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Abstract: This study verified the whole 2016 year real-time forecast and parts of 2013—2015 reforecast of
heavy rain events and compared them with EC model and T639 model forecasts by using synoptic verifica-
tion method. After summarizing up all verification results into several systematic biases, some conclusions
were excavated to help improve the GRAPES-GFS developments and operational applications. 38 heavy
rainfall events were verified. Starting from the forecast quality of precipitation, synoptic weather systems
and atmospheric physical factors were checked to find the direct causes of the precipitation biases and
differences between other operational models. The results showed that some advances have been made in

short-range precipitation forecast, but still north bias exists in some convective rainband forecasts.
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Precipitation forecasts are weaker than observation in some convective cases which are under weak high

level synoptic system background. Wet bias northern to the rainband and strong bias of subtropical vortex

were also found in some cases while the precipitation was not over estimated.

Key words: GRAPES-GFS model, synoptic verification for model, heavy rain event
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characteristics described in 2. 1.1
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(Shaded area: model forecast; colour dots: observation)
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characteristics described in 2. 1.2
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Fig. 4 Verification of accumulated precipitation from 08:00 BT 30 June to 08:00 BT 5 July 2016
(a) GRAPES-GFS model 12—36 h forecast, (b) GRAPES-Meso 3 km model, (¢) EC model

(illustration same as Fig. 1)
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Fig. 5 Rainfall observation and forecast statistics from 1 April to 31 October 2016

(a) scatter plot of rainfall observation and GRAPES-GFS model forecast

(Solid black line is the linear fit result, dashed line is the ideal linear fit result) ;

(b) logrithmic statistics of the number of stations under every magitude of precipitation
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characteristics described in 2. 1.3
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Fig. 6 Verification of (a) 36 h accumulated precipitation (shaded) and observation (colour dots)
at 08:00 BT 3 April., (b) GRAPES-GFS 24 h at 850 hPa., wind and geopotential height forecast,
(¢) 500 hPa geopotential height and wind at 20:00 BT 2 April 2016

(Black lines and wind barbs are GRAPES-GFS 24 h forecast while the blue ones are observation; unit: dagpm)
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(a,b) GRAPES-GFS fiifiz - (c.d) NCEP 43 #13%
Fig. 7 GRAPES-GFS 24 h forcast 6. (unit; K) and wind at 700 hPa (a, ¢) and
850 hPa (b, d) at 20:00 BT 2 April 2016
(a, b) GRAPES-GFS forecast, (¢, d) NCEP analysis
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AR LI Y 24 h BFRBEAO Je 15 B 20 B 24 h BRI H R (b~e)

(b)) GRAPES-GFS #£58 24 h /NI T4 (258 28 A7 500 hPa & BE Y, B4 : dapgm; XAF K 850 hPa K%,
Fia )y 850 hPa Hig%) . (o) [ &l 8b,{H N NCEP-GFS #4474 .
(d)GRAPES-GFS #i5{ 24 h Hilix iy 118°E 2 &1 11 (A5 {H 28 9 A0 24 A0 - B 07 - K RUbR
ARGy U0 ELi ) - () [ [ 8d. fH 2l NCEP-GFS 807 7
Fig. 8 Verification of 24 h accumulated precipitation at 08:00 BT 16 June and
weather background at 20:00 BT 15 June 2016 (b—e)

(a) GRAPES-GFS 12—36 h forecast 24 h accumulated precipitation (shaded) and
observation (colour dots), (b) GRAPES-GFS 24 h forecast (contour: 500 hPa

geopotential height, unit: dagpm, wind barbs: 850 hPa wind, colored: specific humidity) ,

(¢) same as Fig. 8b, but for NCEP-GFS model analysis, (d) vertical cross-section of

GRAPES-GFS 24 h forecast along 118°E (contour: equivalent temperature, unit: K,

wind barbs: horizontal wind, colored: specific humidity) ,

(e) same as Fig. 8d, but for NCEP-GFS model analysis
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(b)GRAPES-GFS #3{, 24 h 4t ({52 Jy 850 hPa A1 47 ik, Hf . K, Kby 850 hPa 37 5
B g K3 - (o [/ 8 9b,{H k) NCEP-GFS #1243 147 » () GRAPS-GFS it
850 hPa RATEH 24 h b s TR AR B (B 68 S (B 26 g i BE 37 Tl AR, B S (8
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Fig. 9 Verification of 24 h accumulated precipitation at 08:00 BT July 1 (a) and weather
background at 20:00 BT June 30 2016 (b—1)

(a) GRAPES-GFS 12—36 h forecast 24 h accumulated precipitation (shaded) and
observation (scatter points), (b) GRAPES-GFS 24 h forecast (contour: 850 hPa equivalent
temperature, unit; K; wind barbs: 850 hPa wind, shaded: wind speed), (¢) same as Fig. 9b,
but for NCEP-GFS model analysis. (d) GRAPES-GFS 24 h 850 hPa weather background
forecast verification (black contour: geopotential height forecast, unit: dagpm; black wind barb:
wind forecast, blue bar: NCEP-GFS analysis), (e) same as Fig. 9b
(contours: 500 hPa geopotential height, unit: dagpm; shaded: 850 hPa divergence),

(f) same as Fig. 9e, but for NCEP-GFS model analysis
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Table S Examples sharing the same

characteristics described in 2. 2.1
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Table 6 Examples sharing the same

characteristics described in 2. 2. 2
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