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Figure 1 : Spectra of brightness temperature observed from a high spectral
resolution Infrared spectrometer from the high—flying ER—2 aircraft
over a domain, 31.1° —37.4° N, 95.0° —95.3° W, on April 21, 1996,
indicating wavelength—dependent window brightness temperature
changes according to various cloud types. The type of cloud indicated

for each spectrum is identified from the Cloud Lidar System aboard the

List of Figures

ER—-2 (taken from Smith et al. 1998).

Figure 2 : Cloud type classification diagram according to the split window

technique (Inoue, 1989). Six cloud types are classified using

clear/cloudy and —20 C channel—4 brightness temperature thresholds,
along with clear and 1 C

Figure 3 : Flow chart of CT algorithm.

Figure 4 : SEVIRI Cloud Type (a)before and (b)after removing day—night

discontinuities showed in white oval.
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brightness temperature differences.
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COMS Communication, Ocean, and Meteorological Satellite
ISCCP International Satellite Cloud Climatology Project
MODIS Moderate Resolution Imaging Spectroradiometer
CT Cloud Type
MSG Meteosat Third Generation
SEVIRI Spinning Enhanced Visible and Infrared Imager
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ISCCPER 9] 5 WFEE T8 F) e F o A L7stal, st fo A%
A2 (overlapping) & #fste] Hup Bdd £FLF Mo AJAKIGY. £ A
Al @FEE Ado] COMS 71HlA oF SAaletth. 22wk g 5-2o] o 1ato] A
SEVIRI £3< A§4 @27l ISCCP WHEY & JAssirh & COMS % &l
A5 olEd Aes adste], 9 AFE F 7k U ISCCPS SEVIRD & E5F A

mi 19 rfo

_

o5k,

IR o ¥ A W B ANE COMS ¥4 2ueEe Sa 74749 3
dneFel Hm ol WHS 4E BE T 5 UL AnEw ol /15 AT
= AT 5 Qe 3HS 7T A

3.1. o]&3]2 vl 2 A (Theoretical Background)

T2 ol @ A A4, vA 284 I SAS 75 WA BEHE A
o) ztelE WA dth (Fig. 1). Fig. 12 FA7 5] 71 7] s ER-2 &
71 &Al¥ High—spectral resolution infrared spectrometerolA =3k 9.1 imol
A 17 pm Abole] A9 AdEoth #4d oF FF M9l 9.6 m(1040 cm™ ) 9}
olatsteA FFWl= 15m(667cm DS e & 5 gtk 10-12 m(1000-830
cm ) AHEY F gL okgt £57] FEAdo] AxHo k. Fe dg gAE A
=+ YAE 7 ¢

]
= a
£y PR g T

3 o] Al A, Inoue(1987)& A9
Split window method&} S aI%tEte] FES A #SHUCEFE AHHoZ Ab
%39tk AVHRRO] &8% o] W 2 /M9 split window (11, 12 m) IS o] &3}
o *+¥E 6712 7T (Fig. 2). A 5 SAF NWCA = MSG$/d 2l SEVIRI

NS Fal, AedAE® oyl 249 W A Y AES Tl AFESto] AlEstE
A E S EF WS 1stdti(Derrien and Le Gleau, 2005) ¥ < ug&e

= T R
SAF NWCelM LA =8 dauggs 7o R it o] dugsS F2 A3

=
o KB (Nowcasting application) & A|¥sl+= 7S H3X=E 311 gt}
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Fig. 1 Spectra of brightness temperature observed from a high spectral
resolution infrared spectrometer from the high—flying ER—2 aircraft over
a domain, 31.1° —37.4° N, 95.0° —95.3° W, on April 21, 1996, indicating
wavelength—dependent window brightness temperature changes according
to various cloud types. The type of cloud indicated for each spectrum is

identified from the Cloud Lidar System aboard the ER—2 (taken from
Smith et al. 1998).

