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EB1E IFL®HIC

1.1 ZDOXEIZIDOWVWT

Z DX E, HBREAREMESSES TR O RKARIGERE TV, depam, D/N— =
v 5 TH5 depamb DX AHFEARB L OZOHBULTIEZEHL7-HDTH 5.

BRI, AXEORNEREY — A2 =R T—HULRWEREH L LIZEEIN
VAR

1.2 dcpamb DE

Z 2Tk, BIER (2013/09/20) @ depamb OBFE 2 /3T, TR T @R IEFEE
LTHBH, IRTE2HEDLRSTHFAEZITI>ZLIZTES.

o it
— TV IT1 THBRERR
— WBRBROFELIEIEARS b }V&j‘@?f, 3577 vVaik (Kashimura
et al., 2013) 7 5 ER
o AU

— AGCMS5 [i4tE 57V (Numaguti, 1992)
— WERFHBSE TV
« FAN - AL - SEARSL (2600-57142.85 cm )

- 1000-57142.85 cm™! % 11 /N> Rz 4 #] (/N> K4 E% Chou
and Lee (1996) IZH€5)
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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=

depamb 1%, K ERBIRDFHBEIZART MNVEIEZFHWT WA 728, IKEHHOM
TR DOAE L, Gauss fEE (&1 =8 J @2 ), FHEEORE (F I #) THhs.

o Gauss &

Thttp://www.gfd-dennou.org/library /dcpam/dcpam5/dcpam5_latest /doc/derivation /pub/derivation.pdf
2 LU, J 13ME% L 9 5. depamb T, (Gauss #E L LT L 25E121) J 1B TR
ANCYANAN
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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

AL 1XPREE O FU T Bl E X A, SR i"f’t}lﬁ)%@iﬁﬁ IEI NS, F£7z,
depamb IZEWTEHEE 2 ilE S BRI E Z RO 5 DIFEREROEEHRTH b,
IMLE TR, BRESE O FUMIEILE T IVO R TEMSICEIRE I NS,

EEIZIE, TOE»S EALEORSEDIT5. BORZITIE, BOKEFIE 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

MPREDETERINLYHET TR ETOAMEEZFED AFZDZ &%,
[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
Rﬂ@z¢”}jﬁwﬂ”“ﬂﬁﬁ &LWWL4W7 (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
HHEX, 2N, + 1) (N, +1) TH 3B

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 BEEILL7ZZARYZ MILOEEDER M
HESE U 72 Legendre B & = A BIEUIZIR DIE AR S % i 72976,

J
Z P (ps) Py () wj = O (2.7)

1

Z exp(imA;) exp(—im'A\;) = [, (2.8)

i=1

J— P— 3 2 B
Z 2T w; 1 Gauss fiEH T, w; = (27 1)(1' i fj) ThH5.
{JP;_1(singp;)}

2.5.4 HFEEEARYT MLDFREEDETHE

e A O TR (N, (72720 0= 1,2,--- 1. j =1,2,---,J) TDOfH
Ay = A, @) EART MVERITO Y (72720 m = —M,--- M. n
Im|, -, N(m) ) DRI A" LIZRDZEHANHES 7.

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 &,

’ IE”T@ WA DAREI G N5 X TS 2 W IUERHIEA 2.

8 51T, EBOEIRETF/RE & LTI, P (sing) 2%, n—m B BE (even) DI p =0 (2D
TR, n—m 2 FE (odd) DR o =0 | “)L\“C}iﬂﬂfﬁ)é LaF R U CEERBZES
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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o 1 5

Pm

n

d
dp

9 f) M N -
—7 fn

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 dcpamb AR RE ZOHEIE TTI 2R TOREESOBZE

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 dcpamb XEEAERR & ZDBEEIL B4E  NEERE
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(¢) TEDAKEHRE E ARV VBT BT 5 Uk, (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, G, AN E R LSS I X B INE - JEEAME,  (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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18
785, ZIZT, yy ARV YBIZE 2 EHROMERETH L. HIEEEK

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

LA 2T, HEEERT.

ARV VBHNOREEILOBMEIZIZLATOEZE AT S,

Dsc(T) = —yu(T = T), (4.66)

ZIZT, vy BARYIBIZE 2IREBEILOBERETH S
WERE yar, vg D o MFMEIZ—BIE X720 DY, depam TIE R D & 57 o A7

ZHET 5.

VM0 (@) L (0 < oum)
_ o 4.67
M { 0. (0> 0lim) ( )
0. (0> Glim) '

Z :VC“, YM, 05 VH,0; NSL7 Olim Ci%j’b%ﬂ’b, 0O = 0Oy C:}SC%%{@Z%E‘%‘?&, o {&T?‘l‘%@
88, ARVYBEDOTRRD o THD. depam Tl 0p FET VR EED 0 & LT

Wd.

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
(4.69)

1 a? . .
gn _ m|2 D 2
i 2o G DrE)
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.

basic’equations.tex(dynamics/dyn-equations.tex) 2014 4 6 H 18 H (MuBRUEAR ML)



B4E  NFBRE

20 dcpamb X AR R & £ DBERE

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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zZT,
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 |Okq1/20k - VT — Z (D; +v; - Vm)Aoy } 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+ v, -Vm)Ao—
k ;( ! ! ) "Ao,
K T
_ﬁkZ(Dl—i-’Ul'Vﬂ')AO'lAZZ (/{Z:L'“,K—l),
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,
() e (22 o
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
K —1
b = Bi [( Tk ) _ 1} (4.93)
Ok+1
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.

7P, depam T, Kyp 1, T H Y] 0 BEUS D DIERFER (1/e 1272 5], T,
FHWTEZR 35 D0,

Kp = — {N 1) }_ND/Q (4.103)

THD a2

TH5.

4.4.3 BmHZODOR

_ _‘ZZ“"U Ty )\zaﬂj)Lz

= a(l — Mj)
8 w;
Vi, Ti;(1 — Y (N 1) =~
+ = ;JZ; 8 ( ’u])a(l—,u?)
I J
. 0o\ (4.104)
DYy (Hﬁ Cﬂ) Y (s )
i=1 j=1 P
+ ﬁEnT"‘
S D e
i=1 j=1
ZZT,
. n(n + 1)) N0/? .
D = —Kup {—%} ~ Vi (4.105)
~m oK Nst k. > k
s = THon (a) o (k= kspiim) (4.106)
0, (k < ksLiim)
~ YH,0, (m 7é O)
m o , 4.107
IYH,O,TL { 07 (m = 0) ( )
Thb.

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;
B R imUsqi; Y™ (N, 11 )—J
= ST e
d 8 w;j
+ - Viiij( Y, (N ) 5+
;E;EE; T Op Pa(l—p3) (4.108)
1 I J
+7 DD (Rij+ Sui) Y (N g
i=1 j=1
+anqn .
zzwT,
) 1) Nor2
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 XA 7 1 VRIEFD XS ickINh b
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
REXTH D, depam TOEHEMEIX 0.05 & L TW5.

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
a“ﬂ=<%¥) —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
—Zﬁfme:mNMAm+ﬂ£§:DAm (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
BRDBDIE, MEIREHE q OBFEHERX 2L, EEEHNOLIZ 7TV alkT
H5.

—#z, FREFER LI T T VAT,

1. Wt + At TR R EIC S DR T O, KRt TOME (B 23RO,

2. ZDONEDKZt TD q DEZMHFEIR TR,

T4t + At TORFRTOEE TL5EZTS. $hbb, FHREFHEIEE
RRBRREMEEIIDTOoND.

YIFGTI VAR SRLT—EBIIMI S T3 LiRAERLMEHED,
WIZEMIZRDHEIZ M AT S, 207, DCPAM TlX AL WD
FHEEHVTWS., TROEKEAHOYERKZFEL, TDN4A% AW TEH
EAROBREHREZ1TS.

BB, ¥IFT7 7YY aROENBH ROV & DIk CFL Feff % 8 2 TR 24
HERELLNDZETHS. LrL, DCPAM TIIHD S X 75 & DFHE
LHEbELOIT, CFLEMZBEAKRZAEZ WS Z L idw (2013 4 1
HBUE).
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5.2 BRAENOHIERE

RREEZ pd5LE, BAKRETIEZNIYEOEEDKMZIX

Opa _

o -V - (vpq) + S (5.1)

TEINDG. 72720, tidRH, vidREZERL, SIFER - HBIHTHS. UE
DR - ﬁ@%%zam%m,Qnﬁtpwﬁﬁ b

dp

2=V (vop) (5.2)
"o, q DRFZMERN (BiRAER) BESN5.

dq

5 = vV (5.3)

5.3 LEARAEE

DCPAM DRI IEY) — 770y JHETH 5728, Wil t + At (A; After) DR
BHERDB7-DI1Z, t (N; Now) B & Ut — At (B; Before) DIF#HREHNS Z &2
Hsks., 207, Bho A THOEHEREE 2 N OFRES TEMLT, R
MZBEET 5 (Williamson and Rasch, 1989). 3 72b 5, Kl AT xS 12
NTL BFAMb T OIZ N TOALEZ xy (P, B B TOMEZ 25 (k
W) 2958, TholdmziEz7.

x4 =y + Atvy(zy) (5.4)

x8 = xp + 2Atvy(xy)

—MIZ xy, zp 3K TR EDAETIEZVWDT, (5.4) XAziili7zd oy & vn(zy)
%%ﬁlﬁﬁ@% Dﬂbn+ﬁ (’fﬁ L—y 3 /) »J:OT*@% 'UN(iBN) ﬁ‘ﬂ?iﬁ’bli,
(5.5) XLV Efiisi g BRD SN B,

5.3.1 KI¥E

AEFRAD EFREHFER E uy, on ICHUT2RTZ I 022 3 RMAEEZMED KL
75, $abb, PREFAEOBEHMEME Ay, on) TORFHRE uy(Ay, o),
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O ITHEEEZBIEL T L.

WE, 2T 7T VY a IR &A%, FHE L 72V (AN, on) ZELD BAE 16
)y RTOEZHAWT, ZIHA

3 3
FON0) =D i\

i=0 j=0

CHEREML, B8 a, & ROT, W Oy, on) 2KD 2 HETH 3.

5.3.2 #hE

BNE D EIREFERIZ L DT, oy I LTI RTS VS Y a3 kER%
IR

5.4 EBELHEE

5.4.1 K}

Bk o @i R R e LT, AT MOV 3 AR (Enomoto, 2008) 31
SNTWA. Tk, BREFAMNBEREHZFHL T, BELkOGD7 ) v K Enze
Fﬁﬁ%’l&ﬁ{[ﬁ dxs ps e %ﬂz&), %@Fﬁﬁ bf:b‘@*ﬁ% ()\B,QﬁB) D JH [ 4 ).5\\"6@ s Qx> ¢ dre
DG S ZIER

3 3

FO0) =) aNg? (5.6)

i=0 j=0
DIRE a;; %KD T, HWRHME f(\p,op) ZRDZ[HETHD. T DOHEOREIL,
WA AR MVEBZFHLUTROTWBETH Y, TDEDITHEEDEN
HENAREIZ R > TV 5.

DCPAM T, EddD k2 REIE-ARDEEIARY MIVERITILI—K5
REETIRA DK A OMEETEZ1T5.
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A EE

3 IRA ] CIIAHE] U 72 W IBER D JH P DR A A &2 2 HA (5.6) TiEELL T, A
FH4 270y FEDOFH16 EOEHR? S 16 HDLRE a;; 2RO TV, Zhid, 16T
DN SRR E M T IS T 5.

ETAM, UNEDICREAMEMEAMOMHMEZ IS S Z 2T, X0l
WHTHZeNnTESL. 22T, MEALEZWEEE (\g,¢5), TDEMD 47 v
ROEEEEZ (Niydi)s (Nix1,05), Nodjr1)s (Nip1,0j41) T 5.

L (M\iy9) & Niv1rdy) ED q, g ZHWT, REHAID 1IRGTTIV I — b 3 IRHH
[AIIZ & O EEEE (Mg, ¢;) TD q 2 KD 5.

2. (N 9j) & Nig1,05) ED gy, qrp ZFHWT, FHENZ &K D FERE (Mg, ;) TD gy %
Kb 5.

3. O\i,(ijrl) & ()\z'+1,¢j+1) D q, g ZHWT, MifIZ X 0 R (>\Bf¢j+1) TD
q%RD5.

4 (N @j1) & Nig1:8j41) ED gy grg T, HIIC & D BERR (Mg, @j41) T

5. ED1-4TRD q(Ap,95), as(Asdj), a(ABr@jr1)s ap(Aprgjn) VT,
fEEAMIZ TV I — b 3z 2, qOp.op) DRD SN S,

ZOHEE NI AU 4 2 v F O3 16 HOfHRA VTS Y,
WEOKEIXFACICAR 5. —5T, AANMT 22T, AP — AN
7B O EEE LD < D, X SICAMI D L I EED T 4 L XA T
ZEHAREE 7D ().

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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BB, TIHVI— b 3 & X 1R DHIRIAIETH O, FllE U 72 W B D JH B
2 OB & 2B D F 4 [E OISR & fift] 22 TH A

f(z) = asz® + ayx® + a1 + ag
DR a; ZRKDT, FEMEEZRD D HIETH 5.

775 v alifP L HAORE E LIF 572012, X0EWHEHFADZ Y v R
iz HNEDIZ LT, TV — MEEITMEZEAOXEZ EIF 57012, &
D EBEOZERMOEE M 5.

ZRITILX— b~ 5 RFHMAE

DCPAM TR A LHlfE ClIMifIZHA %2 b IRDLZIEA L LT, #iEE2 L
6 Lﬁwlﬁmlwa—b5mﬁﬁiﬁﬁbtwi@®ﬂlzﬁ@%qwqm
, EE 2B FTHELRS. FLT, Ihre RO GO 5T 21k
E@%ﬁﬁﬁffﬁ9t‘b‘:5i’ G Do Qo0 D Do Goor Dags Dosr Dirgg ERTAS
REWAEPRIFITIEZTUE D,

FZT, MDESBREHTILVI—FERFHAZHAVS. D0, ML WEED
JEABH 2 j5D q, g, WA, TNETNE SO0 EDMUD T )y KD g DIEZE W5

—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 ;/Jztﬁfmﬁr%iﬂaé 7RO ERBOE G (RE) & AERE (A, i
E) DGEIZDITTRRS.,

ZERBTDOFE ML 72 WEBEED S < ] (LSRN Z4H]) D 5D FERE %
e LT, ME2E O ETE, FEMH4 SOEBEIX s = —Az, 0, Az, 2Az TH
5. WX, #EZHEX f(z) 2

f(JT) = 051'5 -+ (I4$4 + CL3.CE3 + (12.932 + a1x + ag
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£95L, TOEMKg(x) I
g(x) = basx* + 4asx® + 3asz® + 2a07 + ay

L. BEHIOMEE f(—Ax), £(0), f(Az), f(2Ax), ¢(0), g(Az)7RDT, BTN
DN FTFRERDIE D LD,

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

f(2Ax) = 32a5Ax5 + 16a4Az* + 8asAz® + dasAz? + 2a; Az + aq (5.10)
9(0) = (5.11)
g(Azx) = a5Ax + 4asAx® + 3azAx® + 2a,Ax + a; (5.12)

X (5.8) & (5.11) &V, ag, a1 (FAWHLRDT, EFEOAFEARIZFFEMNITIZL O
MFRATH B.

HE (5.9)—(5.7) 25
f(A7) — f(—Ax) = 2a5A2° + 2a3A2° + 20,7 (5.13)
A (5.10)—4x(5.9) 22 5
f(2Az) — 4f(Ax) = 28a5A2° + 12a, A2 + dazAr® — 2a,Ax — 3a9  (5.14)
A Arx(5.12)—2x(5.9) 75
Arg(Az) — 2f(Az) = 3asAz® + 2a,A7" + azsAz® — a1 Az — 2ag (5.15)
HE (5.14)—6x(5.15) 22 5
f(2A) + 8f(Ax) — 6Azg(Az) = 10a5A2° — 2a3A2° + da; Az + 9ag  (5.16)
A (5.13)+(5.16) 5
f2A) + 9f(Ax) — f(—Ax) — 6Azg(Az) = 12a5A2° + 6a; Az + a9 (5.17)

&b

1
12Az5
&, az W RED. BUEEIEZL DT, a5 2R LRI, ThEBMOEe LT, i
DB RDBDT-DIFH ZENTES. TDB a3 13X (5.13) £,

1
2Az3

[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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[ARkiZ LT, KX (5.15) &b
1

=55 [Azg(Az) = 2f(Az) — 3asAz® — azAz® + a; Az + 2a] (5.20)
ZUL T, HE (5.9)+(5.7) THSNEKNEKD
1
a2 = 55— [f(Az) + f(—Az) — 2a,Az" — 2a0] (5.21)
nEonsd., UEOFHBEIZEVFEE e 2KkD72D5, RATHIMMEZ KD 5.
F(€) = as€® + au€’ + a8’ + a26” + a1€ + ag (5.22)

ZZTax=EWRHULZWEORERTH 5.

FEBEREFOEZE ML 72 WEREO T <M (LIRS 2 4H]) D 5D R
ZREEUT, BEZIOEL, FEF4 SOREREE 2 = Axy, 0, Aoy, Axgy £3R
T. ZZTAzy <0 THDIZEIZIERELWV. AEMBEESTOGES FRBIZI,
EHBEE 7D & & L[ERRIZ 4 08N FRRAZRINE I VDED, ZTOFFEMI S L
THEADEMETIRD., T T, Argy DREX 1B X DI, MEEEEZ T,
BB OEREZ X TRT L, X =1, 0, 1, t THD. 272U, r = Awg/Axos,
t = Axgy/Axyz £ T 5.

WX, flZHEA F(X) 2
F(X) =a5X° + as X* + a3 X? + as X? + a1 X + ag
Y4By, TOEBEMGX) I
G(X) = 5a5X* + 4a4X> + 3a5X? + 20, X + a;

Y%, BEHOMIE F(r) = f(Azay), F0) = f(0), F(1) = f(Axg), F(t) =
KEDMil U 72 726012, Ju4 DZERIMEIZ Axgy & 2T TV 5.

(5.8) & (5.11) IZHIG 9 & HIFARRIIRD L S I2EFE NN S.
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CEITE, NS HEGREAR

as + ag4 + ag + ag = F3 (523)
asr® + ayrt 4+ asr® + aor® = Fy (5.24)
(l5t5 + a4t4 -+ a3t3 + a2t2 = F4 (525)
5@5 + 4@4 —f- 3@3 —I— 20,2 = Gg (526)
&7 s. ZOEM R OBAEM I
0 — F1 _ Gg _ [4+27’t—3<7’+t>]F4 Gg
T (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=022(r —t) | (t—1)22(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)
TitETE 5. filffEIZIRATRkD LN 5.
F(E) = asZ° + a4=* + a3Z% + 0,2 + a1Z + ag (5.31)

ZIZTX =E=¢/Any BRI L 72\ DFEEETH 5.

2ol Z2 9 28541, FfU 2 WEROREFE 16 277 v RTORAME 202
MIMED S, SHano HiE2HWTH 530 & 512 1 kool 2 7 [T Z
Lok S5ND (K5.3). OB, MEHMOMEERBICITI LT, K0EHE
IR b DEWAEMER - TOmEREE RDRICIZSNS.

