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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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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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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.
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(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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/|

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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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
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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

Arakawa, A., Suarez, M. J., 1983: Vertical differencing of the primitive equations
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-
orology (2nd ed.). John Wiley & Sons, 477pp.

FHI, —HRiw 1956 : BRBFEANT . HEEIE, 318pp.
FHI, —#Rik 1960 : ERBFA I . S E M, 310pp.
—Hr 15, 1982 : BUBEEHT. WIAE, 163pp.

& I, 1984 « BUEMRERITE. #A S, 202pp.

FIRTE—, 1983 : BRABZED/HODOHEBR (BEETR) . SEE, 7T11pp.
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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)
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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.

auxvars/auxvars.tex 2014 6 H 18 H (MERIEIRENMNELEET)



50 DCPAMS5 XEHEARE TOREHE MEBRETHWVWS FREN

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 HIERIR: HEED

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.

F* . . —

(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 BHEENRIR: HBEERS

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)

radiation/radiation.tex(radiation/radiation-disc.tex)
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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)
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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 HIEXRIF: AGCM5 B ET IV

Z 2T, HBREARENEEES AGCMS IZEZEINTW S E T VIZOWTIR
N5, ZOETINVIE, Numaguti (1992) OSTE TNV Z2IKIZL T, FERSHEE
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)



64 DCPAMS5 XEE AR & ZDBRIL BTE RS

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
= [ exploscoxtrsntpo) + rsal s (140
Tair(1,x) = Tair(t(p), X)
1
= /O exp|— sec X{Ts.wo(Ds; 9) + T5,da(Ps9) }]
-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)
1Z(1>)p
= kS,wv_ Qwvdp/ (7144)
gJo
TS,da<p7 g) = kS,da ()pdzl (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)
TlE Z, Hartmann (1994) Tl 6, MMEbN TV S

6o, Peixot and Oort (1992)

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)



66 DCPAMS5 XEE AR & ZDBRIL

BTE R

7.5 BEEIRIR: AGCM5 BEETIL

7.5.1 RBEBE

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

4

4
USBTS
l'maz‘,S

Z Agr, eXP(—a(|TL,wv,k+§,l - TL,waf”r%vl’
=1

+|TL,da,k+%,l - TL,da,k’-ﬁ-%,lD)

Z AgL,l eXp(_a(kLwUﬂva,k-&-% - va,k’+%|

+kL,dayl|Mda,k+% - Mda,k’—&-%l))

(7.147)
(7.148)

(7.149)
(7.150)
(7.151)

(7.152)

(7.153)

(7.154)

(7.155)

(7.156)

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

2014 4 6 H 18 H (MurkitiREIN{E BRI tion /radiation. tex(radiation /radiation-agemb-disc. tex)
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7.5.2 RS
FLR B 7 5 v 2 ZX T O &S ICHiibE 0 5.
ey = F,:;% - F,;r% (7.157)
Floo = (1= AR (00 AT (1) (7.158)
F];+% = (1 o AG)F()(X)’];MT,IH»%(X)
lmaz,S
Eir,k—l—% (X) - Z eXp[_ s€C X{TS,wv,k—&—%,l + Ts7da’k+%’l}]AgS7l (7159)
=1
lmaz,S
EikaJr% (X) = Z eXp[_ sec X{TS,wv,%,l + TS’,da,%,l}]
=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 BUE/BERRRIA: KRR ET I

7.6.1 BE

Z Z Tk, DCPAM5 THW T WAHIBR A GBS ET IV O EL2FHHT 5. 22T
X, BELE TV EHE T LR DT TIIRT. AEITIE, ESEIFEEY, ThEh
OWEHFIZBE W THERT IRNIE, B LUOFHEAECODVTHRRS (FPETH
%). L2 U, BUR, REiCIRRIEB OZ@EEDERAGEICODVWTARRNSZ &iTE
rH 5.

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.

2014 4 6 H 18 H (MERIEAREMN (A Hyliation /radiation. tex(radiation /radiation-EarthV2.tex)
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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

radiation/radiation.tex(radiation/radiation-EarthV2.t&014 4 6 H 18 H (HiBkimAE NN H4EER)
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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.

2014 4 6 H 18 H (MurkitikEN{E %S Hyliation /radiation. tex(radiation /radiation-EarthV2.tex)



DCPAMS5 XECAHFRN R E T OBERMG HOB/BERRIR: MIKBAET IV 71

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)

. 2 (p 1o
we(pe, T') = /Z1 qp <p0> exp {1800 (T Tr) } dz (7.175)
= - — Jexp4q 1800 | = — = d 7.176
J /p o (po p 77 ) [ ( )

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 ¢ &
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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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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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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.

radiation /radiation.tex(radiation /radiation-misc.tex) 2014 4 6 H 18 H (HuBRUTA NN EAEE)
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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

FEAEDKRRRBERETIVIZBWTCTIIEEZRIZKRTET 27100 EEE %2 Fi7-
ND T, EOFRAET D MU ITENRLQKRIGERIZE 2 55202\ T S A
D FHIETIHIE X5 21570\, ZOFHE GIEIE—RIZEERSTIAZVEY=varvk
XN 5.

BAED DCPAMS TR AT (Manabe et al., 1965) & Relaxed Arakawa-
Schubert A F — 2 (Moorthi and Suarez, 1992) £ L THh 5. 7z, THEH
KD EHAPRBIZ HNIEFFEAKD K Z 5. Tz IRt iiss (KBRS & v
5. TR DWTIZRIML FIE it et (RS )] 22RoZ L.

8.2 HEENFRIR: JEIEXREE

Z 2T, SRR (e.g., Manabe et al., 1965) DER[LIZDWTHEHNT 5. 42
B, R O RbIX, KBGOV E WS &40 T T, @R O X
MOBRBITELTES 20, 2 IR T AT RFAT OMBIZH R > TV 5.

v

SR ClE, AL L7z 2 DDBIZBWT, IROFMENH - I N2 56 i %

172

1. T & L@ 3L ¥ — DAL D KE W (T8 ORMTHHT T
WX =DPLEEDOZNEL D BREWV (IRERRIMEEEEAREL D HREW)),

1

VEHUIZIE, ZoOBMEIREYaTHS. LA L, EBRICIEE TV FHEEAN THRE - BEDOS4N
HBEIEDNEZON, BFDIEHI A VF—ERY O U ETH->TH, FHNTREADRIZZ &
PG E NS,
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2. AESREEE AN B ME DA B2,

Ihold, MBELZXATREATDIE T LS ITRDOINS.

Gyl + Lg"(T3) + 95 — (CoTes + La' (Trt) + 95011) > GAT., (8.1)

N LI (8.2)
q*(Tk, pr)
Qk+1 > 1 (8.3)

¢ (Ths1, Prt1)

2T, IFHAMBTOME RS, £72, C,AT, IFARLENE Z 2 e T 1)L ¥ —
ZOBMETH Y, r. (ZERTHEL SHNEEORETH 5.

A ERE (2 72 9 S 1

(& + La} Amic+ {CTis + L | Ay

= {Cka + qu} Amk —|— {Cka+1 + LC]k-i-l} Amk+1 (84)
A

Am, = =Lk (8.5)
g

Ape = Dol = Ppyl (8.6)

CpTy + Lai, + gz, = CpTys1 + L1 + 9241 (8.7)

@ = ¢ (Tk,pr) (8.8)

Get1 = ¢ (Thg1, Prt1) (8.9

ZIT, (87 2EKEFEEOXNE HWTHEEYT S &,

BTy 41
. (pk - pk+1) =0 (8.10)

Cp(Th = Tiyr) + L(¢"(Tk) — ¢ (Ths1)) — D
k+3

L%, LEhioT, . ORSEEL—~RARREMRITERV. 28, T, &

Ty + 1

% (8.11)
2 BT IE, RS AVE U S HEE OBMEIRX 1 TH S, LA L, EBITIXE TV TRIEN Tl

BRI D S Z ENHZ SN, MFOTFIMNEEDN 1 AR TH->TH, MFNTHRFDEZ 5

ZeniEng.

Tk+% -
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CERBTAEILIZTS.

::"C“v qk, dk+1 ;Ea:lr i_ﬁﬁﬁba

* * - a *
@ = ¢ (Ti;pe) = ¢ Ty, pr) + g AT (8.12)
oT | ,_ 7
* % a aq
@1 = ¢ (Tivr, Pe1) = ¢ (Thoir, Prr1) + or | . ATpsr  (8.13)
T=Tk1

AT, = T,—Tp (8.14)

ATk+1 = Tk+1 - Tk+1 (815)

ELTHN.—IRAERAZME L, TOMIPFoN5.

ATy = {Ape(1+7)} " {5&2 — Aprsr (14 Yis1) ATk-H} (8.16)
p
—1
ATpr = [Fmg {Apk (14 7%) — Aprsr (T4 1)} + (1 +9%) (1 + Ye1) (Ape + Apk-i—l)]
L
[Apk (U 7%) Seey + {1+ 9% = Fopy } EAQ] (8.17)
p
R pr — prya
Fopn = —F—— (8.18)
e Cp 2pk+%
. L R . A
Sker = T =Thma + ol {q*(TmPk) - q*(Tk+1,pk+1)} — b1 (Tk + Tk+1> (8.19)
p
AQ = Ap {Qk: - q*(Tkapk)} + Apria {ﬁkﬂ - q*(Tk—i—lapk—i-l)} (8-20)
L 0q*
W = (8.21)
C, 0T T—1,

%B"“ &, EEEDMRE g, g1 2T TR LU TROIELFET L 272K, IEHE

xR UTWARWL., o, FEEROEAMEIE, E BHOELE k+1 ZHHOE
km%:?,%nabm\z)t 7‘12@5# EERIZIZ 3 B EOBIZO-5REHKT
DZ5. 22T, Ll O ZMEIEDIR LTS Z & T, R2IZHMILTWL.

p, Mok

1

1

k:k'mam
Ag. = qr — Gk (8.22)

TH 53

32T, ShEAAOMIZ ERENSS TRBIZEITTHIZEMSZ 2IZLTW5., Zhix, EEOHN
BHEEN DLW TH S.
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PARIE, BLBRE CIRIT B PR a8 12 135258 U T, Rz ot i di i 12 13 5258
# (yot, 2013,/09/07).

Z I T, K TORSE, EE)EX KRN OMEORES TS L 2 E X
. T D7z, HEE, KEKUNAOWEZ, B FAMKICEGT 595 2 & 2{RE
U, “EMOiXERE2 2N 5 L2355 217 S KHMEREICEIT 2, L E
Lkt 1 EOMORHMEARE M, 1 LT 5L, FREOMED L UREUTIETO
WA RVASH

. . RTH;
AmC, T, = (Amy, — Mk+%)Cka + Mk:+% {Cka+1 + » 12 (P& —Pk+1>}
[
+Amy L(Aqy). (8.23)
~ RTk+l ~
Amp 1 Gyl = My 1§ GTh — 2(pr — Prg1) ¢ + (Amypgq — Mk+%)Oka+1
k+3
—i—AmkHL(Aqu)C (824)
Ampge = (Amp — My 1)@k + My 1o — Amp(Age)e (8.25)
Amp1qeyr = My 1qr + (Ampqq — Mk+%)dk+1 — Amip1 (AGrt1)e (8.26)

ZIZT, (Aqy)e 1E k BIZB ) 2SR (BREREZ (Agr).>0) THD. Zhb kb
My, 1, (Ag). ZKDB &,

2

CpATk + LAqk

My = —— e Amy(8.27)
Cp(Th = Thsr) + LGk — Gra1) — 5 :f (P — Pr+1)
2
(Bade = (G- d)aE A (8.28)
qr)e = \4Qk+1 — Gk A, gk .
N . Mk+l
(Aget1)e = —(Grr — qk)Amk—H — Agyt1 (8.29)

L78%. LU, 20O M1 2XDEEAVD ERGEIIDIENH D20, T
DESTEREZGZS.

M < AmyAmy
ks = Amy, + Amyy

2o LRI, BERICEEPESL R EDARNBE IR EEICNNT 5. 7z,
AHEDLEDT=DIT, My, D REDEME L L /NI WIHEIZI, M1 =029

(8.30)

AR JE DS RDPEITIR DAREMED DI R 72D, E T, BEMEEZEL RN 0.

SEBITIK, HER L ADRGOREIRRLEEZOSNID, TNThERLRLBEETRS
Z)Eﬂ?fﬁ?lb‘téb I TRAMKICESGT 2 eMRET S, £/, Z2I TRk smrEElL, BES
NLHEBEO FMREICHY T EZ oN5.
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86 DCPAMS5 XEHEXR & T DRERE BE8E HEEWR

5T ZOXIITULTRDE M,y &2 &, TREIHR D EGE, KD,
HOYEDEAHTEI DL ST N5,

Uy = Up+ U —U )M’”% (8.31)

k. — k k+1 k Amk .
U U Uers — )kt $.32
k1 = Uppr — (Upgr — ’“)Amkﬂ (8.32)
— G+ (g _A)M’”% (8.33)

gk = Qg dk+1 — gk Ay .

R R R MH%

dk+1 = Qg+1 — <Qk+1 - Qk)Amk+1 (8-34)

8.3 #IEXRIN: Relaxed Arakawa-Schubert FEE/N
A )E—a Y

Relaxed Arakawa-Schubert F8ZE/8F X X2 ) ¥ — a > D EAfkIX, Arakawa and
Schubert (1974) & & UF Moorthi and Suarez (1992) {45 .

2T, FIEMBETHWSHEIZODWTHS L, RIZ, &E RIS TO Relaxed
Arakawa-Schubert FEZEENXT A X VX =2 3 VORBEZRT. ZDRIT, KIGERE
TIVCTHWS, [LHEERTOREZ/RT.

8.3.1 H&EICDOWT

ZDOXETIE, ToEkT NEAL] WS HEEZHWT WSS,

g = 2 (8.35)

Ptotal
ZZT,p, 3WHE 2 DEETHY, piora EERK[EETH 5.

6 BLRTIE, BfEIE 1.0 x 107°C, L LTW5.
R e T e
8 RERHED D VIRRREOMATIE, KEKEEZRTHIEL U T, R RKEEITNT 5K
EEOEETHD NHEAH] “mixing ratlo” q = pv/pd, ti\j(/ﬁ'ﬁ'}# I BRI B DHE]
A'Cf)é HZIS{J_J “specific humidity”, ¢ = pv/ptotal, D_DONH5 (\_ Z T, pu, Pd, Piotac 1LT XV
%%7J<77‘< I, ﬁﬂpféﬁh?fi, %j(h'ﬁ)#fl{?)é) LnL, K, TKORAERT SHE LT,
HARGEIZIIAKESRUT BT B & S Bl 147 ﬁﬁb@b‘i?f%é (HFEETIE, IRA X “mixing
ratio” <‘: “specific cloud water content” &\ o7z X IR ODHFENELONT VLS5 L), £Z
T, AETI, TEEH] 2 WO HEERHWT, ERABEICNT2EE, ¢o = po/protal, 23T
(o R
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8.3.2 REERRICEITZHENR

REEXHRIC & DI, RO FZAERIZTD L S IZFHIIS 5.

(5) -4 (3)

BCREY
(%) _ _% D'(2)qu(2)m() (8.38)
)
)

= —M.o— — —LD'(2)a(2) {1 — ni(2)} (8.39)

Lo 90y %D’(z)ql(z) " — b (8.40)

Ap(z)
M.(z) = /0 m(z)mp(X)dA (8.41)

d)\D(Z)
dz

ZIT, s h FENETNIEFHFNTXOLF — LIMHFH T A LF —TH Y, ¢ 13E
KBEALTHZ. £/, r ZT P LA VAV R INFEKD S b THEREETIHKS
HETHD. NIEFZ VY MLA VAV RIRIA=RTH Y, A\p(2) IEEE 2 BEH
(TRVAVAVNE) ERBEDZ UMV A VALY RMRTA=RTHS. ), mp
FZTNETNHBILEN-EEB T SV I A, BERIZBILIEETI S I ATH 5.

D'(z) = =, (2)ms(Ap) (8.42)

¥/ EENOBEE 7 7 v 7 AWHBNZ AL —T7 v 7 X FDOHEAZ
72323510

8"82(“”) =A (8.43)
() (i 2) + an())] = aggz>%<z> (8.44)
% {m(2)h5(2)} = agz(z)h(z) (8.45)
) DEFREMEY UT, B, 2 — 25, 1BWNT
m(zp) =1 (8.46)

9B WNE, ThUA VA Y FINFEKRPTRCEK LB TEET 2HETH D
0 22Tl MENTORKEZEGHL TS,
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95, i, KALKEPHBEFNZ AL X —O FRERZHFITOLSIZERS.

hi(zB) = h(zp) (8.47)
4y (28) = @u(2B) (8.48)
gi\(z8) =0 (8.49)

¥ FRLA VALY NETH,

h5,(zp) = h*(2p) = s(zp) + Lq, »,(2p) = C,T(2p) + gzp + Lay », (2p) (8.50)
Gorp(2D) = ¢, (2D) (8.51)

CIRES .

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

a7 I ) — s}z (8.52)
Z Z T,
() = 5(2) ~ T U — () (5.53)

ThdILEANT,

w1 g ¢ .
Ay ~ /ZB Eaetex st CICIORINCILE (8.54)

ne
ol

5.

