D EZTHBILLET &,

t+At t—At
C Ts B Ts
s

P = R S FOS  LES 4 FUA(FA) AR

LB T2, FS FGS P RS LE S R Pt Behen,
FTADEYEZE T Ty 7 A FHEBE 77 v I A, RS 7 5y 2 X BT v o
A EENT T A KDEMRIZE BT T 7R MBIZLBET Ty I ATH
5. kX TIBOBILEBRIETH 5.

ZITH, T THA =T, L2325 LIREL T, KOG - BEZIZ LB T7 Ty 7 A
ERABE LTKRD, ... D7z B TEL (yot, 2011/12/28).
BRENTRTREITZEE

DL E R My, RAE Y, FLA — LfQ—AJfW ChHBNE, DR
ELGZCTEN - RARBRREZMEERITRV. 22T, Liysion [JREEERATH 5.
(12.63) & ¥ T3 » |

(TC)gy (T35 = Tj2™)

Cs
+ ( —(TC),1 +C,(TC),

OFLr t+At t—At
IAL + ) (T - Ts )

2 T, s

P OFLr _
+ (—Cpﬁ(TC)hé + T, (TR - Ti=21)
—Fg = Fun (TS T) = F™ — LEGS + FL A (- Fh) —(ES9Y)

b, 2L, ZZ T ZERNATINCT 701, BT Iy 7 ATt — At D

R Db D% WD,

IhSE (1245) OFRIZE LD B L, (1248) I2BWT

90 = —Fep™' = Fop (T7 S, T0) = B2
—LE S+ B S (=P = Feir (12.65)

ETHIXR .
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MEDT R TRIRVEE

IOEE THMN =T, b UCHS IR GRER % & HE &

(12.45) DFRIZE L DB &, (12.48), (12.54) IZH VT

by k-1 0 (12.66)
bgrk = 1 (12.67)
by k k41 0 (12.68)
ggo = T.— T (12.69)
ETNIXRW.
Fonr 1&, THA = Tpppg & LT, MERHEOBINE R, (12.63), 15k 5.
12.2.4 EXELOEINZ
MEOKE LD, WKI(ED BT Iy 7 X%
T, — T
F, = —x—=—-2 (12.70)
hy

EHFELZILITT S, TIT, ky FIKOBYRER Ly JWPKDEZTH O, Tp 137
KTEDWKIETH S, ZD& &, KA EOBUINEA (12.9) IZTFD X 5 IZHEHL X
n3.

C]hI _
TtJrAt . Tt At
Ul 12
—_ _FE'EAt . FEEAt . F;;Jr%At . LF;EAt T F5+At (1271)
CNAMET L
—Le(TC), 1 (a7 — a2 (12.72)

Crhr OFLr K1 dq; t+At t—At
+ ( Az +Cp(TC)y 1 + T, + h +L6(T0)qéa—T (T: T2

Pl (9T1
_Fé-EAt o FLR (TSt_At, Tf_At) . F}i—%At o LF{;—%At + Fg—At (1273)

P1 OF
+(4%iavhy+ m)aﬁm_ﬁﬂﬁ

ER5.
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F, BT Ty 7 ATt — At DIFZIOEZ W 2581213,
Clhl t _
T +At Tt At
S s
— _Fé'EAt . F[t;"]_%At o F}T—%At . LF{;—%At + Fg-‘rAt (1274)
6, ZhzEBMT5 L&,
C[h[ aFLR R N _
4 T oL - T +At Tt At
(2At+cu s+ 1, 0, ) (T )
Pé OFLr _
+ <_CpFl(TO)h’% + 8T1 (T{H‘At o Tlt At)
= _EQN-JQRajAZTrN)—ﬁg?ﬂ—L@;“+fyﬂt (12.75)
b,
UEZBHL, SHBOXNDBHEZJIHEIIBWT, k=0 2 LTFDORIZEL Z &I
5.
bigose (T2 = T2 + bygggr (TTH = T12) = gin (12.76)
ZZT,
Crhy OFLr Ky
; = — T — 12.
bi e i AL + Cy( C’)hé + ar, Iy (12.77)
Py OF LR
2 L
birrkr1 = —Cp B, (TC)h’5 + T, (12.78)
gi,k: — _FEEAt . FLR (T;_At, Tlt—At) o FZ—lAt . LF;EAt
+Fg*At (12.79)

12.2.5 BKOBARIC L 2EINT DIEIE

oK DRI OB A (12.10) Z#ESUEd 5 &,

Crhy (
2At V¢

t+At
THA = T,

t+AL t—At _ t+At t+At t+At t—At t+AL
T =TY) = —Fg — Fppt = B = LES 4 BT -

(I279)

(12.81)

O i, BEL RGO N7 &2 ZEN AT 2720 THD. 2k, KEKDAIC

POWTEHERTOKEL T Ty 7 ADHEE LT t— At DEZIOEEFES Z 2zl &

IZER U

THEY, ZTDHEIITI, TITH t— At OEZD T T v 2 2% fiba it EKOEEIREX

W B EBA, DR HIRHVELEESD.

surface/energybudget.tex(surface/energybudget-disc.te3)14 4 6 H 18 H (HiBRimAE NN H4EER)



158 DCPAMS5 XEAEAREZDEEEN2E XEXRE - i TORINZ

-
—

b, 22T, T, $EERETHS. T, I THENS, T, =T, & LCTHENL
HRREMESET. i &, T, =T, £ UT, (12.80) 2 563KD 5.

7P, ENL AR BRITIE, (12.77), (12.78), (12.79) Z FTO XS IZEESEL T
W5,

bipe = 1 (12.82)
bikkr1 = 0 (12.83)
gix = T.— T (12.84)
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F13EZE N\TYETFI

13.1 FOEEXRIT

Manabe (1969) IZH€\, HH KD &, M, BE &, M,, T TOARERMKEDS &7 5.
oM,

ot = _Fq,w+Frain+FSM — Fro (131)
OM;,
% = —Fy s+ Fapow — Fsmr (13.2)

ZZTC, Fyws Fus, Frainy Fsnows Fsu, Fro W& ZNZNMREDKIBEFET B &
WZEBKERT TV IR, EDNEETLHILIZLDKER T TV I A KT Sy
TA BETIVIA MMBETISvIA TLUTHRE 7S v 2 RATHS. 275U,
0< My < Mymazr THDY, My oo [ SHTHPRIFTE 2 KORKETH .

RIKFELR T TV I A F, BB, F,, & F,s ODNR, BLXORREK - BEET I v
7 A FPRC'P &:BU'%)’ Frain & anow ODIj\j%R&i

13.2 BHENRIA

HRE KSR, HEREO LA GREAIZTO LS ICH#BbEng.