5.4.2 $hiE

RE S ORGHMEICHEN TV I — F 5IRfRZHWS. ZZUIEDOSA,
AR MVERE R U 7D SRR WD T, 4 U E D HR & 7 R T
MEEFIRET S, ZOE, $iES Y v M —RIZAFEHREE 20T, HEENS
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13 14 4 15 16
: 41,92,922,93, 423,494 — qq
; 4559659265975 4z7, 48 — qb
9 10 cE 11 121 9y5, Qy6; zy6, Qy7s Qzy7> 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 6¢ b; 7¢ sg as @by Qybs Ges yes d — qT
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

AL EIBERE D 4 IRMEE R DFHREIIE, BOMEZEELZWEREZD BT 2
M, BFO SDEmIINELLE, 6 b )Jj\@f'—*“j%%m%i’b Ok—2,0k_1,0k>Th i1
Oho £33, SOIUTOLIITKRTAEREEZERT 5.

S| = 0} — Op_1

t1 = 041 — 0%

Sy = O} — Op_2

lo = 042 — 0

RDALIRDA—X—£TDTA 5—@5’%%%2% (F’“E}é@f:&b flop) = fr &$5.)

Jer1 = fr +tafy + f f”/ f//” (5.32)
_ ! 1! Silg " S?ll "
fkfl—fk_slfk‘i‘ 5 e =5 i +24 4 (5.33)
t2 t3
Jedo2 = fu +tafp + —Qf” fm f”” (5.34)
3 4
Jo—2 = fr — safy + f - = ]2‘// + = Y 12”/ (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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=72 L,
fra1s? = fu(st = 88) — fonrti
= 5.37
H sit1(s1+ ) (5.37)
&5, FARRIZUT, A s2x(5.34)—t3%(5.35) &
t to(to —
Y (5.39)
=72 L,
o fev2ss = filss = 13) — fiot) 5 39
by = (5.39)
SQtQ(SQ + tg)
DEFOND. HE sotyx (5.36)—s1t1 x(5.39) 12X D
t189ta(ty — 51 — ¢
fr(saty — s1t1) = Fiy8aty — Fagsity — sifisata(t 251 2+ 52) i (5.40)
nEoN5.
¥z, B s2x(5.32)—2x(5.35) £ b
t _
o= b = 2 g 2025 g (5.41)
=72 U,
2 2 t2 _ B t2
Fy = Jor183 — fu(ss —15) — fr—oly (5.42)
82t1(82 + tl)
51T, B $2x(5.33)—t3x(5.34) £ D
t to(to —
o= P 2 el 20 (5.43)
=72 L,
o= frrast — fu(st —83) — furt) 5 44
12 = (5.44)
81t2(81 + tg)
2135, JHE s1tyx(5.42)—syt; x (5.44) 12X D
t189ta(ly — 59 —
Fi(s1ts — sat1) = Fayrsits — Fiasat; — sitisata(ts — 52 —ta + 81) L (5.45)

24 k
»nEohsd., ZZT,

ri=t1—8 —to+ 389, To=1t1 — Sy —1ls+ 5
(7272U, 71, o #0) &3, HE ryx(5.40)—r; x (5.45) & D

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

2014 4 6 H 18 H (MBRITRE NN (H2EET) basic’equations.tex(sltt/sltt.tex)



dcpamb XEEAERR & Z DEEHIL 55 HRET1ILEY 45

Lo T
(Fi159ty — Fagsity)ra — (Fois1ta — Fiasaty)ry

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

IAAE RIS 7 D 4 UKD R EZD AT 5.

(5.47)

713:33’ {ﬁﬁ\lﬁi‘%?ﬁ‘%ﬁ[ﬁ@%é\ 231 = 2t1 = S9 = tl 73:0)(, N =Ty = 0&7x b,
X (547 IARERICR D, 205G, X (5.40) 1%

38%}% = 4F118% — FQQS%
2725 DT,

, AFn —Fy —fro +8fkp1 — 8fu—1 + fi2
fk f— p—
3 1281

WA PR DH RS0 D,

5.4.3 LTipER

EREEAREOFEICIE E RO Z D IZEEBERICH 2B EBWTEHREL T
5' j—fib% Q(Uo) = Q(O'l), q<0'*1> = Q(UQ), q(akmaerl) = q(akmax)’ Q(UkmaerQ) =
q(Cumax—1) £72 5 & D ITHF 2 IR L CEHBAEL TV 5.

272U, B E L (¢ 3EBE 7Yy R ETERINT WD) LD E EiTiko
FB TS, WL U TR LM (o) 22D $EAT 3. Fkc, L
BAPRTFEEL DS R~ BA10 1, M L TR FEOM (o) 220 %
$ AT 5.

55 BHET71ILY

ZEHITL I — b 5 IREINC & o TABRZES A G CEREL HlTE 24
T, WIS EROREAE 01T, A HSTH A E C IR TR (HRS))
BEURT D, £72, WOMEDFIIC AR M VEHEFIEL T W3 72510,
FTABGTHRT B AT RERERELTLES. ok, BARAHIC
NTHIZRREA - WNAVE LT, BRAF— Ak 5ha THIM) HHEabN
TLES.

ZDED R AT Z2RET 572802, Sun et al.(1996) DHEF 7 1 L X % —
EELTHWS.
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5.5.1 Sun et al. (1996) 7 1)L %

1 RETEZ, ML MEZ qp, fEUZEFOMMAl 4 SOME% ¢, g0, ¢35, @
&4 5. £z, ¢ ORI RKME, H/IME % KB ER KM (gomax) ~ B/IME
(qamin) W, @ & g3 DD B REWS Z TR KRE (quvax), DS W% AT
BB/ IME () &R, 2D & &,

L (@ —q1)(qa — q3) > 0 DIGH

e HU qr < qimin 7 51E, gr % quvin CEMZ D
e HL qr > qinvax B 5IE, g7 & qraax CEMMZ S

2. (p— @) — @3) <0 DEGH

e HU gr < quam B 5, gr % qovmim CTEMA S
e HL gr > gcaMax A5 ﬂi, qr 7 JGMax VC%@Z%

&3 5DN Sun et al. (1996) D7 1 VX TH 5.

ZDTANVRIZE>T, NLNRIEEVIRETES. LrL, EO2 OMBEIZ & -
T, BAEDMHEDORKEP R U2, BuMEAHEINT SEIEMARH 5.

% ZTDCPAM TlE, D2 OHEIIFTHT, 1.OAEFTEH. 259528 T,
RALAAADORK (VN EEAD I ETICT L. 22D, STt —N—
Va—b TUYR—Ya— FOWMBETHEKEIEMUZD, BMEREDSL S 5.
Rz, m/MERE T VB =2 a—MIEX>TEDMEIZRD Z KRS MEIZR 5.
mERS, BAHIIEATEREINSGETHY, AORESHIIWEIIZH D 1545
WRsTHD.

5.5.2 ArcsineZ#7 1)L %

ZZT, HFAZRRIET H720D T 1)V &XE LT, Arcsine 2z Ff9 % (Kashimura
et al, 2013). n+1 AT v THOBFEHE 21T S 12, EBEH ¢, ZIRNIRKNE
HEWT 5.

< Qn < (5.48)

N
NP

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

ZIT, g, OBAEEEL, ald 1 EOERET S, Q, DTS LT
ERATCHIBIEIEZ U T Q,p Z23KD, ATOMEMIZED ¢, ZKDS.

max

i1 = O‘qg [Sin(2Q41) + 1] (5.49)

DUEOFHEEIZLD g DIEEMEVHE I NS, FHHEFHEOMERE, Qup 27 (5.48) D
ARERZHZIHLTH, $EH (549)12L0, 0< ¢ < agP™ 225015 T
H5 (H5.4).

ERoZEHAERK T LT, M5A4ICBVWTHEDELENRKE Vg =0, ag™™>
T, WO R ME < (KRB, 2003). ¢m > FMHEDEAIF o = 1.05 FEE &
TH5ZETHHITES (DCPAM Tlda=1052LTW3). ¢g=0fETI3E
W, HHRTERAE (AR S BUELER DS TR\ 72 &, AT X 2 W PEEOME 1R 80E B 0E 3 2
5 &5z @<.

ER D Arcsine Z2¥#1E Sunet al. 74 VX DO—¥EMHHT S & T, HEEMEHE
Laanis, NLWREEEZRET S Z etk S.
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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 5 kA, HC: =) I — b 3 XA,

S 3R

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

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

NCTAM, 62, 2013.

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

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

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

\niy
JdUT

6.1 XL®HIC

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

6.2 BERIRIR

6.2.1 SNEEBERICBITZEE

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

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

Tiyr = a1 Th+ Bry1Ti (6.1)

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

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

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

JEDOHFNMIEITEEE, TOLIIEHRETLILITT 5.

R
21 = ZS+ET1 (1—0'1)

R Ok—1 — Ok

2L = Zk—l‘l’_Tk_l—
g 2 Op_1

3

—F, BOBERICB I 5EEIX, TOXSIZHAETSAZILIZT 5.

Z1 =z

N|=

R_ Op-1 =0kl
Bt = Zoy+ —T———2
? g Ok

(6.8)

(6.9)
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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/()
z(p
1 [P
= kL,wv—/ Qu)vdp/‘i‘k'L,daZ_) (7.14)
g Jo g

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

o0

PGuwodz + kL,da/ pdz (7.13)

z(p)

[e.e]

—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<

">

HELRHE EDIFE KRR, 25 WIKIIEKRKE, (2395, — b X 7 =5 rba
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54 dcpamb X AR R & £ DBERE BTE RS

U7 BEHEE R R DM, FL, 3T &5 cELL e TES.

Fig(r) = F*(r)+ Fg,(7) (7.15)
F*(1) = kiexp(AT) + Pkyexp(—A1) + C* (1) (7.16)
F~ (1) = Tkiexp(AT) + keexp(—A7) +C (1) (7.17)
Fin.(t) =0 (7.18)
d7,1" n(T) = /LOFFS exXp (_i> (719)
wom Fs exp (—i) {MWS“O + 7472}
Ct(r) = VRS
o
1
+ 2 By+ B + 7.20
foeafs)) o
1+
wom F exp (—ﬁ) {7 st 7273}
C(r) = VRS
Ho
1
+ 2 By+ B - 7.21
fpen( o)l o
1/2
A= ()Y (7.22)
2
I = 7.23
Y+ A (7.23)
By = nB(t=0) (7.24)
B - mB(r =1,) —nB(t = 0) (7.25)
Ts
l—-w
o= 0 (7.26)
T2

ZZT, O/ BROBBUTIK, REAT DT T Y BB RENE S TR U TRRIE
WHMAFZT B Z L ZIE LT WD, vy, 72, 73, a1, BEHEZE HRRADELLGIEIZ
Lo THRLBHTH Y, (6-)Eddington %, (§-)Hemispheric mean {EIZ B 1T 54
BAaERTLIRT. oo E—IREELT VAR R, 7 F, 1 ZKR& BT O R E AGBREG 7
TV I A g ERBGRIEATHS. £77, r, IRKERDHFHEX, HEWNIX, &
ZDVTEARLZEDONFNZES TH D, ky, ko FERTH O, BERFMIZ LD IRD B,

BRFMEITDLSITEZS.

FH(1) = AgeF ™ (15) + Sepe (7.27)
F7(0) = Froa (7.28)
szc = AsfcﬂOT(Fs exp <_%> + EWBSfC (729)

0
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£ 7.1 ZEHERUZ BT B R E SRR R D E R

LR "N 72 73 Ya
—wo(4+3 I —wo(d—3 2-3
Hemispheric mean | 2 — wy(1 + g) wo(1 — g)

725, Hemispheric mean %I, —M I RGBSR L T iﬁﬁ\ﬂ@\z‘ﬁ&) i([‘?ﬁﬁf(%]‘
2O RHIMBE L TR B TE 43,74 IZDWVW TR IR\,

T I T, Agpe, TF5, €, Byge 13, TNENTNIHERDTVARR FRAR 7 F v 7 R,
TEHBER O R, FHBERDO 75 VBB TH 5. Frp, BRKEMIZBIT2F
MELMT Ty 7 ATHY, —fRIZ Frp, =0 TH 5.

éf 51T, 5-FH%E (d-adjustment) 217D 728, 7, @y, g 1FILX DfH... ZFHHNTFD K
_ﬁ&bé.

VAR g

7.3 BERGKRIR: HEED

ZOHONEDI— R LOMIGITHRL TR, FFERES 2. (I—FDS
EFELTVARL)

7.3.1 jNE=

A IIERIE TN O & 5 i ng.

;j

Wl= o)

Qr = (7.30)

_iF
Cp Pry

m\»—‘ m\»—‘
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7.3.2 HELZEMERLIGEORMNESREN

R 7 2 v 7 23 o &5 It nsg.

Fryy = FI::Lf Fk_+% (7.31)
k
Floy = BTy _kZ”Bk' (T;H%,k/_% _77<:+%,k/+%> (7.32)
=1
kmaz
Fl~c_+% - Z By <77f+$7k’—$_77c+%,k'+%> (7.33)
k'=k+1
T, B
N
7B, = wZBi (T, ki) w; (7.34)
7B, = wZB Ty (7.35)

ZITCE, w B AT AEATH Y, WD I T ARBIECHMIT 5. £7213, K
BRKRDGEITI,

By = ospT; (7.36)
B, = oggTt (7.37)

R ANTY

o, KENESIVPEZ SN GEDZEREIZTO LS ICHELENS.
72%,14'% = eXP(—@(’TL,m% - TL,k’+%|)) (7.38)

— 73, BOERE D —E, AR R O RN 238 U CERE AL FE X RUE i O Ry

PEEBERLTED, T o DHREAZEY U THRICHS Z L1225, ShEILE

PR X SR R A DB T BEARIE TR L TS 720, IAHMERE GO -z >
WTHBAL L, B 7 Z v 7 ZADREIZHN T 5 2R 2 RO TE BERDH L. X

2014 £ 6 H 18 H (MuERIEAREMESEE) radiation/radiation.tex(radiation/radiation-disc.tex)
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7.3 BEBIRIR: H@EED 57

BT Ty I ADFREIZNT BEKT

N
8;52 _ %;£%7Z+;é (7.39)
82? = 0 (7.40)
R
T 0 k< K
OF . 0 k> K
i {%&ii“ (Fogwoy = Tiapuy) k< v
B, INHIZED, BT Ty 7 AT,
OF knas OFF
(FL)™ = (B 0T2AT+Z (m/mTk, (7.43)
8Fk+ fmaz aFk_-l-
(Fo )™ = (B )"+ AT +l; gro A (T44)
AT, = Tr -1t 7.45)
AT, = TP -1t 7.46)

cLtkbonsd. 72720, LEOXTEITAXRTOEIZOWTHIZ L >TWVWBHN

EBRIIE TEOFSDOAZREL,

(F+ )n+1 _ (FJr )nfl + aFk"‘Q
kt3 N kt3 0T,
F- n+l F- n—1 aFkJrz AT
B = e ¥ 1
EITBDPHERTH 52

7.3.3 HELZEE L7 ZREL L TS EE

8F+2AT 4
57 -AT: (7.47)
OF 41 3
T AT, (7.48)
EHER

AYTERKUTHEHN S 272012, RAIVZBOIEDRLKE» 085 EXL. D
I, n F H OFE RGBT % — b S N7z LU 7= R E ST R X O fif

2 hiE R, shiE b ponfE, MERMAUW, tBRPOAPNIORX 2 £ O THRELALbDE =

HEXATINC T 572D TH 5.
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HETRDESIZELZ LN TES.

Fi(1) = kinexp(\T) + Dokonexp(=A\,7) + CF (1) (7.49)
F (1) = Thkinexp(AT) + kopexp(=A,7) + C, (7) (7.50)
wo T Fs exp (—TC’:(;LT) {71:3:0 + 74,n72,n}

N B ,
Ko
1
+ 241,43 Bon+ Bin + — 7.51
. { " " (T Y T Vzn)} (7:51)
T T L”+ﬁL
ZUQHWEEGXP (__62:7) {q/mgno +_72n7&n}
n N%
1
+ 2u154 Bom + Bin - 7.52
. { " " (T Yin + ’72,n) } (7:52)
N
72720, 7 &, n BHOD Lid o fllo = HFHESTH Y, 7., = Z e W En EH

k=n+1

F0H EEONFNESTHD. £72, 22T, 7 13 k BHOBEAEDONRFNE X
Thb. £72, By, By 1377V 7B E ZOWr HFENEIIZEBM) 12 o %
NI7-HEDTH 5.

INSDABRCHUT, TOERLEL2525.

Fr(0) = Fly(m) (7.53)
F0) = Foa(m) (7.54)
Fir(n) = AspeFy (1) + Ssge (7.55)
Fy(0) = Froa (7.56)

Ssfe = AspepomFs exp <—%) + em By (7.57)

INoDEREL2EA TSI 8T, BAMERELRRZ, ki, ko 1SR 55N —
RARER L5, 51T, Toon et al. (1989) D HIEIZEDONWTEMT L2 LT, F
D& SITATHB Y & ZEAATHNC T B LN TE 5.

Az = d (7.58)

2014 £ 6 H 18 H (MuERIEAREMESEE) radiation/radiation.tex(radiation/radiation-disc.tex)
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ZIT, Az, d DERIENENTDOLIIZETS.

11 = €11 — Asfc€3,1 (7-59)

ara = —(ez1 — Aspean) (7.60)

A2non—1 = €1n€2n+1 — €31Cont1 (7.61)

Aonon = €27€2n41 — €4n€antl (7.62)

22041 = €1n+1€4n+1 — €2n1+1€3n+1 (7.63)

Aont12n = €27€370 — €10€4n (7.64)

A2n+12n+1 = €1n€in+l — €3n€3n+1 (7~65)

A2n+12n+2 = €3n€ant1 — €1 n€2nt1 (7.66)

2N2N-1 = €1N (7.67)

a2N 2N €N (7.68)

@i jti—1ii+1 = 0 (7.69)

Ty = Y .70)

To = Yoq 1)

Top1 = Yig 72)

Top = Yau, 73)

Ton—1 = Yin 7.74)

Toy = Yan 75)

di = —C{(m)+ AspCr (11) + Ssfe (7.76)
don = €21 {=C7(0) + Cy (Tni)} — 547%1{—0;“(0) + C:+1(Tn+1)(}7-77)
donp1 = e3n{=C, (0) + Cprpy (Tar1)} — e1n{=Cr(0) + Cpy (Tsn)} (7.78)
don = —Cy(0)+ F;(0) (7.79)

ZZT €1n,€2n,€3n,C4n ciT@ X 5 K—-%H'é

€1n
€2n
€3n

€an

= Tpexp(—=\,7) +1
= Tpexp(—=\,7) — 1
= exp(—A\,7n) + T
= exp(—A\,7n) — 'y

radiation/radiation.tex(radiation/radiation-disc.tex)
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BH,
1
le,n = é{kl,n eXp()\nTn) + k2,n} (784)
1
Yo, = 5{]{;17” exp(AnTn) — kan} (7.85)

THY, ZHSEAVDE, 759 2 AFTFDESILEL ZLNTES,

Fi(1) = Yialexp{=Au(7s = 7)} + Ty exp(=A,7)]

+Yonlexp{—=A\. (1, — 7)} — Thexp(=A\.7)] + CF(7)  (7.86)
F (1) = Yia[lhexp{—=An(mn — 7)} + exp(—A,7)]

+Yo u[Crexp{—An(7, — 7)} —exp(=A\,7)] + C, (1) (7.87)

INEY, BOBEFRIZBITET7 IV 7 AT TFOLIICELS ZENTE S,

FHO0) = e3nYin +eanYon + Cl(0) (7.88)
F"n+ (Tn) = el,n}/l,n - e2,n}/2,n + C;r (Tn) (789)
F (0) = e1,Yin+e2nYon +C, (0) (7.90)
Fn_ (Tn) = e3,n}/1,n - e4,n}/2,n + C,; (Tn) (791)
BB, IR UTIE, BEEAEDZMABIETRTI IV I A%ZES.
thgt,n(’r) = Fni(’r) + Fc?z;r,n@_) (792)
Fla(m) = 0 (7.93)
Fpalr) = mwﬁump(—“@jT) (7.94)

BENREBUEIC & 57

Z ZTlX, Toon et al. (1989) THI/T XN T W\ 2 HHHHEIEE (source function
technique) 12 & 5% RT3,

BEHRBEBIEEZH W TRDONDE T T 7 ATTDEIICEL ZENTE 5.