Fig. 2. Cloud type classification diagram according to the split window technique (Inoue,
1989). Six cloud types are classified using clear/cloudy and —20 C channel—4

brightness temperature thresholds, along with clear and 1 C brightness temperature
differences.
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3.2. A=Y (Methodology)

o] -§-l 7Hi v‘i—%%vk ¥ COMS Cloud
Type E= (0]} CT EE)S Derrien?} Le Gleau(2005, IJRS) 2} Le Gleau(2005,
Software Manual) 2] MSG/SEVIRIS] &&8EF A AA MES w2y, = 2749
@A 7FAa3EE Aoltk CT ®% % ISCCP 23 X5 Rossow and Schiffer (1999)
o S R mEEE 2 FoA] EoE Attt £ CT 252 COMS 574 A4

&

o AAR WA TE bR LYRF ARE AT,
ISCCPE) £JUFE THYFFALG £YAE PBE ol gt} AEF 9714 &

o] ZAlo] AFE¥t}(Rossow and Schiffer 1999). webA ISCCP €3 =

A FEEY T 7FE upxE Al e En, B3k R TAE AFEEH] u

2t &= iy T AT} 3 =TE ] st A A ISCCP
A

i

(http://isccp.giss.nasa.gov/cloudtypes.html) ol A A5 += A2 AA 7S AHL3sich

SEVERI @H9] ¢ A& dugFe Fo +IFEFY 542 45 b5y 7534
3% FETEe =T TEoENE HHdE e Ao BF AAG AR A
Atk TFEFE TEHAZYEH d5d FEIGAE OO R AFESTE Bt S
aHEl ForE wwkstal, oo wek AAG AALE GEldh. AARS A AAUS 5
A AAE Al ol &stEd, w4 AARS FARAY E AF Fx, AA o7
71 Tl dsl A" FFrel et s, 715aks ol &dl #S5 Al7]el wet
gkt oy AAR HAME B AFE BEFEY RS AAF AEe T 11
ol wet HAZF, S, 5%, 3%, Hakewo S7HAE ERET AT EE 759
e FHRE] wet FAL, BE, ¢k, sk 919 75 HHE ERdn
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Fig. 3 Flow chart of CT algorithm

2 91eE AEI1YS Fig 30] 5EEE tebich 4
2 gtk A44eE ARd 4w 9 4A% Gl Aew

5 — Th10.8 % ¥+ Th3.75 — Th10.8 %<
ol g3t EFY Sy AHE 4 9td (Liou 2002, Derrien and Le Gleau
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WE v NASAS] MODISAIA o =57 &5 A2 1.38 m(Gao et al. 1993,
Gao et al. 1998, Gao et al. 2002) = ©A" G4 vud &2 uw, 7 A= T3]
w2 ot} (Choi et al., 2005, IJRS). 3k Th10.8—12.03% Th3.7-10.8% Th10.8
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3.3.1. oRHe] RETEN 43 WEY TF A4

$71 %) 59, FEARS) AR
Apolel LEAT 2 A, o] ghe Falel %A LErv

. Thszs — Thigs %= HHFE 75 2| vl aapdo|}, wp5est A x24de] v
752 B¢ Thios BT Thars7t =28, oA A5 A4 78529 F3E&3 3.8 mol
Mol EHA e =2 BlAaEd dEoln o] 5S4 53] 7 ek A EY AL
ool R} = A9 U% AaHolnt SWIR ALl & BAR Astel o] 54
< oFF A7k Th3.89 Aol Abgaiad <t =

3.3.2. 79 FETEN 4% WEY T8 29

7h gk Agol tha s ol W Thie] ¥417 Reflosdl B4HE AN 752

542 ool o ¥elE v & AU

Varilog Tbios = log (1+std(Thyg.gwm))
Varilog Re0.675 = log (1+std(Re0.675mm)/13.)
L. Tbios — Thizo #k B& F7& 75 Btk AL sl =2 @<= 7o 5
TS A Abol o] A7 & A9, o] jh FHol A YERd T vkek 1
T4 5ol Uy FAAY gvbd, o] 3% Aol FHAsit
th. Thers — Thios #t BHE 77 T5EH ALl sl =

S5 = 7 e
2t P2 2L EAF 225 /A = BE5E A5 vlE 9 &2 Reflpe= 7FAIT)
up, ALE JINAE Y AR RO &5 g 2idow A o 7pH A o]t}

3.3.3. QC flag

>l tek QC flag7t Table 19 AIAI ¥ At Quality checke &ts7%, 57T+, 1L
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FTE507 37HAE Yol giEkgel 59 mxe) tha] o] Fo] Xl SEVIRIONA H¥
T-29 1% ¢} ISCCPoA BFHE T2 157 e WHFo| &34 flags 128% F1L
2357 k= AQE flagE 64F T}

Table 1. QC flag for CT

CLA - CT
bit Bit Interpretation Field Description
8~7
(SEVIRI-ISCCP cloud type comparison
result

