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Abstract Considering the highly non-linear characteristics of convective-scale weather systems and spatial-temporal uncertain-
ties in high-resolution numerical forecasting, a convection-allowing ensemble forecast experiment has been conducted to simu-
late a strong squall line. The neighborhood probability (NP) method mainly considers the spatial displacement error in high
resolution model forecasts, and cannot effectively address the problem of difference in event occurrence time between forecasts
and observations. Therefore, a time factor is introduced into the NP method in this study. And based on the improved NP
method and fractions skill score (FSS), the precipitation forecast of the strong squall line is verified on different spatial-tempo-
ral scales. The conclusions are as follows: (1) The FSS of extreme precipitation produced by the neighborhood ensemble proba-
bility (NEP) and probability matched mean (PMM) methods is higher than that produced by the traditional ensemble mean
(EM) method, and the former two methods overcome the shortcomings of the EM method in predicting extreme precipitation.
(2) For the squall line process investigated in the present study, the spatial scale of 15— 45 km can reduce the spatial uncertain-
ty in displacement error of precipitation forecast and optimize the forecast effect. The spatial scale of 15— 30 km exhibits a bet-
ter forecast capability for smaller-scale extreme precipitation events. (3) The convective-scale precipitation forecast has a corre-
sponding relationship between temporal scale and rainfall intensity, and different temporal scales can capture temporal uncer-
tainties in precipitation with different magnitudes. Meanwhile, the spatial and temporal scales are inter-related for the precipita-
tion forecast effect. (4) The improved NP method can simultaneously show temporal and spatial uncertainties in high-resolution
model forecast of convective-scale precipitation, achieve comprehensive evaluation of convective-scale precipitation on temporal
and spatial scales, and provide skillful probabilistic forecast results for precipitation with various magnitudes and corresponding

spatial-temporal scales.
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Fig.3 Neighborhood ensemble probability distributions of precipitation

exceeding 1.0 mm/h at the 14th forecast hour
(The neighborhood radii in (a) — (g) are 9, 15, 21, 30, 45, 60 and 90 km, respectively.

Observed precipitation distribution is displayed in (h) (unit:; mm))
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(the green line is the control forecast (CTL), the blue, orange and red lines represent NEP, EM and

PMM methods, respectively. Shaded area indicates the forecast range of all the ensemble members)
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Fig.5 Changes in three time-neighborhood FSS of precipitation

exceeding (a) 1.0, (b) 5.0, (c¢) 10.0 and (d) 16.0 mm/h at
the 14th hour with the radius of neighborhood
(the solid. long dashed and short dashed lines represent 1 h, 3 h and 5 h time

neighborhoods, and colors are the same as in Fig. 4)
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Fig. 6 Probability distributions of three time neighborhoods and observation at
the 14th hour. (a) — (d) represent 1, 3., 5 h time neighborhoods and

observation with radius of 45 km and precipitation exceeding 1.0 mm/h;

(e) — (h) are for radius of 15 km and precipitation exceeding 16. 0 mm/h
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Fig. 7 Threshold-scale diagram of FSS with temporal scales

incorporated from NEP method at the 14th hour
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