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Retrieval of the Effective Particle Radius of Optically Thick Water Clouds from MTSAT-2 and

Fengyun-2E Geostationary Satellite Data
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Hiroya ENDO, Weigiang MA and Hirohiko ISHIKAWA

Synopsis

This study develops an algorithm to retrieve the effective particle radius of thick water
clouds from geostationary meteorological satellites, Multi-functional Transport
Satellite-2 (MTSAT-2) and Fengyun-2E (FY-2E). At first, the retrieval developed for
Advanced Very High Resolution Radiometer (AVHRR) boarded on the NOAA
sun-synchronous platforms is adapted to MTSAT-2 and FY-2E data to estimate the
cloud effective radius. As a result, conflicting estimate values are showed between
MTSAT-2 and FY-2E. Then, some changes and improvements are made to the original
method to establish accurate algorithm. A good correlation is confirmed between the
effective radius derived from MTSAT-2 and those from FY-2E after carefully
considering response functions of each imager and scattering properties of clouds. The
validity of this procedure is confirmed by comparing the results from MODerate
resolution Imaging Spectrometer (MODIS) observations. Geostationary satellites enable
high temporal resolution and global scale observations of the effective radius compared
to the conventional sun-synchronous orbital satellite observations.
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Fig. 2 Schematic illustration of Egs. (3) and (4).
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Fig. 3 Diurnal change of Cloud-effective-radius
estimated in different regions for June 2012. The
abscissa is UTC and the ordinate is Cloud effective
radius [um]. Each box plot represents the maximum,
75 percentile, median, 25 percentile and the minimum.
The average is shown by dot. The left-hand panels are

for MTSAT-2 and the right-hand for FY-2E.

&, R IR EZNRO b, Bl & LT, Fig. 31213,
DUJI| ZhHb (28 °N-32 N, 103 °E-107 °E) , _E¥EE0 (30
°N-34°N, 118 <E-122<E) , X (28°N-32°N, 133
E-137°E) TO R 2018 H SEE o REf 21k 2 5

TR TRT. MTSAT-2 T&LHI éhé%ﬁﬁ 2
2 HIZ01UTC B/ & < 05UTC BT/ F TRE L 72
2 HNZELD R TE, —HF TFY-2E THIHIIND
$Mﬁﬂ#xm imounc@k%<%wmﬁ:

DT THhEL 2 HNZALDHER TE D2 2 &0

Fig. 4
MTSAT-2(Blue) and FY-2E(orange)

The IR sensor response functions for

Sfc. Thbb, MR TBIH S D ERA R
DHANEEm B = HIZR>TLE .

3. EMAMFEREHFEORR

3.7 umERFEOEBTIERB IO, 3.7 em HE
RS BRI A N ERA~DEWRT LT Y XLITD
WG, JREIZYHLIERYEEL CUTORRE T 7.

3.1 ERFERODELEFENHR
(1) WMEHEZETE T ILRstarbb [CHEDFEBEE
EXBERFAREDHTE

(6 ) TIL, Kaufman and Nakajima (1993) (23 &,
WS E B3t L0 B0 RN OF SR [E E Ml %
Hz7=. UL, XV IEMICIEEHERITRKHERK (B

HITKRAERE) RABRITEKFELTELTD. 22
T, FTILEMEOZHEEICOWTHRIET D, Fiz,
K& SIS 2 KRG BSABEDOANTIESE L T3.7
um DWEIZBTDMHE, Fo=11.5[W/m2/um], %k
LR, EREICHETBRA SN DIXHE—RALY
ML T2 <, Fig. 43T L5 et v —EH DI
BRBUTIS T D A ROIE & FF O Rk 6 0 F 4
Thdied, B —REEEEBE L KGR
RELHET D.

