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tercomparision of Radiation Codes Used in Climate Models, ICRCCM) 8 EM A i » SR/ 47 RIS A [BIHG$ES 2801
B —RPREKBETZRERATNOEH AL (HHEFR 0 CWB1) » —BREZARZREGRANTEE
HBIR (CWB2) o Fi MR MK RAMEE RS RSN A CRABY « DREESINEELT
SRHEAR  UREETWREET » 53508 R R W RE B AR 6 613 LR 8 U 4 S R

(BEBREARMAE) » HEFEANBPHEENER - 87T E SRV RERNTEREHH ENREZ NS &
YRR F RS TR EE S B TR (CWBL BHINE 20§ » MCWBI R CWB2 898 ) o LBHERIOT ©

(— YRELA M — CWBI ZM 5§ TR i B i 86 £ 300mb LA_E ARAEIE » B—FEIAR#FR e-type continuum %
WO > BBE A TR R WA SR R S AR RO f b SRR R o CWB2 RIS LA CWBILHIBR » BE
KRS BRI BF RPN 05°C /day » W HESHH BRI FE/N 5% B2 o HR » hik CWB2 By EE AT
F0MEF CWBILHER > REBRRMBARNRE S ABREERITETEVEN » CWB2L WER/) CWB2
REERFTETHHAERTARBHNFRESNERENRR

(=) EBHE — CWBLH{GRIEGR » WHRIBERE A RKMNMENRE R o CWB2 158 CWD1 HEARNE L »
EEGRE » TRARINBEBELARE QRIEE 05°C /day BAS o CWBI S CWB2 HIFE 2 b MG BB M T @
HEE > HR > FEE 20 f 6 CWB2L B 7 oiHE 2 ¥ B A7 47 HE T 8 i L AR R 4 HLAR S RIEL CWB2 » &
L% A7 166 B4 B R A A B SO T U

STRHTRR (CWB2L) S B 5 (B i A R I PR > SR — 2 WS » RBUSEH WK SR SR IBOL B R 4
RIFES S EEMATRE TN

MET  BFSBURR > BR¥ - G

Bk IR - REFRKNBEEEIHERPIEME
ERENERSEAE RREESELBEAE  ®

HAEFRRERS MO MRS B & - it #t T K 5 8 Bt SE B 89 9] A 7 B8 (Holton,1979) o (A i
BR-ARFRENETH BEATGES B o IR - HEREMENEE L  RAREA —KEHERN
RRFEBBA ORI KGR » RENEBHER (Manabe and Strickler, 1964; Liou and Ou, 1983) » 3
BEHREFRENRETERE 6 (€ 1988) HEREN ZHERFER (Williamson et al., 1987) » &
o HRMREBHMEMYERERBHERTETY HeBEEARDRWRNAE c LHEZHHKR
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R EBHAETRHHKRERES LMo B
JI A R T & R R A9 IERE M © Ramanathan®s
A (1983) 8 3 468 B & 2% 25 i P 70 O O L Y O PR A
HEG > 9REEHZBILHRBEEAE—RIIN
BRERR > FRBPEBH -EBRITHERE
HeBXOFATERERISRENESF SRS
B FREESFERNNEREY ASREES
ETEHB NEEESSHENL FHERAEBET
c M E R MEBERNARAR > BEAAN
BEHZ2HIEARFRS -

EHHRERTSE | (—)RBREthR LR
B (line-by-line model) o (= )& ¥4 #9 4H By 451
. (narrowband model) o (=) — My R EE X R BE K
R EHBE X R 2 b B 77 X (broadband
model) o {HEN{E Z R HEHTE N > 7EZHEBMEHELR
R RN E S R BN » SRR
344 R E R % MG HA AR R IE REPE (Stephens, 1984) o
FHEPEMNEERR  SHEBERFEREmMRK
IEREYE » T FEREMORERR > HERPHNE
S+ =, B Z 4 (Harshvardhan et al., 1987; Chou, 1992
) FEERES B IR > th B4 SR 89 Rl S
BREFEHEREHMELERE - T8> SESEE
MARERAEFERFTEL  RUHOBRDER
» H40 ; Stephens (198)@ H BHEMNREWE R
REEAFRERANEFN BB AR ZEERE -