Mn+1 _ Mn—l
v v -F 1 F.in + F F 13.3
oAt gw, L T + sy — I'rO ( )
Mn+1 _ Mn—l
5 5 = —F 14+ Faow—F 13.4
2At asf T M (13:4)
ZZT,
Fq,% = Fq,w,% + qus’% (13.5)
Thb.

surface/bucket.tex(surface/bucket-references.tex) 2014 6 H 18 H (MERIEIRENMNELEET)
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13.3 SEX#k

Manabe, S., 1969: Climate and the ocean circulation I. The atmospheric cir-
culation and the hydrology of the Earth’s surface, Mon. Wea. Rev., 97,
739-774.

2014 4 6 H 18 H (MBRITRE NN (H2EET) surface/bucket.tex(surface/bucket-references.tex)
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145 BIPRZZHRELI-EILIARER
DFFK

Al
JdUT

14.1 BEBIRIR

12.2 @2 B WT, KEAHDOBILEIZ B 1T DI, KEAH DK DL DN, &
BRED 1 JEET VO, EXRMS & O T OBIRB OIS, WK Lo
BUNTIZDOWTE W, BIZE WL 510, Insikzhrhiicidsnd UEH
CTEST, BHHMAGDE THE AR ZBET 2HENHSB. I T, BT
D 3 Y DMAEDLET2RT.

o BERMIZ 1 FETNVEHAWDELE

o HIAMLMET NV EHWSGA
o MKBUNLET N2 WS 56

14.1.1 BEXREIC 1 BETIEHAWVWSRIES

ZIT, BERIMIZ 1 EETNVEAVWSHBAEEZERAS. Z0DLE, KEAF OB
DI X (10.247), MERED 1 BE TNV OHINE R (12.12), KZRGILEIZ &
BN (10.268) ZFAKHZAES . THhoDAEFEHLIE TFTO LS ITBEINS.

thq = th (141)

physics/physics.tex 2014 4 6 H 18 H (MuBRUTMAEE NN EAEE)
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e e
TtJrAt o thAt
T — T TEat — T8 LT — a8l (14.2)
= (Aqkmaz? "'7AQZ7Aq17
AT,
ATy, ATy, ..., ATy ), (14.3
th = (gq,kmaz7 942,941, 95,00 9h,15 Gh,25 -+ gh,k‘mam) ) (144
D DRI, E< -1 DL X,
dogr+1 = Ckk-1 (14.5)
d_pr = Cipk (14.6)
dogr—1 = Ckk+1 (14.7)
ThHhO, k=0Dk &,
dpgr-1 = bspr—1 (14.8)
dere = bspp (14.9)
degy1 = bsppst (14.10)
THO, k>1 DL X,
-1 = bagk—1 (14.11)
diie = bakk (14.12)
i1 = Dokl (14.13)

THD. 8B, bypy WEL ) REDERIZHBI0F IZBWT, bypy 0 EDES

BB 12E ITEVWTARINTWVS.

DN —IRTIERARZ BN TRD Tz ap, ZHWT, SNEELIREAIZ & DIFRHZ

fbREZ TDLDIZFHHET 5.

oT ATy,
— = — 14.14
( ot )k 2At’ ( )
0T, AT,
= — 14.1
( ot > 2At’ ( 2
9q Agy,
— = —. 14.1
(at) . 2A¢ (14.16)
2014 6 H 18 H (MERFTARENN{ELEEE) physics/physics.tex
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14.1.2 TEBILHETILEZEWVSHEE

ZITIE, BB ET VEHWAHGEEZXS. 20L&, KA DOBILHD
N2 (10.247), HIBEGLHOBINE K ((12.45)) ZHEFRICELS. Zhoo X%z £
EHBHETDESIEHEIND.

thg = th (1417)
Ty = (Tgt};ffm — Ty Ty = Tya™ Tp2 = T3,
Tt-‘rAt o Tt—At
TP — T TEAl — T8 LT A — -8l (14.18)
= (ATg,ks,mw, o ATy o, ATy,
ATy,
ATy, ATy, oo, ATy ) (14.19)
th = (gg,ks,mawa <y 99,2,99,1, 95,0, 9h,1, Gh,2, "'7gh7k7na:1;) ’ (1420)
D OEBIE, k<0 DL X,
d_prt1 = bgrra (14.21)
d—k,k = bg,k,k (1422)
d—k,k—l = bg,k,k-f—l (1423)
ThHhO, E>1DE Z,
dik—1 = bakr—1 (14.24)
dk,k = ba,k,k (1425)
A1 = bakkt1 (14.26)

ThH5.

ZOMN—IRGRRARZ R NTRD 7 ), 2 AVT, SRETLIRESIC & 2 HFHZE
ERE2 TFTDO LS IZHET 3.

ar\ AT,

<E)k = oo (14.27)
a7, AT,

() _ an iz
o\ ATy
(W)k - St (14.29)

physics/physics.tex 2014 4F 6 A 18 H (MUERGRAREEIN LS
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I AR DK

14.1.3 BKABANITETIZHAWVSIHE

ZIZTI, KB ET NV ERWAGEEERS.
N2 (10.247), oK EOEUNZ A (12.76), %_»FJE% ﬁ
HBEETDELIITEMINS.

Dzx;; = Gy,

_ t+At t—At
Ty, = (TS —TS s

Tf—f—At - Tlt—mt7 Ti+AL T2t—At Tt+At

kmaz

Ghi = (9i09n.1: 9025 s Ghkmas)

D O&BIIE, k=0DEE,

dpg—1 = bigr—1
i = bikgk
THD E>1DOLE,
k-1 = bagi—1
e = bk
i1 = Dokt

TH5.

&, KAHOBGLE D
ISR EF L

(14.30)

;2% (14.31)

kmaz

(14.32)

(14.33)
(14.34)

(14.35)
(14.36)
(14.37)

LEHEZZTOWAEKENEETVIE 1 EBTH O, KELKDRNEZAEZEOTERMLL TS, 17
FNE=ZENATINICTEI2IETES. LaL, BRTIRFO LS ERMBIFHEL TWiawn.

