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Quality evaluation of quantitative precipitation estimation products from Wuhan’s
X-band dual-polarization phased-array radar

QIN Jianfeng"? HU Yachao?, CHENG Changyu'*, GOU Aning®, XU Guirong'

(1. Institute of Heavy Rain, China Meteorological Administration Basin Heavy Rainfall Key Laboratory, Heavy Rainfall
Research Center of China, Wuhan 430205; 2. Wuhan Meteorological Bureau of Hubei Province, Wuhan 430040; 3. Hubei
Meteorological Information and Technology Support Center, Wuhan 430074)

Abstract: To enhance the monitoring and early warning capabilities and provide a scientific basis for an optimized quantitative
precipitation estimation (QPE) algorithm and operational applicationfor heavy precipitation in the Wuhan region, this study evaluates the
QPE product from a network of six X-band dual-polarization phased array radars (XPARs) in Wuhan, using rain gauge observations as
ground truth. The assessment focuses on eight typical heavy-rainfall events from May to August 2025 and examines five key aspects,
including overall precipitation detection capability, sensitivity to rainfall intensity, differences across precipitation types, spatiotemporal
distribution characteristics, and consistency between S-band and X-band radar observations. Results show that the QPE product effectively
identifies surface precipitation, with an overall correlation coefficient, mean bias, relative mean bias, and root-mean-square error of 0.93,
—0.24%, —6.0%, and 2.88 mm, respectively. The QPE product exhibits high accuracy and reliability for light-to-moderate rain, but
performance degrades with increasing rain intensity, resulting in substantial errors and a systematic low bias for heavy precipitation events.
For stratiform precipitation, the errors are relatively small, but large errors occur for convective and mixed types with more significant

errors during rain storm. While the QPE product agrees with rain gauge observations in capturing the spatiotemporal evolution, its
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quantitative estimation performance exhibits spatial variability. The phased-array radar QPE provides finer spatial detail compared to the

S-band radar in capturing the structure of localized heavy precipitation. This study demonstrates that the XPAR-network QPE product in

Wuhan presents robust performance in depicting precipitation spatial patterns and tracking its temporal evolution, and exhibits significant

application value in weather forecasting. However, it remains subject to systematic biases and spatial heterogeneities under varying rainfall

intensities and in topographically blocked regions. This study provides an important basis for the application value of X-band phased array

radar QPE products in meteorological forecasting operations.
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Fig. 1 Geographic position (white) and terrain (shaded) of the XPARs (red
triangles) and surface rain gauge observation site in Wuhan (black dotted
circles indicate the detecting range for a single radar)
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Table 1 Main performance parameters and indicators of Wuhan XPARs
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Table 2 Eight heavy rainfall events in Wuhan from May to August in 2025
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Table 4 Accuracy assessment from XPAR QPE in different precipitation

levels during eight heavy rainfall events in Wuhan from

May to August in 2025
o VA
WO AR
CC ME/mm RME/% RMSE/mm

JINFR 17 029 0.63 0.523 0.66 1.01
FHFR 6 280 0.61 —0.184 —-0.04 1.47
Ky 2354 0.56 —2.038 —-0.19 3.21
2T 1212 0.74 -7.802 —0.28 11.64
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Fig. 4 Scatter density (shaded) of hourly accumulated rainfall from XPAR QPE and observations in (a) mixed precipitation, (b) stratiform precipitation and

(c) convective precipitation during eight heavy rainfall events in Wuhan from May to August in 2025
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Table 5 Recognition capability assessment from XPAR QPE in different precipitation types and levels during eight heavy rainfall events in Wuhan from
May to August in 2025

AR

PPk TS

B POD/%

RMA/%

RFA/% CSI/'%

REM PRz itz REE BZRe Wi REH PRz dhiiza Ba8 2ZRa dis RBRER ZRs Miis

/INFE 2773 6736 7520 844 947 825 15.6
T 2044 1690 2546 892 804 889 10.8
KF 1117 390 847 647 282 693 353
W 279 24 909 32.6 8.3 74.0 67.4

53 17.5 6.7 4.9 2.9 79.5 903 80.5
19.6 11.1 306 319 403 64.0 584 555
71.8  30.7 25.1 154 353 532 268 503
91.7  26.0 6.2 0.0 6.0 31.9 8.3 70.7
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Table 6 Accuracy assessment from XPAR QPE in different precipitation types and levels during eight heavy rainfall events in Wuhan
from May to August in 2025

- VA
FEAR A IR
= CC ME/mm RME/% RMSE/mm
RER BIRs ifis REM BRas Wis BEH BRRs Wiis BEH BRRs s B8 BRs s
/NFH 2773 6736 7520 0.62 0.76 0.60 0.489 0412 0.635 0.54 0.55 0.81 0.99 0.63 1.25
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Fig. 5 Spatial distribution of accumulated rainfall from (a) surface rain gauge observations and (b) XPAR-QPE product during eight typical heavy-rainfall

events in Wuhan from May to August 2025
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Fig. 6 Spatial distribution of QPE CSI (unit: %) in (a) light rain, (b) moderate rainfall, (c) heavy rain during eight typical heavy-rainfall events in Wuhan

from May to August 2025, and (d) the building density of the Wuhan central urban area (black dots present the buildings)
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Fig. 7 Comparison of hourly accumulated rainfall from surface rain gauge observations in (a) Huangpi Shimen and (b) Wuhan University of Technology

site and the corresponding XPAR QPE product from May to August 2025
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