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Abstract Based on the WRF model, in this study, the authors investigated the source of forecast errors for an extreme
precipitation event in the southwest of Guangdong Province that occurred from 16 May to 17 May 2015. First, forecasts
using the WRF model with the initials NCEP_FNL (hereinafter WRF _FNL) were compared with the deterministic
forecasts generated by ECMWF (European Centre for Medium-Range Weather Forecasts), and the results showed that
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ECMWF had good forecast skills. Thus, the model and initials used by ECMWF are deemed to be accurate. Then, the
authors generated a new forecast (hereinafter WRF_EC) using the WRF model with the ECMWEF initials, keeping the

same physical schemes as those in the previous WRF simulations. The results showed that WRF _EC has better forecast

skills than WRF_FNL. This indicates that the improvement of initial states has a significant impact on forecasts, and thus

the initial error is the main source of the forecast errors. The authors also analyzed the sensitive area and sensitive

variables. The results showed that the initial errors mainly came from the North Gulf of the South China Sea and

southwest of Guangxi Province. Both the initial temperature and the initial humidity played an important role in the heavy

precipitation forecast. Thus, improving the accuracy of initial temperature and humidity could greatly improve the skills in

forecasting this heavy precipitation phenomenon.

Keywords Error analysis, Heavy precipitation in South China, Initial states, Sensitive areas, Sensitive variables
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Fig. 1 Distribution of precipitation (units: mm) in South China from 0000 BJT (Beijing time) 16 May to 0000 BJT 17 May 2015: (a) OBS (hourly
precipitation grid data set (version 1.0) fused by China automatic station and CMORPH precipitation products); (b) TIGGE_EC [TIGGE (THORPEX
Interactive Grand Global Ensemble) ensemble forecast data from ECMWEF (European Centre for Medium-Range Weather Forecasts)]; (c) WRF_FNL
[forecasts using the WRF model with the initials NCEP_FNL (Final Global Data Assimilation System) data]; (d) WRF_EC (forecasts using the WRF
model with the initials ECMWF data). In Fig. a, black boxes on the west, north, and south sides are areas 1, 2, and 3 in sensitive experiments,

respectively
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Fig. 2 Temperature (shadings, units: °C) and wind (arrows, units: m sfl) at (a, b) 500 hPa, (c, d) 850 hPa, (e, f) surface obtained from the two initial
fields (a, ¢, e) FNL (initial forecast field of WRF_FNL), (b, d, f) EC (initial forecast field of WRF_EC) at 0000 BJT 16 May
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Fig. 3 Relative humidity field (shadings) and wind (arrows, units: m sfl) at 850 hPa obtained from the two initial fields (a) FNL, (b) EC at 0000 BJT

16 May
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Fig. 4 (a, b) 500-hPa gopotential height (units: dagpm), (c, d) sea level pressure (shadings, units: hPa), and surface wind (units: m sfl) obtained from
the two initial fields (a, ¢) FNL, (b, d) EC at 0000 BJT 16 May 2015. Black bold lines in Figs. a and b represent trough lines
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Fig. 6 Differences of temperature (between initial fields EC and FNL, shadings, units: °C) at (a) 500 hPa, (b) 850 hPa, (c) ground and wind (from
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fields EC, arrows, units: m sﬁl) at 0000 BJT 16 May, and (e) 850-hPa vertical velocity differences (between initial fields EC and FNL, units: m sﬁl) at

0100 BJT 16 May



6 3] PRI A — UV R B R I FROR ZE R M

No. 6

LU Chubhan et al. Analysis of the Source of Forecast Errors for a Heavy Precipitation in the Southwest of ... 1345

BT, KIIE 1 4.1 W BURIX R HERTE,
2 DX SO W R R 2 ) T R YR X 35
e BUR X, TR RYIGIR %=

28N ‘ = ~
2
24N 1 ,0
&~
20N -
16N
100E 104E 108E 112E 116E 120E

- I
2 215 2.3 2.45 2.6 2.75

Bl7 2015455 1 16 H 00 B} EC. FNL B#)4a 3 1% 2 K30
BRI ZEMS b 10°D

Fig. 7 Differences (between initial fields EC and FNL, units: 10° J) of
the wet energy field disturbance from the entire atmosphere at 0000

BIT 16 May

28N -
24N 1

20N -

.

