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P EERMF TR AR LHAA

%K%
hRRERBE PO

(FERBENTAE+—AZTHLBKR: PEREA+FMEANEER)

]

=

RABEXCERTNS  ZREEA T ERBERNEHERNHE  ERNEEHERFE
BHIETE L BER A - AR 1 — R i R R ST B A B I RENE A S FIFEIRE - Fu et al 438 Toon
et al. ¥ REBSTEME ZMEARHE BRI NE TR — m/uEEE R SGETER
ERIFERE - AN ENAH LA ZaEBER AR E T — BRSO TR TR HEW
Hik - BESNERNEETIRE M Geleyn and Hollingsworth JBHAIELS: » 8% Geleyn and
Hollingsworth gRIEAN{D SR BAI(Fik REBREIEMG — Rk ERAEE - I BRMTE S e LR
A BB FREIEITAEN ZEkd - F Z m/0UE SRR e RS & ISR ERAR R T A3
HZEH - EFGBEREENREEHE - fTUFEA - mEEEHAE BBt L%
B3R B AR AR E S B RETE RS - R RREXNERAMES - AREFREIIN FER

FEE B -
Mgt By - ik SMEER

(]

__.,ﬁl‘j

BB A RBI SR FRTIRARER K E
AR » B HERE RS e R AV BT R E
HOERHRARFFE IR E R A E - EEH
LABR % RAR A S EUA FEA AR (RES )
BT, A0 1 B st B B R A K ST B
# o Tt REEREH T EHERN > R
BER A T EE RS BRI B AR

EHESERBEEARNER S8R - F
BAEF BB R RO RN E
3K (Stephen 1984 ; Fuetal. 1997) -

A BHMR e - AR EEERKR
AR ERAB R EEENRKE G E S HIRPR
Z1A] (two-stream) LUK RSB SE 2 B E
75T (emissivity ) R - A1 » R Z1ARE
e SRARE  WEERKHE L&
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R FAR9E G Toon et al. 1989; Ritter and Geleyn
1992; Fu et al. 1997) - AOSLAFEER BB ER]
FEENREVENGTERM —BHERSR
8 thae B R E 2 R EBUH BT B4R
IRMRE - 2R — R BN B R R R
S RERE— S L BRELLBEREIER
REEHFTE FAAEARRRE (Fu et al. 1997,
Chou et al. 1999) - 4} - (ST ERFHIFE EE A%
MRS INREI LL B b RIFERSHE A =
W B LL O B B U R B H R 28
RS A B B R R B DAAR ML B i & &
ARLAF HE B -

i —MEEARREEHAELSH
FETEM IR R E— 58] - Toonetal. (1989)
B — i B ATE REY Eddington FIBERK

( discrete-ordinates ) T » HiBE MY 9MRET
(isotropic) BRI ERF » W REEBFHIE
BERBIAOMBRERTPAIBSNEMRE -

B AR > Toon et al BBLUBIERIE

¥kZ+9 (hemispheric mean) JAERAREE
|k e KR BT ERA s RETHEY
Farett: - bFIRLAREERY | MBS (source
function technique) | » BEARESFEFFHIHZ
MEEAVER - R R RS R T2 By
RN TR N BOR - BRSO BIESHE
RGBT ERVER - SEAEERAER A
EHe A ER R - HEERE _MEREAR
RO BRI (BOA ) Z N BRI RN -
N HUF BT » Fu et al. (1997) HIRIRERE
RS MR 122 R » F S S
#1534 (double Gauss quadrature ) 7 PU[H)#E 54
5 (intensity) {GEHEEGTAR (flux) - 7
B4 PH H E YA A RS R - E 2
BEE R T sk E R ASRER AR i B Y )