HET+ERAPAMHPREERBNER » B
i AR E %090 PR KRAEMBSN TR » Flm
D COLf5 B AR R » REE B 5 89 B
o RMBRE HRBEEARBERRKE - ELRABER
BUERRA L BREXEEELEH —BU(H
i SRR R R COMFE T @A) » HE & L AR
4» I (Mitchell et al., 1990) o iFH  —@EHE BN K
RO RER & KBS X R AT B G EH 2 Bt
HgE URBHARPHEERS MK - BUR
V& B B K BB 4 1 51 I T %9 B A% A B (Ellingson and
Fouquart, 1991) it » BT EZBFEZEH B KA
BEANEZR LR ECHREEEERTEEENT
Fe et o {2 19805 48 — 75 BRI 8 i o 4 T X e 3t
¥ (Intercomparison of Radiation Codes Used in Climate
Models, ICRCCM) o s@IHE I8 B8 » FERMESBIE
AP A EEEARRREMRGELT » 6858
BHEENZRIM > LAENELZINESEA

B HHAEm Y

¥ (Luther et al., 1988; Ellingson and Fouquart, 1991) o
RBICRCCM M Z EARMALBEE | ()EEE
SRS R ERBFN -8 RLBERE
Bt B > TERCZ I B A B R R R
' B R Rt HE 2 8@ E A RS LB H Y
i o )ETEBHEAAMARS K BB RE T
BRSO > TR R > HEAM T EEY
7= B 7 & th & # K (Ellingson et al., 1991; Fouquart et
al., 1991) o 3F RUR — R R A et B s 4T 68
BHER -8B LLUFEREARBBHIRE L RE
BHEH o

B—FE > ABICRCCMIEHE » & RMHEH
ARBERAFREAPHEH S BEL > B2
FREREEE > MREEANRE  £—F
o 3 85 B R X A9 S IHE M (Fels et al., 1991; Morcrette,
1991) o IER — B AR T EABEARERE
MEAEAES > AIFER N EG R BE AT »
HHENEN 2B ENE IO RB T BREH &
MM EER > BEFBRNREABEBRER o Arpe
(1988)F HTECMWFH R i tE R 2= » A FHERAE
NHEA > HPFERRZ—-BZEHSBILHEN
B o H X Mocrette (1990) M3 M ECMWEFSE = iR
B AR RS ROYE > E—FiEHER
FIREHER G ER AT R EIER - (R
WELEEENOHE  WEOLRKS HERF SR
R o

FREFFRITEXENZTRBEHRBREXS
19884 bARUELE » AR THRAN RHERE
(BHEA » 1989 EFEA » 1991) » EREHTH
By A 0 S50 R 22 2 ) O I T 9 9
o Mtk F eI RE F U EREZNEE > B YLK
BB E R AT S RERER G ERSF -
A o E T 19904 th BE A E F 2 R
BEANEFRITE > RPERSBATE  BHRA
Harshvardhan® A (1987)% B EHE N » BUCETT
ek A D Katayama (1974) 8 BB H A o R
R EHFRBHEANGETHIER - Bilhd
WEHNERFERMBHBYEHEX » ZRITHE
MR ER » — A ERREF R AR TRES G0
HERE > S—HTERRFREATEREENRE
' R E EABHAEMEHEA LK R
(ICRCCM)BR B89 /¥ » TR R g - AR
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REGEARRBRAREANERBERE &
ABRAMY -  PREZFUIEELF=FEHBA
Koo W EERKEEZT » 255 B8R R B
MG A EIE AR/ a5 LA RS T8 5 R
B (BERAARER) » KRB
EH R  AXB_GH LM ERREFEANR
Mo FEERMENRALE ) KPR TREERE
BT MRS RIBBE > EARRIMITI G
SR20/@ 7 (A B E AT BEATET BAS R o SBINETR BAT
HHNRL RFEE—F R R —OE2ME

o
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ZEHBBEERNZNE

BRITAT A8 Katayamafy B 51 2 800K » AR
BHERNEMRFEER  UREHTENRE
R BRET K ERML » DUOEEHHEAEI
R o FThR Harshvardhan®$E 5 2 B b X » R
MESHEB T » ERTEHERNOHE N
T EAMBRTERBYEHEABCWBL
R EHEKXRCWB2 EMz T EASH » &
MmANF— W HEREMNT (AP ERE XS

c Rt RAthERERABCRE)

