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Retrieval of cloud microphysics parameters from spaceborne 94/
220GHz dual-frequency cloud radar based on non-spherical ice
particles

WU Qiong', YANG Mei-Lin®, YIN Hong-Gang', SHANG Jian"
(1. National Satellite Meteorological Center, Beijing 100081, China;
2. Institute of Urban Meteorology, China Meteorological Administration, Beijing 100089, China)

Abstract: In order to meet the urgent requirement for China spaceborne cloud radar detection and accurate retrieval of
cloud microphysical properties, integrating the detecting advantages of dual-frequency 94/220 GHz cloud radars, and
combining scattering and attenuation properties of non-spherical ice particles, a dual-frequency retrieval algorithm of
cloud microphysical parameters is proposed based on the non-spherical ice particles scattering database. By assuming
the gamma particle size distribution of cloud ice and establishing relationships between dual frequency ratio and retrieval
variable volume median diameter, three types have been chosen. Based on it, the optimal solutions of particle size dis-
tribution parameters are obtained after backward iteratively calculating, then the microphysical parameters of cloud
could be retrieved based on particle size distribution, and the error can be calculated and analyzed. By adding system
noise and random noise, the retrieval errors are compared with original data and the requirement of signal-to-noise ratio
is proposed. As a result, the retrieval of non-spherical ice cloud microphysical parameters based on dual-frequency 94/
220GHz and iterative backward retrieval algorithm is well consistent with simulated true data. What’s more, the signal-
to-noise ratio cannot be smaller than 11. 39dB in order to get 30% retrieval error for ice water content under 0. 2g/m’,
which gives some references for domestic spaceborne cloud radar design and retrieval research of non-spherical ice
cloud microphysical parameters.
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Table 3 Comparison between retrieval errors of in-

creasing noise(+) or decreasing noise(—)

Type +0.5  +1.0 +.5  -0.5 -1.0 -L5

Sstr 15.8343 35.1444 59.1308 13.1776 24.2750 33.7127
hexs 40.1090 119.2316 326.6615 20.6879 35.4229 46.9357
Ros3 19.994 1 46.9400 86.2854 15.5320 27.953 8 38.094 1
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Fig. 5 Retrieval error for ice water content(a)and distribu-
tion of SNR(b)

IR 2ZEHR/NT 30% WIHEAREEK T, sste AT LAZRZ /Y
e MR 7 o B AT LA B 24 0. 73 dB, BG4 15 e 1
KA 1.43 dB, [RI PR, hexs X2 L i oK ) 25k
8.9 dB, e KM 58 B HAT 0. 25 dB, ros3 X {7 M
LU 10 F A 25K Sl 3,19 dB, i KM A 5 K 0. 51
dB.
4.2 PFEHIIRS

FH LG R Ge M s | Bl ATL I 7 50 4 2 B AL AR, AT
S IR o DRI T IS 3 45 2R B4 R ) L 2R G I
KW % ZBEPLME 52 m D 1 TR 3k SR
B2 kA B R Bk sl , aniE 6 (a) i, i #
TE & 2 AL 380 T — L I(E R 0 bR vE D 22 R
0.5 dB (= B BEAL I A o &6 (b) W] R vkoK & & 1Y
R R FE 6 (a) 0L, £EZE B B L3l

Z A H G S5 R R Rk SR A -1
TR 5, AFAEREALME 75 I ()15 24 4 I LU AEAE R 40
M 75 S (1) 1% 25 K, A B U AR AR R G e B A R 2
AN AR TR E LR b RV R 25 1 SR K AE, — AR
JE A AE BATLIGE P B 9 12 25 KT AR AE R G007 i 1Y
TEO . il 5Ca) MR 6 (b) Fi 7 , R G0 M 7 s S 3 12
25 B R KAB A 19% , 17 Fifi AL ISR 75 52 9 15 25 19 e K
ENIR 26% . PRI, S T3 JE AR 34k b i) i T %
ZEHR/INT 30% MR AT , Bl HLIEE P X615 18 b Y LR BT
1o, L IRA I A M L B B KB 3. 78 dB. AR,
R Tl R A2 BE B MR 7S S R R S JEORE B Y R sstr
R B AR A5 MR L 294 3. 5 dB, hexs B3R 1 e /K 15
M L 249k 10 dB, ros3 B3R B S AR5 M tb 29k 4.5
dB.