FotAamE 5
BRI » SFEE AR — R BERI - Fuet
Al BEHB - A\UERSE -

S—FH  RRBEXERNS - &5
R RS B DU S E B R 7 AR
B ER THTEME - 58 HbRE#
M HERRIREBRSHREEEBYIBIRETE X
B FREBNERIEFRI2 M HEHE
/AR BHIES K - FRERRLLE - |
LB EA RS REBERMMIFE RN - 5
THEHIATHAR RIEER - SBHK5% - &
R RS EER R E R 100%
EZBHNEXLEEREKREEFRNEL
(scaling ) A% ({4540 Kiehletal. 1994) » i@
EREASBCERRBESRRERER KL
BIRREATE - Chou et al. (1998) FRHITHT1E
EAX MR EEEREBN R AR
BZREHE  EUREEZBYIEEY - HiE
HEACBREHEENELXEEREFERELAR
B BREVRRERTET ERERE -

¥RENAJG] 5% » Geleyn and Hollingsworth
(1979) (LAT 68 GH) FIRZEEE—E25
RES I B SRS BB KRR -
JRFFE ML T RATHHR T REREAR - K
RN E &G E MR - i ARE
FRIRKB|ENEET MRS DURIRRHE
HEcHnERaER  BUBNEETH
mEEEAR - B B R
BEBRHATRNEBREME  FTIREENE
BERGEE - F_ERBINNERIGHE
ZEMBATIA LR E BRI 6 SRR 1 A AR
ABHAEE - Bt R THROEEY
FHHERIEE - GH JniR et —EEE R B ssy
BRI B -



AtF XA

Aifd - GH W TR B RIBEERN ik
- WIATHEFATE SR ERIEES HEK —H
AR IRE - M - CR/NERE S R
i —EREAR I B RS e R I2 - K - HRER I
AEAEAES GH mENOE RS - &l
DARKSGES GH f7 AL E R BB S RIS HENE -
gt W REELRER - B LARERE
REERS - EH B8 " mEREEE 0 LR
B H RN SRR EENTERE - &
BRI ERIREL S - DA E R R
R T — R E R TEATTESN
FHE  FEPN GH BLIE » HME—LELEE
b5 | A Toon et al.( 1989 ) IFBN B ITHIRER
EhHE A Fu et al. (1997) B @/NEERES
EWNA - MEAREREERNES
R o B HIRR =B BRI R MR R
B SR UG IR B AR BA AN{RT 1T RR Y N EA KA
SHHE - Atk —ENRMIF HEREETE A EET—
ECE RET RIS iR - EIFARES -

B EEEET K
MR R R

B sk e 127

£ A AEE T HR K9 KR
—@ (k) ErA LR E T @ s iastiE 2 ( diffuse
flux » F*) a&:ZB FH3ERX ( Meador and
Weaver 1980 : Liou 1992) :

aF; + - +
It =YuF - v F, -S; (2.1a)
aFk- + - -
¥=szFk -YuFo +Sg, (2.1b)

Hieh o ST RALE (T) BHEFRENERIT
H o e R EA H R BB BN RS A S
ITER  RBY,, AR —As il - &
— AR R S AR R ST Ry, iy
HRENE - AERIRIES /T - BAPHEH Toon et al.
(1989) FiREYHERAGiL » Al EE M =
[ A RE BRI YRR MR - Fu et al (1997)
R P28 D fEIE5S 1.66 » M0 S HH
HREFTERRIBE IR T (diffusivity factor) - RET]
EEEENEER -

TEfEE S WA, - ENAT RS MR bt
FEAS B e EAE AR -

o SIH-RMAIAE 0 B (21) RPATHERY (v,) REREE (ST) mEs - =
EﬁﬁﬁiZfﬁéaﬁ_ﬂﬂﬁfﬁ ' O ERYHKEE - g EMRBY 0 1, KIBARY - S, ARG
FRAHABEER - T, U ARREER RO EEENEEE T R

NMRO<T< AT >
BEETHE k -

AT R—BEENRER - B(T) MU R LrESE S EY - TR

Ty Y2

Y3 I‘l/ D s

Solar radiation

Eddington [7-G(4+3g)]/4

Quadrature

V2-&(+g)]/2

-[1- (4 -3g)]/4

V3s(1-g)/2

1-3gup, 12 }5‘(1),:7,503,6-('.«)%

1-3guu, 1/43 S (v) '(I‘YJ)SDG)C""")/"“

Infrared radiation

Hemispheric mean D[1 - &(1+g)/ 2]

