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ET Ka/Ku BUKER [E135 58 [ 2= L0 R 2 E F I RIE R AR =)
SR EFMNA

X Z2SF
HHEAR G REE BT K ER AR E K E SN E bR 100081

W OEE (AR AR A R KR R [X R Rl 1 [ 30 58 E  2  i R TER A
YR RNZ) ) 806 AR E BRI, AR T I L6 e 78 0 B e B IORS FE R OGO TR
25 TR AR 8 b R R 208 55 55 5| 1 [ gt 5 P R T 2R 35 DK /N PR S, I B0 e A 7 T A WY
P S, ASSCER T 25T Ka/Ku MU Bz T 12k [ 6 28 24 TR ] 8 6 i 2% 5 5040 1)
B K P9 25 S 2 B Bh3 2 RN i S 3% (DWR-SZ), FKFiZ 5925 F £ 2020 4E 6 H 8
HA 2021 4F 6 F 1 HAR ORI 25 B /K T BL45 M O 5040, ) Y R S (0O 23 i 1
ZITVE SR A R SO RRRE , 0B T b T R0t e I8 P [ e FEE AN B S U i) o 1205
PE eR A B B S Tk I (DWSZ) R BU/INRL T BRER 7775 (ST ik RIE M = 9 %
AIEEEE Vair, TERAIET Vair, 8J5F] ] DWSZ JiE4R 2B S8 ikE, I+
TR, B R UG BRI 50 25 (DWR) & [R5 55 B 22 45 2 RS2 36 (A A )
B4, {# DWR-SZ 7L IEHSH 1) DWR 5TE AL 2 BIAN N 45REMW: (D R
JH Rk F 4 B A 1 e B s R R B R P R kb B R B RS A L, DWSZ 7 vk S i
() Vair 57515 RBUEA VIR /)N, GRF0E, (HXFE R BERH T8 A KR i A
BEKIX CREFBEAKT 1.8mm); /NRLFERER ST J7ik il E (K45 Vair, HIEMKZER 35dBZ LA
TREIK Vair [IRAGFEEEA KR, B RBUZIR @ WM SE Ka BB TS RIEAE S BRI RS
(1) Vair LA EL; (2) WYX ZEUOFIRE 25218 e ST /5% Al Vair 12 BRI 1 [ 74 fK
M Th SR 221 HLBE, REUZEXEZS KX Vair f2IHAK; (3) KA DWR /ENZH, £
RN T [ 98 5 EE 1) 2R G AR 25 1R B K RS, B 1 U B S B0 SO HERf 2. (4) ST
JPVERER Vair Bl TRCFRERE, WASIKE (LWC) FIE AT, &M TR KD,
AFLR IR 2 7K 5 5 1 76 P [ 9 5 FEE R 40 Ml 22 5 LA K

KR Ka/Ku WEUEB = HIA, NGRS SHGE T, B0 E bR
FIRY X S R IR B IR AT IE Tk
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Air vertical motion and raindrop size distribution retrieval algorithm based on
reflectivity spectral density data and dual wavelength ratio constraint with
Ka/Ku dual-wavelength cloud radar and its preliminary applications
Liu Liping
State Key Laboratory of Severe Weather, Chinese Academy of Meteorological
Sciences, Beijing 100086, China