BRHER  CWBREHESSBIHEAZR IR -

Gas absorption

Spectrum divided
by absorption band

Broadband
transmission

Temperature and
pressure dependence
of absorption

B. Shortwave

Gas absorption

Broadband
absorption

Rayleigh scattering

Surface albedo

H20 and CO2 absorptions considered
only; 03 neglected

oOne interval including H20 and €02
absorptions together

A parameterized function of

each gas transmission weighted by
Plank-function for the spectrum
,based on Katayama (1974)

Total transmission is by
multiplication of each transmission
Employs one-parameter scaling
approximation, and

scaled function = (P/B D * (To/T)"

Only H20 absorption considered
03 neglected

parameterized formula for H20
absorption, based on LOWTRAN
code results

Considered for less than 0.9 am,
a simple parameterized formula
used

No differences between direct
and diffuse radiation albedos

K20, €02, 03 and e-type continuum
absorptions all included
four grouped intervals named
1. H20 band ceter

(0-360ci ! & 1380-1900ci™)
2. H20 band wing

(340-540c !, B00-900cHT,

1130-1380ci’, 1900-3000cm )

3. 02 band (540-800cA ")
4. 03 band (980-1100ci™)
A parameterized function of
total transmission weighted by
Plank-function for each interval
, based on Chou & Peng (1983),
Chou (1984) and Harshvardhan (1987)

Also,one-parameter scaling
approximation; but scaled function

is considered more detailly than
the left side, based on Chou &
Arking (1980)

H20 and 03 absorptions considered

Parameterized formulas-for H20

and 03 absorptions, based on

tacis and Hansen (1974)

Considered for less than 0.9 am,

and evaluated with two stream
approximation by Rayleigh optical
depth preseted

A parameterized formula for direct
radiation albeda, based on Paltridge

‘and Platt (1976)
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BH 285  CWBIRERHEFHRE L?lEL ____________________ P:u(,:b) s‘lJt.::A
HENAKEN-_EBREEAN ZRNEHERET 3000900 75.34
FHRERPENREATBONE DR HBERFTAR 2 T e 100.7 005263
{5 25 9 i 5 T % B R 8Y e-type continuum B I 3k FE 3 ----- 21‘7 176.7 0.13158
o CWBl i BERHHMES —EHREEM » i 4 eemmeemeeaeeeaoas 252.7 0.21053
— ¥ B A 4% R 10 B MR 18 Katayama s el s
(19742 BILAR - ERBEREARNIESG S 6 hoe-8 555 0.42105
HRRR— YA ESBERLM (one-parameter , T 53'5 s o s7e0s
scaling approximation)e e 696.2

CWB2E & T F B RG> i B % Chou 8 e 022.9 8.9 0.76316
(1984)#1 Chou and Peng (1983)8% B 72 15 £ 37 1 3% 5> 9 e ;;;.o 861.0 0.84211
RUEFENHREN  EF-EHEREH > & 10 emmmmmeeeneeeeenees 1013,0 1.0

HARAWAEENER2BLRSAMY AP EHEK
B2 (Chou, 1984; Chou and Peng, 1983; Rodgers, 1968;

Roberts et al., 1976) c ERBEEE ARNIE I LEVEL PP (mb)  SIMGA
o (RN BB B FRERT Yo oor 00
R ## Chou and Arking (1980)f wing-scalingsT A » & 2 0.02
HHESHEFENDSEFP - THRNARBES 3 0.06
EEKRE - 4 0.13

EHEBMLES  CWBI{ARAERENFRE 5 0.1
B9 K RGBS S R o K SR TR B Y . a2
BRI LOWTRANRE 2 BB K o /N F0.9um¥ 7 . .
B EC#UH (Rayleigh scattering) 35U » IR THA EK )
HBREARERERKHNRHE - HBHRE ’ 031
WAREHETLSERENERRSHEH T ® 0.385
ARERERRARHHER) —REREHRE 10 0.46
ZEHENWRHERXHANENK » TRBRHE 1 0.56
HERNRHERRREME  BRCWBLEMESR v o
HEEE - ERRIAERR A E - TRHERREK s s
HENERNWEHERRFA—HE -

CWB2E Kk AR BI » THRKEH " o-81
B RE R T &M o A A Lacis and Hansen 15 0.86
(1974)89 & KA B & B W o B U W £h 16 0.90
W A h S 3UE By I EC BT KR (optical depth) » 7 0.9
FI A Z MR Bl (two-stream) FRHI A2 - TRHR " 006
T M P E RS 5 R K ] 5 382 4R A Paltridge and N -
Platt (1976)49 2 WAL AR © '

