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Fig. 1

Flowchart of retrieval algorithm for cloud particle effective radius (u, and u are the cosine of solar and satellite zenith angles,

respectively)
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Fig. 3  Satellite-retrieved and CDP-measured distributions of cloud particle effective radius versus temperature at 08:20 UTC on

October 8, 2010 (The curves in green, red and purple indicate the variations of r_with temperature for 30%, 50% and 70% available

samples, respectively, blue circle indicates r_measured by CDP. The same in Fig. 4)

3 (b) AIWL: T—r_ 434 5 COP IS
TEIREE 5 T 11 CRYBLAR i BE 0 F N AR R R 25 57
CDP il (4 r B BEBEAS (R RS I) A4 pum 3
KEN8 wm A Ay s 1M r,  FEFE = BEXG I KN LT %
B, RFET—9 um. RHAEREET 15 C
PLERE, 7 FICDP NG r AH2E 2—3 pm, /N2E
FATE40% LA b5 HIRBEART 11 CH, PR 1Y A8

et T—2, R ERERN T-r S0 HFAE
WRASE 3 el IE Y, r Bl TH) 20 5 RHL
7l Py AR & S R UK A < NN N R 1
Wis, SECARBE r, 5 CHLIRIN S RAE = 3
s B AR B S, r AFTER A IS . i
A A S TRPLRI B — B g, R
W AR SCRE R AT REE , AT RUFIHT 3.7 wm 8 2



TR/NAL A TR R b A AR 5 RALER IR HAS 56 2595

{8 1) 5 TORL 1A R A2 5 I 1 28 R 2 = P i
WYy PRZEAE o [R)I, o SR T UL I 80 A T 5
=W BRI BV A S, R AR SRR
DR B b, TR R R S5 R R B 5L
TR r B ) — 2, it — IR S Y BT SR
BT AT EE R Bl A

412 ARIEXRTANGIEITEE

BERTM (SatZ) BFe RIS TR E LT
FEHL S Z B Jef, MR ERE T AR, TREX
TR 0, T 78D S A7 B I DR R Tk
20104F 10 A 8 H LA R Tiff 4 26° B 3.7 pm i iE
F2 T B T=r, 43 A 5 RBLER I 285 S 5 5 EE A B A
K3 (a), 2-HrRBr 5 RHLRIMAE R —2, i
R AR R

442009 4F 9 H 22 H AN R 8 T-r 5345 5
RHLEMZE R XT e, AT L. BEIREE R (&
FEREN), r, FICDPERIAY r B3R5 v FE A AE
ML A5 R B2 r R AE S . 5 20104F 10 H 8 H
A (3 (a)) BYSEREES, %A 1 RHLE
D25 1) — B AR AR . SRR, A
TPRRTIfAEK, K477, T2 WAL E AR
TS, B r S AR BE 7= R

_5_

5
AR um
o CDP —+—30% —e—50% —+—70%

&4 20094F9 H 22 H 08:50 UTC r, Al CDP R Y = hi +
ARCEAZ BE I 501
Fig.4 Temperature dependence of cloud particle effective
radius derived from MODIS retrievals and CDP measurements

at 08:50 UTC on September 22, 2009

K3 (a) FIE 4G MR, H TR KT
BORIY, 280 SO AR AL, DA e
PR TR R TUM , LLAA ORS8O

(Marshak 25, 2006), X% 10 & WL 04 & 3
N R R AR d

42 r FMr SEHERWNERITEE S

St BIE r SO R AT, XA 224
AR T, FIRALRI - AT ARG BT, 1S
Hr, M 5 BB = kT A R
I3 .

X FH30% M E R, (K5 (a)), r F1KAL
PRI r [FL B, R EZEE A 1 3B 2 L sl
U, FEBEES—I14 pm; MAEKRT 15 pm K
B, SRR . SR, SR
BLEEI 7 X L S S B AR A R A, ELAH G
FE (R 5029, /AN TFr, 5 CHLIRM 1 AH
FH00.78, XM r 5 CHLEGEI S5 5 1 A P
U, HHEBEPLEMARE,

X5 50% A Emr, (K5 (b)), r  A17EHL
TR g 5 b 235 TR 556 309% 1L r BT H 45 AL,
5550% M — B . LEES (a) A (b) AT
UL, 30% F150% (¥ r, B QAL r 28 1, Ho A
a2 AK, LA NRIEYN0.81, 50%
(), WG, A OC R 0.78 #110.79, JL
FAHIE] TS5 50% 67 &0 r, SRR N B RAILERI 45
WX, MSEPER2E, RM043, LMERIARE DR
FEXTEAR

g BTk, 22 B B A SRS T o AT —
ULBIT 1 5 CHLERIN 25 S 2 [ f v A G PR R —
|k, WESE T AR SRR AR AN . RN A
30% Fl150% {57 & 1) r, BT EL A7, itk— 2 3kE T
AR SR A R
43 IDEXRTFHEXr REREEZWSHT

