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m (IR4) for 0333 UTC August 7, 2006. Except for the VISchannel, the
brighter color corresponds to a relatively low value in W mZ2 srl ml.
The full—disk imagery covers East Asia, West Pacific, Australia, and a
part of the Antarctic region (80.5S80.5N, 60.4E139.4W).

7 . Cloud optical thickness and effective radius derived by the CLA from

the JAMI level—1b calibrated radiances shown in Figure 1. Base
products (left) are the results of conventional methods or without
correction methods, and final products (right) from improved methods

or with the correction methods developed in the present study.

8 : Relative frequency (in %) of cloud optical thickness without using

the decoupling method (i.e., base products), using the decoupling
method (i.e., final products), and MODIS data to the total clouds for
the corresponding conditions. SH and NH stand for the Northern and

Southern Hemispheres, respectively.

9 : Same as figure 8 but for cloud effective radius (in gm).
10 : Same as figure 8 but for base COT using the VISand IR4 radiances

(a), and final COT corrected using the decoupling method in order to

have a reflected component from clouds only in the radiances (b).

11: Same as figure 9 but for base ER (a) and final ER (b).
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cal Satellive Contes

Figure 12 : Relative frequency of MTSAT minus MODIS COT/ER for the
maximum values. Errors in the retrieved COT/ER (in %) with respect
to the corresponding parameters. The solid and dotted lines indicate
values from the final (corrected) and base (uncorrected) products,
respectively.

Figure 13 : Modified COT code for removing land—sea discontinuities.

Figure 14 : Cloud optical thickness (a)before and (b)after correcting program
code at 15th, Nov, 2011.
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3.1. o]&3]2 vl 2 A (Theoretical Background)

GMS—-5¢] A%, 0.6 me] 7 ALrtS ARgste] F5FSF75 AbEsth. 28y o
e RE TR FERYANAEES 10m=E 7PEsHA "ok 21 FHE2 King(1987) %
Nakajima et al.(1990) | o3 LAY 538577 AtE ¢85S solar reflectance
technique”} 7BE a1, o] B> dAA MODIS7F +8F©°]il 1 kme &3t =z v

Al ZEE ArEstth, B daElE 9 A] MODISS) vRxb7FA] & Solar reflectance technique &
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Metnoralogics! Satellite Center

AHE-3FSI T, Solar reflectance techniques 7FA A G A QA S o] &3 A1 o7

e F4 ool we thed @o ¥ AAE RS 5 )

ofN

9 @ 0.65, 0.86, 1.24 m

= o o
[} =] [e}
7 & 99 1.6, 2.1, 3.7 m

ok, Al Ao wE =579 vl 3Z U v 2ol AFgsith
7k %A 1 0.65 g, BF 1 0.86 um
. &/ 495 0 1.24 ¢

Fig. 12 753857 (c. =1, 2, 4, 8, 16, 32, 64) 9 +& WA (r. = 2, 4, 8, 16,
32)¢] g2l AVHRR A2 1(0.64 m) ¥ =HE 3(3.75 mm) ] BfF WA} JAREES] T2
o]t} (Nakajima et al., 1995). o]¢} o] 57| &5 st vl F5 spgdiel ojsh vt
AHES T FE GANEE S A7) gEstitt. vlg] Eapdg Rl o) Ak
H T GGl vAbES #5E ) gl o] HA S FEFSTFAS fFE AN S &
=of. 83l oo thsk & ¢ AAEE 82 Appendix (Choi et al. 2007, 1JRS) 9
4,722~4,725 #Ho]A o] A7f=]o] QT
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Fig. 1. Comparison of chl and ch3 radiances for various cloud optical

thicknesses and effective radius values (King et al, 1997).
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aEFeldE 7HE S 0.675 mE ol &8kl KA, selA e FFFFAE A=,
ot} de o7 tdl xwo| thaA= o]9 AES Aekstl A [SCCPE F=9 Ik
AE 0.6 me WHAMEREO 2 AHosto] Al H4s ISCCP £9EFE e F&
st A5 5 AAEE ¢ Qlvk g BAHAERE RS AlgE Ads] dEstA] gtod Hes =
ARE 27 =tk

HHH R AR AR HH AR R AR AR A AR AR
# SBDART input program for COT lookup table
BUHBH AR H B AR
f [ $do4 ] ; then

rm —-f $root.4

echo running example 4

for albcon in 0 0.5 ; do

for tcloud in 0 2 4 8 16 32 64 128; do

for nre in -2 -4 -8 -16 -32 -64; do

for sza in 0 10 20 30 40 50 60 70 80 ;do
echo "

&INPUT

albcon=$albcon

tcloud=$tcloud

sza=$sza

nre=$nre

wlinf=0.73

wlsup=0.73
uzen=0,10,20,30,40,50,60,70,80
phi=0

idatm=2

iout=20
nothrm=1

/" > INPUT
shdart >> $root.4

Do-loop start!
A spectrally uniform, surface albedo
cloud optical thickness
effective radius
(positive=water, negative=ice)

solar zenith angle

surface albedo

cloud optical thickness
solar zenith angle
effective radius

lower wavelength limit
upper wavelength limit

satellite zenith angle

idatm = 1 for tropical
= 2 for mid-latitude summer
= 3 for mid-latitude winter
Radiance output at TOA km

1 for no thermal emission
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done
done
done
done
fi

3T AS} FadARE S 5719 57 2 vS el RIALE ] g
ojt}, o] YelE o] gste] HALAGER oA vg] AlLtE WRALEE B53k dl-SAA F
Ao F5FTFA Y FAYJARAE S AESY. ol & §& A AL, F5FEFA, F 8
AAHA ) Bk 2t 914 A7zl vhekst /g 23S 7HH 3 AR, Y E A4

53} ALol sl SBDART EALAE RS a3},

0.65 = A X HkAFE o, 3.75 m A FEA} Ao s wmowmz oo Y B
a okt Lk vl 7 8etE B
] ajsjof grh(Table 1). Table 1

- =
FHAG7, 0= AP E YEbdY. 23R E IDL programel A array @] Aujgo] o]
o= ez, A At IDL 22139 18 2 #+= SBDARTE Fa 19

i,

st COT, ERell tiall =¥ 3.75 i, 0.675 um FHAFS] Eolt},

Table 1. Lookup table for COT & ER algorithm.

Land/Sea 0o 0 Rad0.6 Rad3.7 COT ER
0 35 23 0.12 0.23 45.23 3.23
1 34 23 0.11 0.22 23.42 12.32
0 21 45 0.34 0.45 84.12 21.31

m

TR 3.75 m FAS R BSEAE B AT HEAES SAlOl 7HA AL Sl e
2E A AR A SRS FolV] SEiAE 375 m FARRI RS AT EAMIE
= AAM R, A FHAMIES AlA8H] 9@l 10.8 m HAR EE o] &8kl Fig. 2+
10.8 m* 5 AFS = 9F 3.75 ime] Al F-HAMI =3 HAE YEhdd, 7538 S S
gl #AE AREste] 3.75 me] AT EHAMEE A A8

VISO0.65m EBAS T e GFE3aS W 2B o] o), BEAAG RIS A}S
3oy thoFst =7 (solar zenith angle: 0~80, solar zenith angle: 0~80, cloud optical
thickness: 0~123, effective particle radius: 2~64) A X 3ZFAFL o] w& VIS0.65
mm FARR RS WSS RoJegith. A ENMAE g3 v 2 dd 3R 29
e QU

Lyg=ayta LV +a Z(L%b.%S)z ey
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Fig. 2. Sensitivity of SWIR3.7 ym thermal radiances ( L%, ,) to IR10.8—

(m satellite—received radiances ( L"bsm's) for the clouds with a variety of

7. (0to 64) and re (0 to 32 #m) under diverse Tc and Tg. The solid line

is the 2nd—order polynomial regression line of the plots.

(1,65 i Radianca (0 m2 o™

0.1 1. 10.0 100.0
loud Optical Thickness

Fig. 3. Simulated radiances in VISO.65¢m as a function of cloud

optical thickness and surface albedo(Ag).
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TEFTTAE o] A dauelFe] SEEE Fig. 49 #vh FHEA] 9 g
87t AA ARE ol gste] F1e] TEEA Aeov dugSFs A gt dauEs

o] A WA= IR10.8 2] BAFS L8} A FWALEE 18]38Fe] VIS0.65mst SWIR3.75
e BAFS =S B AsTl VISO.65mm BAMS| = H Ao X EWHAE7E SWIRS.75m
FAS 2 B ol IR10.8m FHARR =7 AR v WAl ¥ VISO0.65mms}
SWIR3.76m8] FARI =5 =3x8 Atgtel th3AA HF =& 538774
FE AN S FAY AFEsHE Aotk o] WAl B AR Fasit
VIS0.65me SWIR3.75im2 HAS| L= FE54o] ddS wi=v}

H(E54, B 2 HFdd2H0~80" ), A8 H87H(0~80° )
adte] AArE ATk B dugFoa A FWALE S Choi et al. (2007) oA Alekd 1
Al 055 AFE3=d 2 o= AA Multi—functional Transport Satellite
(MTSAT) Field of view (FOV)elA S4% AA| A ZWAE7F 0.5K T 7] wjito]
th o] A 07 AW AFAtole] wl-g- 2a JHAE RIAME dojdthE 7MY shell A=
A ZH EALS L= A ERALE O] A A7 sk Bz 91417 2ol 60
0" o A+ olgst AFAA & AHaeA dormz 753 FadAt
A& AbEet A eko] wpET.