D(1 - g)/2]

2 $*(v) = Dn(l - B)B(1)

RfiE : Eddingtlon i A i i# = €3 > Quadrature 7 A M4 = € % » Hemispheric mean 54 & £ B F 355 o
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FotAmB =%

F (t) = q,e ™% 1 q, e™ +]J7 (2.2a) FRATAZFELT

F (9 = qulae %™ 1 q,e™ 417, (220) [FJ ] =[‘ ’] [F} +[Z_J @3)
k k k k

Hih o AtRERHBHOEBEEIZEY o i T8
BANO<T<AT » A=y -y)" UK
I=(y, —A)/y, * EREET" 0EBETIN
F 0 B A0 AR VR TR S A0 6 1R 3R T B R
(Planck ) BEHIRE D GE BYIME > FhAf
51) 40,35 4 1 50 B 537 R4 0 5K 0 7 i 2 Y
HE o EERHRBQ,, TERE L T B 8 RE
{415 RIS o

e (2.2) ARG [AEEmE - A]LAE o R
L RIFHEAEY T KEBEERRE -BNE
HBABAELEGR () KRAE (1) - R
ESREARN - HRE-BREL (F) 457
BIS SR 5 B A ST R 53 B 2 R W ER R

E’ rot F, VA

KPR (o) KRB E (F) S5 - B
1=0 (1=A4A1) BIIE - BN F@RAISNE
EyHEE (F)) M5 EXRE LRI ARE
hER (F ) B TE8RIANEHER
(F ) REMERFE=HNER  FEEHN L
BRI EENER (F) JRAEH - BR4E
BRI (Z7) AR AN SR RS
BB - B (2.2) B (23) KBIBRERRIR I
Wi o FEMTSR T BB 2T LUR o 1B
HIEE - — BEIAKRE R RAETGRE
HEIATE (2.3) AERPFASHIBIIHER
RBEIRETHES FSRENEERS
i -

£ NEE— B8 (25 XPEREETT (V) wES - EEKESAE - (1) BREY
HE BRI AL - &0 B, RRE—BIH (K) RIHERITESIE -
Solar radiation Infrared radiation
(o) = Linear-in-optical-depth:
~o (M B, -B
@Sge™ ™M (y, =1/ mg)ys + (1= y3)Y,] B(r) = B, + (=)'
N —1/ud) v
B, -B
J*(tv) = 2n/D)|B(t) + —>—-—
) (Y, +¥2)AT
I"(v)=
Exponential-in-optical-depth:
BSpe™ (v, + 1/ up)1—¥,) +¥,Y54] . B
N =1/pd) B(t) = B,e™™, withf = exp[z—ln ‘ ]
T

B,
_Dn(Q1- ®)B(T) (v

)"2_5 £B+7v,)

(v




At F5<AR

HEAE - (23) AER GH Fr&Em _m
AR - TELLZEMES T o BNAT#EIE GH MI{FiEsR
BB RAGTEREE - (kL - BH5IAW
MORINESERE (LE ) fIEER ( bE
o) NMEXINBRMEY (0, g 1 1) » 1K
RERESF - FIAKEMEKE (23) KFEH
FIMEMER - BT E T _EiEmT 5
X - BTHHBRFEETS > BRMUE |
By Bh¥EEn=Eg&£RAEC,_, - C,
C.., WwZ&MmA C,_, <C, <C,,, - HHp
# k @S - #£.L (F) @S]0 IIEE

E N

" DR B
Layer k+1 £ 5 g

B ¥k E2shaiEsh B REUR B E AR
5 B A IR R -

HEE > DR KEMEESZ (HE) BEMWA
FESE R AN COBES (BE) B4 AW
SEESER - KL BAREENEZEDY
SLEEEER B L (T) #REEA
SRR B4 BB AT AE TR - B I
WM - AR e RN A R R TS
REGMIRES BRI RES

R =t (1-5,)-F" +1¢-(1-b,) F'