ZIT, EHFHHBORHE(EREZEZX DL, FOXIITEREDLASD.

aAA . 814)\ aA)\
= (3). (3), (&5
)\max
(%> = / K,\ ,\/mB(X)dX (856)
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
XA EMHEBRORHZMRORMNEEER 7 7 v I/ AH- ) DIETH B! Z

HETHERRI LWV EoTWa I Lid, BHFH S @S OMED, B2 /FHUEHDES DE
DVBEXRTIITHEERITTE VWS k5T L.
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T,
DA,
Ky =0, A £ N (8.58)
YIRET B L,
A\ (04,
(W)LS - (%), (859)
1 DA,
KXA__mBQMdA<:8t)C (8.61)
1 8AA)
Nd\ = A 8.62
ma()dA = ( 2 (8.62)
A, o ‘ s
tﬁ%(;;) 52 0UE, mp(\)d\ 2 RKDBZ LN TES.
LS
8.3.3 KEEEZRICBITEZAERR
8.3.2 MDA % KL FERLRIZEZIZ 5.
BRTE 5 17 O Fe K JF S oD =,
0z G,
EF_—zﬁ (8.63)
p K
p=(L 8.64
() 6
R
T
o=+ (8.66)
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90 DCPAMS5 XEE AR & ZDBRIL BE8E REMWR
ZHWT, 832 fioXE2ETHL FOLdIcRKRINS.
0 0
(5) = oM —aLDPalP) {1 =n(P) (5.67)
oh oh
(57) = —oMGs + oDy 1 =) (8.68)
0
(%) =sp@parin (8.69)
’ Ap(P)
M(P) = [ (Phma)ix (8.70)
0
d\p (P
D(P) = s, (Phn(p) 22 8.7
O (P) Cp
Sp = (8.72)
0 onx(P
O memsp)y = P2y (8.73)
0 onx(P
O (P {iaP) + aia(P)}] = 22 (8.74)

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

c,. [
m<P)=1+?’”A/ 6dpP (8.75)
P
~ G (Ps WPy) = W(Fp) (8.76)
3 e, 0(P){h*(Pp) — h(P)}dP
£z, EHEEBEITO LS cHZ e T3,

A " ! ! PY{h§(P) — h*(P)}dP 877

v [ e PSP - () 577

BEEIRIR: Relaxed Arakawa-Schubert ZE/\
XYY E— 3y

8.4

Relaxed Arakawa-Schubert FEZE/NT A X ) ¥ — a v O#EHAbIX, 312 Moorthi
and Suarez (1992) D—#ZBEL7ZHDZH V5.
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8.3.3 HiD itz N & 51T L s 5.

8Sk 8sk
 — = _— = M /FS / = !/ )\ /FS ! 878
( ot )c Z < ot )Qk, Zk B L sk k Ek, 15, AT o g (8.78)

k/
Ohy, Ohy
T = - = Mpwlhwr = (AN Ty g 8.79
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{,‘/) (880)
k
L0 (k> k)
(—LU st (ha = Pygn)
Thpp =3  +- (B — W) ops (K <K) (8.81)
Apy,
0 (k> K)
THB2
M-t = Mt = —BrOeAe (8.82)
M pr—1 = Mt = — B b A (8.83)
C
B ==L Py = Psy) (8.84)
g 2
C
By =" (Pk 1 — Pk) (8.85)
9
nk/7k_%hz/7k7% - nk’,k+%h2’,k+% = <nk’,k—% - nk’,k-l—%) I (886)
77]§/7k/_%h2/7k/,% - nk’,k/hz/’k/ = <77k’,k’—% — nk’,k:’) hk/ (887)

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
(8.88)

Mkt ke —1 (qi,k',k/—% + qlc,k',kf_%> = Nk’ k! (qch,k;',k' + Qik’,k’> = <77k/7k’—% - 77k:’,k’> QoK'
(8.89)

12 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)} (8.90)

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
(8.91)
1 1
- = (R -P.y) 8.92
Iul 1 + ’)/l Pl ( ! l+% ( )
1 1
-~ = (P - R) 8.93
T +v P, ( =3 ! (8.93)

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

dA k' —1 k-1

k/

( o ) = Mp E (u +er) {Fh K e E <Mk’,l—% - /l/c’,z+§> 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

(8.94)
. o = N 0Ay
728, Relaxed Arakawa-Schubert /87 X & 1) £ —3 3 VTl e IETFD &
LS
DIZEZ 5.
8AA> 1
9N Ay — A, 8.95
(52) ~m -4 (895)

Z T, Tras |FRRMIRFER, Ao IFELFHEBO E] THD. 7z, Ay 1358
T AT —IVIEER, U, BLIRIEG R EIC K 6T 5 2RI BROEMLFEHRTH 5.
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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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94 DCPAMS5 XECHEXNRE TORBEAD & FEXRIERE (KRR

0 IERIAMEERRE (AR

g
JdUT

9.1 BEERIRIR

M7 R DR S AV EiE % B8 2 723556, Manabe et al. (1965) (ZH€\W, FExtfi M e
K (DA, KEUBERERS S IR WEU B & EZ B FifG U 72 KIXE R Tk e
o THETRL, NAKDEIIEE Z .

KBRS [ N DR D LD EITEL 5.

kS, 9.1)
a*(Ty, pr)

2T, ST DM E R U, ro (XEAEDVE U AHNEEORMETH 5.
KRR RS R 12 0 72 3 SR 12
@ = req"(Tk,pr)

Wk, FAI—EELT - ROEETEL L,

*

* * (T 8
% = ¢ (Tr,pe) =q" Tk, pr) + 8qT ATy, (9.4)
T=T}

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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LB RWTRET 2 L

T, = Tn+ AT, (9.5)
# L{@k—ch*(Tk,pk)} (9.6)
= T+ _ :
Cp,+ Lr, giT 71,
W = Gk + Ag (9.7)
“ 8(]*

AN

72720, (94) Tq 271 7 —EBHETEMLTWA 720, EFLOMERIELUETH
5. UzDioT, LElORHEZMEDIBEUITWD, #ORLOEEKEZ | 35L& iz

(Th)i1 = (Ti) + ATy (9.9)
(@)1 = (au)i+ Agy (9.10)

DEDITHEFFURAS & O IEUWRERIZEMNIT 5.

mEB, DR, BKE,

1 Prp_1 — karl .
T ID Dk (AR 3 (9.11)

THh B2

9.2 SEt

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.

22T, ShEAMOFMIZ EE»S FEIZHETTHZRSZ 2IiIZLTWS. 2k, EEO G
BHEENDINEZOTH S.

lscond/Iscond.tex 2014 4F 6 A 18 H (MUERGRAREEIN LS
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108 #limiBEiE

g
JdUT

10.1 FHOEXRIF

PREILEIC X 2 HEB AR, BIFOX, KON BIFB2ZRITITDLSICE
NTNTDEHIZEL N TES,

_ gag;@, (10.2)
0,
(Z_I;>VD - Cipaa_ih’ 1o
(%)VD - g%—?. (10.5)

ZZT, Fog Fny, Fr, Fyf 3TNZNRGTTA, AL SAOEFHET Z v 7 2
TIv IR KELK(WE) DT Iv I ATHD, FOLIIZREINS.

ou

me = - ma_ .
, PR (10.6)
ov
F, = — — )
ey P, (10.7)
00
Fh = —CpPpth, (108)
dq
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=72 U,
T
= = 10.1
P = G@>, (10.11)
p
R
= 10.12
f = (10.12)
_ b
p = RT. (10.13)

T, 3MRRETH L. EHERTIE

(Y
(v

Frnz = 0, (10.14)
Fpny, = 0, (10.15)
E, = 0, (10.16)
F, =0 (10.17)
U, FBERTIX, XV 2EEZHWT T 7y 7 A2FMT 558121,
Fr. = —pCylvlu, (10.18)
Foy = —pCylv|v, (10.19)
F, = —C,PpChlv| (0 —0y), (10.20)
Fy = —epCylv| (¢ — q7) (10.21)

U, BEOKREH (EEm7 7y 7 A L) »—El (BeyEa 7 7y 7 A
IR LUT) 252 B5E1C,

1
Fr. = ——u, (10.22)
Tf
1
Frny, = ——uv, (10.23)
Tf
Fn = Fps, (10.24)
F, = F,, (10.25)

95, L, (1021) IR U FEFUCB I 2MED 7 F v 7 X F, 13KEK
DT TV IATHD. ZIT,py BEEENTHS. K, Ky, K, l3ZNZTNEE)
g, B WEOHERETH 5. @x% C, FZhZTnEE R, 2 KEKD/ VD
BETH . £/, 7 FTUHBEFUZB T BEBOWER, F.,, F,. $EET 287
TV IR KKK T TV IATHS. e ZHMEHDEHETH 5.

Koy, Kn, Ky, 120 Z 3 Mellor and Yamada (1982) L X)L 2 D HIEIZHE - THE
flid%. ;Mbﬁﬁ%ﬁ®ﬁwm SR VR DWW TR 251011 Ji TR B Cy,
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Ch, Cy, 1& Monin-Obukhov OFHELANIIED K NT X &Y £ =2 3 2 K- TFHll
35, gmb/\}b7{-ﬁ§5{®ﬁwﬁ'3 DRI GV DO WTIEEE 10.1.3 fi, 55 10.1.4 #i T
RS,

10.1.1 EREEB T RILF—, SABEILBIRE 1 (Mellor and Ya-

mada level 2)

Mellor and Yamada (1982) l//\“}l/ 2 @ﬁﬁi% FAWa56, ShiEhsRe, K,,, Ky,
K,, B X 0Lk ﬁ@JIZ\)PﬂF‘—, EZWIIZER I NS,

Mellor and Yamada (1974, 1982) L X)L 2 DO FIRIZHE > TREILERE, K., K,
K,, Zilid 254, TOXSITRHAIND.

K, = P g” St (10.26)
K, = P g” St (10.27)
K, = K (10.28)
ZIT, 1 IREAREETH Y,
k(z— zs)

T 14k(z—2) /b (10.29)

DEREZHWS. I T, 2z, BHERME&EE, | ZZEREARRE, & 3AV~< U ER
(Karman’s constant) TH 5. 7z,

S\, = B} (1— R)* S,5, (10.30)

S, = BZ (1 — R;)* 5,54 (10.31)

TH5. Sy, Su 13,

Sy = 1— Ry ’ : (10.32)

SH min (Rf > Rf,critical)
R
{ Bl ﬁ2 fSH (Rf < Rf,critical)

— R
{ w (Rf < Rf cm’tical)

Sy = Bs — BaRRs

SM,mm (Rf Z Rf,critical)

(10.33)

1(2011-8-17 £37%) Z D FHEEIX— I H?
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TH52 ZIT,R; 377 v AYF v — KV Y (flux Richardson number)

1
Ry = 25, {51 + Bl — \/(51 + BaR;)? — 46263Ri} (10.34)
2
THY, R \INNVIZVYFv—FY UE (bulk Richardson number)

i@&,

6, 0z
i = T 10.35
o (10.35)

0z

TH B Ry opitieas REEFR ) F ¥ — RV VETHD,

M1
R critical — 10.36
Ferttieal = o ( )

5B, GLIEE) T XL ¥ — ,% i,

Su (10.37)

DEIITRINDL

2 (2011-08-26 41) AV ¥ F )LD Mellor and Yamada (1974) TIEEEHRY Fv— NV v EEffi-
i E R I N T WAL, ZOGAMTICE L T, LD TRl T 5 RENLS L.
(2013-08-10 mﬁ) Mellor and Yamada (1974), p.1801, ZEB&, 12, 75 v 2 AV F ¥ — Y VEN
RSz X 725 a ICELIRIES DR 2 5 mn & if R SNTVE. = DELRIZ XSS S HE. Flak iz
iERELZ ﬁrﬁéﬁé#&b & Sarmin =0 725,

P ITH, KERDMEE B R L TRIEAL 0, ZHVTWNS

4 (2013- 08 13 i) Mellor and Yamada level 2.5 @%%Iﬁt@ﬂm’ﬁ:%zt e, (10.26), (10.27)
DILHREIL, 2D ¢ 2> TTOESIIRETE2APRVEIS.

Kn = 1gSum, (10.38)
K, = 1qSHu, (10.39)

ZDEE,(10.61), (10.62) LFEUELRE. WTHfi— L7z,
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100 DCPAMS5 XEE AR & ZDBRIL B10E  ELRERE
7z,
63} 3Aam, (10.40)
(0] 3142 (’}/1 + ’Yg) s (1041)
b A1By (1 — Ch), (10.42)
52 Al [Bl (’)/1 — Cl) + 6A1 + 3A2] s (1043)
B3 A B, (10.44)
54 A2 [Bl (’71 + ’}/2) — 3A1] s (1045)
1 24
- — — 10.4
Al 3 B1 ’ ( 0 6)
B2 6A1
Y2 E + ?1 (1047)
THhY,
(Ay, By, Ay, Bo,Cy) = (0.92,16.6,0.74,10.1,0.08) (10.48)

TdH 5 (Mellor and Yamada, 1982).

10.1.2 EREEB T RILF—, SHBEILHIRE 2 (Mellor and Ya-
mada level 2.5)

Mellor and Yamada (1982) L' ~\)L 2.5 O fiE%x AW 5546, SHEILERE, K,

Ky, K, 1%, PREBTH 5 ELIEB T 1)L F —

L MSREEhG. ALEET

2014 4 6 H 18 H (MhBRHAAEM{EER)
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ANF—DFXEHERTITDOL I IRI NS,

d (¢ 10F
p <%) = —; aTZKE + Ps+ Py — erxp (10.52)
OF
= g %)KE + P+ B, — erkE (10.53)
8 2
Frgp = —pKTKEa_Z (%) (10.54)
2
po— wu(5Y) (10.55)
ou\> (v’
_ KM{Qi)_FGi)} (10.56)
80,
P = —KHgf% (10.57)
¢’ U
ks = B (10.58)
1

77U, Py, Py &, (10.71), (10.72) BT, OB TERREEI NS,

58, T OBEREMITOLS 1745,

2
2 3,2
4q Bl Ur
¢ _ 10.
5 5 at 2=0 (10.59)
e
5 = 0 at 2z =00 (10.60)

ZIT,u, EFEHERCBIIEEEETHS.

RENLHUREL, Ko, Ki, K, Krxp I FO XS ICREI NS,

Ky = 1gSu, (10.61)

K, = 1qSu, (10.62)

K, = K. (10.63)

Krkp = lgSrkE, (10.64)

5 P,, P, DITLDOBIZEAT.

P, = —u /82' v’w’%, (10.49)

P, = %W. (10.50)

q3
ETKE = A (10.51)
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ZIZC, L XEGHEHETH D, (10.29) IZX DFHIEIT 5. 72720, 113 (RRERIATIZ?) BA
T XS LHIRABE L 7255

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

£ 7z, Sy, Sy (&, Galperin et al. (1988) IZXBBIEZFRL, TOXIITHA
ns.

A (1 — 30, — 6A1) +941(Ag + 24)) Gy Sir

_ 10.

Su 1—9A4,A,Gy ’ (10.67)
4, (1= 5

Sy = (10.68)

1 —3A45(6A; + By)Gy'
if:, STKE =0.2 1%57 Z 1’6‘, GH @i
2 g 00,

pu— ]_ .
G =505, (10.69)

TH Y, EEORITIFERNZ VD,

B2+ (2)) a0

Thb8 F£7-, 205 Sy, Sy ZHVS L, (10.56), (10.56) D P, P, I FD XS
IZET S,

2 2 %
P, = Ky (gg) = 1gS @_Z) = 2315y, (gg) (5) (10.71)

- g 6, g 96,\ g 6, :
P, = —KH<GU az) —l SH(QU 82') =22 lSH(e 82) ( )1072)
7, HEORENEEZEBL, EBIZIE Gy ITTD &S RHR%E2 52 %9,
—053° <Gy < L (10.73)

Ay(12A; + By + 3By)’

TER (A1, Br, Ag, B, Cy) 1%(10.48) THA 6N 5.

Z OHIEIX, ZERE T TOERREDOY 1 XOHIR% KB L T3 (Galperin et al., 1988).

7 Mellor and Yamada (1982), p.862, £ .

8 Sur, Sy M Gy OAITHIZEL, Gy ITHRIEL WD, Galperin et al. (1988) (2 & BEED
HRTHL. ZNZLVHENLET 5.

O Gy OTFRIX I OHIBR ((10.65)) IEKELTE Y, ERIZLV AL 2 (DFM) I2BWT Gy >0
LR BEMITER LT WS (Galperin et al., 1988).

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



DCPAMS5 XEEAERNR E 7 DBRUE 10.1 #IERIR 103

10.1.3 /ML 2 &% 1 (Louis et al., 1982)

Louis et al. (1982) D AiEIZ LB &, WV 7 REUETD XS IZFHi 5.

FiTE LSERE (R > 0) BI56E

2, & UKL E R; > 0 RBEITE, V7 FBEBUT T O K S5 IZEEd 510,

1
Cq = a’ : (10.77)
1+10R“ﬁ1§?
1

C m , 10.78
h e 15 R/I T R, (10.78)
ay = ——j%—f (10.79)

ZTZ0,m

log( o )

b (10.80)

ap, = —————.
log (=)

::sz@mﬁﬁewﬁﬁﬁkiﬁwvy%ﬁzwmmhﬁ%m%MH%i%#’
NTBHERTH B 28, 2 PREEERT VY vOVHE (HEROSEIZI A1 R)
MO DHFEETIX RN L ITER.

10 728, st (Louis et al., 1982) TIEFDO LS XKL IhTWV5.

