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Abstract As urbanization accelerates, hazards including flash floods, debris flows, and urban inundation are becoming
more frequent and severe, with escalating social disruption and economic losses. A scientific and effective radar
quantitative precipitation estimation (QPE) product is essential for enhancing the monitoring, forecasting, and early
warning of extreme precipitation, which is of great value to current disaster prevention and mitigation efforts. This study
used data from a single S-band dual-polarization radar and six X-band dual-polarization phased array radars in Jiaxing to
develop S-band and X-band radar QPE products for the region. After preprocessing the radar observation data, including
removing nonmeteorological echoes and performing quality control of the differential propagation phase, the effective
minimum hybrid elevation for each radar was calculated. Then, the rain rate was estimated using single radar observations
and raindrop size distribution parameters provided by the Dual-frequency Precipitation Radar onboard the Global
Precipitation Measurement satellite (GPM-DPR). Finally, the rain rate was mosaicked for multiple radars, forming a
gridded QPE product with a temporal resolution of 1 min and a spatial resolution of 50 m. To verify the accuracy of the
proposed method, two heavy precipitation events that occurred on 10 and 16 September 2024, in the Jiaxing area were
selected to evaluate the radar QPE products. The evaluated products included the original Jiaxing X-band QPE product
and the X-band, S-band, and mosaic products developed in this study. The results show that the proposed QPE products
outperform the original X-band product in terms of accuracy and stability, with the mosaic product yielding the best
estimation result. For localized heavy rainfall with horizontally inhomogeneous distribution, the mosaicking product
accurately reflects the precipitation distribution across various towns (subdistricts), contributing to the early issuance of
accurate warnings.

Keywords S-band dual-polarization radar, X-band dual-polarization phased array radar, QPE (quantitative precipitation

estimation), Radar mosaic product
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Table 1 Parameters of S-band radar and X-band radars in
Jiaxing City, Zhejiang Province
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79573 6 125 0.95 9 0.5 460
ZK551 1 30 0.9 40 0.9 75
ZK552 1 30 0.9 40 0.9 75
ZK553 1 30 0.9 40 0.9 75
ZK554 1 30 0.9 40 0.9 75
ZK555 1 30 0.9 40 0.9 75
ZK556 1 30 0.9 40 0.9 75
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Fig. 1 Distribution of the radar network in Jiaxing City, Zhejiang

Province.
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Fig. 2 Flow chart of QPE (quantitative precipitation estimation) for (a) S-band radar, (b) X-band radar, (c) the mosaic products of S-band radar and X-

band radar.
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Fig. 3 (a) Terrain, (b) hybrid elevation, (c) terrain blockage at 0.5° elevation for S-band radar (Z9573) in Jiaxing City.
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Fig. 4 (a) Terrain, (b) hybrid elevation, (c) terrain blockage at 0.9° elevation, (d) terrain blockage at 1.8° elevation for X-band radar (ZK551) in

Jiaxing City.

IRSEER 2 km, WU E TR R AE .l 20 A
U F N2 BELRAS K & B 5 S HORN A R
HARF D2 W, Qietal. (2013). LLE R B A i
AR, X 8 ANATIE M S T B AN
i AW SHE R R KT 35dBZ, /A E
LR =2 AP R —4: (D AdAaREERR
T 45dBZ; (2D R Z PR & B 55 0°C )2
SRR s (3) R EREEMEKT 4 dBZ/
km——PKE AN X,  HAE 08 A S 4k
gL AR, EAPAT PR, BEEEI A
W RLe BTG A BT WA R AR & BVRA xt
WX I

XTI K X A BRI ER B KX . # 2

Wz KR AL G S R 35 dBZ (1% Uil E

“0°C R5Eai %", MR Ry Ik, L

A2 ARSI AN S A X,  DA AT )58 0°C J2
Fort JRR B BRI AE 0°C J2 70w 2R = B K X 35
223 FHEMKREIEF -

FT RN T (ZipDs EZ0REERRNF (Zpr)
MZESEFEAERE (Kpp) FARE, @I RER )%
TGO Z AT LA H A B, R P 7K 28

R(Zy) = aZy?, @)
R(Kpp) = aKpp”, (3
R(Zu,Zpr) = aZu" Znr°, 4



4 34 JA KRS -

WL AR G %S AN X 5 B TR IR A R B P v 14 2 P

No. 4 ZHOU Qiulin et al. Application of S-band and X-band Radars in Quantitative Precipitation ... 1227
R(Kpp.Zpr) = aKpp? Zor, (5) B Zy-R K RAEFIEAKFA T RIVE ol B