2014 4 6 F 18 H (HUBERFIKE M {ELLER)
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Iu_ulf
ot
Tk
B
H
S

F

15.1 FLC®IC

ZIZTREETNIZOWTHRARS. BfED DCPAMS T, JEFICHELEE TV
EHWTWAS

15.2 FOEEXRIT

BAED DCPAMS T, EXKZEMAL TH O, BKEEL g ETOXEHERIC

W59 5.
dQCw . aCch &]cw
it ‘(mxﬁ<mkw (15-1)
%Cw . _ qC'LU
( 5 ) . = P, — (15.2)

22T, (%), B, P, BEKOERETHD. £z, r0 FEKIHW
@H%méﬁcfaé D, B TH5. BIRD DCPAMS T, EXKDOBRIFEHL TWVWD
P, &, EEXNRARNT AR £ — /a/g#ﬁm@ﬁ#(ﬁﬁ&ﬁ%)#b*mbm
LfE%Z WS

Bk PIE, FTOoLSITkDons.

Ps d
P = / dew 2P (15.3)
0

Tew 9

U, BKIE, B NEREIS U THE2 RS EIRELTWS. L, r6H
2R D BRDOIFEUTME L TV B L

L DCPAMS T, N7 Y ETILEZAWVTWAERIC, RERMOMESE OFfR, F3IES B8 E%E
BLTWS. Lzhi> T, RNTIZTRNLF—IZEEFEL TV,

cloud/cloud.tex(cloud/cloud-disc.tex) 2014 6 H 18 H (MERIEIRENMNELEET)
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BB, ZOEBEETIVCTI, EEIX 1 EERELTWS.

15.3 BHENRIE

DCPAMS DZEE TV T, SLIRILEUI I F e & —#IZRITE D S, T DFER
ZRHWT, Ak HBE2ER L CHETT 5. HPEERIZET 20 13KkEL R C il
DD EAL EDIZH/S . T 2T, B, RO IOV TDOART. Ak, H
W43 1, Tiedtke (1993) 12> T R D & S IZfRIHTAICRES T 5.

A = e o+ Ty Pyl — € 7o) (15.4)

2T, g, & ALRINBURZ & 7z HFMEORMN IG5 N5 EKERLOfE

WAk, P 1%, FOE S I1CRkDSND.
A
= 2At2{qiw%t+Pcwk2At) T s (15.5)

Iz, POXIITHE NEOIE TRENE, P, EEER P, (23005,

_ )P (L =Ty

Prain - { 0 (Tl < Tf) (156)
_ )0 (i =Ty

Psnow - { P (Tl < Tf) (157)

2014 4 6 H 18 H (MBRITRE NN (H2EET) cloud/cloud.tex(cloud/cloud-disc.tex)
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BITE fHENEE - RJE

17.1 FLC®IC

DCPAMS5 T, fafliE & bR ZOFEFEIRE 2 51H T2 A2 KL TW5E. £
7o, BIREIE 2 5B T 57200 & U T, HIBRFEARBEKESE AGCMS THWS
N T2 & Nakajima et al. (1992) TibN7=XND 2 HEL TWa12 DIF
IZENFNDHAZZT.

17.2 f3FILLE

FARIELIT. ¢* (T, p) (ZEAFIZESQUE e*(T) & W TREERIZ
ee*(T)

q"(T,p) = (17.1)
EXRYT. ZIT,e=2 THY, my, m FZENTNWKERDD T8, FI0 78T
H5H. F-, Th&D,

aq* € de*

ﬁ(T7p> =, aT (T) (17.2)

Thb.

AR T, BIREZE I N T WA HRIKESED AN Z/RT .

L BUR, Nakajima et al. (1992) ORIFIKALOREZHEL TW5H, 2O AGCMS5 ORI
HBENRTA=RELEZGEIZHIGLT WS

2 (yot, 2013/10/01) BAF 21X, Tetens (1930) DRI DWTH ik H3d 573, BURF 2R E L T
(AY SN

saturate/saturate.tex 2014 6 H 18 H (MERIEIRENMNELEET)
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17.2.1 AGCM5 THWLHN=R

AGCMS5 THIWT W= IR ELE DR L, Numaguti (1992) 12HT 6D TH 3
S5rEz6NDE. ZORETFDESILKIND,

¢(T) = (T = 273K) exp {Ri (% - %) } | (17.3)

TH33. 2T, e (T =273K) =611 [Pa] £33

¥/, ZOXED
e’ L ... L{1 1
LIR5.

17.2.2 Nakajima et al. (1992) THWSLHNEZK

Nakajima et al. (1992) Tl%, Eisenberg and Kauzmann (1961) ¢+ TH5 X 50T\
5 BIMIKAESRER E A2 ERELT 5 TOXZHVTW5.

L
“(T) = p;, S 17.6
() =sieww (-7 (17.6)
ZZ T, py=14x10" Pa, | = 43655 J mol !, R IF¥ &SR ELS T 55.

¥, ZOA&D

aq* L . L
00 (1) = v e (—ﬁ) (a7.7)

NAR

3 ZofAMAKIEDO RN, FTORD» S, BAFOWE L, KEKDLKKREHR R, 2—E & U TEH
LEHDTHS.
19e; L
ex 0T  R,T>

(17.4)

L2 DFRED kORGP L Bbns.
5 Nakajima et al. (1992) Tl¥ R =8.314 Jmol"! K™ TH 5.
0 ZoREffIF, (17.3) IZBWT, £ =5251 LBVEAITHY T 2.

2014 4 6 H 18 H (MBRITRE NN (H2EET) saturate/saturate.tex
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17.2.3 Tetens (1930) O

(yot, 2013/10/01) ZDRIFBIEE ZFHEE L TV,

Tetens (1930) T, KEKIZN T LREHELKIELE LT TFOREZRIBELTWST.

e*(T) = el exp {aT_TO} (17.8)

T-0

ZZT, e = 61078 x 10> Pa, Ty = 273.16 THS. 7z, KIZHUTIE, a =
17.2693882, b = 35.86, KIZXf LTI, a = 21.8745584, b =7.66 TH 5.

72 ZORED,

* Ty — T —T;
Oc (T) = a%eg exp {a 0} (17.9)

AN

17.3 ZE{bikFRDEFEITE

R bR FE O RIFIZ KT X, Pollack et al. (1981) (2R & N7 BEkEIRLE D X,
T = 149.2 +6.48 x log(1.35 x 10~%p), (17.10)
PO TFDEIITkdDoNS.

T —149.2
—9) (17.11)

1
P 135 %103 “7P ( 6.48

ZZTC, T, p DEAMIZZTNETNK, Pa TH .

17.4 SEX@E

Murray, F. W., 1967: On the computation of saturation vapor pressure, J. Appl.
Meteor., 6, 203—204.

7 Tetens (1930) IFMGETE PN T NS 728, MEEIZHH S < 2\ 1d Murray (1967) 225 2%
ERWAB LW,

saturate/saturate.tex 2014 6 H 18 H (MERIEIRENMNELEET)
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Nakajima, S., Hayashi, Y.-Y., Abe, Y., 1992: A study on the “runaway green-
house effect” with a one dimensional radiative convective equilibrium model.
J. Atmos. Sci., 49, 2256-2266.

