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Abstract The changing climate has increased the frequency of hazardous weather events, which has
placed higher demands on monitoring hazardous weather. In addition to the conventional S-band and
C-band operational radar networks, in recent years, many cities in China have built X-band weather radar
monitoring networks to improve the spatiotemporal resolution of hazardous weather monitoring and the
low-level observation information of weather systems. The hybrid-tilt reflectivity is extracted from the
multi-tilt radar measurements over the radar domain, which is closest to the surface and unaffected by
blockage due to terrain or surface features. It is important for monitoring the occurrence and development
of convective systems. In order to take advantages of the wide detection range of S-band or C-band
weather radars and the high spatiotemporal resolution of X-band weather radars, this study presents a
method of mosaicking hybrid-tilt radar reflectivities derived from the measurements of S-band or C-band
and X-band weather radars. This method includes 1) generation of hybrid-tilt reflectivity, 2) conversion of
radar reflectivity in different frequencies, and 3) mosaicking of reflectivity measurements from multiple
radars. Based on this method, the hybrid-tilt reflectivity mosaic products of Shenzhen and Xi’an are
generated, with the spatial resolution of 30 m and the temporal resolution of 1 min. During the events of
different precipitation types, the hybrid-tilt reflectivity mosaic products are evaluated using the reflectivity
measurements from the Dual-frequency Precipitation Radar onboard the Global Precipitation
Measurement Core Observatory (GPM-DPR). The result shows that the hybrid-tilt reflectivity mosaic
products are highly consistent with the GPM-DPR reflectivity measurements, and the mean errors are
within +1dB.

Key words X-band Weather Radar, Hybrid-tilt Radar Reflectivity, Radar Mosaicking
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(Imhoff et al., 2020, XX R EFEMERTRGMMIRL 7 HmrZR. REZERIH R EHRI
LS (ChIna New generation RADar, CINRAD) H fif /S EUE 1T 200 H S #BUFT C W BR
AR AR R, A BRI Y PR 72 5 TR A O A X, AT HR R I A A R A B AT B, KR
TP RS IR I 3 AR R T AR CBOCTAE, 2009; AT/NERAE, 2012, 2020 ARAKOGAE,
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HXPRARGARZE WAL o RIS, i T 4388 A8 HAD f 808> (49 6 708 se il 9 MW A FI4A43D,
HME DL 5840 A IR T 6 T 0 FE MR AU AR RN« R R GRS R RIS A0 B 0 D RO v T T
R SEBR 5 2K o

Y2 B ZK 5 R R MMM B S/C P BB IA 2 (Tabary, 2007; Zhang et al., 2016), At
WAAAERBIA L . AR X B FERIE, PRGN 7E S/C I BOR TR B MBI . it 36
FRF G o KA WME B & SR TR 7l (Collaborative Adaptive Sensing of the
Atmosphere, CASA) & Tl @& s %R X MEHFEE R L2 BSEE S P WSR-88D

(Weather Surveillance Radar-1988 Doppler) K< E 1A MM #1548 (McLaughlin et al., 2009). X %
BORBM ARSI (S/IC BD RAEBAARAS PR FARE R, 45 AR
Ho BEAEMIEREEORI A RE, AH FA SIS 1] PYAM A 80 H DR ORIG I, A8 0 R AR G 3 L4 R L
SEINSEREAVKG AN, ] SCHUS G U AR R AR T AE A I (Kollias et al., 2022). thAh, AHIZFEH
KA ARG AR, AN | 1R 3 5 B R S & R (Palmer et al., 2022) . 454 HLHG
BRIRIRMGE 77, 7T LUt — DR K G B, oGE B mdR A R = FEKIR AR
g MRS B 'K TS A E (Kumjian., 2013; Zhao et al., 2019). FJH X B HIA
WIHEAT R FR G M CAEA 5] [E A X AR 2 S S H . CASA - 72 2341 2 B [7) 1 3k 7 A Jak