Abstract: Reflectivity calibration error, attenuation in rain area and water cover over cloud radar
antenna had serious effects on retrieved microphysical and dynamic parameters with reflectivity
spectral density data, it is key problem to analyze these errors in retrieving microphysical and
dynamic parameters. Aiming at reduce the effects of observation bias of reflectivity introduced by
calibration and attenuation of water cover over cloud radar antenna, a retrieval algorithm for air
vertical motion (Vair) and raindrop size distribution (DSD) based on reflectivity spectral density
data and dual wavelength ratio (DWR) constraint with Ka/Ku dual-wavelength cloud radar
(DWCR) are presented in this paper, The disdrometer data were used to examine the retrieved
parameters. The effects of air vertical speed on retrieved microphysical parameters are discussed.
In the algorithm (DWR-SZ), Vair retrieved from single Ka/Ku band CR (ST) and DWCR
algorithms (DWSZ) are merged to form Vair in all of observation area, then the initial DSD and
attenuation are retrieved by using DWSZ algorithm. Finally, DWR between first and last ranges in
liquid area in a beam are used to adjust the reflectivity bias and retrieved final DSD to minimize
the difference between the cloud radar observed and calculated DWR. Two convective
precipitation cases in June 8, 2020 and June 1 2021 in Longmen, Guangdong Province, are used to
examine the retrieved results. The results show that the radar sensitivity variations have little
effects on Vair retrieved from DWSZ, however, the DWSZ cloud only used in the areas containing
big rain drop (diameter large larger than 1.8mm). ST algorithms wit Ka and Ku data
underestimated Vair, however, the Vair are reasonable in low levels with reflectivity weaker than
35dBZ. Highly sensitive work mode with pulse compressions could improve the Vair retrieval bias.
Merged Vair from ST and DWSZ algorithms are reasonable. The attenuation and far radar range
could introduce the underestimations of Vair with ST algorithms, the underestimations of Vair in
solid precipitation area are negational due the sharp variation and narrow of reflectivity spectral
density data. Using constraint condition of DWR reduced the bias of observed reflectivity and
effects of water cover over antenna, improve the retrieval results. Vair from ST used in DWR-SZ
overestimated drop number, liquid water content (LWC) and attenuation coefficient and
underestimated drop size, however, it has no effects on reflectivity bias produced by water cover

over antenna.
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1. 55

PR [F 2R = R EANZ) ) 283 BT =B L. N LR
A BUEE R = Bk Y B RS J7 R SRR i . = SRR S5 A
HFLR O, AR S — AN R R R R . 3 BRI 2 B A A PRI 2 B KR 4
ERMEERAR, (HAR RIS BIRSL, 2 0 513 50 5 R0 = 00 AT 2 00 R
Ko AT PRINA 5] 5 B2 FAN[R] w5 BE 19 2= PO 2 B 454, A B3 ki 2= 7 a8 R
TR Bk E4a BRI R A E W A AT PEFA AN (Kollias et al.,
2007)0 FAb, 2z TR IO IR BT B P A ) R [ 8 o P A 4 i 5 P K
FLF RN AHAS . RO RE S i 2 B BE AR AR O, el I S s rh
WO = K BN ) I 248, iR s RS — BRI R E A EE R R TT
[] o % T T B4R 1] 25 T A SR UL, 25 AT BB B 1Y) S VB TP B 5 5 T S 1 A
B KB AR A5 SR ARl o ik, SRR AR ThRER TR IS TR I T AN [ R B R B
NBHIFETTE, WEA TN = FIE T BB E Z Ak 1 N5 3E Ve
G KR RATAEEMEE (Z-Vt XKD (Hauser and Amayene, 1981), 7E—5&
R VA TN s b TR | iR A TS LT, AT UR TR SR L A ) 3l R A
T T S I P RS S8 (Frisch et al.,1995), 4 B A [8] 96 5 55 13 53 i AR 4%
B8 7 0 B B2 T IR IR /IR BRI 725, B Az W /N KL AR A R ok I i
KA B A, AR5 IR 2 B Dh Rl S5 s 1 o¢ &R, BELETH I T
(Gossard, 1994; Kollias et al., 2003; Shupe et al.,2008; X|ZZF%%, 2014; Zheng
Jiafeng, etal, 2017; Liu and Gao, 2020), JXFf 77 7tk v FH 380 [ 25 B 7K 1R 1%
fif i (Ding, 2020). SXFh LI B 25 B8 1A S I8 75 V25 oK 1 il R 2 TR A R A
JEE i I A R YR 4 A A U LIS B B2 MR R R ST 1R 2 (Kollias et
al,2011), Ik REEAR, AU B, A&7 R e
MDA 50 BE I B TV 22 RE T D285 TR, DT S g I8

