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Parameters Retrieved by a Vertically Micro Rain Radar
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Abstract The performance of the Micro Rain Radar (MRR) in estimating raindrop size distribution
(DSD) and integral rainfall parameters (i.e., rainfall intensity R, liquid water content I, radar
reflectivity factor Z, mean mass-weighted raindrop diameter D,, and intercept parameter N,, of the
normalized gamma distribution) was comprehensively evaluated using coincident data from a 2D
video disdrometer (2DVD) and an X-band dual-polarization radar (XPOL) in Beijing during the
warm seasons (May-September) from 2016 to 2018. A comparative analysis between the standard
MRR products (“AVG” data) and the reprocessed data ("REP") derived from raw MRR spectra was
conducted to assess MRR’s accuracy in both stratiform and convective precipitation. Key findings
are as follows: (1) The retrieval accuracy of DSD and rainfall parameters for "REP" data
outperformed "AVG" data, with superior performance in stratiform rain compared to convective
rain. The reflectivity (Z) bias improved from -23.74 dB ("AVG") to 0.74 dB ("REP") in convective
precipitation. (2) Compared to 2DVD measurements, "AVG" data systematically underestimated
DSD and rainfall parameters, with underestimation increasing with rainfall intensity. In contrast,
"REP" data exhibited higher correlation coefficients (Z: 0.96; R: 0.94; W: 0.93; D,,: 0.87; logioNy:
0.78), lower absolute biases and reduced root mean square errors. (3) Simulations of reflectivity (2)
and differential reflectivity (Zpr) based on "REP" DSD showed better agreement with XPOL
observations, with biases of -1.14 dB (vs. -3.04 dB for "AVG") and 0.02 dB (vs. 0.12 dB for "AVG"),
respectively. (4) The vertical resolution of MRR significantly influenced retrieval performance. In
stratiform rain, MRR-retrieved DSD and rainfall parameters at 30 m, 100 m, and 200 m resolutions
shows high consistency with 2DVD measurements. But in convective rain, the optimal agreement
occurred at 30 m, while the 200 m resolution performs marginally better than the 100 m resolution.
In summary, these results demonstrate that applying de-aliasing and vertical wind correction to
MRR raw spectra significantly enhances its capability to retrieve DSD and rainfall parameters in
both stratiform and convective precipitation, providing a more reliable technical means for
investigating the fine-scale vertical microphysical structure of precipitation.
Key words Micro Rain Radar, Raindrop size distribution (DSD) and rainfall parameters, Retrieved

accuracy, Comprehensive evaluation
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WEFE. BERE. RKRE) ZEAERRE R (McFarquhar, 20100, iR R S5,
BlnfE Ry 2 A K S B WS EOR DL R IE R . R R 2
DSD [WARS> S8, S5 DA I 35 1 T DA IR T A (] 00 8 o 1 i SR A i
F AT EAEREG, . FEALE T SRR I (JWD) (Joss and Waldvogel,
1967). WOLHE{X (Parsivel) (Loffler-Mang and Joss, 2000 B&/K & A= %%
A% (POSS) (Sheppard, 1990). — 4 45 /i Wi 1% 4% (2DVD) (Kruger and
Krajewski, 2002; Schonhuber et al., 2007). 7K A A/ MR (HVSD)
(Barthazy et al., 2004). £ MEHFHMHN (MASC) (Garrett et al., 2012) FIEK
&L (PIP) (Pettersen et al., 2020) %%, XEEXAFFILIERE. HEN. EL3RE
ORGP (ER R Ee Y= E 7N = . K VA= M SRS 07 S Wb = ST = W o 1 S A
N R K O ERAE J .  FH EE PA AR I WY T ak ER AR T DL U A T I BB R,
{HAEAR N T I 1A) 43 FE R AIG, T — e A iy s AR R ok (1) %) 7t 2 P T R
25 1) M WA LE W JE s ok DR S ) oy R R AN i, UK 23 7/ RUBE (1 B
R AFAE AN =) s e R Pl s T RE S RIS — S ORI PR R 4T . R IR BT
AR A KB 25 90 BBl P (RT3 K ARRAE , L El T R 2R A0 £ 5 b T AR 28 A7 7E — 8 i 5
FEMTHO T EOKER A VS N AAE AR E X, I HE T RAFEEREIFERNS
000 VB V2 N R S B R B2 A K (Das et al, 2010; Zipser and Lutz,
1994) s HREEIAAALL, R0 B A T SR AR X BT Ay fa7 BRI e 2010 T BOR AR
Bee WY £ B I B EOK B TOK B ELA5 M, A b 1 R =R U 1k 5 i T
G5 R 2 AR DG 22 [ )

MRR J&—Fh TAEFE K B RN 24 GHz) IR ELIR F AT L)% 2 4
EL, HAERSN BRERE. FR. 5wl BER RSN (Peters et al,
2002, 20100, A LA BESRIRNHEE . K NEEE. BERE, SRS EN KR
BRSNS HE BRI (Metek, 2012), Bt MRR EHRR B K I B 4541 )7
AR Z R . Blan, e RIS (TRMMD H (Kummerow et al.,
1998), VFZ A7 ## M H MRR X #isfE R DSD [ B AR RHIE (Cluckie et
al., 2000; Das et al., 2010; Rudolph and Friedrich, 2013) . #3F 4R = MER =
B W 10 SO R B 4G (VPR) H34iE (Das and Maitra, 2016; Dasetal.,2017) « Bl
VPR it [ Y 3 S T8RS AR (Kirstetter et al., 2013) 25HF R T K& 7.
SKAE, FRETERFH MRR W70 B W ELA5 M . AR 2= 5 I 0 RORL A 25 1 B
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AR S 7 AR EUT 7% 20t 7R B, BR3 % (20100 Al MRR 7L T
N 5T AR RUBE IX S8 B /K R 20 A R AE, PRAl S 28 BRI MRR 2 H.
1 Ff 0T B Y S HOR I HER PR A 2, FEREH T (8 A 230 MRROAH BLRS SR A v
PRI BER 7. Wang et al. (2017) FIA MRR & Ll ZR Hb X 200K 2 [ RN I A2 1Y)
DSD T ELRFAEREAT JAITTT, I b 1 52 (bright band, BB) HMIRHALZ K I I 7K
B FAE (EVE 48,2023). #x# % (2019) fH MRR 5 Parsivel /i i
SCRE I T — R = R KIE R R 1S, JFF8H MRR S ETH. R
ASCHU B 1) SR AR Y B ) ) BT R — Bt . Zhou et al. (20200 AL
JRTHX ¥ 2DVD #1 MRR, 50 7 =FifEmiSEA COhm. BIREBER . SR s
FEFI) 1) DSD. FEZHN Z-R KAMEEEE. R 55 (20200 FH MRR
LI HCHE %o b b [X B 2 A0 A 2= [ K S 8 B A A ARFAEREAT T R R G857
Bro Mboh, EHADEFIFR T ET MRR 623058 500 00 1% 5 2 R
(Kneifel et al., 2011; Makino et al., 2019) FR.FAA 7 (Giangrande et al.,
2013; Fut 25, 2023) ZEFHOCHT AT