Numaguti, A., 1982: £iF 125 1) HIEHETRB O KB EIE (B9 5 BUHEER, A
REE LGRS

Pollack, J. B., C. B. Leovy, P. W. Greiman, and Y. Mintz, 1981: A Martian
general circulation experiment with large topography, J. Atmos. Sci., 38,
3-29.

Tetens, O., 1930: Uber einige meteorologische Begriffe, Z. Geophys., 6, 297-309.

NDARY - TAXUN=T BHE= - MEBHIR, 1975 KOG LY, &
IT9EE, pp.302.

2014 4 6 H 18 H (MBRITRE NN (H2EET) saturate/saturate.tex
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i %A

Al HIRATOYEEE

HUBER KSR D FEAR K 72 B E B 2 LA R IZ RS

REPR
e

H7 MR SR D RE FE B 24
HZ P8R D SR E B

RAETER

IKFE ST T LE 2
KK SR E R

WARIK D B

IKFSR T TR

IR D FREX

IR KRR DRE E B Y SR D L

Kéalman €%

Fmommoe S
o

> 0
|
™M

—1
v T to _1

k= R/C,

RE KT OB E

m s
J kg ! K1
J kg™t K1
J kg1

J kg™t K1
Jkg ! Kt
J kg™t K1

6.37 x10°
9.8
1004.6
287.04
2.5 x108
1810.
461.
1000.
0.622
0.606
0.286
0.4

constants/constants.tex(constants/cst-earth.tex.tex)
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ff &%B E

=l
[T

IBY
A
/

THNRICEET B

BN
|
'EIIIII S
S 1

B.1 EKEFREFIRE

Z 2 TlEReR COEKMFAMEE 2 EE L, AT MVEHEOHRIZ LB MEE %
ZE01F, GEHT 5.

FIERIEHARKEZ €& L, RO CEREFANRENZEERRE R T I 2 TR
L. ZDZ ek, B EICoAS 5 H 5 5GBS ERE AR OERE
HLETEBRIZRINEZ LIRS,

BRAETFAFIEREINL 2T T 7o T7 VICHET 2EEBEKTH D, 2Dz e
WOBESEENG. 2EFEFTIZZOZ L TEL.
ST, BRI 2 22D U7z F N TH <.

1. EFEME (BRIAFARIEKEL, Legendre Bi%, Legendre 5 EE)

7, A A=V EODLEDIT, LY v v R (5) BBD S5 7% 57T

2014 4 6 H 18 H (MERITREMN(E A6 B tral /spectral.tex(spectral /spl-spherical-harmonics.tex)
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B.1.1 TE&H&MHHE

Z 2T, HIEARE D Legendre KK - BB P | 2 THIMAL L 72 Legendre B
B RS P, Am CHRIMAL U 72 ERETFAFIRE Y OIHICEER T 5. T 61220
SOMEE UT, /5 RN, i M, BEBKELZEICZDOWTHRRS,

EHRARED Legendre EEK - FEEHE P

b

o EE
AW AREIT X B & Legendre B - FEERE P (1) 13 —1 < p <1 I2BVT
IRATEE I NS (Rodrigues DAR).

[m|

(1 _ MQ)T dn+|m|
2nm) dpntiml

DM
n

(W —1)" (B.1)
72720, mon 1% 0 < |m| <n 2l TEBCHS. Legendre B PO % P,
LbHEL.

e Legendre BREL - FEENEL D723 iR

P (p) 3RO SRR % W72

i{(l_/f)%p;”}—i—{n(n—l—l)— mQQ}ﬁgn:o. (B.2)

du 1—pu

72720, mn & 0<|m|<n Ziii=-d8ETH 5.
o Legendre B8 - BEBRORE > WAL
P () \ZROEALRIHES .

(n—|m|+1)P™, — (2n+ D)uP™ + (n + |m|)P™, = 0. (B.3)
EEL, mn ik 0<|m|<n—1, £ m=n=0 2T BETH2.
X 517, WOBIRR AL Y 12

(1= )P = (- [Py = P (B.4)

72720, mn ik 0<|m|<n—-1 %38 ETH 5.

L&D, FHI, —f T I 1960 2487

spectral /spectral.tex(spectral /spl-spherical-harmonics. B} - 6 H 18 H (HIBRUTAEE NN EAEE)
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(1) (n=|m|,|m+1,---) IZIRDOBELERE 2T

[ﬁ”<ﬂm(ﬂﬂ:mi48ﬁ1$m%w (B.5)

72720, myn,n 120 < |m| <n,n Ziiil-38ETH 5.
—1<pu <1 CEHBSI NG A(p) X {P™n=|m|,|m+1],---} 2H

WT
}:_Ampm (B.6)
n=|m|
im 20+ 1(n—|m|)! ! -
LRINs.

2 THIt&IE L7z Legendre E#X - FEEEL P

o TEHE
2 THIFIL U 7z Legendre BEL - B P (p) 13 —1 < pu < 1 IZHWVWTIRK
TEHEIND.
o @)= m])! 5, @ D= ) (= )
B = \/ (n + |m|)! B = \/ (n + |m|)! 2np! dpntiml (= 1)"
(B.8)

72720, mn i3 0 <|m| <n %z EHTH 5. Legendre BNEL P) % P,
?_’_35£<.

o Legendre BN - BB D72 97 JitE X
P™(p) &, IROFHRER %272

%{@ﬂﬁ%ﬂﬁ+{mwn— m* %?—Q (B.9)

72720, mn id 0<|m|<n %z 38K TH 5.
o Legendre BN#Y - FEEE DL S i {b X

2014 4 6 H 18 H (MERITREMN(E A6 B tral /spectral.tex(spectral /spl-spherical-harmonics.tex)
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P (p) 1, RO RIZHES

(n_m”+n¢21 (n+1+m)! @n+U¢ Lt

n+3(m+1—|m) " on+1(n—|m[)" "

+(n+|m|)\/2n1_1§Z:i:2:;iPﬂl:0, (B.10)

" \/( (2n+1)(2n + 3) pm

A = [+ Dt m|+ )P

1

B (2n +1)(2n +3) (n — m))(n + |m])
(n—|m|+Dn+|ml+1)\ 2n+1)2n—-1) "
(B.11)
72720, mn ik 0<|m|<n—-1, £ZEm=n=0 27T BHETH 5.
X SITIRDBERAD I, D LD,

(L= i) 7P = (n+ |m|>\/ o B (B2

2770, mn ik 0<|m|<n—1%ji7238ETH 5.

o SuEFMIE N
P™(p) (n=1|m|,|m+1,---) IFIROERLERZH 727

[ PP = 25,0 (B.13)

1

72720, myn,n 120 < |m| <n,n i3 8ETH 5.