K, av by c BAESH, HTARRS. AFH
FERY DL Je A ) b [X B 7K 1D R 9 U AR AE A7 TR K 22
5, MBS EAEAFE . 5L E 'R KA T
KEAAX (2~5), HPKX (2) REXHEfR =
e mBEARMTE R R, X (3~5) NEX R E
(e KA T R DR, 7B AR 28 AL BE
IKGETHF R B K e R o R DI 5 1A GPM-
DPR 2t 1 240 (D M1 Ny Geil 3R 15 58E
T3 XX LE R KX RIS (GR 2D,

R b, TR 5 1 R K RO O R A A
PEmIR O REFE A A . AT, 75 SEBRFEK A, 5
AR, GRS, W AURRAEE (A,
ZE0 R Zpg FIZE S AERERRS 2 Kpp) B <&
T 0, fEMEELE N, OB S AT 4 A XU R gk
1T QPE i, 55l NBRKMMEHIRZE, sk
BRI E ] LA ESLI R, M B
QPE R4iisirfaEt:. Mk F, & HmikE

T EREE, AHARSHEKITE (2021) FZHTH
Ui TR ARG QPE 7R, AKHE XU IR A5 5 1 9 55
ERERIER R, HAREWE S s,
2.2.4 S EEF X K E X QPE 4L W HHE

P4k PR F5 BN % B IS TR A A0 A B K R4
o SRAHBRINEAMER, PAUEIEuA E N E A, F
FHERTH = A BB ST 70 M BT K S 4465 (R
(i BT < & (Langston et al., 2007), #4751k #7 44
PRI FERE R B ARFR R . LRI VAL S BB
5 C U BEIRA PN S O M A (Zhang et
al., 2011; Luo et al., 2016; 2255, 2021) . BRI
BRGNP 58 A s 22 AR T2 BLEL I A 73 R 26 0] 22
& ATt

BN H AR A, 7550 AN & E A2
X HAFAEAG BOWM,  FF TSR AE 5 T IA AR Hh i)
ARFRA P A E o I R A 0 S TR R
Ul IR A R 2R, AT A AR ) R S S

*k2 ETWHLHRITH S KEE X KEEIX QPE S#%
Table 2 Parameters of QPE for S-band and X-band radars obtained from DSD (raindrop size distribution)

TIBW B SR F a b c
S B R(Zy) = aZy® 0.0385 0.6310 /
R(Zi. Zor) = aZu’ Zpr® 0.0072 0.8944 -3.284
R(Kpp) = aKpp® 45.02 0.768 /
R(Kpp.Zor) = aKpp? Zor® 82.79 09117 —1.6572
X B R(Zy) = aZy® 0.0875 0.5390 /
R(Zu, ZpR) = aZut Zpr® 0.0068 0.9539 —4.4412
R(Kpp) = aKpp? 16.93 0.8010 /
R(Kpp,Zpr) = aKpp?Zpr® 23.75 0.9223 —1.0530
= R(KDP’ZDR)
Z, >025dB
R(Ky;)
=) \
K, >03%km

i

////4mm%$¢%m$|

R(Z,,Z5;)

AN
)
//ja/z
Z,, >0.25dB
5

R(Zy)

K5 QPERERIEFIENIE.
Fig. 5 Flowchart of the hybrid QPE algorithm.
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Fig. 6 (a) Cumulated QPE (shadings, units: mm) from original X-band radar, cumulated QPE (shadings, units: mm) from new (b) X-band radar, (c) S-
band radar, (d) mosaic products of S-band radar and X-band radar, (e-h) the scatter plots of four types of QPE products and rainfall observed rain
gauges from 1500 BJT (Beijing time) 10 September to 0200 BJT 11 September 2024. In Figs. a—d, color dots indicate the locations of rain gauges. In
Figs. e-f, PAIRS, CC, RME, and RMSE indicate the number of paired samples, correlation coefficient, relative mean error, root mean square error,
respectively. In Figs. e—f, PAIRS indicates the number of paired samples in which both the radar-estimated rainfall and the rain-gauge observations are

greater than 0.1 mm.
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Fig. 7 The scatter plots of hourly precipitation from rain gauges and QPE products from (a) original X-band radar, (b) new X-band radar, (c) new S-
band radar, (d) mosaic products of new S-band radar and new X-band radar in Jiaxing area from 1500 BJT 10 September to 0200 BJT 11 September
2024.
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Fig. 8 (a) CC (correlation coefficient), (b) RMSE (root mean square error), (¢) RME (relative mean error) between QPE products and precipitation
from rain gauges from 1500 BJT 10 September to 0200 BJT 11 September 2024.
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mean square error, respectively. In Figs. e—g, PAIRS indicates the number of scatter points.
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