X Bt T ik fe it — D iR e B U B, BEfS AR IR = | %
K BV BRANES) 73 258 o KB B 2 7 T4 S T8 77 9 2 A0 455 0] FH e 7 S ol 22 5 3
(TP AN U B I B 5 72 (DWRD 0 [ 5 P il 5 FEIX P P 7 v o B8 — P 75 VR AE
YR I AU BB O T, P BRI K 2 K & B 2 E AR, K REM
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M 240 (Vivekanadan et al., 2001; Liao and Meneghini, 2005; Adhikari, et al.,
2007), AHIXLET7VE ) SOIsORG FE #REE 2 B s | XU B IB ORI AL S . RK
FSCERT 3 R [T i i 222 S MR 2 S 5 i), ) HL 5 WO R TS Y AR A O, ANRESE H
BRI RS 0 A, A B4 RIS S8 X T80 A Rl R RS R T T, &
R AR R FH K HBUR RS B PR P ) 22 13 LA B W R ELAR IR AR A AU, 5Tt
LR R IR EIB B, ARJE R =4822 73 U5 i, MR/ AN BB I I 4 [m] 95
SRR S 5 IR E A2, TS 22 < FUER . WS 0 A 5524 (Firda et
al. 1999; Tridon and Battaglia, 2015). FREWHIA T Ka/Ku BB B EHIX,
Ka/W/Ku =B = K EE, LR RE = KBNS ) 2568 ), 4]
A PEAl 1A B B8 B A A T IR P AN B el i vk B 22 O B i, TR T
DWR J7VZ BB 78, A DWR 732 S 1 AR 0 A S /K & TAE - GRS
2, 2020; Wang Gaili, et al., 2000), DWR JFiLEREAHTFIER . (S0, DA
72 S S5 ) R i UL AR 22 5 R R, R K AT Kaa 3 B [l 38 i 22
FRERNIA SR, B, 7R SIS K E R S . v,
WEAT 75T [m] P ot i il 85 52 1) /O L S s TR T, $R Y TR T B
73 ER A [P B i R AR R B A TV SR M B S O OB IR WA,
20205 XUZEY-, 2021). LAl 55 —Ah 7 08 S A 81 5 A AR R G 22 2%
PR REAT T, 1A 75 RE IR 0 2 58 G0 i 72 M Jal) 2 TR e K IR (] 98 it 32 S Uk ) 5
WD, a0 SR [0 95 5 P8 A7 A B ) D 22, R4 SO A B S H b S A AE AR N R R 22
WAVHIE, = FEISHERRIN = P K Rl s B2 AR5 R AE, FIF Ka/Ku BB
23R 0 S A i B B K B ) AN B 2 ) ) IR R TS E AR R
2 7K BT R DX 08 ol 55 77 A ) [ s i o 15 72 2 o] SR B o kA WL MY Bl ) 2 8
T2 Rl KR AR, RE KRN [l 8 5ik B2 Ao ) 2 Ka I B [l 30k i P 7 A4
iR A R E R AT S X AT P e K - R 1o G 7B QR ]
BRI WA . i, A SRR 22 WIS 2GS ik R0 B = 8, 78 BART LA
BLAth b CUPZRPAE, 20200 $H 73T DWR 2SR A o EL A R X B
DRI S 2 %, B R AR B R0 [ 9 AR G A 22 ) 5
Wil o A2 JTVEAE S AT T BRI ORI R IR B Jse e 7 < e TEL o s 22 2 Al B Sl 1 4 /<
ELHE S S R BIRE, IR DWR S0 R4S 2 Bl R w2, JFREsLIl 4
LN i ] ) 2 T TR ) S iR 2 2 DA T I B2 MU, A b R =
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I S A A B LR ZE KA B s T B TR N e A SRR « ), I
2020 FEAN 2021 FEAE] AR e T IO — R B KRR Ht X L 234 17 s RO,
a1 B E T AR RE A BN B T 454 o

2. HiE

AIAEF Ka/Ku BB A FIERIER LN Ka B 8B BT A%
i, SEIN T Ku B o AU B < THIA R T B BRI 2 E S KL
FUR B RN AR 2 ik 2 S k], RA TR (MDD Bzl
B (M2, BRI (M3) FIr z A8 (M4) 3 DU 0 A5 A8 210
SRR R Zy R Vo IS8 Sw. SRR K1 Lor F12 8 802
W SP EHE RO 7V 0 32 B A SR I SR S [k L A OG R BRANAE
MRHRER, fem B s RBUE, DA 2 2 RS2 T AR R RN 55 2= 4800 1) 75
ROCUESEEE, 202D, (HAERERZE: BHTHEEAKENR, ¥ Ko B
HIBORBEE N 0.9° 5 X HE Ka IBUIBR 58 0.35° %%, X4 DWR N Hid
T AN o B8 E P Ko BB ZEIRCK T Ka B, DWR BERE (DWRG)
B K T3, ISEBR LI v] A 3 5 A2 £ DWRG /NTZ [ XI5 (&R,
777 A S A 150 PR 2 5 R RT R T I U BB R AN DL T, F A i PR 0 6,95 ik v
45 TR RELN