O TT O, MRR AR 9R i THT  30 1% 13 55 % TR T W0 = 1) 22 S Py o T
W%, R AMKEEENN— N EEREARTFR, HFEE, MRR RIEN
S AR Z BV 2 R R RIS, 0 B . Mie BUR . 32
RO T V& 3 AR 048 1625  (Chen etal., 2015). 552 3 B4 51 2 MRR
RER P &R, THEFEM T MRR FHRNREE . Tridon etal. (2011) #2H
T —% MRRIB"E 5 HARMTNE, Beibnic Bl g A Rk 20 8 ANt
(RITheil, sk T HOT [FIBOE BT, 42 T MRROWLI A (it . %07
P FARR AT 3 m s, EFSR/ANT 2 mo s I, (HARF S
FEEAM (1-2ms?) KRN, Janaetal. (2018) i E 80052 24 B 4T 1 rp i
FEAB o AT SR P Wrdr B AL, X P 752 B0 HL R PRk 5E 7 W] REAFAE T 2
(K BOR T 7E R B, Hi% )59 % MRR. i K AT &3 520 . Adirosi et al.
(2016) fR e BAIRAE 1 km YO ARG GLE, EH 2DVD I 25 5K
B3 BN MRR S8 DSD 52, ot T MRRARAESR /b H 5 %2 . RIEZE
St MRR PRI RE D7 T P e T AHOCH 7T, (H L 2R R R 5 vt 7 T L
AT MRR S DSD 540 (Jiang et al., 2015; F it %5 2017).

g5 BRTIR, %F MRR TE J i B I 6 B 245 M IR 33 FIAZ AR IR I, A SOt
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MRRJ5 46 LI 4 ) 2855400 (1 7E X I 25 R0 1R 2 B Km0 P A A e s 2 21 i
A2 K? PLAANMTHTE MRR A SO0 B2 55 r) @, A AE 5 X 2016-2018 4%
Z= (5-9 F) FER R R XPOL M 4R 1% (2DVD) MIMEHE, % MRR
AR DSD FF# 2505 2DVD Al XPOL W 45 AT T VXt ot 436
PEAl MRR 7EANF FK R b [ 38 DSD RIS EUERtE, AINIR B E 4
AR A BRI R4 A4 B8 R A R R T B

2 8l 55k

AICHTAF XPOL. MRR F1 2DVD WLl 55 kHE M E <9737 1 H 8 HLH K
RFE RS RGN B F7-500 - F I R AR R WL B (i FRess & 9737 (FH P
5., 20200 £ b HTHL DX I R K L O R RGEIE TR LR G Wk [EDUL I 52 56 FR
Fo =MACER A B A 1 Bos, Horht XPOL & AL B RS E 0T 7L
It 2= B K P B i R S S R ) — S R R O, WA (R T b T
JIi S IX BARUT 57K B2 BEl (40.1862°N, 116.6863°E). MRR. 2DVD Hl— i i &
BT X A G R (40.1269°N, 116.6153°E), 5 XPOL Fi 4] 8.9 km.

FF AT FIBAESE K E 2016-2018 4EFEZE (5-9 ) FFM I FEH MRR.
XPOL. £ 2DVD =AM AS#R A SRELHIEE (Luo et al., 2021), 42 /1 3 I B /i
# R FWRUEZE or (RIS 8] AR A0 B K K1) 230 T 2R 25 OGS VA 2= e 7K 7 o 6 7R
(Bringi et al., 2003). &+ MRR F1 2DVD [FJ AL 26 B2 Y 7 B4
48960 1>, o1, FIRZ= 3496 4>, Xz 928 4~ MRR A XPOL [A] s A I 21
BRI 7B EEA Ny 2697 A4S, Hodr, FBIRZ 546 4, X e 1524
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B 1A S T ERAL . (a) BLA (b) X IEBOURAR R TERE (XPOL). (¢) MM
B (MRR) Ml (d) 4B (2DVD) MR I
Fig. 1 (a) Geographic locations of the instruments and photographs of (b) the X-band dual-
polarization weather radar (XPOL), (c) the Micro Rain Radar (MRR), and (d) the 2D video
disdrometer (2DVD)

2.1 TR IS

A AL FH 2 METEK GmbH A R 47 1) 55 “AAMRR, HAERESH L 1.
A MRRAFLE T3 — R & T Rz Hae ), SHNCE BB R E
(Metek, 2012), FIARYEIPRTE EHEAT 10-200 m M RAECE, HRKRNEEN
300~6000 K, B FLICsR 32 NEEE R EIBAE R, 5B R X N e BE i T
0 K, M BB (<100 m), FIF/NEE B EZIT TR R, —HBA
R, Ba—NEERE, HTEMEIC, ORI HBRESr . I, MRR AL
BB HE RS 3 2 31 MEAE. Ho, =R RN RE S H2
HOTH T HREUDN, O AR TN 45 A S HE R . ASHIE 78 i MRR St
B =MEES#%: 30m. 100 m A1200 m .