1

Cp = a*——— (10.74)
1+ 20R; L
1
C, = a2 10.75
h T 3bRAIT AR, (10.75)
k

a (10.76)

log(”ZO)
ZIT,b=5d=5Th5.
" Louis et al. (1982) T, F & IREICN T 2MERICIEFAUEZHVTWS L5 THS.
T, FNFholEEAWS I 2H TR TR LTHEL.
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104
RRE (R, < 0) RIBE

ALZRE R; < 0 IR5EITIE, WL REUET O K S IZFHMid 51213,

10R;
Cqy = a2 [1- , (10.83)
1+ 75a2,,/“220m | Ry|
15R;
: (10.84)

Ch = apQm, 1-—
1+ 75a,,ay %Uﬂ

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

1994)

£ L E o TWARL (2013/08/20, yot).
Beljaars and Holtslag (1991) @ HGiEIC & 5 &, 7V ZREBUI T O & 5 ICFHEi & 1

B,
2
Ca = " (10.85)
log (%};’”) _ \I/M (erio,m) + \I}M (%)
Ch = ’ i (16-56)
o (#52) —war (5=) + war (52 b (25328 ) = v (520 ) 4w ()

T, 2 FHE D S ORERE, kX PV VBB 20, 200 1ETNENEE

12 728, st (Louis et al., 1982) TIEFD LS IR INT V5.

2bR;
Cq = a*|1- - : (10.81)
( 1+ 3a2bc,/ZZ0|Ri|)
3bR;
Chn = a*|1- - . (10.82)
( 1+ 3a2bc,/Zj§0|Ri|)

ZIT, b=5c=5Thb.

B 220l R ZES 2 & TREKDIREEZRL TWD.

M ZZToHENTWS O, &, HEEHRSH Beljaars (1994) @ C), LIFEL-TWS. Zhik
Beljaars (1994) DD, EAHDA>TWRNDH? 728 A, (vot, 2013/09/08)
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CIREIZNTHIHEETHS. L 1E Monin-Obukhov X TH D,

3
1 ‘u/wl‘Q
b g, @)
THDY. Uy, Uy OFMIETIIRT. 0B, » BEEFEKRT Vo v)Lm (Hisko
BT AAR) 25 OB CIEZR W T SITHER.
15 Beljaars and Holtslag (1991) TIFKZAEKOMEEZZER L THE 6T, 0 TEAMELINTE 2. &

ZTik, 0 EHVWERE 0, ZHWEZROEBREZZTAS. KEKDOMEZEHT L, TOLS
ITEL ZENTES,

(10.87)

% = —u=-C,U? (10.88)
Qo = —u.0, =—Cy|U|(6—6,) (10.89)
Uy O, Cr|U|(0 — ;)
= 1 .
2 oL (10.90)
6— 0, 140, Cp |U|
= 10.91
U2 uECh ( 0-9 )
0,Cy|U|
— 10.92
O, (10.92)
g 0 — 95
Ry = 55 7m (10.93)
PR
L = —1% (10.94)
kg (w'e’)
1, CLp
_ t m 10.
2R, o (10.95)
ZIZT,0 % 0, TEESHMZTSH,
1 Cp’
I = - —1%Ym 10.
2R, Cr (10.96)
DESIZEUETEIFS. /2L, 20L&,
1.5
1 (u’w’
L = —— 10.
b ) (10.97)
Qo = —u.b.=—Cp|U|(0,—0,) (10.98)
g 01} - Hv,s
R, = A (10.99)
Thb.
72720, 22Tk, w0 @ 0 R, TESHMRA DI LT, v, 2R LTWE2, ELL
HETFDESIZETLZDEAS.
0, = 01+ aq,) (10.100)
0., = Oaqg +0(1+ag,)+0aq, (10.101)
wol, = whag, + w0 (1+ag,)+wbaq, (10.102)
= w0 + a0 + abw'q, + aw'd'q, (10.103)
~ W + ag,w'0 4+ abw'q, (10.104)
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F 7z, Beljaars (1994) IZ X% &,
lv| = {u2+v2+(ﬁw*)2}% (10.112)

CUT, BIZHBMRL Y =285 R 2 e L, TS ME2E BT 5.
ZIZT, BIREBTHY, w, TTFTDLSIZHEZ B,

1
w, — {zBng'G;}3 (10.114)

Z :T, ZBL ‘i%%%%gfﬁé

U AU, Beljaars (1994) T,

w'dl = w + abu'q), (10.105)

ELTWA. HUEIHIZZEELTWEDESS.
INZISIINVIREM>TERT B L,

wl, = —Cp|U|(0 — 0s) — abeCy|U|(q — gs) (10.106)
= —CulU|(0 = 05) — abeCq|U|(q — qs) (10.107)

£7%. ZIZT,0 OFEEN 0 THEHILITHER. ZITC,=C, kL, 0=0EIZLIZT
%k,

W, = —CplU]{0(1+ aeq) — 0, — faeq} (10.108)
51,0, =0 L35,
w8, = —CplUI{0 (1 + aeq) — 0, (1 + aeqs)} (10.109)
YR, e=17%513,
w0, = —CplUI{0(1+aq) 0 (1+ags)} (10.110)
= —Cp|U[(0y = Os,0,5at) (10.111)

T I T, O 50t \TEERMIRLE TORMAIRAL (7) THB.

bf’fJ)O’C w0 DO ERBMIZO, TESHMAIZEDL, IELW (7) W, LIFWL DD T#E
WhH 5.

16 Beljaars (1994) TIEFD LD HELNT VS

1
w. = {ZBL%wfeg}s (10.113)

2T, HERDA DR EADERBEEL, T 136 L LTHKL.
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FITH LSIERE (R >0) BIFBED Uy, Uy

AL, B UKIRZEE R, > 0 BIGEITIE, Uy, Uy 1RO XS 25T 5

Uyx) = 10g{(1+x)28(1+x2)} —2tan_1x—|—g (10.115)
Uy(z) = log {%} (10.116)
z = (1-160)4 (10.117)
¢ = % (10.118)

TEE (Rz < O) RIZGED ‘I’M, Uy

NLLTE R, <0 WRIGEIZ W&, U, Uy IETND & S IZFHid 5

Uy(z) = —al—b (g - 5) exp (—dC) — %c (10.119)
V() = — (1 + gag) T (g - 2) exp (—d() — %d +1 0 (10.120)

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

10.1.5 EFRBRETHEVWLNB/NRSA—YD{E

o XALIRAIEHE ) : DCPAMS OBIAE (2010/02/20) DT 7 A4 )V ME I = 300
mThs.

o NIV VER k: DCPAMS DT 7 )L Mk k=0.4.

AN~ VERDMEIX 1950 £ S 1980 FEMRF TIZiTbiznwL D008
HIZHE DS WTIRE I N T WS (E#E, 1982). Businger et al (1971) &7 > ¥
ZMDZINZ BT BBIHIT 035 LWHEZEEZ. ZHi2k D, 035 EWVWH 1A
WAL b7z D72H, Businger et al (1971) T, JEGEFHMIEIZFEE L 7281
HHE T2 IO - DMEND 5 Z &P =EEHE ORI ED T2 Tl 4
WZ R ENDLPoTz. ZDRK, ERHBMIERD 7V — THRE L 727K H T8
HIZ170, 0.39 & \W S %1372 (Kondo and Sato, 1982).
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ARH - B (1999) 1Z1%, Dean (1978) 17 2AFEERINIZ AL~ Y EHDfEE LT
041 21872, LI TWVWB.

® *ﬂﬁ;% 20

DCPAMS IZ B\ CREM L HED 2D AEZRET B5E121%, BERITIE 20 = 0.1
m, EFEETIE 20=10""m & WS T 74 )V MARERESINTWS.

FHLEE R (3SR DARFEIZ K > TZALT 5. Sheppard (1947) 1ZEAMBHHNIZ K >
TIARFOKXRAIZE T HIMERZIE L. £ T, Bo7aRME L OK
PHODBRERE)IZBWVWT 2 =9 x 107 m, lKE LU ZREEI FET S
HEIZHEWT 20 =0.139 m & WS FEIRINTWS (Shpeppard, 1947 D
Table 2). Sheppard (1947) H3RE U 7z K OfEIE Sutton (1953) 18 B L F
BHE (1982) W IZE B HEINTWVWAS.

10.2 BEBIRIR

DCPAMS5 T, ShiEILEIZREMEZ W CEHE T 5. )&, BOMEILHHRER
T &S ICEEL T 5.

FAL At

A A gmekth ~ makod (10.121)
2At Prerd ~Phl

oA g gFﬁif,ﬁ; —F s (10.122)
IAEL P+l — Pr-} | |

TEHAt _i-At ig F:fkit% B Fiiﬁt% (10.123)
2Nt Co" Prey — Py |

— 7, KEERKDOMEILBIZFE L T, & TR (k> 2) TETFO XS IChfb
ns.

t+AL LAt FitAal _ ptrat
B — 9 _ g okts ahTy (10.124)

2A¢ Dyl = Dr-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: Micrometeorology. McGrawHill. 333pp.

19 BE BE 1982: LI A& -AHhE 5 T oML - (KRFDTH L+ — K 6), HEAEH.
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—h, B FE (k=1) 2B\ TIX, B#E2 VIR T 255 08KE2ZE L,
2 DOBEEAL HiEE AL TWS. 1 DI,

t+At t+At
F - F

t+AL t—At 1 1
B — 9% QAI?k = gl (k=) (10.125)
Pryl = Pp-1
THH, 1D,
t+AL  t—At Fitat _ pt-at
B — % quk — g q””f_ "”“;5 (k=1) (10.126)
Pryl = Pp-1

Thd. WiEDOGE, & NEOBMBULAEIXR FTEUNDORE (K >2) LU XS
HpfbEng. BEOLEG, RERED 7 7Y 7 ADH t — At DIFZIDELF D
NB0. InE, KEKLN OB T DL & 72 WYIE O ShEHLENE, (10.126) & ARk
ZHERAE 5.

7 v 72 A TFDO LD ITHEE b 5.

Fm,x,kJr% = _(Tc)m,k+% (uk+1 - uk) ) (10127)

Frgier = —(TC)pprs (Verr — vi), (10.128)
Ty Tk

F,... = —C,P_.(TC 1| — — — 10.129

hot L P k+§< )h,k+§ (Pk+1 Pk) , ( )

Foper = —(TC)gprr (Qer1 — ai) - (10.130)

22T, (TC)psss (TO)p sty (TC)yppr BAFD LS IZRI T NS

0 BBZEDFFEEMALRTIXO I 00k, Bk CHEEE U 7z iR 2 B L TR/ 5 BN
— X TER DT & ZEANAITINCT B2, T LT, GRO TR Z2HS720TH 5.

HREICB T2 LSBT 7y 7 2%, KGR S R, FERRICB VW TRRIIIARET Ty
JATHY, ZOEKT, RKAHOBNLIFMRE S L O TO LIEOBRN L L BEFELTNWS. &
ST, IKZELRMFAET 2R Tld, HIRFE OB 1E, BERME 2B 2 KELKDEF L EFEEZ T LT
KEL[DNZ L BEBLTWE. 20728, AKIE, BAOMEILE, MERMOBINL, #1158
DEGEER, KAKDOIREILI % ERIETHE T 5720101, TRTOABERZ Y U CEHE LR
s, REHIZEAMET S, 2he TRTEEGOE - RAREADTFNE = EX A1751C
7o, FEENE Lo TUE S, ZENMITHNCT 5720121, B OSEHLEL, Mo LD
B (RREXRH ORI 2 &), KELKDIMEILIKD > HbD—2% H L TR REDRH D, BIE
D DCPAMS DEALTIL, KARKDIRETHZ 7# L T Z2IZLTWS (6 — At DRZIDE
BREDOKER T 7y 7 AEHANE Z 2T, KEKOMEILERIZDEES N 5).

E72, ETEMh TRV, ARG HEAKSEONEBEBLTWS. UL, HRO 1EKS
BEZADLGE, TEVPECU EOEDKAKDPERET S Z L1300, 2D KD 5% @ —
WAERBNZET 2L, HEMIRZR TN E2ETLUTCHSZ 2 IETERL. ZoZ s, ET
BV LD ITRABKOEIZ DHL TRHEBTH 5.

— 715, RO EEOBIE 2 HE LA WVWETILIZEWTIE, BAOMEILE, RERMOEIN, K
AR DIEILEZ AL LU TR o N2 TAIE =FERATINC AR5 720, FEIXEZ 572200, 2]
FORDBHWONEEAETHS.

a—Rpa Ry TR, (TC) I THXERE L&A SRTWS.
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EEEESLTUE,
(To)m,km,w—l-% - 07 (10131)
T hpaerr = 0, (10.132)
(TC)ghpaers = 0 (10.133)
k= kpow DEZ,
e bmatt = 0, (10.134)
Fmv%kmax‘f'% = 07 (10135)
Fh7kmw+% = 0, (10.136)
Fq’kam% =0 (10.137)
AN
2<k<kpo—1DEE,
1
(TO) st = PerKppir———, (10.138)
2 2 Zk+1 — Rk
1
TC T Ko — 10.139
( )h’k+§ PregShbts Zhi1l — 2k ( )
1
TC = _ 10.14
( )q,k-l—% PryiBgryl el — 2 (10.140)
prs s R N CREIS 5.
Dr+l
= : 10.141
Pr+1 RT,,.. ( )

ZZTT, I3MRETHE. k=1DLE, WLIEEZRAWTT I v 7 A%FGT
LY EE N

m,z,kf% _(Tc)m,k—%ub (10142)
myh—t = —(LC)y 101, (10.143)
T, T,
Fopr = —CpP 1 (TC)yy s <Fk_ 5 ) (10.144)
k=3
Fopoy = —€(TC)yp 1 (gr — q5)- (10.145)
(TC)pp—s = psCalvil, (10.146)
(TC)pp—r = psCh vl (10.147)
(TC)gp-1 = psCqlval, (10.148)
Ps
. = . 10.149
P = RT. (10.149)
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Thd%

E7-, FEERCEBORER, 7, 25 A 55H121F, (10.142), (10.143) (2B W
Tl&

1
= e T (10.150)

1
mk—5 )

(TC)

L7252, MEEATREZHRET 55E121E, (10.144) I2HWT
1

(Tc)h7k+% = pk+%Kh’k+%m, (10152)
U, NI CIRALEZ BIE T 255101,
Fopr = =(TC) -y (= 4s) - (10.153)
1
(TC)grsr = Pryl RS Sy (10.154)

ALl
T, ~EBDEAT IV IA WMET Ty I AR EZ B8, 57 7 v 7 A%

Fop-r = Fus, (10.155)

Foo1 = Fy, (10.156)

LiRs.

10.2.1 EAREEB T R F—, SHEILBIRE 1 (Mellor and Ya-
mada level 2) DEERIFKIR

BRIEFLEREY, K, Ky, K, &, T0E 1 (10.26), (10.27), (10.28) (2R UL 72X THt
Bdd. 20D, VFv— KV U8 BEOEY T —, RAHEOMBERI N
MBS, TNODERAFUTO@EY THS.

2 Bt Ty o (KRDEE) RO R? Ty (Ts,?) TIERLT? 1234, BEXSHOMERT. £

LONENE B EARVES ST Y.
B rprE Fho FHUED GLFK) BEhAITE,

<‘2§‘> _ 1, (10.151)

5.
24, D s HEHEBLLTIERELLAEWS,E.
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(10.35) TEHELZV F ¥ — NV VUL, HEREUATIETO L S IC##bdT 5.

-2

6_’0
0z

g H’U,k-i-l - ev,k

10.157
Oprrl Zhe1 — % ( )

Ri,k+% -

)

k+3
Uyt — g\ Ukt — vp \
— (_Eil____ﬁ) + <-fil___-ﬁ> . (10.158)
k+1 Rk+1 — Rk Rk+1 — Rk

RAIEEE (10.29) IZPAT O & S IZHtE(bd 5.

8_1;
0z

k(21 = Zoury)
) = 2 . 10.159
S T k;(zk+% — Zsurf) /o ( )

ZIZT, zgpy BHMERHSETHS.

