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Precipitation nowcasting based on efficient convolutional neural network//Li Leijing'"*, Sun Feifei’, Li Jianzhu',
Zhang Ting', Feng Ping', Fu Tijiang®, Wang Yongtao’ (1. State Key Laboratory of Hydraulic Engineering Intelligent
Construction and Operation, Tianjin University; 2. Guizhou Water Conservation Science and Research Institute; 3. China
Water Resources Beifang Investigation, Design and Research Co. , Lid. )

Abstract: A lightweight Efficient-UNet model was developed by integrating the U-Net model of convolutional neural network
with the Efficient-Net framework. Taking the Liulin Experimental Watershed as a case study, radar echo extrapolation with
1h lead time was performed for representative rainfall events. Based on measured precipitation data, quantitative
precipitation forecasts were further conducted using the global dynamic correction, dynamic intensity-class correction, and
dynamic regional correction methods. The forecast results of the Efficient-UNet model were systematically compared with
those of the U-Net model, the SmaAt-UNet model, and the Simple-UNet model with a three-layer encoder-decoder
structure. The results showed that, within 1h lead time, the Efficient-UNet model achieved radar echo extrapolation
performance comparable to the U-Net model, and exhibited superior capability in predicting the spatial extent and temporal
evolution of radar echoes. The SmaAt-UNet model provided higher accuracy for strong echo, whereas the Simple-UNet
model yielded the poorest overall extrapolation performance. The precipitation forecasting accuracies obtained using the
dynamic intensity-class and dynamic regional correction methods were comparable, and both outperformed the global
dynamic correction method. The precipitation forecasting accuracy of the Efficient-UNet model was generally consistent with
the U-Net model and superior to those of the other models, whereas, the Efficient-UNet model required substantially fewer
model parameters and lower computational resources.

Key words: precipitation forecasting; convolutional neural network; weather radar; echo extrapolation; U-Net model;
Efficient-Net model; the Liulin Experimental Watershed
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Fig.1 Loss function curves for different model training and validation
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Table 1 Calculation parameters corresponding to different

levels of reflectivity factors

R Bl BMA BK BHG
T/aBz G ¥y i ¥yfti
>0~10 76~356 240 1.07~1.63 1.26
>10~20 136~336 270 1.10~1.75 1.15
>20~30 176 ~496 262 1.05~1.84 1.21
>30~40 196~376 370 1.35~2.65 1.55
>40~50 256~476 350 1.37~1.93 1.66

>50 236~576 516 1.75~2.10 1.81
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Table 2 Information of rainfall events

FEK IR RN N . RN
; ZEINE] [k
P, FEGmHE 25 E FRK A/ mm Ke K Bt/mm
20220727 12:00 22.00 42.19 12.49
20220808 06:00 15.00 130. 16 38.85
20221001 09.00 19.00 40.09 8.57
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Table 3 Evaluation index values of 1h lead time echo extrapolation accuracy under different echo

reflectivity factor thresholds

T — POD FAR CSI F1 534k
10dBZ 20dBZ 30dBZ 10dBZ 20dBZ 30dBZ 10dBZ 20dBZ 30dBZ 10dBZ 20dBZ 30dBZ
U-Net 0.84 0.74 0.32 0.16 0.38 0.64 0.72 0.47 0.16 0.73 0.52 0.18
SmaAt-UNet 0.82 0.75 0.33 0.21 0.36  0.65 0.68 0.48 0.18 0.72 0.56 0.16
20220727 Simple-UNet 0.62 0.43 0.11 0.33 0.56 0.81 0.51 0.32 0.08 0.43 0.22 0.08
Eff-UNet 0.84 0.82 0.27 0.20 0.3% 0.62 0.69 0.53 0.15 0.70 0.58 0.18
U-Net 0.66 0.65 0.19 0.46 0.64 0.76 0.38 0.27 0.09 0.43 0.31 0.12
SmaAt-UNet 0.68 0.52 0.10 0.42 0.60 0.8 0.36 0.26 0.07 0.44 0.26 0.10
20220808 Simple-UNet 0.56 0.33 0.02 0.63 0.75 0.95 0.21 0.16 0.0 0.34 0.18 0.03
Eff-UNet 0.73 0.50 0.05 0.47 0.63 0.96 0.43 0.21 0.0 0.49 0.28 0.02
U-Net 0.85 0.66 0.17 0.21 0.39 0.78 0.69 0.42 0.07 0.71  0.47 0.09
20221001 SmaAt-UNet 0.84 0.68 0.18 0.22 0.40 0.8 0.65 0.43 0.06 0.69 0.46 0.08

Simple-UNet 0. 66 0.51 0.10 0.35 0.56 0.91 0.52 0.28 0.02 0.51 0.31 0.03
Eff-UNet 0.88 0.79 0.23 0.20 0.38 0.87 0.70 0.51 0.04 0.72 0.55 0.06
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Fig.3 Results of case analysis of echo extrapolation
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Table 4 Analysis results of precipitation forecasting accuracy based on different correction methods

MAE /( mm/h) r BIAS /(mm/h)
Mok Bk Hon LRHE HENG IEAK LRSS HEAR AENX LRSS N HESK
RE  RE  RE  RE RE  RE  ORE RE RE
U-Net 3.09 3.27 2.77 0.54 0.54 0.57 -1.12 0.09 -1.03
SmaAt-UNet 4.17 4.15 3.72 0.39 0. 46 0.41 -0.23 0.31 -0.74
20220727
Simple-UNet 3.47 3. 66 3.29 0.42 0. 40 0. 46 -1.41 -1.28 -1.52
Eff-UNet 3.98 3.35 3.25 0.45 0.55 0.53 0.38 -0.49 -0.42
U-Net 11.06 11.28 9.90 0.29 0.33 0.41 =7.99 -4.67 -4.16
SmaAt-UNet 11.48 10. 80 11. 00 0.24 0.38 0.37 -9.63 -6.43 -5.99
20220808
Simple-UNet 11. 84 12. 10 11.05 0.29 0.15 0.30 -11.29 -9.86 -7.81
Eff-UNet 11. 66 11.07 10. 89 0.28 0.36 0.39 =7.46 -5.95 -4.60
U-Net 2.67 3.00 2.63 0.35 0.36 0.39 -0.90 1.05 -0.51
SmaAt-UNet 3.86 2.00 3.27 0.16 0.49 0.23 0.31 -1.93 -0.25
20221001
Simple-UNet 6.11 2.31 5.30 0.26 0.50 0.30 3.08 0.76 2.22
Eff-UNet 3.02 2.07 2.78 0.27 0.55 0.37 -0.57 -1.79 -0.33
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Fig.4 Forecasted precipitation process based on different correction methods
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