20 0.995
= -ERENeERX 2 AF LR a 10
(—)% % B (b)20Ak & & M4 & » CWB2LM & A o

HICRCCMATBR ENHXABERD » U M1l HEMFAEZIE
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ARPEEFITERRABRABRSHENGSEER
P A, Rt R MERE A E K BE 255 - &
TR EE 33 =M X - £246 5 57 E R BB 5 3150
FHEABRA T EER  HETRHN R
gk o RS FNHET » REXKEA (0)5 i3 5
B (As) T » BEREE KK, K 55
BAEHERME  EHPFEA/RY - PRERFEN
HIEELFE (MHBTRO, MLS, SAW) =RHEE AR
BIH (McClatchey et al., 1972) > W4 — SRR ES
300 ppmi¥J MW EE ©

CWBIERCWB2N REEITEE K AR » 56
BEAEFRE0mb o FRE T HENBREFINEHE
HHEYEE > REBCWBIAEHFEE 20§
» BB CWBLEY RS R » R EE T E W 157w
 ML-OHEREL-QEERBMEHNERAS
MU E KRN BRERTE o it » ICRCCMt
GFDLEGEHNEANER » BERSRELBRHE
B GAEROHPRZHEERBHEEAN
ERR A RAEEAXERAREANERS
BR¥EME o ( Lo A9B¥E{E » RME S| Morcrette
(191 R SUMAFT B RIER © )

()RR

1. RBA@
ROEBRUSPENEREHEMENIEE » &b
BEAKBE (EXLZ2EATHR) -~ HmBEEU
Btz E =R K HRMFENREETRO &
93.7mb » FEMLSE 179.0mb » £ SAWRE 282.9mb » K
ARCWB2Lth B T REAICRCCMIgEE 3 » R TRO
B R THUL BB KRR & LR E 553.25% 1076 (g/g) »
MLSER SAWES ¥l @ LA Lk KBS HAEER
4x 107% (g/g) o MHBEH B A X (M LBL)E A
» CWB27E & B9 BAE R B ith [ CWB1H &5 S8
ERE M HRETWERFELESK o CWBIRT EEAR
BEAMMEEN EEFSHERBCH > EHRE
RPESH EEHN N » HBETRO 26.3%$AMLS 13.1%
HMRZE o AENEEERERCWBIRS R e type con-
tinuum 5 40 55 AR AT BT 0 T I — KR BE 5K R
B IEH, o — 2% XM (Harshvardhan et al, 1987,
Morcrette, 199188 H » 7F IR AR % E Y A R e-type
continuum§ K350 HE & 38 IN1E 3 i LA R B R
%4 3% B (thermal emission) » B [H; 5 78 B IH; — 95k 12 050

Bk 391

 HARBEZEARN P EHEEEEEREGHIE
s T B ff R P R BB ER o B2 CWBIEE K
REFDAES M » RIKREERBITROFEMLSK
AHNPEHEFBEEHNRER -RTEREEDY
SAW X Re-type continuumi i 3 R EEE » AR KR,
MEPRRFEFSERHAENREZ  REW2-()FE
HEERMEESMESNE » ERBECWBIAE
ANHEBEHEROEREEN - B4 » W24 thEEx
CWBI1H 1 &8 g 5L & B U B M8 » 10 2300 mbLL | KX

K- PREGRHEREZGHELEK TOPRARE
IH » TROPOPAUSER H¥i/@1H » SURFACE &
HRE o FEACARIIIZ
LBLZGFDLAY BRI o
CWB1IRCWBRITIER KBS 2 B{LER o
CWB2RCWBSB A A EH 2 BLER -
CWB2LZFICWB2 » B EEEZITEIBEZE20/F °

LBL cwB1 cwe2 cWB2L
TRO 298.3 284.4 292.1 297.9
ERROR % -4, Th -2.1% -0.2%
MLS 289.0 276.9 278.7 287.4
ERROR % -4.2% -3.7% ~0.5%
SAW 203.0 198.3 193.9 203.4
ERROR % -2.3% -4.5% 0.2%