# 1 MRR A SH

Table 1 Operating parameters of the MRR
AU S
LK 1.24 cm
RIS 50 mW
EpeyiLil FM-CW
WATT 1A B EH 7 1A
MR B 2
FEEG 7R Ar : 10-1000 m (adjustable)

AR AT PR 3AF




PE B AL 31

N[5 73 7 2 At>10s
BT 0.191 m s’

2% 2 QR T S 0~123ms!
AT ERIINRL - ELAR T 0.246~5.80 mm
/N ATHRIN 2 53 % -2 dBZ

2.1.1 MRR H b AEAL R AR (“AVG EHE)

B2 %7K 1 MRR R SR ALK 2 Bl 77 St O AL B AP IR . AR B AL PR
FErr, Mg {3 /2 Hildebrand and Sekhon (1974) #HHIZW HiniEk CF
SCRETAR HS 5, JRURDI 2 e )G, AR ESAEREA 0 KT, 446
HE-HAERAK KR (Atlas et al., 1973) F1 Mie B FRiE IHS 2N IE (3
2137, BJa, N Petersetal. (2010) AR IE 51, B XUE B2
Hhk (PIA) KT 10 dB [ 51 B )G FRgEAT I (B]ST38), it a) 70 9 220 1 40
P28 T SCRPR “AVG ) .«

COTTE
oy
HS T A A -5 B

A

DSD /% ifi
TERAT IE
!
G g
Cowk

Kl 2 MRR“AVG™ ¥ Ak B i 2
Fig. 2 Flowchart of the MRR “ AVG” data processing steps

2.1.2 MRR ##f 7 i #2777 (“REP” 45D

ASCERXT MRR 235 B S AR T 22 1% R F B O 4l Ab R T5 7% (Reprocessing pr
ocedure, fiiFX REP), 5 FiR“AVG ##EAHLL, REP H¥Ei=mfRsi &R A T
Maahn and Kollias (2012) (MR 1R 47 Z (17775 Adirosi et al. (2016)



[¥] MRR )2 2 B AR AT 00 777 Wil 3 Fos, SEHGAN SRR 8] P AN &
FREFEA ) MRR JFAGTH ARG SN 6 MEHEPER: (1) BEAE M5, (2
BYrE; Q) BEHARMITSITIE; (4 KEAHESER DSD; (5) MRR #
AT IE; (6) MR4EDSDIFEFENA S8, Hp, M) 5 2P IR
D) {8 HS 2% MRR PRI REAS w8 2 J2 1) J 4 T 2 1 3047 1 7 KT (R 400 20 £
T, R R 1.2 R TR K E SRS 2) WRE 90%iERR D
MR, R R B (decreasing average, DA) fifiit A K/N (Maa
hn and Kollias, 2012). fEAWTFTHEHEES, KL 13%HDHRERA T DA L.
FEAS B AR BB T B R M, MRR PRI A BRIR Y A 0~12
m s™ o YU BI 2 (Vo) IR E EI, B KA,
TUL CEFD R E DR R an 258 s (I PR ER/N OO s,
Ui 12 m s 1) Vp tHERAE T B R ME SR, KT 0 mos™ (1 Vp 4 HH A B
W KAE . W 4 7R, B 4a SR T SRR SR A O PR KA X1 28 b A 2 )
HPEARME X AR R, BEHIAEAE R UT AL B R A2 98, MRR it b 3
AR IR BATIRIT B4 (K] 4b).
()

]

MRR R U5 2 1 22 i (1)

W (1 5 R
(HS+DAE)

o LT P Ay e B ) S B R
Ny, Higdh S

AR 0 i I
w = Veopvn -Veurr

DSD/iiH
l
T IE
l

1 2 M | B

Gt

Kl 3 MRR “REP” ¥ b B i 72 4]
Fig. 3 Flowchart of the MRR “REP” data postprocessing steps
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AR Maahn and Kollias (2012) 17255 B 46 D2 1 AT R 7 8 4k
W BB §AEITIRITE, kB LI GHUANN 717 B B R R
TN B il — A =W, VG Y-12-24 m s B i e IR 9T & 5 i
A (1) MRIEEE § ANFESZE I Z,, JHE W RS ASE R R
R BI KR ve2.6Z1 (Atlas et al., 1973) 15 Fi%FH 55 PE (1T 7% K 8 1)
FURME ves (20 =I5 ve 22 5 /N WRME I T 9 j BE RS FE rhilhige; (3D
ZUEAEAL B -1 1) AN PE [ A 2 1] IR Je M 7 7 S ) i /N P82 R 5 A1
F33E FBR R (4) SEHT S A HmR I A R B, A RVEE— AN E
B EERAFIE S ANIGEAE . 40 ] dc BT B 3T B )5 15 2 1 58 96 31 S 5 3 1 /E 3
- B B A

(a) Raw data ater noise remove (b) Processed data (c) New data
900 1 900 ‘l" 900 ! !
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[
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! . Yy, &
630 630 ' 630 rop | 8
&= 1 1 1 3
E 540 1 540 i 540 . i | S
= | @
5 450 450 ! 450 ! . ) 2
D 1 [ 1 l Q
T 360 360 1 360 v ' <
1 1 ol | =
270 270 1 270 ! ol =
1 i 2
180 180 | 180 i 1
1 1
90 90 90
! I H
0 0 1 0 1 1
-5 0 5 10 15 20 -5 0 5 10 15 20 -5 0 5 10 15 20
V(msT) V(ms™) V(ms™T

4 MRR T 2018 4E 06 H 30 H 18:59:24 (BIT) MUl (a) LGRS ZHE. (b) brukit
B FRR N AVG SO ZIEH (o) X 5UIATE 55T AbFE15 3 1) “REP” SR #1% (fafr, 5
fir: dB) BHIEL- w0 AT
Fig. 4 The height-vs-velocity of vertical profiles of reflectivity spectra (shaded, unit: dB)
obtained from MRR raw spectra (a), the averaged data (b) processed by Metek standard
processing method and the new data (c¢) from MRR “REP” data on 30 June 2018 at 18:59:24 BJT.

M MRR SRS FEIR o — DN E R R 2 E AR, BRBEREEAKT
SIS B LSS, AHRTESCBRBE K R P A TE AN 0. Sz KA TER
BRI I BRI B, E 53 A MRR Zh6AE (047 & a8, i 580 DSD Jx s
WZEAEE K. AL 2DVD RiATH EIRITIE (Adirosi et al., 2016).
{5 & DSD 7E 100 K N 1) 2 B A6 20 A TE HAE BASRAE 1 km BN &2

(Giangrande et al., 2013; May and Rajopadhyaya, 1999). &% T B <R AE VT Hb i
BT, DRI, ARHE MRR SR A 1 I S 2 iU FE AR 4 2DVD ) DSD
TR SO B MBCE B R e AR . T AR IAELE, R 2 AR



FEZ, X ZEHIT+0.2 m s ) MRR [ ZhZGE R B Z 0747 | HARAT
1E, AT A BR MRR S 1% A (1) 3 B

2DVD R4 DSD 5 S FANBLE Dy (RIFRRF AR Ve 2pvn):
[v(D)N(D)o,(D)dD

[ N(D)a,(D)dD

(D

¢,2DVD —

Ho, w(D) (ms"YNEAN D (mm)fHRE K FEAEE, NMD) (mm'm?)FR
AN BARAL T D~D+dD Z 8RN, on(D) (mm?®)Ay R 5 1) A5 48
T MRR (¥ S22 SLE R S 22 0 8l i 1) — B e
[n@)vay
v
Horb, pv)/d MRR BUEEE (v) HBREU SO 2 B R, v ol Jo0 i T8 FEAS 1A 1
I .
2.1.3 MRR 2 Jif W i i