KL F A K AR R T Y 22 TR Ek B ORAUK
TR SR 0 A S A TT I L M 3 s B AIAT G
= IE A S s KN AR R (Platnick
FValero, 1995; Bréon#lDoutriaux—Boucher, 2005;
Nakajima %, 2010), T2 R = SH0R IR £ %5
Sk A PHY/ TS 1 S L AR £ R B FEAH O 1 = 4
B BEROW  (Marshak 45, 20065 Cornet 4%, 2005;
Vant-Hull %, 2007; Kato Fll Marshak, 2009; Wang
&, 2023), WARITH G A TE gL KR TR A
FERYAEAE (Maddux 28, 2010), ACFEEHE T A
KIGFAXS r SIS



2596 National Remote Sensing Bulletin i & 54k 2025, 29(8)

201

T SO R um
S o

W
T

0 5 10 15 20
AL A R AR um

o 3.7 um/RiE ® MODISZ ™
1=0.81xx+2.41, R=0.78 e===y=0.22xx+6.97, R=0.29

(a) 5530% W,
(a) Effective radius of 30 percentile

20

T SO R um
S

0 5 10 15 20
AL A2 /um

o 3.7 um/% i ® MODISZ ™% i
y=0.81xx+2.99, R=0.79 ====y=032xx+6.74, R=0.43

(b) % 50% i,
(b) Effective radius of 50 percentile

K5 r Filr, 5 CDPERIN ZoA T4 RCEAR B 43 A

Fig. 5 Scatter plots of cloud particle effective radius from satellite retrievals (r, ), MODIS cloud products (r, ),

and CDP measurements

BT T ECHLERI Y 22 A B T=r, 5047
XFr, 5 RHLEIEE R H, it o b R R 2
X 8 B TR KT X 2k A3 R A2 S A R )
Bt SatZ 43 M 3R, Bl: ANEESaiZ K/, SaiZ<
157, SatZ>30", BEHUH 30% M 50% 1 & W r, 5
MrR RS . 1816 8 SatZ A6 3FHE L T r, 5 KHLE
T 7 X6F LY P ARE 25 288 B85 401 o

MRy SatZ K/NEE . XF T4 30% o7 & 1 r.,
o B XA 1 LR LR ], R DR o A
JEHE 6—10 pm (K16 (a)), XT550% &M,
o o X T 1 1, WS R R (i
(El6 (b)), MEFMBZITMWIRZE (RMSE) 73384
2.39 pm F12.4 pm, K/AFY. XERAr 5 PR

W28 R AT B b — 3t H3B 30% FIES 50% (1)
AR ZETRN

M SatZ<15°BF, X T2 30% H150% i &/ r,,
Y KRS B SEAE R B X 1 0 LR FfHT, oA
fE6—12 um (K6 (¢) A1 (d)), FIMEHRL, K
T A bE TRHL AR I 245 5w G i O, RMSE 29 1l 4
1.96 wm F12.35 pm. 24 SatZ>30"H}, *F T4 30%
150% 0B Mr,, 5% BE KR r 0 A 7E 7—9 pm
(6 (e) F1 (), FIHMERE/N, RMSE{E S5
H2.24 um F12.05 pm, /L H RMSE 5 SatZ<
ISTHFAR Y, (HAES & XIS (B B fi
BEMAYE, R RHLER I &5 A H 2 il S T
UL

20 20 . 20
e | RMSE=239um ¢, 0025 = |RMSE=24um . 3 / 0025 - | RMSE=1.96 um 0i020
o) & e 2 . 0018
His 0.020 S5 0.020 g 15 * 0.016
jﬁ " :@ i :@ o 0.014
I~ 0015 % iz 0.015 3 1 o 0012 &3
E 10 B0 % E1o 3. A
= = 2 = 2 W 0.010 5
5 0.010 g 0.010 E e
o 5 L 5 . ™~ 5 y 0.008
[2¢) [2e) " )
I 0005 I o 0005 0.006
] = M 0.004

0 510 15 20 0 5 10 15 20 0 s 10 15 20

AL A2/ um
(a )5 30% M,
(a) Effective radius of 30 percentile

KA A 242/ um
(b) #50% W,
(b) Effective radius of 50 percentile

EHLUI A E 4 um
(¢) 55 30% 1) r, 1 SatZ < 15°

(¢) Effective radius of 30 percentile with
SatZ<15°



/el 45 TR RO A B0 5T CHLERI X LA 56 2597
20 . 556 20 20
£ | RMSE=2.35um . 0'018 £ | RMSE=2.24 ym bss £ | RMSE=2.05 um 0.035
=4 . g =4 : =4
gﬁ 15 0016 jf 15 0.030 jf 15 0.030
= o7 = =
I Y 3212 ?( 5 0.025 1@( T 0.025 1&(
,&\ 10 el 5% & 10 e 0020 5 & 10 - 0.020 57
2 . r. 0.010 g= £ - 9; o E .o ;J’r o B
= . 0.008 = o . 0.015 s “ 2. 0.015
o S 0006 & 3 2 ST 0010
ity * ity . ity d
[ 0.004 B 0.005 [ 0.005
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