TR EE T L Rstar6bZ AW T 2 5 DFR 1T
- 72. Rstar6bld, Nakajima and Tanaka (1986, 1988)®

MICESEEINTET VT, KBASACHK
LA, EONEREY, hEkmyi (47, E- =7
VS NVRLA OFESCIRE 70 E DT A —H|ZOWTH
HIZRETE, ZTNOHONRTA—2%2H LIZEET
DIEF 7 T v 7 AR E 7p L OB E A E T
HZLEMNAHETH D, Rstar6b TiE, 7 FEIHO XM
(H,0, CO,, 03, N,0, CO, CHy, 0,) 2 & 2 KR ILE
BbLbEBEINTWDS. 2L, HEMT CEREL 2
BN, OEMBEBIIT SOV TIEEF SN TR,
Rstar6b DOFFH E LT, ELx=7 v Y VT 2 RE
DA T arBEVRBFETOND. flziE, & -
TT 1YV DONFENE S SORR A, mE, RAR
AL A L OBEEICRETX S,

ZOFRTFAERCCTES, BRES ., th, t B
K OKIG st IR Fy DA D 224 12D TR 5
Dy alb—v g &{To7=. Tablel |[ZFER T &
FERERT.

— 310 —



Table1 Parameters used in radiative transfer simulation by Rstar6b (Experiments 1 through 4)
EXP. ID 1 2 3 4
Sensor MTSAT-2 IR1 FY-2E IR1 MTSAT-2 IR4 FY-2E IR4
Solar zenith angle °
Satellite zenith angle °
Sensor response function MTSAT-2 IR1 FY-2E IR1 MTSAT-2 IR4 FY-2E IR4

Type of earth’s surface
Vertical descretization
Atmospheric model
Cloud

Particle size distribution

Volume lognormal size distribution

Lambert surface (Flux albedo =0.2)
45 layers from the surface to 100km ASL

US Standard atmosphere

Cloud of optical thickness 10 for 0.7 u m between 3 km and 5 km

(Mode radius: 8  m, variance: 1.5)

Results [W/m?]

Downward Direct at the top of atmosphere —
Upward at the top of atmosphere 13.53
Downward Direct at the top of cloud —

Upward at the top of cloud 13.56

- 11.99 11.11

13.47 2.183 2.029
- 11.68 10.66
13.53 2.251 2.096
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Table 2 Constants for Sensor-Plank Function

Sensor Wave nunr_ltl)er Constants
v (cm) a, a,
FY-2E IR1 923.0511 0.3609 0.9981
FY-2E IR2 820.0376 0.2661 0.9986
FY-2E IR3 1436.5964 1.3981 0.9883
FY-2E IR4 2568.2084 2.9366 0.9815
MTSAT-2 IR1 926.4627 0.3597581 0.9987568
MTSAT-2 _IR2 835.6672 0.2195110 0.9991676
MTSAT-2 1IR3 1476.6898  0.3645235 0.9991492
MTSAT-2 IR4 2684.1181 2.4635230 0.9967825
2
B'(T) = 2he (102)
Xlexp{hc/ ik (a, +a,T)}-1]
ST (v =1/2) EAWT
2.3
B (T)= 2hcv (10b)

exp{hcv/k(a, +a,T)}-1
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D BN LT R 2> TEHBESA TV

3.2 REAEICENMAENFBE~AOEHRTILT
JXLDHE

)12 & HMTSAT-2 & FY-2E D ERA DR E
HEROEEZFEL RS &, 03-04UTC DOELAIFRFIC
MENR LR T DI 08bhb. Z O
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MTSAT-2D 723 M & KM & Bk &L FY-2E D727
DIEFEE L RLIFEHHETHLHD. 2O &M D,
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Fig. 5:

modification described in section 3.1.