R MRR MIhERE p(rf) (r NEIEFESFE, (N2 EIER) 5 %
T2 BE (7, f):

(2)

¢,MRR —

<
t(r)
L, C NEEEIER IR KLY 665 H A SRR R () N REE
Fid—BIREER r BERFET B HIEIE 2, () 512 NI B A X (Peters et
al., 2002). TFEHLLUER (V) AREIN R EREEE: n(rv)= n(r, HiAv, H,
AvsE MRR 7 #8%2 0.191 ms™ . AR FEE-BEAENAR KR (Atlas
etal., 1973):

N, £)df = p(r, f)dfC(g—] (3)

\

V(D)=9.65-10.3exp(—0.6D) (4)
BHAAND (mm) FIREIKRLF )R G L% EE n(r, D):
n(r,D)=n(r,v)x6.18exp(—0.6D)5(h) (5)

e, S(h) LT 5 255 5% 3 AR A& IEIR T (Foote and Toit, 19
69), HO(h)=1+3.68x10"h+1.71x107°h*, h(m)EHIREE . LB ET
1EJ5 1 MRR 2 J8 1ok T3 BEVE N 0.76-9.36 m s, Xof SRR F BTG LA 0.



246 - 5.80 mm (Metek, 2012; Tridon etal., 2011). %5, MRR &F/EE 5 E K 1
W15 A N(r,D):

N(r,D)ypg = no(_?DD))

Hrb, o(D)N2ET Mie SRS AT 5 17 B A -

(6)

2.22DVD

THERARL TR A (2DVD) 2 A FH N A TR A [ A R 2R B AR AR
FHI—A 10 cmx 10 em B 7KK FRAE R Gt 2DVD X 28 1 RFE XS kL7 14T
EOE SR, SR IR BRAE G R OR, R AR 0 TE AR R A
HRLFIITEAR . R/ANA R ¥ RIEEE 455 2. (Kruger and Krajewski, 2002)., &
AR RRAS Y, 2DVD X RLF- I 5 45 SR P S PR BB R N i P (Nepor et al,
20000, AAFHMZE =M 2DVD, ML HTMRRA, % =48 2DVD & 1%
Y T RN B2, R SR X 30 5 51 (A - DG A e LB 97 51 A 0 15
Z155| W T2 (Schonhuber et al., 2007; Tokay et al., 2013). FJf 2DVD Wl
HOE vE B SR I T AL AR A B P PR RS 20K B V(D) (mm'm):

1 Zm,. 1
AtAD f:]AjVj

N(D,),pvp = (7D

Horp, i ARBRLTARYIOL, R ARIN, mi RAER RIS A R RFFESE @ By
WHRL NG AR 2 BRFEIA (mm?), VK1 j B F % ASH B (m
'), BEAZMERE AD=0.2 mm. AN, ARSCEEA K 2DVD W A PR A /)
T 20ms's BT 8 mm. At/ T 2 M, JR FV&EE T Brandes et
al. (2002) #Uh&r (38 B - A% K R60% LA SN B, DAFHERSR 52 55 XS i & A6
A5 EAT RS R VR AHEE (R (Nedpor etal., 20000 (& 5a), 1R IEL 1€ 51
2DVD MU 2 /NI Y E AR E RN R R LA R A Sb s, =
—HEAEE A, KRB 099, BITRIRZEMAATHERZDCA 0.72 mm
F10.15,
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K5 (a) 2DVD MM R G Bl F i NV ACE L (V) MUEAR (D) EANA] V=D [HIFE A 1
A (PR AA SRR F L AT 8 R 287 )N Brandes et al.  (2002) H V-D 3¢ & M H+60%1A 7)) Fil
(b) Fii% )5 1) 2DVD 15 2 1) /IN R AR & T A HUS R
Fig. 5 (a) Distribution of the drop count on a log scale at different diameter size and fall velocity
bins measured by 2DVD. The black solid and magenta dashed lines indicate the drop terminal
velocity calculated using the model in Brandes et al. (2002) and its +60% bounds, respectively. (b)
Scatterplot comparison of hourly rain amounts between rain gauge and 2DVD after data quality
control.

2.3 XPOL

XPOL FEHARSHMNAEK 2, TAEMARN 9.37 GHz, %7 1K 7] A FIHEL
KA B AN TT 1 B IR, BB (PPD . BEE- & T i
(RHD. #41 (VOL) FlE (SEC) PUA## 7730, AIHRALK-F R H 7
Z, BIE V, B w. EORFBHET Zor, E0EHEHEE opp, ZEoERHHE
% Kpp LA SIERACAH R R prv S IR S B 1E 2015 4% 2018 4F, XPOL fEdb
TS K SR FE AT (B 1. ARSI XPOL $245L 1) Z F1 Zpg Hd %ot
MRR ZEFH[FRFEAATA A ) DSD B ) Z A1 Zpr #E4T%F EE . 7E4EFH XPOL &
REHE 2R/, T B R A AR R T EEME, kB SA I A B AT T R A
FESLZR BB HISIBE (Maetal., 2021) Zpr RGLIRZE VT IEFIZ 53 HAL ooe IEE (15
5%, 2018) LLR Z M1 Zpr (21T IE (Bringi et al., 2001).