10.2.2 ELREEI T RILF¥—, SHEILERE 2 (Mellor and Ya-
mada level 2.5) DBEEIFRIE

HRES T AL —DOLEHRERD S &, BHREZ R\ IO & 5 2BtEEdl
XI5,

e At (& At At _ ptrAt
2 ), 2 ), _ TKEk+3 TKEk—1 (10 160)
2A¢ Dyl = Pr-1 '

t+ AL t+AL AL
+Ps,k + Pb,k — KBk

B P, Pz LTI, EORHDMEZE D DMITBIIZ K D, ergp R UTIE, ¢+ At OfEZ
biwe EFRLrhhvne bbb,
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7-7\/6‘
— —

)

7 ¢
Frgprrr = —(TC0)rkp gy {(5) - <5) } (10.161)
k+1 k

1
(TO)TKE,IH-% = pk-&-%KTKE,k-i-%ZkH—_Zky (10.162)

P, = KM,k{(g—’:)Q} (10.163)
— Q%JksM,k{(Z—Z)Q} {<§>k}l (10.164)

g 90,
P = —Kpi | 5 10.165
bk Hk <9v 9% )k ( )
0 2\ 2
L g v q 2
= =225 -~ = 10.166
2kH,k<‘9vaz)k{(2)k} ( )
28 /%) 2
€ETKE = Bl (5) (10.167)
1
2\ 2
Ky = 280, (%) Sari (10.168)
L\
1
Kyppr = §(KM,k+KM,k+1) (10.170)
1
KH,k+% = §(KH,k+KH,k+1) (10.171)
Kppir = Kpppy (10.172)
KTKE,k+% = KH,;H% (10.173)
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ou ? Uk41 — Ug Vk+1 — Uk ?
g — —_— ), k=1 (10.174)
0z . Zk+1 — Rk Zk+1 — Rk
(a_’u’)Q o ( +1 — Ug— 1)2+<Uk+1_vk—1)2 2<k<kﬂ{a]10—115)
0z 3 Zk+1 — k-1 Zhp1 — Zh-1) - '
ou 2 uk—uk 1 Vg — Uk—1 2
et — it k= ks (10.176)
0z i 2k — Zh—1 2k — Zh—1
gaev g 0vk+1_9vk
7 —_ k=1 10.1
(‘gv 8;: )k Hv,k Zk+1 — Rk ’ ( O 77)
iaev _ iM, 2<k <k — 1 (10.178)
91} 0z k ev,k Zk+1 — k-1
g 00, g Opr — 0pr—1
. — _— 0 = 10.1
(9,, 82 )k Gv,k Zle — Rk—1 ’ k kmaaz ( 0 79)
L 7222027,
BRAERE (10.29) (ZEATND & 5 IZHE#ULd 5.
k(zk — Zsurf)
L. = . 10.180
k 1+/~c(zk—zswf)/l0 ( )

ZTT, tyy RHMRHEEETH S,

(10.161) Ik, TSI TFO LS IZHEIHEIND . 2<k <kpew — 1 DE X,

26 FEIZIE, BAL 5720101, MR OEZ MU S BRSBTS,

27 (2013-08-13 =if) Z Z“Ca“bfb\éﬁﬁaﬁ(ﬁfﬁ i FRE DI FRLE D RT Mellor and Yamada
level 2 @%ﬁﬁﬁ@%fﬁtﬁﬁé level 2, 2.5 @EL(/HFET)I/ FEHIT, MEROBTIT BT B HLERE
’3:?605 7=DIZFHVwS 5. LA L, Mellor and Yamada level 2.5 T, IR Z AT 2720

HMEH T AN — 25 HTARELD Y, BRAREEZ T2 2E 25, BIEMITIKELTE
EJJIZ VX —OMEIFPRIEE O M BLES X5 2572\, T OREE, (1] 5 50 NFELELZ X 0 $hiE
Eiﬁﬁo)%ﬁﬂ%ﬁ’iﬁﬁﬁ—%. —7H, Mellor and Yamada level 2 T, fLITES) T & )L ¥ —DFIHE

CREERENE ENT, SRER ORI 2ILHES T AL X — 2 R BM T2 2 e B TE
%. level 2 DYED 2.5 DHABFRIU XS ICHEILT 2 BBV ERS D fi—357-01cbTb
THLUWIZ L EXDZDOVRVNPE D & ED TRH B
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q2 t+At qg t—At
~(TC)rcpics <_) _ (_)
TKE k-1 )., 7).
1 Pryl = Pr-1
{_2At g + (TO)TKE,H% + <TO)TKE,k—%

Pryl — P-4
+f(os,2,k + Chok — Cd,Q,k)}

o\ t+At 9\ t—At
(L (L
o\ t+At 9\ t—At
q q
_(TO)TKE,IH-% {(5) - ( ) }
k+1 k+1

_ (Ft—At _ pt-At )

TKE k+3 TKE k-3

b |

P+l = Pr-1
9

L 8'[,1, 2 qQ t—At %
Csir = 22lk{<§> } s;;ﬁt{@ ) } (10.182)
k
1 ) au 2 2\ t—At _%
Coop = §~22lk{(—2) } waﬁt{ %) (10.183)
k k
_AtY 3
g 00, t—At q2 '
= = 10.184
6,02 ) Cm \\ 7 ), (10.184)
L (900 ea ) (AT
Chop = 3 2z, <E 5% )kSH’k 7). (10.185)
2% q2 t—AtY) 2
— £ 10.1
Ca1k Bl {<2)k (10.186)

1
3 2% q2 t—At) 2
= = L 10.1
Caok 5 Bl {(2 >k (10.187)

(Csk + Co1r — Cap) (10.181)

(N
(N
o)
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DCPAMS5 XECHEN R & DRERRE BI0E  ERERE

T & % 28,29,30

8 ZZTik Cs1, Cs2, Cpa, Cyo ”&/T’ibfb‘%i)sx, i EHBIRTIE Cs2k=Char=0 L

TW5.

TN P, P LT, t— At DfiRioTWBEI Y, DF0, 2HNSDIHZGIIZHES Z

LIRS B, BURZ DO X512 2HlE, MLk T22 LT, ZOENMLO RTHTIEIZRD P,
WEIZRBEILDHDE-DTH 5.
29 €ETKE %%ﬁkﬁZ’ftbfZ%é:%, €TKE MEIIZKRBZZ DB, :.@H%&i, Cd,*,k =0 LTHELRb

0 P Py, erxp 1, FO &S ICHEICA UTHIBALT 3 (71 5 — BB LT—KOHETL 3),

t+ At
Ps,k

t+At
Py

t+AL
€TKE.k

2 t+At %
28y, graae ] (v i (10.188)
M.k 0z . 2 /.
_ w2 PYs At o\ t—ALY 3 3. o\ t—ALY T
(), )oY e
9=) [, ] o %) 2 ). 2°M, 2 ),
k

q2 t+At q2 t—At
Cs,l +Cs,2 (2> - 2)
k k

231, St (9 00

2 t+At 2 t—At
Ch1+ Choa (q> = (> (10.193)
7 2 k 2 k
3
2% q2 t+AtY) 2
1 10.194
Bl ( 2 )k ( )

93 g\ =AY 2 g\ tHAL g t—At
43 Z Z (L (10.195)
2B |\ 2/, 2), 2),
2 t+At 2 t—At
Can + Cap { (q> - (q) } (10.196)
2 k 2 k
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BREAM L 0 EFERTIEIRES T AV —2EHET 5720, FD X 512753132,
k=10Dk X,

1 Pryl = Pl
{_QAt g + (TO) rkpnss + (TC)rxp i1

Dyl = Prp-1

P (Csok + Chok — Cd,z,k)}

2\ t+At 2\ t—At
x (L (L
2\ t+At 2\ t1—At
q q
_(TC)TKE,IH-% {(5) - (5) }
k+1 k+1

_ [ pt-at _ pt—At
- (FTKE,IH-% FTKE,k—%)
- 1
_pk+§ DPr—1

p (Csap+Coik—Cark) (10.197)

k=kpoe DEE,
2\ t+At 2\ L—At
q q
TKEk—} 2 )., 2 ).,

1 Pryl — Di-1
{_2At ) g =+ (TC)TKE,H% + <TC)TKE,I<:—%

Pryl — Dp_1
%(Cs,zk + Chak — Cd,z,k;)}
2\ t+At o\ t—At
(%), -(5)
2/ 2 )4
_ t—At t—At
- (FTKE,kJr% B FTKE,k7%>
Pryl — Pp_1
—% (Cya + Crae — Care) (10.198)
oz dsdl,
Dxrixp = Grie (10-199)

3USEEITIE, RIS CIRREIE S g\, NEBEESUC 31 2 ELIRHEE) T 5 )L & — (LB HOR (T 4K
920, YRt + At ITBITDEEEE T ¢t — At BT DEEEE L R 5.

32 REIC BRI VICABES SR D B, EEREERSM L U CHLEE = 2 L X — D2 o
72 BT, EEERTOIBBREREZ Y0 L RET % &, BERAMAORLIRESR T 3L F — OfHIC X EK
RN JIDOZEWL TR, BREMFEL LT, 252200 HNMEEZEA 5D OME. W& %25 X
LZeBNLRI LIRS, BURTIZ, 20 &5 BERTOESMEIZRN TV,
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EELILENTES. ZIT,

e = () (5)7(5) () () (o)

Grixg = (gTKE LITKE?2, " ;gTKE,k‘maz) )
gTKEER = (F;K%k-s-— - F:tFKA*Etkr)
—% (Cspp +Chan — Cap)
THY, D= (dpn) DEETNE, 2<k <kpee —1DEE,
dert = —~(TC)rpys. (10.203)
dig = —2thk+2 ;pk : + (TC)rgppst + (TC)rxpp-1
2B (Ca+ Chae = Caa) (10.204)
dirit = ~(TO)ricppss- (10.205)
k=10 X,
Ao = —QLtpkﬂ ;pk_é + (TC)rkprsy + (TC)rkpp-1
22 (Cng + Chas = Caa) (10.206)
i1 = _<TC>TKE'7]§+%7 (10.207)
k=Fkpey D& X
dpp—1 = —(TC)TKEk_%, (10.208)
dpr = _2225 Pevs ;pk; + (TC)TKE,IC—% + (TC)TKE,IH-%
2 (Cag o+ Chas = Caa) (10.209)
Thsd.

10.2.3 /N)L 7 {20 H@EERD (Louis et al., 1982; Beljaars and
Holtslag, 1991) OBERIFRIA

2NV EREE, 55 10.1.3 8, BB 10.1.4 8 ISR U AN TEEAET S, TD7RDIT, Hisk
HDYF ¥ —RY VEOMBERELLEL RS, ZORANIUTOED THS.
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(10.35) TEHELZY Fv— Y U8, IERHEIZBWTIX, T &5 Icibd 5.

-2

g evl_evs 8’0
R, = SRR ad 10.210
l’% 01},5 Rk4+1 — s 0z 1 7 ( )
2
vl (e ) (o) (10.211)
A 21 — Zs o=z ) '
2
T.
0,, = —= 10.212
: 2 ( )
P, = (ﬂ> . (10.213)
s

ZIT, z FMREOGEE, T, IHERHIIRE, p, FREREKETH 5%,

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

%5 10.1.4 i 1Z/R U7z Beljaars and Holtslag (1991), Beljaars (1994) ® /AT, N
)V 2 fRE03 Monin-Obukhov £ &, L, IZMKAFT 5. UL, L 1%, FEEEE, B
MEOEBTHY, 2£0, LITHKFTS. o T, #VRLIKIZED L 2k 5.
ZDOEeE, NV )FYy—RY VR, 2SI LT 5.

L & R; I, /‘\)l/y’f%ﬁ, Cy, Cp, ZHWT

3

1 C3
DEIBERIZH D720, TOLIITHOELFEIZL>TRD S.
! Ca (L)
n+l _ n
L = kRiC(L)Ch(L") (10.215)

ZIZT, EERAF n X, n BOOBUIZE>THRONZETHE I L E2RT.
OB UIECERT 2BOMMEIZ L' =1 £ LTW5.

38 22T, Ry OFMEICRERAREZHAWT WS, MEXRM EOKRKDOWREZHA\W2 kb
HEDPHLNEN. EBODRRVDNIEE DD 5700,
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F7z, MITHE L IR BEIET O K S ICHEEdL s 534

lva| = {uf+]+ (ﬁw*)Q}% (10.221)

1

2

%(9 —O) k BzBr

Bw, = 10.222)
{log (-322) + w (32) } {1og (=525 + 0 (52}
Z :,VG‘, ﬁ = 12, ZBI — 1000 m c‘_’_TE)%.
34(10.222) I, Beljaars (1994) O F DX,
— k?Bw. (05 — 0,,,)
w'd = {log( 380L> U, (zo—’")}{log( ! })‘F\I/m( )} (10.216)
W = by, (Tzi)% (05 — Om)? (10.217)
by = k?’f% s (10218)
{log( 385L>+\If ( )}2{10g( 720})+\I/ ( )}2
5 = —k%g {log (—ingi) +,, (ZOL’”)}S (10.219)

PO TDXSITEE UL

Bw, =

[{log (-2 + ‘I’mT(Z‘JE"’)} {10 (— 25 (Z(zh)}] (10-220)

72720, (10.222) T, T % 0 ICEESHMATW5. HEMICIE, REREEDMERDTEIX
AWEBRNEFZZONDH, (0, — m) Mo TS 728, 0 b’CBfPi&L\(‘:, SHRED Eé@
HREPSKELTNT VB L FiZ s A -7 7“9‘2}%( LES.

35 Beljaars (1994) DAX TIE FD LS IZRELTWD

L 38.5L z20m\ |°
LT T {log (_’Yzo,m> + ¥ (7L )} (10.223)
UL » L, 2BL D ZFEELTHIFELAEEREDN LV (eg, ECMWF
IFS  documentation  CY38rl) (&% 4 & AT I3, Part  IV.  Physical  processes,

http://www.ecmwf.int /research/ifsdocs/CY38rl/IFSPartd.pdf @ Section 3.2.1, p.36 TdH
%). £, LOXZHWTERET S &, SIEPALEIZLD LS TH 2.
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10.2.5 EFEILHRDEDHEXDEE

PO B EOMEILEGFER (10.121) 28T 22 2 <k <kpay — 1 D
& E,
~(TO) s (55 = 0,23)

1 Pryl = Pt N
(~gm P Ty + (T ) (7 =)

~(TC)gery (w2 — i)

= —(F“At —F ) (10.224)

1 1
m,z,k+5 m,z,k—3

k=10t %,

1 pk+l_pk_l )
(_Mt g IOyt (T0>m,k+;) (2 — )

~(TC)ery (22" = i)

_ _(thAt _ A ) (10.225)

1 1
m,z,k+3 m,z,k—3

k= kygw DL X
—(TC)py s (w2 = 5Y)

( 1 Pr+l = Pr-1

+ (Tc)m,k—;) (ullf:-At . uw}:{—At)

At g
= - (Fﬁiﬁﬁ% - anffé_%) (10.226)

LRs.

Ihozfedde,

Az, = G, (10.227)
@, = (U™ —ufm A ST A A A (10.228)
GU = (gu,b Gu2," " agu,k’mam) ; (10229)
Juk = — (anjﬁ; b1 Fgﬁ,ﬁ_Q (10.230)

TIZT,2<k<kmar—1 DEE, A= (ap,) DEFESI,

g j—1 = —(TC’)W,C_%, (10.231)
B 1 Pr4l = Pr-1

Uk = ~5A7 g + (TC’)me,% + (TC)WH%, (10.232)

appyr = —(TC)p gyt (10.233)
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k=10D&Z,
B 1 Pr4l = Pr-1
Uhk = ~5A7 p + (TC’)myk,% + (TC’)WH%, (10.234)
Ak k+1 — _(Tc)m,kﬁ-%‘ (10235)
k= kpow DEE,
a1 = —(T'C)pp1, (10.236)
1 Pryl = Pl
TN p + (TC) 1 (10.237)
Ths.
FEALEUZ B LTI, SRR E [FAARIZ FD L S IZELS I N TE B,
Az, = G, (10.238)
z, = (ViTAT— ol A AT AL ,vﬂ'ﬁj - U,’;;fgf), (10.239)
G”U - (gv 1,9v,2,° " 5 9o, km{m) (10240)
_ t—At t—At
ok = (Fm ju - F yk") (10.241)

10.2.6 ZBILEIDED AR DEIE

BOMEILHDORN (10.123) 2EHTLH L 2 <k <kpe — 1 DEE,

(Tc)hk ;(THN Tg:?t)

pPk,
1 Pr+l = Pr-1 P 1 sz+ _
+ ( CP2At : g + Cp P,: (TC)hJc—l + Cp—2 (Tc)h7k+§> (T =T
P"?Jrz t+ At t— At
~Cop (O g (T~ Tii)
t—At t—At
— (P - F, k——) (10.242)
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DEE Ek=1DrE NVIETT T I A% T 5561213,

—Cyp(TC) s (T = T2

1 Pryl —Dp-1 Pk+ P B

k+
—Cp 5 (TC) s (T — i)
Pria
t—At t—At
- <Fhk+7 F k——) (10.243)

NEREIS T O & HE T 2T,

1 Dpyl — DPpt B, P,_1
(—szAt k+5 k—3 + C k+2 (TC)h k+1 + Cv "3 (Tc)h,k—§> (T,§+At . T}z—At)

g "B Py
. Pk+% (TC) (Tt+At - At)
p hk+3 \ L kt1 k+1
Py
o t— At t— At
- (Fh oL -FA 1) (10.244)

—EEDET T v 7 A% 5 2 555121,

1 Pr4l = P-4 Py _
(—cpw o <Tc>h,k+;) (T8 - 1)
Pyt
~Cy b (T (TER —TH73Y)
_ (F,j—kfl - ) (10.245)
B, Tk =kpey DEZ,
P 1 _
-Gy Pk_j (Tc)h,kfé (Tlf;ir?t - T/ﬁ—ft)
1 Drrl =Pt P 1 _
+ (_szAt 2 p 2 + Op Pk2 (Tc)h,k;> (leJrAt o T}i At)
_ (F;L Pl ot ) (10.246)
AN

IhokFedhde BRERMIIBITET7 Ty A%\ ZIETHMT 255121,

B.x, = G, (10.247)
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x, = <T§+At . TStht7 TltJrAt . Tf*At’ T2t+At o 7‘!2257At7 . kt;::it Ttg;m)248
Go = (901902 s Ghknas) » (10.249)
g = —(Fo2L = Fi2) (10.250)

LELIENTES. 3 22T, 2<k <kpao—1 DEE, By = (byynn) DEIK
ANES

P, 1
bajk—1 = -—(1,}% “(TC)p -1 (10.251)
-1
1 Ppal —Pp_1 P Pk
ka::-@%At+29 2+C’P ac)h;+c *%T@ﬂg%m
Pk—i—%
a1 = _qﬁhagmhﬁ% (10.253)
ThHO, k=10 X,
bajr-1 = —Cp(TC)yp_1, (10.254)
1 pk+§ - pk—% Pk—i—% Pk—%
ba,k:,k = _CPQAt g + CP?k(TC)hJH—% + Cp Py (TC);(JCQQ;55)
P
baj k1 = C;& (TC) ey L (10.256)
+
THY, k=l DEZ,
P_s
ba,k,k—l = _Cp (TC)h k——? (10257)
k—1
1 pk+§ _pkfé P, 1
- - T 1 10.2

THb.

