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Abstract Four objective quantitative precipitation forecast (QPF) calibration methods, including frequency matching method
(FMM), optimal threat score (OTS), optimal percentile (OP) and probability matching (PM), are comprehensively verified based on
annual and seasonal ECMWF QPFs at different forecast lead times. An ideal model is proposed to study the performance of FMM and
OTS under different scenarios of spatial displacement and dry/wet biases. A heavy rain case is used to demonstrate basic
characteristics of the four different calibration methods. Results show that FMM and OTS can only adjust the magnitude of
deterministic QPF, while OP and PM can change the pattern of QPF to some extent by using ensemble forecast information. Aiming
at optimizing the frequency bias, FMM can well eliminate the dry/wet bias of QPFs, but it can only improve the threat score (TS) of
original QPFs when the displacement error is small and the dry/wet bias is large. OTS has limited skills in improving the TS of
moderate rain with weak wet bias. By contrast, OP can improve the TS of all precipitation thresholds, benefiting from using ensemble
forecast information, especially for longer forecast lead times. However, OP shows large wet biases during spring and summer
seasons, while PM suffers from large dry biases for torrential rain events due to the lack of historical observation information. The
evaluation of economic value model shows that OP has relatively higher reference value for torrential rain in risk decision making.

Key words Frequency matching method, Optimal threat score, Optimal percentile, Probability matching, Quantitative

precipitation forecast, Bias correction
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Table 1 Contingency table of costs and losses

depending on dichotomous forecasts and
observed events
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central distance between forecast and observed rain areas is d)
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Fig. 3 (a) Under different displacement bias d, TS as a function of the radius r of forecast rain area in the ideal model;

(b) the optimal TS (TS,,,,), the corresponding radius of forecast rain area (rqrg), and frequency bias (FBqrg)

as a function of the displacement bias d
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Fig. 4 Observation (f), the 60—84 h RAW (a) precipitation forecasts initialized at 20:00 UTC 22 August 2019,
using FMM (b), OTS (c), OP (d) and PM (e) calibration during the heavy rain (08:00 BT 25—08:00 BT 26 August)
of Typhoon Bailu (1911)
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Table 2 Verification scores of torrential rain (50 mm/d) of RAW, FMM, OTS, OP,
and PM in the heavy precipitation event of Typhoon Bailu
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Fig. 5 Annual frequency bias (a), threat score (b), probability of false detection (c) and false alarm ratio (d) of light rain
(0.1 mm/d) for RAW, FMM, OTS, OP, and PM at different lead times
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Fig. 6 Same as Fig. 5 but for moderate rain (10 mm/d)
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Fig. 7 Same as Fig. 5 but for heavy rain (25 mm/d)
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Fig. 8 Same as Fig. 5 but for torrential rain (50 mm/d)
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Table 3 Performance of the original ECMWF and four different calibration methods in the daily precipitation forecasts of
2411 meteorological stations during 2019 (The TS skill score indicates the difference of TS between the calibrated and the
original ECMWF forecasts. Positive values represent skillful while negative values represent unskillful )
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