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Abstract Based on observations, forecasts for objective rainfall were obtained from NGWD (National Guidance
Weather Forecast), ECMWEF (European Centre for Medium-range Weather Forecasts), and CMA_BJ (China
Meteorological Administration Beijing Rapid Update Cycle), while forecasts for subjective rainfall were obtained from
the Haihe River Basin Meteorological Center (LYK), the forecasting performances of the three prediction models for

objective rainfall and a subjective rainfall mentioned above were evaluated for areal rainfall in the Haihe River basin
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using mean absolute error, fuzzy grading, percentage correct, threat score, missing ratio, and false alarm ratio. The

evaluation results are as follows: (1) The performances gradually declined with the extension of the period of validity (i.e.,
24 h, 48 h, and 72 h). (2) ECMWF demonstrated an overall better performance than the other models, followed by LYK,
NGWD, and CMA_BJ. (3) An analysis of typical rain events revealed that the grades of areal rainfall forecasts through
ECMWF, LYK, and NGWD exhibited good predictive quality with a forecasting time of 24 h. However, the forecasting

results generated by CMA_BJ exhibited remarkable advantages in predicting the level of heavy precipitation processes

with lower forecast level errors, and more close proximity to the observation results to a greater extent..

Keywords Haihe River basin, Areal rainfall forecast, Numerical weather prediction model, Evaluation of forecast
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Fig. 1 Distribution of the Haihe River basin and its nine sub-basins
(numbers 1-9 represent the North Three Rivers, Daqing River, Haihe
River Mainstream, Heilonggang Yundong, Luan River, Tuhai Majia

River, Yongding River, Zhangwei River, Ziya River, respectively).
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Fig.3 Mean absolute error of areal rainfall forecasted by NGWD (National Guidance Weather Forecast), ECMWF (European Centre for Medium-
Range Weather Forecasts)), CMA_BJ (China Meteorological Administration Beijing Rapid Update Cycle), and LYK (Haihe River Basin

Meteorological Center) for 24, 48, and 72 h over Haihe River basin from June to September of 2023.
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Fig. 8 The same as Fig.4, but for fuzzy grading.
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Fig. 9 (a) Treat score (TS), (b) falsing ratio, and (c) missing ratio of
areal rainfall forecasted by NGWD, ECMWF, CMA _BJ, and LYK for
24, 48 and, 72 h over Haihe River basin from June to September of
2023.
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Fig. 10 Comprehensive evaluation results of areal rainfall forecast by NGWD, ECMWEF, CMA_BJ, and LYK for different periods over Haihe River

basin from June to September of 2023.
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Table 1 Verification of areal rainfall forecast by NGWD, ECMWF, CMA_BJ, and LYK for four precipitation events over

Haihe River basin from June to September of 2023

PRI IR T

NGWD ECMWF CMA BJ LYK

7H10~13H 5.42 4.55 5.43 5.39 85.73
7H20~22H 6.76 3.99 6.09 3.86 86.73
7TH28%8HA2H  12.15 10.53 7.61 9.11 88.02

8H10~12H 9.19 3.77 6.51 8.69 79.2

S iR TSVF4r
NGWD ECMWF CMA B] LYK NGWD ECMWF CMA B] LYK
86.46 85.67  86.61  0.66 0.56 0.64 0.66
84.28 89.53  81.03  0.66 0.67 0.64 0.64
90.06 9142 9157  0.68 0.69 0.54 0.63

81.34 76.69 77.50 0.48 0.48 0.46 0.48
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