B~

o0

Clear-sky e T
~____ Scene type check =< CLD
l‘ Cloudy
Night Solar zcmth _
~""'-=--,___‘§ngle cht‘.cl_c_'___,----"'
%Y, l Day
Get ground-reflected radiances, and
I‘L‘:::}{up cloud- and ground-thermal radiances Satellite-observed
€5, : obs
Al (| seastevetatio
albedo (1) I ma I b I +o -
'
Get decoupled radiances Sz?tellite—obsberve:}d
cp > Le— f,;ﬁf — /5 ] rad‘f“clts (Los-Lst)
e e i ookup tables
Ly, =155 L, — Ly, from a RT model
‘
Cloud optical thickness (COT)and | | Quality Other
effective radius (ER) check satellites

Fig. 4. Flowchart of the COT algorithm.
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I
SWIR3.75 imA1 g2 ZAQANERE F7H9 A9 BokEAL W A FEAL g5 5 A]
Hk=1} (Fig. 5). Fig. 5 a)+ SWIR3.75me A FEA} AHo] ¢gl= A

B ATFEA Aol EFHol g Afolth o]E Aol duF AEE AT
of YFL vtk SWIR3.75me A FBAL A4S dAvh} GdH o AAs e A
29 Agwg #do] vk ¥ FwFL IR10.8me o §dlo] o & AAT

X AT =

IR10.8me 22 A|TEALY] &g = YR o]5 o] g3te] X4 HA L&
getste] = Aolth, HAF A 2 A3 SWIR3.75me A F-HAF A7 IR10.8um]
HEAL & Atole= ghdket prh Attt o] s darg|Fel A &ske] A ol
H=5H = SWIRS.75me] HAF F oA XFHA ARS AALES 33l

a) Solar b} Solar +thermal
"‘I__"“ L ML L IR ELLEME BMRML AN LR L f—é:‘ i.2 N T T T
1—5' : 16 12 -E'd — B i 'f_l.
L 10Lb I EE " < 1,0} < o]
NU:' : E__"; ! .: |:&|':l I if- lr ] E
; - . oo : i MR Rt
S oot Aoptoted Boal T
4 o7 : .: : [ K. ; Co
m D.Eh- w o B ' ' ] m s ¥ ' ' 1
o r r.-ll;‘ ; : ) ' o o6 F l_.- '_." ;. : ]
% L J‘ ' ) ' % Vv |= ] -——- == !I --m T
5 e N e S 5 L R ; Do
G MHrteacTr 0 1 Rooap e 00 ]
[ S I 1 E [ [ | . ! '
. 1 1 ' Y R T SR R §
ozfb ¢! f Do Lg P oo
Lg r i_.-'l-"- f"""""'.""-lﬁ' I:l2 3 .---ilr'- b R R I | 7]
= | m--®---te----a- N PYEF [
m 0.0 L L L L L L L m 0.0 T T T T TP
0 50 100130 200230300 330 400 0 50 100150200 250300 350 400
0 B5em Radiance (WmZsr!am ) 0.65¢m Radiance (Wimdsr! ')

Fig. 5. The relationships between the radiance at 0.65 and 3.75 um for values

of cloud optical thickness and effective particle radius.

3.3.2. QC flag

TE48 57 e QC flag”} table 20 AA Ak AA 47HA 2 FE35 QC
flags TE=F *«‘ﬂaiﬂ} 5 FAE *P% of o] A% dH=7F AT 99l Fol
stuth 2822 A WA QC flage A gH|=el tiste] 96—-240 744 flagg T+E55
skl ﬂH—t— TE5FFA Wl wek 508t F 499 502 100 Ate] 1¥]
3 1008t Z o thste] 2} flags Fo 2 BEA ofdAE #ok g £ Qlal
T3 FadARtgel theto Al WA flags T 28a AT e 2 FE QAR
Aol AEEHA| ¢k Aol diste] flags: FEF AA ST
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Table 2. QC Flag
CLA — COT
bit Bit Interpretation Field Description
240 0~0.1
224 0.1~0.2
208 0.2~0.3
192 0.3~0.4
8~5 (Ground albedo used — MOD43C3) 176 0.4~0.5
o 160 0.5~0.6
unavail => 0 144 0.6~0.7
128 0.7~0.8
112 0.8~0.9
96 0.9~1
. 12 0 < COT <= 50
4~3 (Optical Depth Range) 3 50 < COT < 100
4 COT > 100
0 COT =0
3 CP =1 and ER > 30
2 (Cloud Phase) 9 CP = 2 and ER < 5§
1 (ER=>unavailable) 1 ER in detectable range
3.4. AF

TE348 5= MODIS #AH82 AFg3ate] CMDPSe o3 A A]

l
AT SuYFY FaA oAFE JAsty] 9% NdAte] o) AA Ao tphefdt W
W= S8l 5ol o] Fo Aok CMDPS A5 dud+s9 g% 3 Fads #ds]
el FASHA o R AT sh3lar, Tk % AA AT R AW E4 % 715
gl A AT e AAsT. FRUAE S AbE2 AN A5 el = A9
= At

3.4.1.1. A5S $1s AAE A -3H43 & ISCCP T+5EXA

FAE 7] ol Ao ZEA MTSAT—1Re ©A¥ Japanese Advanced
Meteorological Imager JAMI) AlA oA A& == wjA|ZF Full-disk #A8¥ HALE %
JEs: dugFe 98 5w ARSItk 570 JAMI AEe] $4 332 0.725 /m
(VIS), 10.8 ym(IR1), 12.0 mm(IR2), 6.75 mm(IR3), 3.75m(IR4)°l A& Ut}.
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T5 AR A== HAFS fdl FEIAE FHAIFLAERYH JHHUE AA-E H3Ho)
dost. ddellA= CMDPS &aglEelA 7584 darglFol] o] &S g@ddsiy,
SGug]Ee] AZFLS 711439 ISCCP 2%+ 7Y (Rossow and Garder 1993a) & &&

steith ISCCPE TEEAE S8, thav 2& VISH RAEe] 292U NPL AH§e
o,

Cleari (BT1R1CIr—BT1R1> <IRTHR and (LVIS_LVISCIr) gVISTHR
Cloudy: (BTwri"=BTr1)>IRTHR or (Lyis—LyisT™)>VISTHR (2)

3714 BT, BTk, Lvis, Lvis™ &= Z+7zF [R1 AA &%, [R1 IHA IJrex,
VIS A HAFE, VIS 3 HARFO It Lyise ISCCP &are] 53 o] HAE v &=
A Aotk AAgE IRTHRS 12.0 Kol VISTHRZ §#|ol thate] 6.0 %, ol
tste] 3.0 %olth o714 FEHAY FaYE T2 A HAFY g ref ol 4o
H1s f4 OHO]E & 70|t} (Rossow and Garder 1993b). ¥ AZF oM BT (Lyis™) =
2006 8¢ & 23k 4 UTCel gt Ao () gte= A4 st VISTHR= ISCCP
e EO]ﬁ}X] , = ] AxtE IR A 3| e2&% wifo] IRTHRS Rossow and Gardar
(1993a) °ll A Xﬂ/\] AT Ao s 6 K, si%Fel thall 1 K7F =t} whepa] ISCCP &

A FERT R34 Aol 0% dAstth Wele 4 (2) oA IR1 =1RES o] &3t
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T

X33t Akl o] 717 E<F Saomi®} Bopha$l & FQ EjEo] &E3dto] dhl: 4l
Ao AFeFUTh SAME G FEo FHA o] oV RS A o, o]
= 713 duEEe 78 s8HS APE F e HA4Y Vol

T ATAAE F A FHEY TE AEE, F A4 dugss S Asd )
2 A& % (base product)” ¥ Mg &Fs] wFgo] 52 et A4 W Lag
< (Choi et al. 2007) ¢ “#%F A}& = (final product)” & Z}ZF AF/Mlwste] da WA
dugFe] F} AL wotsidn. 78 FEEFTFA 2 FEYANE S decoupling
method (Choi et al. 2007) & AFg3lA] ¢kl AF=EHS o, HF 538t F7 U a4

27 2 decoupling methodE A B
9O BEAR EukS o] &5to] AbE, - AT oA AFESE ZF AFEE S WA S Table 1o &

obslof gk,

Table 3. Definitions of terms used in this analysis.

Term Unit Definition

Base Cloud optical thickness and effective radius are roughly

COT/ER unitless/m |retrieved by using measured VIS and IR4 radiances that
remain to include both thermal and reflected components.

Binal Cloud optical thickness and effective radius are retrieved

COT/ER unitless/m |by the sun reflection method that uses the decoupled
radiances, i.e. cloud—reflected components.

QoA Aolg 7|E HE, 183 MODIS AF&EES 4714 Axp=
Ay 2% g ES FHo Az BAsta, AEES FHFES dotsr] ¢
AgZ A F3te}.