Fi) = [ ur e (7.95)

~ Y wi (T ) (7.96)

i
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ZIT, 79907 R%KRDBEEOMERDIL, A0 AKEEZHNCHMIdT 5. Z
ZTC,w ZHVAEATHD. £72, & p 2495, HAAHRNIFED U 72 b
B IE X, Tk icEBELZNTES.

[H0.8) = IF(r)esp (—;)

+%m{u—@h+m@@(_%)} (7.97)

Tn

L) = L0 (-2
)
N
i)
T {u exp (—%) Y, - u} (7.98)

Z :'C“, Gn, Hn, Jn, Kn, al,m Oz27n, O1,n, O2n Ci‘F@J: '5 015‘2)_ 6*‘/5

1
Gy = (M2 (-2 (7.99)
H
1
H, = (Y1,—Yy,)l ()\ + —) (7.100)
M1
1
1
1
mlzﬁm—nm(——g (7.102)
251
1
n = 24Bg,+ B, — 7.103
Qg { 0, 1, (% TIPS Hl)} ( )
Aon = QBLTL (7 104)
1
n = 2<By,— Bin, — 7.105
o { " " (714-72 Ml)} ( )
O2n — 2Bl,n (7106)
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BERARMEFITOLSIZEZONS.

If(ma) = 2enBige + Aspely (1) (7.107)
Iy(0) = 0 (7.108)
TH5.
3B,
OF, (7) OI* (7, 1)
G ~ zi:wi/iia—Ts (7.109)
aIrer(Owu) o aBsfc i Tk
A — ure e (-2 a0
o1, (0,p)
—or. 0 (7.111)
OFE(T)
o, 0 (7.112)
953,

7.4 HIERIF: AGCM5 HEHEETIL

Z 2T, HBREARE T AGCMS IZEE I NTW B E T VIZDOWTHR
R%. ZOET VI, Numaguti (1992) DU E TNV E2ILIZL T, EEFGHEE B
EHEUZEDTH B

ZOMEET VTR, RETIBELZEGL, MK TIE, BELOMR &2 IR IR
ICHRE LT, FEBINDO AR S .

7.4.1 RBEBET

E oS U ZEE AR, 55 7.2.2 8 (TR U7z, BGELZ G U 72 UNZE 12
RNCTH5. TZTUTFTIE, BHEHEORDART.

3 000 i RAEK, ERETIRARL. B ETEB. £/, 550 LExB e 250 3 fip
LoRkdDond LS, L0HA TR,

1 22 TRRBBUE T IV E Numaguti (1992) DS E TV DEX, BSZEZELERORS %
WAFDLTWERESDDENTHS. Lo T, SR TS ITE L\, ML L 7
TENHZ T THE. EL5DHEDHRRVDORIE LA S0,
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63

RETFIIZBEWTIE, IRWE & U TKEKQE TN DN DOEAEZE 2 5. EIER

1NV REU, k DR E QB BRI N Y PR T 2R 2%

%0,
D& &, mB(T) &

mB(1) = osgT*(1)

7TBS = O—SBT54
EELZENTE, BRRITDLISIZELZ VR TES.
T(r,7) = T(r(p), 7))

1
= / exp[_a{‘TL,wv(p7 g) - TL,wv(p/>g>|
0

+71.40(Ps 9) — TLaa (', )| }]dg

TL,wv(]),g) = kL,wv/ pqudz’
z(p)

1 [P ,
= kL,wv - Quw dp
gJo

Trda(Ps9) = kL,da/ pdz'
z(p)

p
- kL,da_

BeH A

(7.113)
(7.114)

(7.115)
(7.116)

(7.117)
(7.118)

(7.119)

TIZT,o5 BAT 772 - RIVYRVEBTHY, a ZBHRFTHS. ki,
kpdo 13 NTNEFEBIICE T 2 KELQ L ZNLDADKERDBINEETH S, ¢

IFEBEHEREKR (DLS>RED) THS.

7.4.2 FERRET

RETNMZEWTE, FEHICHRICHELOMNR Z EE T 5%, FZEMIC
D REDBEIMRE SN2 <

(2RI D AT

BIXE & U TR E TN DN DOLEEZZEZ 5. RFEREEZ 1 NV Fe Lk
AR A RBEHIT IRIEBREUI N Y RN TOH 2R D56 %5 2 50, BELEREOR)
R, j(wTJl/f\ R A, EWINRTA—RZEAL, K&KD LiglzB W TEOEE

D TANF DA T EEEZLILITLS>TERET 5.

ZDBZFWEL BB k MMEDEZF{LBELSNNE S PR L2 S, L1 L, Numaguti

(1992) OERMLIZYIEERZ I 52T 5L, ZOLS TR eEbnb,
ZDOEZHIFEEBS EFAKRTH 5.
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BTE R

ZDEE WIHMEZEFRRRNITDLSIZEL N TES.

7:iif(77 X) =

TS, wv (p» g) =

TS,da(p7 g) =

ZZT, x EKRBEORIEAT (Liou, 2002 12

Fg(r) = Fg (1)

(1 — Ad) Fo(x) AsTair (1, X)
(1 — Aa) Fo(x) Tair (7, X)
Tair(7(p), X)

/0 exp[—sec X{Tsuv(P, 9) + Ts.aa(p; 9) }]dg
Taif (7(p), x)
/O exp[—sec X{Ts.uwo (s, 9) + Ts.da(Ps9) }]

: eXp[_aﬂTS,wv (p87 9) - TS,wv(pv g)|

+[75.da(Ps, 9) — Ts,aa(p, 9)| }]dg

kS,wv / pQwvdZ/
z(p)

1 [P ,
kS,wv - Guv dp
g.Jo

kS,da / de/
z(p)

p
kS,da_

(7.120)
(7.121)
(7.122)

(7.123)

(7.124)
(7.125)

(7.126)
(7.127)

(7.128)

L 1IX solar zenith angle ) TH Y, a

BT TH B, ks ks T NEHIERBENIZ B 2kER a%mwwh

ERORINRETH S, £z,

BIAKRLALHCOEEDRSF 7w 7 ATH 5.

TRIEMZRTBFHT IR L ->TELEHLTHD. 2H (1982)
Tl¥ Z, Hartmann (1994) Tld 0, BMEbN TN 5.

0o, Peixot and Oort (1992)

A NIBRERET VRN TH B, Fy(y) 1&, RKIEMA y 12

Tl 6, Liou (2002) Tix

2014 4 6 H 18 H (MurkitiREIN{E BRI tion /radiation. tex(radiation /radiation-agemb-disc. tex)
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7.5 BEENRIR: AGCM5 B ET IV

7.5.1 REBE

RIIZB T2 nB(1) LE#ERIZTO &S ICHERLE 5.

By = ospTy (7.129)
B, = ospT} (7.130)
lnuz:c,S
77€+%,k’+% = Z AgL,l exp(_&(‘TL,wv,k+%,l _TL,wv,k’+%,l‘
=1
T dakt 1t~ Thdag+1.1) (7.131)
Trawvk—11 = FLawoiMy, ;1 (7.132)
TL7da7k—%71 = kL,da,lMda,k_% (7.133)
k
max p gt _p Sl
Myt = > Guog——2——2 (7.134)
k' =k g
Pr_1
Mg 1 = - (7.135)
b 2 g
lmaacS
77c+§,k'+§ = Z Agry exp(_a(kL,wv,l’Mwuk_,_% _va,k'+§’
=1

+kL7daJ|Mda,k+% - Mda,k’—i—%D) (7.136)

Pr—1 — Ppry L
va,kfé = Z Qwv,k/M (7137)
k=k 9
DPr_1
Mda,kf% = kg . (7.138)

T I T, lyag,p 1, RIEBENZ ST 5, BEMEREBUZN T 20 D4 = OB (i
D) TH Y, Agry (FHEHERELD | HHOHIEDOWETH 5.

radiation /radiation.tex(radiation /radiation-agem5-dis20a<d) - 6 A 18 H (HIBRYTAR NN EAEE)
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7.5.2 RIS

IRt 2w 2 AT LS I bEng.

Foy = Fi,—F,

k41 TR+
F;:;% = (1- AG)FO(X)AsEif,k—i—%(X)
Froy = (= AR Taer s ()
lmaz,s
Eir,k+%<x> = Z exp[— SeCX{TS,wU,k—F%,l +TS,da,k+%,l}]AgS,l
s
Tapres () = D expl=secx{Tg 11+ Tsda1)]
=1
'eXP[_O‘{Ts,wué,l = TSwok+1
+Tsda, L1 — TS,da,k—f—%,l}]AgS,l
Tsawvh-ti = KswoiMyy g1
TSdak—11 = kS,da,lMdmk_%

(7.139)
(7.140)

(7.141)

(7.142)
(7.143)
(7.144)
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7.6 BUR/BERIA: KRN ETIL

7.6.1 BE

Z 2T, depam THWTWAHIBR KK €TV OME L2 AT 5. 2 Z Tl
BHE TV BT TNV 20 TITRT. AHITE, MEAFEHEYY, ZhTho
WREFIZBWTHERTIEMNYE, BXOHEHEZIODVWTHRRS (FPETH
%). L2 U, LR, REiCIRRIEBSN OZE@ERDERAGEIIOVWTRRSZ ik
rob.

7.6.2 ERERE: BE

BB € 7V TiE, Chou et al. (2001) D HIEIZHE > TEMEZFHHE L, Thz
ﬂﬂb\f%&ﬁto)tﬁh\ﬁ&%ﬂi%ﬁﬁ?&%ﬁﬁ<. DUR T, WESEI#HE, SiROFHE
FIEIZDOWTRRS . FHREIZAW S BELD 22 WG EE AR DWW T, 55 7.2.2
fi, FB73.28 22T L L.

7.6.3 RERE: BEEODZE

RETIVCE, R Z R72 L5 ITHEDEIT 58

7.6.4 REBRE: EEXRDEHE
BE

Chou et al. (2001) Tl%, B EEDFIREIZE VT, IRINKRITIR U TH L7 Hikz
AT 3 D 5EATHWT WS,

o k ML

8 BUEDKTIE, Chou et al. (2001) THWOHNTWE TR TERINIEA2ZEL TWVWE DT
7200,

radiation/radiation.tex(radiation/radiation-EarthV2.t&014 4 6 H 18 H (HiBkimAE NN H4EER)
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£ 7.2 BIRBEHZ BT 2 ED D E|

Ny RES BB (cm™!)  RINE ZERFE G E

1 0-340 H,O line k 3 Ak

2 340-540 H,0 line k AL

3a 540-620 H,0 line k 34Tk
H,0 continuum 1 /837 A =X A —V v 7k
CO, k ATk or RESHIE

3b 620-720 H,O line k ARk
H,O continuum 1 /837 A =X A7 —V v 7k
CO, k 541 or XS E

3c 720-800 H,O line k 3 AE ik
H,0 continuum 1 /37 A =X A7 —V v 7k
CO, k ATk or RSHIE

4 800-980 H,0 line k AL
H,O continuum 1 /837 A =X A7 —1Y v 7k
CO, LG RA—=R A —1) v ik

5 980-1100 H,O line k 43 AETE
H,0 continuum 1 /X7 A =X A —V v 7k
CO, 1T A=K A —) v 7k
o RBIRE

6 1100-1215 H,O line k 3 Ak
H,O continuum 1 /837 A—&X R —1) v 7k
N,O 1 RFG A=K A —1) v 7k
CH, 1R A =R —Y) VI

7 1215-1380 H,O line k 3 A1k
H,O continuum 1 /3T A —&X R —1) v 7k
N,O 1 XFGRA—=R A —) v ik
CH, 1R A =R A —Y) VI

8 1380-1900 H,O line k 3 A1k

9 1900-3000 H,O line k ARk

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

o 1 NI A—RAF—1) VI

72, EORIPUZDOWTIE EFL & 3D HEE AW TEREZ T 5. LN T,
SARDIRIUZPES 3 T DEERFHREIEZ DWW TR S,

B, HHNY RNIZEROYEIZ X 2IRINDE U 256121, FITR R WGE,
LT LS, #NTNOYEIZL 2B EEXDREE U TEAEDEERZ GG L T
W3,

T=TT (7.145)
ZIZT, Too, Te BZENZEN, BINYIE 1,2 12521 ROEHBEBRTH 5.

k 2k

Chou et al. (2001) T, GHEIAMZWS T I L2 HELTL AL k DMfik%
FZHEU. ZO/HEERWSGE, B@RITTO XD IZEHHRT 5.

T(w)=Y" exp(—k;w)Agn (7.146)

_ [ 2)p(z p(=)\" z 2z
W, 22) = / 2(2)p( >(pr) WT(=), T,)d (7.147)
— [Caw (pﬂ) W(T (), T,)dp (7.148)
WT,T,)=1+a(T -T,) + B(T - T,) (7.149)

ZZT, N 3EBEHLREBROSEBTHY, k, & n ZBHOE VOIRINGFRE, Ag,
T n BHHOE Y OEA, 1 FHLHE (1 =1.66) TH 5.

% 7z, Chou et al. (2001) T, FHHEZ&EHIZIT D 72012, BIREEZLTD X 512
ERLU TV 5.

by = ki1 (7.150)
T, n ZEDEETHL. ZOLIITEIZ T, BB ORI E IS
FTIENTES.

FAWTWE T A —=ZIZDWTIE, Chou et al. (2001) @ Table 3, 4 Z2&M3 5
Ze.

radiation/radiation.tex(radiation/radiation-EarthV2.t&014 4 6 H 18 H (HiBkimAE NN H4EER)
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Chou and Kouvaris (1991), Chou et al. (2001) IZ & 32 R&SREEZH V255, &
WRIZTDO XS IZFHHET 5.

T: 1 —A(peff,w,Teff) (7151)
=1 Ao(pess. 0, 250){1 + a(pess, w)(Tegy — 250) + B(pesy, w)(Ters — 250)°}
(7.152)
pdw
Deff = m (7.153)
Tdw
Tt = (7.154)
dw = qpdz (7.155)

22T, Ao(pess,w, 250), a(pesr,w), B(pess, w) 1 FIEEERIE, IREIZ S 1T BRkA 22k
BEIZH U T TFOREINZIRINR LGB DRL SMEE2 N L TRD 5.

1L NSA=F 5 =) VT

Chou et al. (2001) I2& 3 1 XF A =R A=) V7 EEHAWDIGE, BERIET
DESIZEET 3.

T =exp (— kC;UC> (7.156)

‘ Y L

w(pe,T)—/z1 qp(p0>exp{1800(T Tr)}dz (7.157)
L oGz 7)
= - — ) exp 1800 ( = — = | ¢ d 7.158
g/pgq(po p 7T p ( )

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

’; DfflE, Chou et al. (2001) @ Table 9 ZZH 456 &.
u

2014 4 6 H 18 H (MurkitikEN{E %S Hyliation /radiation. tex(radiation /radiation-EarthV2.tex)
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7.7 ARJ{LImTOEEOHRHFIZ v IR
BREED 1 HIIBI 2 RKAEHTOEEDOBRE 77 v 27 A Fy(x) X

Folx) = { Fyo (%) cosx (cosy >0) (7.159)
0 (cosy <0)

LELIENTES. Fyy BHPEREFRICBIHEORK 7 5y 2 ATHY, K
B EBUTAHYS T 59, rg IFREOPER PR CTHKRLL - EE-REHEHTH 5.
Y EEZ TR B 2 HEOKEMTH S,

cos x &,
cosy = cos¢cosdgcos H + sin¢sindg (7.160)

ERbIND. ZIT, ¢ lFHEE, 65 1FEEDMERA (REDFEMD S5l > 72K
D AETHS. Liou, 2002 (2 L4 declination of the sun. KEK L2151
BORELEEFELV) THS. H IZKA (hour angle) TH 0, & Z 5 i OBAEDAL
B EIEFIZRDREONMNE L DREDAE (B U IFEREE T RORE %2 U IT L 72#%
&) T 5. (7.160) iZERMHE = ABEKO AN %X ITEL Z AT E % (Liou, 2002
D 2.2 fits LU Appendix C ). KFEOAEOEKRE X 7.1 X 72 I1TRLT
BL. AP, depam DR EHFEIZEWTIX, cosy £ D H secy DILD S/ BEF]TH
5DT, ZHEUTIE secy DEZEML7ZLDZHELTWS.

rs ZBEOPEEREN SIRD LD IEHEIND (T XY -V T7vyY %] §15
2.

rs = (1—ecosf) (7.161)

ZIT,eldBETH S, EFHEINERA (F 721380 OGBS, eccentric anomaly)
THY, EHEDNEZE5Z 23T A=R2THHIO 7577 —DHfER

£ —esiné =1 (7.162)

IRBERD & 0 EHME7RERIZERE-RER OB 2HEOBHN 77y 2 ATHE. 7
75 —#E)T 5 REDEED S O

a (1 + ;62)
L7455, (a FHUERER, e FHELE). e < 1 THIITTIIHEHIZ o SIZIFFL .
WM o duZ AU, SEHRD % v #i & > 722N LD T (2,y) SHENERA € &
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Figure 2.5 The carth—sun geometry. P denotes the peribelion, A the aphelion, AE the aufummal
equinox, ¥VE the vernal equinox, WS the winler solstice, and 55 the summer solstice, n is normal 1o the
ecliptic plane. a is parallel w the earth's axis. & is the declination of the sun. & the obligue angle of the
carth’s axis, ax the longitude of the perihelion relative to the vemal equinesx, v the true ancmaly of the earth
at o given tirne, & the true loagitude of the earth, O the center of the ellipse, OA (or OF =g} the semimajor
axis, OF (= b) the semiminor axis, § the position of the sun, £ the position of the earth, and ES (= r) (he
dhistance berween the earth and the sun.

71 REBERICEITZZREAEOEMR. HXIE Liou (2002) @ Figure 2.5.
WINEATEERZ RV VWTRWESS, KD § 2 0 12, v 5 123l
75,

Lacal zenith

=1

Figure 2.6 Relationship of the solar zeniih angle &g to the lafitude g, the sobar inclinotion angle &,
and the owr angle fr. P and D ore the point of observation and the point directly undar the sua, respectively
(#ee pext for farther explanation).

7.2: RIEf - BE - BEEOEMA - BFADREMK. K Liou (2002) O Figure
26. WTNHATEENZRWVWEWITRWES S, KhD 0y 25 x 12, 6 23 5g 12xf
IV RAY
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RS ZEIZEoTROONSG. T T 1 IFFEEERA (mean anomaly) TH D,
REPEZMTELL T, Ptz e UTGEH RO D ol - 72 E DAL
BETCOAETHSD. NAl%E ¢, R Z T,, £ T5&

. 27T(t - to)
B Torb

7B, to W3t (WA &, RIRCLEFHE O FHE & 70 2 ). KRB C I3 s 2
EPBHEIN-HZ L T2) 2R TR TH S, Pppoe, (FTLHITBITHEED
SV A (BAALIE degree, TCHIIC BT B RGO ERIC r 2R L7723 D), &y IdiL
HSEERTH D, depam TlE, FRFLENZ BT 5 | 23RD 72412 Newton EIZ & - T
(7.162) % E IZDWVWTHRNWT WS,

™

l
180

+ ((I)E'poch - (I)0> (7163)

0s AT DOATEHINS.
sin dg = —sin 6, sin(Py + @) (7.164)

0, \FAEMER A (RAROPIER & FREH D729 M. Liou, 2002 12 & #uiE oblique
angle of the earth’s axis. HHsHl & AEEID 2T AIZHFEL ). O IZHILFA (true
anomaly) TH O, HEZFHHRE LT, IEHAD» OS2 REDHE O EZ KT
AETHD. © ZUTORAPSIREI NG

1+e £

P
tan 3 = o tan 5 (7.165)

Py IWEARHERTH Y, BEARDAMEEARDETATHS. O0+ P IIMHEZ
JRREUT, BRORDO AP REDNEX Tllo7AE L R>TWAS.

