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Validation of GMS Infrared Brightness Temperature
derived from Global Spectral Model

Hiromi Owada*, Hiroto Kitagawa**

Abstract

This note reports on the validation of GMS-5 infrared brightness temperature derived from Global
Spectral Model (GSM). In this validation, satellite infrared brightness temperature was calculated from
the predicted value of GSM, and the bias error in cloudy area was estimated by comparing with satellite
observated value. The comparison and validation were performed in atmospheric window and IR1 channel
data was used. Moreover, one dimensional radiative transfer model which does not include the effect of
scatter was produced and used for calculation of radiation derived from predicted value of GSM.

Brightness temperature calculated from predicted value was greater than the observed value especially
in cloudy area, and monthly mean bias error in cloudy area was about +35K. This error was caused
by cloud radiative forcing because bias error in cloudless area was about +2K. The results of impact
tests such as changing the method to determine cloud emissivity or cloud overlap assumption showed the
impact that brightness temperature of test case was smaller than the one of control.

Raisénen (1998) pointed out a problem of performing adjustment of cloud amount, applying cloud
amount multiplied by cloud emissivity performed conventionally to treat cloud as a black body, and
introduced an improved method to solve this problem. His method decreased the monthly bias error
from +35K to 20K in cloudy area. In addition by correcting satellite zenith angle the monthly bias error
decreased much and the value was +10 — 15K. It is considered that using his method and correcting

satellite zenith angle is better for the calculation of radiation.
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ICE PARTICLE EFFECTIVE RADIUS
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X 12: KEROHZEREZEE LT R b, T—F 1L 200047 A 6 A 00Z Thd, LBAER
A7 A R (K), BEAa be— (K), FRAERN RN TBB(K). ARMAF R hEay h—
D7 (K),
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TBB (control) 2000.7.6. 00Z
— -

TBB (test — control) 2000.7.6. 00Z

X 13: S LA—NR—FyFSIERELET A, F—¥iX 200078 6 B 00Z TH5, L
BERMNT R b (K). ARM=2 Y ba—n (K), TRERH®ERR TBB(K), FRMXTR b=
v ha—rnzE (K),

rondom overiap

routine routine — random overlap
! L =) Ve

X 14: A—R—F oA LB LBROE, F—FIL2000%E 7 H 6 B 002 THH, ERIET
HEF—R—F5 9 FTOLRER., PREIIESKRETADIF L - FTUFLF—R=F 5 TD
LER. ARIT A LF—NR—=F o T h - T L= —=TF D,



RRFEL 72— HWREFEW0S 20025 3 8

bORBRSTLEI DT, BEOA—N—F v FIIEHT
OHHICELTHEETHS, ZZTREHTFRAMr—2 L
LT, EROEBMCLOTLTI UV F Lt —N—F v
THEL, ar ba— L LB LR RIZOWNTRT,
B 13 TiX 20004 7 H 6 B 00Z IZ>W\WT, =2k
B—Ve TR —RAOHBERL TS, Zhick
DEA—N=F v TEERTHZLICLHT, a b
=X Y T2 Mr—R % TBB OfEW EEEE T 30K
Ub/hE<72y, BRI TBBIZLVITSLK A 27 b#s
TTWBHZ enlbhb,
BREKETNDOA—N—F v 73, BENETIDE
WEESRF UL —N—F TRy, ELRBIZ
W TT U F LA —N=F 7B V) Fkx Lo
TWBDT, ZVFAF—R—F o LR TEE
BPNELRD, Lo TT UV FAF—NR—=F v TFD L
& LT, LEEORBHEBHAMRHEL 2, K130
L RFERMP TS,
FEBRZA—N—F v OBV L>TEORELE
BREDDZO», B 14IR LT,