KLV 2448/ um
(d) 55 50% 1 r M SatZ<15°
(d) Effective radius of 50 percentile with
SatZ<15°

KLV 2448/ um
(e) 55 30% [P r, Fl SatZ>30°
(e) Effective radius of 30 percentile with
SatZ>30°

KLV 2448/ um
(f) 55 50% 1) r Fl SatZ>30°
(f) Effective radius of 50 percentile with
SatZ>30°

6 r, 5 COPERIN 2R TA7 RCEAR A e B4 B2 o3 Al

Fig.6 Probability density distribution of cloud particle effective radius from satellite retrievals (r, ) and CDP measurements

AR SR TR 5 BT K R MR i A B
MIITIE, DA K M3 J R 38 4 DR 38 X6 A 3801 A% I i
BISZI, AT 11 wm A1 12 wm i3I8 52 22 BTD
HEARRI PW . I H % B R EE R RN =18
JG, ARG T KRR T AT P R S
HA WAL T DL SR ) R B 52 . 254 DL By
e, iR ZETE 2.4 wm AN, X ] 5 2 v
TR = T E RS i — =
EA XK, BKRE, aWrs R w5 PR
W28 R B B ) — B0k, O 25 5 DA XTI
HEER = DR RER) 2 wm 24 BIRZ T, &
Wl T AR SCRE T S, ATVE N — AP Ry T 2
KW R FARCERE R FE, Wik
T DBERIAAXS r RIERM . FL, 7ENHTA
S A R R ECE I, AR ) TR U ) £
EMRTUA, dE Gt KA RTA, LU R R
ZRFARCE R, X — S TEA AR
WF5E AN H AERR SR I = ok F AR R E R E R
HEL,

5 45 &

B UE AR Y 3.7 o 3 3E 2R A RCE AR
TR B Al SRR R, AR SCOR R B i 2
RHAMODIS 7 i ) =BT A RCEAR, 458 22 581K
LIRS, X EC AT T T R S 2 A
THBA RN EEAEWT

(1) AMI) T—r SRR BT, AR SO S
S5 R TRHLSEI kLT R AR B 2 L A R

—% ., M2 T, MODIS=& (r,) 7EmZEIX
I A

(2) 5 CHLERMZE A et B, A
SCHE S RHLER I B AH OC R EGE 0.79, LMEILG
BHRON0.81, LT MODIS P2 5 1 0.43 A1 61
F10.32 R X3 WA SOV e T M ff 1 e il =
TR () L2 (R 0 A

(3) RET W RASCATE IR ZEAFE 2.4 um
DA, B b s i S ks B . Wi s T LA R
T0Af XA R AR RO FE R 2, FERIDE Y DA
PN LN T 2 S Gy AR RY SV X Y PR (i
PEoRAE SR N Y, T R ) TR A A7
BERIRTOAM, DA S 25 SR HERf M

Bl DR ARAW KR, Xk A 50k
PSR B AR T i R . AR AR
HRFE X 3 BT AT Y ST R K 2 B s TR A R AR
U, AT B — WK =BT R R
MR, DAEm DRAERS ., A, N TR
AFIEREE S5 A5 B 15 K

52 30k (References)

Ackerman S A, Moeller C C, Strabala K I, Gerber H E, Gumley L E,
Menzel W P and Tsay S C. 1998. Retrieval of effective microphys-
ical properties of clouds: a wave cloud case study. Geophysical
Research Letters, 25(8): 1121-1124 [DOI: 10.1029/98GL00042]

Baum B A, Frey R A, Mace G G, Harkey M K and Yang P. 2003.
Nighttime multilayered cloud detection using MODIS and ARM
Data. Journal of Applied Meteorology and Climatology, 42(7):
905-919 [DOI: 10.1175/1520-0450(2003)042<0905: NMCDUM>



2598 National Remote Sensing Bulletin i & 54k 2025, 29(8)

2.0.C0O;2]

Bréon F M and Doutriaux-Boucher M. 2005. A comparison of cloud
droplet radii measured from space. IEEE Transactions on Geosci-
ence and Remote Sensing, 43(8): 1796-1805 [DOI: 10.1109/
TGRS.2005.852838]