5 BEMES

SO b {5 MR Ll R Pl R S iR R R 1Y T A S
SPF 23 PR [ s 1 T I 6 ) e 3 B 3R IR
FIORL T35 AR OC o PRI XA R BT 3, W5 5840
2 B UK AORE T 15 0 A 1Y BRAS AL, A RE XS MR R
Wh LA AR AR . S, R T — U I
B, 1k D FI N, 1E— 5 BO3E BN 22 4L, ATTE T AN [
WL 8GO0 T Bl 1R 22 10 22 5, RN B AL IR 75 A 15
DL 2 X LR H AT R G r . R 402 sstr
TE0.5 dB RGN AF LT, KoK & & 1Y 7 1 I vt
W2,

24D, N 0.06 cm, N, A 3x10°cm™'m™ B , sstr,
ros3 il hexs M & 1) 75 15 S 569 3 PR 19 dwe /IME 23 5l
A -1.37 dBZ, —15. 52 dBZ Fl1-42.99 dBZ, H: + -
42.99 dBZ T H I [E ™ 220 GHz 2 75 34 19 PR



51 R B T ERIE 7K 0 A 042006 Hy XU 75 76 16 5 B B MO R o 613

2.5

Height (km)
-
- 5 N

o
o

N}

Radar Reflectivity factor (dBZ)
(a)

251

height(km)
=
(5 N

-
T

0.5F

(b)

r r r r r

0 5 10 15 20 25 30
error(%)

(b)

K6 0.5 dBBEHLMEFZE T A A S 554 K 5 B2k (a)
PKOK 5 B SR 22 2 (b)
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Table 4 Retrieval error of ice water content with dif-

ferent particle size parameters

D0=0. 03 D0=0. 04 D0=0. 05 D0=0. 06
NO=1x10° 12.353 4 12.7250 13.3808 14.2707
NO0=3x10° 12.658 9 13.794 3 15.8343 18.616 1
N0=5%x10° 12.967 4 14.8950 18.423 1 23.206 6
NO=8x10° 13.4362 16.6110 22.5787 30.4190
NO=1x10° 13.7528 17. 800 8 25.5508 35.3372
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Fig. 7 The variation of retrieval error of sstr with ice water

content under 0. 5 dB system noise

TR S AT R 25 R 3R T AR I 15 M L 5 koK
B I KN CL BRI R A G, VKoK B iR, XF
15 W Le Y BESRBR S, I BAU R TR AR 5 L 145
W L 22 Ek AEIA B 2 dB. L, XK T 0. 2 g/m* 1Y
OK SRS EW 2D RZ T 1. 39 dB A4 g
il A5 = A [RRE 7 TR B4 S i 15 25 [R] R 12 48 B
BER . AR VKOK B IS KT 0. 2 o/im’, AR
M Lot AR (T . PR, FE A e b p s



614 O Hh 5 2 K 3 R 40 &

s B LR A B IR TR BT IR R AR LA AR
e B T il 7K

6 #Hit5itie

FIFH 94/220 GHz B 2= B X BRI VK 2= 1 e 3,
S546 J5 1 3R AR Y S AL AT DDA Y 3K B0
P X sstr hexs Fll ros3 3X = Fh ML AR BRI VK
BT IR TS SR = MBS EGE T T &
S o B, DAL T R GRS R AL
X SO BE RS2, TR0 T A ARS8 LL AR A
Ko eAh IR IR S i T RS
SEMR) T VKK S R BT R 25 =2 [B) 8 56 &, 7E I S A
L 2N R A TR MR R S5 R b

W IE T, PEFE sstr hexs Al ros3 X = FhpK
kLT R AT 94/220 GHz FY KA S AF 5T o 45
T BT HER IS HOR W 5 17 3254 SO 33 k7R
SE R/ N IR 1 S TN AR B A R IR G K, 45
YN & GO RV S M N VA A L | S SRR 1y
RSB E AN BT IE AR B, T RIS
PSS, eAh , BTE R EE DR T IR G, H
H, sstr ARG B2 SR, LUK ros3, fie 22 1 /2 hexs, 7E
MRAS b3 02 R A SRR 22 0 E Y .
1M ELTE bR AP0 v i B, G R sstr 1524 K
hexs, 51 A B B R 250 2 50% . PRI, S
HITHE A% 12 BEUERR DX AR T I TR AR, 3 (A AR 5 XL
LIPSV NI AN IS L S e 18 ) | B G A IUE 7SI
it

BT MR R L I, AN R R G
TH A T BEHL I 7 S T R 25 B A R PR Y 1 9 T 1
Ko TEMF R Z A RT , sstr (Y HTERE ) e
5, XA M LU Y SR AR I, T hexs BT RE ) 2%
XHE MR LA BoR e o AHEE T RGNS | A AEBE AL
Mg P Ff A A X {5 R LA T i I 25K . a8 R 1Y
TE R 25 M vk K 5 S (A0 3 FB] , G SR 7 ik 1) R
A -40 dBZ, B 4 hexs BE % £ (1) fie K VKoK 7
25°h 0. 2 g/m’, 1M ros3 Fll sstr BEAS RN /) e KKK 7
TR E R T 0.2 o/m’, I HLS T 12 22 5L B
VKK S B 5 R T R R . R T R X =
FRIEAR T 0. 2 g/m* YUK 55t B3 1 22 /N T 30% Y
FERELR , (5 M b B AP 220 T 1. 39 dB.

b, SO AR BT IR AR B B
BAE MK b R R B SRS 50 52 2 AL
L1553 A7 JER 2 1) e B AR A6 DA S ORSE5 5 3 4
Ot 7 =MIB AR UK ks 1, 3k R 2% B A2 2R Y

RA VK WA AR 0 TAE P47 — R
iy B SCI 25 5 AT LAk ] P T 12 4 = ik 1 9
PRIETE AES BT A 2 e B2 HOE B S BT 5T 4
HE%.

