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Abstract Using the historical Beijing “7. 21” extreme precipitation event as an example, the six ensemble schemes (the initial
condition (IC), multi-physics (MULTI), 3 stochastic physics as well as a combination of IC and stochastic-physics (COM)
were compared in the following three aspects of heavy precipitation forecasts: the performance of ensemble means, ensemble
ranges and probabilities with respect to the control forecast, characteristics of ensemble spreads. and spread-forecast error rela-
tions. The results show that: (1) In spite of the existence of large systematic forecast error, all the ensembles, especially the
IC, MULTI and COM, are able to noticeably improve torrential-rain prediction over the control forecast in both intensity and
location, and provide more complete information including the forecast uncertainty for users to make a better decision. (2)
Forecast spreads of the three stochastic physics ensembles are similar to each other, generally much less than those of the IC
and MULTT ensembles and mainly concentrated near the center of the severe rainfall area. As a result, the ensemble spread is
enhanced in the vicinity of the severe precipitation area but little is changed elsewhere after stochastic physics is employed in ad-
dition to IC perturbations, which leads to virtually no improvement to the overall spread over a larger domain comparing to that
of the IC ensemble. By decomposing spread over the spatial scales, it further shows that the forecast diversity contributed by
the stochastic physics is mainly in the smaller-scale (< 320 km, it could reach to a similar level to those by the IC and MULTI
ensembles at scale < 160 km) ., while the contribution from the IC and MULTI perturbations to spread could extend another
400 — 500 km reaching to larger scales such as = 1000 km; at smaller scales (< 500 km) , multi-physics technique could pro-
duce larger precipitation spread than IC perturbation does, another advantage of multi-physics approach over other approaches
is that it could partially reduce forecast bias. And, (3) the spread spectrum is similar to the forecast error spectrum over spatial
scales for all the ensembles, i. e. , decreasing with the increase of the spatial scale. However, the magnitude of the spread spec-
trum is smaller than that of the forecast error spectrum (indicating under-dispersion) , this departure increases rapidly with the
decrease of spatial scale and becomes large over the small scales.
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Fig.1 Three domains used in this study: domain 1 for the model integration,

domain 2 for the scale-decomposition in subsections 4. 2. 2 and 4. 2. 3, and

domain 3 for calculating averaged rainfall amount over the Beijing area
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Fig.2 (a) Observed 24 h-accumulated
precipitation (Obs) from 00:00 UTC 21 to 00:00
UTC 22 July 2012, (b) 24 h control forecast
(CtD) of precipitation over the same 24 h period, and

(¢) the control forecast error (Ctl— Obs) (unit: mm)
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during the severe rain period
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Fig.4 RMSEs (a) and ETSs (b) of the control forecast and the six ensemble mean forecasts
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from the observation (Obs), ensemble minimum (Min), control forecast (Ctl), ensemble mean
(Mean) and ensemble maximum (Max) for (a) ICLBC, (b) MULTI, (¢) KFTEN, (d) KFTRI,
(e) YSU and (f) COM ensembles (the rainfalls could originate from

the different ensemble members for the ensemble minimum and maximum products)
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Fig. 7 Brier Skill Scores (BSSs) of the six ensembles over the different precipitation thresholds
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Fig. 8 24—48 h ensemble mean forecasts (contour) and ensemble spreads (color) of the 24 h-accumulated precipitation
(00:00 UTC 21 -00:00 UTC 22 July 2012) from (a) ICLBC. (b) MULTI, (¢) KFTEN, (d) KFTRI,
(e) YSU and (f) COM ensembles (The isohyets are for 10, 25, 50, 100, 150, 200 and 250 mm/d)
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of the 6 h-accumulated precipitation forecasts from the six ensembles
during the severe rain period from 00:00 UTC 21— 00.:00 UTC 22 July 2012

(the ensemble max and min have their definitions the same as in Fig. 6)
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Fig. 10 (a) Talagrand distributions or ranked histograms and (b) root mean squared

differences between the ranked-probability and expected-probability summed over all the

categories in the Talagrand distribution, derived from the six ensembles for the 24 — 48 h

forecasts of the 24 h-accumuated precipitation over the severe

rain period from 00:00 UTC 21— 00:00 UTC 22 July 2012
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(b) spread on scale == 64 km, and (c¢) spread

on scale between 32 — 64 km
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Fig. 14 As in Fig. 13a but compared with the two forecast error spectrums:
"err;" is the control forecast error spectrum and "err, " is the MULTI ensemble
mean forecast error spectrum of the 3 h-accumulated precipitation
during the forecast period of 24 — 27 h (the ICLBC curve can be barely

seen because it is almost overlapped with the COM curve or see Fig. 13a for a better view)
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Fig. 15 Ensemble spread (a) and absolute ensemble-mean forecast error (b) (|forecast— observation|)

of the 24 h-accumulated precipitation during the forecast period of 24 —48 h based on the MULTTI ensemble
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