Very low/low SEVIRI clouds correspond to
low ISCCP clouds(Cu, Sc, St)

Middle SEVIRI clouds correspond to middle
ISCCP clouds(Ac, As, Ns)

Very high/high/semitransparent SEVIRI

clouds

correspond to high ISCCP clouds
(Ci, Cs, Deep Convection)

128 Consistent
64 Inconsistent

unavail => 0

MDPSell dg3t AA7MHS dr2 dueEd S5 A3 AL
A AAE k. CMDPS #%& 7 SEVIRIS)
MODIS 94 #t5e] thal vlwale] PC, PSS, HSSE %34

E CT ¢18&(SEVIRIE CT) 9 #ZES MODISY +&
I d3E ISCCP =3 dHolEHo]~ete] vluE &3l o] Fo%l

7F. 194 MODIS A8 25-E] ISCCP BFgle 23 BHE 33t}
. 2940 ISCCP &8 57 A3 ¢} SEVIRI CTY 18 & F=
Al Tk Table 2 %713 & 15 3Fe] A5 @Al & vl

= 7}7) 494 Al 7
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Table 2. Equivalence between ISCCP types and CT types

ISCCP types CT types
Cirrus Thin/Mid/Thick semitransparent cloud
Cirrostratus high opaque cloud
Deap contection (Very) high opaque cloud
Altocumulus Mid opaque cloud
Altostratus Mid opaque cloud
Nimbostratus Mid opaque cloud
Cumulus Low opaque cloud
Stratocumulus Low opaque cloud
Stratus (Very) low opaque cloud

3.4.2. AFA=E

(1) CMDPS A%
+%2 MODIS 1485 vtg oz HASHA A5 Terra 9143 Aqua 91439 #F
22 vdnh dae 119 195 H 119 5979 & Aol

(2) LA A AF

CTYE =S ol gl A&E% AEE3 vwsdt7] Yl Moderate Resolution Imaging
Spectroradiometer (MODIS) T2 23 (MODO6, collection 5)Z AF&-3lgith. o] zFz o
= 5km(1 km) #A (nadir) =2 +54, 4%, (5387771 E3H o] Stk
(Platnick et al. 2003). o] WA KX} collection 5 AFF AN FAH HL g2 F3loA
S 4= 9lth(Baum et al. 2005, King et al. 2006, Yang et al. 2007). ¥ A&
2006 8¢ 5-11¢ 717k HAEEF(10° —30° N, 113° —149° E)ellA 2l =
(granule; 53 #=5 A3) < FH3AT

< MOD06 T84 F 7HA Wy o2 A& 5 =1, Bispectral IR A& 3} Shortwave
IR Algelt}. Bispectral IR A &> 8.5 s}t 11 mm WWE=E ARE-sh=H] o] W2 Strabala
et al. (1994)°] &7t 8.5, 11, 12 mE ©] 43t trispectral IR A8 S ©=8hst Zo)th
(Menzel et al. 2006). Shortwave IR A& 7FA1 3, 4 9], 4 ¢ HEE =335to] 22
WYl FERETA e REY dFEol7|E St (King et al. 2006). Shortwave
IR Alge] ¥ B& Ad AHE AFESH] wol, A =7 2 FHYAE AAES e 298l
ot ey o] WS @A) u F]F AbEo] he Y e MTSAT-1RE] AE= o] &38|
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ol¥t}. e} B HZo|A = Bispectral IR Al¥ 0 25 E A&¥E MODIS T
3T MODIS 574> a4, 954, €37, v gelte] 47H4] 7he g =
ZHTh

MODO062] 53877 2 Fagdxambd 2 7tA A9 249214 (0.6, 0.8, 1.2, 2.1
m) S A AMEEe] A t7] Ve "AAE g ®xSe #kelth. MOD06 753385
o] H4 A& WP+ 0.1(Choi et al. 2005) ¢ FHo A& W= 1007FA o]t} a4
ARE ol A9 Frask ALl A 759 A 2~30m, A5 75 A% 5~90

2 273 A 7HA] AbE" T MODIS #ks.9F Blastz] 9]

Fdst 1 delA Atz AT
I E+E “COs slicing WH7 (& “HAME| Y olgta s
WS 13.2-14.4 m Atole] CO, &5 WMEE AHE-stth(Menzel et
al. 1983, 2006). +A %= 95hPa® 1040 hPa AFolo Al 10 hPa ©]4+29] 7+4
o o= CMDPS At& 24 1EHt Juwst ¢#Fojth. CMDPS A& 4315+ 100 hPa
¥} 1000 hPa AFe] 50 hPa &9 =2 AtE® U