Z 2T, By W& kpae 17 kppae + 1 FIOFTHITH D, 2O X2 TIERAED HFEX
BEDBLWZOIZEHU R, HREAZEAL 572012, LIRS EERE TOD
BN AP NN X, & UK IBAKEKORXNZHWS. Zhvo DR HbHET
EIRFZ R < BRIZH WA AR L Tk, 5 4 EZ2 S RE L.

7o, BEREIBIS7 IV 7 AI—EMEE2 52555 2F AL ICAZZE
BLULTHETLE k=10Dk &,

1 P+l = P} Pyl
Ppy1
bajsr1 = _C%H%?TC%&% (10.260)

BB, DFOERTED a lF TAKI 2L T IRV THS. 12 &8 TIRHEETHOBINE 2 W,
ZIZ Tk B, #HH\W5%
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LB, k> 1 OHAEIZIE, (10.251)~(10.253) LHILTHB. ZDHEHIZIE, B, %
kmaz 1T kmaz SIOFTHITH O, RABPFABRABLEEL W=D, ZOARDATHEL
ZeNTES.

10.2.7 KESK (ME8) ILHROESAEADEE

Z 2T, KELKDOMESLTH O X0 L AR 2 M T 5.

55102 i OBRAIDEH TRz &k 512, KELKOMEIES I, V3 REERmD
KELK T TV 72 ADRZNZ L > T 2580 OESALHEEFHWS.

BMERIMOKAELRTZ Ty 7 AL UT t+ At ORHOMEZ W 256, KAEKDOH
ELHORN (10.124) 2BH T 2L 2<k<kpp—1 D& Z,

—(TC) gt (@75 = 172"

1 Pr4l = Pr-1 A A
(~gmi P Oy + Ty ) 7 = ™)

~(TC) s (37" — dhst")

- (thm - Ft*At) (10.261)

qvk""% q’k_%

ED k=1D& &,

9q;

~eTCi-3 57, (THAt - =AY
(_ QZt w ey (re Jgrss +e(TC )q,k_;> (ght2t — ¢i-(1).262)
—(TC)gpss (447" — 131")
S T el (10.263)

THEADREGH ZHRET 2HE1TE,

1 kar, — Pg_1 -
(_ AL A (TC)gpey + (TC)q,k;> (g2t — gi™2") (10.264)

~(TC) s (015" = 4i31")

- <Ft‘At - Ft‘Atl) (10.265)

q7k+% Q7k_§
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EIRD k= kpay DEZ,

—(TC) gy (472 = 477
< 1 Pryl = Prp-1

+ (TC)q,k_é) (g2 — ¢ (10.266)

" 2At g
— t—At t—At
- (Fq,mg - Fq,k—%) (10.267)
LiRs.
INSETEDB L,
Cx, =G,y (10.268)

LELZENTES. 2T,

x, = (T8 T8 g — g8 g™ — g g2 — g) X10,269)

Gy = (941:942 """ s Yakmas) » (10.270)
—A -A

Gok = — (F;k+i —Fqﬂk_g) (10.271)

THD,2<k <hpaw — 1 DEE, C = (cn) DEHES I,

Chk—1 = —(TC')M,%, (10.272)
1 Pryl = Pr-1
TN J + (TC)gpgr + (TC) g1, (10.273)
Ckk+1 — —(TC)(LkJr%. (10274)
k=10 X,
a *
it = —e(TC)yy (10.275)
1 pk-y-f — Pg_1
Chk = A7 . P 4+ (TC) sy +(TC) gy, (10.276)
Ceprr = —(TC)gpyt, (10.277)
k=kpoe D& E
cep—1 = —(TC)gp_1, (10.278)
1 P4l = Pr—1
Chk = ToAs P —i—(TC’)q,k_% (10.279)

ZZ T, C 3 kpag 1T kmae + 1 FIDTFHITH D, Z OV TIERMED ALK
DB VIDIZEHU RV, ARAZEAU 2720012, BaOShiEILE O X P R E R
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T OB L R OB L A % R <. FEHZ R BIZH WS35 DR
ZELTIE, B 14 E AR SR &

nE BRERE I I 7 AL LT t— At ODRZOMEZHWSEEIZIE, AL XS
WAZZR U TEBET L k=10, &,

Chr—1 = 0, (10.280)
1 Pr+d = P}

= — TC 1 10.281

Ch.k AL P + ( )q,k+§7 ( )

Chkyl = —(TC)MJF% (10.282)

5. k>21TBWVWTIE, (10.272) ~(10.274) L FHkkTH 2. ZDEGHEICIE, C
1Z Eaz 1T kmae F1OFT5ITH D, ZOXZIFTHU 5.

b BERHE7 7y 7 AL UT—EHZHVELAICH RO GIETH Z 20
TE 5.

10.3 SE @k

Beljaars, A. C. M., and A. A. M. Holtslag, 1991: Flux parameterization over land
surfaces for atmospheric models, J. Appl. Meteor., 30, 327-341.

Beljaars, A. C. M., 1994: The parameterization of surface fluxes in large-scale
models uder free convection, ). J. R. Meteorol. Soc., 121, 255-270.

Businger, J.A., Wyngaard, J. C., Izumi, Y., Bradley, E. F., 1971: Flux-profile
relationships in the atmospheric surface layer. J. Atmos. Sci., 28, 181-1809.

ECMWF IFS documentation CY38r1,
http://www.ecmwf.int /research /ifsdocs/CY38r1/.

Galperin, B., L. H. Kantha, S. Hassid, and A. Rosati, 1988: A quasi-equilibrium
turbulent energy model for geophysical flows, J. Atmos. Sci., 45, 55-62.

Kondo, J and Sato, T., 1982: The determination of the von Karman Constant.
J. Meteorol. Soc. Japan, 60, 461-471.

Louis, J-F., M. Tiedtke, and J-F. Geleyn, 1982: A short history of the PBL
parameterization at ECMWEF, Workshop on Planetary Boundary Layer Pa-
rameterization, 59-80, ECMWF, Reading, U.K..
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Mellor, G. L., and T. Yamada, 1974: A hierarchy of turbulence closure models
for planetary boundary layers, J. Atmos. Sci., 31, 1791-1806.

Mellor, G. L., and T. Yamada, 1982: Development of a turbulent closure model
for geophysical fluid problems, Rev. Geophys. Space Phys., 20, 851-875.

Sheppard, P.A., 1947: The Aerodynamic Drag of the Earth’s Surface and the
Value of von Karman’s Constant in the Lower Atmosphere. Proc. Roy. Soc.
(London), A188, 208-222 .

AR B, B 288, 1990: BLIR N, $IE 5.

T MLE, 1982 RESEFE DORIZE - K5 & IBRKRH DN FE- (KRFED 71 LT —
R 4), B k.
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11ZE

\niy
JdUT

%ﬁn
Sif
Al
:1: I+|
Tmy
o7

VIR R, 5 8.2 Hi CR AN BFN AT I B W TR Z ¥ n & LGEIC

XY 5.

TR 2 iz BT A L.
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5128 RERME - ORI

ANilX)
|

2,

12.1 FHOERIF

ZZTCIE RERHE - U ROBINKIZOVWTHRRS,

12.1.1 HXEXR@1EBETI

BREXREIZ 1 EOWPEHIETNEZEZS. ZOET VI slab ocean ETIL & 5%
fiths.

ZD1JBOWDBEENEROR, BUNZIITFTOI S IZRBETE 5.

oT,
ot
ZIZTCO, I3BRETHS.

Cs = _FSR_FLR_Fhé _LFqé—'—Fg' (121)

— 0, BVRENERKDL I TOLSIIRETE S,

oT,

ot
I EF RERAMBEZEETLZLLEMTHY, FTOLSIZELZENT
=R

-0 (12.2)

T; = Const. (12.3)
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12.1.2 TERLEWETIL

MEAMOET VL LT, LIBFOBMZEZZE LUZETIVEEZE RS, TIHEE O
REAEA L, ZTOHEREME U TOMKRE ORI IZ

oT, OF,

dlg . _9fy
Cy 5 o (12.4)
Fg,h = F5R+FLR+Fh+LFq forz = 0 (125)
oT,
Fyp = —/-fa—zg forz < 0 (12.6)
L85, o \THRAAEY 720 O HEEAE (Jm P KY) THY, k 1318

,\Jm%é\éﬂz (W m*l K1) Ths

ME - KO ICH S BINZDIELE

Eﬂ%’@%ﬁ@%ﬂ%/‘(‘%ﬁ%@ﬁ#c: &, REREREIZEGRE L 25, Zok, MEXRHE
M & 2R SR TH D BN K 1Z

T, = Toond (12.7)

Fgn = SR+ Frr+F, 1 + LF, 1 (+F,M) + Fgpr (12.8)

8705, ZZT, Topna 1 SEFERETH O, Frap 1SOKDER - BEkEIZ X 28T Ty o
A, Fou (TR IZ ié?&77/&zfﬁ)é

12.1.3 @K 1 BENZETIL

HKDEHET DHEDETNE LT, 1 BOWKDETIVEEZ RS, #HKE EDE
IS 1

T,
ot
B, 22T, Cp MK BEARTE Y- D ODREE, hy ZHKDEX, F, 137
KOEHMP S IO IBRE T S VA TH 5.

Cr

AT Y 72 0 OBVE R, BIE (kgm™?) CHMNERD VOB JK kg !) OFTH
5. BVREMREUE, BE (kg m—S), BT RS-0 OB (] K- kg™ b, BRI (m? s—1) DRk
TH5.
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BIK DERAR I S BN DIEIE

MoK DL D EAEIRE %2 [\ 5 R 21E, WK AR T 5. 2 ORf, WRAERE (K
BERERE) (ZTESREZHEZ 5 2 21330,
T DR D 2R R D BN 1%

T
ot

&%, ZIZT, Fry \3EKOBRIZ L BT S I ATH 5.

Cr

= —Fen—Fup—Fy1 = LF, 1+ F,— Fpy. (12.10)

12.2 B#ENRIE

I T, MERM - H OB OBEFALIZ O WTHRRS.

12.2.1 HEXR@1EBETI

BREREIZ 1 BOWBEHZETNVIZBWT, BEENEROGE OBIE DR
(12.1) &, %10 & TR U2 ERWIZ b‘é7—7~y&x%ﬁﬁmf%@3‘5t,

_Lﬁ(Tc)qé (qi+At qu)

C, 8F oq*
+< +CTC)y g + 527 + Le(TO), Is

AL 8T ) (Tt+At T;_At>

Pl F
(e, 2 m) -

PP 0Ty
— _Fg—EAt o F Tt At Tt At) t At FtéAt +F;+At (1211)
5. B, ZOERIZE VT, &E BIIET7I7v AL ULUTt+ALtD

RZOfEZHWT WS, L, MEXREIZ zrs 7‘57J<7;m77 I AL LT t—At D
% IS BB A, S — AR D, £ Le(TC)q’;g(éi EHIRTITE

W, INnoz, SHROANDBHEOEENS, k=0 LT FORICESET.

bsgos—1 (G2 — @72 + by pp (TIHAT — T2
bt (T = T2 = g (12.12)
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7-7\/6‘
— — ;

bs k-1

bs,k,k

bs,k,k—l—l

s,k

TH5.

—J3, EORERE

~Le(TC), s (12.13)

O, dq;  OFLr

s TC), 1 + Le(TO), 1 —= 12.14

oag PO T Oy + LTCs 5+ S (12.14)
P OF ;g

_CPE(TC)}%%JF 3T (12.15)

—FiA — Frp (T2, T2 — F}i?t - LFq’EN + FIA(12.16)

MEERK (B U FEERAEREDEE) DA, FkIZULT

bsrr-—1 = 0 (12.17)
bsrr = 1 (12.18)
bspr1 = 0 (12.19)
g = 0 (12.20)
5.
12.2.2 HMREICH TR EMTICE T ERAREHFENX
THEOBEZE AT TO & S I ns.
AL oAt At - Ft—&-At_l
C, 9.k gk ghkts g:hk—3 (12.21)
2At Zhyl ~ 2l
::T7 1§k§ks,maz_1 @t%,
Fg,h,k—i—% - _(Tc)g,k—l-% (T97k+1 - Tg,k) ) (1222)
1
(TC)QJCJF% I€g7k+%m (1223)
THY, EMERFMER (k=1 DL &),
Fg7h7k_% = FSR+FLR+Fh7% —i—LFq’% (12.24)
THY, FHERZMEZE (k= ksmae DEZ),
Fg,h,k+% = 0 (12.25)
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TH5.

LU, 2OEETRABRROEME D &R (REIE T (ke ), HiRIIERE
T, (1 f#), LHERE T, (ksmae ) OO I L WDIZRIT 72N, £ TEARD
Xz BEAT 5.

ngh,% = _(Tc)g,% (Tg71 - Ts) (1226)
1
(TC)gr = kg = (12.27)

S8, (12.26) & EHBEREMEEF 2, FRFIZ, (12.24) 2 k=0 1B 2R ER
52 LT, Ka& LEOBUIL & i 252

THEOBILH AR ZZE U CTHRET 5L 2 <k <kinw—1 DEE,
—(TC) gy (Tg32) = T535)
1 —
+ {Ecg,m <Zk+% - Zk75> +(TC)g -1 + (TC)QJH;} (TE4A — Tt A

~(TC)gpry (Toi3h — Ty

g,k+1
_ t—At t—At
- <E;Juk+% _-IZJLk—%> (12.28)

IR0k =kemar DEE,
~(TC)y s (T35 = Tyi51)
4 {%Ncg,k, (202 —2s) + (TC’)M_Q} (T8 7
- (thﬁig - FJ@?E) (12.29)

MAN

E=1128353, (12.21) % (12.26) OXEZHWTER TS e TRONDS. 15
SNBRIE, k=2 DRIZBWNT,

Tyxr = T, (12.30)
U7X EFAUTHS.

Ek=0onrE ZoRE, ROF L L TIE, HiIRHIZARE Y 0 DR 72817
ETBEIRETHILEEMTHS. TIT, ZITRHIDEZZILIEL, —k7k

2 22T, —kpmae <kE< -1 DBRETOEDA VT ATHY, k=072, SHIE, tiEHER DA
VFTIATHY, 1<k <ksmar WEBROA VT I ALIRS.
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WRE T, 285, BAEEE 20 OBAENC, THIEPHMRHE NZHELHE
25221285, ZOEOBNEZORIT (12.24) ZILRL, MTFTO XS i1cEL Z L
MTE B3,

T
CSE = _FSR_FLR_F}L% —LFqé +Fg,h,% (1231)

Z DRz KRNI U THisbd 5 &,

TtJrAt _ thAt

Cs—= AT s = —FsR—FLR—Fh’% —LFqé +Fg,h,% (12.32)
AN
COREBIT B 2
_Le(TC’) %<q§+At qilt—At> 12.33)

P% OFrr _
( Cop Ty + 57 (T2 =T

C, OFrr Iq; t+ At t—At
+ (mt (TC)g1 + Cp(TC)p1 + T, + Le(TC), 1 5T (T2 — T2
H(TC)g s (Ty1 = Tyi™)
A —A —A -A —A -A
—FEA — Frp (T2, T2 —F}i% b LF;’% t+th’h’%t (12.34)
b A T
30, =0DHBAEIT, (12.24) LFEULL LD I LIZAGICHERTES. 2O X5 ITERMEL TEL
&, slub ocean DRI T E 5. B, Cs #0, F, k-1 =0, (Te), 1=0 DEIZIE, slub

ocean IZXfJnd 5. Lo L, THUKHIZEHE E / :E?‘JI/EEJ%J:O)IE’E’C%%)VJ‘ FRRIZ & DR ER
TNED I ERKEL.
4

Fpiy = —(TC)y y(ax— ) (12:35)
Fr, = =)y (@ — (@) (12:36)
= Ty = (o (G ) -} (12:37)
= dTC)y (i~ @)+ Ty (G ) (T T (12:38)
— T (T T T ) Oy (G ) @ T (239
= ATC) e () IOy (= @) 7Oy (G ) (2 -zt
= —e(TO)g 1 {ai™" - 1}+F"+11+6(T0) 1<qu>(T”+1 "1 (12.41)
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Tz, PEEEE T T v 7 AT t — At OFRZIOEE W S5EI2IE,

—Le(TC) g1 (g™ — a7 2) (12.42)
Py OFrr
(2 L t+At  pt—At
+ ( Cp Pl (Tc)h,i + 3T1 (Tl Tl )
C 8FLR 8q* _
5 L O(TC), 1 Le(TC) 2%\ (pt+at _ pi—at
+<2At+ W TChy + 5 + LeTO)g g | (T )
= —FG = Fop (T T7%) = By = LE A + B A (12.43)
2 2 DA

L5,

E7, BET Ty o 2Tt — At DRZIOMEE W25,

Py OF, _
(—cpgj@mh,; + a;f) (TyH =T 4)

Cs aFLR A —A
(s~ 10+ IO+ 208 (120 102

HTC)gy (T3 = T51™)

= —FA — Frp (T2, T2 — F}jj%ﬁt — LF;‘%N + th;lét (12.44)

MAN

Ihozfedbsd e,
Bz, =G, (12.45)
LELZENTES. 2T,
zy = (AT T T,

t+AL {—At t+At t— At t+AL t— At
Tg,l _Tg,l ’Tg,2 _Tg,2 . _Tgvks,maz>7 (12.46)

o gvks,maz

Gg = (99707997179972’ "'7gg7ks,maz) ) (1247)
Jgo = _FE—EAt o FLR (Tz_At,Tf_At) o F]i’—%At
t—At t—At
~LFIA 4 FLA (12.48)
— t—At t—At
9gk>1 = — (Fgﬁ,ﬁ% - Fch—é) (12.49)

ZIZTC 1<k <komes—1DEE,

by k-1 = _(Tc)g,k_% (12.50)
1
borp = Q_Ath,ka (ZH% — zk_%> + (TC)M;_% + (TC’)%H% (12.51)

by = —(TC)gpy1 (12.52)
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THO, k=0DL X,

P OFpR
bokk—1 = _Cpﬁ(To)h,% + a7, (12.53)
Cs 8FLR
borp = AL (TC’)Q,% + Cp(TC’)h,% + aT. (12.54)
bg,k,kJrl = (TC)g,% (12-55)
ThHH® ) k:ks,max ODK%-%’
bgwr—1 = —(TC)gp1 (12.56)
1
bg ek = 2—Ath,k, (ZH% - zk_%> + (TC’)M_% (12.57)

ThH5.
77U, By V& Kymae + 147 Fomas + 2 FIOFTHITH b, 2 ORE T TIRATELN
FRABEDBLVESIZHLU AV, HRAZBU 5%, BOMEREKOR L
I <

BB, BORERASMERKA (5 U < LRERIREAFET) OB,

by ko k-1 0 (12.58)
byrp = 1 (12.59)
byrrsr = O (12.60)
gk = 0 (12.61)

TH5.