+1°by F +r°-b, -F o

(2.4)
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HESSTES 2K E A EGT T REE
B MR D, KSR E  TRRERS)
£ LR O AR Rl 22 0 B S B B R
M s S B R BAEb,, =1-C,
Hb,, =C, - faHtEEMNE A EBE
agt b, =(1-C)/(1-C,)) + b,, =15
b, =C,/C,, * BEHEHRBANKRS A
{558 GH ey —E@ X & ¥

1-max(C, C,_,)

, (2.5a)

1k 1-C,, a
b o 1-max(C, C,,,)

2k T 1__(’:](‘*l ’ (25b)
b - min(C,,C,_,)

3k C,., ’ (2.5¢)
b min(ck ’Ck+l)

a = C ’ (2.5d)

k+1

TEFTEENE - EEAEXE R
REEERERCRE  —H EFEEPRIk
MR NRR - B8 EEE R
RSB SMIFERREABS - Wit
EEGEA R AP AR SR -

W (2.4) E—PHE > BB HE
B MO AR R AR M L 124

f
: [( ' [6F* +@-b)E<] [Z]
. = N ac +1{~ » .
E )Lt bR v a-vRs), Tz 0 @09

—~ c

[F; ° [( ' [A-b)E* +b,FF) [Z
.= . | *ls3.] > 26
E'fe 10 Yy[Q-b )K" +b,F| " |Z'], (2.6b)

Heh o EREEZY (25 )R Bktiss -
FIEE » ZEANA K S8 TE R M8 R
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ik (2.6) BT SSRRMENEAS VTR - 8RR
#H (2.3) = 258 (2.6) BT HTZRYERER
i B HEN T BN ERER - ERERE
stk T AR AR BRI R A2 A ST RS (R
FIURETER) ©

= HHREETMARER

594}

FEE—Eih - B E S AR BT R AR
B — BT 2 B TR E AT E R M AR B
G SR — B B R R T AR
B o B 5 0 SRR A1 2R (azimuth-averaged )
ERELRE FRINE 958 GHEBRER AT)
BARWARET €6 (p>0)

I; (W) = 15 (we™"

Ax

+ (M (T, we™ Mdu'/u, (3.1a)
0

I (4) = [ (~pwe ™"

At

+fmxﬂwkﬂﬁwmvw (3.1b)
0

Hoh o AFEm 1 BEEELE (T) 8
R b (F) WesiER g - RN T8
SRS R - A e s L B
B8 A GBS RS - SN R IEH
B ERXEEK (M) ZEEOSE R
BRI « TR

~ 1
E 4 (D ! . r !
M* (T2) = = [I(6 WP, n)du
-1

-(1-®)B(),

R AAH$

(3.2)

FotAMB =%

Kb P B A SN BET AN B - KA
RES (3.2) AZEMEMIFE - EEAH
VT B 38 LR B A S B R S AR AR A
SEABRENE Toon et al. (1989) FREAMIH K BHL
5 o ARERI T T 0 SR TR A S
BERMMES (tr/D)=F(1)/n » i
Fr(r)an (2.2) =X » BREGHHEA R AR
P(xp,n)=1xg - —H (3.1) ABEEHFEK
(R 1% 0 BN B ARAT - FIFI L ATHEA
FIBEHERE T EH3 RE S B A TEN S

B EHMRGEAR TERE LREBEEN
EEETEAT -

BERATERE N BRI R
8 0 BFIL B AT DURE bl 1) F YR s B i o) K e
& BRI S T DR - S REAAE K
HEMEETSBEENEEENEN BE
k8- I (3.1) A5

OB O

.
Aty

+ (MY (@, pe™ Mt /n, (3.3a)
0

I, (~p) = I} (-p)e™

At;l

+ J-M_-(T,,_M)e—(m;-t’)/ud,t'/u, (3.3b)
0

Ho» EEESAILIE f ARSEEHBRESND
HERE c RRFEHRD - 4K (3.1) =+ (33)
AR 2 RN B IE KPR A B4 50 R
MBS - ELLEREANE (2.6) B BALE
HHRIE i > AR ESKEANERENST
EREOHIAES  ATFARTY