Ry H L FDOXTHRET 5.
H = 27TtByDay — T+ A (7166)

tByDay (TR Z HEALCTRIAL7ZE D TH D (tpypay = 0 WK 0 FIZ, tgypay =
0.5 BIEFITHINT %), HoH e HOA D QRO Hy 1%

cos Hy = — tan ¢ tan 0g (7.167)

DREARIBIATD & 512705,

x = afcos§ —e),
y = ay1-—e2siné,

72720, a IXEERRE, e JHLERTH 5.
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NAR

PAF T, BfE depam IZEESINTWS HHN MO HEGIRICET 5508 2175 .

1. 24 (ZHiIZA) 2 HEL T 554,

ZOBEITIE, EEO (7.159), (7.160), (7.161), (7.164) Z& I\ THREE - 8,
[ %2 5- 2 725 B D KRR LB T B HEEN S D 7 7 v 7 A5 % 51HE
75,

depamb DT 7 # ) b DNT A —XFE Zffio> TEHAL - KK LIHIZHB T S
H¥EH N ORI AEE A2 X 7.3 12, BEOREIZHDEZ/NT A =X
B H M TR L7z H Y H S R OB EE A2 X 7.4 TR T, BHED
HiIBRD GG OFER (X1 7.4b) 1F, Liou (2002) @ Figure2.8 TRIN7AER L
FU/NRX =225 T\ 5.

2. B - HF RS DA 2 W 556

depamb (2B WTIE, P A &S L CEEE A A1Z, LFOEL % H
WTEHELTWS.

Fi(p) > —=So(Ains + Bins cos” @), (7.168)

cosyY =~ A, + By cos® p. (7.169)
BB, RS OB EEAREATHBEL RS sec I

1
= 7.170
PEEX A, + B, cos? ¢ ( )

ELUTCEET 5.

Ains, Bins, Ay, By D% 7.3 1TR3. ZHhoDfEid AGCM5 TEHI
TWEHDTHY, EDQLSITPRESINADPITDOWTIHIEMZ L Z 5130
AINTVWZRWY. LU, (7.159) 12 &> T AR &% 518 U HEY - 457
U7zt a W T, B/N T IREET (7.168) ND 7 4v T4 V7 %475 L £ 7.3
IR Uz Ay BE By DIEZIFIFE L WEUEAE SN D (T42 THAL
7258 Ains = 0.12756, B, = 0.18340 £ 72 5%). A, B, IZ2WTl, (7.159)
DI 2 - 725 DAY (7.168) TH B £ E XU Ajs, Bins X NEN
EBUE L2 DN A, B, 28533 TH5. HKETDcosy DA 1 127
BEDIEMERDDERTID A, BLU B, LELWVEVFSND (T42
DEHETH S NT2 Ajps = 0.12756, B, = 0.18340 W5 & 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

___IEEEEEET .

—-600 —-450 -300 —-150 0

7.3: dcpam DAF KBRS —F VDT 74 MEEEAVWTELONE K
[EmICH 1T 2 BEARERA ORBE-EES . Bl 1 F£OBEBH» S O HE,
e IR, KA EIRIZ BT 2 KRGS 2% 1 R Z S IZEHE L, B Rz & o
7% R L TWA. depamb DR L TOEEDHFN 77y 7 A% 525697
W—F VR FAWTERE U 72, KEMMRIE I T21. Fy = 1380 W/m™2, 6, = 23.5°,
Py = 0.0, ¢ = 0.0, THITH T HHEDHERIL 280.0 & LzHE. 1 FOEIIX

365 H.

Bins

Ains
0.183 | 0.410 | 0.590

AX BX
0.127

% 7.3 BEOHIRAEE UBED A, Bins, Ay, B, Off

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



76 dcpamb X AR R & £ DBERE

BTE R

(a) outgoing shortwave (b)

50

latitude
(@)

-50

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

time

CONTOUR INTERVAL = 5.000E+01

B [ 77 [

—600 —450 -300 —-130 0

outgoing shortwave

latitude

0 200 400 600
(degree_north) (day)

time

CONTOUR INTERVAL = 3.000E+01

_ I EEEEEES N

-600 —-450 -—-300 -—150 0

X 7.4 REOBREBOREEZAVTHELNZAKLIRICS T2 BIEEXERHFD
BER-EE O, M 1 OB H D S D HE, HillIEE. KK EIZB 15K
B Az 1 REZ & IZEHR L, HEEE2 L o 2l%2 R L TW5. depamb DK
[ COEEDOKRE 7oy 7 A% 5259 T V—F V2 HWTEHE LK. KFE
FRAREE X T21. (a) FHEOHEREEL 7285 A =R FBEE W54, Fyy = 1369
W/m™2, 0, = 23.44°, &y = 102.768413 + 180.0, € = 0.016713, 7L BT 2 EED
BH%1% 99.403308 +180.0. 1 FEDFE XX 365 H. (b) BHHEDKEEREL 72/8F A —
R % NG 8. Fyo = 588.98 W/m™2, 0, = 25.19°, &y = 258.98, ¢ = 0.0934,
T BT A2 REDOERIE —10.342, 1 FOEX L 669 H.
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LA, HEYHS DG - 4 EH RGBS 6 IEME AR AN ITA N O
DTHDH. ZNoDORIZHEDESEYY - HIEHHR O AOERRN 2K TE 5
XTTHE0P > TV,

o H Y HS /346 D IEME R ER X
Liou (2002) {Z &4viE, HSEEBSH & Fy RO & S IZEHREI N 5.
1 )2 S(r)

Fi®) = Fu () 2

X (cos ¢ sin hg cos dg + hosin ¢sindg). (7.171)

ZZT,0& S(r) D1 HOBETOELEIZ/NZWE T B EHNT
W5,
o HEEY - AESEYY H B0 A D IERE 72 R A

Liou (2002) {Z &vid, HES - EE H B 046 1

FOOTOTbS(¢) 6)

F(9) = ) (7.172)
: : 2
S(e,e) = §El§;Elfj€ (ho — tanho)sin Add\  (7.173)
ThHEZo6N5b.

2% ¥ LT, North (1975) THWSH N TWBXEZ P TEHE L. North (1975)
TlE, RALEWIZBIIBEEDRH 75 v 7 ADEFY) - HEE0 4%

Sy = —0.482 (7.175)

LT, TRVF—NTVAET ML LEHEToTVWS. 22 Tao=sing
TH5. Sy OfElE, Chylek and Coakley (1975) OHIERIZ B 1) 2 Kt o
IR DBEIC D ERE L2 D TH D (YR F 2R GBI 5
FEBHPEP 707 EbND). TS, Ay, Bins (CRINT 58%
AETL L
Ains = 0.1295, (7.176)
Bins = 0.1808 (7.177)

LR s.

3. FiE D HDHH 34 % FH\\ % (perpetual run).

ZDHEITIE, sindg & rg [CEBEZ 5 Z T (7.159), (7.160) Z W T, KX
FIIZ BT RERN S DR T T v 7 A%t R T 5
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4. BAEBR - BCEEREE O B4 oA ([FI R F )
‘——O)i% e j: KB@L‘F H_—(O))'f&ﬁf )\subsolar é—)-!f\xﬁ? ¢subsolar %%’:‘Ké ¢subsolar =
0 DEHEEFAT, RKIEHMA%
cos Y = €08 ¢ cos(\ — Asubsolar) (7.178)
E9BH. ZNZED, HEPSDOBE 7Ty 7 AnHh%E
Fy(¢) = Fyo cos x (7.179)

TIET 5.

7.8 HBMHEHETRHWSE/NTXA—%

B EIETHET DRERTA—RDERED (WTNMHET 2 FE) 2 LA NITHE
F5.

o FIIZHT HKEATINVARKE: depamb DYV —Ad— NIZEiR I NTWAEIX
0.2.

WEOMBRDIG G TIE, BTN T 5 KA T IV KIE 0.225 TH 5. Kiehl
and Trenberth (1997) (T & & HIEREARD BN D RAL D T, BRI
B 342 W/m? D55, 77 W/m? BPRGUZ KO KFF TN 5.

o HLEDHE/ LK. depamb DY — AT — FIZEER TN TWAAEIX 0.0.
BEOHERDLGE, HuEE LRI 0.0167 (BEHMERIZ L S).
BED KBEDLE, Bl ok IX 0.0934 (Allison, 1997).

o JTH MFRR: depamb DY — AT — RIZER I NTWABAEIZ 0.0 .

Iﬁ%@ﬂﬁﬁ%@i , T H RERRE 102.924° (BERMERIZ X %) 1 depam Tff
9 555121 102 768413 + 180.0 2 5-2 5.

fﬁ%@ﬂg@b’%m, i H AEERE L 250.98° (Allison, 1997).
o KIGEH: depamb 0)7“‘7 AV MEIX 1380 W/m?2. Z Ol Ishiwatari et

al. (2002) 12& 5. UFIZHBRARS XS IZHEOHBRDOKGER L D PP K
%L\12

HDuffett-Smith (1988) HiERT 2 L.
12577 )V ME® 1370 W/m? IZ U2 B RWrE.
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BEDOMBRDY G, KGERIX 1367 W/m? TH 5 (Hartmann, 1994). K5
DI RFRNZ FET B T 2 V¥ — Ly £ LT 3.85 x 1026 W (BERMER), K
P ERTE DS YAEERE T & U T 1 ROCHAL (1.496 x 10 m; BERHMER, 1995)
ZHWS &, K

Lo 3.85 x 10% 2
_ = 1368.8W 7.180
A7T% 4 % 3.142 x (1.496 x 1011)? /m o
Latiahns.

BEDKZEDYGE, KEGERIE 588.98 W/m? (Kieffer et al., 1992)

7.9 SEEk

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, ppb83.

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 -V Ty VE JRE M KFE KR, 1974 HF.
REBE, pp214.
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AT BHE, INE B, KA BER, 1998 KRR L #E D HFEHREKFHRE, pp259.

Numaguti, A., 1982: £iF 125 1) HIEHETRB) O KB EIE 12 B9 5 BUHEER, A
REE LGRS

ENLR B, 2010: FERHMER, SRSt
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il
i
=St

8=

\niy
JdUT

8.1 I[XLU®IC

FEAEDRLAKRBRET VI WTIIEELZRICRELT 2721 DA fRfe % R 72
RWDT, EORET D500 FITENKRLQKRIGERIZE 2 2 EIZ DWW TS
DHE T X 2 25700, ZOF M AEF—MITEENTAZVE—varve
XN 5.

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

8.2 BERIERIA: JEEXRAEN

Z 2T, @R (e.g., Manabe et al., 1965) DER(LIZDWTHHENT 5. 42
B, SRR O & R IX, KBGO RN E WS K40 T, EENHRHAG DR
MOBRGHITELTE S0, 2 IR T AT HRFAT OMHIZH R > TV 5.

WURAAE T, HE L 72 2 DDEITHEWT, IROSEMM - S N5 56 17l %

17D,

1. T & LEOERMEN T 3L ¥ — DAL D KE W (T/E ORI 1
WE=DPLEEOZNEL D BRE W (REREERIZHEEAREL D B REW)),

1

VHHIZIE, COBMEIRERTHS. UL, EERICIEZE T VR FHEBEN CIRE - REDDAED
HEIENEZON, MTOFEHIAINF N EaU EThoTH, THATREVPEZZZ L
PEBEIND.
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2. MR DY R ME LA 12,

Inol, MBLLZXATRET D E T LS ITRDINS.

Coli+ Lg (1) + 95 — (ot + La* (Thn) + 951) > GATL, (81)

&k s (8.2)
q* (T, pr)
Qk+1 > 1 (8.3)

¢ (Ths1, Prt1)

ZIT,IHAMETOMERT. £, C,AT, IFALENE Z 2 IEHFHN T 1)L ¥ —
ZDBETH D, r. (ZEFEDE L SMHNUREDORMETH 5.

A EIRE I T 72 SR

{&T+ La} Amy+ {CTis + Laws | Amiy

= {Cka + qu} Amk + {Cka+1 + qu+1} AmkH (84)
A

Amy, = % (8.5)

Apr = Pr1 =Pyl (8.6)

CpTy + Lar + gz = CpThqr + Lquir + g2r41 (8.7)

@ = ¢ (Thpr) (8.8)

@1 = ¢ (Thtr, Prs1) (8.9)

2T, (87) REKEEMORE FHWTEET S &

RTH;
2 (pk - pk+1) =0 (8-10)

Cp(Ty — Tis1) + L(¢"(Tk) — ¢" (Thy)) —

Dr4l

L%, UllPoT, ... ODPSRLFEN—IRARXEZMITITRW. 206, Ty &

T + Thta
Tt =———F— (8.11)
2 BRI, BEEAVE U AMHNIREOMIMEIX 1 TH 5. LA L, EEIZIFE T A FEREN TE
BORENRHB I ENEZ SN, ETOEHMNEEDS 1 U FTHoTH, BTN TEMEVET 5
ZehEGBI NG,
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ERBTHILIZT S,

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

* * (T aq*
a = ¢ (Ti,pr) = ¢ (T ) + AT, (8.12)
oT |, 7,

* * (T aq

Gor1 = ¢ (Thg1.0k11) = ¢ (D1, Prs1) + ol . ATy (8:13)
T=Tk+1

AT, = T, —Tj (8.14)
ATk+1 = Tk+1 - Tk+1 (815)

EUTHN—RAREA 2 &, TO@IEoN5.

AT, = {Ap(1+7)}" {gAQ — Apigr (14 Yis1) ATk;-H} (8.16)
p
1
ATy = [Fm% {Ape (1 + %) = Appar (1 +vk+1)} + (T + %) (14 Yi41) (Ape + Apk—i—l)]
L
[Apk (14 %) Spps + {1 o — Fk+%} FAQ] (8.17)
p
R pr — pr+1
Fipn = —F—— (8.18)
Ak Cp 2Py 1
.. L . . A
Spyr = T =Thpr + ol {q* (T, pr) — q*(Tk+1;pk+1)} —Fes (Tk + Tk+1> (8.19)
p
AQ = Apg {C}k - q*(Tk,pk)} + Apgi1 {kaﬂ - q*(Tk+1,pk+1)} (8.20)
L 0q*
T o= = (8.21)
Cp OT | p_p,

%Bﬁéﬁéc: &, EEEDME g, qpo1 2T A1 7 —RBEALU TRO7ZELAET LU 2R <, IEHE

&R ZUTWRWY, 50, ERROEAMEIE, E FHOREE E+1 FHOE
rm%%%nabm\ét THEH, EBIZIZ 3 B LEOBIZOZ5EABRZ
DZ5. ZZT, L O ZMENPEDIRLITS Z LT, RAICHETILTWL.

P, BRI

1

1

k:kmaz
Ag, = qr— Gk (8.22)

TH 53

32T, ShEAMOFMIZEE»S FREIZHTTHZRSZ 2IiIZLTWS. 2k, EEO G

kG 7b=d\m\t&bfaaé
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PUR &, BLERBE CIXIRIE S a8 12 1R S22 U T\, 2O R R A 12 13 52580
& (yot, 2013/09/07).

ZIT, BB TR E, EHEYARLKUNOYEDREZTMET S 25 %
5. DO, HEBE, KAKUNDOYE L, B FMRIESET 52352 L 2{0E
U, “EloMEEE22ZWT 52 L2720, ifizir > REERCB 2, k8
k41 FHOMOHMEEE My, &2, FROUELES L VKERUTIETO
Wi A/ RVASR

. . RTk+;
AmpC)T, = (Amy — Mk+%)Cka + Mk+% {Cka—H + » 12 (P — pk+1)}
k+d
+Amy L(Aqy). (8.23)
~ RTk+l N
Amp1CpTepr = My Gl — “(or = prsr) ¢+ (Bmiy = My 1) Gyl
k+3
—i—AmkHL(Aqu)c (824)
Ampqy = (Amy — Mk+%)(jk + My LGk — Amy(Agy). (8.25)
AMmp1qeyr = My 1qr + (Ampqr — Mk+%)qu+1 — Ampi1 (AQrt1)e (8.26)

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

CpATk + LAqk

Mk+% = - A A RTk ; Amk(827)
Cop(Ty — Th1) + LGk — Gr1) — :f (Pr — Pr+1)
2
(Bade = (Gom—d)2E A (8.28)
qk)e = \Qk+1 — Gk Amk qk .
A c — ] - — A 2
(Agrt1) (Gr+1 >Amk+1 Tr+1 (8.29)

s, L»rl, 20 Mk+§ EZDEFHWBERLEIIRDIENRHBHT-D, §
DESIZEREEZS.
AmpAmyq

< 8.30
— Amy + Amyyq ( )

M,

N|=

Z0 BRI, BEBICEEPEA LR EOARAY Oz R B EIZHIET 5. 7k,
AROLZED DT, My 1 OORABIEL D BN WBEIIE, My, =027

IR OERERPEC R B ATREME DDA R T2, F iz, BEMER KU AWz,

S EBIZIE, EFRCADEADHEEIIRERDIEEIOSNDID, TNTNEELIEETES
5E£ﬁi‘m\t&b CIZTIRAMICBE TS EIRETS. /2, 22 T2 2xrEE, BEX
NHZEEDO FRMIZHY T2 EEZZoN5.
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52T 80 ZOXIITLTRDE My, 2HVS &, FHEIERORE, KA
NOYEDIRALTIEIFOLS ITRIN 5.

Uy = Up+ (U - U )M’”% (8.31)

k. — k k+1 k Amk .
U U Oers — Okt 8.32
ki1 = Uppr — Uk —Uy) A, (8.32)
— Gt (G _A)M’”% (8.33)

gk = gk qk+1 — gk A .

~ . . Mk+%

dk+1 — Qk+1 — (Qk+1 - Qk)AmkH (834)

8.3 #IEXRIN: Relaxed Arakawa-Schubert FEE/N
AN E— a3y

Relaxed Arakawa-Schubert FEZE/N T X X V) ¥ — a > DOEAfkIX, Arakawa and
Schubert (1974) # & UF Moorthi and Suarez (1992) IZH€5 .

ZIZTIE, £THHATHWDHZEICDWTHEGLL, T, & EER TO Relaxed
Arakawa-Schubert FEENT A RV X =2 a VOREZRT. ZDRIZ, KIERE
TINTHWS, [UEEER TORKZ/RT.

8.3.1 HEEICOWT

ZOXETIE, FToEkT NEE] WO HEZHWT WSS,

g = 22 (8.35)

Ptotal
ZZT,p, IWHE 2 DBEETHY, pioja 1 EERKZEETHS.