Chen Y Y, Xiong S Q, Zhou Y Q, Zhu B and Mao J T. 2013. Research
on effective particle radius of water clouds retrieved from the data
of FY-3A three channels. Meteorological Monthly, 39(4): 478-485
(BRIE3E, fBSPAR, JARRZE, VK, B148. 2013, FY-3A =il
BB UK 2 A SO TR R ATIL . UR, 39(4): 478-485)
[DOI: 10.7519/j.issn.1000-0526.2013.04.010]

Cornet C, Buriez J C, Riédi J, Isaka H and Guillemet B. 2005. Case
study of inhomogeneous cloud parameter retrieval from MODIS
data. Geophysical Research Letters, 32(13): L13807 [DOI: 10.
1029/2005GL022791]

Dai J, Yu X, Liu G H, Xu X H and Yue Z G. 2010. Analyses of satellite
retrieval microphysical properties of a rainstorm in the northern
part of Shaanxi. Acta Meteorologica Sinica, 68(3): 387-397 (#
HE, A%, XIS, 1R/, TR . 2010, — AR P 2
PIBARRAE A9 TR 50 TR AL, 68(3): 387-397) [DOL: 10.
11676/qxxb2010.038]

Dai J, Yu X, Liu G H, Xu X H, Yue Z G, Sun W and Yang F Z. 2011.
Satellite retrieval analysis on microphysical property of thunder-
storm with light precipitation over the Qinghai-Xizang Plateau.
Plateau Meteorology, 30(2): 288-298 (#ii#k, 4324, X SR 1E, #:/h
2L, A B, MG, BRI 2011, 75 50 R FR s MK o e B
FRHEAY TR RO M . B AR, 30(2): 288-298)

Freud E, Rosenfeld D and Kulkarni J R. 2011. Resolving both entrain-
ment-mixing and number of activated CCN in deep convective
clouds. Atmospheric Chemistry and Physics, 11(24): 12887-
12900 [DOI: 10.5194/acp-11-12887-2011]FuY F. 2014. Cloud pa-
rameters retrieved by the bispectral reflectance algorithm and as-
sociated applications. Acta Meteorologica Sinica, 72(5): 1039-
1053 (T = & 2014, FIH B A XOGIE RUH RRIE RE N =5
B K HR R4 2R, 72(5): 1039-1053) [DOT: 10.11676/
qxxb2014.087]

Han Q Y, Rossow W B and Lacis A A. 1994. Near-global survey of ef-
fective droplet radii in liquid water clouds using ISCCP data. Jour-
nal of Climate, 7(4): 465-497 [DOI: 10.1175/1520-0442(1994)007
<0465:NGSOED>2.0.CO;2]

Kato S and Marshak A. 2009. Solar zenith and viewing geometry-de-
pendent errors in satellite retrieved cloud optical thickness: ma-
rine stratocumulus case. Journal of Geophysical Research: Atmo-
spheres, 114(D1): D01202 [DOI: 10.1029/2008JD010579]

King M D, Kaufman Y J, Menzel W P and Tanré¢ D. 1992. Remote
sensing of cloud, aerosol, and water vapor properties from the
moderate resolution imaging spectrometer (MODIS). IEEE Trans-
actions on Geoscience and Remote Sensing, 30(1): 2-27 [DOI: 10.
1109/36.124212]

Kokhanovsky A A, Painemal D and Rozanov V V. 2013. The intercom-

parison of satellite-derived and in situ profiles of droplet effective

radii in marine stratocumulus clouds. IEEE Geoscience and Re-
mote Sensing Letters, 10(5): 1147-1151 [DOI: 10.1109/LGRS.
2012.2233710]

Kulkarni J R, Maheskumar R S, Morwal S B, Padma Kumari B, Kon-
war M, Deshpande C G, Joshi R R, Bhalwankar R V, Pandithurai
G, Safai P D, Narkhedkar S G, Dani K K, Nath A, Nair S, Sapre
V V, Puranik P V, Kandalgaonkar S S, Mujumdar V R, Khaladkar
R M, Vijayakumar R, Prabha T V and Goswami B N. 2012. The
cloud aerosol interaction and precipitation enhancement experi-
ment (CAIPEEX): overview and preliminary results. Current Sci-
ence Association, 102(3): 413-425

Lensky I M and Rosenfeld D. 2006. The time-space exchangeability of
satellite retrieved relations between cloud top temperature and
particle effective radius. Atmospheric Chemistry and Physics, 6
(10): 2887-2894 [DOI: 10.5194/acp-6-2887-2006]

LiDJ, Zhao C F, Yue Z G, Liu C, Sun Y W and Cohen J B. 2022. Re-
sponse of cloud and precipitation properties to seeding at a super-
cooled cloud-top layer. Earth and Space Science, 9(9):
€2021EA001791 [DOI: 10.1029/2021EA001791]

Liu G H, Yu X, Dai J, Xu X H and Yue Z G. 2011a. A case study of the
conditions for topographic cloud seeding based on the retrieval of
satellite measurements. Acta Meteorologica Sinica, 69(2): 363-
369 (XA, A%, M, TR/, SR E . 20118, H0IB 5 A LHY
W A1 0B R S 1 0 A B4R, 69(2): 363-369)
[DOI: 10.11676/qxxb2011.031]