%% 2 XPOL TR RESEL

Table 2 Performance parameters of the X-band dual-polarization radar (XPOL)

ZH E{=t
BR(7ES 9.37 GHz
TAERE XUR AL
ik 5 5 0.5/1/2 us
WA Th 2 40 kw
e 7 2R 4 <3 dB
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(A >90 dB

KREEAE 24m

KRR 4478 dB

TR TR 0.99°

HE B R 75m, 150 m

PR 5B Z, Zpr, Pppr, Kpp,
e pav, V, w

WAk 77 5% K/ E Btk

2.4 P& S BN bRk

R4 MRR S tH A E S ER DSD iIFHEHENS%: R (mm D). Z
(mm®m>). W (gm?™). FEMBCFER Dy (mm) FFRHEN gamma 731
BIEZE Ny (mm'm™?) AR AR

R = 104 ZD V.N(D,)AD, (8)
L
Z = Y DN(D)AD, (9
=T iDW(D)AD (10)
6000 =
L
> D!N(D,)AD,
D, = (1)
> D]N(D,)AD,
i=1
4* 10°
N, = ( 0 fV) (12)
wp, D,

Horb, LOVERIREEL pw KHIERE (1 gem™),

FIF T HEFE AR 73 (Mishchenko and Travis, 1994), 1B % R i F 6 £
XA NEIME 00, ARAEZE 10° m A, RN 10°C, RURZIREE ALK H 2DVD
M- AR, FIH MRR S ) DSD IR H X B E A Wik S &,
KV /EE B SR Zny (mm®m) FIZE 5 2R Zpr (dB):

_ 40* J'Dmax

h,v 4

(D) N(D)dD (13)

w
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V4
Zoy =10l0g("1) (14)

v

Horpr, N REBEK, K AHKNBE T, finn AR EKE 7 ) E
JE A BRI . A T ik MRR Al 2DVD. MRR Al XPOL 2 [a] f{IAS [ B& i 2 %5
SR ZEER, ACERHTWUMAREMNS IS5, B mZE (Bias). kL)
7 (Normalized absolute error, NE). ¥J/7#{i%% (Root mean square error,

RMSE) DLEAHI< R % (Correlation coefficient, CC):

) 1 &
B1as=NZ(Xi—Yi) (15)

i=1

1 N
NE:ﬁ;]Xi_Yi' (16)

Y

1 N
RMSEz[EZ(Xi—Yi)Z]”Z (17

i=1

2 X =X)(Y,-Y)

CC= (18)

[Z(Xi —i)z]”z[Z(\c -Y)'1”

Hop, NOFEAANE, TONEAREE, X 2THE, Y RSHME, A
MRR f“AVG %85 F1“REP” 4% 5 2DVD. XPOL #t47tb#e, Kk MRR H2A4E
NAGTHE, Bias NHARE MRR /NTZ%14.

F6 MRR 55 = A 85 2 (U E A 2DVD X B, 04T MRR 7 b BRUT B4 s Js R
. MRR {7 F XPOL 1A 222.53° /7 fi7~8.9 km FEEE AL (P 1), A SCYSCAE AL
M, XPOL HIEARMM A 3°. 4°F1 5°, HIAPEIR G 1°. £ XPOL 5 MRR
rbbicd, BT BOR RS AY, TERERAATIA R MRR FE & E 42 A
MRR 5 8k W 8E B BT AR A . D T DUHC — 2 0 5 25 SR AE = [A) h ) — S0
AR IR B (WF) 3ET MRR RIS RATIRIE, ZEBRE S E
KRB B AR AN A AR B e T TR K R B HE S AR AT % (Gorgucci and
Baldini, 2015), 41 Fffi7s:

jj G(0,0)dQ ~ %WF,. (19)
i=1

Horf G0, @) NERAAFRZR(0, @) HIREIN S, dQ RIS, N ZHBEH A
FAPI XTI MRR R4 S 3] MRR &R 5 BE G A 23 BC A 5] R RCE S
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S S R A2 0y [ % (Adirosi et al., 2020):

30
Zh/v,w ZIOIOgIO(ZWFjB1/V,j) (20)

J=3

S WER,
Z,,=10log, | L&—— (2D
ZWFJ‘PVJ
Hrp, Py A1 P, N MRR 2B j NEFRKCPFEE R E (mm® m>), Fhxwit
RIBUS BHE S W Znpgw T Zar o 53 AR IBUG 17K F/3E B R S 2§ (dBZ) A
ZN R R (dB).

34k

3.1 MRR 5 2DVD *ftt

K 6 FIE 7 JEor 140 BIAIH MRR “REP”HI“AVG $# S 3¢ DSD 51 Z
(dBZ)~ R (mm h'"). W (g m™). Dy (mm) PLK N, (mm'm3) (L logioNw
JER) 5 2DVD WSR2 mpxtth, B EARH T SAGISEINE, HdE s
TE 11 R 2RlaErh, N =35 2 A OG MR AT . R OB R T M BEFEA I 45
JER AR = IR B TR 3

T D F Ny FFIEEEST Z. RAD WA RBORET N, BIEERERK
i IR R R TR S . Ak, “REPEUEAEATA S8 LML i T
“AVG™HdE, R T ARSI MRR B4 A B VERAERERT A . & 6a-
6¢c T NHIEE WY 11 REED AN, KW “REP” M IEK Z. R W M
2DVD & R EA w3k, =ASEIHK R 7008 0.96. 0.94#10.93, H.
% (MRR-2DVD) #AEH /N, 40514 0.06 dB. -0.1 mm h' #1-0.08 g m>. &
M, “AVG s £ SRR, Xtz RF WA EIE 21.9dB. 422 mm b
'H10.19 g m? (B 7a-c), KRBT IEE ST IEFR Y BB MRR £
SRR RGP I BIER . B 6d-6e B, “REPHE S D 1 N, HIHI R R
By 0.87 f 0.78, RE “FHEEMTH =428, HEZFR T AV HikE
(Dy: CC=0.66; logioNy: CC=0.61) (K& 7d-7e). HT“AVG"H#E KFEEEH
S R B VAT B k8, S I I R T REIR A KRS RO (D 22 4-0.12
mm, & 7d), [FIR BT S0E B AR M T, S R R ROR EE S
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Al (logioNw>6.5), Bl 7e). XFEH], “REP”J7iAiEL IR YT S M HRIT
I, ARELTE T MR AR RO B 2 R T Sk

HIR MRR Wil W B F A TR R, WER 3 g, X5
BEK AL G, “REPHUHE Bt B 55 9 1 7 X I 25 PR /K o 6 38 B O 2 38000 i T
FE, X9 MRR ZEMLIUA [5] B /K S A o i 5 RS0 T FTRE, R A2 i 2= B
KA, “REPHU444 i 72 M\-23.74 dB {462 0.74 dB, NE 1 RMSE 73 Al B#AIK T
88.9%71 90.2%.