At %A
L b,I;T + A-b )L
0[BT+ Q=b)IT | (3.4)
I (1-b)I" +b,1;°
I A-b)I" + b1 |,

FRIEHD, A (2.6) XRAVEBRERT
e -

B FERTREBETTU AT A
FEEY (M) - fFELARD  BMAFAAZR
HEHEM  MEEHARE (33) ARVESEE
ERFXEZERAZE LS -3 - ALk
A i KR E BYEM - EIERTEE
Hin ARSI B R i (2.2) ABBES

(FRAERE EZ*)

+ A (At -1) =yt +
F () =que "7 +q,Le™ +J1a,,

Y
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L (-w) =T e/ LGy (1 - e'mi‘”ﬂ”"’)

+ G;; (e-Atilu _ e‘A";xk )+ Yz'ka; s (36b:
b (RBSTOAR K RLLAR®)

. q.(=)r/D)
v2 = Zautn 37

Eit BfIFIAEE -"BHNERREGHE
f# #£/f GH mESNERAHEEBIES
R BEYT - LB EREN TR REK
B B HHBERERA SRS EY
(EHARE H AP RIRAE TR o ARIR Fu et al.
(1997) E#mH _[A/HAR S » IEHEEH

(359 s e 75315 0 1 75 0 M e A

F; (1) = q, [ e ™™™ +q,e ™ +150,, (3.5b) B + FHSHERE S T 9a0are st BRI - Rtk -

NERERBEE® o, =1-C, LK
al = C, AR FEMODLLOUEE - EHRMER
% q,, SERERELDIEEENE - RY
q, THEBEARCHANIFRERER
(F(0) #1 F'(A1) ) WR3E » MR R
WETSESRET - BMEH (26) RWEASH
AR S RSB R -

=BT (3.3) O AT LAk ELAREEAT -
B ST — B TR B mE - T
RBAR

I;; (l‘-) - i;’tke—milp + Gl—k' (e—At;/u _ C_M;M‘)

sGprfi-etioiom )y year (3 6a)

(3.6)F BRI 5 AL BEELE B FRIRRIRES -

2
thl: = MEai“iIi;(t“i)! (38)
SRR HZT » py =02113248 13|
Bop, =0.7886752 + a,, =05 - %+ &
() EXIEFBEN SR RIEGER -

9~ 3R OK SRR MR A
REBHMABRZEHE

EtEgtiE EAKARIZER S T E K
RIVETE - BKEGHERARAFER KSR
REBH MK - EEHE B RAETHRNHED -
FHEE - REREKIERYIDERUENNELZ
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FotrMg—s

#= BE (36) AFMY,, WEH

Linear-in-optical-depth

Y, = 0"(1—e‘““‘ )+ Bb(ue'““‘ - Ate VH 4 p.)

Y, =0" (1—e"““‘)+ Bb(p.e"““‘ + At - p.)

whereo* =B, + B, [

1 1
Y;+Y, D

Exponential-in-optical-depth

_(B( - Bbe_mm)

Y, =2

1+up

1,]+(Bb _B'e—At/p)

2=

wheren® = (1- (T))[

1-up

Dy, +v, * gB)

(' -p*)+1 ]

TR MCRIBH PR BB 53R <« B - (EREATTEM %
BREHRNVBNEER - AMEEEFEETH
B EM S ERRITR Y - ERIREA LR T
& o

— M E - BIEKHRS AR B
SFe AR SRR ISR B ORI M B L 3R AT BT R
HERRE  CRE TS E R R
BB AR RS BRI VB < MR R AL
A BRTEBIRA R k ofMGE (k-
distribution) (Liou 1992) - Zff /5280
WREE < WK R BIZ R EH AT HEY - S
HEFEY k D ALURARMEER R R
¥ (g) Bt ERRERERTEEY
g HI IR BB R e - RS © BHE
BRI R B BOREH AR T &