N T AREUH TR RO SRR, IR UE 2 B U 5 — Bk, ARk S A
T HSC-PS32 B TEAX o 12 M T B A AT DASRIMIBAARL 1 A AL 7, 0 Tk
R BELAR BRI A 0.2—Smm, 5T [ 440k BLAR R0 9 L& 0.2—25mm,
AL T HRMR 2 N<5%, [ SR PRINR 2 H<20%, R T N 3% Bt
N 0.2m/s—20mv/s, X3 BERTFE S S50 >97 %, BFIRI M FE Ry 1 405

2020, 2021 7 4 H % 9 Hix Ka/Ku BB = B IAAE] 2R 48 B e T DO sk
BEAT 2 B K IAES:, SN R 2 R AT R 1 2R B R =,
FESRAT R R WA G RIMNE = R [N, R TPk 3 ik S 7R 120k
BEATER A I .

3. ETWOKER O 58 F 152 #1 DWR ARM B FEK BRI NE
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W& SR E (DWR-SZ)
T AT DL, AR SR AN I B M3 R M4 AR [ 30 7 3 % P R
[ 58 P ZE 45000, SRR = WS R BELRE (Vair) FIREES4, EREHE
XA AR AT RR , G T DR B /K A5 5 A T 1 2208 ) [ g o B N )y 26
PR 72 . M3 BRI T Ak, HERIE X ELBUh, e BRI 2 1
1, T HANE 5 P A R, (R R B LU, v = o IR R ) bl AL
1M M4 K T KBk Ak 485 oR, e T REVE, GR0NEZE s, BI02
ME X LK.
DWR-SZ Jj %) 2D IRALFE:
(1) [l 5 N 22 35 3 Th &tk )l
N T ARBTE 2 BRI X, [FE R = F R DWR %, EHo
Rl M3 R M4 (1 [ 90 5 P R g A B B S 3, T A X RO I ASE g
VB PEEA E SZ IR B AR — 8. A A TR M4 B IX AR M3 S
Hlfg: EXAREULLE, FRAAERAEEE RN, R RN M3 #dfE
B MR LG OR T-45 E B I 6 3% M3 #dE, HABREDOESE M4 £ (Liu et al,
2019 )
(2)  =F Vair SIEAELA
RIS HUE TS DWR AL, 10 2= 16 B8 O SE M 2
BRI, iz 2 AUR S A 2 5 2 (G 280 b T R
1) B SR X B S BLIZ Bl [ 7% (DWSZ) R Vaire #7
PR P AN B ) 2Rl LA W A B 5 3B 22, BB F% Kay Ku JEB
J5 T U AT LU AL TE Mie BURHE LN, FERL T AT 1.75mm {7 B A E — M IEMHE,
XA B HE AN IR B RO B AR, TR R i P T PR A% v A
LI EARIN CBRM, 2020). DWSZ ik ik RBUT . FEMAGRS
SRR /N, B R BEEAAERT 1.75mm (R FIX RN . % REE Ka Al Ku
P SZ MR EE 7y HEARA [, LLEHANBEL SZ I, 75 BT Ka P B I1 SZ i fH
Bl Ku P B SZ 3 FE i b, BT LA DWSZ 1 s i 1) I BE ) 4 5 %6 72 0.38m s
K M3 R M4 LIS Ka A1 Ku AN SZ, 3t mT LAFS 21 R R s 2 11
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DWSZ S 1% 8 2 LR AR B /K X3 ) Vair, (HFFR Vair A 5 136 2
A—FERT
2) N T4 DWSZ ANRESIE Vair IR 2& S8 B A, RATHFH
T/ B [ 0 5 PR 0 2 R P /R BRER V. (ST) R Vair CREB =~
ik A B D7 A% Ka A0 Ku 3¢ B B 3k B8 77273 3R O ST(Ka) Al ST(Ku)).
XA, A AN AR 1 DY A [ 8 i P8 5 FE S ook T DA 30N [ P e B o
& SOE R P F Vair.
3) Vair [JflA, HR4E 6 F Vair (DWSZ. ST (Ka) 1 ST (Ku) #Ff)
A R RI L . RSN R, BAMWRE TAF K Vair RS, B
IR RS B A — 2 XS B Vair:
® /£ M4 HIX, KH M3 HI45R;
® JLE RN DWSZ 45R, A AFEM MK DWSZ B Vair I, 24 M3
S KT — e BER, R M3 4559 HARRE AR M4 1458
® {Ei%H DWSZ Z 3R X3, 705tk Ska F1 Sku HIPH- MR LK Vair, J&
JUJ 492 5 S M3 ({5 e bL s ST PR FREE J5 (1) Ska F1 Sku 2551, 1EHUR
KAB, 1% T2 B2 R8BI B S T 1 ARG Vair
XA P AR b R SO A RS, AR R T = T IA A ORI X A i
A R Vair, [RINEOYHE— 8 SOE M BRESR A 1 2%
(3) BT 2 $Th R S HIh
ARHRE TR 7 o N7 14 U8 8 [ 3 o P 1 2 S R A R WL & SZKar A
SZKur 7 5 fe /MU R IE I, 7E 2 s I 0T, W SRS v A
I