1< p <1 CEBIND GBI A(L) 13 (P = |m|,|m+1],---} ZH

WT
Alp) = > AT (), (B.14)
n=|m|
. 1 [t
Ar =5 [ AP (B.15)
ERINDG.

spectral /spectral.tex(spectral /spl-spherical-harmonics. B} - 6 H 18 H (HIBRUTAEE NN EAEE)
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PRETFARIEE V"

o EFE
BRIEFAFIEE Y (N, ) 1 Legendre BNEX P (sin ), =M B%Cexp(im\) %
FAWTIRDO LS ITEHEINS.

YA, ) = P (sin ) exp(imA). (B.16)

72720, mnid 0<|m| <n %2{ili7z-dBETH 5.

o BRIFAFIBKEL DWW 7- 3 HFEA
Y™\, @) (SIRDFEAZ 727

1 9 s, 1 0? m
Low@ (C‘W@) T pon ”} vr=0o (BI7)
Thbb,
5, . 1 m_
52 (0003) + g e 0 Ym0 @1y

DETHD. 72720, mn il 0< |m| <n Z2{ili-dEETH 5.
o SCRKIIKIE M
Y IR DE B R & i 72

1
/ Y7 (A, @)Y (A, 0)d(sin ) AN = 476, O (B.19)

1
=720, mm/ n,n 1F0<|Im|<n &0<|m/|<n &EH-TRETHS.
BRHE ECREZRS N B EHEI AN, @) 1 {Y™"m=0,1,2,---, n=|m|,|m+

1,---} #HWT
AN ) =D > AT\ ), (B.20)
m=0 n—|m|
~ 1 1 27‘(‘
Ay = o [ deing) [ Ao one) (B:21)
A )4 0

LRIN5.

2 exp(im)) 1% f027r exp(im\) exp(—im/N\)d\ = 270,y ZH729. 72720, m,m/ (ZEBETH 5.
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B.1.2 IXEFEFEHEDZEEH D
Z 2T, BRIEFHAEE Y, (0, \) D

o W5y
o y WD

e 2T TV T

DEtHE%ZT 5.
W5
() S im
reoso DN reospon (Fn (Sng)exp(imd)) = S P (sin o) exp(imA)
(B.22)

y o

oYy 10 . ) V1—2d .

e Pl Gt = P . (B2

R R (P (sin ) exp(imA)) . 0 P (1) exp(imA) (B.23)

1 1 2
Vi =% o (-t ) + ]

r2 | Op ol 1— /ﬂw
11 0 d s
= — — — S B.24
72 [cosgp&p (cosgo&p) * cos%p@)\?} " ( )
_n(n+ l)Ym
72 "

B.1.3 XY b — &FEHCDOWVWT

ERTEFAFIEHE Y™\, 0) 1I2BWVWT n O & Z22EHE R,
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BT, EERDEERIZBEA L TAETH S, L WO KA H L. Thbb, (TR
DY™A, @) [FEHEL TH S NS EER (N, @) 1281 2R n OIRMEIHFIEKEL
{Yy"(N,¢)ym=—-n,—n+1,--- ,n} DHTRKETEZS

> ATV, ). (B.25)

DTH D53, Z ORIL, BRI 2T TV T7 VOEEETH D Z &
IZkoTWnWbe,

Z ORI E S WEZ N, IR n OFREFANEKBOERE LY TR TE 2 BRI K
hrﬁélﬁlif:éﬁtﬂakm\f%éﬂi*ﬁz n OREHAHBOEREHLE TEBTELI LIRS,

1v2 = 72 [% (Cosgo%) + COSQWBBTQZ} D, EEEZ —"('TLi;H) CIBEREBEAKTHEI L L,
AN T —HET Vi DERRDOEIZE L TALLREE T TH D L LITENT 5.

Thbb, VLY (N ) = -2 ym\ o) &, WﬁﬁﬁTﬁYWMMWM)ﬁEﬁ@%

n("H L35 Vi OEERKETHS. (Y n=0,1,2,---, m=-n,—n+1,--- ,n} DERE

’@JZ D, {Y"m=-n,—n+1,-- ,n} VLS = ""+1 )f D7l % FEo TWARETH B,

@E@%%E}Eﬁéﬁf ﬁtm“ﬁ—f\'cmjzﬁﬁﬁu E Ym()\',<p) DM DI THID PEFE R TDBR
B Y (N, ) 2 RBT 2L 2E2 LS.

MANRTRTRIUMNEDHEZERSZ ., 2RTT T VT V2 EHE LU MEIIARE LD T, §iDpERE
R CORMMEMELEL Y, (N, @) M7z 5 ERIC BT V2Y, = -2y m ofgcih 5. #i
7= 75 RS A D BRI BB OB S [V, (N, @) m = —n,—n+1,--- ,n} $ V2Y;" = —2oflym
DRZEMDHEETHS. Lizh>T, HIJO)T“*E;-&O)IZKEEJHDT& iﬁ?t&fﬁ:ﬁﬁ*ﬁﬁ%ﬂ éﬁw)
Mo TcHET 5.
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Legendre B

B.1.4 357

P (p) OBHEE Dh G012, 2 THIL LT Py, PL P25 O 257 %57

L0 i } Potlx) r l
0.83 3¢ 1
-0 ;
061\ s Lrh \ 1 ;',\7. i
'\ p 3, L ) .
0.4 x) ,/'_> __,_?‘\1‘ Pslz).. - —ﬂ‘/a* - A
0‘2% (T 9 Gzl B i L P
0 | 1

S X

] i ? i H |
A s
—0.4 — 7% J— I [

4.1 Legendre & XA ¥ 7 7

HEARED Legendre WE P, D U5 7 (H%H, FHJI, —H, 1960)

16 T

o Y

N - |

1.0 - Bl P ! P |
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RVIZNBNADE|

i
NI N
/ q
/

SNV /]

N 7 NN/
INCTIX /I o
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o NNA /

i

EYel

NI N A o
=

255.30 Pz 0777 $5.48 PNz 057
$55.310, 1 5. 4BIC 5 TR, [TH L, EHIEXh2RHER an<z>=v/z—"$-1 %mm
Im=1,2; n=1,2,3,4,56 212m| /7 72RL%. '

5 (2005/4/4 Fi%) MBIEBENTEE2\W. 75 7IZHD THE 2\,

~10 ! i
o1 02 03 04 05 06 07 08 09 10 01 0.2 03 0.4 03 06 0.7 08 03 10

Pl = P!/\2,P? = P2/\2 ®U'5 7 (1, I, —1, 1960)
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B.2 WoAR, GCMOZEHOMLEARR

ZITIE AT —58, XZ MNVOWMAZEHETS. T HITENS %G, WD,
W ¢ MERT VY v by, AR Y & (u,0) & OBREAT 3.