FERHRN - CARER

F=)YFAg, Aw,, (4.1)
M m

Ho» M ARREHEE (B) KEM m AR

B EBERRE » AW, BEZ T EEGEE

WERTHEE » R Ag,, IR EHE T

BB HEE - ERHEARRBET SR

BEORIZEE (At,) 8¢

At = AT + AT + AT 4 AT (42)

EAPRTRER D ARBH KR T REHRE SR
AL K ECRUR ( Mie scattering ) 2 4 (0% IR0
R BAhsF 2 E KEET (Rayleigh
scattering ) EEEMBHN ESE=IE - AR
B8 SR TR RELRE - BRI LARE T g
—MAER B T B —FI9E AN - HIUEp
{0 ERE R B B L B IR U B 2 R A2 - B
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ATy =k u 0k, REERBEERABKEA
B8RRI v BRBRAE S & - HRARB
B TR B KRB IR R IE AR 2 W - Al —

Mie Ray
& = ﬁxﬂ_ (43)
‘tm
A‘t:‘ie Mie
£= AtM* + ATR & (44)

S s

g4t BT RHECRIEGRIERE - i—H
RRFTIEHA (F1A0 Liou 1992) » AIRLE—S R
F delta (O ) BBURIRTHEUEH IR RMA G H
#E5¢  FLUBLUETE (similarity principle) E#
RRIEHTRS B - TR BB RO SRR -

IFrEMREEH

BANRTE AT - BEMDE B TRIE
BHEHE BB RETENBEET » TRBER
BABBRCETERYE - ERESNERIEE
2w AN ES/ B RNEN R - BE
HERLE - GEEFEENESF (LITHHE
8 D ¥)  WRBFTFEARERE T » BH
ERIE S BT Y B RE R ATREE B B M
R - FBEET R B EDERAE R
B2% > [t GH EEAFEHACHER
Wi GH FEmRETnERSE . - AIFEM
KHRGET R LA B R AR (McClatchey
etal 1971) ¥ 18 BRERINE - RB-EZF
REYEREAFANBES AR - 0B 2 ok -
H-EEAXBNRAES B - EEYREE
BBS E_EEXENEHEENEELRR
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EABRE EZEERAEREEENSE
mE—EEETERIZERNEA(C-FEMES
BE - EXBRMNRESE ' & - KB
() BEKESENFIS 00lg/m’ & 0.lgm’» &
AR AR 4Spm R §um - DIRT RS2 ¥
HEENSE  BES5HNMR 1 R 18KEL -
PATFEE » BAMEA kg Xt B s L
R AN\ R B R ES - oM R
AR RRBE R R E B HN B K
1k, 7545 #8 Fu an Liou ( 1992 ; 1993 ) 2 {ft ALt E -

3 BRIRBAREEESHEET » 25l
BERTERREN &R ES - th#& GH
TN D BERNER - SHEE SR
RIAARE 60 BRMFNEKE 0.1 HEH
ARG ERILLE - Bn GH BBNTER
RREBHE D HAARRE  EEERNE
TEERNES HEHRETRRE - ERE
HNERHELRURMEREE ML ERER
FEROfET EA Z R - DERZBHMS -
ELTER Cu 1 O 1EEH > ARERCRE
REEANERS  BIELL D ESHERERER
VESHEREBRN - I B BERMERCH
HEHERIHERIL - EFER D EIHRES M
RBRERMER MR EER - Blanse T
B B[] T SR A AR S R M R A BB A T
P - {82 > GH HEE A 28R s
FIWEBH R BN - BIINE B TR R R
RHVERAE C WILRHITEE - AFSERTE
R R G RBHUE 1-C AL SRR 5
B - NR%E - GH % EEGFK M D
I - NN S Rk K st LiEg -
LHFE XA EAZEWITG @ ERRE R
E7 GH #fTRBUERIEHITERIRR » B
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case?2
215hPa ..
279hPa ... IWC=0.01 gm‘3
D ~45pm
315hP2a e .