(Distributed Collaborative Adaptive Sensing, DCAS) #&H Ja 7 52 [EI Mk vo Fi faf By Hu X @A T50256, %
AN 4 B X BBAURIRTR IS, AR AR kS R R B i DRSS 1L A i vk K R T

(McLaughlin et al., 2009; Chandrasekar et al., 2012). & KFZEFEHTRgyHLIX GERFIFERD B T
39 X BOR AU H A T R B K UL U A P, IR S5 12 X /K SC-#b 5 5 35 XU A - (Antonini
etal, 2014), KIGE PR R FH AR AL 1T (Precipitation and Attenuation Estimates from a
High-Resolution Weather Radar Network, PATTERN) Jji H , £ [E/EALHHIX % T 4 3 X BEBRRS
FRIB RS PR T (Lengfeld et al., 2014) . VAEAER /R B X ATBE T 4 #8 X BB IL, K
KygE VR X AL ENEE /) (Faure et al., 2017).

AR, X KBTEIAEENASE] 7 PusHE N, REIMIEAEHRRCEHE T X M
TARME I . a0, IR FIE 22 4l i v 1 i 2 FR1 5 3 X BB IR A BRI Y . XU
BRI R WIS T —E ek, WMo GREREE, 2021; 5KPI5E, 2022), 3
AT IET7 T E CH A, 20210, LLRCSS SEARYSEXHRANA ) o0 (T8RS, 2019; W05,
2022) 0 XL TARATAFIRA TN X BB F 1K 0 SE BRI 5T B B HOr saons i i i U BE 1A T BRI
W F A X B E A AL CINRAD RAEAMMAE S, K 58 a7 s B it o F PR U R 55
CINRAD KA F A [A] 73260 6 min, 1210173 H#3 0 250~1000 m, FRMTEEKZAE 400 km /idi .
W H RTATBE X BRI R R 23 99 1~3 min, 215 20 $F34 30~75 m, FRITEE 40~75 km.
T 4iE CINRAD RAF ARG FITF X BRI 2 70 pF 3 s e s, SE R R S Ak
HIAN, FIH CINRAD Hik 5 X BBEHEE ™ BT PRl &, XFEAA] DIERBCRRI VG N 345
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B IRAHAEME R UF L (ZSE01. ZSE02) PLAPUZTT 1% C WBIRUERIE (29290). 3 #f X Bk
BUmIRAIEFE RS TFIE (ZXA0L. ZXA02. ZXA03). X i BT IA I Zid@ ik B & N7 AT 208
IIEACEE CHMIHTAE, 2021, ZYRe CETR AN BRI sl Bk, AR X BB
XU AT 5 T TA SR G e R A SR IR T IS F R 3. AT SCIRTE, T “KERIR” $BR 29755 H
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Table 1 Principal observation parameters of the weather radars

W FiEG  BAKE RASHER BEREE s ®IEMA BRRNERE

(min) (m) ) ) (km)
79755 6 250 0.95 9 0.5 460
el ZSE01 1.5 30 0.9 12 0.9 2542
ZSE02 1.5 30 0.9 12 0.9 2142
79290 6 500 0.95 9 0.5 400
ZXA01 1 30 1.2 68 0.9 2] 55
(i3
ZXA02 1 30 1.2 68 0.9 2y55
ZXA03 1 30 1.2 68 0.9 2y55

ACAE GPM-DPR SOl SIEIA (V1) I 20 B ok AT AN [ i B E 35 e S S5 3 i A 7Y
HIR g, AR A AR IS R B = i BE 19 431« GPM-DPR FIJH Ku (13.6 GHz) 1 Ka (35.5
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TUAE B 70 HE A 250 m, 283 FRERAFH A AL B 5 208 ™ i AR 7 ) WER AR i 1 125 m (Tguchi et al,,
2021),

