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Abstract: Based on the China Meteorological Administration (CMA) convection-permitting
ensemble prediction system (CMA-CPEPS) and regional ensemble prediction system (CMA-REPS),
the precipitation forecasting performance during the 2023 flood season (from 15 June to 28 August)
in China, and a case analysis of July 2023 severe torrential rain in North China were objectively and
comprehensively evaluated. The results indicate that CMA-REPS has an issue with systematically
overestimating precipitation forecasts, CMA-CPEPS has significantly improved this problem.
Compared to CMA-REPS, CMA-CPEPS shows significantly superiority in predictive capacity for
weather changes and its temporal changes, with better probability forecasting and resolution ability
of precipitation. Both CMA-CPEPS and CMA-REPS exhibit low spread values, while
spread/RMSE value and the spatial correlation between spread and RMSE of CMA-CPEPS and
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CMA-REPS are equivalent. In the July 2023 severe torrential rain in North China, CMA-CPEPS
has better ability to capture precipitation details compared to CMA-REPS. CMA-CPEPS
outperforms in forecasting precipitation intensity, the evolution trend of precipitation intensity, and
spatio-temporal resolution of heavy precipitation, especially in short-duration heavy precipitation
events. Overall, CMA-CPEPS represents a significantly enhancement over CMA-REPS in
precipitation forecasting for the 2023 flood season in China.
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Table 1 Comparison of system configurations of CMA-CPEPS and CMA-REPS
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Fig.1 Domain of CMA-CPEPS and distribution of National Meteorological Station (red dot)
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Fig.2 ETS and BIAS of 24-hourly ensemble-average precipitation at 00:00 UTC with 72 h forecast lead time by
CMA-CPEPS and CMA-REPS from 15 June to 28 August 2023
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Fig.3 ETS and BIAS of 3-hourly ensemble-average precipitation at 00:00 UTC with 84 h forecast lead time by
CMA-CPEPS and CMA-REPS from 15 June to 28 August 2023
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Table 2 Mean spread, RMSE, spread/RMSE and the spatial correlation coefficient between spread and
RMSE of 24-hourly rainfalls at 00:00 UTC, 12:00 UTC with 72 h forecast lead time by CMA-CPEPS and
CMA-REPS from 15 June to 28 August 2023
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June to 28 August 2023
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72 h forecast lead time by CMA-CPEPS and CMA-REPS from 15 June to 28 August 2023
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Fig.6 AROC of 24-hourly ensemble-average precipitation initialized at (a—c) 00:00 UTC, (d—f) 12:00 UTC
with 72 h forecast lead time by CMA-CPEPS and CMA-REPS
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and ensemble minimum (min) average precipitation from CMA-CPEPS and CMA-REPS forecasts over Huabei
area from 00:00 UTC 29 to 00:00 UTC 31 July 2023
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Fig.9 The probability distribution of 3-hourly precipitation >20 mm over Hubei area at (a) 21:00 UTC 29 to
00:00 UTC 30, (b) 00:00 UTC to 03:00 UTC 30, (c) 03:00 UTC to 06:00 UTC 30, (d) 06:00 UTC to 09:00 UTC
30 July 2023 forecasted by (a~d) CMA-CPEPS and (e~h) CMA-REPS
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Fig.10 (a) ETS and (b) BIAS of 3-hourly ensemble-average precipitation over Hubei area from CMA-CPEPS
and CMA-REPS forecasts initialized at 12:00 UTC 28 July 2023 with 12—60 h forecast lead time
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