C, ,: cloud fraction

802hPa - - N
876hPa - i‘i“ﬁé 2

LWC=0.1gm3
r,=8um

overlap: random maximum maximum-random
W2 SAREEWNEEREEE FERFERAN - £ C E OOBRERMANE (T) BHNER -

(a') 2st—CH-1 (solar, planetary albedo)
T

10 1.0 10

09 - 09 os

os} Xy 08

o7 - o7 | ot | &

05 os |- o8

o5 [- C, 08 C, 05

04 0.4 04

03} 03 03

02 02 02

0.4 0.4 o1 [

o Lo — o ° et AN
0 01 02 03 04 05 06 07 00 08 10 0 0103 03 04 85 08 07 08 08 1

Ci

G

(d) 2&4st~CH—1 (infrored, OLR)

[.X ]
08 |-
orf
0.8 :
osf
04
oaf

[
00!02040#010‘07MM|.¢ 00.'02“040_50.00.70.IOJ|,0 00.!0.20.30.‘““07“0.'

Ct Gt Gt

B3 SIME 2 fImERESE L TRREESEEZT @ SR RERITERBERIHERER
# 0 LEBRA GH ¥k D BB ERMELRIZER - BhFERE GH B1EH D HiE
BEESIE . (a) ~ (b) F () RFRMER | £ 3 BMNEEITERRRER > R (d) -

(e) F1 (f) RIRSLEREERFANIFER -

1.0



TF5<A

BETRNBERER  BUNERZRDHRE
7 - BEERMHEDRMRAEHIRERE
YIRNE - BEIMRN S ESA 0 ZRUG
i@ - KLIEE 3 AURERT > ER-K=/E
KMERR 4% @ (BEREHEEEOERE _RHEL
WAWZERYE > RO TEEE (4) KREE
EE (Cu) BB - T@ERAMEER
6% » 82 D EHERFIHE I BIRAER -

BRI R /T EIRILLER » N R IERGIRYET
B Pt 53 B H BRyR KR BT RE
T - R ERE T RE SRR KR
HinZERNY  ZEERNAIRERET 2REKE
A 1%LIARZER Y - 52 - HNREERHT
HE - EAERNRS S 0 GH BRENNE
EREESHTMETLUEREE D TR
mR - MEEERFTEORERNE - RIUE=H
AR KEH TR RO » %
A bfF GH BB T 2 Zm\ g A BHR
B ERE - TRAERSHERREER
I » FEGLLR AR IR RERER T
e (=117 1 =N = s SR S i = S
reEs AR BB ST RE N BEHE
BRI RIREBHA LS - D BHlERLA
1T 2N EY S ERIVGTE - HERN T IE GH &
TFEE 2 (EHET RS -

HREEN B Bl RESER D FR S

B
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F o BATTLAER GH hz mimtgrhsn)s |
AR BT » WAL TFIA Fu et al
(1997) Rz R —a\ g R E 0 E
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ABSTRACT

For the purpose of the application to climate models, the two-stream approximation has been not only
widely used for the calculation of solar radiation, but also gradually employed for the calculation of infrared
radiation. The traditional two-stream approximation, however, has the discrepancy of the accuracy in
infrared radiation. Following the source function technique proposed by Toon el al., Fu et al. improve the
accuracy problem in infrared radiative calculations by developing a two and four-stream approximation,
which incorporates the speed of the two-stream scheme and the accuracy of the four-stream scheme. This
study intends to provide a systematic development of a general solution for radiative calculations in partly
cloudy conditions based on the two-stream approximation. The treatment of the cloud overlap follows the
concept proposed by Geleyn and Hollingsworth, which was applied only to the traditional two-stream
approximation before. In this study, we derive a solution to introduce the source function technique into the
treatment of the cloud overlap. Consequently, the two and four-stream approximation can be readily used for
cases of partly cloudy atmospheres to retain better accuracy. The methodology presented here should be
suitable for the calculation of flux and heating rate in GCMs due to the fact that it possesses the features of
accuracy and computational economy and accounts for cloud overlap of partly cloudy conditions in a

consistent manner covering the whole spectrum calculation.

Key words: Radiation, Two-stream approximation, Partly cloudy condition