12.2.3 JKOFEEE - BIEIC X 2B DIEIE

KOERES & BB RO MR E OFUN L X, (12.8) 2EELT 5 &,

t+At _ t+At
At Ts Tg,l
g

= —K
Z1 — 27
2

= FLEA 4 FIEAT 4 F;EN - LF;EAt(+F}X4At) + FEAT (12.62)

P ZITI, T, (HERE), T, MRmIRE), T (KKIRE) OIEFIZENTWS A, 2010/02/20
D 3 — R TIXFE DIERIZ R > TV 5.
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LB, X 51T, (12.32) LABRO AIEICEDE, (12.62) %, HIREIZHEED C,
THDENDH D LEZTHEMILLET L,

Tt+At _Tt—At
2At
Y75, ZIT, Fg{?t,Fggﬁf,F;;At,F;j'%ﬁt,LF;EN,F;LAt,Fgﬁt FEhEh,
FADBYZE T Ty 7 A GBS 77 v I A, RS 7 5y 7 X, BT v o
A BT Ty I A, KDRRIZ L DET T I A BABIZLEZET TV I ATH

5. k FLEBOBILHGRETDH 5.

Cs

A A A A A A
RS FA R LSS A R {24

ZITH T TIHA =T, L5 LIREL T, KOG - IEZIZ K287 Ty 7 A
ERABE LUTKRD, ... bz B TEHEL (yot, 2011/12/28).

RENINTHRITZGE

DL E R My RFAVNE Y, FLIA — sz—Aj‘fw CHBHD, O
5 ZCHN —RARBRAZMEERITE . 22T, Liysion (SRRBATH 5.
(12.63) & HHT 3 &

(TC)g (T35 = Tga™)

F
+ ( C _ (TC)g1 + Cp(TC)y 1 + 0 LR) (TiHAr — T2

2At 0T,
P OFLr
_ —2(T L Tt—‘rAt _ Tt—At
+ ( CP Pl ( C)h,i + aTl ( 1 1 )

= —Fg = Fup (TUSTUS) = B8 = LES + FUS (=) —(R)

5. 1L, 22T EENMAITINCTH720IC, BT Iy 7 ALt - At D
L DEDEHWNS.

IhoE (1245) OFRIZE L DB L, (1248) IZBWT

G0 = —Fsp' = Fop (T7 S T0) = B2
—LELS + F S (-F) — P (12.65)

ETHIXR.
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BENT TR RNSAE

DL E THA =T, 4 & UTHENLIRARRZMESETIL I V.

(12.45) DFRIZE LD B &, (12.48), (12.54) IZH VT

bykk1 0 (12.66)
Dy 1 (12.67)
by k k41 0 (12.68)
ggo = T.— T (12.69)
EFTNIXE.
FSM Ci, TSH_At = Tcond t bf; %Eiﬁ@ﬁqiiﬁ, (1263), 75”5*&56
12.2.4 EXE LD
WK LD, fiKIEDLEIBT Ty 7 A%
B, = —rae 10 (12.70)
hy

LELZLITT S, 2T, 5y WFUPKOBYRER by IZHKDOESI TH O, Ty 13
KTDWAKIETH S, ZD& &, WoKE EOBUINKA (12.9) IZ D & 5 IZHE#HL X
ns.

CIhI _
Tt+At . Tt At
Ol 12
— _FE.‘EAt . F[tJJ}r%At . F;iEAt . LF;EAt 4 F;+At (1271)
CREMET S
—Le(TC)y 1 (a2 — a7 2) (12.72)

Cyh
+ (# +Cy(TC), 1 +

AT OFin | b1, Le(TC) 1%) (THA — T2

oIy  hy 2 9T s

2
p
Pl aTl
_Fg-&}-%At _ FLR (Tg_At,Tlt_At) o FZT%AIS . LF{;—%AL‘ + Flf_At (1273)

Py OF
<+<—CV—{TCMé+— LR)(TﬁAw_TfAﬁ

AN
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T2, BT Ty 2 ATt — At DEZIOEZ W 555121,

ZX;I (Tst—i-At - Tst_m)
— _Fé—‘y]-%At . FE—EAt o Fi:%At o LF;_%At + F[f-‘rAt (1274)
6 ZNEEIT S,
Crhr OFrr  Kr . B
—_— T - a e T +At Tt At
<2At+cp( C)hé—i_ oT, +h1 (s s )

P% OFrR A _
+ <—CpE(T0)h7§ + T, (Tf+ bT} At)

_Fg%m — Fip (T;_At,Tf_At) _ Fi]ié& _ LF;’—%At + Fbt—At (12.75)
L85,

UEZBHL, SHOROBHEZSHEIZPWT, k=0 L LTRFDORBIZEL Z &I
5.

bigese (T2 = T2 + s (TT = T2 = gin (12.76)
Z Z T,
Crhr OFLr Ky
b; = ——+C,(TC), 1 — 12.
Py OFLr
b; = —C,—=(TC), 1 12.78
kit = —Cp (T, + (1273
T _Fg'EAt . FLR (T;—At’ Tlt—At) o FZ’_%At o LF;_%At
_,_Fg*At (12.79)
12.2.5 SBKORERIC L 32U DIEE
YK DR R I D BN A (12.10) 2 @b 5 &,
Crh
QIAtI (Tst+At . T;_At) _ _FE}N . FEF%M . F}T-%At o LF;’—%At + Fbt+At —(EQ%?G)
THAL = T, (12.81)

6 Znik, BHELZERB SN 2175 % ZEHRMTHIICT 2720 TH 5. Tk, KEKDOANIZ
PWTRERADKEL T T v 7 ADEE LTt — At OFZOEZFES 222 LzZ 2IZEAL
THEY, TDHEITI, TITH t— At OFZ DT 5 v 7 2% bl IKOEERIEFEI
W, 5554, MMOXD HIZHVESEEAS.
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5. 2T, T ERSERETHD. T, 3N THE215, T, =T, £ LT
FREREMEET. Fry X, T, =T, 2 LT, (12.80) »5KD 5.

7, EL ARER M BRIZIE, (12.77), (12.78), (12.79) 2 FO LS IZEEEL T
W3,

bipe = 1 (12.82)
birpsr = O (12.83)
gin = T.—T (12.84)
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E13Z NHYETI

13.1 FHOERIF

Manabe (1969) (ZHE\, HHIAK D&, M, BEE&E, M, X FOARRRKDS £ T 5.
oM,

ot = _Fq,w+Frain+FSM_FRO (131)
OM;
5 = —Iys+ Fapow — Fsm (13.2)

ZZTC, Fw, Fus, Frainy Fanows Fsur, Fro W3 ZNZTNHREOKMREFET D &
WZEBKERT TV IR, EDNEFETEHILIZLDKELR T T I A, KT 5w
A, BETIVIA BMMETIIvIA TUTHE I Iv 2 ATHS. 1=75L,
0< My < Mymazr THY, My ae 1 FHEIDRFFTE 2 KOBRKETH 5.

RIKFELR T TV IAF, 2B D, F,, & F,, DNR, BLOT2BEK - BEET7 Iy
I A Fppop (BB, Frain & Faow DWERIE .. .

13.2 BHENRIE

MRMEKDE, MEEO XM GRERNTTO & 5 It ns.

Mn+1 _ Mn—l
W CJ —F 14+ Frgin + Foyr — F 13.3
SAL gw,1 + + fsm RO ( )
Mn+1 _ Mn—l
2 5 = —F 1+ F,ow—F 13.4
2AL as ¥ M (134)
ZZT,
Fq,% = Fq,w,% + Fq,s,% (13.5)
Thb.

2014 4 6 H 18 H (MBRITRE NN (H2EET) surface/bucket.tex(surface/bucket-references.tex)
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13.3 ZSEX@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.

surface/bucket.tex(surface/bucket-references.tex) 2014 6 H 18 H (MERIEIRENMNELEET)



144 DCPAMS5 X EcHTER B8 @RERUN 2 G L /0L AR OB

145 BIRZZHRELI-EILIARERN
DFFK

\
JdUT

14.1 BEBIRIR

12.2 filZBWT, KATFOBILEIZ B 1T U, KREFDKELKLDIEF DI, 5
BRED 1 BET VORI, MERES L O TEROBILE OIS, @k Eo
BUNZIZOWTEN . BHZEWZ L5012, 2hvs 3ZFNFREMmciIsnd UL
UTELT, HEMAGLE CEN AREAZMK T I2HBELH L. 22T, UF
D 3@ DMAGOLE FZERT

o MERHIZ 1 BETIVEHAWSGE

o HEAMIMET VEHVSYEG
o MKAINKZET N EHWSYE

14.1.1 ZER@EIC 1 BEFIEZAHWSIE

Tk REREZ 1 EBETNVERAWAIHBEEZEZS. 20L&, KA OEYL
BRI X (10.247), MERED 1 BE TNV OEINE R (12.12), KZRKILEIZ &
HINE N (10.268) ZAKHZRS . THhoDAEF L DI ETOLSITBEINS.

thq = th (141)

2014 6 H 18 H (MERFTARENN{ELEEE) physics/physics.tex
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Lhq (q]ijn?; - q]tc;fxt, ) qéJrAt - qgiAta qurAt - qiiAta
TtJrAt . thAt
TPHAr — T8 T A — T80 T A — a0 (14.2)
(AGhpans - Aga, Aqy,
ATy,
AT, ATy, ..., ATy, ), (14.3)
th (gq,kmag:7 <y 9¢,2,9q,1, 95,0, 9h,1, Gh,25 -+ gh7kmaz) ) (144
D DHEBEDIE, E< -1 DL X,
d_pr41 = Chi—1 (14.5)
Aok = Crk (14.6)
dopk-1 = Crkt1 (14.7)
THO. E=0D& Z,
dpp—1 = bspr—1 (14.8)
dk,k = bs,k,k (149)
i1 = bsppt1 (14.10)
THY k>1DEE
deg—1 = Dbajgr—1 (14.11)
ek = bakk (14.12)
degs1 = Dajk+1 (14.13)

THB. BB, bypp BEY oy REDEHRB 102 IZB VT, byyy REDEH
3128 ICBVTRIAT VS,

DN —IRGTEARZ RN TRD T ay, ZHWT, SMEFLIREAIC & S IFHZ
fbREZ TDXSIZFHRT 5.

ar\ AT,
(5), = o
T\ AT,
(at) TO2AE

99\ _ Ax
ot ), 2At

(14.14)
(14.15)

(14.16)

physics/physics.tex

2014 4 6 H 18 H (HhBRFTIRE MM (E2EE)
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14.1.2 ITEBBULBETILZEAWVDEE

TITIE, HBEAMERET VERHWAHGEEZXS. 20L&, KA DBILHD
23X (10.247), HIBBGEHO BN X ((12.45)) ZHEKRIC@ES. ZhoDoX%x £

EHBETNDXIIZEHINSD.

D:chg = th
_ t+At _ t—At t+At _ t—At
mh‘g - <Tgyks,maz Tg,k‘s,maz ’ Tga2 Tgv2

Tt-i-At . Tt—At

T{H‘At . Tlt_At, TQH—At o TQt_At, -
= (ATg oy ATy o, AT,

ATy,

ATy ATy, .... AT,

7k5,maz7

maz) )

th - (gg7ks,7na,:x7 9 99,2,99,1, 95,0, 9,15, Gh,25 --+» gh7k7rLaw) )

D OB, k<0 DL x|

d_pr+1 = bgrr-1
d_pr = bgrk
d_pir—1 = bgrrt1
THD Kk>1DLE,
dip-1 = bagr-1
i = bakk
dk,k+1 = ba,k,k+1

(14.17)

t—At
- Tg,l )

Ti~24 | (14.18)

kmai

(14.19)
(14.20)

(14.21)
(14.22)
(14.23)

(14.24)
(14.25)
(14.26)

DN —IRGIERARZ N TRD 7z xy, ZHWT, MEFLIRESIZ & DFRHZ

ftE%2 TD XS ICFHEAETS.

T\ AT
(3), = 2
oT,\ AT,
81&) T O2AE
T,

“g — ATy,
ot ), 2AL

(14.27)
(14.28)

(14.29)

2014 4 6 H 18 H (MhBRHAAEM{EER)

physics/physics.tex



DCPAMS5 XEEAERNR E 7 DBRUE 14.1 BEEARIR 147

14.1.3 BKABNTETILZBAWVSHE

T, KB L ET VERWSEAE2E RS, ZDLE, KKAFHDOEHLERD
N2 3 (10.247), oK EOBINZ X (12.76), ZFEFIZELSL. ZhoDXzF &
HHLETFDOLSITBHEIND.

Dz = G (14.30)
Th = (Tt-i-At . Tt—At
TYPA — T8 Ty — T80 TS T8 - (14.31)
Gri = (Gi0:911: 912, s Ghomas ) » (14.32)
D OKREAIE, k=0D& &,
dpr—1 = bigr—1 (14.33)
dere = bigk (14.34)
THO k>1DEE,
dig-1 = Dbagr—1 (14.35)
ek = bakk (14.36)
degs1 = Dajkr1 (14.37)

TH5.

LBEZZ TVWAEKBENEETIVIE 1 BTH D, KERKOBINE A2 GO TEAMLLTH, 17
FIE=FERAGIICTHILIETES. UL, BBRTIRZFO L S mEMBIZHEL TV 2.

physics/physics.tex 2014 4F 6 A 18 H (MUERGRAREEIN LS
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i
ek
&)
1K
i
H
N,
F

15.1 FLC®IC

ZIZTIREBETMIZOWTHARS . HED DCPAMS T, JEH ICHHREE T
ZAVWTWS

15.2 FHEEXRIF

BED DCPAMS T, EXZEMHAL THE D, BKEESH g X TOXE AR

w5 &9 5.
dch — @CU) + @Cu} (15'1)
dt ot Jup ot ) o
(@cw) — Pcw _ ch (15'2)
ot )oip Tew
T, (ag;W)VD WEEREHLER, P, 3EKDODERRTHS. T2, 10, IZEKHER

ODH?E%Z’CZF) b, EHTHD. BIkD DCPAMS T, EKOBHEIFEHLL TW5S
I, FMERWAT A XYY = 3 v JERRIERRS (KBIRERS) 25Kk bm
54E%Jﬂ W3

Bk, P X, FOLSITkdoNnd.

Ps d
P = / dew ZP (15.3)
0

Tew 9

=720, BoKE, B FEREIZSUTEZ L5 8RELTWS. L2L, B 6H
2R B BROEEIZEGA L T DL

L DCPAMS Tld, X7V ET I EZHAWTWAERIC, RERMEOMESE OFfR, FHIHES BEREE
BLTWA. Lo T, RATZRVF—I3MEEFEL TV,

2014 4 6 H 18 H (MBRITRE NN (H2EET) cloud/cloud.tex(cloud/cloud-disc.tex)
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B, ZOEETILTIE, ERIT 1 EKELTWVWS

15.3 BERIRIR

DCPAMS DZEE 7V T, ELIRIEEUI I FZ R & —f I RIS, TORER
EHWT, B HBEEZR L CHET 5. HEEfRIcBET 2 B0 I3 KERG R 1t
DDA &SI,/ S . T 2T, B, RO IZDOWTDART. Ak, H
BB 1%, Tiedtke (1993) (2> TR D & S IZfEHTHNCFED T 5.

t+At 2A¢t

A = e+ T Pyl — € 7o) (15.4)
ZIT, ¢, &, SLRIEHUEZ &D 7 BB OB RIIR O N5 EKEGHOMHE
Bk, Pk, ToLS>izkdons.

N
1 Apy,
P = L Py 2At) — ) 15.5
2At;{quk + Peuwk(2A1) = oy p (15.5)

INZ, FOXSITHE FEOTRE CHEME, Py, EBEER P, 2305

Prain = {
Psnow = {

(15.6)

(15.7)

cloud/cloud.tex(cloud/cloud-disc.tex) 2014 4 6 H 18 H (MuBRUEIREMN L)
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178 BEMELE - BERE

\
JdUT

17.1 FLC®IC

DCPAMS T, SRR & LR ZBOEFSIE 251 H T N2 HELTW5. £
7z, fAEE 2 3BT 57200 & U T, HBRGARENESEE AGCMS5 THWS
NTW72 & Nakajima et al. (1992) TfibN7=XND 2 HEL TWa12 DIF
WZENTENDHAZT.