+V. +V
N (Di)z 05 SZKar(I/z Valr)+ SZKur(V; Valr) d_V (l)
0.(DY Ci, o (DY Cy, /dD

Forfr, 2RI R AT B B RS 2, Vi (AL ms™D) (A RONIED ATDy (R
Az mm) NG 1 UG L AR R T AN RN R AR S EAR, Vair 2R 1
AT ELESE (AL ms™D (] BV IED s R FE ELE B, N (D) CHAZ: mm'm™)
N TE 2T, oxa Ml oxe (BRAZ: mm?) 735108 Ka Al Ku B IS 7] HUN B
M3 LT FARETT FAS R dV/AD kL7 RV X R T EAR A 3 HL. Vair &
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A PSR [0 o B 1 o FE AT P A%, A3 2R T LN R SZ. Cra M
Cru N5 BAAT K F AL

Cka:@a:(
C.=

2+2)
2_1)
2+2)
2_1)
Horf: Mg A ko CHAZ: mm) 439318 Ka Al Ku B MK, mias mya 205004
Ka il Ku B S i fa k.

MRE B — N ROWIBHE T 4R, EATE & Z s ARG RO A T, K
LA EJTEAEIN (D) THEIERGRE, S /N e R AR P AT [ 35 5 3 A [l
VB 5 PR T FE R URRAT IE s ARSI AT IR S5 R 58 AN EE R [l s B v B, TR
TS AR R, XTI ARRX AR A ER N (D)« &5
SEVRAT 1E (1) [958 56 AR ] 95 5t P il 8% i 45 5

(4)  FETROH B sEEZ (DWR) WIS 40T IE

DB 45 R A B R R (RIS 2 ) MRS W%, A,
1B Ka F Ku 3B BOREAAAE RGmZE A Z, BESL W R EREL RPN
Bl s 22, 13RI A Z:

mKa

7T | My,

AK“(m

|
4

(3)

5
T

Ku
|mKu

F(AZ)= (DWR, (1}, 1,) -DWR (1;, 1))’ (4)
DWR  (5,,1,)=( Z,. (1) ~Z, (1)) —(Z (1) ~Z, (1)) (5)
DWR,(1,.,1,)= 7, (1, 1) —7, (1}, 1) (6)

Horbre Zicur N1 Zicar 73 AT T 08 SEBROULI AT PRSP B BB R, tkur (11, 12)
A tar Cri, 12D 23 590 A P R 1S 0 TSR I B 29 (dB) 5 DWR,
(r1,12) A DWRs Cx,12) 733127 B S LI AN Y R 35 1 2R 2k v B ) o 1 B 1
[AIfK) Ku AT Ka [R50 E 2 1Ak, B2 d ik s R, J5 ¥ 5 [l 5
TR R E Y] XFF, WL ERE RS Wz, Hin] S EIANF I DWRS,
M F (AZ) FIkiNE, BER AZ B EIEGRE R SR 2 . 1 A o Z TRV
ANEAKN, FEREEERZ L FHIL Ka fl Ku BB REEA K ZER . &
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fr b DWR 5 Ka F1 Ku BB FERER 2 Z2 4 %, BEEBK DWR EHUBCR, Rl
T8 72 S A R AR )
BV A6, O T A R S B AR, AT R T T T A
Gamma 7747, 82 38 T B ) RN 1% 23 A7 -

N(D) =wa<m)-<D3)m eexp (‘(’”D;‘”D] )

Hrb, Ny ¥ E (mm>m?), ©5FEFEESKEMN Dn IS0
FIEEE — o D NHEETFHERE, m NERHATF. X=EDNSEE TR
A FIB 46 77 205 (Kozu and Nakamura, 1991).