6 BLRTIE, BMEIE 1.0 x 107°C, £ LTW5.

TIITl g LB D it B,

8 KGR D 5 WIEERFOMA T, KELKEEZRTHIEL U T, WERRKQEEIZNT 5 KE
JEEOEETHS NEAH] “mixing ratlo” q = pv/pd, &/fj(/ﬁiﬂ)# TR B KL E E DH|
GTHD ”:[Z{LJ “specific humidity”, ¢ = pv/ptotah DZDWH3 (ZIZT, pu, Pd, Protao 1E T
%7}"«7J<77‘< B, ﬁz,k?ﬁj(h'ﬁ)ﬁ, BRLAEBEETH D). LrL, B, $?K®§%§§?§$t LT
HAGEIZIIABRUZE T 2 L5 WD IBFEL R NE D TH D (HFETIE, EEHIZ “mixing
ratio” c‘: “specific cloud water content” & \Wo 7z KSR ODHEIMELNTVWE 5L W), £
T, AETIE, NREAK] LW HEZHWT, RRAEEIZH T DEE, ¢o = po/protar, BT

295,
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FEEXNRIC X 2R, IEORRZ/ERIETD X 51274 5.
oT 1 [/0s
(5) =2 (%) (8:36)
9, 1 [[0h ds
() = 4(a) - (5) ) (837
% = —lD (2)q(2)ri(2) (8.38)
ot . P ai l .
0 1 9s 1.
(a—:) - ;Mca—z ~ LD (2)qu(2) {1 — ry(2)} (8.39)
oh 1 oh 1, )
(55) =35 + 50 Chat) (=) (5.40)
Ap(2)
M.(z) :/ ma(z)mp(N\)dA (8.41)
0
)
D'(2) = i, (2)ms(Ap) ;f> (8.42)

ZIZT, s, h iZZNENHIEHA T 2L F — LEHEFHN T AL —Th D, ¢ ITE
KEBHTHD. £72, 1 ET LA VAV MINEEKDS b TERKETITEDS
BEGTHEY NFZV PV VAV IRTIA—RTHY, \p(2) I$EE 2 EH
(THhVAVAVDINE) ERDBEDTZV R VA VAV INRTA=XTHB. n\, mp
FENETNHBLESNZEBEB T IV I A, BERIZBTL2EETI SV I ATH 5.

7, MENOER 7 S5 v 7 ALGMBHN T IVE—T7 5 v 7 ZE FDHER %

7233510
I (2) _
5 =
2 e fata) + ain2)] = 22 )

0 c _377/\(2)
2 s = 22

n DERZME UT, BIE, 2 = 25, TBWT

m(zp) =1

9B WL, ThUA VAV FINEEKRPTRCEK LB TEET 2HETH D

0722l MERNTORKEZEHRLTWS.

(8.43)
(8.44)

(8.45)

(8.46)
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5. Fi, KEAKECEMHFH T XL —D FRERZMEEITOLS 15X 5.

hi(z) = h(zB) (8.47)
Gy (2B) = ¢u(2B) (8.48)
g A(zB) =0 (8.49)

7 FRLAVAY NETH,

hS,(zp) = h*(2p) = s(zp) + Lq, 5, (2p) = C,T(2p) + gzp + Lq; 5, (2p) (8.50)
@y (20) = 4;(2D) (8.51)

CIRET .

mu(\)dA 1, EEHEEE IV Tk 5. TULHBIE, Ay, B FO LS I0EHT 5.

&zlj@%;MM$@—wwh (8.52)
zzT,
() = 5(:) ~ T ) — ) (8.53)
THBHIERMANT,
Awwlj1+2@ﬂy;@mwﬂw@y—mw»@ (8.54)

95,

ZIT, EHFEHBORHE(EEREZEZD L, POXIIIRELLASD.

8AA - 8AA 814)\
= (%), (5), (559
)\max
(%) _/ K,\,\/mB()\')dX (856)
at c O ’
- - aA}\ L - — s s 8A>\
St G (F RIS DEEN I X 2 BN FHEABOIFHZLETH D, T

LS c
FRENTRIC L S EMLFAKORME(ETHS. £7/2, Ky &, TV LAY
AV NEN N THIEESFRVLLIZT, TV LA VAV MR\ ThIEENR
WZ X AEHFEEBORMEZROBMEREE R 7 7 v 7 AH- D DETH B, Z

HETEXR IV 5o T0Wa I8, BEHAHSE S OBEN, #7425 /A UEHDO &S DE
DULRT I IIHEEZRITT VWS L5l L.
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T,
0 A,
Kyy =0, A# N (8.58)
YRET B,
A\ [0A,
(%), = (). (&5
0A
(753) = K\ mp(\)dX (8.60)
1 OA,
Ky = .
M s (V) dA ( ot )C (8.61)
1[04,
mBu)dA_KM < o )LS (8.62)
OA, - ‘ .
LY, (0] EFANE mp(V)dX ERDZZEHTES.
LS

8.3.3 S[EEEZXRICHITEZARERXR

832 MDA Z KT MIERIZESHZ 5.

SOEL A ) D K A D =

EF:_Zﬁ (8.63)
_(rY
p-(2) st
R
T
9:5 (8.66)
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ZHWT, 832 fHi0oAX2ZERTLHLTOLIITRINS.

(57) = oMy = oLDPIa(P) (1= (P} (567
(57) = —oMGy + oDy (=) (569
(5) = opPhapyp) (5.69)
Ap(P)

M(P) = [ s Pyma(ax (8.70)
D(P) = sy (P () 222 (871
8775]@ = —%9/\ (8.72)

9 e ()
55 INPIS(P)} = =5 5=h(P) (8.73)
O (P {eaP) + aia ()] = 22 (8.74)

INoDORZHEREM L ITHCTEET 2 L SiRLEINZBRET IV 7 A 0,
BIUOZ VRV AUVAYVIR N IETFTOLIIZRTIENTES.

C Pr
mUﬁ=1+jU/)9ﬂj (8.75)

P
~ Gy (Ps ML) — 1 () (8.76)

%[5 0(P) (0 (Po) — h(P)} dP
Fro, EHRFEEBEITOLIITEL LR TES.

A " L ! P){h§(P) — h*(P)}dP 8.77
[ e PSP - K (P) (5.77)

8.4 BEEEIRIN: Relaxed Arakawa-Schubert fE8&E/N
ALY )VE— 3y

Relaxed Arakawa-Schubert FEZE/NT A X ) ¥ —3 a > O#E#AbIX, 312 Moorthi
and Suarez (1992) D —#ZEBELZHDZH V5.
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8.3.3 HiD it % T & 5 ITHEIL S 5.

Js 0s
(a_tk) - Z (a_tk) = Z MB,k‘/Fs,k’,k = ZmBk/A)\k/FS’k/’k (878)
¢ k! I

1% c,k’
Ohy, Ohy
Tl = . = Mgl = T AN gy e 8.79
ZIZTC, K ZEHEDA VT Y IATHD. 7=,
(9
_A_pknk’,k—&-% (8K — Sk41)
Uy e = _ﬁLQLk’,k’nk’,k’ (I =7p) e (K< K) (8.80)
k
0 (k> k)
(9
—A—pkﬁk',m% (b — hiy1)
Fh,k’,k = +i (h;: - hﬁc) 5k’,k (k? S /{2/) (881)
Apy,
L0 (k> k)
TH b2
Mt -t = M gt = —BrbeAw (8.82)
M k=1 = M/ ! = — By O A (8.83)
C
Bk =2z (Pk; 1 — P]ﬁ_l) (884)
g 2
C
Bp=—" (Pk L — Pk> (8.85)
9
ﬂk/)k_%hzakf% - T’k’,k—&—%hz’,kJr% = (nk’,k—% — nk’,k—&—%) hk (886)
nk/,k/_%hzf’k/,% - 77k’7k;'hz/7k/ = (nk’,k’—% — nk’,k’) hk/ (887)

c c c c _ .
Mk -1 <qv,k’,k—% + ql,k’,k—%) = M kL (qu,k’,k+% + ql,k’,k-ﬂ,—%) = <77k’,k—% 771<;/,k+%> Qu.k
(8.88)

Mkt ke~ 3 (qu,k’,k’—% + qik’,k’—%) — Mk! k! ((Lc),k’,k’ + qlc,k/,k/) = <77k’,k:’—% - 77k’,k’> Q. k!
(8.89)

12 Moorthi and Suarez (1992) Tl, Z DS OEEEALICHLES ZHVWT WS D, Z 2 TlHE
EEJEHNTWS. ZHCE D, WEHENRIZRD I L2l LN TE 5.
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FEBEIZEZEHEAZFEODOEDI Y MLA VAV FMRTIA—& N\ XTO &S IZEEEL
T 5.

—1
Ap = (hkmu - hk’) {ﬂ]/qek/ hk’ Z 5191 hk’ hl)} (8.90)

l=kpmit+1

ZZT, by WREEREEDOA VT Y I ATHS.

K JERICEHZ FOEOEMIREM Ay ETO &S ICHEBIET 5.

k-1

Ak/ = Z {:ulnk:/,l_yé <h2',l+% - h?) + Elnk’,l—% (hZ’J—% — h?)} + Ek'nk’,k’—% <hz’,k”—% — hz,)
l:lmlt+1
(8.91)
1 1
- —(p-r ) 8.92
1 1
- —(p .- P) 8.93
T +v B ( =2 ! ( )

MEEDRHRIT & 2 BEHFHREBOIFHZLRIT, BBRIZBVWTTO LS IZRINS.

dA k-1 k-1

k/

(") =Mmw ¥ <m+el>{rh,« = 3 (s i) r}
¢ I=lemmit+1 I=lmi—1

- (Mlnk’,H% + 51771«,1%) (1 +7) Do pr

— (nk’,l—% - 77k’,l+%) Fh7k/7l]

K —1
+ Mp [@d {Fh,k’,lmu - Z <77k’,l—% - 77k/,z+%> Do — (14 yw) Wk/,k/_;rs,k/,k'}]

I=lmt

(8.94)
. o = N 0A)
728, Relaxed Arakawa-Schubert /N7 X X ) ¥ —2 3 VT, . ERNPS
LS
OIZEZ 5.
GAA) 1
—_— ~ A — A, 8.95
(52) ~m -4 (5.95)

Z T, Trag |ZRRMIRFER, Aoy IXEMLFHREBO HGE] THD. 7z, Ay 1388
T AT —VIEER, B, SLRIEG R E I X 2F 52 R BOEMFHHBTH 5.
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8.5 ZEEk

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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24

9F IJEXRMERG (KRERT)

\niy
JdUT

9.1 BHEIRIR

M7 R DTS AN EE % B8 2 723556, Manabe et al. (1965) (ZHEW, FEf ik &
ft (DM, KEUEEERS &) DEU B EFEZ DL Bk U 72 KIEE R 0T fEK e
Mo THETRNL, NAKDZAEFITEZ V.

KBRS 1N DRMEDK D LD & EITEL B.

L 9.1)
q*(Ty, pr.)

I, TR OMER L, ro 1ZEAEDE U AMHAHEEOMETH 5.

RAUREIAE R (2 72 3 S 1

qr = ch*(Tkapk)

ThS.

g %, 717 —BELTCIRDIEEFTL DL,

*

Jq
or T—T,

@ = ¢ (Ty,pe) = q*<Tk7Pk) + ATy, (9.4)

LML, RSO U A FHEE OBIMEIX 1 TH B, UL L, EBIZIZE F UK THEEAN TR
W@ﬁ%ﬁﬂl%é EDHEZ 5, FDOEIMEMEED 1 LAT’CZI?)OT% BFANTERED R Z 5
Z DB EINS.
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T, = Tp+ ATy (9.5)
7 L{Qk—ch*(Tk,pk)} (96)
- - 9.6
Cp+ Lr, BLT}T:Tk
@ = G+ Agk (9.7)
* (] q*
= 713 ¢ (T pr) + AT, (9.8)

s,

72720, (94) T qp 2571 7 —BHATEMLTWS 728, Lo RILELETH
5. UTzoT, LEDFHEZMEDBELUITWD, #ORLOEEKEZ [ &35 & i%x

(Ti)i1 = (T + ATy (9.9)
(@k)ir1 = (q)i+ Ags (9.10)

DESITHEF LA S & O IEUWRERIZIEMNIT 5.

mdB, DR, KRR,

DPr—1 — Dpyl A
T 2At > M{(qk)lmﬂ—qk} (9.11)

TH B2

9.2 ZEEk

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.

2 22T, MEHAORNZ EED?S FRIZAITTHMZES Z2I2LTWS. 2k, EEOAHR
BHREEN DI TH .
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108 #limiBiE

\niy
JdUT

10.1 FOEEXRIT

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

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

o _ 0F,,

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

3 = g—1 10.
(at)VD I Ip (108)

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

ou

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

T, FMRRETH 5. EHEERTIE

(v
(v

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

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

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

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

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

mada level 2)

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

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

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

T 1+4k(z—2) /o (10.29)

DERAZHND. TIT, 2, MR ELEL, lo SZACRGHER, & 13V~ VK
(Karmén’s constant) TH 5. £7z,

S\, = B} (1— Ry)* S,5, (10.30)
S}, = B? (1— Ry)? S,Sy (10.31)

TH5. Sy, Sy &,

oy — ap Ry
- R <R critica
Sy = 1 — Ry (By < Beriticat) , (10.32)
SH min (Rf > Rf,cm'tical)
B — PRy
———=S Ry <R critica
Sy = { Bopuky o B < Rperiou) (10.33)
SM,mzn (Rf Z Rf,critical)

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

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

DESITEKRINDL

2 (2011-08-26 £1) AV ¥ F )LD Mellor and Yamada (1974)
ERIIREINTVARWL., ZOEEDIHIEL T, MTLOEMO TR T2RENE LR,
I, 79I A)F ¥ — Y VN

(2013-08-10 =i&) Mellor and Yamada (1974), p.1801, B,
RS2 BA =56 I LREAPEZ S n e R o Tn 5.

TRERAY Fv— Y V8 Eflio

Z DFELRITH IS B EE. Flakiz

i
BRI IR D 720121 Syrmin =0 72 5.
(10.27)

82T, KERDMREFRE L TR 0, ZHVTWVS.
4 (2013-08-13 &Eif) Mellor and Yamada level 2.5 DREL & DI %EH 2 72854, (10.26),

DILBUREUL, ZD ¢ 2> TTDO LI IIREHT B2 APEBVERS.
(10.38)

K, = quMa
Kh = quH7

D& E, (10.61), (10.62) LR L ERS. WTHHE— L.
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1 24
= 5 5 10.46
71 3 B1 ) ( )
B2 6A1
= 5 T 10.47
V2 B, + B, ( )
THY,
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TdH 5 (Mellor and Yamada, 1982).

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

Mellor and Yamada (1982) L' ~\)L 2.5 O k% W 554, SHEILERE, K,
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P, = Ky <a_z> (10.55)
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b KH@U ER (10.57)
I
ETKE — B_ll (1058)
772U, P, Py 1, (10.71), (10.72) 2B WT, HIOFTEHIN S,
58, T OBRKIITOLS1T%5.
2 3,2
¢ Biuz B
g = 3 at z=0 (10.59)
7
5 = 0 at 2z =00 (10.60)
ZIZT, u WWFEHERICB I 2BEEHETH 5.
SREILEUREL, Ko, K, Ky, Krgp 13 FO XS IZRE I NS,
K, = lgSu, (10.61)
K, = lgSu, (10.62)
K, = K. (10.63)
Krxp = lqStkeE, (10.64)
5 Py, P, DILDIEILLATF.
U / /@
P, = —u 5, VW5, (10.49)
P, = %w’@ (10.50)
qS
ETKE = A (10.51)
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ZIZC, HRGHERTH D, (10.29) IZX VT 5. 7272L, 1 1F (RRERIKIIZ?) DA
TN &S LHIRABE L 75256

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

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

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

_ 10.

Su 1—94,A,Gy ’ (10.67)
4y (15

Sy = (10.68)

1 —3A45(6A; + By)Gy’
if:, STKE =0.2 VCZ?) 57. Z :,"G‘, GH 61
2 g 00,

pu— 1 .
G =~ 505, (10.69)

Th Y, FEORITIFENL VR,

B2 (2)) o

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

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

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

Ay(12A; + By + 3By)

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

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

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

RITE U< REE (R > 0) BBE

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

1
Cy = a’ : (10.77)
1+10R“ﬁ157
1

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

ZTZ0,m

log< o )
o i (10.80)

z+2p,
1og< ZOhh>
I T, 2 (FHE D & DEERE, k XAV VR, 20m, 2op 1FENENEGE, FHEIZ

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

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

1

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

a (10.76)

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

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

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

Ch = AapQm 1—
1+ 75am,an4/ Z+Z° h[ n

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

1994)

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

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

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

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

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

1w
— k—eg( 7 (10.87)

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

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

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

0(;205 _ W (10.91)

_ 95?&'?' (10.92)

Ry = %29;295 (10.93)

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

L = ;ZR;ICEZS (10.96)

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

EUT RIZHENRLY Y =AM 0iR 2 e L, TS JEz2 ZRT 5.
ZIZT, BIEEBTHY, w, ETFTDEIIZHZ B

1
w, — {ZBng'G;}S (10.114)

ZIT, 2 WEHEAEEETHS.

U % U, Beljaars (1994) T,

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

LLTWA, HUETIHIZEELTWEDESS.
INEISIINNVI AR TERT S L,

w0, = —Cp|U|(0 - 0s) — abeCy|U|(q — qs) (10.106)
—C|U|(0 — 05) — abeCy|U|(q — gs) (10.107)
7%, ZIZT,0 DEREP O THDHILIIER. 2ITC,=C, &L, 0=0 & Ty
5k,
wl, = —Chp|UI{0(1+ aeq) — s — Oaegs} (10.108)
IolT, 0,=0L95L,
w'dl, = —CplU|{0(1+ aeq) — 0,5 (1 + aeqs)} (10.109)
LD e=17%361F,
w'd, = —CulU|{0(1+aq)—0s(1+ags)} (10.110)
= 7Ch|U‘ (01) - Hs,v,sat) (10111)

Z 2T, Os,0 50t | FEERMIE TORFRIEALL (7) TH 5.

bf’fJ*o’C w0 DO EBMIZ O, TESHMIIZEDL, ELW (7) Wi LIFWL DD T#E
WH 5.

16 Beljaars (1994) T RO LS izFE,LrNT VS

1
w, — {ZBL%w'ag}s (10.113)

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

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

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

Ziﬁlrﬁ (Rl < O) fd:i’%éw \I/M, WUy

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

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

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

10.1.5 EFRBETHEVWLNB/NRSXA—4YD{E

o KERAIEHE ) : depam OHFE (2010/02/20) DT 7 )b Ml [ = 300 m

o NIV VER k: depam OF 7 A MEIX k=04 .

TN VER DAL 1950 £ 5 1980 R F TIZiFbivz\w <L D0 D#
HNZE D WTIRE I N T WS (GEME, 1982). Businger et al (1971) I&4 v ¥
ZMDZHNZ BT BBIHIT 035 EWHEZEEFZ. ZHi2k D, 035 EWVWH1H
ML b 7=D72HY, Businger et al (1971) T, JEGEFHTIEIZFRE L 7281
HIFHE TR 2 IND 75 D EN D 5 T & X =M EGEEF DM IED T4 Tld 2z
WZ R EWDIPoT. TDRK, EREMIERD 7V — T HhE25 L 727K H T#l
HZ17\, 0.39 & WD fE%ZFF72 (Kondo and Sato, 1982).
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ARH - W0 (1999) (Z1%, Dean (1978) 17 MWWEERINIZ A< Y EBDME L LT
0.41 237z, LRI T3,

o *ﬂgﬁ 20

depam (2B WTREH & HEDZDAE R T 556 120%, BEETlE 20 = 0.1 m,
WHELETIE 20=10"2m WS T 74 )V MEDEESINT WS,

FLE R TR A OIRAEIZ K > TEAL T 5. Sheppard (1947) (ZEIMEHNC K -
TIZEFORMIIBITOMHEREZRE L. £ I TIE, Bomskmb OK
PHODBRERE)ITBWT 2 =9 x 1075 m, KLU BREEIFET S
HFIZHEWT 20 =0.139 m & WS EEIRI N T WS (Shpeppard, 1947 D
Table 2). Sheppard (1947) H3RE U 7z HE R OfEIE Sutton (1953) 18 B X F
BHE (1982) W izhE[HEI T W5,

10.2 BEEIRIR

depam T, SHEILAUIRRMATE 2 W CTEHR S 5. )&, ZAOEIRE TR
O &S ITHEEET 5.