AFgk MmE AEEe] NFAREA AATUH ARA Felst BFelth Ed
AEGO] ol WA B (bias) H10] QA Ttd = ek, 24 71718 AR Fusiolof
shih, 2 AFelAE 20061 899 BEgow @Atk /1T Tere 2 e
el wimajor AEg BEY AAS BT 5 Ak AT ol F1, ok, AAY T
S A TE, HET, H0T, AL, GUAY, FAEAY S ds] MODIS AE %
o \Fgt v meh
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(4) ska vl
AAE O E E AR AEES AW E B AR} vluste] o HelE
= 7&%01]/\1 MODO6 collection 5 785 A&7} BE A2 AU, 34w
< B4k (10° —30° N, 113° —149° E)°o & &4att}. o
A agEolES A vigd Ay ArdE e & dgd
k3l o] BZAH(Kim et al. 2006). MODIS® JAMI 4+ Afo]e] A
d s al, ntste] A2F 18 7 94 1 50km AR g 30709
425 Aw vuskh o] 273l oF 2,160,000 5 4ol ATl AFEE S
olo] AWl JAMIC 94t A= 4km sfAEolY, MODIS
W73 1km g =olth 7 94 & 1F aidE Afo

© o 34 vl A RS 2 5 ook

1

1=
ol du 12 kI 49

Do e

o mfu ok

= =

A

> 2

(1) CMDPS #H% (COLL/VAM)
CMDPS F&#3545 #HSs7] Y8l AHg¥ 2w+ MODIS Terra®t Aquad)
112J 1°]HE1 50]77}X] A5E AHEste] HEE skl E}% T5 B4 AR5 wd5)
9= ot = 60%) SAZ= AAtst
=5 5‘}33\13}. EE@F T ?%%@-ﬁrﬂ], & BFHA Loﬂ/ﬂL l'?qu]’ﬁﬂ AAEE T
B FR g 2zl whet A gE AbEet

S 3!
1= N
FaEQAE o W e Z42F H5S Skt

5;

5% ﬂaiu} o] 8] o] =

¢

(2) MNLA A HF

Aol AbEE JAMI A 2l #5240 33t 4= 4 kmo|t. Full-disk 97>
FolAlol Wl ME|FF, S F=9 dHE(80.5° S—80.5° N, 60.4° E—-139.4° W)=
Eebeted FAE G711 e A9k Akt

JAMI 975 ol&3a &9 A==3 vlustr] $jsf MODIS & == (MODO6,
collection 5) & AFE38FITE o] A7 o= 1 km A A (nadir) =S F53Fs+ 9
YA o] 2 g o] gltk(Platnick et al. 2003). o] WA X} collection 5 A& ol A
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SAlE He v E B34 S 4 9t (Baum et al. 2005, King et al. 2006, Yang et
al. 2007). & AZFelAME 20069 8¥€ 5-11Y 7IzF HAEEEF(10T -30° N,

113° —149° E)olM < 13%E (granule; 5?— 5 A5) S FHsAT

MODO06¢] 753857 @ Fadatd S 7IAAd 3 42044 (0.6, 0.8, 1.2, 2.1
m) & sAlel Abgstel A4 E 7] Ve %ixﬂ——g FEsk= grolth. MODO06 +E338H57)
o] H4 4FE WM+ 0.1(Choi et al. 2005) 1™ Ho| A& W= 1007HA 01t a2
AR O] A Fas AEHSle A 5 BS 2~30m, 54 759 AF 5~90

ol

.

molth, F AEE BT &A5F A7 AFEE T MODIS #Fs$F vlwshr] 9@ &
CMDPS At&#E% £ 3 t.'.ﬂ el A AHE = itk
MODIS A=}3t d level-3 4H ﬂ17l 2} 2 (MODOS8, collection 5) % 43 A=7]7F

of oial A=A MODO8% AR & 71AH MODO6C.ZHE] AAkdt)
MOD082 HZS713tst 5 At %@EJ Hagkely, o1z Azfell dist A AE 4

flel "R ARG-E AT

r
mlo

3.4.3. AFLATH

(1) CMDPS A% (COLL/VAM)
e EEA s A5 wds HeE -89 ~30% Wl B9l ARE AL
AAZ T WA 2% (FE60° o) & AsoA AlLdstith Als
homogeneousdt 7-¢-ol tfaixs AFS 3t 918

e AAE $aA e * MODISS]
5x53 404 1-%FH2F (1-standard deviation) ©]4F2] xpo]7} U= RES HZd

(2) WA A AF

3l vl A] CMDPS CLA 7], 50 km, 30% o|yo] So]lo = 422 FHitslo] A&
7S AR A T
3.4.4. ASZAIYEA

(1) CMDPS A% (COLL/VAM)
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Table 4. Validation results of COT

Reference Time Region R Bias RMSE
Global 0.73 2.16 3.32

Low 0.73 1.98 3.05

Mid 0.68 2.79 3.97

COT < 16 0.62 2.18 2.84

MOD 11/1~11/5 COT > 16 0.84 -0.23 19.04
SOA <30 0.73 2.05 3.36

SOA >30 0.65 2.27 3.18

Water 0.54 2.02 2.85

Ice 0.82 2.77 4.61

coT Global 0.90 1.71 3.57
Low 0.93 1.63 3.79

Mid 0.66 1.92 2.85

COT < 16 0.58 1.86 2.57

MYD 11/1~11/5 COT > 16 0.79 -21.90 31.57
SOA <30 0.76 1.43 4.35

SOA >30 0.83 1.84 2.99

Water 0.52 1.61 2.45

Ice 0.96 2.12 6.18

Table 4+ 20084 11€ 1945 H 54714 A5 Ay HolFa Qi oA A3t
AAE opokdt A5 24 wrE MODIS9F CMDPS 53338579 4944, Bias, 1
2]37 RMSE®] §AIA& X531 Qi)

(2) A2A 2AA AT

S
Fig. 62 2006 8¢ 74 0333 UTC JAMI HAH
Intertropical convergence zone (ITCZ)E wa} EsHA K

(?JC}‘. VIS [e I~
o] Ateo® Qs Gt or TR 75 WA Bk sk 22 o2 Al v
d 5ol & FREET IR FAdelM B A AddF s W ghell siget, Al

< TR TEHUVIZFE O U2 IR BANS WESH] ditel g BAlth 1IR3 9
M= 24 400 hPa o]/de] & F5we] g7 Bt o= ot tFwoA 4=
o

5%7) F47F Aou] WEelTh. Teluh IR0 [R28H 2 9% Ao we 7
Zo] Folo] WA R4 DAL AA o 4 TEAA, AAA Yol el e

ke 7,
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Fig. 6. JAMI/MTSAT—1R radiance imagery for the five spectral channels
centered at 0.725 (VIS), 10.8 (IR1), 12.0 (IR2), 6.75 (IR3), and 3.75 m
(IR4) for 0333 UTC August 7, 2006. Except for the VISchannel, the

brighter color corresponds to a relatively low value in W m2 srl ml.

The full-disk imagery covers East Asia, West Pacific, Australia, and a
part of the Antarctic region (80.5S80.5N, 60.4E139.4W).

ANA =23k 571 FAFe AFEL A 4
of wel A Al 7HA 9 FdHow EH At

() ddl AeEgEeFedA HF 755 Egste] g =11 FeFo=r FAL 5
(i) TEEY =1 g 7 &

(i) W7 223 i gl 5% 259 IAE vusl e i FAL 7E

D =2 VIS, 92 IR1, W2 IR2 HAFFO R fF, () @& VIS, W2 IR1, 92
IR2 HAFgFC 2 5, (iD= HA iasl %‘) VIS, & IR1, ¥& IR2 HAF&* EU PN

7HA Beke] e VIS, e IR3 AL Zdrt}, o] Al 71| % F2o] ExS
CMDPS ¢85 At=53} vl w3t} 017]/\1 NE 12 Ay AEE %7‘4 o7 AEd
ofof e}
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(a) Base products (b) Final products

Cloud phase

[
Water Mixed Ice

Cloud optical thickness

Effective radius

Fig. 7. Cloud optical thickness and effective radius derived by the CLA
from the JAMI level—1b calibrated radiances shown in Figure 1. Base
products (left) are the results of conventional methods or without
correction methods, and final products (right) from improved methods or

with the correction methods developed in the present study.
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Fig. 8. Relative frequency (in %) of cloud optical thickness without using the decoupling method
(i.e., base products), using the decoupling method (i.e., final products), and MODIS data to the
total clouds for the corresponding conditions. SH and NH stand for the Northern and Southern

Hemispheres, respectively.

=7F7178 917 Al H - 16 -



~ B 7914 Code:NMSC/SCI/ATBD/COT
71 Az} 2 2] ] A] 2~ El Issue:1.0 Date:2012.12.26
Ak s A A 2= File: COP-ATBD_V4.0.hwp
2771 S ME AdaglE 7|e EA A |Page: 143
3

theFE 23stel M A & o 715 A REE Btk(fig. 8). RS

63] |l 7123 #olth(Rossow and
& 7247k 713 HF, MODIS Ab=Eg 9 vt} *P%
I )

e o
1
uli
O
R
-
uli
ofg M
1%
—r
N,
1o
N

o hafo] B ek ool AA BFARLL
e BYe B9 Has 1 5 A

MODIS®} -2 AF&=E7He] Apol+= A A A 3}
A H

o
P o
> "
%0 ¥
[t
12 & oo my
(TS A

e S
L
foA o

& AYAREA o disiA AAESItH(fig. 9). 8] AFEES] #ko] MODIS
a ﬂ%]éﬂﬁi‘:} Zﬂiur 1 XPO] TEFS ARG At FEYARE L F
i 4] A5l A Oﬂxﬂ’* AAE 2-30 s, dSYA+=
011*1 1020 m7F Aol 20-30 me A7) sl 7%
ﬁc’]x}‘ﬂi °ﬂ M= EE Rk gE X}OW Atk Ao A el A MODISQ}J
= MODISSF] ztol7F A9 glvk. FaYgAutA & IR49]
et dat= 2 dugFeld #59 R4 HA}%@ETH
&= 71+ (Choi et al. 2007)9] 53] Y TolA g9