&= ol

210
“ =
35 5]

o

r
e
=
@)
)
S
>
Mo Hl
ON

o
N
N
)

3.4.3. AFTAALH

(1) CMDPS #HF

+ ¥ SEVIRIS] A3tel ISCCPE] Aol thslf 242 Terra, 7123l Aqua 9144 A5l
sl AE AT T olel dial] 77 A AT GGl sl A, vl AR 4
TE Uyo] e AZS stk AYEE 30° olste] Aol FxE= 30° o)At
60° o]ake] XYooz HFoFdrt Al F3te] AAE 934 i= homogeneousd -5
AR AFE sF7] 918 MODISS] 5X5 shaelA 270 sha o]de] Apol7b v Fat
ASolA A&l skAd o

o & o

¢

(2) /WEA AA AF
MODIS HAMES o AR2 CT daudss 38t A%, A5 Bx A5 ISCCP
+ g stk A3t AFs] dAAA HTS T8I

3.4.4. AFEAAEH

(1) CMDPS AZ

ISCCP % ¥ SEVIRI =@l thall 5d 35 Table 3| #AAIskTh + 29 25 4
Fh= kel oEeA s Ae HoFa itk PCi= ISCCPEY SEVIRIONA &
o =4 YEbs L PSS9 HSSE SEVIRIE T ISCCPAA & o =4 vebsth =3 oA
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2 Terrao A ®tt Aqual’del sl 3 =71 =4 ekt
Table 3. Validation result of cloud type.

Latitude Date PC PSS HSS
Global 0.667 | 0.604 | 0.587
Mod06 Low 0.611 | 0.547 | 0.515
[SCeep Mid L1/01~11/05 0.765 | 0.676 | 0.662
Global 0.674 | 0.615 | 0.595
Myd06 Low 0.651 | 0.576 | 0.556
Mid 0.721 | 0.656 | 0.616
Global 0.429 | 0.196 | 0.137
Mod06 Low 0.39 | —0.052| —0.022
SEVIRI Mid 11/01~11/05 | 0-495 | 0.311 | 0.267
Global 0.411 | 0.135 | 0.087
MydO6 Low 0.442 | —0.04 | —0.02
Mid 0.341 | 0.202 | 0.141

(2) ALAR A AF

Table 4. Validation results from the cross—comparison between CT and ISCCP CT.

ISCCP CT
No . Deep
Cu Sc St Ac | As | Ns Ci Cs Total
proc. conv.
No proc. | 13.0 - - — - - - - — - 13.0
Frac. 1.8 0.8 - - 0.1 — - - - - 2.7
Very low | 6.9 | 2.4 | 2.2 | 0.2 1.1 - - 0.1 | 0.1 - 13.0
Low 6.3 1.1 1.3 | 0.2 | 2.0 - - 0.9 | 04 - 12.2
Medium | 9.8 | 0.2 | 0.6 | 0.5 | 7.0 - - 1.6 | 24 | 1.1 | 23.3
C High 9.0 - - - 6.4 - - 0.2 | 3.7 | 1.4 | 20.8
Very high| 3.2 - - - - - - - 1.8 1.0 | 6.0
Tlsemithick| 17 | = | = | = | = | = | = |08 ] 11| - | 36
Semi med| 1.9 - - - 0.3 - - 2.6 — - 4.9
Semi thin | 0.2 | 0.2 | 0.1 — - - - 0.1 - - 0.7
Semi
above
Total 539 | 48 | 4.1 | 09 |16.8| — - 6.3 | 9.6 | 3.5 | 100

= 717179174 Al E - 10 -
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A3t s 919 S wEY e o] MRk Zlo® yEbgTh ISCCPY] AL
| o} SEVIRIY +%9 =F9% T35+
oA EFHA e B stAEo] SEVIRIY

> o
&
e
ol
Mo
2
P
flo
Mz
1%
D)
kil
-0,
2

Mo & o
offt o 1o Mo uhi)
jus}

Aok 711439l B YA o®A Multi—functional Transport — Satellite
(MTSAT—-1R) o &% Japanese Advanced Meteorological Imager (JAMI) AlA] ol A
A FE = WA ZF Full-disk A4 E B 2 3lcew2 oyg|Eo oy ag AMEE}
Al =™ MODISe| vl3l] 753879 4152 2hE Fe =7t gojxitt. ISCCP 3%
ol A% TEFTTFALYL SHILEL AE AL FHeHT o]lF AEEe] JEgEe)
st ATBD COT (54385 7) 9 ATBD CTTP(2d1%)E =z vradch

4. 243 U
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Table 5. Detailed Output data for the CT algorithm.