TROPOPAUSE

LBL CWB? cwB2 CWB2L
TRO 288.1 280.1 291.1 292.8
ERROR % -2.8% 1.0% 1.6%
MLS 272.8 259.0 274.4 276.6
ERROR % -5.0% 0.6% 1.4%
SAW 178.2  174.4 179.1 183.0
ERROR % -2.1% 0.5% 2.4

SURFACE

LBL cwB1 cwB2 cwB2L
TRO 66.5 84.0 69.0 67.5
ERROR % 26.3% 3.8% 1.5%
MLS 79.1 89.5 82.9 81.6
ERROR X 13.1% 4.8% 3.2%
SAW 82.9 79.2 87.1 86.6
ERROR % -4, 7% 5.1% 4.5%

uUnit : W/ m**2
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W 2(c)

M2 SAXREAAFRIE LR ()P AK(TRO) o (b)F 4 & K % % K (MLS) o
(C)BIIEE A% AR (SAW)o M AL RRBAR K= o

REGERANE > BEA[EI1C /daybl | » HHTROA
MLSHJ 500 mbf]300 mbz B » L B SAWRYJ 600mbf]
400mbz ] » MEEMAERE A ENTELR o
CWBLE =R KRN R B E S » £
BCWBIEEEHGEAN S » H ETROKRN
RS\ (B 7 820mbA A ) E0.8°C /dayty 8=
25 HEBRHEEREE0.3~0.4°C /day R E R 2 A
o ¥ MK CWB2AY 2 B 7 £ 20/ > DULLE
CWB2L B CWB2#y = & » °] LI # B CWB2LH B
EREEMT SRR EBRAE00Imb » HHIE
EF R R AR RRAT » 5 OLRM (H B »
Ak —Hh CWB2LM K R R G 4 B R 5
TEAEAEREE . TAREEN  SBME
HUMREZEERNE  FCWBAREBEHRRANRE
AR EA A S 0 UHAETROAHK
CWB2LE 4 CWB2E /\ BN E 5 E0.4°C /day B 2=
Pl o SEHRCWB2ZESR \RNERE » TEXH
BEREBERFNEFIHNELS  NRREEBHRER

FH A RN R SA MR o SR > BRERSUR
(Ridgway et al., 1991; Morcrette, 1991)t1 8 H T #%
FEMNEFMERAHAARRESNENSTHE
TN AHRRREEARZNHENTR -
2. @RAH

RE-EEHEFERM HEALLE » ERN
HA6fEBEREN®R » RENBM WEA RN ZIEE
AR bR KR B3 15 208 {8 BB
» FEEENERREES FREEBSNETIEA
(Zdunkowski et al., 1980) o HPEFE W E S MMEXK
HEGEA GRS HE » FLUEERERERY
FHREEKREZNEEE - HX » ERZRMEE
ICRCCMFr A5 892 B {H¥5| A (Fouquart et al., #95%
Fu»1991) » —BHEEBRNE S REXHHEN
R ME o

CWBIEEBH M AEMARERILE R » ¥
PEANBRITREBTWLLHERE 68
BARBEEAMN BRI HNEY  E£EH—
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RERR

B

EXRFEARBAR - REA( )RR RFE(As)Z T » EEE HE R RS RILE ©

NBME $E By =0 Ag 3 W » CWBI1 - CWB2 $2CWB2L 1% 3R » Hik— 17 (NBM-
CWB2L)Z& CWB2L{H 2} NBM:Z 3 f » ICRCCME 2 88 ICRCCM £ =, 3t B & o 1 1l
o DNSURE B|Z i RE [ T E4TEE » ABTOTR KK B RMBGE K » NTSURR

REHPEE o
NBM 1CRCCM cugt
TRO 6 = 30, As
DNSUR 917.1 932.6 952.7
ABTOT 235.0 215.1 171.5
NTSUR 762.2
MLS © = 30, As
DNSUR 930.6 943.7 967.3
ABTOT 222.1 206.2 156.9
NTSUR 773.8
MLS 6 = 75, As
DNSUR 230.4 235.8 252.7
ABTOT 90.5 83.8 58.4
NTSUR 202.2
MLS © = 30, As
DNSUR 969.6 985.0  1011.9
ABTOT 261.8 245.3 156.9
NTSUR 202.4
MLS 8 = 75, As
DNSUR 239.1 266.2 283.2
ABTOT 96.6 89.2 58.4
NTSUR 56.6
SAN © = 75, As
DNSUR 261.3 265.1 301.3
ABTOT 75.1 72.7 40.3
NTSUR 60.3
Unit : W/ m**2