AL t—At Fiat F::At

ut ut m,ak+1 k=g
W e (10.121)
M _ gFff,f,;Q; - F;fzfli—% (10.122)
IAL P+l = Pr—4 7 |
TiFA A F Eﬁ% B Fftzﬁt% 10.123
2At A "

i, IR DB R LTI, B RS (k> 2) THFO & 5 I ML &
Nnb.

+At  t—At Fitat _ ptrat
B — G _ g ekrs  ahy (10.124)

2At Pyl = Pp-1

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

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

19 B H B, 1982: Bt KA AL 5T OMAMH- (KRF DT LI — N 6), R K.
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—H, B NE (k=1) 128V, BfEEE2HVCHET 25808 REE2ZE L,
2 DOMEBLEZ AR L TWS. 1 DI,
AL qtht At pttAt

- = k=1 10.125
- el DI (E

TH, 1D,

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

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

L7 7y 7 AFTFO LD ITHEE b N 5.

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

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

F,... = —C,P._.(TC 1| —— — — 10.129

hojot L P k+§( )h,k+§ (Pk+1 Pk> , ( )

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

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

20 BHDFEEFIAL R IUEIT R0 DIE, L CRERUL U 725 R 2 B L TR 5 5T
—RBERDITH 2 ZEN AT 5720, ZLUT, RO BN ZHKS> 7D TH 5.

MIEHIZB 5 EREET T v 27 A%, REMID S BE, THBEFICBWTKRKIIZAZET T
JATHY, ZOFEKT, K OB L IFHERAS KO FO HEOBAN L LB LTWS. X
51T, KRR FAET 27 Tld, MRE ORI 1E, BERMIZ B 2 KEKDEF L FEFEEZ T LT
KELOPNEZE HBRLTWE. ZD7sd, AR, BORENLR, REREOHINL, i Fo 115
DEGEEK, KELDIREILER & FEMTE TR T 2 720121%, IR TOSHRERNZENY U TEHE LA
s, REICENMET 2L, 2N TRTEEOEY R AREROFHNIE ZERATTINIC
o, FHEENL R TULE S, ZFENMITHNST B 720121, ZAOSREHLH, H O HEOE
LB (RERAOBINE 2 ET), KEKDOREILRD S b D—D2% i L T BB H v, BIE
® depam DERTIE, KEKDONEILEZ L TR ZLITLTW5S (1 — At DIRAOEE
KREDKELRT Ty 7 A%HAND Z LT, KEKOMEIBIZOHE N 5).

F7z, BTN TORWD, ARG AL RONELEEBRL TS, LU, AR LEKY
BE2EZEZ 56, TEPEU EOEDOKELGNPERT 5 2130 0N, 2D &L 5 054 %#1—
WAHRRICHET Z 23U <, BIEMICIZZENZE LU THZLIETERY. Z0oZed, BT
FW KD ITKARDOMEILZ SHE L TREBTH 5.

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

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

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

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

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

ps

s = . 10.149
P = R, (10.149)

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



110 dcpamb XEEAERR & DB B10E  EmatE

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

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

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

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

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

Byt Fh s, (10.155)

Fo.1 = Fy, (10.156)

q, 2

A

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

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

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

ou 1
5.

M2, D s FEHBEUTIEREL RV,
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(10.35) TEHL7ZV F ¥ — RV UL, #1REUATIE T & 5 2Bt T 5.

-2

8_1)
0z

Oy i1 — O
g vkl ” Puk (10.157)

Rz’,k+% -

Y

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

RAEHE (10.29) (AN X S ICHERULT 5.

Ouirl Zhe1 — 2k

8_’0
0z

B(zry = Zours)

= . 10.159
T EA——. (10-159)

l

k+

N|=

ZIT, 2oy BHKREEETH 5.

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

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

(ﬁ)Hﬂﬂ_<ﬁ>*ﬂt PEAL gt
2/ 2 /L TKEk+3 TKEk—1
= g (10.160)
2At P4l = Pr-1

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

2 Py, P T LTI, EORRDMEZE D MTEIRIZE S, erxp CRUTIE, t+ At OfEZEH
blhnwe EFRLfgrkhneEbns.
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zzT,
q° q
FTKE,k—i—% _(TC)TKE,IH-% {(5) — <5> } . (10.161)
k1 k
1
(TC>TKE,I§+% pk—f—%KTKE,k-s-%z—_a (10.162)
k+1 2k
P K Ou\* (10.163)
s,k M,k 82’ ) .
1 ou\” q° 2
22(,.S — — 10.164
() o
g 00,
IS —Kpp | = 10.1
bk Hk (QU (9z>k (10.165)
1 g 00, q> 2
—22[}.S -~ = 10.166
2ka(evaZ)k{(2)k} ( )
28 /22
- 10.1
€ETKE Bl <2) (10.167)
¢\ *
Ky, = 23, <5) Sarn (10.168)
!
1
Kt §(KM,k + K1) (10.170)
1
KH,H% §(KHI€ + Kp 1) (10.171)
Kpppr = Kpppo (10.172)
KTKE,kJr% KH,k:+% (10.173)
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Zk+1 — Rk Zk+1 — Rk

(
_ ( 1T Uk 1>2+(M>2, 2 < k < kn(l0-1T5)
(:

—N—
7N
Q
N

¥ ¥l o®

Up1 — Uk) (M)Q k=1 (10.174)

X
——
>

I

Zk+1 — Rk—1 Zk+1 — Rk—1

2
o — Up— 1> (w> : o=l (10.176)

——

[\
ol

—N—
~ N~
(Y]

( }k 2k — Zk—1 2k T Rk—1

g 06, g Oupr1 — Ouy

9 _ : ; k=1 10.177
(9v 0z )k Ov 201 — 2k ( |
(ga&) S Sl S P NS T (10.178)
0, 0z /. Ovk Zk+1 — Zk—1

g 00, g Oug — Ou

9 _ : ; k= Kos 10.179
<0v 0z )k Ovk 26— 21 ( |

L 72522,

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

k(zk — Zsurf)
1+ k(zk - Zsurf)/l().

I T, 2oy FHMRAEETH 5.

I = (10.180)

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

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

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

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

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

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

_ <Ft—At _ pt-At )

TKEk+3 TKEk—1
Pr+3 = Pr—}
g

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

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

(Cs1k+Cpip—Cang) (10.181)

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

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

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

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

t+At
PIAL = Q%stﬁﬁt { } } (10.188)

(6]
S I T .
)l 00 )

7 t+At 7 t—At
Gt C 2) _ 2) (10.190)
k
3
. 69} 2 t+AtY) 2
PIEAL = 23, Sl (69 a,;)k % k (10.191)
e 00,
v S (éia >k

2 t+At 2 t—At
= Cp1+Cre { <) - (2) (10.193)
k k
3
2% q2 t+AtY) 2
t+At
_ 1 10.194
€TKE k Bily (2>k ( )

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

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

g (Csok+ Chok — Cd,2,k>}

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

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

p (Csan+Crax —Carg) (10.197)

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

1 Pry} —Dr-t
2At g

+ (IO rkprsy + (TC) rkpp-1

Pyl — Pp_1
¥(0572,k + Chok — Cd,2,k)}

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

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

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

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

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

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

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

THb.

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

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

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

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

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

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

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

3

= kR Ch (10.214)
DEILERIZDHZ720, TOXIITHORLIEIZ L > TRDS.
o= e Ch(L") (10.215)

RN

ZIT, EfERATE n X, n FIOMORLVIZE>THEONMETHS Z L2 RT.
DR UECERT 2BOMMEIZ L' =1 £ LTWwa.

33 Z 2T, R DHBEICKEREEEZHWTWSEA, HERH LOKKOEREL2H WS ik
HBHDHH lmm\ EHLELNEVONTIEL TSN,
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F 7z, T BE L R BHIZ T D &K D ICEE LS 531
o] = {ul 4o+ (ﬂw*)Q}% (10.221)

%(9 - m,k BzBL

Bw, = 10.222)
{tog (=3222) + o (3 } {10 (=5255) + W (5}
Z :,"G‘, ﬁ = 12, ZBL — 1000 m ZT%SB.
34.(10.222) 1%, Beljaars (1994) ® FOR,
_ k2 Buw, (6, — 6,n)
v = (10.216)
{log(—%){—\pm(%m)}{log( VZ’)—}-\IJ ( )}
W = by (%zi)%(es—em)% (10.217)
by = kgfz - (10.218)
{1og( §EO5L)+\II (2 )}2{1og( Wh)wp (2 )}2
3
fm i LY, () 0219

o TDXSITER L.

Bw, =

{1og (_ 380“) + 0, (ZOE“)} {10g ( U h) L, (2 ,l)}] (10.220)

72720, (10.222) T, T % 0 ICEESHMATWE. FEMZIE, RERALOMZRDTEZ
AWETBRNWEFZZONDED, (05— 0,,) DIPPRoT VDD, 0 IZLTERRWVE, ﬁﬁ.\—u—fﬁiéi%%
MEEPSRELTNTVWB L EFIZZ 7 AF—[lBNEIFThTLES.

35 Beljaars (1994) DAL TIE FD LD IZREL TS

L 38.5L 20m) °
ZpL = e {log <— ’YZO,m) + ¥ (7L )} (10.223)
LU, ZBL DMEEEELTHIEFLAEREI NV (eg, ECMWF
IFS  documentation  CY38rl) (3% X4 & Ar &, Part IV.  Physical  processes,

http://www.ecmwf.int /research/ifsdocs/CY38rl /IFSPart4d.pdf @ Section 3.2.1, p.36 Td
%) ¥7z, LORZHWCEHET L L GHEPARLEILLD LI THS.
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10.2.5 EFEIULHRDEDHEXNDEIE

WP G A OB = OSREALG A (10.121) 2BH T2 2 <k <kpe —1 D
-
~(TC) iy (2 = i)

1 Pryl = Pp-1 . N
(~gmr o Ty + (TC) iy ) (™ — ™)

A -A
—(TC) s (" — uiy’)

- —<F“At _ proa ) (10.224)

1 1
m,z,k+5 m,z,k—3

k=10t %,

1 Pr+l = Pr-1 )
<_2At g IOy T <T0>m,k+;) (2 — )

~(TC) ey (w52 — i)

_ _(thm _ A ) (10.225)

1 1
m,z,k+3 m,z,k—3

k= kyppw DX
—(TC) ez (w3 — i 23)

1 Pr+l — Pr-1 _
(_ 2At 2 J 2 + (TO)ka_§> (U?_At o UZ At)

_ t—At t—At
- <Fm,x,k+% o Fm,x,k—%) (10226)

MAR

hozekdbdl,

Az, =G, (10.227)

@, = (uf" —ulm A A A A T (10.228)

Gu - (gu,la Gu2," " 7gu,kmaz) s (10229)
Gu = — (F;;Qf,i b1 F;j:f,j_é) (10.230)

ZZ2TC,2<k<knae—1DEE, A= (a,) DEHTI,

g k—1 = —(TC)m,k_%, (10231)
1 Pryl = Prt

= — TC TC 1 10.232

A,k IAL q + ( )m,kfé + ( )m,k+§7 ( )

A k+1 = —(TC)m,k,_i_%. (10.233)
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k=10Dk Z,
B 1 pk+% —pkf%
TN g + (TC’)m,k,% + (TC)m’kJr%, (10.234)
Ak k+1 = _(Tc)m,k—i—%' (10235)
k= Fkpow D& ZE,
arp-1 = —(TC)pp 1, (10.236)
1 Pr+l — Pr-1
= - 2 2 T 10.2
g SAL P + (TC) 1 (10.237)
Thb.
FEAEEWZBE LTI, PR E [ARRIZ T D LS IZELS Z N TE 5.
Az, = G, (10.238)
Ly = (U?_At - Ui_Atv U§+At - Ué_Ata e 71}]1:;?; - Ulﬁ::nf;) ) (10239)
Gy = (901,902 s Godomas) 5 (10.240)
_ t—At t—At
ok = — (Fm,y,k+% - Fm,y,k7%> (10241)

10.2.6 BILEIDEDHER DEEE

BOMEILHDORN (10.123) 2B T L L 2 <k <kpp — 1 DEE,
P, .

~Cp—(TC)p s (T,ﬁflm - T,ﬁ:lAt)
Py ’
1 Prrs = Pr—3 P’“—% Pk+% t+At t—At
=Gy G IOy + Comp 2 (T | (T = T7%)
Cpm(Tc)h””% (T = Tit)
_ t—At t—At
- <Fh’k+% B Fh”“‘%) (10.242)
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DEE k=1DrE, NVIETTITv I A%IiT 556121,

—Cp(TC) s (T = T2

1 Pr4i = Pr-1 Ppy1 By _
+< oAT Qg 2 +C, Pk2(TC)hk+1+C o) (TC)hk 1>(T,§+Af—T,§ A1)

L
~Cpp (T sy (LY = TEY)
Pt
t—At t—At
- (Fhk+2 F k——) (10.243)

MEREISR T O 2 HE T 2B,

1 Pyl —Pg-l P Py_s _
(‘Cp N : =+ C : (Tc)h K+ + C —= (Tc)h,k—;> (leJrAt - Tli At)

g " P Py
c Pk+% (TC) (Tt+At - At)
P it t (Lgy1 k1
P
_ t—At t—At
- (Fh e 1) (10.244)

—EMDET 5 v 7 A% 5 2 55481211,

1 Drrl =Pl Pey1 _A
(—opw o <Tc>h7k+;> (173 — 175
Piyi
Gy (IO (T~ Ti)
- (Fi;ﬁ% - B ) (10.245)

IR B. Fl k=kpee DEE,

P,
—Cp Pk—i <T0>h,k7% (Téfft - le:lAt)
L Pryy = Pry Dy t+AL t— At
+ _Cp2At g +C—— P, (Tc)hk 1 (Tk =1y )
_ t—At t—At
- (Fh ! Fhk_f) (10.246)
RAE

ozl REREIBITA 7Ty 27 XNV IETIHHET 555121,

Bz, = G, (10.247)
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T, = (TStJrAt o Tstht, Tf+At o Tltht7 T2t+At . thfAt . TtJrAt T]z;gﬁj)‘2748)

kmaac
G, = (gh 1,9n,2," " 5, 9h, kmaz) ) (10-249)
Gnk = (Ft = ;ﬁ%) (10.250)

EELIENTES. 30 22T, 2<k <k —1DEE, B, = (bynn) DB
gal s

P 1
ba,k‘,k‘—l — _Cp Pk i (zﬁC’)h?k_%7 (10251)
1 Pgyl — Pg-1L P
ba = - 2 - T T Q 2
Pk—&-%
bojrt1 = —Cp P, (TC)p psr (10.253)
+
ThHO, k=1DL X,
bagr-1 = —Cp(TC)yp 1, (10.254)
b = —Ce PPy o B ey o T (roya0.0s5)
akk = POAL g P P, hk+3 p P, ,13—
Pk+2
bagpt1 = —Cpm— P (TC)pprs (10.256)
Jr
THY, k=kpew DEZE,
P 1
ba,k,k—l = _CpP—Q(TC’)h’k_%7 (10 257)
k—1
1 Pr4l = Pr-1 Pkfé
= - —=(T 10.2

THb.

ZIZT, B, & kmm 1T kppaz + 1 FIDFTFITH D, :@Jﬁt‘ U CIRRFE D HFRE A
BEDEL VDT RV, AREAZEAL 572012, MFICERSEERE TOD
BUN S A F ORI A, B U < IFKEK @J:’Eﬁﬁb\ . InsoXEHbET
AR i < BRICH WA 17O RICEA L T, 28 14 EZ2 S e L.

¥, REREIIBITBE7 IV 7 A I—EEE2E5 X556 ALLSICA%2%E
BLULTEMTLE k=1Dk &,

L Pr+l = P} Pyl
Pyt
baprr = —Cp Pk: (TC) s (10.260)

BB, DTFOEFRTD a ¥ [RK) 2ERTINNTHD. 5125 CRIMREHORIL 2K\,
ZZ Tk B, HW3
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L5, k> 1 DOHBAEITIE, (10.251)~(10.253) LHUTHS. ZDHEITIE, B, &
kmaz 1T kmaz FIOITHITH O, RABDSIREABEEFL Wz, TOARDATHES
ZLeNTES.

10.2.7 K#FES (MB) HBOED AREADEE

T ZTIE, KEKOMELE O ROBEUL A A2 K 5.

102 i OB DD THRAR & 512, KELKDOMELHIL, AVWSRERAD
KIELDT TV 7 ADKENZ L > T 2580 OMSA L AEEZFH WS,

BERAMOKELRT T 7 AL UT t+ At ORZIDMEZ W 5356, KEKDEH
ELHORN (10.124) 2B T 2L 2<k<kpp —1 D& &,

—(TC) gt (@75 = 72"
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q,k‘i‘% (Lk—%

ERD . k=1DL Z,

_E(Tc)q,k_;g—;]i (T2 = T2
* <_22t = ;pk_é +(TC)gpsr + e(TC)q,k_;) (@™ — q, (40.262)
—(TC)g s (435" — ai33")
_ ( F;f% _ F;gt% ) (10.263)

THEADEEGHZRET 255G,

1 Pgyl — Pr-1 -
( : . 24 (TO)gys + (TC)%M) (g2 — gy >") (10.264)

C2A¢
—(TC)yprs (G35 — 4157")
—- (ngﬁﬁ - Fr ) (10.265)
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YD k= ke DX
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( 1 Pryl = Pl

+ (TO)q,k_;> (g2 — i7" (10.266)

T 2A¢ g
_ t—At t—At
- (Fq’k% - FM_%) (10.267)

LiRs.

Ihozfedde,

Cz, =G, (10.268)
LELZENTESL. T,
e O % 1 )
Gq = (gq,la gq,?a o 7gQ7k'maz) ) (10270)
gor = — (P8 - P8 (10.271)

THD,2<k <hpow — 1 DEE, C = () DEHNIE,

Chh—1 = —(Tc)q,k,%, (10.272)
1 Pryl = Prp-1
Ckk = ToA7 g + (TC)gpgr + (TC) g1, (10.273)
Ckk+1 — —(TC)Q’H%. (10274)
k=10D& &,
8 *
it = —eTC)yyy 5 (10.275)
1 pk;-i-f — Di_1
Chk = ToAg : . F 4+ (TC)gprs +e(TC)g oy, (10.276)
1 = —(TC)pi1, (10.277)
k= kpow D& E
Coier = —(TC)gy 1, (10.278)
1 Pr4l = Pp-3
Chk = TgAg . +(T0)q,k_% (10.279)

ZZT, C 3 kpay 1T kmae + 1 FIOTHITH D, Z ORIV TIEARMED 2RI
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T ORI N0 ORI A& FIRFCHE . FRIRHCHE S BUZ W 21751 0
WEL TR, B 14 EE SR &

7B, BERH 7 Iv AL LT t— At DEZOMEZFHWS5EI2E, AU LS
WWAZZR U TEBHET L k=1DL &,

Crr—1 = 0, (10.280)
1 Pr+d = P

= — TC 1 10.281

Chk AL g + )q,k+§7 ( )

ceprt = —(TC)gpys (10.282)

B, k>2 BT, (10.272) ~(10.274) LHEkTHZ. ZDEGAEIIE, C
& knaz 17 kmae SIOITHITH D, ZOXZITTHL 5.