Liu G H, Yu X, Shi C X and Dai J. 2011b. Comparisons of microphysi-
cal property of cloud retrieved from FY-3A/VIRR and TERRA/
MODIS. Plateau Meteorology, 30(2): 461-470 (X 5t £, 4% 2%, Wil
A, Hiilk . 2011b. FY-3A/VIRR [ i# 2 ¥ #4514 J 55 TER-
RA/MODIS S S5 A1 H A . R4, 30(2): 461-470)

Liu J. 2015. Retrieval bias analysis of ice cloud optical thickness based
on the FY-2 satellite. Acta Meteorologica Sinica, 73(6): 1121-
1130 (XU . 2015, Rz =5 T0E A9 0K 25 Dl JoE JEE 52 3 fl 22 73
Br. K424k, 73(6): 1121-1130) [DOL: 10.11676/qxxb2015.076]

Liu J, Dong C H and Zhang W J. 2003. Determination of the optical
thickness and effective radius of water clouds by FY-1C data.
Journal of Infrared and Millimeter Waves, 22(6): 436-440 (X1 i,
HOHAE, TKSCEE . 2003, FIFH FY-1C Bk IEK 2 1 625 L A
BT A AR . 20HM 5 2K IR 2R, 22(6): 436-440) [DOL: 10.
3321/j.issn:1001-9014.2003.06.009]

Maddux B C, Ackerman S A and Platnick S. 2010. Viewing geometry
dependencies in MODIS cloud products. Journal of Atmospheric
and Oceanic Technology, 27(9): 1519-1528 [DOI: 10.1175/
2010JTECHA1432.1]

Marshak A, Platnick S, Varnai T, Wen G Y and Cahalan R F. 2006. Im-
pact of three-dimensional radiative effects on satellite retrievals of
cloud droplet sizes. Journal of Geophysical Research: Atmo-
spheres, 111(D9): D09207 [DOI: 10.1029/2005JD006686]

Min Q, Joseph E, Lin Y, Min L, Yin B, Daum P H, Kleinman L I,
Wang J and Lee Y N. 2012. Comparison of MODIS cloud micro-

physical properties with in-situ measurements over the Southeast



TR/NAL A TR R b A AR 5 RALER IR HAS 56 2599

Pacific. Atmospheric Chemistry and Physics, 12(23): 11261-
11273 [DOI: 10.5194/acp-12-11261-2012]

Minnis P, Heck P W, Young D F, Fairall C W and Snider J B. 1992.
Stratocumulus cloud properties derived from simultaneous satel-
lite and island-based instrumentation during FIRE. Journal of Ap-
plied Meteorology, 31(4): 317-339 [DOI: 10.1175/1520-0450
(1992)031<0317:scpdfs>2.0.c0;2]

Nair S, Sanjay J, Pandithurai G, Maheskumar R S and Kulkarni J R.
2012. On the parameterization of cloud droplet effective radius us-
ing CAIPEEX aircraft observations for warm clouds in India. At-
mospheric Research, 108: 104-114 [DOI: 10.1016/j. atmosres.
2012.02.002]

Nakajima T and King M D. 1990. Determination of the optical thick-
ness and effective particle radius of clouds from reflected solar ra-
diation measurements. Part I: theory. Journal of the Atmospheric
Sciences, 47(15): 1878-1893 [DOI: 10.1175/1520-0469(1990)047
<1878:DOTOTA>2.0.CO;2]

Nakajima T, King M D, Spinhirne J D and Radke L F. 1991. Determi-
nation of the optical thickness and effective particle radius of
clouds from reflected solar radiation measurements. Part II: ma-
rine stratocumulus observations. Journal of the Atmospheric Sci-
ences, 48(5): 728-751 [DOI: 10.1175/1520-0469(1991)048<0728:
DOTOTA>2.0.CO;2]

Nakajima T Y and Nakajima T. 1995. Wide-area determination of
cloud microphysical properties from NOAA AVHRR measure-
ments for FIRE and ASTEX regions. Journal of the Atmospheric
Sciences, 52(23): 4043-4059 [DOI: 10.1175/1520-0469(1995)052
<4043:WADOCM>2.0.CO;2]

Nakajima T Y, Suzuki K and Stephens G L. 2010. Droplet growth in
warm water clouds observed by the A-Train. Part I: sensitivity
analysis of the MODIS-derived cloud droplet sizes. Journal of the
Atmospheric  Sciences, 67(6): 1884-1896 [DOIL: 10.1175/
2009JAS3280.1]