ZORPL, FUHFLEF—NR—TF TR v
— FUELA—N=F T, REROEITKEN
LIATIHOSBETHDIZ LBbLMS,

4.5 BEXRAZERLEGFAOLK

SETOHRERTRTHEEXEAZERLARVT,
FEFIRORTEHM~DOHBH ZFHHE L T, GMS-5
IR 140 B, FRE EoiER B L Z 36000km (247
BELTWLOT, SEER L-FEEkOSH (B2 iXdbE
50 BE, AR Q0 BE) 12725 LR XEAIIB L Z 69.5°
(c0s69.51XFB L £ 0.350) ICb2d, T2 TIHNUAR, #
EETRIYVBRRDOMFNESNEL 250 T,
EXEAZERLEIONIVERTHS, Ll &
BREA*ZERBTHLEEDOF—R—F v 7OBY
DEHI2Y, BELTCWAHKILOBEDL LY k&L
RHEEZOND, ST, KR EZEONENES &
HERREAGLTRKELSTI2DARAT, £OMDOED
F—N"—=Z o FEIZALTIE, aryke—LERLET

SEuropean Center for Medium-range Weather Forecasts

HDEOILRMEEZRY AN, TAMr—XLLTED
A7 FERELE,

Bl 15X 7 H 6 A 00Z I22WT, 2> hu—i k4
BREAZEBER LT AN —R 2B LSO ER
LTW%, TR r—Rlarvbu—LnEiX, HE
KIEADKEWFIROMICIT ISR > TR X 2 B8,
FRIZ< =BT EFEDO S EK TIE 10K B E
KHR5Zenbnd, ZhiE EEEONSHE S
B laoleZ LTk 2R TH D, 72, BRNEER
DO ERE 170 EMIEO, KEERRIECHEDIL, BX
BLEBXLNBHERICONTH, TR R —2DIEH
BDEVBINGEVRERE 2o TWBZ ERbn3,

4.6 Raéisdnen(1998) N F %

SETRERBAERLL TR 2, A—n—F v
EEETOMCERCHERENT CERAGS LT
T&7, Lo L Réisdnen(1998) iX, ZOHEITEF L
DRERBEKGETIRAND D LEEH LTV 3,
ZTLUTZOMBEEMRT 2 HEE LT, ERLHNHE
ORI EEROBN 25 B+ 5 HEE2R LTV
%5, AENLZ © Riisinen DHEL T A Fr—R L LT
fTofm, ZOHTIXETHIHIZ, Riisinen DT 3
MR & B R B O k2 HBIZRE L, 20
BCTarybo— L ERERBNT S,

4.6.1 SETOBRHHEORBEA

EOF—R—=F v 7OREZIZ, I3—u v \hETF
W ¥ — (ECMWF ¢) OE WK 2 ¥ — aiz & CF
RAEhTna, =% 3 <h - S A —NR—F o7
BREDEDER Y FITENWSDOTHAH EEXON
TWd, ZOXF IV A - FUF A —nN"—F v
K4 TRILTVWELDOTHY, RETOLKREF N
DA —=N—F v FDIREL 1IR3, Riisdnen itz ®
THXUIL - TUF L —N—TF P DREIZESN
TREBLTWAEDT, ZZTHREREF N DA —/—
Z v 7 Tix72 <. Réisinen DHLICH B F < h —
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BB (test) 2000.7.6. 002
Ry

88 (control) 2000.7.6. 00Z
v
. A ,' .

TBB (test — control) 2000.7.6. 00Z
e ) =

X 15: EXEAZEZE LT AN, F—#1220004E7 B 6 B 00Z Thd, LBRERMNT R
k (K). ERAay ba—n (K), TEERSER TBBK), AEHMNFRARLay h—roniE
(K)s

REAL CLOUD FIELD —» EFFECTIVE CLOUD FIELD

one layer in the cloud

c=1,£=0.985 —_— = 0.985
: . Ce.tot =0.985

five layers in the cloud
c=1, 6= RERRRR ¢ =0.568
c=1,¢e= ¢ =0.568
gl = ¢ =0.568
c=1,¢e= ¢ =0.568
c=1,¢e= ¢ =0.568
Cetot = 0.568