§

[@))
N

E

[u An ©
P
[
v}
1%
)
oi

(2L o
7 -
off Ho
9
Mo
A
o,

é

il
\I
=

bt

>
o ox ot L

= |y

o @R Jm 2% (T O o
o I o

R
By

K

=

>

>

oX

Mr -

flo

}_4

N
| VT
N
N
=
O
=
wm
©
>

HEES HlwE] 1okt Yy HE s 54

Skl 7]%é%%ﬂr HFAEEe vlad Fert v Fig. 8oll4 HAda A4

Sl AmREe] g1 -E Wl FhAekd, 1ol

7}35}. £t Fig. 901]*1—5— FENE 107 Rk 22 fAtE 7H

£ 7H 58 NEe FUbsTh 538 A 13 9ALe

ol ml-$- F 23tk (Choi and Ho 2006). wehA o]e st &

g el o3 WA 759 HAIEY FHE WA o] Hojof gt}

HFatEE0] 7| EAFEE vld ©] MODIS®l| 7H7k2- 32 ZE7] wji-ol decoupling %‘%ﬂ

o] FFFTFAL FEAANAES] AL St I, TR JARE T tiE o=
SAA 7= 7198k 2 A st

tlo o

z 4
o

2

ol

i

N

ST
L )
:!mrznlﬂlilﬂ

=

N

=7k 9178 Al E - 17 -



. B 7914 Code:NMSC/SCI/ATBD/COT
- Issue:1.0 Date:2012.12.26
VAR A= Al 2~ €l
Ak s A A 2= File: COP-ATBD_V4.0.hwp
2717132 A g E 7|Es BAA |Page : 1/43
831 Augusl - Simpl A Liguid 809 loe
& —— Decoupled anl i

== MODIS

=
=1

Irequency (%)
ES
Frequency (%)

. —_ | o [
PE PN L &0 - 28 500, 20 3E an_\n_an oeE g a5 5_*\'3\0_‘zt‘ln_.‘aﬂanxx[.lw_aﬂaj_aﬂ 2
Fffartiva rad ns {im) Eﬁectlve rad|us ) Effecive radius (1)

I I 0 SH 80 4 idlatitude

2% gl 390 A0 T 60, BD g 208 50 202l 80, 0 80l g 28 gl 025, 030 0 40,060, 8 g
Effective Radius (um) Effective radius iwm) Effecive radius (1)

Fraguency (%)
Frequency (%)

fn o Tropical

Fraguancy (%)

0 -
7% gl 3P 3oprdle 5“50*’“ g~
Efe ztive radius (pm)

Fig. 9. Same as figure 8 but for cloud effective radius (in m).
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Fig. 12. Relative frequency of MTSAT minus MODIS COT/ER for the
maximum values. Errors in the retrieved COT/ER (in %) with respect to
the corresponding parameters. The solid and dotted lines indicate values

from the final (corrected) and base (uncorrected) products, respectively.
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Table 3. Detailed Output data for the COT algorithm.

OUTPUT DATA
Parameter Mnemonic Units Min | Max |Prec| Acc | Res To
Cloud Optical thickness cld_opt - 0 |128] 1 1 |pixel COT
Effective Cloud Radius eff_cld_rad - 0 | 64 1 1 |pixel ER

5. At EAF & COMSsF ¢ dugF /MA

o] 1= og & Qlsto] §X| FFolA 9 & COTHol AbEE o] SA3)4
Jato] ofEe} o] Z=E FASA T COT7F o] &3k LUT# R = 02!
1 A9-¢ dall 74513k COT ¢1u8EF& R = 09 R = 121 A5
Al ZjolE F Qo7 PR scalinge Y3l 25 FHallA ARSI (CMDPS &HFH 1A,
Fig. 2.12.32). 284 A 7= o 25 Fake daled AlgS dozr &2 i
]/‘1 e & gk 7HAA Ho] 2%l A skl (Fig. 13).

I Remove thermal component at 3.7um

: ! cla_rad_swir(i,j) = a*((radiance(i,j)%ird)**2) + b*radiance(i,jl¥irl + c
236 cla_rad_swir(i,j) = a * (radiance(i,j)%irl*radiance(i,jl%irl) + &

237 b * radiance(i ,.])'hr:l. +C

cla_rad_swir_tmp(i,j) = radiance(il,j)%swir - cla_rad_swir(i,j)

241 cla_rad_wvis_tmp(i,j) = radiance(i,j)¥vis
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Fig. 14. Cloud optical thickness (a)before and (b)after correcting program code
at 15th, Nov, 2011.
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Table 4. Quality test result for the COT algorithm.

Quality test result
Parameter bit Value Meaning
cloud optical thickness| 5 from O up tlo 64 step: undefined
effective cloud radius 5 from O up tlo 32 step: undefined
0 undefined
describe COMS input 5 1 all useful COMS channel available
data 9 at least one useful COMS channel
available
0 undefined
fine luminat 1 night
de me 1 ummat.lc?n and 3 5 twilight
viewing conditions
3 day
4 sunglint
0 non processed
describe the quality of 9 1 good quality
the processing itself 2 poor quality
3 bad quality
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The present study documents optimal methods for the retrieval of clowd
properties using five channels (0.6, 3.7, 6.7, 10.8 and 12.0 ym) that are used in
many geostationary meteorological satellite observations. Those channels are
also to be adopted for the Communication, Ocean and Meteorological Satellite
(COMS) scheduled to be launched in 2008, The cloud properties focused on are
cloud thermodynamic phase, clowd optical thickness, effective particle radius and
clowd-top properties with specific uncertainties. Discrete ordinate radiative
transfer models are simulated to build wp the retrieval algorithm. The clowd
observations derived from the Moderate-resolution Imaging Spectroradiometer
(MODIS) are compared with the results to assess the validity of the algorithm.
The preliminary validation indicates that the additional use of a band at 6.7 pm
would be better in discriminating the cloud ice phase. Cloud optical thickness and
effective particle radius can also be produced up to, respectively, 64 and 32 pm by
functionally eliminating both ground-reflected and clowd- and groumd-thermal
radiation components at 0.6 and 3.7 pm. Cloud-top temperature (pressure) in
+3 K (£ 50 h"a) uncertainties can be estimated by a simple 10.8-pm method for
opague clouds, and by an infrared ratioing method wsing 6.7 and 10.8 pm for
semitransparent clouds,

1. Introduction

Clouds are of continual interest because they provide a visible indication of what 1s
gomg on in the atmosphere. Clouwds play an important role in the Earth's climate
and could be a crucial factor in evaluating the strength of global warming (see, for
example, Lindzen ef af 2001, Hartman and Michelsen 2002, Chot ef af. 2005q, Chot
and He 2006). Knowledge of such a role requires development of the observational
techniques applied to precise satellite measurements. Remote sensing of cloud
properties has been studied focusing largely on the applications of the spectral bands
of onboard radiometers. In the past few years, cloud analysis technigues have been
considerably  mmproved with the advent of Moderate-resolution  Imaging
Spectroradiometer (MODIS) instruments, The MODIS provides information on a
variety of cloud properties by using spectral radiances at 36 visible and infrared (1R)
bands (King ef @l 1997, Bawm e¢ af. 2000). The detection of crrus clouds has been
particularly enhanced in MODIS by incorporating a band at 1.38 gm, which hes in

*Corresponding author. Email: hoch@cpl.smuac kr
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the strong water absorption region (Ackerman et al 1998, Chot er al 20056).
Recently, the Spinning Enhanced Visible and InfraRed Imager (SEVIRI) loaded
onte the Meteosat Second Generation ( MSGr), has also promoted enhanced cloud
data that are retrieved from a total of 12 spectral bands.

Although MODIS provides advanced atmospheric information with a high
spatial resolution of up to 0.25km = 0.25km, the data are temporally limited in
application for severe weather forecasting because they are being provided by polar
orbiting platforms (i.e. the Terra and Aqua satellites). Korea has been using the
geostationary observation data from the Japanese Multi-functional Transport
Satelhite (MTSAT-1R), which succeeded the Geostationary Meteorological Satellive
(GMS) series covering East Asia and the western Pacific regions. However, 1ts
hourly data do not fulfil forecasters’ requirements, especially for a fast developing
weather system such as a severe thunderstorm. In addition, the information
attamable from MTSAT-1R s limited to conventional parameters such as cloud
amount, cloud-top pressure (p), and ground temperature (T,). Therefore, both
frequent observations in near real-time and diversely retrieved atmospheric products
have become a key requirement, particularly to forecast severe weather events such
as approaching tropical cyelones and torrential downpours o oand around the
Korean peninsula.

The launch of the first Korean geostationary satellite, the Communication, Ocean
and Meteorological Satellite (COMS), 1s planned for 2008, The COMS will carry a
separate imager and ocean colour sensor for meteorological and oceanography
missions, respectively. Although the operation for the COMS Imager is not fixed
yet, it will certainly include a rapid scan mode that acquires data for a limited area
with much higher sampling frequency than the MTSAT-1R, possibly eight times per
hour ( Ahn ef al. 2005). The COMS Imager measures radiances in [ive bands centred
at approximately 006, 3.7, 6.7, 108 and 120 wm (see table 1), Its itention 15 Lo
provide data with spatial resolutions of 1 and 4km for visible and IR channels,
respectively. The five chanoels only contain a narrow range of atmospheric
mformation, so some cloud properties available n the MODIS and SEVIR T would
not be distinguishable becawse of the imited number of bands. In particular, the
absence of some essential channels, such as 2.2, 8.7 and 13.4 gm, limits the accurate
retrieval of cloud properties. The cloud analysis algorithm (CLA) optimized for the
five channels 15 nevertheless designed as part of the meteorological data processing
system for COMS., The CLA is mainly used to derive five doud property
parameters: cloud phase, cloud type, cloud optical thickness (t.), effective particle
rads (r.), and cloud-top propertes.