17.2 f3FLLE

FARIELIE. ¢* (T, p) (ZEAFIZRSUE e (T) & W TEBEIZ,
ee*(T)

¢'(T.p) = (17.1)
ERY. ZITe="2THY, my, m BTNTNWKELKDOD &, FIHFET

H5. £, Tnky,
aq* € de*

ar P = o7

(T) (17.2)

AR T, BUREZE I N TV B AFIKEKED A %2 RT .

U BLIR, Nakajima et al. (1992) ORFIKELORZHEL TWEA, ZoRik AGCM5 ORI
HBENTA—REFGZEGEIIIRLTVS

2 (yot, 2013/10/01) BAFIZi%, Tetens (1930) O RIZDWTEFLRADH 528, BUK F /2L L T
W2,

2014 4 6 H 18 H (MuERIEAREM{ESEET) saturate/saturate.tex
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17.2.1 AGCM5 THWLHN=R

AGCM5 THWTWBIRIKZASED A, Numaguti (1992) IZEDO<HDTH A
DEFEALNDG. ZORIFTDLIITRIND.

“(T) = (T — Ll 1
e"(T) = e*(T = 273K) exp{Rv (273 T)}’ (17.3)
Th 53, ZZT, e*(T: 273K) =611 [Pa] Dy B
$7. ZORED
de* L ... L1 1
AN

17.2.2 Nakajima et al. (1992) THWSLHNZN

Nakajima et al. (1992) Tl&, Eisenberg and Kauzmann (1961) * TG X 5T W
2 RAKRQER & A2 R RITT 2 FOXZHWT NS,

L
“(T) = pt - 17.6
) =rhew (-7 (17.6)
ZZ T, ph=14x10" Pa, | = 43655 J mol™!, R I¥H@ELIREL® TH 56,

7 ZORLD

dq* L . L
00 (1) = v e (—ﬁ) (ar7)

AN

3 ZORFAKEDRIE, TORD S, BFEDE L, KAKDKMEEHR R, 2—E & L TEH
L7zHDTH 5.
19ey L
ex 0T  R,T?

(17.4)

LZOERED DUkoRgE Yt B bins.
® Nakajima et al. (1992) Tld R =8.314 Jmol ! K™ TH 5.

0 ZORLAHIF, (17.3) IKBWVWT, £ =5251 LBEWERITHY T 2.

saturate/saturate.tex 2014 4 6 H 18 H (MuBRUEIREMN L)
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17.2.3 Tetens (1930) O

(yot, 2013/10/01) Z ORUIFBIEE ZFEEL TV,

Tetens (1930) TlX, K EIKIZN T BEFARSKIEE UTRNOAXZRIEL TWAT.

T —T;
e*(T) = e} exp {a T bo} (17.8)

ZZT, e = 61078 x 10> Pa, Ty = 273.16 TH 5. 7z, KT LTI, a =
17.2693882, b = 35.86, KIZX LTI, a = 21.8745584, b =7.66 TH 5.

72, ZOAXED,

* Ty — T — T
Oc = ao—eré exp {a 0 } (17.9)

MAN

17.3 ZEMbiRFDERIEEE

T RbIR R OBHEIREE I, Pollack et al. (1981) IZ-> T, FTORZHVWTRKD 5.

T = 149.2 + 6.48 x log(1.35 x 10™%p) (17.10)

17.4 SEX#R

Murray, F. W., 1967: On the computation of saturation vapor pressure, J. Appl.
Meteor., 6, 203-204.

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., 182 #2513 5 BEHH O ARHEEI 5 2 BHKER, H0R
KL

T Tetens (1930) FMEETE PN T VWS 720, MEEIZHH 2 < W /ild Murray (1967) %223 5%
ERVWRE LR,

2014 4 6 H 18 H (MBRITRE NN (H2EET) saturate/saturate.tex
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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.

NIRAIY - TAX Y N=27% BE= - IEBWHR, 1975 KOREE & vk, &
T3 EE, pp.302.

saturate/saturate.tex 2014 4 6 H 18 H (MuBRUEIREMN L)
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DCPAMS5 XEcHEXR E T DR 1 8 A

REAXTDOYIEER

T 8% A

Al HIRKT O EE

HERR QD TR 7 M FRE B 2 DA N IZ R ]

II_J\E:i:/fX

a

B IR g
HZME R SR D E T L B C,
HZJR RS D SUREEL R
AV E L
IRFESRE T LB C,

IKZE S SR TE B R,
TR IK DR i dn,0
KL T EIE €y
IR DERER 6y = €51 —
VIR SR D EE LB L SR ER- DL k= R/C,
Kalman & k

1

KRERKTDOYIETE

ms
Jkg ! K1
Jkg ' Kt
J kg1

Jkg ' Kt
Jkg ! K1
Jkg ' Kt

6.37 x10°
9.8
1004.6
287.04
2.5 x106
1810.
461.
1000.
0.622
0.606
0.286
0.4

2014 4 6 F 18 H (HUBERFIKE M {ELLER)
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ZR - RBANICEAT S
i

i &%B K

>
17>

Pu::yy
4y
ann

B.1 IKEFRAFEZE
Z ZCIIERR COERMEFAME 2 EE L, AT MVEEOHEMIZ HE R ME %
207, AT 5.

F I ERMEAMREZ €& L, IO CEKIEFAMRED ELER R E R T I & 2 FiET
5. Z0OZIiz&y, Rl 2T 5D 5 W 5 kGBS ERE AN KB D ERE
HLET—EBNIZRINEZ LTS,

BRIATAABR B 25c T 77> 7 VT AEE-ETH Y, 2Ozt
WHOBERDEENS. ZEFEEFTIZZOZ L LTHEKL.

X 50T, BRIEGAF B E 2 Z2Ma Uz fER e JHE W TH L.

1. EFREME (BRIEFIRIEEL, Legendre BiEY, Legendre 5 EN#1)
2. ZE[EY
3. BEHOEE

Flz, A AT ZDONEDIT, VI Y Y NV (B BEDOS T 7 %2R

spectral /spectral.tex(spectral /spl-spherical-harmonics. B} - 6 H 18 H (HIBRUTAEE NN EAEE)
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B.1.1 TE&H&MHE

Z 2T, HIRARE D Legendre BB - BB P | 2 THIMKAL L 7z Legendre B
B BEEE P, A THIMAL U 72 BREFAFIRE Y DIHICEFRT 5. I 61220
SOMWE & UT, /5 AR, i P, SEafKERMEIZDOWTERS.

EHRARED Legendre EEK - FEERE P

o EFH
=l \J@Eﬁ & % & Legendre BiK - BEEEK P (p) 1 —1 < p <1 12BWVWT
RATERI NS (Rodrigues DAR).

[m]

(1 _ MZ)T Jqrtiml
2nm) dpntiml

DM
n

(u? —1)" (B.1)
7270, mon 1% 0 < |m| <n 2l TEBTH S, Legendre B PO % P,
L EL.

o Legendre BHEL - REENEL D572 3 /iR
P (p) RO SRR % W23

;%{ﬂ—u%%ﬁ?}+{MH+U—1T;}ET=0 (B.2)
72720, mnld 0<|m|<n %23 BHETH 5.
o Legendre B - BFEEX DN S Tifr{b =X
P () XX OFALRIZHES
(n—|m|+1)P™, — (2n+ 1)uP™ + (n + |m|) P, = 0. (B.3)

72720, mn ik 0<|m|<n—1, £E m=n=0 2= BETH 5.
X 512, IRDOBEBRAD D LD,
d - By N
O-M%aﬁ?zﬂn+WWRﬁrﬂwﬂ¢ (B.4)

72720, mnid0<|m|<n—-1%2m=38ETH5.

VARO, FE, — T8RRI 1960 2459

2014 4 6 H 18 H (MERITREMN(E A6 B tral /spectral.tex(spectral /spl-spherical-harmonics.tex)
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() (n=|ml|,|m+1,--) IZIROELBEBEZ M9

/_1 P () P () dpt — 2n2+ 1 EZJ_F :ZB:% (B.5)

72720, myn,n 120 < |m| <n,n iR ETH 5.
—1<p <1 TEHBINSHEHBE A(n) X {P"n = |m|,|m+1],---} &

WT
A(p) =Y AP (p), (B.6)
n=|m|
im 20+ 1(n—|m|)! ! .
ERIND.

2 TR L7 Legendre ¥ - FEEE P

o EE
2 THIMAL U 72 Legendre BOEL - BEEEL P (1) 13 -1 < p < 1 IZHBWVWTIRA
TEHIND.

[m|

(B.8)

272U, mn 130 <|m| <n %z EETH 5. Legendre BEL P) % P,
LbFEL.

o Legendre BEL - BYEEX Dii 7= 3 SR
P™(p) &, IROFRERZ2{iE7- 9

% {(1 — M)%P{l”} + {n(n+ 1) — : TMQ}P;” = 0. (B.9)

72720, mn i 0<|m|<n ZiiE/-d8,ETH 5.
o Legendre B#X - FEEREDHE S Wb X

spectral /spectral.tex(spectral /spl-spherical-harmonics. B} - 6 H 18 H (HIBRUTAEE NN EAEE)

m_ (Cnt D= m)! s, [@rt D= m)! (1 —p?)z dm o,
" \/ CEEET _\/ (n + [ml)! ol gl

1),
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Pm(p) 1, XD RIZHED .

I (n+1+|ml) I (n+|m|)!
— 1 ™o —(2 1 P
(n = fmi+ )\/2n+3(n+1—|m|)! = Gnt Dy o s

+(n+|m|)\/21 (=Lt mDtp (B.10)

n—1(n—1—|m))l "'

- \/ (2n+1)(2n + 3) pm
(

A = [+ Dt m| 1)

1

(2n +1)(2n +3) (n—|m[)(n+|m|) .,
_ P
(n—Im|+D(n+|ml+1)\ 2n+1)2n-1) "
(B.11)
2720, mnid0<|m/<n—1, £z m=n=0 2l dEETH 5.
X SIZIRDEERAD I, D LD,

(n—Imh@n+1) ., .
(nt fm)(@n—1) 1 (B.12)

ﬂ—u%%ﬁTZO%HmDJ

72720, mnid0<|m|<n—1%{l-3dEETH 5.

o SuERIMIE N
P™(p) (n=|m|,Jm+1,--) IZIRDELRERZ M.

[ PP =25, (B.13)

1

72720, myn,n 120 < |m| <n,n Ziiil-d8ETH 5.

1< p <1 CEBSNDEEEBE A(L) 1 (P = |m|,|m+1],---} &/

W
Alp) =Y Arpr(w), (B.14)
) 1n:|;n|
Al =3 » A(p) By () dpe (B.15)
ERINSG.

2014 4 6 H 18 H (MERITREMN(E A6 B tral /spectral.tex(spectral /spl-spherical-harmonics.tex)
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FREAAEE Y

o &
BREFAFIEE Y (N, ) 1 Legendre BQE P (sin ), = BI8Cexp(im\) %
HWTIRO LS IZEFRIND.

YA, ) = P (sin @) exp(im). (B.16)
2720, mn i 0<|m| <n Z2{li7zdEETH 5.

o IR EL DG 7= HIEX
Y™\, @) (FIRDFREAZ 727

1 0 9 1 m
o (055) T e =0 man
ERAYeX-H
0 5 O 1 m_
5 (1-003) + T e D) =0 @19

DETHSD. 72720, mn i 0< |m| <n Z2filizdEETH 5.
o ST IE M
Y AZIRDE B GR &2 T 72 9.

1
/ Y™ (0, @)Y (A, 0)d(sin o)A = 478Gy (B.19)

1
=770, mom/ nn 1 E0<|Im|<n &0 |m/|<n &E-TERETHS.
PR ETREZRS N B EHEI AN, @) 1Z{Y™"Im=0,1,2,---, n=|m|,|m+

1, } ZHWT
ANp) =D > AT @), (B.20)
m=0 n=jm|
~ 1 1 27T
Ay = [ deig) [ Aoy o) (B:21)
47'(' -1 0

LRIND.

2 exp(im)) 1% fo% exp(tm\) exp(—im/\)d\ = 270, ZHi729 . 72720, m,m' (ZBETH 5.

spectral /spectral.tex(spectral /spl-spherical-harmonics. B} - 6 H 18 H (HIBRUTAEE NN EAEE)
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B.1.2 IKEREFREDZEEHD

Z 2T, BRIEFAMEE Y (0, ) D

o T WM
o y Y

e 2IRILT STV T Vv

DEIRZT 5.
)
’ C;S - a(%m = Cis - % (B (sin ) exp(imA)) = - CZ:: gOJ.D,;”(sin ©) exp(im)).
(B.22)
y W
%a;/;m = %% (P (sin @) exp(imA)) = Q%Py(u) exp(im)). (B.23)

1[0 0 1 9?
2ym — 2 _ —_ m
V3Yym = > [ ((1 L )8u> + o (w} Y

op
11 0 d 1o
= - - -~ |ym B.24
72 [cos<p8g0 (COS(p@@) N cos%@@)@} " ( )
_n(n+ 1)Ym
72 "

B.1.3 XY bk — &FEHICOWVWT

BRI Y™ (N, @) I8BWT n O Z & 2RI E LR,

2014 4 6 H 18 H (MERITREMN(E A6 B tral /spectral.tex(spectral /spl-spherical-harmonics.tex)
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EREITIL, BERDOEELIZEA L TAETH S, L WHOREARH 5. Thbb, TR
D YN, ) (ZEHE L TR S NDREESR (N, @) (2B S R n OEREFRHFIEKE
{Yym(N,¢o)ym=—n,—n+1,--- ,n} DHTRETEZ5

STOATY N, ). (B.25)

m/'=—n

DTH D53, ZOREIL, BRIEGAMEKES 2T T T7 VOEEETHD Z &
ZkoTWAY

ZORHEE S VWEZ X, 2 n OIREHFAMEKBDOEREGOE TRETE 2 mEKITE
M?ﬁ%lﬁliﬁéﬁt,\ EL\'C%%{E&&I n OERAEFHANKBOEREHOE TCREHTEEZ 2l 5.

1vE =4 [i (cosgo%) + 1 ‘i} O, EfFHE% —n(’;‘ijl) LI REAEHEBTHEI L L,

r2 e cos2 p OA2
AA T —#HET VL DEERDRELZE U AL LRERE T TH L I L LITERINT 5.

Thbb, VLY (N ) = —20fym\ o) kb, ﬂzmimnw& Ymexp(zm)\) XA E %
—% &35 Vi OEERKETHS. (Y n=0,1,2,---, m=-n,—n+1,-,n} DERHE
RELD, Y m=-n,—n+1,--- ,n} & VLf= "("H)f DRZERZE> TWAEKETH 5.

MR 2 IR X 1 T, 97 72 KRR C OO BRI AT Y (N, ') ORI C R O MR C O
HFARIEEE Y (N, ) 2 RBT 2L 2E2 LS.

MR TRTRIUMNBEOMEEZLERZ L, 2IRTT IV T VEFEAUEIIARE LD T, 5D FEE
R TORMHEMELL Y, (N, @) 3z s ERIT BT V2Y, = - "0fym ot 5. #i
72 70 FERER D BRI D LS (Y (N, @) |m = —n, —n+1,--- ,n} & VEY = -ty m
DRZEROEKTHS. Lo T, ﬁU@Fﬁﬁ@fa‘iﬁﬁﬁﬂTéﬁ( i?Fﬁ'ttkr —Tf*oﬂ“ﬁﬁﬁ‘ﬂl éﬁw)
Mo THET 5.
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B.14 357

P (p) OBEZ DL 72012, 2 THHMILL T B, P P25 D75 7 %RT.
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w4 1] Legendre S 57 7

EIRARED Legendre B P, DJ'5 7 (FHO, FHII, —H, 1960)
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5.3 0, 5.4 B B Tit, L, EBILE RRsmEY sz):\/%;—l o) pa)
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im=1,2;n=1,223,4,56 22m| D77 7%RL%.

Legendre %X PL = P!/\/2, P2 = P?/\/2 ®7' 357 (FU, FHII, —, 1960)
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B.2 WoAR, GCMOZEHOWLERR

ZIT AT —8, XIZ MNVOWMAZEIAT S, S ollEN5ZIIC, D,
M ¢ HWERT Vvl x, TR ¢ & (u,0) EOBKRELITS.

D5

Al

B.2.1 RAT7—

1 of

cE % 2
rcosgp@)\ FASNG.

AHT7—8 f(\ ) Dz WIE

f oy laf(=0“¢af)1%%26M5
Oy r Ou

fFO2WAETTIVT VIE

., 1[ 1 0 0 I
va_r2 cos ¢ Op COSQDOQO +(3052g08)\2 /

B.2
NEN LN S 4 (B.26)
B ol o 1 — pu? 0N
ThZoNhb.
B.2.2 NI MLEOEHR
2IRTTRT PV v = (v1,v9) DIKFEFERUL
divgv = L du + L 9 —(va cos )
rcosg ON  rcosp dp (B.27)
. 1 8’01 ]. 3 )
NN gp (V1)
THExLND.
v DEFED r B %
1 0 1
(rotv), = rcosgoﬁ_qf rcosgo@gp B v1eos¥)
(B.28)

1 81)2 10
= = 2 (1=
ry/ 1 — p? OA Taﬂ( Koo
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THEALND.

PAETR o N A& uis, UNIZEERIZ GCM TS 2 (R 725 DA

ZAEARTHL.

B.2.3 H#&

KA BRI DKTFIR D & u, v ZHWTERT

1 Ou 1 0

- 7“008905+ 7 cos p O

B.2.4 BE

KT 2REGDOME ¢ % u, v EHWTERT
1 Ov 1 0

B rcoswﬁ B 7 cos p Op

B.2.5 BEERTVI v, FREHRE (u,0)

HWERT VY v Ib v, RRREE ¢ 1%
D= Vﬁx,
(=Vhy
TEHRINDG. (u,v) & x,¢ TRT.
109 n 1 0x

rdp | rcosp N
_ Lo 1o
rcosp ON 1 dp

EIR5.