Tokayetal. (2009) % f#F JWD i G0 L 43T MRR £ 175 m &= & 1%
R, RIUKZHEM L FERI R ZLE 2 dB LA . Adirosi et al. (2020) AFFE R,
MRR {11 105 m & AR S 5 A 2DVD 2 [alw 2% 7£-0.43~ 0.83 dB, HAHA =
FER B HImZE 5 ITE-0.79 ~ -2.26 dB F1-0.49 ~ 0.92 dB. WA L4 RKE,
“REPBU4E /A R B0 Zo R A W IS B B E“AVG BidE =, T H S
Adirosi et al. (2020) Z5RAHEL, “REP U S 1iX =245 2DVD Z [A] 1)
R ZETE /N

(a)_

5 (©)

Density (in log)
Density (in log)

Bias: -0.08
CC: 093
RMSE: 0.51
NE: 0.53

Bias: 0.06
cc: 0.96 05
RMSE: 2.78
NE: 0.05

1025
1025 1015 4005 1005 10"

10
10 20 30 40 50 60 70 80

Z,hyp ABZ)

(d) e
, g 5 O 4
b 7
6 25 = 25
~ 5 g i 2 B
E e g Es g
2 . T £
o ) 153 £ 4 15 >
E 3 1l 2 g
= E =3 &
o 17 14 = 18
2 v Bias: 0.09 w ot o Bias: 014
cc: 087 g ] cc: 078
1 RMSE: 0.3 0.5 1 ,:; o RMSE: 0.43 95
NE: 0.15 8 NE: 0.09
0 0 0 0
0 1 2 3 4 5 6 7 01 2 3 4 5 6 7 8
D, (mm) 2DVD log, (N, : mm'm™),

2DVD

K 6 #T MRR“REP” $#575 % ()(a) Z (dBZ). (b) R (mmh). ()W (gm3). (d) Dn
(mm) Al(e) logioN,y (Ny: mm'm>) Fl 2DVD Z [AIff%S b R EIR RN A 2
[AJFRIBKO)

Fig. 6 Comparison of (a) reflectivity (Z, dBZ), (b) rainfall rate (R, mm h™"), (c) liquid water
content (W, g m™), (d) mass-weighted mean diameter (D,,, mm), and (&) logioN,, (Ny: mm™" m™)
between MRR "REP" data and 2DVD measurements. Density plots (color shading) indicate the
frequency of co-occurrence, and statistical parameters (Bias, RMSE, CC and NE) are annotated.
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(a) (b)

) ) | Bias: -4.22
70} Biss: 219 2 lf cc: 0.89
CC: 094 37 2 ZL RMSE: 12.85
60 | RMSE: 221 10°1 NE: 0.76
_ NE: 0.48 % | -
N 158 = t o "t
Z 50 £ [ =
s : € wf -
Z40 1 £ oz |1 e
N 8 2 t J .
30F o
- 10 2 -
20} 1
10 I 0 10 1 8 .
10 20 30 40 50 60 70 80 10" 10°
Z, (dBZ)
2DVD R?D\I)
(d)
7 3
6F 25
~ 5
] 2
- S
= o 15
E3 a
 § - 1
2F ..'1 Bias: -0.12
I+ ccC: 068
1F il '\.-'i- 5 RMSE: 0.39 0.5
g Sl NE 047
0 0

o 1 2 3 4 5 6 7
D (mm) 2DVD

10’

Density (in log)

(mmh’)

05

Density (in log)

(c)

105

3
25
1005
“ 2 ?
g =
= £
= 1005 153
g s
] 2
2 i 18
o PP ® Bias: 019
1077 L ol G ", Bi2s 0
P CC: 0.86 05
—’./ womn wewsmm W RMSE: 0.62
NE: 0.75
10252 0

1025 4015 4005

w

PR D
In‘gm(\”.mm M )\RR

O A N W A O O N ®
N

0 1 2 3 4 5 6 7 8

lugm(.\‘ S mm"m']b,

DVD

2ovp (BM5)

7 5K 6 4L, {H)y MRRAVG” 41 2DVD 2 [8] (11555 Lb
Fig.7 Comparison identical to Fig. 6 but using MRR "AVG" data versus 2DVD measurements

10%%  10'®

% 3 MRRCAVG”HI“REP"HUE 5 2| BRI ZHU(Z. R+ W)H1 DSD ZH(Dy» logioNw) 5
2DVD TEERZ (3496), Xl (928) JiBfsK (48960) FEAH IS Hah B
Table 3 Statistical comparison of DSD and rainfall parameters (Z, R, W, D,, and logio/N,,) between
MRR”REP”/ “AVG” data and 2DVD measurements for stratiform rain (ST, 3496 samples),
convective rain (CV, 928 samples), and all precipitation events (ALL, 48960 samples).

ALL (48960) ST (3496) CV (928)

REP AVG REP AVG _ REP AVG
Bias 0.06 219 027 2174 074 2374

sy NE 0.05 0.48 0.04 0.49 0.04 0.41
RMSE 278 22.10 2.39 2184 2.66 23.95

cc 0.96 0.94 0.95 0.93 0.89 0.81
Bias 20.10 422 20.16 137 086 2064

Reamny NE 0.50 0.76 0.34 0.65 0.53 0.80
RMSE  9.67 12.85 1.94 194 2332 3293

cc 0.94 0.89 0.86 0.84 0.77 0.52

Bias 20.08 20.19 20.02 008 -0.01 20.90

vemy N 0.53 0.75 0.36 0.64 0.58 0.79
RMSE 051 0.62 0.12 0.11 132 1.56

cc 0.93 0.86 0.82 0.77 0.71 0.47

Bias 0.09 0.12 0.13 20.06 0.17 0.32

ooy N 0.15 0.17 0.15 0.13 0.19 0.24
RMSE  0.30 0.39 0.28 0.26 0.42 0.61

cc 0.87 0.66 0.92 0.82 0.65 0.11

Bias 20.14 021 0.23 029 -0.16 0.17

ljc\’lg}ONW_ NE 0.09 0.13 0.09 0.12 0.11 0.14
( s RMSE 043 0.66 0.39 0.55 0.56 0.83
cc 0.78 0.61 0.85 0.73 0.32 0.17

Y 325 Pl MRR PERP RO 75 A R P K50 P 26 1 T i) Bisiig B, DY
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ANBEM SRS L5 R1:0.1 <R<0.5mmh?, R2: 0.5<R<2.0mmh’, R3:2.0 <
R <20.0 mm h!, 1 R4: 20.0 < R <200.0 mm h™!, ¥f MRR “REP” I “AVG” ¥
S = AN IR B FE IR T-2) DSD 5 2DVD L, U] 8 . S i o 2%
¢ T I MRR 288 SO %A B R 240/ 2DVD 2 [8] R0 S5 51 T3 4.