1 .
A0S —8 FO\ @) D 3 B rcowgf THEZ 5B,
o Wﬁclgi< mwwf>fngM5
r 0y r o ou

fOMIETTIVT Ik

., 1[ 1 0 9, 1
VHf_TQ cos ¢ Op COSSO@gp +(2082908)\2 /

B.2
— 1 0 (1 _ ) 0 + ;ﬁ f ( 6)
B @,u ol 1 — pu?oN?
THAOND.
B.2.2 <RI MLEOHD
2IRTERT MV v = (Ul,UQ) D IKFEFEBUZ
divyv = L ou + L9 —(vg cos p)
rcos @ OA rcosgp@gp (B.27)
1 (‘31}1 1 (9 )
J1—
RN gp VI
THEALND.
v DEFED r Bl 1%
1 0 1 0
(rotw), = T COS (;;\2 rcos @ Op g (v1eos )
(B.28)

1 (3112 10
e Ny
ry/1— p2 OA 7’8#( Hoo)
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THEAONS.

PAETHE o N AR Z T, BLARIZHEEIZ GCM T 5 R 20 DA

ZAIRTH L.

B.2.3 H#&

KA B REIZDAKEFR D &2 u, v ZHWTERT

1 Ou 1 0

- rcosgoajL 7 cos p O

B.2.4 BE

KA 2REGOME ¢ &2 u, v ZHNTRT
1 Ov 1 0

- rcosgoﬁ B r cos @ Jp

B.2.5 ZFERTVI v, REEHE (u,v)

WERT Vv Ib v, TRkrBEIE o 1
DEV%{X,
(= Vi
TEHRIND. (u,v) & x,p TRT.
10 1 0
w+ X

rdp  rcosp N
L ow 10k
rcosp ON 1 op

AN

B.3 LegendreH# P, O4E

Z ZTIX Legendre W& P, DMEETH 5

—(vcosp).

—(ucos ).

(B.29)

(B.30)

(B.33)

(B.34)
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L. n—1MUTOZHALDEEZ 1< <1 FTHMPTHEEIIRELI L

2. Po(p) S —1<pu< 1 nflOFEERFO>Z L,

LY. 1 &0 Causs T2 EHET DI EAMEIEI NS, £72, 1, 2 13ILIZ Gauss-
Legendre D/ AXDFEHIZH WS NS,

B.3.1 %I & Legendre EREIDEDIESD

P.(p) &, p D n iRZBHEATHS. n— 1 KA TFTOEROLZIHAIL Py~ P, O
TRINLGZ L, P, DEXMWNSHSL N, n— 1 IR FOEREDLIHA f(u) &
DEZEMI T 5L

1
[ 160 =0 (B.35)
-1
MDD DZ ENbnb.

B.3.2 Legendre FREIDE R

Pl -1<p<1iZnflOEWVIZREREZEFNZ2FEF>TWVWE. 2O LIZDNWT,
BARIZEEB L T <. (5FiR, 1983 @ 10.7 fiiL v)

L flz)=(x—1)"(z+1)" ZEHAT 5.
2. f=0DE r=-1,1 THs. WAIZ, Rolle DEHIZED, ' 3ZHD a

(—-l<a<1l) Tf(a)=0%,%k5.
ff=2nz(x*-1)"1 X0, f=00Df@lEs=-1,a0,1 DATH 3.

3. FRRIZ, f/ =0 DT e =—1,5,8,1 (m1<p<By<1) DA
4. LEEEEORT L, f) =0 OffIZ -1 & 1 DBITHWIE RS n HOfE%
Ko, (r=—-1,11RTcRr\nWI &igEEEL. )

1 d

5bhﬁofJ%=2‘g—mkqwﬁ—1alwﬁﬁﬁmmﬁménM®

fezfio. (GEBIKD)

ZOFERDKRDJTE LTI, z; = cos ? _n1/27r %R & LU T Newton %% W
5LV RS 5.
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B.4 &9

B.4.1 Gauss ODBFAR

Z Z Tl Gauss DBEEARZRT.

WE M AR O =MEBTREEINS g(\) (0< N <27)
m=M

g(\) = Z gm exp(imA) (B.36)

m=—M

ZDOWT M <] %=Xk 5c 12258,

1% 1¢

- == B.

o [ o= 73000 (B37
2 —1

)\nzﬁ(nzlyg’..w[)

MDD, Tz Gauss DEEARE WD,
AQURE Sl A/ NS

}:wmmm@:{l (m =0), (B.38)

2r(n — 1)

An =
1

(n=1,2--- 1)

. 27 -1
TH5. ZOFHNX, I > M (|m| DEKRAE) &0 m #£ 0 DRFIZIX exp(im),) = exp (%)
IZBWT, 2TDO n 20 Tm(n—1) BT OBBEHIIRD Z L RVWI & E2FE
TEHEHOPTHD (m,n—11F&BITT EVENIVWEBELDOT, m(n—1) 1
I ORI 572\0) O,

PAFIZ Gauss DEFEARDIHZET. £9, EL%2HATS &,

1 2m M 1 2m
— g(N)d\ = Z %gm/ exp(imA)dX\ = go (B.40)
m=—M 0

21 J,

6 ZHBBOMEZERZHRELTE RV,

I 1 im2m I

2 -1 — (6 1 ) 1— im2m
Z exp {im mn—1) } = v = c =0 (B.39)
n=1

i - im2m
I 1—e™7 1—e™7
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TH5H. ZIZT, [TexplimA)d\ 1Em =0 DHELPES BNV & &7z, —TF
Hii

000 =3 Y gnep(imA,)

=1m=—M
M g ! orim \" !
=go+ Z T’”Z(exp( 7 )) . (B.41)
m=—M m#0 n=1

22T, BITRLE TR DEHBAAR] kD

! omim \" !
Z (exp > =0 (m#0) (B.42)
n=1
MDD, U72D3 > T,
1 [ 1<
or |, 9NdA =7 ;gun) (B.43)

ER5.

