W52 % 456 M A % Vol. 52 No. 6
20264 6 H METEOROLOGICAL MONTHLY June 2026

Rk B E A7 5552026, 3 T XU 3OS A /N TE T R4 1 B A E R K A ] A% .52(6) 1 713-725. Ma X H, Zhong
Q. Yang H,et al,2026. Radar quantitative precipitation estimation based on a dual-branch composite wavelet attention network

[J]. Meteor Mon,52(6):713-725(in Chinese).

ETFNNZEGNMNETEFEITNER
BiIEE=EEKMEIT

LER A oFH & R K O A w
LA {5 8 DA A 4 AL B L A5 610225
2 % E AR S KT B B, 100081

R OE o YL T U 2 T 10 IR T 3R IR T KA T 7 K 2 SR 4 JR It S SR W L I 7 — o R B R T R SR
TR KRR AE ) A AT RE I S b AW SE R T — FOBL 4 3 A /NI R 7 ) ) 4% A% A (Dual-Branch Composite Wavelet Attention
UNet, DCWA-UNet) , A5 51 3= AN J5 T 2E 47 S0k v E 77 e 32 43 S0 18 A6 45 AU SRR 43 S A8 B ) WL 43 32 4 T 25 5 4R AIE
%%?M%B’J(Eé%ﬁ,SQI%TM%EMSH%%‘E?M%&K%7k§iﬁﬂ@f“miufﬁﬂ%ﬁa‘ U\Tmi%tﬂ DA 5 AR DI BEAR R R . BIA
T2 A /N Y 58 ) 2 ROBEERRAE 43 A RN 8 25 AR 43 TC . 38 3 A5 A0 S 55 35 [0 1 R AIE RE 7 5 [ B SR I A 2 O 15 2% 40
R BRE, 53 H P SR R K R B B TR . A 20192021 $E§lﬂl}llﬁi&%ﬁ%mﬂmmml SR geR el T — Ay
4020 REAS (W BCHE B L T T AL 2R AN I, O 5 Sim VP 48R BE 4% ) ik 04T T AT . 45 R % W] : DCWA-UNet 767 [6] 7K
SREE TR RS EREE S 72 30 mm « h™' LR K SR BE AR, G S AL T 48 A0S S A xR 22 MR T
TEL5. 10) mm « h"BEKSREEF . DCWA-UNet f1iE 5t 15 800 35 5 T Sim VP e Ho A X Lo 5 Y, S 1 246 %13 22 4 1Y Sim VP
FEART 4. 9% :4E[10, 30) mm « h™' BEAKSREE R, I AL R D)8 B0 SimVP 427 T 4. 026, FH 4 xR 22 AL T 4. 0%, I H %%
Ry A X AR R I

KRBT : Ik E BT B 3G D A /NI B BB A 77 35 2%, U-Net

HEHES: P412.P456 MNERFRER: A DOI: 10.7519/j. issn. 1000-0526. 2025. 121901

Radar Quantitative Precipitation Estimation Based on a

Dual-Branch Composite Wavelet Attention Network

MA Xinghong' ZHONG Qi* YANG Hao' CHEN Min' ZHOU Hang'
1 School of Computer Science, Chengdu University of Information Technology, Chengdu 610225
2 CMA Training Centre, Beijing 100081

Abstract: Current deep learning-based QPE methods using radar reflectivity factors mostly adopt global
mapping strategies, which to some extent limits the models” ability to analyze local precipitation features.
To this end, this study proposes a Dual-Branch Composite Wavelet Attention UNet (DCWA -UNet) model.
The model is mainly improved from the following two aspects. Firstly, a hybrid architecture consisting of
a dual-branch encoder (main branch + simplified convolutional downsampling branch) and a feature aggre-

gation subnetwork is designed, which enables the end-to-end mapping from radar volume scan data to
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station precipitation intensity, thereby constructing a station-centered sample system. Secondly, a com-
posite wavelet attention module (CWAM) is introduced to enhance the model’s representation capability
for radar echoes through multi-scale feature decomposition and dynamic weight allocation. Meanwhile, a
weighted mean squared error loss function is adopted to emphasize the gradient contribution of moderate-
to-high precipitation. Using ground-based precipitation observation and radar observation data in the Si-
chuan Basin during the summers of 2019—2021, a dataset containing 4020 samples is constructed for model
training and testing, and comparative experiments are conducted with deep learning models such as Sim-
VP. The results show that DCWA-UNet achieves obvious comprehensive performance advantages under
different precipitation intensities, with particularly significant improvements in critical success index (CSI)
and mean absolute error (MAE) within the precipitation intensity below 30 mm * h™!. For precipitation in-
tensities of [5, 10) mm « h™', the CSI of DCWA-UNet is significantly higher than that of SImVP and oth-
er comparative models, and the MAE is reduced by 4. 9% compared to SimVP; for precipitation intensities
of [10, 30] mm + h™', the CSI is improved by 4. 0% and the MAE is reduced by 4. 0% compared to Sim-
VP. Moreover, the false alarm rate is the lowest among all comparative models.