Table 1. COMS spectral band mumber and bandwidth.

Band Bandwidth, um Used in cloud analysis

1 0.55-0.80 CT, COTVER

2 3.5-4.0 CT, COTER

3 6.5-7.0 CP,CTTP

4 10.3-11.3 CP,CT, COTVER,
Crre

5 11.5-12.5 ceCT

CT, cloud type; COT/ER, coud optical thicknessieffective
particle radius; CP, clowd phase; CTTP, cloud-top temperature
and pressure.
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This paper deseribes the approach to derive four of these cloud properties, and
excludes doud type, which will be desenbed elsewhere. As the COMS Imager data
are not yet available, we use MODIS data as surrogates of the COMS Imager data
and radiative transfer (RT) model simulations for the algorithm development.
Section 2 presents MODIS cloud data and briefly explains RT models to simulate
outgoing radiances variable for doud conditions. The method of algorithm
validation 15 alse explamed. Secton 3 mtroduces a cloud phase scheme addmmg a
6.7-pm band as a substitute for the 8.7-pm band used in the MODIS trispectral
cloud phase algorithm. Section 4 details the method to retrieve tand r, by 0L6-, 3.7-
and 10.8-pm bands, and discussion (ocuses on the functional approach concerned
with the removal of thermal components in the 3.7-um band. Section 5 introduces a
simple method to use the 10.8-um brightness temperature (BT g4), and 4 ratioing
method using the 6.7- and 10.8-pm bands to estimate cloud-top temperature (T)
and pressure (pe). Finally, concludmg remarks are given m section b.

2. Data and methodology
2.1 Data

The present study uses two kinds of MODIS data sets: level 1b calibrated radiance
(MODO2) and cood product (MODOG). MODO2 contmns cabbrated radmances
located at all 36 MODIS channels (both wvisible and IR regions). The data in
MODO2 have 1 1km= 1 km nadir reselutton. MODOG includes varous cloud
propertes whose 1tems cover all CLA products. The items in MODOG used in this
study are cloud phase, 1o, re, Te and pe. The cloud phase in MODOG is derived (rom
the IR tmspectral algonthm wsing 8.7- 10.8- and 12.0-pm bands at Skm = 5km
nadir resolution. The algorithm operates on different absorption characteristics of
ice and water clouds within the 8.5-13 yum region: the absorption ratios of the
outgoing terrestrial radiation due to wee and water clouds are nearly equal within the
B.5-10 ym bands but diverge within the 10-13 gm bands (refer o Bawm ef af. 2000
for details). The total<column 1. and r. in MODO6 15 determined by the
combination of wvisible channels (0.6, 0.8 or 1.2um) and a near-IR channel
(2.1 g at 1 km o= 1 km nadir resolution (refer to King e al. 1997 {or details). T,
and p. 1in MODOG have the same resolution as the cloud phase (Le. Skm=5km);
they are retneved by a COs shoing methed (alse called the radinee ratiomg
method) developed by Menzel et all (1983 This method uses MODIS COs
absorption channels withm 13.2-14.4 pm (1e. MODIS bands 33, 34, 35 and 36).
Besides cloud properties, MODO6 has angular parameters such as the satellite
zenith angle (@), the solar zenith angle (0y) and the azimuthal angle of the satellite
relative to the sun (4).

The 169 MODIS granules (5-min data) were collected for the mid-latitudes and
the tropies durmg the period 1216 March 2000, The radiances and angular
parameters are used as inputs of the CLA. For this purpose, we chose 0.6 (MODIS
band 1y 3.7 (band 200 6.7 (band 27) 108 (band 31) and 12.0-um (band 32)
radiances (or converted BTs at 5kmx<5km). The bands were chosen as they
corresponded to COMS. The MODIS band filters are finer than those of COMS.
This difference in bandwidths between MODIS and COMS may affect the
estimation of the exact cloud properties. However, an advantage of using MODIS
radiances 15 the capability to compare COMS-derved cloud properties with
MODIS-dernived cloud data (MODOG) on the pixel scale.
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2.2 Radiative transfer model

To design the CLA with five channels, our study used the discrete ordinates
radiative transfer (DISORT) models Streamer (Key and Schweiger 1998) and
SBDART (Santa Barbara DISORT Atmospheric Radiative Transfer; Ricchinea
et al 1998). The speetral resolutions of the Streamer and SBDART models are
2em” ! bandwidth in both short- and long-wave. A characteristic of the DISORT
models is that the atmosphere s composed of a discrete number of adjacent,
homogeneows layers. The smgle-scattering albedo and optical thickness are constant
within each layer but may vary from layer to laver (Baum et al. 2000).

Although only one model should be dealt with for consistency of simulation, two
models were used for different purposes because of their flexibility with regard to
physical cloud properties. In addition, the Streamer exhibits a number of problems
simulating radiance for near-1R bands (3.4-4.0 pm) (Key 2002). The Streamer was
therefore used for cloudy conditions with varying cloud phase, T, and p.., while the
SBDART was used for . and r.. Both models were used to caleulate the top-of-
atmosphere (TOA) radiances expected for dear and cloudy conditions. As the exact
response functions of the COMS Imager channels are unknown at this point, we
used the MTSAT-2 values as surrogates. Although they are not the same as the
COMS Imager, it is expected that the difference would be very small because the
specification and design of the two sensors are almost the same. In the Streamer,
the temperature, humidity and ozone profiles for mid-latitude winter and summer,
the polar region, and the tropics compiled by Ellingson ef al. (1991) were used. In
the SBDART, the atmospheric profiles (MeClatchey et al. 1972) for mid-latitude
winter were used. This 1s because input radiances for the CLA were obtamed mainly
over the mid-latitudes in winter. Acrosol contributions were neglected n this study.

2.3 Validation

The results of the CLA were vertfied by using the MODIS data and the RT models.
The validation of the CLA was carried out for the following cloud properties: cloud
phase, t. r, and p.. The clond phase was mitially obtaned by the CLA and consists
of the thresholding tests mputting MODIS BTs. The retrieved cloud phase was
simply compared with that of MODIS. For 1. r, and p,, the simulation of the RT
model was prior to comparison with those of MODIS. For this purpose, TOA
radiances were caleculated by the RT model for the response function and the
wavelengths corresponding to MODIS (e, MODIS bands 1, 20, 27, 31 and 32),
because MODIS radiances were used as input radiances for the CLA.

3. Chud thermodynamic phase

The discrimination of the cloud thermodynamic phase (e ice or water) is of
primary importance because it s a decisive factor in providing the radiative features
of the cloud before retrieving any other cloud properties (Key and Intrieri 2000). In
the current MODIS nstruments, cloud phase was retneved based on the IR
trispectral method wsing bands at 8.7, 108 and 12.0 ym, as desenbed by Strabala
et al (1994). Differences in the bulk and single-scattering properties of water
droplets and 1ce crystals establish the basis of the IR trispectral method (Baum et al
2000). The absorpuvity mereases more between ¥ and 11 gm than between 11 and
12 ym for ice, but the opposite is true for water (refer to figure 1 of Baum ef al
2000). Consequently, the brightness temperature difference (BTD) values of ice
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Figure 1. The results of an RT model simulation for (@) BT g5 vs. BTDgq oz and i) BT g5
vi. BT, 5 for clouds composed of water droplets (filled circles) and ice crystals (open circles).
The numbers indicate clowd optical thickness.

clouds between 8.7 and 1008 um (BTDy 5 4060 are greater than between 108 and
12.0pm (BT g 1208, whereas water clouds have greater BTD g4 g2.0 than BTDy 5
1o values.

The foregoing IR trispectral method in fact requires an 8.7-pm band, which plays
an essential role in dsenminatng cloud phase, in cooperation with a 10.8-pm band.
However, the 8.7-pm band 15 not a component band o most geostationary
meteorological satellites except the MSG. The determination of cloud phase by
applying 3.7-um, mn additeon to 10.8- and 12.0-pm bands, was neted by Key and
Intriert ( 2000) for the case of a nonexistent 8 7-pam band in the Advanced Very High
Resolution Radiometer (AVHRR) of National Oceanic and  Atmospheric
Admimstration { NOAA ) satellites. However, the 3.7-um band wsed on theirr method
is aflected by many factors including viewingfillumination geometry, surface
reflectance, T and Ty The present study attempted to use a 6.7-pm band instead.
The 6.7-pm band 15 known to be sensitive to water vapour 1n the atmosphene layer
between approximately 200 and 500 hPa, and the BTy 7 has a lower value when high
clouds exist in the layer (Ackerman ef al 1998). This sugwests that BTy could be
used to obtain information on the iee/water phase confmed to high clouds.