B.4.2 Gauss-Legendre D2

fp) %2 2J —1IREATFDOZIHA LT 5. P, % 2 THIKEML 72 n IRD Legendre B
1
Brd5. ZoLE, fdu i3 Py OFEFRTH5 Gauss #&T ;i (j=1,2,---,J)

-1
BB f Ol f(u) DAEHWT, IRAUTE EDWTIEMIZFHEIS S Z & 8T
5.

f Yy = 2Zf T (B.44)

(B.45)

’UJJ'I

1/ PJ( ) @I -1 - p3)
2 /_1 (1 — Mj)P}(Mz')du  (JPia(py))?

Z I T, w; 1 Gauss ffE L IFIEN5.

RTIR EDORZZEHT 5. 7272 L, Legendre B & U T, A RARED
Legendre Ei$8 P, % F\N, B4%12 2 THIMAL U 7= Legendre Bi$X P, 121 Z &1
357,

TRILEE R LD, ZOLIRTHREEED. EE, AREEZ DO STERIZIE P 2RSS
EPNTWVWEZEDRLVDT, ZOEIIZELGPMUEBIHRLPTVWTH S 5.
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STEP 1 Lagrange f#i[# & A

fp) 2 K x&HEA (0< K <2J—-1) &35, P, 2 EARED Legendre i
# (Rodrigues DAX) &9 5.

1
L 9
, - .. B.4
/ 1Pn(u)Pn (p)dp 5 H&m (B.46)

L(p) %, f(u;) % Lagrange fliffIARNIZ U722 > THIAIL 722 HA E L TERT 5.

J J

L) =Y f) ]

j=1 Lk#j

Atk (B.47)
Hj — Pk

ZDEE, K jIZDOWT L(py) = f(uy) TH2. TTTLIFK0<K<J—1ODK
(fPT—1MUTDLER) DL EIWEIZ L= f 110585 ZLICERE L.

U7ehio T, BAEL f(p) — L(p) &

e 0<K<J—10D 0Th?.

o J<K <2J—1 DH,
p=p; 2ERETE K RESERTH S, p; 1& JIREHER Py(p) ODFNT
HHIEEBWHTE, f—LIX Pip) THOYNEZDT, H5 K —J k%
HA S(p) 2HWT,

f(p) = L(p) = Py()S (1) (B.48)

LELIZENTES.

fp)—L(p) 2 p 20T -1 2561 £FTHENTS. J<K <2J—1 DFRHIZDW

8 DR L—fD» J-1IRUTOZHEHATHEZ L, JMOEM p; 2RO eSS,
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T3 Legendre B DE LML O, Pr(p)S(p) OBNMIBETHZ. LizA> T,

I
(-
=
=
t;/
\H
e
I
<
U
=

kzl 75]
J
_ N (1)
;”W/<uunuww
= QZf(ﬂj)wj (B.49)

ZIZT, T RERD P 3K I A TWT, EORD P, BT TW
BODIZERPDLSTRL w; BMELNTWER, Py & Py ORLEEIXFA L
72D T consistent TH 5.

/

STEP 2w, = | /_ 11 - _IZ ’ g“)J(Mj)dM DWiL X% 0 7 2
Wil (D Lgendre B - BARISORE > WIMER) 1B WT m =0 & L3t

(n+1)Por () = (2n 4 DpPy(p) —nPoa(p)  (n=0,1,2,--+) (B.50)
1y,

(2n+ 1)z P, () f?
(2n + 1)yPu(y) — nb- () Po(y)

= (2n +1)(x — y)Pu(2) P
+ (=P ()15()+1’5 1(y)Pa(2))

o Bux) B
— @+ 1)z — 5 Pu@)Baly) + ~g§~§g
(B.51)
b, ZOX%E n=0,1,--- ,n—1IZD2VWTHAS &,
P(x) P,_y(z) — ~ ~
~ ~ 2/<: 1 P P B.52
A B S P@)Py) (B2
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DEOND. 22 Cn=Jao=py=p £35& Piu)=0%0,

J-1

TPy(p)Proa(pg) =Y (2k + 1) (1 — p17) Pr(pe) P (p15) (B.53)
k=0
£oT,
~ 26+ 1) Pl Pel)
Py() _ k=0 ~ (B.54)
H— JPyr-1(p15)

Thbd. LIzPRoT,

1 /! P
w; = _/ 7 (1) Ay

2J 1 (i — ) Py ()
1 J—1 ~ I
B S D) / Ay

L (B.55)

TPy Py ()
Thb. 72720, (B5D) IZBIT L, k=0 DDA TRWMEERZRODZ L, B
O P =1%o X507, Wik

op, - .
(1—p?) T nPy1 (1) — npPo (1) (B.56)
Tn=Jpu=p £35%. Pru)=0%&0,
1 — 12
W= e (B.57)

T (JPra(py)?
A,

STEP3 P, O#it&ik

P, %
1
/ RACLADLEE (B.58)
7% &S KA T 5. Py — 2@_—11)+1PJ—1 xb,
1 — 12 2J — 1)(1 — 12
" ) (B.50)

(J\/ 575 Pr-1(11))? (JPy-1(p5))?
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DA
E )
PAEED
1 J
[ stdn =23 s, (B.60)
_ =
(27— 1)(1 - )
— B.61
Y= TP ) (oY
B.5 IKERMERHBOBERHIERRER
Z 2 CIRBRAIE R B OB E R R TH S ERER M2 RT.
J oI
Z Z P (1) P (1) exp(im) exp(—im/ N )w; = I8y Gy (B.62)

7j=1 =1

22T, 4, 4,m,m nn' I, J M,N(m) \FEHT, 1 < IL1 <7< J0<

<
iml, /| < M,|m| <n < N,|m/| <n' <N Thb, M< E Nm)<J—1%
5729, £72, w; 1 Gauss fifH, \; = M, pi & Py(p) DFERTHS. [] IE
ZNEBRBRVEAOBEA KT, Zhid, ARAEASERRIC BN TR D 17D

ERERMEEIFINSHEETH 57 .