Padmakumari B, Maheskumar R S, Harikishan G, Kulkarni J R and
Goswami B N. 2013. Comparative study of aircraft- and satellite-
derived aerosol and cloud microphysical parameters during
CAIPEEX-2009 over the Indian region. International Journal of
Remote Sensing, 34(1): 358-373 [DOI: 10.1080/01431161.2012.
705442]

Painemal D and Zuidema P. 2011. Assessment of MODIS cloud effec-
tive radius and optical thickness retrievals over the Southeast Pa-
cific with VOCALS-REXx in situ measurements. Journal of Geo-
physical Research: Atmospheres, 116(D24): D24206 [DOI: 10.
1029/2011JD016155]

Platnick S. 2000. Vertical photon transport in cloud remote sensing
problems. Journal of Geophysical Research: Atmospheres, 105
(D18): 22919-22935 [DOI: 10.1029/2000JD900333]

Platnick S, King M D, Ackerman S A, Menzel W P, Baum B A, Riedi J
C and Frey R A. 2003. The MODIS cloud products: algorithms
and examples from Terra. IEEE Transactions on Geoscience and

Remote Sensing, 41(2): 459-473 [DOI: 10.1109/tgrs. 2002.

808301]

Platnick S and Valero F P J. 1995. A validation of a satellite cloud re-
trieval during ASTEX. Journal of the Atmospheric Sciences, 52
(16): 2985-3001 [DOI: 10.1175/1520-0469(1995)052<2985:AVO-
ASC>2.0.CO;2]

Roebeling R, Baum B, Bennartz R, Hamann U, Heidinger A, Thoss A
and Walther A. 2013. Evaluating and improving cloud parameter
retrievals. Bulletin of the American Meteorological Society, 94
(4): ES41-ES44 [DOI: 10.1175/BAMS-D-12-00041.1]

Rolland P, Liou K N, King M D, Tsay S C and McFarquhar G M.
2000. Remote sensing of optical and microphysical properties of
cirrus clouds using moderate-resolution imaging spectroradiome-
ter channels: methodology and sensitivity to physical assump-
tions. Journal of Geophysical Research: Atmospheres, 105(D9):
11721-11738 [DOI: 10.1029/2000JD900028]

Rosenfeld D, Cattani E, Melani S and Levizzani V. 2004. Consider-
ations on daylight operation of 1.6-versus 3.7- um channel on NO-
AA and METOP satellites. Bulletin of the American Meteorologi-
cal Society, 85(6): 873-881 [DOI: 10.1175/BAMS-85-6-873]

Rosenfeld D and Lensky I M. 1998. Satellite-based insights into pre-
cipitation formation processes in continental and maritime convec-
tive clouds. Bulletin of the American Meteorological Society, 79
(11): 2457-2476 [DOI: 10.1175/1520-0477(1998)079<2457: SBI-
IPF>2.0.CO;2]

Rosenfeld D, Yu X and Dai J. 2005. Satellite-Retrieved microstructure
of Agl seeding tracks in supercooled layer clouds. Journal of Ap-
plied Meteorology, 44(6): 760-767 [DOI: 10.1175/JAM2225.1]

Rosenfeld D, Zhu Y N, Wang M H, Zheng Y T, Goren T and Yu S C.
2019. Aerosol-driven droplet concentrations dominate coverage
and water of oceanic low-level clouds. Science, 363(6427):
eaav0566 [DOI: 10.1126/science.aav0566]

Rossow W B and Garder L C. 1993. Cloud detection using satellite
measurements of infrared and visible radiances for ISCCP. Jour-
nal of Climate, 6(12): 2341-2369 [DOI: 10.1175/1520-0442(1993)
006<2341:CDUSMO0>2.0.CO;2]

Shang H Z, Husi L T, Li M, Tao J H and Chen L F. 2022. Remote sens-
ing of cloud properties based on visible-to-infrared channel obser-
vation from passive remote sensing satellites. Acta Optica Sinica,
42(6): 0600003 (1 A7, W 3r My 1R1, 2= 0, B 4K, PR R WY
2022, FE T4 2y 1 S T RE AT D 2 20 A 3 WL 114 2 A S
et E 4z, 42(6): 0600003) [DOL: 10.3788/A0S202242.0600003]

Stone R S, Stephens G L, Platt C M R and Banks S. 1990. The remote
sensing of thin cirrus cloud using satellites, lidar and radiative
transfer theory. Journal of Applied Meteorology, 29(5): 353-366
[DOTI: 10.1175/1520-0450(1990)029<0353:TRSOTC>2.0.CO;2]

Twomey S and Cocks T. 1989. Remote sensing of cloud parameters
from spectral reflectance in the near-infrared. Beitrdge zur Physik
der Atmosphére, 62(3): 172-179

Twomey S and Seton K J. 1980. Inferences of gross microphysical
properties of clouds from spectral reflectance measurements. Jour-

nal of the Atmospheric Sciences, 37(5): 1065-1069 [DOI: 10.