Figures 1a) and 1(5) show the RT model Streamer calculation of BTDy 5 46 and
BT 7 versus BTy, respectively, at the TOA for single-layer ice and water clouds.
The spectral BTs in the ice cloud are simulated with spherical particles for ice
crystals. The assumption that ice crystals behave as spheres may be flawed because
the high ice clouds include ice erystals of many different shapes (Takano and Liou
1989, However, 1t 15 known that scattering i the longwave 15 secondary to
absorption (Pavoloms and Hewdmger 2004), The caleulaton was carmed out under
various 7. from 0 to 10 (numbers marked on the graphs) and r, at 5, 8, 16 and 32,
Water (ice) clouds are assumed to have a p, of 300 hPa (30 hPa) under the standard
profiles of mid-latitude summer (Ellingson ef al 1991), so that the simulation
represents minimum (maximum) values for water (ice) clouds. The cloud water (ice)
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Figure 2. MODIS-retrieved clouwd optical thickness {a) and effective particle radius (&) with
respect to both 00.6- and 3.7-um radiance taken from the MODIS observations. The error bars
designate the minimum or maximum radiance for the corresponding 1, and r..

content was set to 0.2 (0.02)g m~ . In figure lia), we clouds can have BTDgq g0
greater than about zero regardless of their effective radius, while water clouds
cannot. This is consistent with the results of Baum ef al (2000) (see their figure 2).
Likewise, 1wee clouds have BTy 7 less than 239 K, whereas water clouds have BTy 7
above 239K (figure 1(h)). This difference in relation to values of BTy, between
water and e clouds can be used to discriminate the cloud phase. BT, of 290 K
and BTg 7 of 240 K are maximal values corresponding to the cloud-free scene (t.=0)
under the specific conditions: the Ty (=293 K), ground albedo (A4,=0.1) and the
profiles of mid-latitude summer. To clarify the values of BTypg and BTgy as scen
from the satellite, we further investigated the MODIS data collected in this study.

The relanonships between cloud phase and BTDg 7 08 BTigg and BTey were
exammed by using the MODIS data. The relatonship between the MODIS coud
phase and BTDg yq08 (or BTigg) 15 of course discrete because it 1s an ice or waler
phase in those tests. Clouds identified as being in the ice phase have a BTDg7 008
above 05K (or a BT, below 238 K). This study alse noted a relationship between
the MODIS cloud phase and BT 5, which 1s alse clear but not as disunct as that
with BTDg 7108 (or BTpg) (data not shown here) lee clouds identified by the
MODIS algorithm tend to have a BTg7 up to about 250 K. Note that clouds
identified as water and mixed phases can also have a BTgy between 234 K and
250 K. Consequently, all the types of cloud phases in the MODIS data appear to
take similar values of BT, ; between 234 K and 250 K.

Based on the resulis of both the BT calculation and the examination of the
MODIS data, the algorithm for the doud phase was recomposed, as described in
table 2. The algorithm consists of the phase criteria from ice to unknown phase. The
BT,y and BTD 44 42 g tests are applied from the IR trispectral method of the
MODIS. The BTg7 test s combined wath the BT g (or BTDyg 20) test at each

Table 2. The criteria for determining cloud phase.

lce Mixed Water

BT os=<238 K or For no ice For no ice/mixed
BTDygg po=4.3K or 23K =BT pe<268 K or BT qg=283K or
BT, <234 K 234K =BT <250K BT, ,=250K
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stage of phase decision (table 2). In detail, cloud pixels pass the stage of the ice phase
decision first. At this stage, the three tests judge whether the pixel is composed of ice
particles or not. [ the pixel is not identified as tce, it passes on to the next tests using
BTy and BTg7 for the mixed phase. If the pixel does not satisfy the eriteria of
bemg in the mixed phase, 1t will go through to the next stage usmg BT, and BT
for the water phase. Finally, the pixel unclassified as any phase category will be
assigned o an unknown phase.

An elfect of missing an 8.7-pm band in the IR trispectral method of the MODIS
cun be found by comparison of the MODIS cloud phase with that which has been
newly retrieved by a BTy o-free algorithm (e only using 108 and 12,0 um). Table 3
shows that a large portion of the ice clouds are not well distinguished by the BTy -
free algorithm; the MODIS ice phase takes 40.8% of the total clouds whereas that
from the BTy 5-free algorithm takes only 15.6%. Moreover, the MODIS ice phase is
in less agreement with that from the BTy 7-lree algorithm (15.6% in table 3). More
than hall of the scenes wWentfied as ice clouds in MODIS are distimguished as mixed
phases i the BTy o-free algorithm (21.2% vs. 40.8% 0 table 3).

The effect of adding a 6.7-um band to the BTy »-free algorithm was also examined
i 4 similar manner, and the results are presented in parentheses in table 3. 1t can be
seen that the MODIS 1ce phase pixels are easily detected in the BT, 7 algonthm (1.e.
using 6.7, 10.8 and 12,0 wm). Specifically, MODIS data on detection of ice pixels are
i 29.6% agreement with those from the BTg 7 algorithm, which takes 72.5% of the
total MODIS 1ce phase. The total percentage of ice phase mereased up to 32.5%.
This is a considerable mprovement compared to the results from the previous BTy -
free algorithm. Those results account for the fact that large cdoud regions
comprising ice particles can be identified more accurately by their low BT 5 values,
although cloud phases over the regions are not distinguishable through the BT g4
and BTDyg g 2 threshold tests. Thus, detection of the ice phase using only BT gy
and BT can cause serious problems in that a large portion of such ice clouds can
be overlooked. To summaneze, we have demonstrated that the 6.7-um band can be a
useful alternative in the case of a missing 8.7-um band.

4. Cloud optical thickness (1) and effective particle radius (ry)

Since the determination of the scaled 1, using a nonabsorbing visible wavelength 0.6-
pm band was introduced by Kaing (1987), the method has been used operattonally
for GMS-5 (Okada e¢ al. 2001). 1. 15 solely retrieved by this method because the
near-1R channel is not available. Here, GMS-5 assumed the effective particle radius

Table 3. Comparison of cloud phase from the MODIS IR trispectral algorithm and from the
algorithm for the COMS, as described in table2. The numbers (in parentheses) designate
those from the algorithm from which BTg 7 is excluded (incleded).

MODIS
COMS Clear Water Mined Ice Uncertain Total
Clear 13.0 0.0 0.0 0.0 0 13.0
Water 0.0 11.5(19.7) 0.0 0.1 (0.3) 0.9(4.1)  125(24.1)
Mixed 0.0 23022 T.1(5.5)  21.2(84) 58(5.1)  364(21.2)
lce 0.0 00(0.3) 0.0(L.6) 156(296) 00(1.0) 156(32.5)
Uncertain 0.0 138 (3.9) 0.0 3.9(2.5) 49(29) 226(9.3)
Total 13.0 27.7 7.1 40,8 11.5 1{:0.0
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of all clouds to be 10 um. Later, the retnieval method for both e and r (alse called
the sun reflection method) was developed by combining water-absorbing near-IR
wavelengths such as 1.6, 2.2 and 3.7 um with the reflected radiance at 0.6 gm
(Makajma and King 1990, Nakajima and Nakajima 1995 (herealier NN), and many
other studies). Unlike 1.6 and 2.2 pm, however, the radiance at 3.7 jan contains large
thermal components emitted from both the surface and the cloud top. The removal
of the thermal components leads to importing other variables such as T, and T, so
that the accuracy of the products may decrease depending on these factors. For that
reason, the algorithm of MODIS uses the near-1R 2.2 um band, which s free of such
components, together with visible 0.6 or 0.8 pm (King et al. 1997).

Although o 3.7-pm band has undesirable components for the sun reflection
method, retrieval of ¢, and #, by making use of 0.6 and 3.7 um seems to be practical.
Figures2a) and 2(b) show the dependence of MODIS-retrieved . and .,
respectively, on both 0.6- and 3.7-um radiances. The 30000 observed radiances
over the ovean obtained in this study were plotted after being classified by the
coincident values of ¢, and r.. In figure 2, the various symbols correspond to the
radiance averages foreach 1, and r, category, and the error bars show the ranges of
the radiance that cach of 7. and r, categories can have. The pixels used in figure 2 are
constrained to have the same angular wvariables (0, By, @) to avold angular
dependence on the radiance from the cloud laver with . {or r.). As mentioned
above, MODIS-retrieved 1, and r, are values derved from mamly 0.6 pan (0.8 gom)
and 2.2 pm over land (sea). Nevertheless, figure 2 clearly shows that the cloud with a
larger 7. (r.) has a greater (smaller) 0.6-pm (3.7-pm) radiance.

Figure 3 shows the RT model SBDART simulation of clouds with a variety of .
and r, for 0.6-, 1.6-, 2.2- and 3.7-pm radiances under the condition of specific
angular variables. Similar figures are shown in many studies (e.g. NN, King et al
19497}, The sensitivity of the nonabsorbing and absorbing channels to 1. and r, 1s
almost orthogonal for optically thick douds (t.=16). For optically thin clouds
(te<16), the sensitivity of the 0.6-um and 2.2-ym (or 3.7-pm) channels s more
orthogonal than that of the 1.6-pom channel (figure 3). This orthogonality ensures
mdependent retrieval of . and r, (King e al. 1992), However, the intensity (i.c
radiance) at 3.7-pm itsell 18 10 digits smaller in comparison to other absorbing
channels, Thus, using 3.7 ym requires a highly sensitive manipulation to prevent a
large uncertainty i the retricved . and r..