Same as Fig. 3 but after the algorithm
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Table 3 Parameters used in radiative transfer simulation by Rstar6b (Experiments 5 through 8)

EXP. ID 5 7 8
Sensor MTSAT-2 IR4 FY-2E IR4 MTSAT-2 IR4 FY-2E IR4
Sun include exclude

Solar zenith angle
Satellite zenith angle
Solar scattering angle
Sensor response function

Type of earth’s surface

MTSAT-2_IR4

Vertical descretization
Atmospheric model
Cloud

Particle size distribution

Output

0, 10, 20, 30, 40, 50, 60, 70 (deg) —
0, 10, 20, 30, 40, 50, 60, 70, 80, 90 (deg)
0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180 (deg)
FY-2E_IR4
Lambert surface (Flux albedo =0.2)

45 layers from the surface to 100km ASL

MTSAT-2_IR4 FY-2E_IR4

US Standard atmosphere

Cloud of optical thickness 10 for 0.7 u m between 3 km and 5 km

Volume lognormal size distribution
Radiation flux and brightness temperature for various directions

FIT, 3.7 um WERK RS ERA I ERIZE
B9 2T, KL REASCRHERIEA, KXo
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il s - 2 D22 T AL L D ERLOBELREOE N
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DO EFHRD0, FO{REE T L Rstaréb
M U TR ER R 217 o 2. JEBRERIE & Table
3 TR T. EARNRBEERE X Tablel OFEHREFEL
ERAE O EER (FZERID: 5~8) Tk, KEBKIEA,
PR RIAA, K OUKECHUEL A ORBS- 1Al iR - 2
DRTA) &, TNENI° AHETELITERE
Tolc. Fio, 37 umirERST R & EBRADEED
BREFARD -0, EORESA S A SRR
Z1To7-. ZOEBTIL, Nakajimaetal (1991) T
"8 X 7172 Volume lognormal size distribution

0 eon]-3 22

BHATS. 22T, r (3ETRORIE, Rm (TE— N

Fig. 6 Geometry of the process

7S I ThHDH. C IXEHRTAETIIC=1 &
T5. XPT, = FEREZLemZAAH TELIET
207 —AORESMICE LT, EREfToz. &
BLDRIBE G348 DFX BB H3EM % Table 4127~ 7.

COEBRFEIZLY, KEBREAMAS F—R, ik
KIEMI0r — A, KEGHEWELAL97 — ZA DR T
15204 — 2 DFLIE HORITDOWT, 3.7 4m HEKSH
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Table 4 Parameters for size distribution

1D Mode radius Minimum Maximum  Variance
Rm leﬂ Rmx S
a 1.0 0.5 15 1.400
b 2.0 15 2.5 1.200
c 3.0 2.5 3.5 1.150
d 4.0 3.5 4.5 1.100
e 5.0 4.5 5.5 1.080
f 6.0 5.5 6.5 1.070
g 7.0 6.5 7.5 1.060
h 8.0 7.5 8.5 1.050
i 9.0 8.5 9.5 1.040
j 10.0 9.5 105 1.037
k 11.0 10.5 115 1.033
| 12.0 115 12.5 1.030
m 13.0 125 135 1.027
n 14.0 135 145 1.025
0] 15.0 14.5 155 1.023
p 16.0 155 16.5 1.022
q 17.0 16.5 175 1.021
r 18.0 175 18.5 1.020
S 19.0 185 195 1.019
t 20.0 19.5 20.5 1.018
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(a) Solar zenith angle=20° , Satellite zenith angle=20"
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(b) Solar zenith angle=20° , Satellite zenith angle=50°
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(c) Solar zenith angle=50° , Satellite zenith angle=20"
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(d) Solar zenith angle=50" , Satellite zenith angle=50°
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Fig. 7 Examples of reflectance-effective radius conversion table. The left-hand panels are for MTSAT-2

and the right-hand for FY-2E.
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Fig. 8 Same as Figs. 3 and 5, but using new conversion

table considering anisotropy of Mie scattering.
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CIFEELW, 2L, FELLHEBEORLS Vs —2
BRLND DL, KBREABKEL RDEFEHRD
ERREESAEEROPTERETHDLZ LD, KBEX
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WZ7my hINDHENE ARbNen, TidokE
DRABIRR & b,