B, BERH7 7y 7 AL UTEEZHVLGEICHARDSGIETH Z 27
TE 5.
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N
IL

¢

anj
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w1k
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115F  #zieX

g
JdiT
S

WS IRAAENE, 5B 8.2 i TR R - IR B W THEZ Y0 & LG
e d 5. FEMIXES 22T A L.

2014 6 H 18 H (MERFTARENN{ELEEE) dryconv/dryconv.tex



dcpamb B AR R & Z DEERE 12.1 HEERIR 129

|

5128 RERMA - ORI

\nF

2,

12.1 FHOEEXRIT

ZIZTE RERE - M ROBINLIZOVWTHERS,

12.1.1 HEXEXR@1EBETI

BEXREZ 1 EOWEHIETNEZEZS. ZOET VI slab ocean ET I & 5%
fiths.

ZD1JBOWDBEBEENEROR, BUNZIFTFTOL S IZRBTE 5.

T,
CSW = —Fsp—Fir— I, 1 — LE, 1 + Iy, (12.1)

ZIZTCOC, I 3BARETHA.

— 0, BVRENER KDL EFTOLIIZRHTE S,

T

ot
DL E RERMBEZEETEILLEMTHD, TOLIITEL AT
5.

— 0 (12.2)

T; = Const. (12.3)

surface/energybudget.tex(surface/energybudget-math. 28y 4 6 H 18 H (HUBRUTA NN EAEE)



130 dcpamb XEARBARE ZOBBIBE 12E REXEA - L TORINX

12.1.2 TERILEETIL

MEAMOETINE LT, LIBFOBZELZZELZETIVEER L. TIEEEDOH
EE SRR e, T OBREM 2 U T oMK RINE X

oT, OF, 1,
c,—=L = —-—2% 12.4
7 ot 0z ( )
Fg,h = FSR“‘FLR‘l’Fh‘I’LFq forz = 0 (125)
oT,
Fyn = —Iia—zg forz < 0 (12.6)

&5, 2T Cy IFHRAAREY 720 0 HERAEE (Jm P K!) THO, k 13118
DEZEHRE (Wm™ K THBL

AE - KO ICH S BINZDELE

AN PO D RLfiRE /RS DI IZ 18, RO RITEL S I F RS L £ 2 5. T Oy, BRI
i & RUB R DRI,

Ts = Tcond (127)

Fon = SR+ Fpp+ Fyo + LF 1 (+Fu) + Fsur (12.8)

5. ZIZT, Toppa WSEHEIRETH D, Fryy 1ZOKOEMR - BHEIZ X 2B T T v o
A, Foy WWMBIZ LTIV I ATHD.

12.1.3 XK 1 BBNIZETIL

HOKPEHET DHEEDETNE LT, 1 BOWKOETIVEEZZ S, HKE LD
I,

T,
ot
L. 22T, Cp KO BAARTE Y- 0 OBEE, hy XEKOEX, F, 13
IKDIEH D SVIZIEDREYEE T S VA TH 5.

Crhy

—Fsp— Fup— Fy — LF, 1 + B, (12.9)

U BATARRE Y 72 0 OBVARIE, B (kgm ™) CHMEED VOB (JK kg !) OFTH
%, BRI, BE (kg m™3), BATEED 720 OE (T K- kg™ 1), ILERIL (m? s—1) O
ThH5.
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BIKDRERARICHE S BN DIEIE

WK DIRE D EHEIRE % B0 B 0521%, HoKA @RS 5. Z OF, RERE (X
BEREEE) I3EEREZEBEZ 5 Z 2130,
Z DD BB R OB 1T

0T
ot

&%, T, Fry \JHEKOBRIZE BT S I ATHS.

Cr

= —Fsp—Fpp—Fy1 —LF, + F,— Fpy. (12.10)

12.2 B#ENERIR

Z 2Tk, RERm - i FOAUGE DBEFLIZDOWTIHRR B,

12.2.1 ZEXR@1EBETI

BRERMIZ 1 BOWDEHDETNIZBEWT, AEEVPEFROGEDOANEZOR
(12.1) %, B0 E TR U ERERBIIB TS 7 7 v 7 A2 HWTEMT S &,

—LE(TC)(L% (q§+At qifAt)

Q

+(2At+C(T0)h1+ T Vo7

> (Tt+At Tt—At)
P OF
+( Copr (TChy + LR) (THA — T2
— _Fg'EAt o F Tt At Tt At) t At FtéAt_’_F;—‘rAt (1211)

LB, BE, ZOERIIEWTIE, RE BIIE2779 7R LUTt+ALtD

H%ﬂ@@%ﬁﬁmm\z) H L, BERMmIZ 7‘57}@1@77 /?/’:}:b’Ct—AtOD

4ﬁ%ﬁib\éi% I, S AR D R 7 L6<T0)qég§z EHIRTIZE
LIk, SBEORODEBHOHEHLS, k=0 E LT TFORICEZET.

bs,k,k—l (Qi—i_At qi At) + b (Tt—I—At . T;_At>
ot (T~ TE3) g, (12.12)
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T,

bs,ch—l = —LG(TC)%% (12.13)
Os 8q: 8FLR
bsrr = Ha; T C(TCO)y + Le(TC)qéa—Ts + o7 (12.14)
Py OFrr
bs = —Cp,—==(TC)p2 12.15
ko k+1 pPl ( )h,; + 3T1 ( )
Gop = —FLEA — Frp (T2 T2 — F;;‘%At — Lth"%At + FIT3{(12.16)
Thb.

— 7, BOREEVERK (6 U IIRERIIREAEE) OHEITIE, Rz LT

bs ke k—1 0 (12.17)
bs k. 1 (12.18)
bogrii = O (12.19)
gsk = 0 (12.20)
AN
12.2.2 HMREICHITI2RPNZEMTICE TR EEHEN
TEHOBEEHREAL T O &S Ik s,
_ t+At ot At
c Tgtj;m — T;’km _ _Fg7h,k+% Fg,h,k—% (12.21)
g 2At Tl — Zpd
:lfa 1§k§k5,max_1 O)t%7
Fg,h,k—i—% = _(Tc)g,k—&-% (Typr1 — Ton) » (12.22)
1
(TC)yg s ES (12.23)
THY, EMBERRME (k=1 D& &),
Fypjer = Fsp+ Fp+F,1+ LF,, (12.24)
THY, FEERRMIE (k= koo DE Z),
Fynppr = 0 (12.25)
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LU, 2OEETRABRROBE D BRI (REIE T (kg ), HIRTIERE
T, (1{8), TH8RE T, (ksmae ) OO HHLWDIZRIT 0. £ TEARD
A&eBEAT 5.

FQJ%% = _(Tc)g,% (Tg,l - Ts) (1226)
1
(TC)y1r = Ky1 p— (12.27)

S, (12.26) % EEREERSM L F X, FRIZ, (12.24) 2 k=028 5 R&E X
52T, KL TIEOBINL i/ X ¢ 52,

TIHOBIEH AR EZER U T T L 2 <k <konw—1DEE,
—(TC) gy (Ty321 = Ty350)

1 _
+ { Cg,lm (ZkJr% - Zk:fé) + (To)g,kf% + (Tc)g,k+é} (T;;At - Tgt,kAt)

20t
~(TC) gz (Torst = Tyash)
— t—At t—At
- (Fg7h,k+$ B Fg,h,kz—%) (12.28)

tf;b? k:ks,ma:p 0)(‘_’_%7
~(TC)g ey (T5320 = Tya)

1

2At
— t—At t—At
- (Fg,h,k+$ - Fg,h,kfé) (12.29)

LiRs.

k=1128135RF, (12.21) % (12.26) OXEZHWTER T 5 L THRLNDS. 5
SNBRIF, k=2 DRIZBWNT,

T,

i = T (12.30)

EUIAEFRUTHS.

k=0nrE, 2o, RoFL U Tid, iEmICAREY 00N 2 EHE
ETHLHRETEHI L EEMTHE. FIT, TITIEIDBEXZIERL, —HER

2 22T, —kpes <k < -1 BREFDBEDA VTFTIZATHY, k=071, EbIE, HHEREHD 1
VFIATHY, 1<k <kspmox WEBRDOA VT I ALS.
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RE T, 285, BAHEYS -0 OBREN C, THHENIMRAE FICHLLHE
25221285, ZOEOENEZORNIT (12.24) ZILRL, M FO XS icELZ L
MTE B3,

o7,
ZoRNERMNZEE L TRtBUE S % &,

Tt+At _ thAt

Com— = —Fsp—Fip—F1 —LF, 1 +Fy 1 (12.32)
ER5.
ZOXNZHMT 5L &,
—Le(TC), 1 (a7 — a2 (12.33)
( ¢ %(Tc)h L+ a;;f) (Tt — =2

C, 0FLr dq; AL t— At
+ <2At (TC) 1 +CP(TC)h,% + o7, +L€(T0)q7% T (TS - T )
H(TC)y s (T35 = Ty3™)
A At pt—A —A —A —A
= —FiP —Fop (T52 T2 — Fé’% b LF;’% ¢ +th’h’%t (12.34)
Lins.
3C, =0 DHEIT, (12.24) LFEULRD I LIIBGIHERTES. ZOXIITEREL THL
&, slub ocean DFAIZHEIETE 5. BIXIX, Cs #0, F, -1 =0,(TC)y 1 =0 DHEIZI, slub

ocean ZXFnd 5. Lo L, ZHILHEIC nfﬁi/%Tﬂ/Eﬁ%L@Ii‘if%éﬁ‘ TR E ORER
MVASY N FE SHIEE
4

Fq,k—% - 7€(Tc)qk %(qk*tk) (1235)
FL = —elTC) (g = (@) (12.36)
0
— =Ty " = (o (G ) -1y} (1237
0
= ATy = @)+ lTC) ey (G ) (T - T (12.39)
= TC)y (T T T Ty (G ) T 123
0
DO (T = = TO) sy () Ty () (1
= —e(TO)g s {ap*" - 1}+Fn+11+6(TC) 1<qu>(T"+1 71 (12.41)
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Tz, PEEEE T v 7 A t — At OFRZIOEE FHWA5E521E,

—Le(TC) g1 ("™ — g72) (12.42)
Py OFLR
(2 ) t+At  t—At
+ ( C, P (TC)p1 + T, (T T2
C {9FLR (9q* _
— L C(TC), 1 LT 295 ) (vt _ i—a
+ (2At + p( )h,§ + aTs + 6( )q,§ oT ( s s )
= —Fg™ = Fop (72 T7%) = By = LES S + B4 (12.43)
19 19 1S )

LR s.

FT, BT Ty 7 ATt — At ORFZIOfEE AW 255121,

Py OF
(~Cughreny + 9528 (s -1

Cy OFrr A N
(s~ 10+ CUTOY 208 (12— 122

t+At t—At
+<Tc)gé (ng =Ty )
= —FA — Frp (T2, T2 — F;j%ﬁt — LF;—%N + F;;ét (12.44)
AN

INSEEEDDE,

Bz, = G, (12.45)
LELZENTES. 22T,
T _ (Tt+At - thAt Tt+At . Tt—At
g 1 1 y -8 s )
T;jAt _ T;—lm7 T;EAt _ T;’EAt, s T;;ﬁim — T;;ﬂfrtnaJ , (12.46)
Gg = (997079971’99727 ""ggaks,maz) ) (1247)
gg0 = _FgEAt _ FLR (Ts_At,Tf_At> . F}i—%At
t—At t— At
—LE A E (12.48)
—A —A
Jgk>1 = — (F;’ké - F;,g_%) (12.49)

ZZT1<k<kopmuw—1DEE,

by = —(TC)yp1 (12.50)
1

gk = 2_At0g,k7 <Zk+% - Zk_%> T (TC)g 1 + (TC) g pyr (12551)

bgisr = —(TC)gpys (12.52)
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THO, k=0DL X,

by — —qé%gché+%£f (12.53)

byrs = ;it—(TC%é+(%UKUhr+igf (12.54)

birr = (TC), (12.55)
THD® k= kypoaw DE X,

bo k-1 = —(TC)M_% (12.56)

by = 2%15097’“’ <Zk+%—zk_%>+(TC)g7k_% (12.57)

ThH5.
77U, By 1% Kymag + 147 Komas + 2 FIOFFHITH b, 2 DR TR
FRREE D 2D LR, HRAZEU 57010, BOREROR &
R < .

BB, BOBKEAMEEK (5 U < LBRRAERELER) OBAIT I,

bori1 = 0 (12.58)
borr = 1 (12.59)
borirr = 0 (12.60)

9ok = 0 (12.61)

12.2.3 JKOFEE - BEIC X 2B DIEIE

IKDRELRB & R RO MR O BN L X, (12.8) 2tk d 5 &,

t+At _ it+AL
Ft+At Ts Tg,l
g

Z1 — 21
2

= FLEAt 4 prtAt 4 F;ﬁ?t + LF;EAt(JrF}LAt) + FEAT (12.62)

P ZITIE, T, (HERE), T, UREIRE), T (KKIRE) OIEFIZE TV A, 2010/02/20
DI — R CTRFEDIEFIZR>TWVWS.
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LB, X 51T, (12.32) LABRD AIEICED &, (12.62) %, HIEREIZBEED C,
ThHEEMDH D EZTHBILLET &,

t+At t—At
C Ts B Ts
s

P = R S FOS  LES 4 FUA(FA) AR

LB T2, FS FGS P RS LE S R Pt Behen,
FTADEYEZE T Ty 7 A FHEBE 77 v I A, RS 7 5y 2 X BT v o
A EENT T A KDEMRIZE BT T 7R MBIZLBET Ty I ATH
5. kX TIBOBILEBRIETH 5.

ZITH, T THA =T, L2325 LIREL T, KOG - BEZIZ LB T7 Ty 7 A
ERABE LTKRD, ... D7z B TEL (yot, 2011/12/28).
BRENTRTREITZEE

DL E R My, RAE Y, FLA — LfQ—AJfW ChHBNE, DR
ELGZCTEN - RARBRREZMEERITRV. 22T, Liysion [JREEERATH 5.
(12.63) & ¥ T3 » |

(TC)gy (T35 = Tj2™)

Cs
+ ( —(TC),1 +C,(TC),

OFLr t+At t—At
IAL + ) (T - Ts )

2 T, s

P OFLr _
+ (—Cpﬁ(TC)hé + T, (TR - Ti=21)
—Fg = Fun (TS T) = F™ — LEGS + FL A (- Fh) —(ES9Y)

b, 2L, ZZ T ZERNATINCT 701, BT Iy 7 ATt — At D

R Db D% WD,

IhSE (1245) OFRIZE LD B L, (1248) I2BWT

90 = —Fep™' = Fop (T7 S, T0) = B2
—LE S+ B S (=P = Feir (12.65)

ETHIXR .
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MEDT R TRIRVEE

IOEE THMN =T, b UCHS IR GRER % & HE &

(12.45) DFRIZE L DB &, (12.48), (12.54) IZH VT

by k-1 0 (12.66)
bgrk = 1 (12.67)
by k k41 0 (12.68)
ggo = T.— T (12.69)
ETNIXRW.
Fonr 1&, THA = Tpppg & LT, MERHEOBINE R, (12.63), 15k 5.
12.2.4 EXELOEINZ
MEOKE LD, WKI(ED BT Iy 7 X%
T, — T
F, = —x—=—-2 (12.70)
hy

EHFELZILITT S, TIT, ky FIKOBYRER Ly JWPKDEZTH O, Tp 137
KTEDWKIETH S, ZD& &, KA EOBUINEA (12.9) IZTFD X 5 IZHEHL X
n3.

C]hI _
TtJrAt . Tt At
Ul 12
—_ _FE'EAt . FEEAt . F;;Jr%At . LF;EAt T F5+At (1271)
CNAMET L
—Le(TC), 1 (a7 — a2 (12.72)

Crhr OFLr K1 dq; t+At t—At
+ ( Az +Cp(TC)y 1 + T, + h +L6(T0)qéa—T (T: T2

Pl (9T1
_Fé-EAt o FLR (TSt_At, Tf_At) . F}i—%At o LF{;—%At + Fg—At (1273)

P1 OF
+(4%iavhy+ m)aﬁm_ﬁﬂﬁ

ER5.

2014 4 6 H 18 H (MERIEREMN LSS Firface/energybudget.tex(surface/energybudget-disc.tex)



dcpamb XEEAERR & Z DEEHIL 12.2  BEBRKRIR 139
F, BT Ty 7 ATt — At DIFZIOEZ W 2581213,
Clhl t —
T +At Tt At
sar (=175
- —ﬂ@“—ﬁﬁft<qgﬂ—LEgM+lfﬂt (12.74)
6 ZhEBIETE L,
C[h[ aFLR R N _
T - T +At Tt At
(2At+cu Ons+ o, T, ) (T )
Pé OFLr _
+ <_CpFl(TO)h’% + 8T1 (T{H‘At _ Tlt At)
= _EQN-JQRajAZTrN)—ﬁg?ﬂ—L@;“+fyﬂt (12.75)
bR AN
UEZBHL, SHBOXNDBHEZJIHEIIBWT, k=0 2 LTFDORIZEL Z &I
5.
bigose (T2 = T2 + bygggr (TTH = T12) = gin (12.76)
ZZT,
Crhy OFLr Ky
birr = ——0 +C(TC = 12.77
Py OFLR
bi = —C,—2(TC), 1 12.78
v Ty + o7 (1278)
Gir = —FL = Fon (T2 T2 = FLA = LA
At (12.79)

12.2.5 BKOBARIC L 2EINT DIEIE

oK DRI OB A (12.10) Z#ESUEd 5 &,

Crhy (
2At V¢

t+At
THA = T,

t+AL t—At _ t+At t+At t+At t—At t+AL
T =TY) = —Fg — Fppt = B = LES 4 BT -

(I279)

(12.81)

O i, BEL RGO N7 &2 ZEN AT 2720 THD. 2k, KEKDAIC

POWTEHERTOKEL T Ty 7 ADHEE LT t— At DEZIOEEFES Z 2zl &

IZER U

THEY, ZTDHEIITI, TITH t— At OEZD T T v 2 2% fiba it EKOEEIREX

W B EBA, DR HIRHVELEESD.
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-
—

b, 22T, T, $EERETHS. T, I THENS, T, =T, & LCTHENL
HRREMESET. i &, T, =T, £ UT, (12.80) 2 563KD 5.

7P, ENL AR BRITIE, (12.77), (12.78), (12.79) Z FTO XS IZEESEL T
W5,

bipe = 1 (12.82)
bikkr1 = 0 (12.83)
gix = T.— T (12.84)
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F13EZE N\TYETFI

13.1 FOEEXRIT

Manabe (1969) IZH€\, HH KD &, M, BE &, M,, T TOARERMKEDS &7 5.
oM,

ot = _Fq,w+Frain+FSM — Fro (131)
OM;,
% = —Fy s+ Fapow — Fsmr (13.2)

ZZTC, Fyws Fus, Frainy Fsnows Fsu, Fro W& ZNZNMREDKIBEFET B &
WZEBKERT TV IR, EDNEETLHILIZLDKER T TV I A KT Sy
TA BETIVIA MMBETISvIA TLUTHRE 7S v 2 RATHS. 275U,
0< My < Mymazr THDY, My oo [ SHTHPRIFTE 2 KORKETH .