X0 T T ¥ 20 T J T 5 T T
) & =30 re4 L
e =300 P 1 = . = 4
£ s-1/E £~ E
B ' AL 5
g ] ™ 1np L
E E E .
z .4 CH R z*
5 T L
Eimiial L " & L L L ] L L X
100 208 200 400 il 103 200 Ind L] { 00 203 350 400
L owWm ™ s pm ) L wWm e pm) L o m ™ er pm™)

Figure 3. Comparison of (a) 16-, (%) 2.2- and {¢) 3.7-pum radiances as a function of {0, 2,
4,8, 16, 32, 64) and r. (4, 8, 16, 32) with the angular variables of 8=30°, fi,=30" and $=10°.
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The sun reflection method using 0.6 and 3.7 pm has been discussed previously by
NN for the AVHR R, The method uses solar radiation only, reflected by cloud layer,
and accompanies an essential process to undertake decoupling undesirable radiation
components: (1) ground-reflected radiation, (2) cloud and ground thermal radiation.
Based on the RT theory for plane-parallel layvers with an underlying Lambertian
surface (refer to NN), the decoupled radiances for 0.6- and 3.7-pm wavelengths are
given simply as follows:

Los=Liy — L', (1)

Laz=L$Y¥-L%— LYy {2}

where L™ is the satellite-received radiance, L™ the ground-reflected radiance, and
L™ the cloud and ground thermal radiance. The radiance is a function of t. r., @, i,
and ¢. The cloud fraction reduces L°P* if a pixel is partially cloudy, which will
consequently cause an underestimation of t.. Because there s not yet any method
for completely picking out such partial-cloudy pixels, we assume that cloudy pixels
are fully overcast in equations( 1) and (2). NN designed an iterative algornithm that
starts from initial values such as =35, r,=10pum and Z=2km, where Z is the
cloud-top height. They used preprocessed data; cloud-reflected radiance and
reflectivity (at 0.6 and 3.7 gpm), and transmissivity (at 0.6, 3.7 and 108 pm) (see
NN for details). In brief, their algorithm compared model radiance with caleulated
radianese (observed radiance minus undesirable components), and 1t was erated
until exact values of 7, and r, were found.

This method 15 certainly appheable to the COMS algonthm because it has all the
channels needed. However, the NN method requires too many assumptions to
compute the undesirable components, as follows. First, cloud geometric thickness
(D) is obtained (rom the relation D= Ww, where W and w are, respectively, the
hguwd water content and the hguid water path. In this caleulation, Wi led by the
assumed formation (equation(11) of NN), and climatological w is simply used for
five classified cloud types. At this point, cloud types must be an input, which
complicates the algonthm. Second, £ 15 obtamed by an assumed relationship with a
constant lapse rate ol 6. 5K km ™. Third, 10 8-pom transmissivity ()15 derved with £
and the estimated D by a pre<caleulated lookup table. Here, the use of a lookup
table, as well as two other lookup tables, can merease numerncal uneertamty.
Fourth, T, must be determmed together with A, then T, 1s determmed with the
previously derived T, A, and ¢, Here, 7, for a cloud-free pixel adjacent to the target
cloudy pixels may be another source of uncertainty in the calculation of T, when
clouds cover a large area.

To overcome those limitations, we did not carry out the caleulation of D with
initial Z or that of ¢, T, and T, which were necessary parameters to get the
undesrable radiation components in NN's method. Instead, observed radmances
were explicitly decoupled from undesirable radiation components that were
estimated by the direct use of chmatological 4, and 10.8-pm radiance by
equations(3) and (4), respectively. Ground-reflected radiance Lf‘ at i channel (e.g.
3.7 or 10.8 ypm) can be esumated by

L = ALY (Ag=1)

AL LE(Ag=1)) — (L 4 L5 (45 =0))] *)
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where the multiple reflection between the ground surface and the upper layer is
assumed to be very small, then [' changes almost linearly in proportion to A,
according to the RT theory applied to equations(1) and (2). We can further derive
an extended formula, as shown m figure 3, with respect to thermal-free radiance,
which is the sum of cloud- and ground-reflected radiances (L; + L ). Note that £ is
zero for Ap=0 and that L; 1s cancelled out in the extended formula of equation (3).
The RT simulation results in figures 2 and 3 of NN supporting the inear increase of
thermal-free radiance at both 0.6- and 3.7-pm bands. On the basis of the extended
form of equation(3), we can use only one lookup table, which contains the angular
variables and their corresponding thermal-free radiances for two reference values of
Ag (0 and 1) and for a variety of . (0 to 64) and r, (0 to 32 gm). Once angular
variables and A, are known, the simulated thermal-free radiance for 4,=0 is
subtracted from that for 4,=1 in the lookup table and multiplied by a given A,
(equation | 3)).
Cloud and ground thermal radiance at 3.7 gam is obtained from the following:

L= e L2 b @

where L5P% is the 10 8-pm satellite-received radiance, and a, b and ¢ are regression

coellicients. Equation (4) is based on the hypothesis that both L?‘-, and L}ﬁ_]ﬁ} are
proportional to the Planck function of T, and T, In this relationship, the different
transmissivities of the atmosphere and the cloud layer, and a ground cmissivity
between 3.7 and 108 pm, would give rise to regression errors as shown in figured.
The figure shows the result of the SBDART calculation for the sensitivity of the
thermal radiance Lf_‘,'_ﬁF Lo L‘f‘fl]’}_ The calculations are carried out for clouds with a
variely of . (0-64) and r, (0-32 pm) under diverse T, (220-290 K) and Ty (250

A0 K). The value of L‘_f_‘-; mereases with the second-order polynomial relation when
L88% increases. The mean error range of L% for all the L% values is about
0.02 W rn_lgntrn_1 sr !, which causes 2% uncertainty i the final r.. In addition, this

0.35

[y =0.010x* -0.057x +0.088 ,

40 50 80 70 80 90
LIZIIM-

1o (WY m s l-"'“_1}

Figure 4.  Sensitivity of 3.7-pm thermal radiances {L‘;‘.T} to 10.8-um satellite-received
radiances {Lj'lg“z} for the clouds with a variety of 1, (0 to 64) and r. (0 to 32um) under
diverse T_ and T} The solid line is the second-order polynomial regression line of the plots,
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decoupling method indicates, in figure 4, that the error of L‘i‘? would be even larger
for cold surfaces (1.e. cold Lﬁ}'ﬁ}. Taking into account the fact that NN's method
needed many lookup tables to obtain the thermal radiance as a function of many
factors such as cloud albedo, ¢, Ay, T, and T, the decoupling method using such a
simple relationship between L‘_{_‘-, and Lil"f'l"} is fairly effective in time. Finally, we
removed undesirable components from the observed radiance by equations(1) and
2y with the aid of equations (3) and (4).

Figures 5(a) and 5(b) respectively show a comparison of 1. and r, from the new
algorithm with those of MODIS. t, from the new algorithm 1s m fairly good
agreement with MODIS t, for optically thin clouds (.<<20). For thick clouds, ©
deviates even more from the linear relationship (figure 5(a)). The mean root-mean-

“

square errors of . for thin and thick clouds are 1.39 and 5.38, respectively. This low
accuracy for thick clouds results from Ly g itsell increasing shightly for a constant r,
when the t. increases above 20, as shown in the RT result of figure 3. However, r,
from the new algorithm is in accord with MODIS r, for small particles (r,<212 pm).
For large particles, the deviation inr,is increased for similar reasons to those stated
above for 1. Namely, Ly7 itsell decreases slowly when r, increases above about
12 jwm (see figure 3), The mean root-mean-square errors in re for small and large
particles are 083 and 1.76 pm, respectively (fgure 3(6)).

5. Cloud-top temperature { 7.) and pressure (p.)

The IR-wmdow channel estimate 15 the typieal method in which BT g5 15 compared
with a vertical temperature profile in the area of interest. 1t s assumed that the cloud
i opaque and fills the field of view (FOV). This is inaccurate for semi-transparent
arrus and small-element cumulus douds (Menzel e all 1983). To obtain the
criterion of 7. proper for the IR-window channel estimate, we simply depict BT
and T. in MODIS (figure6). Here, it 15 clear that T of an optcally thick cloud
(t.=10) has a nearly lmear relationship with s BT, For the same angular
conditions, an optically thick cloud with a lower T, theoretwally emerges with a

" ia) Cloud optical thickness 40 i) Effective particle radius

: . ]
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Figure 5. Comparison between MODIS-retrieved and COMS-retrieved (a) cloud optical
thickness (t.) and (#) effctive particle radius (r.).
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Figure 6. Scatter plots depicted from MODIS-retrieved T, and its corresponding BT g 5 for
clowds (t,>2). The circles are sized by cloud optical thickness.

lower radiance at 108 gm. The BTipe from the high sermtransparent clouds is
generally contaminated by underlving clouds or surfaces. This 1s shown by the fact
that BT gy is greater than T, in figure 6. To alleviate this discrepancy, a radiance
rationing method has been developed and used for operational purposes (see, for
example, Smith and Platt 1978, Menzel ef all 1983).

The idea of using the ratio of the cloud signal for two CO; channels viewing the
same FOV to determine the p, appeared in Smith and Platt (1978). Menzel ¢f al
(1983) further described this method in detail. Wylie e al (1994) used this method to
determine cirrus cloud statistics from NOAA’s polar-orbiting High-Resolution
Infrared Radiation Sounder multispectral data in terms of cloud cover, height and
effective emmissivity. The window channel has also been involved in the radiance
ratioing method together with the sounding channels (6.2, 7.3 and 13.4 ym) to
retrieve the pe of thin clouds for SEVIR] (Le Gléau 2005),

The COMS Imager has hmited channels for mporting the radiance ratioing
method, so that only the IR-window channel (1008 pm) and one sounding channel
(6.7 pm) are available, Thus, 1t 15 necessary to evaluate this method wath the two
available channels. All the equations for this method are the same as those derived
in Menzel et al. (1983). We show the relationship between the ratio [{'::;'flf} and p. as
follows,

cld _ pch
Lm Lm..g

cld _ pch

Lﬁ.‘? Lﬁ.‘?