OB AR » B CWB1rh K & % B e o9 RE
(ABTOT)fH 815 8 B B =\ SR ICRCCM{iE #8 33 R IR 1
o M RHA/NMHERKAEAR » HIMHRIK
HEX > B EBEYE T - IAIMLSAR » 0 =
30°HAs= 0.8 » HHE P BUIRASI I WM - BAE
BE105W/m? » IHHBMERA0% LA o CWB2ZHKE
SH4E B Ay SR BE AR LLCWB LR A 58 1 » EIPhR
RS » ZEMLS, 6 = 30°» As=0B8fERLEE 586
W/mP s 21l o ¥R F AT - BERCWB2LA

cwB2 CWB2L CWB2L -NBM
=0.2
961.8 951.9 34.8
183.8 206.4 -28.6
809.1 800.7
= 0.2
970.7 963.3 32.7
171.2 196.6 -25.5
816.6 810.3
= 0.2
244.8 240.1 9.7
70.5 84.1 -6.4
167.2 163.9
= 0.8
1015.3 1007.4 37.8
203.2 234.8 -27.0
213.1 211.4
=0.8
254.2 249.3 10.2
73.9 88.8 -7.8
43.7 42.8
= 0.8
273.8 271.6 10.3
52.9 67.1 -8.0
46,9 46.5

T CWB2Z: ¥ i & 5 B2 18 % 17 BE Pt 6 1 B9 R B R ML
& G40 AR ERE B R B IT8W/miKRE
B RMthRE—BUCEEMANER o ERBER
BN EAEEREMAH » — G IARNBER
B “REERNKERER  ERFES AR
B LUE— S HARBENES » T —ERFIGE
MRt o K& » CWB1~ CWB28E CWB2LE}
BANBGURENR T ESREH BE(DNSUR) >
BEXEANAKNTHHOW/mEHEIOW/m? o
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BHXRARWREDH IR o RRME(A)R0.2> RTAA (9) £30°R75°%
o ()M K A(TRO)o (b)F A FAR(MLS) o (C)BEE A F X R(SAW) o JL ¢ »
NBWAE R&# K

397



308 ARFIE

KK » CWBI15dCWB2 1 45 i % it & (NTSUR)
#9 EL 8 0 & ¥ DNSUR i £ NTSUR B B LI DNSUR
[(DNSUR - NTSUR)+ DNSUR[{{{ Rt R F35 I &
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ABSTRACT

Two versions of radiation parameterization are examined following the procedure of Intercomparision of
Radiation Codes Used in Climate Models (ICRCCM). The old version (CWBI) is the one used in the CWB op-
erational global model, the new version (CWB2) is the one that will be used in the future second generation
global model. Intercomparisions of the radiative transfer computed for the clear sky of the standard atmospheres
by the two versions are made concerning longwave and shortwave radiative fluxes at vertical boundaries, and
heating/cooling rates at each model levels with more detailed line-by-line or narrowband models used as bench-
marks. In addition, higher vertical resolution (20 levels) is tested in the new version (CWB2L) for vertical resolu-
tion sensitivity. The conclusions are:

1. For longwave, the cooling rates in the lower troposphere of the tropical and midlatitude summer atmo-
sphere are underestimated in CWBI because of neglecting e-type continuum absorption. As a result, net long-
wave fluxes at the surface are overestimated in CWBI. The error ranges in CWB2 are within 5% for fluxes at
vertical boundaries, and within 0.5°C /day for vertical cooling profiles. The results of CWB2L show that the verti-
cal resolution is rather sensitive for the humid lower troposphere in tropics.

2. For shortwave, the total absorption of the solar flux by the atmosphere is underestimated both in CWB1
and CWB2. The problem is more serious in CWBI1 because of its simpler design. However, both schemes lead to
overestimate downward shortwave fluxes at the surface. Besides increasing ozone absorption in the stratosphere,
the results of CWB2L are similar to those of CWB2 and are insensitive to the vertical resolution.

More detailed analyses on absorption in CWB2L show that the discrepancy on shortwave absorption comes

from the calculation of the effective water vapor optical depth,

Key Words: radiation parameterization model, longwave, shortwave