Key words: radar-based quantitative precipitation estimation, dual-branch encoder, composite wavelet

attention module, weighted mean squared error, U-Net
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Architecture of DCWA-UNet model



716 A

% 952 %

(a)

E 2 (aCWAM BRI L5 4 . (b)) DWT-CBAM-IDW T $#4E X A5 4k i
Fig. 2 (a) The dual-path structure of CWAM and (b) the multi-scale
feature flow of DWT-CBAM-IDWT
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Table 2 Performance comparison of DCWA-UNet model under different loss functions and

precipitation intensity thresholds in the test set from June to August of 2019—2020

F& K53 /(mm « h™1) it 25 2R B CSI POD FAR MAE/(mm « h™1) RMSE/(mm +« h™1)
MSE 0.7392 0. 7790 0. 0648 0. 8864 2.0206
Lo.1.2> WMSE 0.7447 0. 7894 0.0707 0. 8402 1.9857
- MSE 0. 4767 0. 6848 0.3893 0. 8457 1.8619
(2.5 WMSE 0. 4982 0. 6920 0. 3599 0. 8007 1. 8298
i MSE 0. 4919 0. 6790 0. 3590 0.8275 1.7518
5103 WMSE 0.5190 0. 6661 0.2984 0.7806 1.7186
MSE 0.5926 0.6911 0. 1940 0.9133 1. 9568
[10.50) WMSE 0.6118 0. 6939 0. 1620 0.8677 1. 9340
ot MSE 0. 6623 0. 6882 0. 0537 1. 3520 3. 2772
WMSE 0. 6536 0. 6740 0.0443 1.3028 3.2569

TE LR A S R R .

F3 2019—2020 F 6—8 AEWAAENKEPAEEKEEHETHERLLLER
Table 3 Performance comparison of different models under different precipitation intensity

thresholds in the test set from June to August of 2019—2020

[ K3 )%/ (mm « h™ 1) 8] CSI POD FAR MAE/(mm + h™ 1) RMSE/(mm « h™ 1)
UNet 0. 7427 0. 8225 0.1155 1. 1554 2.5217
[0.1,2) SmaAT-UNet 0.7182 0.7921 0.1149 1. 1409 2.5117
SimVP 0. 7107 0.7525 0.0725 0.8813 1.9783
DCWA-UNet 0. 7447 0. 7894 0.0707 0. 8402 1. 9857
UNet 0. 3027 0. 4684 0.5390 1.1133 2.3420
[2.5) SmaAT-UNet 0. 3106 0. 4878 0. 5390 1.1068 2.3693
SimVP 0.4773 0.6543 0.3618 0. 8427 1. 8289
DCWA-UNet 0.4982 0.6920 0.3599 0. 8007 1. 8298
UNet 0.2729 0.4014 0.5398 1. 1046 2.2769
[5.10) SmaAT-UNet 0.2737 0.4023 0. 5387 1. 0890 2.2530
SimVP 0.4828 0.6554 0.3529 0.8210 1.7141
DCWA-UNet 0.5190 0.6661 0.2984 0.7806 1.7186
UNet 0.3761 0.4319 0. 2558 1.2315 2.6168
[10,30) SmaAT-UNet 0.3769 0.4299 0.2463 1. 2004 2.5198
SimVP 0. 5884 0. 6981 0.2108 0.9041 1.9090
DCWA-UNet 0.6118 0.6939 0.1620 0.8677 1. 9340
UNet 0. 5107 0.5249 0.0503 1.7331 4.0527
[30,+c0) SmaAT-UNet 0.5309 0. 5367 0.0197 1.7258 4.0674
SimVP 0.6661 0. 6839 0.0377 1.3293 3. 1946
DCWA-UNet 0.6536 0.6740 0.0443 1.3028 3. 2569
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Fig.5 Scatter plots of predicted precipitation intensities by different models and observations

in the test set from June to August of 2019—2020
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Table 4 Performance comparison of DCWA-UNet ablation experiments in the test set
from June to August of 2019—2020

F& 7K 3R/ (mm « h™1) T i 5 CSI POD FAR MAE/(mm + h™')  RMSE/(mm + h™1)
FL LR AR 0.6939 0.7306 0.0674 0.9017 2.0126
[0.1.2) BALASE Bt AR A AR 0.6371 0.6758 0. 0825 0. 8729 2.0114
52 ALY 0. 7447 0.7894 0. 0707 0. 8402 1. 9857
H 2 A 0.4611 0. 6643 0.3988 0. 8646 1.8631
[2,5) BALAGE H A Y 0.4762 0. 6655 0. 3740 0.8390 1. 8785
56 e R Y 0. 4982 0.6920 0.3599 0.8007 1. 8298
LR A 0.4756 0. 6826 0.3893 0.8651 1.8276
[5,10) B 444 o A AR 0. 4982 0. 6624 0.3322 0.8148 1. 7432
SR 0.5190 0. 6661 0.2984 0.7806 1.7186
FRLBLAY 0.5893 0. 6996 0.2110 0. 9290 1. 9474
[10,30) PR 3 R A Y 0.5952 0. 6844 0.1798 0.8977 1. 9489
SE ALY 0.6118 0. 6939 0.1620 0.8677 1. 9340
ey il 0.6526 0. 6880 0.0730 1.3621 3.2329
[30,40) BASE Mo 1t iR AT Y 0. 6685 0. 6979 0.0593 1.3274 3.2559
5t A A A 0. 6536 0. 6740 0.0443 1.3028 3. 2569
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Fig. 6 Scatter plots of predicted precipitation intensities by different ablation experiments and

observations in the test set from June to August of 2019—2020
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Fig. 7 Spatial distribution of observations and model-predicted precipitation intensities

at (a—e) 23:00 BT 15 June and ({—j) 19:00 BT 14 July 2020
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Table 5 Observations and model-predicted peak values of precipitation intensities for the cases (unit; mm « h™")

I [a] (BT) BUUNIL DCWA-UNet SimVP SmaAT-UNet UNet

2019 4E 8 H 5 H 20 B} 55. 30 55.35 55.01 23.45 23.05

2020 4E 7 A 30 A 22 m} 44. 10 43.96 43. 14 41.12 41. 67
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