ASCAER ) GPM-DPR 7= il difi: (1) Ku BB E R 788 (B ZRITIE): (2)
M B S RO E SR, PR R E AT EAR (D) FEIREZSE (Ny); (3) KRR R
AMEE. PLEYSAILEEIE (https:/storm.pps.eosdis.nasa.gov/storm/ [2023-06-08], F5iEM ). M ik
P R R 2014 4 3 H & 2022 4 12 AEYIT (B 1a), pa2erls (B 1b) f%E, DT
Ja EE BT

Ak, ARSCfEH 30 K53 A SRTM (Shuttle Radar Topography Mission) HuJEE 31T RS
B AL RS U AR 3 T SR SRTML A2 HH 36 [ B ST s R sy« T 7 8 1 ol &2 JR B 5 28
LR 58 B ATL 28 75 IA H R I & A 5%, #504fs v fE 26 3R L Chttps:/search.earthdata.nasa.gov/
[2023-06-08]) -
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Fig.1 Maps of terrain and weather radar locations of (a) Shenzhen and (b) Xi’an
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Fig.2 Technical flow chart of hybrid-tilt reflectivity mosaic for radars operating at different frequencies

22,1 REMARSEITE

MRYE TR T2, TR0 55 V0 N AR A% o g 7 A — AN B A0 i 1) S S 2 A
Bl ERE— AR b, SRECH T 0000 S5 8 b T f5c i ELAS 52 i s A S $4 R i f) S S I
LT R A AN A S 2 o TRV A SR 2R 1 T F e K IR BE R Y 1 75 150 B /K R G2 RIS
B, FRIRT DL A S R K R R AIVE X . R SRTM HUBHUIRE, 454 ey
HORN L A AR IE RSP AL B, 7T AT ST S0 o b TR [EA0 A RO M T P 2 o FERE A%
Mb R TR N T S0% A BARMINAN M, TERURE R M. )5, ShREFHMMAS
AT — 8 M\ TR, 8 1E MR EUE AT A B SR R0k OB RS 0, AR i g S0 7 A I o AR
VRS RR G RN, TN ER A RO 2R s T R S [ 38 . NIRRT 5
(2021). 7K (2021,2023) FEOHIFELHNHE, AN FHER

K 32020 4= 8 H 18 H 15 5 19 4 ZSE02 Tk A R A I A 2 AR AN A R IH (a WA HR A,

6



b-f. AFEMAEIERS R, g REMMA S F)
Fig.3 (a) Hybrid scan tilt, (b—f) radar reflectivities in different elevation angles and (g) hybrid-tilt reflectivity for
ZSE02 radar at 1519 UTC 18 August 2020.
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Fig.4 (a) X-band reflectivity and (b) the difference between S- and X-band reflectivities calculated from the DSD
parameters 1.5 km above sea level provided by the GPM-DPR at 1520 UTC 18 August 2020.
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Table 2 Polynomial coefficients of reflectivity conversions from Ku-band to S- (Shenzhen) and C-band (Xi’an).

W a0 al a2 a3 ad as
sl -9.067 1.354 -7.211e-02 1.779¢-03 -2.154¢-05 1.0256e-07
iz -1.425e01 2.988 -2.424e-01 9.595e-03 -1.839e-04 1.350e-06
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Fig.5 Hybrid-tilt reflectivities before and after conversion for ZSEO1 radar and their comparison with that derived from
79755 radar at 1519 UTC 18 August 2020: (a) the measured X-band reflectivity from ZSEO1, (b) the converted S-band
reflectivity from (a), (c) the difference between the S-band and X-band reflectivities, and (d) the measured S-band
reflectivity from Z9755.

