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Fig. S1. Time-averaged kinetic energy spectrum from ECMWEF data at the 28th model level (~250 hPa) in the (a) x-
and (b) y-directions for the experimental domain in July 2018. The red and blue dotted lines denote the theoretical —3
and —-5/3 power-law at the synoptic scale and the mesoscale, respectively. These theoretical power laws were
reported by Nastrom and Gage (1985) and Lindborg (1999). The four vertical lines denote the wavenumbers
corresponding to 10, 8, 6, and 4 grid spacings in ECMWF. The effective resolution of ECMWEF in the experimental
domain can be determined by the point at which the model kinetic energy spectra deviate from the theoretical or
observed power-law spectra. It should be noted that the original resolution of ECMWEF data is about 0.07-degree
other than 0.25-degree in released forecast data (see https://confluence.ecmwf.int//display/FCST/Gaussian+
grid+with+1280+latitude+lines+between+pole+and+equator).

*The online version of this article can be found at https://doi.org.10.1007/s00376-021-0316-7.
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Fig. S2. Temporal variation in the cutoff wavenumber of blending in the (a) x- and (c) y-directions for experiment
FC_DBDA from 0000 UTC 11 July 2018 to 2100 UTC 17 July 2018 (the July cases in section 4). The k. shows an apparent
diurnal oscillation in both x- and y-directions, with high values from 1800 UTC (0200 Local Standard Time (LST)) to 0000
UTC (0800 LST) but low values from 0300 UTC (1100 LST) to 1200 UTC (2000 LST). More long waves are blended into
RMAPS-ST from the ECMWF forecast at nighttime, indicating that DB tends to constrain the large-scale initial field more
when the atmospheric state is statically stable. At noon and in the afternoon when the diabatic heating is strong, DB selects a
lower cutoff wavenumber to keep more small-scale information from the previous forecast cycle of WRF and to maintain the
continuous development of convective systems in the RRC.
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Fig. S3. Geographic distribution of rain gauge sites in China used to verify
the precipitation forecasts.
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Fig. S4. Same as Fig. 3 but for forecasts at t = 12 h.
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Fig. S5. The same as Fig.3 but for forecasts at 7 =24 h.
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Fig. S6. Multicycle-averaged initial RMSE (+ = 0 h) over the experimental domain against GFS final
reanalysis data for (a) air temperature (units: K), (b) specific humidity (units: g kg=1), (c) velocity component
in x-direction u (units: m s~1), and (d) velocity component in y-direction v (units: m s~1). The black, red and
yellow curves denote the RMSEs of FC_DA, PC_DA and FC_DBDA respectively.
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Fig. S7. Same as Fig. S6 but for forecasts at 7 = 6 h.
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Fig. S8. Same as Fig. S6 but for forecasts at t = 24 h.
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Fig. S9. Geophysical distribution of multicycle-averaged 6-h forecast initial field (contour lines) and bias (shaded) of

geopotential height against ERAS reanalysis data at the 18th model level (~500 hPa) for (a) FC_DA, (b) PC_DA and (c)
FC_DBDA respectively.
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Fig. S10. Same as Fig. S9 but for specific humidity at the 12th model level (~700 hPa).
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Fig. S11. Multicycle-averaged MSPT during the first 6
forecast hours for February (a), April (b) and October (c)
cases. The red (yellow) lines denote the results of the
FC_DBDA (spin-up process of PC_DA). The solid (dashed)
lines denote the results of cycles that start from non-00/12
UTC (00/12 UTC) cycles of FC_DBDA.
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Fig. S12. Same as Fig. 3 but adding the RMSEs of FC_DBDAZ2 (purple lines).
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Fig. S13. Same as Fig. 4 but adding the RMSEs of FC_DBDA?2 (purple lines).
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Fig. S14. Same as Fig. S4 but adding the RMSEs of FC_DBDAZ2 (purple lines).
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Fig. S15. Same as Fig. 5 but for (a) FC_DBDA and (b) FC_DBDA2.
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Fig. S16. Same as Fig. 7 but for (a) FC_DBDA and (b) FC_DBDA2.
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