(5) J:T DWR ) LWC J i 52

T BT AT LA b 5 25 RO A B 1) S B, I B 2 EE Ka
Ku P BB R 58 B2 72 5k DWR U520, R A127% Hogan %5 (2005) #2117 H]
DWR B 5 FE AR SRS K & & (LWC) BRZR vk, &8 LWC, FFiltfrst
LT o 1275 SRR 2 TR A ML K S R 805 LWC B R . Ok

#EEH] Ka Ml Ku BB S S WX P, nrCLZms, PN B s
IR B ZE T LR QR 750 5

AKa £ AKu _ (ZKu (i + 1) — ZKa (i + 1)) - (ZKM (Z) o ZKa (l))

(8)

2AR
MR RIS EE, 1RGSR ABES LWC KRR WT:
A, — A, =472*LWC (9)

Hrp, Aka il Aku (Hf7: dB km™) Jy Ka il Ku B R EL, LWC (L
B gm™) AWEEIKE. EHEEERER R TR L, — R KA T
AR P A A T s, BT A S U R [ R s B RN T B Mie
HIC oF [ 8 588 P A B2 I, ) R g i o 1 % 2, THAE/ N (EL4% D /N T 2mm)
FEAL R SR 2 . FEAIAT Ka A Ku P B DWR I, SRH TS [ (1 i) o) 0 2E 2
P, DU B DWR B s BB IO 4L, 4 Ka Al Ku BB 43 51 R H 4 F 2
ANBFURICT2, AR T (1 45 R T DA HA IR 5 P8 72 S R i A7 S T g 47
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4. FEIFERRNHAMNIIESHALLE

4.1 DWR-SZ J5 i 8 1) 33 5 B8 AN G 47 B4 2 00 R A

HIERARI S B M B 1% WA TE 2 T ik Aty b 2 PRy Sl AR AR L R A
JEHS A TR ENIEF K, gE A — 2 R, ik, AR5
(RIIEI SRR “FRiE”, AT AR SCHR HH I 772 SO, i H Al sy AT FE IR
56751 CRIBRS-E8, 2021) o 7 7 0 2o AL BRI, SR 1 Jaffrain and Berne (2011)
JREAR T, SRR KGR /N T 0.5mm/h UKL T B BUN T 50 %R, HER
VR RS AR 2 e R C IR, 220> 9T I B S L R A A
(RO R T B ), o8 I 30 B L0 2509 BE I 53 (Tang et al., 2014), FERAY &AL
FrAFAREHE Ka/Ku BB 5 M EUR#KTH (Barber and Yeh., 1975), #AJEiHE
IV ¥7 T i 0 7 1 Ka/Kou 387 B (BT 588 R . L] DWR £ 3Rl J5 IE3E 9 300 m
e 5 P[RR it 5 R Y O VA A B ) T g e FE BB BT 1) 932 4K, A3 B DWR &
WIER. B 14T 2020 45 6 H 8 H 03: 16-06: 48 I BtA1 2021 46 A 1 H
05: 44-12: 47 W BA I R AR T 5000 Kay Ku [B19 38 AR ) DWR £
WRIJE 300m /5 _EIESEA 2K Ka Ku [5]3 58 B RER W28 1L 2. APIASM
(155 [B1 I B CR TR 1S 1 S50 BB s FEE /N 1 25dBZ), 7 I8 S B WLl ) [ 98 it B
5 R T 9 [ B R P e 2 AN K, R U, 25 B A I [ B R P R S ZE AN K
M 08: 10 LARTHISE RRFE, HmlB R AR K, R iR T L0 A (] 98¢ o P 5 87
DWR £ 545 1t 1E 8 1 [] 98 58 1 22 B AR K, Ko 98 B 2o B 8 M1 Al g i 2 o o
6dB, T el i A2 R BRI NI R K RAR B GEm AR K. 403 DWR 255K
WIEJG, P Rl s B 72 0] W AR /), o) 2 el gl i B2 I 30dBZ 1708« T 8:
10 JEMITEOL, 205 IRV [l 0 B B 1 R T PR T8 WA i1 o, 32 22
JRR A Zh BASREE ] DWR S Vair, MIHEL T Vair ARG S, Ktk
FR TR RO A B AR, 4 TR K 7 () A P i s 5 R ] i 5 il %
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Fig. 1 Comparisons between reflectivity calculated using the disdrometer data and
retrieved reflectivity at height of 300 m (a) before and (b) after using DWR-SZ
constrain condition during 0316-0948 BJT on 8 June 2020. (c¢) and (d) are similar
results during 05: 44-12: 47 BJT on 1 June 2021. The black and red solid lines are