ZDORZFHT 5. Legendre BNEX - BB D ER - GHEFLRTD) EARNME, Gauss
DEFAN, Legendre A D3 % W /- L THA DOFE /2 3l 2 BEXI & 35 & |

J oI
Z Z Pﬁ(uj)PfL’,ﬂ (1) exp(imA;) exp(—im'\;)w,
j=1 i=1

J
=1 Pl (1) P (1) WO (B.63)

Jj=1

O B DEERE R BIRIZ DOV TIIE TR S,
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Z Z T Gauss DEEARE[{-7-. HIZEFET S L

DO B )P () exp(im;) exp(—im/ A Jw;

j=1 i=1
J
1> PP
j=1
]’ 1
—5 [ ErOoER G (B.64)

-1

Z 2T, Gauss-Legendre DR A% o 72, I, @R D Legendre BNEL - FEE K
DERMELD

Z Z P™(u;) P (1) exp(imA;) exp(—im/ A )w;

7j=1 =1

= I8 Oy (B.65)
nEonsd. DLEIZX D, B U 72 BRmAA S O & SE R ARSI Tz,
%mfiﬁéﬁxpiyﬁ&ﬁ BV TITHERR AR ERBERE U TIREAEREDIF

WZIRD &S RERBEBRERONTWEY  {fi(w}(k=0,1,2,---) % [a,b] TE
b

FSINTEHA w(p), BIMRILER N\, DELRZIHA (/ Te() frr ()w(p)dp = )\kékk/)
L3 B (1< .7 < J) % Folp) DB w; = wlpy) &3, EATE L

J-1
> Filug) fior () w; = M (B.66)
§=0
DIENIZ
S Sl filny) _ 1
TR IR 5, (B.67)
— /\k wj
k=0
NS A RVASH

FBR, Legendre BiE {P,}(n =0,1,2,--+ ,J — 1) IZ DWW TIEZ DR EL D V7D
Tabb, w; 2 GCM THWTWS Gauss filEE & LT,

<

-1

Pro(p) Pr(pjr) = J%' (B.68)
J

i
o

0 PURIZDWTI, 77, 1984 THUEMRITIE ] HSFEEL W,
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ThHsd. L»L, GCM Tl Legendre i Py DERTCOAMMEZFHRT LI L &,
B Wr DBEGR & 525, Legendre BEEEX { P} (n = |m|, |m| + 1,|m| +2,--- ,N)
DEEERITE 22 BIFRIZ R 372\ Legendre B DEZBFRIZ D WT B, IREL]
&Y P ldn=0,1,2,--- N <J—1 UDHFEbLRNDT? EEIZIZER? 2.

SABEBUZDWT S AR REBIIE R BR S 5. ERE M

-1
Z exp(imN;) exp(—im/'N\;) = I8, (B.69)

=0

DIEPIZ,

I

2
Z exp(imA;) exp(—imAy) = [0 (B.70)

m:7%+1

0D, (727U, TIEMEERT [ =2M. I BHEEOGEZIE I=2M +1 &
bfﬂnKOmT@ﬂﬁ—L%lwiglfté.)b#bG@MTHg&ﬁW%

KibMﬂ®%kﬁﬂl@é%?@@@@?%@b%%ﬁﬁmm.

B.6 ARV KNILOBZRHEBRFREEDPYELY

TIZTIEART MVDBE T EEE DBEEIZOWTHRRS . EED GCM
FHEIZBWTHEIZR DX

o ANRY MIVDREE T REE DIEDXP HELD
o HWEDMTFMEDHE D - HE ¢ DARYT MIVOBREANDEH

o HERT UYLy, RAREIE o (b & 1F FHL, TE) DART MLOBRE
D> O & DR mUE D VERL

WZzszd, ZZTRRTWIERBERIE fr(k=0,1,2,--- , K —1) P kRZEATHB LD
RERZHEARIZBWTHE YL D2EDTH 5. Legendre FEEEUIT m BEHD & 1L EAXTHRW
U, m MEETH->TH P X nIREEATH>T, n—m REHEXTIERV. ZOHAICHER
ZEROFEMENLREL CI I TRRTWVWAERBAREZMHZ D0, IZDOWTIIRFAETH 5.

2742 2251, m=0T J=63,N=42, R21 25X m=0T J=63,N=21, TH5.

BT 551 T=128 12 LT M =42, R21 &5 T=64 IZXf LT M =21 TH53.
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B.6.1 ARV KMNILOZBEBFREBEDEDNYEY

2715 —BE A\ @) DIETREE ART MVOFREEDR DD IFLATFTD LB
DTHD. 7720, BTREX Ay =1,2,---,1, j=1,2,---,J), ARZ ML
DEREBUT A" (m =M, —M +1,--- M, n=|m|,|m|+1,--- ,N(m)) &5 5.

= Z Z AV, @), (B.71)

m=— ]\/[n ‘m‘

I J
Am 1 mx*

i=1 j=1
o — (2J — 1)(1 — sin® ¢;)
7 (JPyoa(singy))?

P OXETIIBERDZHIT, Z Z %Z e ZZ %Z LR 5.

m=—M n=|m| =1 j=1 2,J

(B.73)

B.6.2 R MNLDZREERFREEDEDR Y ELY ~REMD R

£9,

Q

Il
SIS
=<

BEZD.

B (N B80) I RRATREIS 5.

e

ij

Thbb,
=D imfiY, (A o) (B.75)

Thd. ZHMAKX (B172)TA%Z geARULEZEDE (B.75) L2 HIKTNITHAS
iz

’

m

" =imf™. (B.76)

W X0 IERICIE, (g = szme’” = Z*;?Y,:” DI LD S Zym* i )w; & A

THE, im/ [ =g & Lﬂ%bma
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Lo T,
In = %Zimfijynm*(&, pj)w; (B.77)
i
RIZ,

R N
rcos2p  rcos2pOdN | Ox \cosy

YFB. L h EDROVEDEEZS. (B.T4) KOHISAIT,

1
hij = ——=—ij
7 rcos? gpz-gj
1 . rmym
" hy = E im 'Y, "N, pj).

Y rcos? o,
L m,n

—%, (B.76) &b

—_—

A = 9 / m:im / :
" O\ \rcos’¢ )/ |, rcosp )

1< f o
1 sz (7’ cos? gp) “Y" (Ai, )

ij ij
1 . mx* w;
=7 > imf,Y; (Amj)mosé o (B.78)
.J

B.6.3 ARV MNLDFZREERFRIEEDED Y EY ~FEILHO R

£7,

i)

Il
QJ|Q>
€ |

BEZD.

AL (o) IFIRA TS 5.

pij = [% (Z fyynm)] . (B.79)

m,n i
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ERAY P XN
me —” exp(zm)\ ) (B.80)
Thd. £oT
1
Pn =7 > piYw;
1,3
1 = AP , m :
=5 ; (n;, I e jexp(zm’kﬂ) P (¢;) exp(—imA\;)w;
1 PRV P™
=== | D S P ;) explim' ) i exp(—imA; Jw;
1 i,J m’,n’ ng J
1 dpm .
=7 Zf” s Aexp(—zm)\i)wj
1,] J
&%, ZIT, 297HN S 3TTHDOEFESTI,
Pm
ZZ ™ P™(p;) exp(im;) d exp(—im’\;)w;
de |.
=1 j=1 J
I JpP"m
== LA | elimAPY (o) explim A, (B.81)
i=1 j5=1
W71,
e
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