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Abstract Due to the influence of weak synoptic systems, the relatively weak precursor signals make

significant challenges for the forecast of warm-sector heavy rain in southern China. In order to explore
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the predictability of warm-sector heavy rain in southern China, and further investigate the error growth
characteristics of warm-sector heavy rain at different scales, high-resolution ensemble forecast
experiments based on the WRF mesoscale numerical prediction model are carried out for a double
rainbands precipitation event that occurred in Guangdong province on 30-31 May 2021. The
experimental results show that the convergence of strong low-level wind speed is the main convection
initiation conditions for this warm-sector heavy rain of southern China, the mesoscale convergence line
at the sea-land interface in South China and the strong southwest boundary layer jet are conducive to
promoting convection. The magnitude of forecast errors and their growth rates at different spatial scales
in the warm-sector heavy rain are significantly different, and this heavy rain event is less sensitive to
small variations in initial perturbation amplitudes. After convection initiation, the error growth exhibits
more obvious nonlinear characteristics, the small-scale errors grow rapidly in the form of “upscale error
growth” until saturation, and then dominated by mesoscale error growth. The above study shows that
the predictability of warm-sector heavy rain in southern China is limited by multiple factors, and the
moist convective process can accelerate the growth of mesoscale forecast errors. Moreover, the strong
nonlinear characteristics of forecast error growth at different scales in synoptic systems directly limit
the predictability.
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Table 1 Initial perturbation scheme for ensemble prediction experiments
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Fig.1 Observational precipitation (unit: mm) from 1200 UTC on 30 May to 1200 UTC on 31 May, 2021. (a) 24-h
accumulated precipitation (solid triangles represent three representative stations selected along the direction of the rain
system movement, the red rectangle represents Region 1, the yellow rectangle represents Region 2, and the numbers
indicate the average 24-h accumulated rainfall within each region.); (b) the hourly precipitation (histogram) and hourly
accumulated precipitation (solid line) for Yangmei Station, Longhua Station, and Qiaochong Station (unit: mm).
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Fig.2 (a) 2m temperature (shaded, unit: °C), 10m wind (wind barbs, unit: m s*), and cold front (solid arrow indicates the
movement direction of the cold front at 1800 UTC on 30 May, while the dashed arrow indicates the movement direction
at 00 UTC on 31 May); (b) 925 hPa geopotential height (blue contour, unit: gpm) and wind (wind barbs represent wind
speeds greater than 8 m s, shaded areas indicate wind speeds greater than 10 m s™); (c) 850 hPa geopotential height
(blue contour, unit: gpm), pseudo-equivalent potential temperature (red contour, unit: K) and wind (wind barbs represent
wind speeds greater than 8 m s), shaded areas indicate wind speeds greater than 10 m s)); (d) 500 hPa geopotential
height (blue contour, unit: gpm), wind (shaded areas indicate wind speeds greater than 16 m s)) at 1800 UTC on 30
May, 2021. The troughs are indicated by the solid brown lines.
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Fig.3 (a) The TS score for 24 h cumulative precipitation forecasted by the 30 ensemble members; (b) Area-averaged
(22.8N~23.1N, 115.5E~116.6 E) hourly precipitation (unit: mm) of heavy rain in warm-sector. The solid black line
represents observations, the dashed black line represents ensemble mean, and the dashed gray lines represents ensemble
members, the solid red and blue lines respectively represent the good member (G24) and poor member (P05).
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Fig.4 Radar reflectivity (shaded, unit: dBZ), 10 m wind (wind barbs, unit: m s) and hourly accumulative precipitation
in the next hour (solid black line, unit: mm) of (a, ¢) good member G24 and (d, f) poor member P05 on May 30 at: (a-b)
1500 UTC; (c-d) 1600 UTC.
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Fig.5 Vertical section of (a-b) radar reflectivity (shaded, unit: dBZ) and wind (arrows, unit: m s, with vertical velocity

amplified by a factor of 10), (c-d) equivalent potential temperature (red contour, unit: K), and stratification stability

06, / 0p (shaded, unit: 10 K Pa™®) of (a, ¢) good member G24 and (b, d) poor member P05 along the solid red line in

fig.4 on May 30 at 1600 UTC.
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Fig.6 Good member G24, poor member P05, and their difference (G24 minus P05): (al, b1, c1) 2 m temperature
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Fig.8 Vertical section of radar reflectivity (shaded, unit: dBZ), wind (arrows, unit: m s, with vertical velocity amplified
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Fig.9 The ensemble sensitivity of the zonal wind (a1, b1, c1), meridional wind (a2, b2, c2) to mean 6-h accumulated
precipitation in the key area(shaded) at 0000 UTC on May 31, as well as the wind fields of ensemble mean (arrows, unit:
m s’; Only horizontal winds with speeds greater than 10 m/s are shown on 925 hPa and 850 hPa.). (al-a2) 10 m, (b1-b2)

925 hPa, and (c1-c2) 850 hPa.
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(arrows, unit: m s, with vertical velocity amplified by a factor of 10) of (a) good member G24 and (b) poor member
PO5.
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Fig.12 (a) The time evolution series of the RMDTE (units: m s-1) for ensemble members in the warm-sector heavy rain
(22.8 N~23.6N,115.4E~116.6 E). The dashed black line is the ensemble member, and the solid red line is the
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ensemble mean); (b) The time evolution series of the vertical distribution of ensemble mean RMDTE (units: m s-1) for
the warm-sector heavy rain(22.8 N~23.6 N,115.4 E~116.6 E).
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AT BE R B R R, FAR AR s iR 2 K R E R, (AR UGE FERT H )
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