for Ka and Ku band reflectivity from disdrometer, respectively. The dashed lines

for calculated reflectivity at height of 300 m from DWR-SZ.
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Fig. 2 Retrieved raindrop size distributions (a) before, (b) after DWR constrain at
height of 300 m and (c) that observed by the disdrometer during 0316-0648 BJT
on 8 June 2020.
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Fig. 3 Time—height figures of (a) Ku and (b) Ka bands merged reflectivity fields
from M3 and M4 modes, calculated (c) Ku and (d) Ka band reflectivity before and
(e), (f) after DWR constrain condition by DWR-SZ algorithm during 0316-0648
BJT on 8 June 2020.
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Fig. 4 Raw Z, corrected Z after attenuation and that after systemic bias corrected
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4.2 AN[F) T A5 3 12 S BLDE L 2 7 0 b

FRATT A, SR Th 28 7 v RO I S S B S 2 3 R BT R
B, Ak, TRTHBRAT S 2SS A U R R G 1T B . &S
AT 20204 6 A 8 H 03: 16-06: 48 i Bt DWSZ J5i:43 348 M3 Al M4 %
o BRI EE R, N T AT TR S EE R E G R, B S A T Ku
I Ka 5 Bz B S ) [ET s o 8 o M SR PT U H 3 e R A K (B i P
45dBZ, [ERETIELE 12km /247, 4.8km A RMEREZZHINER, H 6 M
= HAR R Tk, Kz B R R R, A DX T R RS
ANBA 2 o DWSZ 752 FE 5 A S A5 380 F b P P X 3 L R i K /N5
CESRARW B, 4KE Vair RZEEX0.5 m s T H, (25 AR X R
SRAHENER, AN DWSZ ik gE, Aoy trie”, o
BB R B THE R ) E Ui ST (Ka) F1 ST (Ku) f4h

14



351
352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

B 5 202046 A 8 H 03:16~06:48 IFf B (a) Ku JEEX. (b) Ka J% BN
(5] 95 58 L (cOMI3 A (dOM4 $4lE DWSZ S 1] Vair A1 Ce) P & 1 75 (M3-M4)
B Ta) -

Fig. 5 Time-height figures of Ku- and Ka-band (a, b) raw reflectivity, (c, d) Vair
from the M3 and M4 modes, and (e) their bias using DWSZ during 0316-0648
BJT on 8 June 2020.
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Fig. 8 Time—height figures of (a) Nw, (b) Dm. (¢) LWC and (d) retrieved
attenuation corrected Ka reflectivity by DWR-SZ drove by the Vair from DWR

algorithm during 0316-0648 BJT on 8 June 2020
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Fig. 1 Comparisons between reflectivity calculated using the disdrometer data and
retrieved reflectivity at height of 300 m (a) before and (b) after using DWR-SZ
constrain condition during 0316-0948 BJT on 8 June 2020. (c) and (d) are similar

results during 05: 44-12: 47 BJT on 1 June 2021. The black and red solid lines are for
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height of 300 m and (c) that observed by the disdrometer during 0316-0648 BJT on 8
June 2020.