2600 National Remote Sensing Bulletin i & 54k 2025, 29(8)

1175/1520-0469(1980)037<1065:I0GMPO>2.0.CO;2]
Vant-Hull B, Marshak A, Remer L A and Li Z Q. 2007. The effects of

Ye J, Li W B and Yan W. 2009. Retrieval of the optical thickness and
effective radius of multilayered cloud using MODIS data. Acta

scattering angle and cumulus cloud geometry on satellite retriev-
als of cloud droplet effective radius. IEEE Transactions on Geo-
science and Remote Sensing, 45(4): 1039-1045 [DOI: 10.1109/
TGRS.2006.890416]

Wang Y C, Zhu Y N, Wang M H, Rosenfeld D, Gao Y, Yao X H, Sheng

L F, Efraim A and Wang J T. 2021. Validation of satellite-retrieved
CCN based on a cruise campaign over the polluted Northwestern
Pacific ocean. Atmospheric Research, 260: 105722 [DOI: 10.
1016/j.atmosres.2021.105722]

Wang Y T, Shang H Z, Letu H, Wei L S, Chen F N, Hong J, Wang Z T

and Chen L F. 2023. Impact of orbital characteristics and viewing
geometry on the retrieval of cloud properties from multiangle po-
larimetric measurements. IEEE Transactions on Geoscience and
Remote Sensing, 61: 4107617 [DOI: 10.1109/TGRS. 2023.
3329305]

Wylie D, Jackson D L, Menzel W P and Bates J J. 2005. Trends in

global cloud cover in two decades of HIRS observations. Journal

of Climate, 18(15): 3021-3031 [DOI: 10.1175/JCLI3461.1]

Xin L and Yao Z Y. 2011. Studies on the microphysical characteristics

of an aircraft seeding in convective line with trailing stratiform
cloud. Meteorological Monthly, 37(2): 194-202 (¥ 4k, Wk & 7> .
2011 —KBURR G = CHLRE 2 % 2= i Bt ot 2 W) 5500 149 43
Br. R4, 37(2): 194-202) [DOL: 10.7519/j.issn.1000-0526.2011.
2.009]

Xu X H, Yu X, Liu G H, Yue Z G and Zhu Y N. 2022. Early identifica-

tion and automatic warning of hail clouds by satellite. Chinese
Journal of Atmospheric Sciences, 46(1): 98-110 (£/NAT, 432%, Xl
P, IR, RIEAE . 2022, P & DA FUIIS A ShHTE .
K S FF, 46(1): 98-110) [DOI: 10.3878/.issn.1006-9895.2104.
21010]

Xu X H, Yu X, Zhu Y N, Liu G H and Dai J. 2018. Cloud microphysi-

cal properties of a tornado revealed by FY-2G geostationary satel-
lite. Plateau Meteorology, 37(6): 1737-1748 (15/NAL, 43 2%, R FE
AR, XIS AR, 3. 2018, 6+23 Jp 4 FY-2G 1A = U BRI 43
Br . & 4, 37(6): 1737-1748) [DOI: 10.7522/j. issn. 1000-
0534.2018.00041]

Xu X H, YuX, Zhu Y N, Liu G H, Dai J and Yue Z G. 2012a. Seeding

condition of precipitation enhancement revealed by multiple spec-
tral data of satellite. I: convective clouds. Climatic and Environ-
mental Research, 17(6): 747-757 (/NET, 4324, RIEAE, X 5H4E,
HE, A . 20120, TURIBIEA TIERARL AL Wiz . <
ot 5 R FT, 17(6): 747-757) [DOL: 10.3878/.issn.1006-9585.
2012.06.12]

Xu X H, Yu X, Zhu Y N, Liu G H, Dai J and Yue Z G. 2012b. Analysis

on satellite retrieval of cloud structure in a severe squall line pro-
cess. Plateau Meteorology, 31(1): 258-268 (&% /N4T, 4% 2%, KIiE
AR, R SRAE, Bk, G L 2012b. — RSB LR = SRR Y T
B SO . B U4, 31(1): 258-268)

Meteorologica Sinica, 67(4): 613-622 (M &, 2 &, M 1.
2009. | F{ MODIS ¥4It [ 1 22 J2% 2 2 52 B R 0K T2 42
KB4, 67(4): 613-622) [DOI: 10.11676/qxxb2009.061]

Yue Z G, Yu X, Liu G H, Dai J, Zhu Y N, Xu X H, Hui Y and Chen C.