16N T — = T
104E 108E 112E 116E

2en {©

24N

20N

16N T T T L

104E 108E 112E 116E
\ I I
0 30 60 90

R T EY B E . BRI AAFRZRZ TN
Tk s, vt T AT EeEe 23 H SE v
IR (EC) PHURXARERE. ®E. X
Yy AR UL R P RE AN R 37 e FNL o
XN BB R, ORIFIL T R 16 vh ) HoAth
FAFMBEA B E AL, EPHATEITR, TR
AR AR o 33 AN [ AR ) et R R
ISR, R A R B TR AR Z2 R ) AR
LRI A VR R IR A R U AR

P 9 D73 39 5 BRBURRIX A AN [R] A 8 Ja i ) T
SR AT, DU SRR RE 7 9 AN BE B i TR 35T
CIE 9a), phdt U IX P A9 2 37 Jm 7T BL W & 4
e KR (B 9b), (HGZ K VE XA BT i A%
AR EHE R . RS BERSCR B ZE (B 9. d),
0 24 [F) I ek i RE S R R 3, U] DA B
GRS . XL 9e 5E 1a ATLAE S|, 2
[F B SO BURR X N IR E S AR A Je . IR TERE
IKEIREREKIEX B, ASWIMMERON %L T

28N

24N

20N A

16N

28N A

24N

20N A

T T
112E 116E

120 150 180 200

B8 24 /hiF (20154E 5 H 16 H 00 BF 2 17 H 00 B RARTUIR K EHAG (BAL: mm): (a) WRF_FNL; EC &t FNL F1 (b) X

—. (o) K, () XK= k1 iR AEMZERY

Fig. 8 24-h (from 0000 BJT 16 May to 0000 BJT 17 May 2015) accumulative forecast precipitation (units: mm) distribution in South China: (a)
WREF_FNL; EC replaces the basic element fields of FNL in (b) area 1, (c) area 2, (d) area 3 (as shown in Fig. 1)



XA B % 44 %
1346 Chinese Journal of Atmospheric Sciences Vol. 44
28N 28N -

24N

20N

16N : : = S
104E 108E 112E 116E

28N A
24N -
20N -

16N ‘ T =7
104E 108E 112E

28N

24N

20N

16N ‘ = - =
104E 108E 112E 116E 120E

24N ~

20N ~

P !

16N

T T -T T T >
104E 108E 112E 116E 120E

28N - @

24N -

20N -

T T -\- T T
104E 108E 112E 116E 120E

16N

0 30 60 90 120 150 180 200

B9 201545 H 16 HOORZE 5 A 17 HE# FNL #URX (Xik—) WAEZAE )G 24 h ik 2REKES A CRAL: mm): (a) &)E;

(b) ¥BJE; (o) R3; () SEY; (e M BHiREANEE

Fig. 9 Forecast precipitation (units: mm) distribution of precipitation (units: mm) in South China of the replacing sensitive variable experiment in the
sensitive area (area 1) of FNL from 0000 BJT (Beijing time) 16 May to 0000 BJT 17 May 2015: (a) Temperature; (b) humidity; (c) wind field; (d)

pressure field; () temperature and humidity

ERAAIGIE A, oAl E T UM TiRG R S
OBS KK R HE TS ¥F4r (K 3). K3 HH:
B — E e A A L F 3 A R S TR R, (H
[ o 5 el B2 7 R P 3 S AR R AT T B Y i o
1M 73 3 & e 7 U X N R E A AR R
K3, PEFRTIER S R T B e — I B R ),
E 35 25T [F) i) 5 J BURR [X P UL 3 IR 5 3 1 T
SEIL . X B IR 3 RO 37 P iR 2 SR AR IR A
BRI UE 5 22 1) 2 BERUR, TP R B 2 A I 2 T
RV BUBRME R & . X TR R 5N R 58
BEAGRE, S AE A S AT DL iR R 22,
TR .

R3 HREEIRWP 24 /B (2015F 5 A 16 H 00 =
17H 00 B ) RMEKEFMERS OBSHHEXRLBR
TS i}

Table 3 Correlation coefficients and TS scores between
OBS and the experimental forecast precipitation results in
sensitive-variable experiments from 0000 BJT 16 May to
0000 BJT 17 May 2015

By R REL TSV
Y 0.182 0.0520
WY 0.112 0.0937

A% 0.094 0.0322
SES 0.099 0.0329
BB 0.487 0.1713
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