23



531
532

533

534

535

536

537

538

sy
n

(b) Ka band raw ref

sy

-
—y
—y

-

o
o
2

H( km)

o - v w sy N e

35 4 45 5 55 6 65 35 4 45 5 55 6 65
Time BT (h) Time BT (h)

(d) Ka band ref after

(c)‘ Ku balnd ref aﬁer
aft: correction ¥ : r dBZ

H( km)

35 4 45 5 55 6 65
Time BT (h)

H( km)

e mh w s v N

35 4 45 5 55 6 65
Time BT (h) Time BT (h)

B3 2020 4 6 F 8 H 03: 16-06: 48 i Bx M3 1 M4 B G &) (a) Ku BER.
(b) Ka PBBJAAH MR, DWR ZRETHER (o) Ku B, (d) Ka Bl

PBEAE, DWR LS M5 Ku B (e) Al Ka JEL () ISR

Fig. 3 Time-height figures of (a) Ku and (b) Ka bands merged reflectivity fields from

M3 and M4 modes, calculated (c) Ku and (d) Ka band reflectivity before and (e), (f)
after DWR constrain condition by DWR-SZ algorithm during 0316-0648 BJT on 8

June 2020.

24



-10 0 10 20 30 40 20 10 0 10 20 30 40
539 Z (dBZ) Z (dBZ)

540 K4 (a) 2020 % 6 /1 8 H 0605BT Hl (b) 2021 % 6 J 1 H 07: 46BT Ka B
541 JEARIEIESREL . 55— VT ISR IRAT I 5 IR [ I 5 R 2k 1) LU E
542  Fig. 4 Raw Z, corrected Z after attenuation and that after systemic bias corrected

543  profiles (a) at 0605BT on 8 June 2020 and (b) 07: 46BT on 1June 2021.
544

25



545
546

547

548

549
550
551

552

12— . .
11 (b) Ka band ref
' dBZ
104
9 45
ol 35
2 6 i
I
8 -5
4 15
31 -25
2 -35
1
0 T T T T T T T
35 4 4.5 5 5.5 6 6.5
Time BT (h) Time BT (h)
55/ () Vair with M3 L 5 (d) Vairwith M4 | Vair (ms™1)
5 5
4
1 3
2
1
0
-1
-2
-3
-4
=5
-6
-7
-8
-9

35 4 45 5 55 6 65
. ,_Time (BT) , i ; Time (BT)
5.5 (e) Bias of Vair between M3 and M4 L AVair (m s)

05
0
-0.5
-1
15
2
-2.5
-3
-35
-4
-45

35 4 45 5 55 65

& =
Bl 52020 4 6 H 8 H 03:16~06:48 I Bt (a) Ku #BL. (b) Ka P BV [R5
SRAE. (¢) M3 A (d) M4 #dfs DWSZ S Vair Al (e) W% (M3-M4)
o ] - = S
Fig. 5 Time-height figures of Ku- and Ka-band (a, b) raw reflectivity, (c, d) Vair from
the M3 and M4 modes, and (e) their bias using DWSZ during 0316-0648 BJT on 8
June 2020.

26



553
554

555

556

557

558

559

(a)  Vair with Ka M3 I Vair with Ka M- v,

H (km)

35 4 45 5 55 6 65 35 4 45 5 55 6 65
Time (BT)
12 : ¥ Cl
(c)  Vair with Ku M3 1 1 SR M Vi (s
5
2
3
2
1
0
£ ]
g 1
-3
I -4
-5
-6
-7
-8
-9
Time (BT) Time (BT)
12 ‘ - : 12 . .
111 (e) Bias of Vair between Ka M3 and M4 b 114 (f) Bias of Vair between M3 and M4 Bl Avair (ms-1)
101 0.5
94 0
-0.5
8 -1
27 b 15
2 6 - £ 2
T T -25
> I 3
4 -3.5
a 4
-4.5
2
1
3.5 4 4.5 5 5.5 6 6.5 3.5 4 4.5 5 5.5 6 6.5
Time (BT) Time (BT)

B 62020 £ 6 A 8 B 03:16-06:48 B & ST (Ka) J7354>BI{E A M3 (a) . M4 (b),
ST (Ku) #3IfEMA (c) M3F1 (d) M4 ZiERIER Vair ESESERE, (e) A
() 2R APFTIEERAARERLERDN Vair fiZE (M3-M4) B jE)-5EE.
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Fig. 8 Time—height figures of (a)Nw, (b)Dm. (¢)LWC and (d) retrieved attenuation

corrected Ka reflectivity by DWR-SZ drove by the Vair from DWR algorithm during

0316-0648 BJT on 8 June 2020
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