OUTPUT DATA

Parameter Mnemonic Units | Min |Max|Prec|Acc | Res To
SEVERI cloud types severi_cloud_type | - - - - - CT_Sev
ISCCP cloud types isccp_cloud_type CT_ Isc

Prec: Precision, Acc: Accuracy, Res: Resolution
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I 2,3,1.4, High zemitranzparent and thin cloud type
I heha201111) IF ((btda(i,jl»=btdSthk ,OR, bt24(i,jl>=bt24la } .AND, &
I{heho201111) bt240i,j)r=bt24thnlali, j)) THEN
(bt45(i,J) ~btdSthk) | ( hehazo1111 )
cloud(i.jl¥type_seviri = 9 | sem, thin (restored,hcho201103)
I cloud{i, ji¥type_seviri = & | CCY(20110412)

Mlevel_Ab(i,j)¥irl-=btdlali,j) &
level_1b(i,jiZirl? btdlali,ji+d)

I 2,3,1.58, Semitranzparent and thin cloud type
I heha201111) IF ((btd&(i,jl»=btdGthk ,OR, bt24(i,jl>=bt24v] J.AND, &
I heho201111) bt240i, j)r=bt24thnlali, j3) THEN
(bt45(i,J) ~btdSthk) | ( hehazo1111 )
cloud(i.jl¥type_seviri = 9 | sem, thin (restored,hcho201103)
I cloud{i, jiZtype_seviri = 5 | CCY(20110412)
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I 2,3,1,6, Fractional cloud type

(ibt450i, j) =btd4bthk bt24(i, ) =bt2410) &
bt24(i.j)< bt24thnlofi.ji)
| {heho201111 ) cloud(i, jl¥type_seviri = 1 | frac,
(level 1b{i,j)#irl -=btd4loli,j) &

level 1b(i, j)¥irl btdlofi,jld)

I 2,3.1.7. Fractional cloud type

(ibtd5(i, ji -btdbthk bt24(i, i) -bt2dul) &
bt24(i,ji< bt24thnlofi, ji)
I {heho2o1111 ) cloudii,jidtype_seviri = 1 | frac,
Fraci
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(a)

Fig. 4. SEVIRI Cloud Type (a)before and (b)after removing day—night

discontinuities showed in white oval.
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5.1614 7l gaglEs 7Fxa 2011d 118 steagke] A
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T EHASS & F AUtk

1

Table 6. Statistical result before algorithm modification

20111101~20111130 | AKX ( $1%<30 ) T ( 30<9E<60 )
col_num 9966112 7478929 2487183
vam_num 9271106 7213819 2057287
pPC 0.58 0.66 0.29
PSS 0.14 0.10 0.06
HSS 0.10 0.07 0.04
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Table 7. Statistical result after algorithm modification

20111101~20111130| A= ( $1%<30 ) T E( 30<9E<60 )
col_num 5508563 4230277 1278286
vam_num 5115048 4080881 1034167
PC 0.60 0.68 0.27
PSS 0.12 0.08 —0.01
HSS 0.08 0.06 —0.01
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Table 8. Data format and quality test results for the CT algorithm.

Quality flag

Parameter

bit Value

Meaning

Cloud type

(@)

non—-processed, undefined, cloud-free

fractional cloud

very low cloud

low cloud

medium cloud

high cloud

very high cloud

high semitransparent thick cloud

high semitransparent meanly thick

cloud

© oo N3Ok W N+

high semitransparent thin cloud

—
[}

high semitransparent above low or

med-level cloud

ISCCP Cloud type

Ci

Cs

Ch

Ac

As

Ns

Cu

Sc

St

COMS input data

undefined

H OO0k WN—O

all useful COMS channel available

at least one useful COMS channel

available

define illumination and

viewing conditions

undefined

night

twilight

day

sunglint

describe the quality
of the processing
itself

non processed

good quality

poor quality

WINIH O WIN+HIO| N

bad quality

274714
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