M 8 R LB S, A PRI, =FEEES 2 DSD MK
Wn, BT ER EMZESR, DSD R AR AR LF. BN S, “REP”
DSD Al 2DVD E 41, S 2N 0.5~3.5 mm 2 8 FIEORE s TH. 76 FTH PN
SREE T, MRR BIFFEIETE 0.5 mm LA AU 23 T 2DVD, X —4f S E 22
HF 2DVD 7 & (LI B E S8, 2DVD FERFEEFIZ HE MRR /N =B,
X EAR/NT 0.5 mm 19/ FRAGTEIR Z 5 7o G BT#liE (Chang etal., 2020;
Thurai et al., 2017; Tokay et al., 2001). A JL, MRR 7] LL— &2 Lik%h 2DVD
FE /)N B R B B AR

BEA PR SR, “AVG” DSD 1 2DVD X [f] )2k, SO0 4
SR BE R SR (GR 4D BR T7E R1 %40 R logioNw it i % 0.03
CAAL, o At B 9 S 501 P A B I S B N B AE AR A 00, L AR 22 4 00 M I e
N RPN I N. “AVG” $idls BARAE R1 2540 R logioN,s Bias 1 NE BE LT
“REP” ##i, {H “REP” 1) logioN. AT T e AR G R BORN T /N3 5 R 22
Uk4h, #12DVD [ DSD ALk, “REP” DSD f#ifalF Kkife (D>3mm) mfl,
BT No LASE, “REP” IRIEMHMBENSHAAMZE L 2IIEE (R 4, HHAR
Gt sH SR, JVFITAERESR T, “REP” B SO I 1% S 800 &
T “AVG %

a2
@ am
2
a2

8 8
(a) R1 20VD (b) R2 2DVD) (c) R3 2DVD) (d) R4 - 2DVD)|
P P

— ——REP — —

—— AVG 10 —— AVG 10 —— AVG 10 —— AVG
4 10t = 104 10t
2 7 402 7 402 2 102
0 107 109 10°
-2 2 2 10°

10 107 10 10
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 T 8 0 1 2 3 4 5 6 7 B8
Diameter (mm) Diameter (mm) Diameter (mm) Diameter (mm)

8 ANIFIP R 5 25 4% K (1) MRR“REP” . “AVG” ¥#f fl 2DVD £3 2(¥) DSDs Z [ )% Lt
Fig. 8 Comparison of mean DSDs retrieved from the MRR “REP”, “AVG” data and 2DVD for
four rainfall intensity classes

n

2
3
2
B

N(D) (m™ mm)
3

N(D) (m™ mm)
3

N(D) (m™* mm™)

N(D) (m™ mm)
3

=
3
=
3

=
=
E

* 4 RNFIPER 2 R 2DVD 5 MRRAVG HI“REP™ ¥4 13 21 1) B B8 S 405 Ee
CH— AT 5 BT R R 9 5 S 70 B B R R A
Table 4 Comparison of rainfall parameters obtained from 2DVD and MRR "AVG" / "REP" data at
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the 3 height bins in the four rainfall intensities (The numbers of 1-min sample in each rain rate
class are shown in the brackets)

R1 (3302) R2 (6410) R3 (3738) R4 (638)
REP __AVG REP _AVG REP__AVG _REP__ AVG
Bias 167 2195 019 219 053 2247 015 -25.65
Z (dBZ) NE 0.10 067 005 053 0.04 044  0.04 040
RMSE 427 2233 318 2209 248 2263 279 2584
cC 081 075 089 082 094 087 055 048
Bias 0.05 -0.14 003 -060 049 383  -4.66 -39.55
R (mm b NE 048 067 051 065 044 067 054  0.84
RMSE 025 042 298 115 640 503 362 4947
cC 035 014 014 017 068 063 0.6 _ -0.03
Bias  -0.003 -0.007 -0.004 -0.04 0.01 -0.19 -0.12 -1.68
— NE 045 058 048 066 047 069 059 083
RMSE 002 004 015 013 036 034 190 223
cC 033 001 011 006 061 028  0.07 003
Bias 0.07 -008 0.06 -0.09 0.8 -0.11 015 -0.56
Do ) NE 023 024 013 016 018 015 020 034
" RMSE 026 039 024 031 035 036 051 085
cC 082 058 088 072 084 067 037 0.6
10g10N,y Bias 0.04 003 -0.15 -021 -025 -031  .0.15 -0.04
(Ny:mm'm??) NE 043 012 009 013 010 013 012  0.17
RMSE 048 057 038 059 047 066  0.64 100
cC 0.78 066 083 068 076 059  0.09  -0.02

3.2 MRR 5 XPOL %}t

& 9 MRR B FFEUE B Z F Zpr 5 XPOL T A WLIIE 2 M) (5t L, 7F
EAR A= TP e g Ry T3 5 . Bl 9a-b o, Al XPOL ALk,
MRR“REP™ #4511 34 3% 1 “AVG U A7 AE B S R ARAL A Zor e £l 15 L
MRR“REP” (“AVG”) ¥(#i fl XPOL Z [AIf¥] Z fw#E-1.14 (-3.04) dB, ZpriwZ:
790.03 (0.12) dB. PIFPEEHEERR = oo SO R P LR Z R GR
5), MRR“REP” (“AVG™) U fEX i = AZAR = o B AS v 22 43 501 24-3.00 (-
4.45) dB #1-0.58 (-2.73) dB. Tokayetal. (2009) tt#: T MRR Hl S i B R iAHY
Z, fRH W ZEJEEIE-1 £ 0.5dB Z 8. Frechetal. (2017) LL# 1 MRR Al
CHBEIEN Z, —HAAAEmIS 1.7dB w2 A 2.5 dB P340l 22 . Adirosi
et al. (20200 ELE 7 MRR AT S B ERIAI) Z, & fW#ZN-1.11~0.95 dB. Hilt
A, 5 XPOL MHEL, “AVG ¥R HIK) Z fFE W XAl 1 “REP[ Z {EM
XPOL ) Z {8 KA B4 i) — 35k

PR BRI Zor (SRR T Z, %84k L MRR “REP#4E %1 Zpr [
TS B T “AVG MU . 1EXTIR 2= B 7K 7 1) “REP B4 (AN 7E (s 22 LI & T
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“AVGH#¥E, BHAMG S ECRIE L. Adirosi et al. (2020) #WFFC4gH, 7EXT
MzPFEKF, MRR K Zpr 5 S B TE 1AW Z 4-0.01~0.13 dB, A SCHJ“REP”%}