Table 5 Comparison of MTSAT-2 and Terra/MODIS

Time Area R RMSE  Fig
0603 _00UTC 35-60N, 140-175E 0.59 3.04 a
0619_00UTC 35-60N, 140-170E 0.65 3.26 b
0616_00UTC 20S-5N, 150-164E 0.20 5.39 c
0602_01UTC 45-10S, 110-140E 0.68 4.41 d
0618 _01UTC 45-0S, 110-140E 0.70 431 e
0606_01UTC 53-60N, 135-170E 0.53 3.05 f
0609_01UTC 50-60N, 125-170E 0.53 291 -
0625 _01UTC 51-60N, 125-165E 0.66 2.33 -
0605_02UTC 5S-40N, 110-145E 0.45 5.01 g
0608_02UTC 40S-40N,110-135E  0.60 4.17 h
0621_02UTC 5S-40N, 110-145E 0.46 4.67 -
0624 02UTC 30S-40N,105-135E  0.58 4.48 i
0611 03UTC 25-55N, 105-135E 0.51 3.67 j
0614_03UTC 25-55N, 95-130E 0.51 3.84 k
0627 _03UTC 25-55N, 105-135E 0.63 2.68 1
0630_03UTC 25-55N, 95-130E 0.52 4.41 -
0601_04UTC 42-60N, 90-130E 0.40 4.59 m
0604 _04UTC 40-60N, 85-120E 0.37 5.28 n
0617_04UTC 44-60N, 90-130E 0.49 4.27 o
0620_04UTC 42-60N, 85-120E 0.51 4.66 -
0626_05UTC 53-60N, 85-115E 0.60 3.23 -

Table 6 Comparison of FY-2E and Terra/MODIS

Time Area R RMSE  Fig.
0609_00UTC 42-228, 135-160E 0.69 3.66 a
0606_01UTC 42-60N, 130-165E 0.70 3.59 b
0622 _01UTC 46-58N, 130-165E 0.53 2.21
0615_01UTC 30S-10N, 0.68 4.93 c

125-150E
0605_02UTC 10S-35N, 0.54 5.30 d
115-140E
0621 _02UTC 5S-35N, 115-140E  0.24 5.95 e
0604 _03UTC 40-26S, 90-115E 0.47 9.55
0620 _03UTC 40-228, 90-115E 0.67 7.24 f
0611 _03UTC 20-50N, 100-130E 0.64 4.00 g
0627_03UTC 20-50N, 100-135E 0.64 3.28 h
0601_04UTC 38-58N, 90-125E 0.60 5.02 i
0617_04UTC 40-60N, 85-125E 0.47 5.70
0610_04UTC 40-0S, 75-105E 0.73 4.57 ]
0626_04UTC 35-0S, 75-105E 0.55 6.53
0607_05UTC 48-60N, 70-120E 0.71 2.53 k
0616_05UTC 15S-30N, 65-95E 0.62 6.81 1
0606_06UTC 5-40N, 62-84E 0.60 7.94 m
0622 _06UTC 10-40N, 55-85E 0.57 7.94
0615 _06UTC 46-28S, 45-70E 0.68 7.27
0629 06UTC 57-60N, 95-105E 0.78 1.31
0605 _07UTC 45-208, 44-56E 0.78 2.48 n
0621 _07UTC 40-158S, 44-56E 0.46 6.35
0612 _07UTC 30-50N, 45-75E 0.64 6.92 o
0628 07UTC 25-50N, 45-75E 0.60 10.06
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Fig.12 Monthly composite of effective cloud radius at
06UTC over south Asia (left) and the number of days
contributing to the composite. The warmer colors
correspond to larger particle (left) and more confident

(right).
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Fig. 13 Diurnal variation of effective cloud radius and the seasonal dependence at some selected regions, Bay of Bengal

(left), Hindustan (middle) and Myanmar (right). The box plots are same as in Figs. 3, 5 and 8. The plots are based on

the composite in Fig. 12.
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Fig. 14 Effective cloud radius retrieved from FY-2E

geostationary satellite. Monthly composites for April
2012 for different UTC. The black circle denotes the

area of unrealistically low values.
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