2018. NPP/VIIRS satellite retrieval of summer convective cloud
microphysical properties over the Tibetan Plateau. Acta Meteoro-
logica Sinica, 76(6): 968-982 (& iA [, 424, X v, #idk, K 4E
AF, TR/INEL, BEE, WRIS. 2018, NPP/VIIRS T 2 3 75 8 Jit AL
X O B AR . R AR, 76(6): 968-982) [DOL: 10.
11676/qxxb2018.051]

Zeng S, Parol F, Riedi J, Cornet C and Thieuleux F. 2011. Examination

of POLDER/PARASOL and MODIS/Aqua cloud fractions and
properties representativeness. Journal of Climate, 24(16): 4435-

4450 [DOI: 10.1175/2011JCLI3857.1]

Zhang Z B, Ackerman A S, Feingold G, Platnick S, Pincus R and Xue

H W. 2012. Effects of cloud horizontal inhomogeneity and drizzle
on remote sensing of cloud droplet effective radius: case studies
based on large-eddy simulations. Journal of Geophysical Re-
search: Atmospheres, 117(D19s): D19208 [DOI: 10.1029/
2012JD017655]

Zhao F S, Ding Q, Sun T M, Kong Q X, Hu W, Xun S P and Shao H F.

2002. An iterative algorithm for the retrieval of cloud properties
from NOAA-AVHRR imagery. Acta Meteorologica Sinica, 60(5):
594-601 (B4 RUA:, T i, PRI, FLPRIK, 52, 4 it B, ARG ¢
2002. 1 H NOAA-AVHRR VLI B4t S5 38 7= 5 S e ) — Fifr ik
RI7iE: . B4R, 60(5): 594-601) [DOL: 10.11676/qxxb2002.070]

Zhou Q, Zhao F S and Gao W H. 2010. Retrieval of cloud radiative

properties from FY-2C satellite data. Chinese Journal of Atmo-
spheric Sciences, 34(4): 827-842 (J& ¥, B4 XU, @ 3C4E . 2010.
FH FY-2C TR B i = SR SRRk . R URE:, 34(4): 827-
842) [DOI: 10.3878/;.issn.1006-9895.2010.04.14]

Zhou 'Y Q, Chen Y'Y, Li J, Huang Y M, He X D, Zhou F F, Wu M X,

Hu B and Mao J T. 2008. Retrieval and preliminary test of cloud
physical parameters from combination of FY-2C/D geostationary
satellite data and other observation data. Meteorological Monthly,
34(12): 27-35 (JHfgi 2, WRovdt, 2208, SR8, /AR, JEAEE,
SEUVE, Wi, B %% . 2008, I FY-2C/D TLAE 454 WL 7 Kt
S 2 Y BURR R 7 O R 56 L 4R, 34(12): 27-35) [DOL: 10.
7519/j.issn.1000-0526.2008.12.004]

Zhu Y N, Rosenfeld D and Li Z Q. 2018. Under what conditions can

we trust retrieved cloud drop concentrations in broken marine stra-
tocumulus? Journal of Geophysical Research: Atmospheres, 123

(16): 8754-8767 [DOI: 10.1029/2017JD028083]

Zhu'Y N, Rosenfeld D, Yu X, Liu G H, Dai J and Xu X H. 2014. Satel-

lite retrieval of convective cloud base temperature based on the
NPP/VIIRS Imager. Geophysical Research Letters, 41(4): 1308-
1313 [DOI: 10.1002/2013GL058970]



/N A TR RGE R A SRR S RPLER I HE A6 2601

Comparative verification of cloud particle effective radius at cloud top by
satellite retrieval and airborne measurement
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Abstract: The retrieval of cloud particle effective radius (r,) from satellite remote sensing is a critical technique for studying cloud
microphysical properties and precipitation processes. It has significant applications in aerosol-cloud interactions, severe convective weather
monitoring and early warning, and weather modification. Accuracy validation of the retrieved , is essential for these applications.

Based on improved satellite retrieval algorithm for cloud particle effective radius using 3.7 pm channel data, this study derives cloud
particle effective radius (r, ,) from MODIS and AVHRR observations. The retrieved 7,
measurements by aircraft from 22 cases of continental cumulus cloud, and the algorithm’s reliability and accuracy is evaluated.

The comparisons show that the error of particle effective radius between the retrieval and airborne measurements is less than 2.4 um,

are systematically compared with in-situ 7,

> 0

which is very close to 2 um of international verification results within marine stratus. The distribution of r, with temperature/height (vertical
structure) is quite consistent with that detected by aircraft measurement. The retrieved r, from the 3.7 pm has a high correlation with the
airborne measurement, with a correlation coefficient of 0.79 and a linear fitting slope of 0.81. However, the r, from MODIS cloud product
has a low correlation with the airborne measurement, and the correlation coefficient and linear fitting slope are 0.43 and 0.32, respectively.
All these results suggest high accuracy of the retrieved particle effective radius of clouds and the high reliability of the retrieved
methodologies which demonstrate that improved algorithm can provide a reliable data foundation for applications.

Key words: remote sensing, cloud particle effective radius, vertical structure, satellite retrieval, aircraft measurements, validation
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