223 SEIERFEHE

ACHPHEM IS T ok P14 (2023) BIJ7VE, TERCE R0 #4504 0.0003° (£ 30 m). HEHT
N 1 min BRIV G0 A B 2R PF = o ELA A B AL B IA AL AR 3R T IRTR A A A S 26 1) 3
AABR R I DL SR IR (B o 0T ARKR RG4Sk T IRTIRE AL (TS 772 3880 X I



T IS U RV A AR ZEIE B 200 me 2 R F T A H I E AR ZEAESUE EORT X BBTIA
R (30m), TKEAE (2023) F5 HRCR RS B2 B R TR AY o 10 PF IBCE. w I E
FEEEPWATEE d (m) FERIEE h (m) M RRRGREE BAREEREm, AT
w=1000 , 1000 (M
h d
WRIEAZ (7D, 82 Tk B Ao e 1 b T S8 o o P88 A (P ORI IR, TR B v O L
TXRE K6 T DA TR A 00 s St SR B P Wl B 22 b (R B8 22 B S WL A5 S5, v B s M T 17 SO0 i
RS R
Kl 6 45t 1 2020 4F 8 H 18 [ 15 5 20 70iRYITH =& E A A AW A SN 2 KPR Rl 4551, 3L
FUNE IR RS REE N S BB RS R . B 29755 TRIATER AR E WG R, Rt T
St K R GRS A o %K R B ENSHR MR, K R G0 25 8] 0 A5 2 i K
S 2 e A DX BAE T THT R B ER A& 50 km oA X3 PR AR 7 1) #E B R 3k 50~100 km X 35
T A RN A A S, B T X IZ K R G E G R RS aneaiR . th T ZSEol
THIAAN 29755 TEIkuk s AL BIRIT, flA ZSEO1 TEIAMIINE B0 ZoTRRTE THR m o HE 2. W T
2 DX AR EE 77 T (RIS DX 38, bl R B K A A L B [ A TR S K (R RRAE, (95 75 i B
IK R G JZ A ¥ S5t 5 T 1o 2 O 26 . 29755 B I MR B9 14 X I AREzE , dok SRR N 7 B i T 1~2
km, T8 729755 Tk R NG BAREAER AR 1% DX R G M AR5 . ZSE02
TR B DR, LR R R R TR Y 500 m A2 Ay . AT LA B, ZSE02 TR ik R R
79755 (&l 5a filc), Bl ZSE02 755 REHLT 1 S BOs i 5 Sl th [ (1) 55 2 . it fil& ZSE02 Fik ()
M S, AR T KTE LSRR RGRZRMEA L (B 5d. BEmE, K. NHEERRAM
FR SRR A PRI 7 R S SR R, A BT HERRIE IR PR R GO R SR S R

e

30

e
n
Reflectivity (dBZ)

et 5 A 2
(27 [ §—1F )]

114 °E 114.5 °E

10



B 62020 4 8 A 18 H 15 5 20 2RI S A X BB IL R A0 S R P (a—c 73572 29755, ZSEO1,
ZSE02 HuliRE A SN A, d. ARG R HED
Fig. 6 Mosaicking hybrid-tilt reflectivities from S-band and X-band radars at 1520 UTC 18 August 2020 in Shenzhen:
(a)—(c) hybrid-tilt reflecivities from Z9755, ZSEO1, and ZSE02 radars; (d) hybrid-tilt reflectivity mosaic
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Fig. 7 (a) hybrid-tilt reflectivity mosaic data derived from the S-band radar and X-band radars in Shenzhen, (b)
GPM-DPR reflectivity data at 1520 UTC 18 August 2020, and (c) scatterplot of the two kinds of data. The circle and

crosses denote the locations of S-band radar and X-band radars, respectively.
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Fig. 8 (a) hybrid-tilt reflectivity mosaic derived from the C-band radar and X-band radars in Xi’an, (b) GPM-DPR
reflectivity data that 1.5 km above the surface at 1557 UTC 27 August 2022, and (c) scatterplot of the two kinds of data.

The square and crosses denote the locations of C-band radar and X-band radars, respectively.
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