RIKFELR T TV I A F, BB, F,, & F,s ODNR, BLXORREK - BEET I v
7 A FPRC'P &:BU'%)’ Frain & anow ODIj\j%R&i

13.2 BHENRIA

HRE KSR, HEREO LA GREAIZTO LS ICH#BbEng.

Mn+1 _ Mn—l
v v -F 1 F.in + F F 13.3
oAt gw, L T + sy — I'rO ( )
Mn+1 _ Mn—l
5 5 = —F 14+ Faow—F 13.4
2At asf T M (13:4)
ZZT,
Fq,% = Fq,w,% + qus’% (13.5)
Thb.
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13.3 SEX#k

Manabe, S., 1969: Climate and the ocean circulation I. The atmospheric cir-
culation and the hydrology of the Earth’s surface, Mon. Wea. Rev., 97,
739-774.
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145 BIPRZZHRELI-EILIARER
DFFK

Al
JdUT

14.1 BEBIRIR

12.2 @2 B WT, KEAHDOBILEIZ B 1T DI, KEAH DK DL DN, &
BRED 1 JEET VO, EXRMS & O T OBIRB OIS, WK Lo
BUNTIZDOWTE W, BIZE WL 510, Insikzhrhiicidsnd UEH
CTEST, BHHMAGDE THE AR ZBET 2HENHSB. I T, BT
D 3 Y DMAEDLET2RT.

o BERMIZ 1 FETNVEHAWDELE

o HIAMLMET NV EHWSGA
o MKBUNLET N2 WS 56

14.1.1 BEXREIC 1 BETIEHAWVWSRIES

ZIT, BERIMIZ 1 EETNVEAVWSHBAEEZERAS. Z0DLE, KEAF OB
DI X (10.247), MERED 1 BE TNV OHINE R (12.12), KZRGILEIZ &
BN (10.268) ZFAKHZAES . THhoDAEFEHLIE TFTO LS ITBEINS.

thq = th (141)
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e e
TtJrAt o thAt
T — T TEat — T8 LT — a8l (14.2)
= (Aqkmaz? "'7AQZ7Aq17
AT,
ATy, ATy, ..., ATy ), (14.3
th = (gq,kmaz7 942,941, 95,00 9h,15 Gh,25 -+ gh,k‘mam) ) (144
D DRI, E< -1 DL X,
dogr+1 = Ckk-1 (14.5)
d_pr = Cipk (14.6)
dogr—1 = Ckk+1 (14.7)
ThHhO, k=0Dk &,
dpgr-1 = bspr—1 (14.8)
dere = bspp (14.9)
degy1 = bsppst (14.10)
THO, k>1 DL X,
-1 = bagk—1 (14.11)
diie = bakk (14.12)
i1 = Dokl (14.13)

THD. 8B, bypy WEL ) REDERIZHBI0F IZBWT, bypy 0 EDES

BB 12E ITEVWTARINTWVS.

DN —IRTIERARZ BN TRD Tz ap, ZHWT, SNEELIREAIZ & DIFRHZ

fbREZ TDLDIZFHHET 5.

oT ATy,
— = — 14.14
( ot )k 2At’ ( )
0T, AT,
= — 14.1
( ot > 2At’ ( 2
9q Agy,
— = —. 14.1
(at) . 2A¢ (14.16)
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14.1.2 TEBILHETILEZEWVSHEE

ZITIE, BB ET VEHWAHGEEZXS. 20L&, KA DOBILHD
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Tf—f—At - Tlt—mt7 Ti+AL T2t—At Tt+At

kmaz
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dt ot )vp o )eorp
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N T2 & Nakajima et al. (1992) TibN7=XND 2 HEL TWa12 DIF
WZZENZENDEHZ Y.

17.2 f3FILLE

FARIELIT. ¢* (T, p) (ZEAFIZESQUE e*(T) & W TREERIZ
ee*(T)

q"(T,p) = (17.1)
EXRYT. ZIT,e=2 THY, my, m FZENTNWKERDD T8, FI0 78T
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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.
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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.
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B RS P, Am CHRIMAL U 72 ERETFAFIRE Y OIHICEER T 5. T 61220
SOMEE UT, /5 RN, i M, BEBKELZEICZDOWTHRRS,

EHRARED Legendre EEK - FEEHE P

b

o EE
AW AREIT X B & Legendre B - FEERE P (1) 13 —1 < p <1 I2BVT
IRATEE I NS (Rodrigues DAR).

[m|

(1 _ MQ)T dn+|m|
2nm) dpntiml

DM
n

(W —1)" (B.1)
72720, mon 1% 0 < |m| <n 2l TEBCHS. Legendre B PO % P,
LbHEL.
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P (p) 3RO SRR % W72

i{(l_/f)%p;”}—i—{n(n—l—l)— mQQ}ﬁgn:o. (B.2)

du 1—pu

72720, mn & 0<|m|<n Ziii=-d8ETH 5.
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P () \ZROEALRIHES .

(n—|m|+1)P™, — (2n+ D)uP™ + (n + |m|)P™, = 0. (B.3)
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X 517, WOBIRR AL Y 12

(1= )P = (- [Py = P (B.4)
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(1) (n=|m|,|m+1,---) IZIRDOBELERE 2T

[ﬁ”<ﬂm(ﬂﬂ:mi48ﬁ1$m%w (B.5)

72720, myn,n 120 < |m| <n,n Ziiil-38ETH 5.
—1<pu <1 CEHBSI NG A(p) X {P™n=|m|,|m+1],---} 2H

WT
}:_Ampm (B.6)
n=|m|
im 20+ 1(n—|m|)! ! -
LRINs.

2 THIt&IE L7z Legendre E#X - FEEEL P

o TEHE
2 THIFIL U 7z Legendre BEL - B P (p) 13 —1 < pu < 1 IZHWVWTIRK
TEHEIND.
o @)= m])! 5, @ D= ) (= )
B = \/ (n + |m|)! B = \/ (n + |m|)! 2np! dpntiml (= 1)"
(B.8)

72720, mn i3 0 <|m| <n %z EHTH 5. Legendre BNEL P) % P,
?_’_35£<.

o Legendre BN - BB D72 97 JitE X
P™(p) &, IROFHRER %272

%{@ﬂﬁ%ﬂﬁ+{mwn— m* %?—Q (B.9)
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X SITIRDBERAD I, D LD,
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(o mh@n 1) o e (B12)
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1
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WT
Alp) = > AT (), (B.14)
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. 1 [t
Ar =5 [ AP (B.15)
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PRETFARIEE V"
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FAWTIRDO LS ITEHEINS.
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Y™\, @) (SIRDFEAZ 727

1 9 s, 1 0? m
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1
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1
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1,---} #HWT
AN ) =D > AT\ ), (B.20)
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X Ot I A R R A TN (B.3)) Th .
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I AT B S 5 e SR,
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o =YW J=K =M =N,

o EAFILLYING K = 2N, J=M = N,

THd & BRMNBGETHLY .

=AU & AT AT YIE O NI DWW T, ORI TIFIRO LS IZEbN TV
%20

o —MAILUIWT DACESREEIL, ME A OAR S THREAAIZE —~ETH 52!
.ﬁ?*%ﬁifx#—»@ﬁ#m&%%ﬁfiéio aot% BEZ
5. W AT — )V O/NI W IF TR RS R W , I RERIC
FRAEME NN & S IXFFINTH 5.
¥72, 2DZ kX, BB =MILIEBYIN U 72 EREHFERESIC L O REI NS
BRI _E DDA IMOAE % 2 2 TH[E U =M EEIW U 72 3R A B g
SO EMIZREINBEZILDEVWEZTED S.

o FATVUAIEYIWr DI E, S RIGEBUZ DO WTH U721 OmMALEEZ & 5.

B.8.2 HIRTEEDRD A

Z 2 TR IR L B AR T RO RO FIZDWTEET . 2 s IZEIRi (LG &k
DI, T 2FHEERY R Y 71272 >THED. TORE, FFT O, aliasing
O [m] ik, th\o 2 ODHBIEN R FEEER U ECROZBEDH 5.

FFT OO FE & WD DI, GEIEEHR T, LA KT o ART L] &
T 272DIZHWS FFT BRI KH K 2O DR T8 - BN H 522 22T
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— 7, aliasing {23 2 FEIXEHTHS. ZZTHRH>TVWBART MIVETILT
X, AR TOMEZETELTWS. WhpDE AR MLEFS DI, BT~
ETOKEWDEDFA %2 T EHDOATH L. TOEKT, [ DFAMIZD AR

DHIZK=J+M ThHs5DOEFHMALYIE LIEIEND. 7225, 21X R21 LIEIEN S H

DIF, K=42,J=M=21 DLDTH 5.

20 ”%zr”ﬂw 1982 M p.A7 & 0.

2L DRREHDEE FINIZ A LT B Z 22D WTIE, SEATIA YIRS, MRt &
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RZIMNVEAWEZ )Y RETIV] LE-5THEEWV. ZTDESII%ITIEDHB L 1
FRERZEUL"EHETEZ e 2HIEBL, £/, ZET2HBUIBEICARY b L
DR T2 DEWEITIRD T DTE B, THROLEBIZEWTHERDE
LRWEITOREHEZ L SRIERSBVWEDICEZ S, L ZAPERIZIE, AT b
VETFIVREE — B SEBEATIZOWTOAELULEHE L, TS EDRBIZ
DWTIKEMR LW — 12 & 0 UIrEER - T RBhkd onTnW5b. £72, ik
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TREORO /2 5. BRE _LICHE DA U T 5 Y8 & 2 BRI A B C R
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M, N ZUZEE L7 UT, £FTIEMBEIZOWTYIHERLATDO AR ML D
BREDDIP > TNBYEE A & T RAEICEBL S 5IZAXT FILOFREIZIEL
KBTI LEFEZAS. AF-M<m<M, m<n<Nm)DmnlZ2WT
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M N
A = Z Z A™P™(sin @) exp(im;) (B.88)
m=—M n=|m|
THEALNS. INSDRTREUED ST A (—M <m < M, |m|<n<N) %
AT S, BEEVE L 72 R TOES % Gauss DA, Gauss-Legendre D 22 2 T EFAf
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I

J
1 _ .
Ay =< Y ) AP (sin ;) exp(—imw; (B.89)
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FREUE 64 x 64 =4096 THB. T7205, 3/4 ML EOWERIFME T RUMEN S AR DIVIZEHT S &
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I
~ 1 ~ o . e .
Al = Vi E E ( E g AT PYY (sin ;) exp(im/X) | P (sin g;) exp(—imA;)w;

M N I J
]‘ Am’ . ! m . ml .
=7 Z Z AT Zexp(z(m —m)A)ZPn (sing;) P (sin gpj)w;
: P
(B.90)

b, ZOFREN AT ZEULKIHIILTWS (TRbLLITICE E D) 20D I,
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I
> exp(i(m’ — m)A) = IS, (B.91)
=1

J
Z P (sin ;) Prt(sin g )w; = Opp (B.92)
j=1

DO DZETHS. ZABRBOINC K ZFHHAIEL W2 DRMEE, 220
B3 DI Im/ — m| DEKT 2M DfE% & 5 DT, Gauss DARD G
KO TR I DT >2M +1 237232 THb. Legendre BNEDFEDHI
IZ & BEMASIE LW DML, 2 ZIZEGTHHEDN n+n/ IROZIER* O
A T B Z L H 5, Gauss - Legendre DANARNDHEHASZME LD, T8 J
2J —1 > max[n + n/] = 2max[N| {7z 2 & Th5. I T, max[n + n'] I&
n+n' ORKIE%Z, max[N] IZ N OFKEZRT.

HIRAIT, M T D S ART MIVDORBUZ A UM T REIZ S 3 & WS T H
53N, ZD Gauss-Legendre DARDBEARM L WS OPVEHRZE2E L XTI
FERWHHTH S . ZOZ L Z2LUATIZRARS. BHEE L XTI AUEEZ A
R MVOBBUZEB UM FREIZE E312E, 5D 5 RIGEEIZOWTEILS
D& T J L F U 7T OMEED Legendre BEISHETH 5. HIGHE m D
6, %3 5 Legendre FSERELD n l&n = |m|,m|+1,--- ,m|+J -1 TH 5.
PP ORBUE n+n' THEPS, KT 2J+2/m| -2 TH5S. Zhdt 2] -1

Mz T, MO [0,y L7505 2 E2AWZ. —IZIE (m,m’ OMFHR L RV
Bzix) PP P ZHHRIT R SR,
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DEFEITIE, AT MVTH UEHRRZ RO 720 3B 152 F T2 EETEL Vo T, B
RELBZNZEEHERTH D, —F, I BMEBOGEIZIE, HHRIEKE S TR0 7T IXEE L
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UTIZR5DEm=0DKDOATHS. m # 0 DEEIXEIRD Legendre B
EFBEL TSRV, DEDEREERL I I LE2ZRNS

WHT M,N ZEET D ENWIIHIZE E > T, YIBREATDARZ M LDFR
BObroTWaYHE B.C ODEPSEZNSDEFREMEEAWT B & C LD
(FEAREIH) A DAY MIVOBREEELLSRDB72DOD I, ] DFRMEZERS.

A = BC, (B.93)

B = Z Z <B;" exp(im)\)) P (sin p), (B.94)
m=—M n—{m|

C= Z Z (C’,T exp(imA)) P (sin p) (B.95)

m=—M n=|m|

RHEYMEE A B C BHBELTBET . BCD-M<m<M,|m<n<NIZE
135227 FVORE BT, C™ VT A DARZ MLVOBEE A™ %0 < m <
M, m|<n<NIEZDWCTIHEELKHETRZLE2EX 5.

Ar = (BO)p
L L
=7 Z B;;Cy; P (sin ;) exp(—im\; )w;
i=1 j=1
R M N
=7 Z Z Z B exp(im'\;) Py} (sin ;)
i=1 j=1 \m/=—M n'=|m/|
M N
X Z ™ exp(im”\) P (sin ;) | P (sin ;) exp(—im\; )w;
m//:_MnI/:|m”|
| M N M N
D S VI Sl ol
m/:_M n/_‘m/| m//:_M n//_|m//‘

J
X Z exp(i(m’ +m" —m)\;) Z P (sin ;) P (sin ;) P™ (sin @ )w;.

(B.96)

ZOREMN AT Z0<m <M, m| <n<NIZODWTIELLFEliLTWB 28
26 ZoFEHIE Y, IERPIEOLGEE2EZATIHIZE UL E LTI ERBEILR D Z &1 REiD
5Hh5b.
T A B,C b EHTHD. Thbb, B® = B™ ete. Lo TW5.
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D, I, ] OFMAZRPHAOLELRAKICEZR D L, R BT >3M +1 %,
MTRECT P 2J —1 > max[n +n' +n"] = 3max[N] 27232 & Thbd. TZ
T, max[n+n' +n"| & n+n +n" ORKRMEZ, max[N] 1 N OEKHEZKT.

UM F 5l 2 5 2R M ILVORIIZZEH UK T AUEIZ S T e WS g 5T
NE, ZNoD I JIZBET B4R S, B DAL ST, HEKSIZOWTDH
BEIZE > THBNELTLES Z b h 5.

INFETIZHRAR . M, N ZEE UL ST TR, T L S 0iE 7% S W EEk
ZDWT, KRIZIE - IERRIBIHD 2 DDBHED 5 BERHDVE L VDI, B S 22 FEHR
FREHOLAETH S, ZOFMENFORF R U E 6 RWGEITIE, aliasing 25
23 kizinb.

PAE, FFT, aliasing &\5 2 DO HFE % A THR T R L UIWR B e 1Z R
bond. BRNFIEIZLTDEB ) THD.

—_

WM O SRR B
2. FFT O T WHEZER. T2 EAK TR T &5 5.

3.%@%@@&&@%*@A4%ALZF%E}nﬁa.tﬁu[]u%m%w

AW KD A RTIHLETTH .

4. RREBWE Nupax 2RO D, ZMAILYIRT7R S5 1E Ny = M, SEATILIE Y] B
201 Ny =2M TH 5.

5. ML DM T8 J & J > wmactl 237 $HITES. (depamb Tl
BT TERS W)

B Z 1, T42 OGEITIE M = 42, N = 42, R 280 T 23 128, rdbi&F i
J D64 THD. R21 DIFEITIE M =21, N = 42, WK 758 T 23 64, mALK
T T D64 THD.

SEEFTIL, MEETIVOEAIZOWTIRD iZRLTEL.

1. IREEIWr O 2D 5.
2. FFT O TWEZER. T2 K FER T &3 5.
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3, P FIDPH DI ANE M % M = E] CF B, R[] RENERAS

WK DR E RIS THDES .

4, KRB Npox 2D B, =AY 51F Npax = M, EATIUL ) W
Kol Nyow =2M TH 5.

5. MALA MO TR J & J > Dt 230572 $HUTES.

WIZIE, =AM OGEIZIE, I=128 2352, M =64, N =64, J =65 & 7%
%5. D% b T64 fti[:128,J_65 Th5. FHWLEYIMDOEAEIZIX, T = 64
Y93BE, M=32,N=64,J>65 &7%. Db R32 “6611:64,J:65 T&
W29

B.9 ARV NILETFILEEDETIV

HoHD% <D GCM DEEHULD HiEE LTI, ShE G2 DWW TS T L)L
EHRT B M K BHEEUL 21T 5 DY, AEAFNIZDOWTIE, 207 5 HiE (Z0
FHEEZHWAETILEZZ )y RETFILEWS) CEREFAFIEKE TR L TZ D%
BORRZ L Z2FHET 2 5E (IFHFZICBWT ZOHEZHWSEET IV E A
RIZBMLVETLEWVWD) ERFHVWLNE. TDODHEIZODWTIF—E—FEN
H5. I TIENFDREIZOWTHIZEL TH 3L

o ANRY NIVETIVIZIIIKFZEFZED DIREN\N. TN DENH 2N
ZEIZELS (bLW) .

e Lok H FVUyw N 1.875  (E63MHY) ML LTI, HTFRETILT
D75y iR %%MM\?S D IFIFHFELUWEREE WR S,

o MUIKEFEINTH b, HMFIZIZWMAR\N2 . ARZ MLVETFILTI D £ < B

8 22T, I WMEED L ZIZDWTIE Gauss DA D S % 8 2 TR é ¥ TEHET
%5tmﬁuué‘k%ﬂim‘v

29 ’mb@i% TH, FAL GO WIERIZE T - ARZ ML - FLEHIZ L > TELTWS
ZEIIEER L.

30 adjustment —f?@ Kz R EEZ B L, FRIYHWRIZB W TIE, BT THE R 5 50 YEmIC
WMRTHEEIICES. ZD-DTHAD fr AR MVETIVTH BHEKAK GCM T YRLERE
ERFARTHELTWS. fliozx~xrs ]\}1/3&7‘“11/&:“)\1\146% STHBENE D PIIRHAE.

3L L, R MVEICL 2BEFR (ZOREBEEE) (1.6)

RHERZOL. 7Yy RETLVTIEEEREX CEHEMBIIK TFRE2 L L, TH CFL %
729 &5 57012, BREESZMA L LT iE e s, MidRHAE.
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o REFEEZMESLZ LIFHNFRDBEIIT[L NPT WV E WS WER 2B d & 5
R E BETZXTWVE WS BAE 2B R 2 12 X D EFII NS . TN
ETFNOGE, HITEHWDS Z L TRIFEMFITES. ARZ MLVET LD
LE, JIFEOFTHEHWS Z e fE2METE 5.
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o AR NILETINIZZ Y v RETFIMIZHARTKELSSE D R 2B % 0 RB
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111pp.

RO, FHI, —#F 1956 : BREEART . A3E)E, 318pp.
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