W5 RN BAE . S EPTIR, AR Rk 2 MK R 25 K

HAEAERE RS H0 DSD 24 B THRS EEIL T-“AVG $itdls .«

80 T 1.5
(a)
70F e
= gt 12
60 f L _
N o g
% &k :-l-. 0.9 :
. 5 >
E40f o - 06 2
= ® [
N t r 3 s]
30F == Bias: -1.14 1
. L] CC: 0.78 0.3
x }
20 o RMSE: 58 |
/’ NE: 0.10
10 et . . . 0
10 20 30 40 50 60 70 80
ZI\’POI‘ (dBZ)
80 T 1.5
(c)
70F x
" 12
60 . LI - .
S - 8
% &k . B 0.9 :
S T L 2
é 40¢ . A 0.6 2
N R 0 8
30F % .:','— Bias: -3.04
. I_. cc: 0.78 03
20F ™ RMSE: 6.28
P | NE: 0.11
'
. . 0

10 L L . .
10 20 30 40 50 60 70 80

GCREP57
3 T 2
(b)
25F
2F 1.5
5 —
= 15F g
=
g 1 i =
z 2
% 05F g
N ’
of = Bias: 0.03 ] 05
5 CC: 0.80
0.5F ,,’ RMSE: 0.33 ]
’ NE: 0.52
1 O NE 052 0
-1 05 0 05 1 15 2 25 3
ZDR XPOL (dB)
3 T 7 2
(d) ’
25F ,’
7/
2F / 15
= . a -
S 15} 3 i, 3
~ gk e £
~ 1 F AR 1 >
= - | g
xosf ¥ et - 3
N N
of Spagida Bias: 0.12 1 05
7 cC: 0.64
05F o RMSE: 0.45
. NE: 0.70
-1 [EReeS 0

ZXPOI‘ (dBZ)

105 0 05 1 15 2 25 3

ZDR XPOL (dB)

9 MRR“REP” ##fi (a-b) FI“AVG #i#li (c-d) 3% Z (dBZ) Fl Zpr (dB) 1 XPOL
Z RIS B
Fig. 9 Comparison of (a, b) reflectivity (Z) and differential reflectivity (Zpr) simulated by MRR

"REP" and (c, d) "AVG" data against XPOL radar observations

* 5 5% 3240, H5 XPOL Al MRR “AVG”F1“REP”MRR [f) Z Fl Zpr Z 15 7T 244
Table 5 As in Table. 3, but for the comparison of the Z (dBZ) and Zpr (dB) between the XPOL
measurements and the MRR “REP”/ “AVG” data

ALL (2697) ST (546) CV (152)
REP AVG REP AVG REP AVG
Bias -1.14 -3.04 -0.58 273 -3.00 -4.45
Z(dB2) NE 0.10 0.11 0.07 0.09 0.14 0.15
RMSE 5.80 6.28 4.04 4.55 9.67 10.09
cC 0.78 0.78 0.79 0.80 0.27 0.20
Bias 0.03 0.12 0.09 0.20 -0.07 -0.02
Zo(dB) NE 0.52 0.70 0.58 0.85 0.39 0.53
RMSE 0.33 0.45 0.27 0.39 0.52 0.72
cC 0.80 0.64 0.75 0.60 0.75 0.45
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3.3 ANFA PR X MRR [ DSD 50

MRR H] DURR 4 S B 0l 75 SRR 8 i FE oy He e, RSP R R 1 MRR
SRR Ar=30 m, Ar=100 m fl Ar=200 m, & 6 FIlH T =M@ o
RIFEKAEATE O, EFERERRRC (BERRFEER 8D, SR = FZAIR 2= FE R
GBI A AR . & 6 s, 5 2DVD MF &4 A tk, “REP” Al “AVG”
HAETE 30 m RN IE M EZ R R/, “REPHIREZESE “AVG” H¥Em
A B L o

TR MRR BRSO DSD 2 75 52 i B FR R (K5, AN R 4 3
R TAE0-F1) DSD M 2DVD #4770 . Bl 10 Box T ER AR =
Hf) MRR PRI 7F =Rl 09 R AT 2DVD /] — WD BN f°F-34 DSD.
RIS, MRR PERRECE BR 1 RECS B R 22 54k, AEAR R /K R AL AN 43 7%
R NK) DSD 8 B A 84 —8tE, “REP”DSD M1 2DVD 45 R BT, 7820k
=™, MRR WA EIEE = AN m R T RO H) DSD Z R 80U . FEXHL A
“REP” DSD &I “AVG” Hlf, H DSD Al 2DVD 2 [A] % 7 e /MAILE 30 m
e, HUGE Ar=200m, DSD RAl 5™ E AT HEIE Ar=100 m. & 11 B8
TR EREAKT R “REP” 1 4380 DSD B2IH Z. R W. D, Al logioNy 5
2DVD Z IR EL A R . BT SO S 3P A 2DVD W) 5 2 547 I MRR 73 #8580
30 m A3 HER, 200 m S HERESE T 100m, XATREHULFRZRSE: (D s
HH S LA SO R T PO T ELEAS, Ar=100 m (70 BER VA TR il
HNRPEREN, [RIER A F22 F DSD 1k, SESma#E (30
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Table 6 Summary of MRR observations under three vertical resolutions (Ar = 30 m, 100 m,
200 m): rainfall duration (minutes), percentage of stratiform (ST) and convective (CV)

precipitation, and total rainfall accumulation from 2DVD, rain gauge, and MRR (third range bin).
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Height Rainy Rainfall accumulation (mm)

cv ST

resolution minutes Gauge 2DVD MRRavg MRRger
30 m 2207 13.5% 48.2% 86.5 82.4 81.3 83.1
100 m 7133 12.5% 44.7% 624.4 591.6 220.3 473.7
200 m 1777 21.3% 34.6% 233.1 265.1 42.6 192.7
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Fig. 10 Comparison of averaged raindrop size distributions (DSD) derived from MRR "REP"
(red), "AVG" (black), and 2DVD (green) under three vertical resolutions: (a) A» =30 m, (b) Ar=
100 m, and (c¢) Ar =200 m. Dashed and solid lines represent stratiform (ST) and convective (CV)

precipitation, respectively.
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Fig. 11 Scatterplot of (a) Z (dBZ). (b)R (mmh'). ()W (gm3). (d) D, (mm) Fl(e)
logioNyw (Ny: mm'm3) obtained from MRR “REP” 1-min DSD in three height resolutions
( Ar=30 m, 100 m, and 200 m) vs the parameters from the 2DVD (Different resolutions and
their statistical parameters are represented by different colors)
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