[X] 16: Raisinen(1998) & v, ZRICHHBEL T THML - ERE~F <L - 5S4 A
A—3—Z 9y 7 THRT2HE. RERPETNVOREMMREEKTFTI L 2RLER, 1R
K ORH2EMIL 0.985 28, Th &SI 5BV LISHEORTRMT 0.568 10785,



SRFEL L 2— RINHEEWE 20023 B

FUELF—NR—F T ERANBZLIZT B,

B 16 IEERE L-ER (= ce) oF o< h -
TUFDF—N—TF v T OMBEDER, ETALOH
EHRQEMRETIZ L 2R LERTH B,

ETRINC, TFAOHS L BEEIE (c = 1) &
FEL., ZOEOEKE (LWP) % LWP = 30g/m’.
BINGREE Kops = 0.14m?/g & LT2BA. ZDEDS
HEecide =1—exp(—Keups LWP) =0.985 L 725, =
DEEZDRDEER C. 160 13 0.985 IR BB, ZD
EIXELVETH 3,

KIZ, AICEEZRFHICFRCE IO n =5 @O
WEBIZHBI L TREROHEEIT Y., H40MPVED
HHEIT e =1 — exp(—kaps LWP/n) = 0.568 £ 729
' =05681272%, X vh - FUHLF—NR—Fy
FEEE LTS DTRER C, o R ¢ 105 LS
Ceytor = 0.568 £ 725, ELVMETH S Cogor 1727 1
BOZHTHELEZL GO, ShERBES FITT
ARLELETT ELWVMEL VA& RB LV BE
BELD, Zhid, ZBICHHEEREZNTTEETS L
THOA—NRN—F T %EBEERTHI LICRERD 5,

4.6.2 HWHHEDOHE

318D (2) KD cly 1X. kBOEDBREHKH DER
EEW®RT D, ZO ol RERICHERENT TEEHR
HEAToBTAH—N—F o TE2EEL, KDLNID
ETHB, ZZTH (2) R&FUEOKBMNEESERR
BEZDN, clp OIEFERRLZY, BERLHHEE
FRERANCHIA LT ol 23ET 2, (2) K& KA
DD, kBOEDRBKBHN OEALBEEL LTl ©
RV w, &3228 BEEEIBRRAIUTOLS
IZRED,

30

L =By (To) (0)wo + > _ B (Tie)7u (k)wi
k=1

30 30
+Y_ Bo(To)m ({1 -7 ()} (1= wer) (14)
k'=k

k=1

ZZ T, wo XEREHOERBEHTH B,

ETHELRBCREOENTFETZEAIE2EXSD, =
DL E w i,

Wi = Ce,tot(k) - Ce,tot<k + 1) (15)

L2, ZT T, Cetor(k) 1B EBTHERNPOAKD by
TOMOEEEEBERT 5, wp iIKKD b v 7 L
BTELREELBOERIIZ L, BCHEETAEICLS
TRENTOWRVWBSDERDZ LThD, -, K
KIS OB BB wo 13,

30
wo=1-Ceor(1) =1 wi (16)
k=1

LB, TZTRDI wi bt BEBEL LTH-TW
2OTH 1Dl ERICTHY, wolk1-C ¢LRALT
HB,

LU Z DR, RIROME Y £ 5 L OME G E
KEET DLW MBERSH D, ORI TFICRT
EHOCEREFHEES T Cw, 25 ET Iz 20k
DIRRT D,

EFTFyTORBTHAEIBD wyg 1Tz bua—L
LRICKER c39 EHHER g0 20T THRD B,

W30 = C30€30 = Ce,tot(30) (17)

wy DFEILE 30 BEODITITV, RIZE 298, 528
J& - L EEALIERCAT S, wy DHBEICIEE kB
EBE+1BOEOERY FE#EZ, BR->TWVWAE
DOERE Ca(k), BEigo THRRWES % Cp(k) &3
5 (K17, BETAIERIIvF v ACER > T
BILERELTVDBDT, Ca(k) & Cp(k) T D
XTKE3,