B.3 Legendre{#{ P, D&

Z ZTIX Legendre K& P, DMEETH 5

—(vcosp).

—(ucosp).

(B.29)

(B.30)
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1. n—1MUTDOZHALDEE 1< <1 FTHEATHEEIIRLIL

2. Po(p) 2 —1<p< 1l nflOFLERE>Z L,

Y. 1 &0 Gauss T2 EERT A EARIEI NS, £z, 1, 2 13F1T Gauss-
Legendre D AAXDFEHIZH WL N 5.

B.3.1 %IE3 & Legendre R DEDESD

P,(p) &, u D nikZHATHE. n— 1 XU TFOEREDOLIHAIL Py~ P,_, DI
TRINDZ L, P, DEXMNSHLNT, n— 1 IR TFOEREDZIHA f(u) &
DHEEEDT S L

1

F() Po(p)dp =0 (B.35)

-1

MDD LD DN 5.

B.3.2 Legendre EREIDE R

Pl -1<pu<1iZnflOAEWVIELREZEFLZ2FF>TWVWS. ZDOZLIZDNWT,
RIZEEH L TEL. (FFIR, 1983 D 10.7 fiik ©)

L flz)=(x—1D"(z+1)" ZEHAT 5.
2. f=0DfRIE, v =—-1,1 TH5. PZXIZ, Rolle DEHIZLD, f/ &I 5 a

(-l<a<1l) Tfla)=02,%k5.
ff=2nx(x>-1)"1 X0, f=00Df@lEes=-1,0,1 DATH 3.

3. FRRIZ, f/=0 DT e =—1,5,8,1 (m1<p<Ba<l) DA
4. AEZ#EOERT L, f) =0 OffIZ -1 & 1 DFITHWIRERS n HOME %
o (z=-11 R cRrRVWI &IgEEE L. )

1 a

5btﬁofJ%=2'E—mhqwu—1t1®ﬁﬁﬁmuﬁﬁénM®

fezrio. (GEHIRED)

ZDERDRKRDFFEUTE, ;= cos 2 _n1/27r % & U T Newton %% W
5LV HENRD 5.
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B.4 &9

B.4.1 Gauss OBFAR

Z Z Tl Gauss DEEARARZRT.

WE M AR O =MEMTRBEEINS g(\) (0< )\ <27)
m=M

g(\) = Z Gm exp(imA) (B.36)

m=—M

LDOWT M <] %23 &k5c 122538,

1 1<

_ —— B.

= RECTEES SCS! (B.37)
2 —1

)\n:$(n:1’2’...,[)

MDD, Tz Gauss DEEARE WD,
0 EZANZ AN,

~ T (m=0),
;exp(zmx\n) = { 0 (0<|m| <) (B.38)

2r(n — 1)

Ay =
7

n=1,2-- 1

N\

TH5. ZOFHIX, T > M (|m| DEKRAE) &0 m #£ 0 DRIZIX exp(im),) = exp %[n—l)
IZBWT, 2TDO n 220 Tm(n—1) BT OBBEHZRD IRV L %2FE
THEHOPTHD (m,n—11F&BITT IDENSWEELDOT, m(n—1) 1

I OFERUE T2 572\0) 6.

/

PAFIZ Gauss DEEARDIHZELT. £9, FlUz2HET DL,

1 2m M 1 2m
— g\)dX\ = Z %gm/ exp(imA)dX\ = go (B.40)
m=—M 0

2m J,

6 ZHBBOMEEZHRELTEREW.

I 1 im2m I

2 —1 — (6 I ) 1— im2m
E:wp{mz”m’ )}: — o =0 (B.39)
n=1

I
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Th5d. ZIZT, [Texplim\)d\ lEm =0 DHEULIES BNV & &ffiorz, —TF
EpULES

S ngi(exp(%ijn_l. (B.41)

Z 2T, BiTRUE TR0 EARAR] 12X

! 2mm nl
Z (exp ) =0 (m#0) (B.42)
n=1
MDD, L7z - T,
1 1<
or |, 9NdA =7 nzlgw (B.43)

AN

B.4.2 Gauss-Legendre D2

fp) %2 2J — 1 IREATFOZIHA LT 5. P, % 2 THIKL 72 n IRD Legendre B4

1

Bess. ZokE | fduld Py DERTHD Gauss T p;(j=1,2,---,J)

:BH%f@@f@ﬂ%&%%mf,ﬁﬁ:%tﬁhfﬁﬁiﬁﬁﬁéva#*
5.

f )dp = 2Zf i)Wy, (B.44)

(B.45)

w]’:

1 PJ( ) @I -1 - )
2 /_1 (1 — Mj)P}(Mi)dM  (JPa(py))?

Z T, w; % Gauss ME LT 5.

AR TiE EDORXZEEHT 5. 7272, Legendre Bi# L U Tld, RNTEHERARNED
Legendre Bi$8 P, % F\N, B4%12 2 THIMAL U 7= Legendre Bi$X P, IZ1ET Z 212
T57.

TRILEEIR LD, 2O LI RTHRERED. EE AREE SOOI IE P AR
ELPNTWVWBZENRLVDT, ZOXIICELHBMLEZIBLPTVWTH A S,
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STEP 1 Lagrange il A

flp) 2 K REHENX (0< K <2J-1) £9%. P, 2HEARED Legendre B
# (Rodrigues DARX) &9 5.

1
~ - 2
/ PP ) = 5= (B.46)

L(p) %, f(u;) % Lagrange fliflRARZ U722 > THIRI L 722 THA & L TERT 5.

J J

Lip)=> fw) 1

=1 1k#j

Al (B.47)
Hj — Pk

ZDLE, ZjIZDOWT L(py) = f(uj) TH2D. TITLIF0<K<J—-1DK
(f DT —1IRUTDOLIHN) D& ZIIEIZ L= f 12458 ZLITERET L.

U7edio T, BEL f(p) — Lp) 1&

e 0<K<J—1DW 0ThH?.

o J< K <2J—1 D,
p=p; #ERETE K REGERTH 5. p; 1& JIREHER Py(p) OFNT
HHIeEENHTE, f—LIZ Py(p) THOENEZDT, H5 K —J k%
HA S(p) 2HWT,

f(p) = Lp) = Py(p)S(p) (B.48)

LELIZENTES.

Fl) = L{p) % pl22WT =125 1 £ THATS. J< K <2J—1 OFIZOW

8D L—f» J-1IRUATOZHATHDZ &, J OB p; 2RO LRSS,
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T 1% Legendre B DELME L O, Py(p)S(p) OREDIBETHS. Lizhi> T,

/1f(M)dM = /1L(M)dﬂ
H(M — k)

ZZf(Hj)/_l L 5 dp
= (=) ] (1 = )

=2 flp)w; (B.49)

T, T RERD P 3K I A TWT, FORD P, BRI ATY
BODIZERDPDSTHEU w; BMHELNTWEN, Py & Py ORKLEEIXFAL
72D T consistent TH 5.

) _
STEP 2 w; = %/ ( Frlw) dp DWALR % V72257
—1 M—

/

115) P (15)
At CEED Lgendre BEEL - FEBIEDRE S Wb X) I2BWTm =0 & LXK
(n+ )P (p) = @0+ DuPa(p) —nPya(p)  (n=0,1,2,---)  (B.50)

&0,

() —n
(2n+ Dy Pu(y) — nPy

_ = N pn(x) pn—l(x)
— @t D= PP +a| ) )
(B.51)
&b, ZOX%E n=0,1,--- ,n—1ITD2VWTIHAS &,
n ]i’ng; Ifn_ig)) = 32k 1 1) - 9)Bu(e)Buly) (B.52)
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PHY D ZZCn=Ja=py=pu £TBE Piy)=0 &Y,

J-1

TPy () Pyoa(pey) =Y (2k + 1) (1 — 187) P(2) Pr(p15) (B.53)
k=0
£oT,
2k + D) Peliny)
Py(p) _ w0 ~ (B.54)
= H JPr-1(p;)
THb. LIzhoT,
w; = 1 1 p‘](/{) d
: 2/-1 (1= ) Py) "
S k4R / Bl
2JPy-1 (1) Py (15) 1= "
L (B.55)

B JﬁJfl(/ﬁj)P}(M)
Thb. 72720, (BSS) IZBIT2HNIE, k=0 DDA TRWMEEZROZ L, &
O P =1%o X512, WiibR

opP, - N
(1—p?) o = nPy1 (1) — np Py (1) (B.56)
Tn=Jpu=pu £35%. Py(u)=0 &b,
1 — 12
W= et (B.57)

T (IPr(y)?
b,

STEP3 P, O#ifik

P, =
1
/ RAGLADLTES (B.58)
7B & BT B Py = mpj_l x0,
1— pu? 2J — 1)(1 — u?
v, = 15 _( )(1 = 45) (B.59)

Py TPmlm)?
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A
a0
PAEED
1 J
[ sdn =23 s, (B.60)
_ =
(20 - 1)1 - 2)
L= B.61
Y1 PP (6!
B.5 IKEFEME OB ERZER
2 TIEBRmE R A OB E R BIMR T H 2 EMEREZ R T
J oI
Z Z P (1) P (1) exp(im) exp(—im/ N )w; = I8, Gy (B.62)
j=1 i=1

iml, /| < M,|m| <n < N,|m/| <n' <N THb, M< é Nm)<J-1%
,— 1

5729, F£72, w; 1% Gauss ffH, \; = %, pi & Py(p) DFERTHD. [] I

ZNEBARCEAOBEERT. 2 hiE AR EESERRIC BN TR 7D

ERERMEEITFINSHETH 57 .

ZDOA%ZGEAT 5. Legendre BNEL - BiBHEDER - GHFERTOD) ERME, Gauss
DEFAN, Legendre BE D2 g% FI\W 72 L TEHA DO FE /> -l %2 BERT & 35 & |

J oI
Z Z Pﬁ(uj)Pﬂ/(uj) exp(tmA;) exp(—im/'\;)w;
Jj=1 =1
J
=1 Z P (1) P (1) 0 (B.63)

O B DEEREIE AR BRI DWW TIZR TR A S
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Z 2T Gauss DERANZM o7z, HIZEE TS &

J I
Z Z P MJ) eXp(ZTTI)\ ) eXp( Zmlkz)w]

j=1 i=1

—5 | B oRR G (B.64)

Z T, Gauss-Legendre D AR Zffio 72, T, JHHERD Legendre BIE - FEERIEL
DERMELD

-
—

Z Z P™ (1) P (1) exp(im;) exp(—im/ A\ )w;

7j=1 =1

= I8 Oy (B.65)
MnEoND. BLEIC KD, BEEUL U 72 BREFARIBI R O R E R AR S iz,
RKTRED ZH, ERLHARIIE W TIIHEA 2 ERZBfR e U CTIERERMEDIE
DINZIRD & S RELRBEFREHSNTWASY  {fi(w}k=0,1,2,---) % [a,b] TE
b

TSI NTEHA w(p), BIMILER N, DERZIHA (/ T () fror ()w(p)dp = )\kékk/)
YE B (1< g7 <) % fi(p) OB, wy = wipy) &I, BAERNE

J—1
Zf (113) frr (pj)wj = A0 (B.66)
§=0
DIEMNIZ
o Sl fulmy) 1
JE\HG) Je\HG) — 5, (B.67)
— )\k wy
k=0
NP ARVASR

FBE, Legendre BEX {P,}(n =0,1,2,--- ,J — 1) IZDWTIXZ DBIRA LD 32D,
Thbb, w; 2 GCM THWTWS Gauss filEE & U T,

<

-1

Bolpg) Palpy) = —0j5 (B.68)

wj

i
o

0 PITRIZDWT L, 7%, 1984 TEUEMETE] ASEEL L.
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THb. LML, GCM Tl Legendre FHE Py DERTOMEEZEIRTHI L &,
AW DREER & 70 &, Legendre FEEE { P} (n = |m|,|m| + 1,/m| +2,--- | N)
DEERRITE 22 BIFRIZFER D22\ Legendre BEX D IEZBFRIZ DWW T, IREL] My
&Y P ldn=0,1,2,--- ,N < J—1 UL2HEbLERVDO T LEIZITEER? 2.

AU DOWT B ERRR BRI E R D 5. & SER M

I-1

Zexp(im)\i) exp(—1m/'\;) = I, (B.69)

=0

DIFMIT,

exp(imA;) exp(—imA;) = 10; (B.70)

[~

m:féJrl

HERONLD. (U, TI3MEET I =2M. [ BEBOEGECIE, I=2M+1 &
LT, m 2o WC ORI —I%l N % Tr %) Ll GOM T, JEEIN

2 50 [m| DRAGE M 1 g DT O TR D EHEAR NS

B.6 ARIJKNILOFRBERFRIEEDPYELY

TIZTIHARY MILOBEER T REE OEHIEIZDOWTIHRRS . EBEO GCM
HEIZBWTHREIZR DX

o ARY FVDFRELIET KA L DIEDP Y ELY
o HEDIKTFRALDFENK D« M ( DART DILDFREAN DL

o HERT UYLy, TAREEE v (H 213 L, WE) DRI MILDFRE
D 5 S E DI A mUAE D FERR

NzsZzd, ZZTRRTWVWIERBERIE fr(k=0,1,2,--- ,K —1) D ERZEATHB LD
RERZHARIZBWTHE VDB DTH 5. Legendre FEEHEUT m HERD & EIFLEAN TRV
U, m BMEBTH->TH PP X nIREEATH>T, n—m REENTIHRWV. ZOHHIZHER
ZERNOFZMELRLU TCI I TBRRTVWAERBEREZHZ LD, IZDOWTIERFAETH 5.

2742 7251, m =0T J=63,N=42,R21 %5, m=0T J=63, N =21, TH5.

BT 551 T=128 126 LT M =42 , R21 25X T =64 IZXf LT M =21 TH 5.
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B.6.1 ARV NMNILOZBERFEREBEDEDRYEY

AN T =B AN, ©) DT RMEL ARZ MLVOBRBEDP DI IZMUTD L E
DTHD. 72720, TREIR Ay i=1,2,--- 1, j=1,2,---J), AXZ ML
DERBUZ A™ (m = —M,—~M +1,--- M, n=|m|,|m|+1,--- ,N(m)) £ T 5.

= Z ZAmYm (M, ©5), (B.71)

m=—M n=|m|

I J
Am 1 m*

i=1 j=1
o — (2J — 1)(1 — sin® ;)
T (JPra(sing))?

LA Z O XETIMHO 721z, Z Z %:Z = ZZ Y rXAT5.

m=—M n=|m| =1 j5=1 %,]

(B.73)

B.6.2 ARV NILOBREEBRFREEDEDP Y BRY ~RAEMD R

=9,

s

I
SIS
—

BEZD.

RO (N ) IRATREIS 5.

9ij = [% (Z f;nynm()‘ago)>] : (B.74)

¥]

Thbb,
=D imfrY. (A o) (B.75)

Thd. ZMAKX (BT2) T A% g bAKRLEDDE (B.75) &2 THIXHAS
Az

Y

gm = imf™. (B.76)

W X0 IERICIE, (g5 = szfmym = gny DRGNS Y Y (N, ) w; & HE
m,n ]

THE, im/ [ =g & bm;fbmza.
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£oT,
In' = %Zimfijynm*()‘ia Pi)w; (B.77)
i
Ths.
RIZ,

R A N A
rcos2yp  rcos2pON | Ox \cosg

YFAH e h EDRDIMD EER S, (B.74) & DS AT,

1
hij = ————0ij
! rcos%pigj
1 _
S hi = mfY (N, ;).
J TCOS2 ‘;Oj ;men n ( 90])

—H, (B.76) £ b

A = 9 / m:im / :
" OX \rcos?¢ /| rcosty )

1 . ( f )
= = E m Ynm*()\z, QOj)UJj
I — reos?p )

1,J

1 . . W;
=3 sz fi Y (i) —— (B.78)
12

rcos? ;-

B.6.3 ZXRJ MLDFZRBERFREEDED Y EY ~FEILHO R

£9,

of
P=a,
BHEZD.

FALD (o ) I RIRATHHES 5.

— 0 rmy,m
NACES

m,n

(B.79)

ij
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Thbb,

m

-

exp(zm)\ ) (B.80)

Pn = %Zpijynm*wj

1,J
1 -, dp™
== o S
IZ <7; dy |
=——Z<Zf P (¢ exp(zm)) s
dpPr
—7wa e

LA, 22T, 217HMS 3fTHDOEFE S TIX

I AP
ZZ ™ P (p;) exp(im;) C];SD

exp(im’)\i)> P (p;) exp(—imA;)w;

exp(—imA;)w;,
j

exp(—im\;)w;

exp(—im/'\; ) w;
J

, AP , o :
= _ZZfZ} 7 exp(—imA\;) P (¢;) exp(im/\;)w; (B.81)
i=1 j=1 J
Y
iz,
_ 2 Of o
g =cos" p— =cos“pp
Iy
95,

(B.79) & OIS A,

exp(zm)\ )

= cos %Zf Fy

Bz DFHIIL IO B THB.
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1
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e n<anq%>>exp@nz ) (B8

Thb. FERIZ,
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GCM T, YHiE 2 BRI FAFIEEL P™(sin @) exp(im\) TR U 7z 0 I8 H T
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P FEI W DAL T DWW TR, BRPEEER (m) |, FEALIEE (n —m) D ZNZE O YWD
FEIZWL D DENRD 5. —RIZE KAWL NS S DIZ=MFYIN (Triangle)
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