08
Gg7 (pe)=

(5)
where L9 and L9 are the radiances of clear-sky and cloudy-sky, respectively. We
assumed here that cdoud ermssivities at the two channels are near unity. It should be
noted that 6.7-pm 1% a strong water vapour absorbing channel, so that 118 maximum
vilue of weighting function is located at an altitude of around 400 hPa. Thus, GJ%*
m equation (5) can be apphed only to high clouds with p. <400 hPa. Multilayer
clond systems 1n which an upper semitransparent cloud layer exists over an
underlying opague cloud (p.=500hPa) layer will not lead to an overestimation of
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the pe of the semitransparent cloud, contrary to the COs slicing method of MODIS
(King et al 1992).

Figure 7 shows the RT model Streamer simulation of (r';f_l;.ﬁ for single-laver ice
clouds located at 200400 hPa. This is calculated under the conditions of 0=30" for
the tropical, mid-latitude and polar atmospheric profiles. The ice clouds are
assumed to be composed of spherical particles. Each ratio s computed by the
regression of 16 cases for various t, (0.5, 1, 2 and 3) and », (20, 30, 100 and 130).
Clouds at 200, 300 and 400 hPa have distinet ratios of 13, 18 and 32 (18, 35 and 87)
for mid-latitudes (the tropies). 1t 1s obvious that the ratio inereases depending on p.,
except for the polar region. Standard errors (o/y/n) are 8.0, 2.1 and near zero for the
tropical, mid-latitude and polar atmospheric profile, respectively (error bars in
figure 7). In all the profiled cases, the correlation coefficients (between L5, — Lt
and 184 — 8%} for the regression have nearly constant values between 0.82 and 1.00
(not shown). These high corrdations indicate that clouds at a specific altitude have
an inherent ratio regardless of their diverse . and 7. In general, a lower cdloud in the
tropics tends to have a smaller correlation wvalue because water vapour m o the
atmosphere absorbs more 6.7-pm radiance rom lower clouds,

The satellite zenith angle @ is also an important component o be considered for
the calculation of Gg_f.'f in equation| ), while other angles such as 0 and ¢ relative to
the sun do not affect the 6.7-pm radiance. Tabled shows the dependence of the
ratios on various # (0, 30 and 60) for mid-latitude winter. The ratio is greater for
lower cloud regardless of 0. Here, all the ratios are caleulated with a correlation
coeflicient of more than 0.93. It has also been found that a greater value of the ratio
is computed for larger values of # for the same p..

The choice of an appropriate clear-sky radiance is an important issue, as indicated
in equation (5). The ratio from the measured radiance must be well matched with the
pre-caleulated ratio from the RT model in operational T, and p. retrievals, If the

1Dﬂ|----|---|---|----|
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Figure 7. Simulation of radiance ratio (GL%®) for single-layer ice clouds (at 200-400 hPa)
under the condition of #=30° for the tropical (solid circles), mid-latitude (open circles), and
polar atmospheric profiles (open sguares). Values are plotted with standard ervors (o //H).
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Table 4. Ratios (G%*) calculated for various satellite scan angles (#). This simulation was
performed for clouds at 200, 300 and 40 hPa and for mid-latitude winter.

f (deg) 200 hPa 300 hPa 400 hia
ol 16.2 23.0 44.5
30 13.1 17.3 iy
0 12.4 16.6 289

ratio 15 caleulated with improper clear-sky radiance for a cloudy FOV, it leads to
serions uncertainty in T, and p.. COMS CLA takes up the method in which we find
a maximum of clear-sky radiance between observed pixels adjacent to cloudy pixels
m the 50km=50km FOV and simulated by the RT model with numerncally
predicted atmospheric profiles.

However, the MODIS current algorithm retrieves p, by combining five ratios with
MODIS COs channels ( G, G35, G35, G and (57) after first estimates of the 10.8-
um radiance (Menzel ef al 2002). Here, G::? mndicates the ratte using MODIS bands
36 and 35, in which the clear-sky radiance is obtained (rom the RT calculation with
the aid of the National Centers for Environmental Prediction (www cde.noaa.gov).
Therefore, the MODIS retrieval of p. is accepted as the reference truth with an
expected error of at least S0hPa.

Figure 8 shows examples of the relationship between (F;'flf in the MODIS
observation and the MODIS-retrieved pe. (:Fg_qj"‘ values are simply caleulated for each
of the 5 = 5pixels in the MODIS granules for 0155, 0200 and 0300 UTC of 4 March
2000, with the FOV covermg Southeast Asia (137 34N, 113°- 1507 E). the tropieal
western Pacific (5° S-16°N, 119°-144° E) and Northeast Asia (27548 N, 100°
1327 E), respectively (box plots in figure &), In the calculation of GA.(]F.&‘ the clear-sky
raduiinee 15 chosen as the maximum value among clear-sky pixels in 5 = 5 piels, and
the cloudy-sky radiance as the mean value of four cloudy pixels in 5 5 pixels.
Accordingly, the 5 5pixels in this calculation must include at least one observed
clear-sky paxel, which prevents bias in our analysis that may be caused when using
RT-=simulated clear-sky radiance as a substitute for observed clear-sky radiance. The
cases in 5 5 paxels, however, are not completely rehable as they hold only about 1%
of the total in a granule. It is found that the distribution and median of values of
(fgf_lf‘ mereise with inereasing pe as a whole, although they show considerable ranges
of the values (fgure 8). These large ranges may arise because the caleulation allows
the conditions of # of 0% to about 60° and of atmospheric profiles differing among
pixels.

To compare the foregoing observational results with the RT calculation, GI%* 1s
simulated by the Streamer in a manner similar to that shown in figure 7, but with the
mean atmospheric profile in the granule under the conditions of 0 (solid circles) and
60 (open circles) in figure 8. Here, we used coincident retrieved atmospheric profiles
with the ratio, which are provided in the MODIS atmospheric profile product
(MODO7). This figure does not show the ratio induced by the regression analysis
with correlation lower than 0.6 (clouds at lower than 325hPa in figures 8(a) and
86y, The deviation between the MODIS observation and the BT calculation
remains, as the atmospheric profile applied to the RT model 1s a mean value and
may not be the exact truth (figures 8(a—c)). Water vapour contaminates the 6.7-pan
radiance emitted from the cloud top below an altitude of 350 hPa even more than
that from a higher cloud top in both the observation and RT calculation,
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particularly in the Tropics. Therefore, the observed {'rgf_].f and the BT result become
ambiguous for clouds under 350 hPa (figures 8(a) and 8(b)). The large uncertainty
for clouds under 350 hPa is relatively small in mid-latitude, but the derivative of the

{'rg'flf with respect to pe 15 somewhat undersized (ligure 8(c)). Consequently, the
uncertainty seems to be nevitable in retrieving pe by the ratio {'r'y_l,’g m it least S0hPa,

which corresponds to 3K on average for inversed T

6. Concluding remarks

The first Korean geostationary satellite, COMS, 1s scheduled to be launched m 2008,
One of the most important meteorological mission objectives of COMS is to
mmprove the prediction of severe weather events. The COMS Imager will have five
channels at 06, 3.7, 6.7, 108 and 12,0 gm. This prelmmimary study suggests practcal
methods of retrieving doud properties by fully utilizing the five channels of the
COMS. The major characteristics of the methods are summarized as follows.

A new algornthm applymg 6.7-um m addition to 10.8- and 12.0-ym radianees has
shown improved accuracy in the detection of the ice phase from the available data.
This approach works comparatively well even in the absence of the 8.7-um band,
which is essential for the retrieval of the cloud phase in the MODIS IR trispectral
algorithm.

The retrieval of 1, and r, using cloud-reflected 0.6- and 3.7-pm radiances 1s
achieved by the rapid remowval of undesirable radiance components. These
components are obtained from a lookup table composed of angular variables,
chimatological A, and the 10.8-gm radiance measured for a coincident pixel. The T,
(r.) attaned by this algonthm has shown o vahid relationship, better below 20
(12 pm), than MODIS-retrieved 7o (k) moits validation analysis using the avilable
data.

The IR-window estimate using BTy 3 was performed for the T, and p. of optically
thick clouds (.= 10). The radiance ratioing method wsing 6.7- and 10.8-um bands
was introduced for optically thin high clouds (200-400 hPa). Contrary to the in situ
methods using other sounding channels, it must consider two factors: @ and the
atmospheric profile.

The limitations of the foregoing algorithm are the following. First, the ice phase
can be overlooked for existing semitransparent clouds by this method of retrieval of
the cloud phase. Thus, the method using BTy 7 15 efficient for most convective
dlouds. Second, the decoupling method slightly lowers the accuracy of . and .. In
particular, 7, can accumulate more notse by the additional removal of thermal
components at 3.7-pm [L‘_f_‘-, )oAs a result, the value of . (re) over about 20 (12 um)
deviates more from the MODIS products, Third, the radiance ratioing method for
T. and p. cannot be applied to clouds in polar regions. The performance of the
method s relatively superior in the tropics, but clouds below 350hPa are often
contaminated by upper atmosphene mosture. The pe estimated by this method
presents g large bias compared with the MODIS-retneved p.. This bias may be
lessened through an exact estimate of clear-sky radiance and an atmospheric profile

Further studies remain to be performed on the validation of this method using
MODIS data extended to other seasons. This should be carried out based on the
conditions of abundant computer space and precise atmospheric profiles. There s
also a need to perform a comparison of cloud products with similar data from other
geostationary  satelhtes and  ground-based measurements  collected at  the
Atmospheric Radiation Measurement  Program. The influence of the lower
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radiometric accuracy of COMS compared to the MODIS may debase the validity of
the COMS CLA algorithm. Consequently, other geostationary satellites with five
channels similar to COMS (cg. MTSAT-1R) are expected to give us successful
results for a prototype validation. The ground-based observation is usually limited
to the cloud base, but its cloud optical properties will be useful in any future
validation.
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