Ca(k) = min(ck,crqr) (18)
ck—CA(k‘) (19)

N
=
I

Fe, BHEB v U TOXTHETE 5,
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TOP

trs

tra

Ck E&x

Ck+1 Ek+1

Ck &k

SURFACE

17: %R LEEZBEE we OHEFECERTLIEREZ T LER, o 35 kK BOERR, &
X o, DFHE, tra & trp BB L+ 1B ERPLRRO My 7ETOBRRE (KRKRONENE

LLLTEDHREELILLD) ThHD,

Wi = EkCA(k)(]. — 6k+1)trA + EkCB(k)trB (20)

tra 3Bk + 1 BOERBO EHRNLRRD by FETD
FEBRE, trp 1IHERBIOFEZBRBETH D, tra
Ltrg ODFHBICREOAZER L TVWT, [EIZI DR
X &£\, trg OWREBIZIX. k+ 1 JEOHRES D
5 k BOERICE L TV A EFRBICELTY
BES EEB U, tra iX cpq1s Eps1s Wit PHEL
TOXRTRDDZ LN TED,

trq = _Wet1 (21)
Ck+1€k+1

trp 12 (21) REFIA L TROHZ LN TED, Bkhk+2

BOTHNIOLKRKED Py XX TOFY L-EREY tre
L35,

tre = 1-— Z W (22)
k'=k+2
= cpyitra + (1 — cky1)tre (23)

LRBDOT, THEY trp i

30

1— Y wi —crprtra
i
trg = 24
'8 1—cky1 (24)

LB, BBRICHERBENOELBEK w X2 TOER
B OBRTIN 1 ITR BT b,

30
we = 1- Zwk (25)
k=1
TRDBZEBTE S,

4.6.3 EtEH

X 181X, 200047 H 6 B 00Z {22V T Réiisdnen O
FETIT T ANy —R%karyba— LB LT
WRTHD, Riisinen DHEEFI~vL - FUF
AA—=N—F T HELTNBDT, TAIr—2A
THvXTvh - FUFIA—R—F v ERELT
W3, FOMDONI A—FFTXTar be—LEi[HE
CLThb, ThER5E. Riisinen DHFEILERT D
Z Lz & - T TBB OEWV EBESRT 20K 2L E/hE <
29, 83 TBBIZLDEMA 27 RBELTY
B EBbhb, T —1"—F v 7OREF R



[REEL 2 — HINHREFEL0S 20023 8B

DEWV) ZLETMRRETIXA <. Réisdnen DL
T3, ZRICHHBEMNTIAZ LILE-TIHHIER
REILE TNV OREALIEKFT D & 5 RIBEAR,
TAM T —ATHEHBHEEINTVWAINLTHEEEZD
N5, E7c, FEHE20 BEXSFRBEMTIZE D MBEEHIC,
TARAMNFr—ADIEH5>Mar he— k) TBB B 2K&
ERWEERRELTVER, Zhidd—"—5 v
DEEDE ML D bDTH B,

4.6.4 BRYBEOLE

Wi, 4.3 8 & FRRIZ REER 2B EE RBTL 3701
A EEHEDBE1To 7=, 19 1% 2000 4F 7 A @ 002
E12ZD1H2F—5%b LIC LA EEDOLET

TBB (test) 2000.7.6. 00Z

Hd, IO LBEDATHBKRLTH, TR Mr—20i3
5 M@ TBB IGEWZ L RHATHSD, 3> hu—
VIZBLE TBB & Bk U T34 35K LU k272 5 g
HDHB, TAMF—ATRBEKT220K Thd, -,
TR Mr—ANEHR TBB & L THEMELS 258
BHHFEELTWDH, ZOERIBKKT-20K Tha,