Reference

[1] BATTAGLIA A, KOLLIAS P, DHILLON R, et al . Space—
borne cloud and recipation radars: status, challenges and
ways forward [J]. Review of Geophysics. 2020, 58,
€2019RG000686.

[2] BROWN P R A, ILLINGWORTH A J, HEYMSFIELD A
J, et al.The role of spaceborne millimeter—wave radar in the
gloable monitoring of ice cloud [J]. Journal of applied mete-
orology,1995,34(11): 2346-2366.

[3] ROSE C R, CHANDRASEKAR V. A systems approach to
GPM Dual-frequency retrieval [J). IEEE Transaction on
Geoscience and Remote Sensing ,2005,43(8): 1816-1826.

[4] LE M, CHANDRASEKAR V. An algorithm for drop—size
distribution retrieval from GPM dual-frequency precipita-
tion radar[J|. IEEE Transaction on Geoscience and Remote
Sensing, 2014,52(11), 7170-7185.

[5] SETO S, IGUCHI T. Applicability of the iterative backward
retrieval method for the GPM dual-frequency precipitation
radar[J]. IEEE Transaction on Geoscience and Remote Sens-
ing,2011, 49(6): 1827-1838.

[6] SETO S,IGUCHI T, OKI T.The basic preformance of a pre-
cipitation retrieval algorithm for the global precipitation
measurement mission’ s single/dual—frequency radar mea-
surements | ] |.IEEE Transaction on Geoscience and Remote
Sensing,2013, 54(12): 5239-5251.

[7]SETO S, IGHCHI T. Intercomparison of attenuation correc-
tion methods for GPM dual—frequency precipitation radar
(1] Journal of atmospheric and oceanic technology, 2014,
32(5) :915-926.

[8] WU Ju=Xiu, DOU Fang-Li, AN Da-Wei, et al. Sensitivity
of dual wavelength reflectivity ratio of 94/220GHz space—
borne radar to cloud parameters with non-spherical ice
(:rystals[]]. Acta Meteorologica. (Sinica, R2ETHFEFHW,
LR, A 941220 GHz B3R AU FEXHEERIE UK /il
ZERENE T K& FH) )2019, 77(3) : 529-540.

[9] WU Ju—Xiu, DOU Fang-Li, AN Da-Wei, et al.Simulation
of scatterting characteristics of non—spherical ice crystal
with 94/220GHz millimeter—-wavelrngth [J].J. Infrared Mil-
lim.(Waves, 522475, S205 00, 2 KA, 46 AEBRIB UK TE
94/220 GHz 2 KB BUMFEPERLUIH . AL SM S =R
F1R))2016, 35(3): 377-384.

[10] WU Qiong, YANG Mei-Ling, DOU Fang-Li, et al. A
study of cloud parameters retrieval algorithm for space-
borne millimeter wavelength cloud radar[J].Acta Meteoro-
logica.(Sinica, 5Bt , MIEFR , FEF57W , 5% BB = 5
Bz MBS BT SR FR) 2018. 76
(1) :160-168.

[11] WANG JH, GE JX,WEI M, et al. Research progresses on
thepretical computation and (experimental measurement of
scattering properties of ice particles [J]. Computing Tech-
nology and Automation (L 4: &, B R4, NS, % B x
UK ERRL T R R Y B T g S 0 S B T R



5 1] Z BUAE SETHERRIE UK A B 2K 94/220G Hz BU 2 T 1k 2 MBS HUR I 5T

615

HEEARS5B311)2013,32(3): 128-131.

[12] LIU G S.A database of microwave single—scattering proper-
ties for nonspherical ice particles [J]. Bull. Amer. Meteor.
Soc. 2008,89(10): 1563 - 1570.

[13] KOSAREV A L, MAZIN I P. An empirical model of the
physical structure of upper—layer clouds [J]. Atmos. Res.
1991,26(3): 213-228

[14] Meneghini R, Kozu T. Spaceborne Weather Radar[M] .
Boston.London: Artech House, 1990, pp:127-135

[15] IGUCHI T, KOZU T, MENEGHINI R, et al. Rain—profil-
ing algoruthm for the TRMM pricipitation radar[J]. Jour-
nal Of Applied Meteorology, 2000, 39:2038-2052

[16] MARDIANA R, IGUCHI T, TAKAHASHI N.A dual-fre-

quency rainprofiling method without the ues of a surface
reference technique. IEEE Transaction on Geoscience and
Remote Sensing. 2004,42(10) :2214-2225

[171 WU Qiong, SHANG Jian, YANG Mei-Ling, et al. Air-
borne Dual—frequency Rian Retrieval Analysis without the
use of Surface Reference Technology [J]. Remote Sensing
Technology and Application, (B, i a, (M IEF, 4 Ik
T AR 27 H AR M L E RO K S8 25 R 0017 12
B ARSRA) 2014, 29(3): 378-385.

[ 18] European Space Agency Mission Experts Division, http://
www. esa. int/esapub/sp/sp1279/sp1279_1_EARTHCARE.
pdf