4.6.5 WHEXA/LZERL-BAOBEHEOLE:

45 i TRBEXRAYZR LB OBEEITV,
WEXAADKE WHEEBORIZIT  ICHEVWRHED A >~
N7 EBELD, LW HKENBLNE, ZZTRT
A Fr—R L LT Riisinen O F#EEZ AV, 458 &
BRICGERERTEAOFERZITV, ar bo—L LDk

TB8 (control) 2000.7.6. 00Z
b A
| P

4 18: Riisinen OFIEIZET LT A b, F—#1X 20004 7 B 6 A 00Z TH D, EERN
FA b (K), AEMR=a ba— (K), FEAERSEY TBB(K), AEATFR hLay bho—

ND#E (K).
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monthly mean TBB (test) Jul.2000

monthly mean TBB (control) Jul.2000

. -~

monthly meal
- e

n TBB (test-gms) Jul.2000
¥ ) .l’. P “ H

X 19: 20004 7 A DA EHHEOLER, EBEMHRAFIC. 85 TBB(K). ¥ X & —X (K).
avba—n (K), FTRENLEFRIC, 7R Mr—Xbarbo—A0%(K)., TARr—2&
#8 TBB ©3% (K). = ha— L8 TBB ©% (K) Th 3,

E{To7 (K 20), At & ek, RENRBEE AN
b DO A EEME T LU, R LT —2 X4
fif & Rk, 20004E 7T AD00Z & 12Z D1 A 25 —%
THD,

B 19 LT DL, HEXHADOKE VWREOMH
FEEFREDHENRBNTWAZ LD B, K19 D
7T A M —ATRBICEHBEOBOTILTRENKE W
B, HERXRAOMIELTT S Z & THH TBB It
WitZ ERbnd, £, BROBEDHEMBLENIC
10— 15K & 729, SHIIC L ZEDMHEDE N T/HE L
Role, FRIZE 10 TR O AKE 15 BE, AR 95
fHED 35K LLEDRBED, K20 D7 A by —ATik
2K BEICR>TRY, KIBIZHBEENRTHBZ LA
bnd,

45 THRRIZERY, HEAXEAMAEZERTHLE
DA—=NR—F v TOWD FNPEHEIZ e, WELT

WAHBELOBR b LY KE< B LtEZLNS, L
LIDTFRAMr—RATCTFoTWAHBEFEIX, +9T
BRVWEBEBTHHEEZEZLND,

5 FLHLESROEE

HROMEREOHERILOD, BRYDOAT v 7
& LTERET VO T BIEN S GMS-5 @ IR1 OIS
BREFFRL, ThE2BHE L LT 52 L Take
TFNORGEEIT o7z, TORMHRADIZDIC, #ELE
BELV—KIEDOBIBEEE TNV EER L TRIA L,
ERTORELRRD DI, TTFHRIROBREN
LAMLALENRDH Y, BEREFud L THRKOR
EERMb o, BERXBIF 2KBETH--,

WiZ, AVEiixk L 52 L CERORENREXES
REIb o728, KT 35K LLEEFT A TBB D1 5 A8
AN ERHB L, IR RO RN 2K B



REHEEt 42—

monthly mean TBB (test) Jul.2000

HiTRE5405 20024 3 B

monthly mean TBB (control) Jul.2000

o~

monthly mean TBB (test—gms) Jul.2000
ST R T e il

Cal

m:n!h!y mean TBB (control-gms) Jul.2000

=

A

R

Xl 20: 2000 4 7 A A FHEOLEEE, T R k4 — X% Riisinen D FE# AV, HEXIEM
MEZIToI2b D, ERENGIRFIC, 8% TBB(K). ¥R b4 —2 (K). = ha—i (K),
TERENOIREIZ, TR Mr—2bar bo—A0d (K). 72 hr—2 LEH TBB 02 (K),

ay bo—L @R TBB 07 (K) Thd,

THDHI b, ERBEOREIIEDKH HEI A I
EDHbDTHD EWVWRD,

EhIZ, BRMTITFRIEANELVE LIEHEOK
HEEETVORIEL LT, KEBROFHEREE X
HeE L, BEOF—NR—F 9 F2EXREITHONT
AR FTAMEITOTRER, MELLTA M —
Apaybo—L ik PEF N TBB BEL 2B A 8
7 FBH LN, KEROFZ LRI OWTIK, £
EFATHEALTWAROF TROLKEDIZHRAX
NTWRZ e, A== vy IOV TRHBEEDL D
VT UHF LA —NR—=F v A ITHNF—N—=TF T D
EIRLVBRNCELS RS, LS TERBRELT
HFoni,

Fho, WBRXHARZEZER LT A FbiTo7md, K
KB LCEOR LS 2R RIS CTEL T

D&, 2ENICERN TBBIZEL o T,

%7-. Réisinen DI L T B EHEHHOHF 5
THHRHL, av ba—L D& {To7/, FLTH
B2 RREE RANL 72D A EHR OB b IT o7
#&H. Raisanen OFEDIZI AN ba—r L v EHI
TBB iZEWEE RSB B O, £, BiROFT = b &r—
AEFBRDGETHEXREAAZERL CHALZT- -
EZA, WMEXRHEAOKE, FBOBOBEN/NE
<729, DRI L TREOMRFEN 10 - 15K Li2o
o WIEICHOWTHE, WEXTHAMZ ERCERTBIC
BEDA—R—F v 7OMY BN RBMT BT L
R, MADOHRLEZXDZLEBAELZ 0D, fidh
DRERLETH D, ARIT > = MRKAAOMIERX
MR KL THIP., AR MESEEBbh 3,

SETIE, HRa X FE2MOT-HICERICHHE
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EPTTEEREZITV., E2RAL L TH-TE
25, Réiisdnen DHEL KT HZ LITLY, ZOERE
RO SHBERBALM IR, SHRIZFEXE
A OMIEETTV, Riisdnen D FETHHHEETTO D
NEnEBbhs,

SENXECEROREN B ThoTeled, AT
5 BT T NV ORI OBED REL Y 3T 72
HbOD, ZDOBEDFRE TITREL TV, #E
DIFRED—2& LTHE X b 5 KEKOERRILH D
AR OVWTIE, oTTFTVEFIH LR RS
fIORELTRELZ EOBEGATVOIMREL, &
DR DOEVIKEROEBIRINE DET NV EFIMT S
VERD D,

T, FEITHRERTHLIEKEE, ZKEND
PHHICEHBINIER&IT, ELVHDOE L THST
7o, BRICBT HBERRORR T, ZEORBSH R
TAHEEZDEROEHEERS, == v TDH
WEEELEBAEOAL VN7 bERELTE RN, &
BITEKE, ZRORDH HED TRRET NV ORGE
ELTWRLERHDEAD,

P

[1] AEJIEE A, 2000 : BB, BE T HRRE - Ut
B 46 5, [T THE, 16 - 31.

[2] Ebert, E E., and J. A. Curry, 1992 : A Parame-
terization of Ice Cloud Optical Properties for Cli-
mate Models, J. Geophys. Res., 97, 3831 - 3836.

[3] Tokuno, M., and S. Kurihara, 1999 : Intercal-
ibration of GMS-5 IR Channels and NOAA-14
AVHRR channel 4 and 5, Adv. Space Res., 23,
1349 - 1356

[4] Réisdnen, P. 1998 : Effective Longwave Cloud
Fraction and Maximum-Random Overlap of
Clouds : A Problem and a Solution, Mon. Wea.
Rev., 126, 3336 - 3340.

[5] Wyser, K. 1998 : The Effective Radius in Ice
Clouds, J.Climate., 11, 1793 - 1802.
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