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Abstract Based on the WRF (Weather Research Forecast) model and the GSI (Gridpoint Statistical Interpolation) assimilation
system, the impact of the assimilating four Doppler weather radars (DWR) reflectivity and radial velocity (V,) for quantitative
precipitation forecasts (QPFs) of the "7. 21" Beijing excessive storm have been examined. The GSI directly assimilates V.,
while indirectly assimilates the reflectivity through the cloud analysis. The radar data are assimilated every 30 min from 21:00
UTC 20 Jul to 00:00 UTC 21 Jul 2012. The numerical experiments demonstrate that the DWR data assimilation can improve
nowcast and short-term precipitation forecasts, whose ETS scores averagely increase by 0. 2. The reflectivity data are used pri-
marily in a cloud analysis that retrieves the amount of hydrometeors and adjusts the in-cloud temperature and moisture which
have direct influence on generating precipitation. The assimilating reflectivity makes the root-mean-square error (RMSE) of the
geopotential height averaged over between 650 and 250 hPa decreases by 8 gpm. The direct assimilation of DWR V, in GSI ex-
erts a sure influence in mesoscale wind fields. Through the quantitative verification of the simulation results. the forecast with
reflectivity assimilation is better than that with the V| assimilation.

Key words GSI system, Doppler weather radar data,"7. 21" Beijing excessive storm
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Fig.3 Coverage area of the nested simulation domains (a). and also indicated are the Beijing. Tianjin, Shijiazhuang,

Qinhuangdao SA radar locations (b, black dot) with the 230 km observation range of SA radar marked by the black circle
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Fig. 8 Observed reflectivity (a,b, isoline: 40 dBz) and the zonal height cross-section (¢ —1f) of cloud water,
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688

el 8c—1 Hr iy B 52 43 5l 2 il 5 RADAR #1146 % =
K UK CFRKFIZE T 39. 15°N (1 & -3 B 50 1T . AA
B AT LA 27K 2z 0K TR KRS () KA 0 o B
[Fi) J52 555 238 () A AL H 0 % 7 858k — B30, #8 40 F 115°E fff
. 2K F By i T113.8°115. 6°E, 3 & &
2.5—8 kmAyE N, FLEH 3 A KAEH O, Ho
RE kAL 171,60 g/kg, mUKERHAMTE 7 km
PLE RGP R R 13 k. 45 18] 50 A 35 1B F] 2 7K e AR
— RGO B R 2. 65 g/kg. FRKAM i T
U 25 k@ [ A 4 1] 3 A [o] = K —REES IR T 2 4>
ZBE SRR 3. 63 g/kg. T4 I LA AE L TR
B 71 B NS k" JE F] 8 km, £ [ {XAX (5 45 115°E
BT 1200, JF H G 2R 2,
4% RADAR 7K B9 (B 8c—1 I 52) Al il 4 RA-
DAR 5 CONV /K &Y 19 228 (& 8c—1 FE{H L) #H %
HRAR /N BB RADAR 38 i i) 7K B 9 He A 2 th
[ IR OB R 1 . #E— 2B %) 4 il e REF fi
VEL /K EEW 43 A CEIBE ) BT L& B K B8 4 6 388 =&
B PR S R R [ AL . X R WISR T = 4 1 [R]
AU S 23R R X ) 4 3 v K BRE W A R o A G R
YEH .

4.4 EESWHARREMENRE)

R ALK L 4 BT ik 3 CONV, REF, VEL Fi
RADAR 73 Hr3 RS B 6 EaR 4 150 i o7 i
JE RS EE U XA VXU FNL 1° X 1° #4538 52k
TR R R 22 (B 9) -2 22 () 15K OF
T A do4 X8, 25 B B2 1000—100 hPa,

4 2RI 1 6 e v J3E ) X T R 58 2 R R O B iy
FEDS/N S SR 5 PRI A T e o T b T2 P B AR R 2
Ko mibs 40—50 gpm, H1 5 )2 B /N, FEARFE20 gpm DA
T, % REF il RADAR fE il fk T R £ 2 )5,
650—250 hPa (3477 A 15 22 B 1 tb AN [ 4 S 359 2R 1)
4 VEL Fl CONV ik, KZYL 8 gpm. 735 B2 1Y
25 i 252 2 IR I 67 0 22 L SR S B e B2 32 U )
T 0.5] 150 hPa J5% R iEm 2 . [R5 —FF,
[Fi) £ S 555 6 RE A5 ol /N XoF 0 )23 v 2 A7 348 o ) O 2 5%
P

AERT I B2 A 34 7 A 25 DA 3 b 1T 1) 400 hPa 4
FETE 1220—20% , SR )5 2 7 55 . 200 hPa & B 111
5 MR 22 5L Z k4096, 31X A RE L P R I v
XoF 3t 2 T 30T o o A X o 9 2 T 1) il 3R R 8+
AR, Bk 1000800 hPa ik % CONV ) A1 X it &

K2 2015,73(4)

Acta Meteorologica Sinica

By MR 22 W /N T Hofth 3 41560 40 oA s 4 4l
TG 22 AN K AF R BE A 1 359 15 22 AR 2 1) 67 Ji
2 1 JE % 08 /IN - 800 hPa L I+ B S 1F (2% .

U VORI 35 D7 A i 22 41 J2: ol B 5 1 2% 1% 3
H %) 200 hPa 2245 FFUE /N, 4 458 U 1937 i
W2 2.7 m/s B/ T VR 2.9 m/s, [AfLTE A
GERbXF U ALV R 35 07 AR 15 22 A B I oo FE R
WIE 2 iR 5 CONV B L T HiAl 3 24185 .

5 Mak4 Rt

SCH AR AL b X2 B Sl U R K DL R
RS ARXS 5 2 A B TR AG A HEAT X 2 W A T
X GORLE M HiT PPAl & 2 B B A X i T Y
2 B 2 T AR B WL B} . e &R 40 b 4 8 0T
A B A R 56 1P K (21 H 00 iF—22 | 00 i) I
AR K (21 H 00—03 B 14 Tl 4 7K 7, DAHR 5% B ik 0%
R} [ A XoF 8 7 ST 41 1) o5 3 195 0
5.1 24 h 2tk

“7. 217 AC TR R R 2 BT LA RE i AR R A Ak
T2 R PR Ry MU R AR A A R K R R K L Rk B [
Ko M 24 h B3 F 0L R K CEL 10D 19 43 A AT DL &
B K R R AT 22 PG — R AGE 1] b i KFR A b X
TR LA B m] AL R 43 3 X5k 3] R % o 1 %, Ho B
Lyt DX e B K R SR RS T 200 mm,

5 LI AR TR 5 K W RN A A O A
o [ I i R i R R | = [ I 1 e 490 & S 9 |
NHIX ., BRI S A AE 2 % . 1538 NODA i
5 0 T A7 g PG I ™ R R T R U A A i E
Kb #B . I H 200 mm LA b FR A R B AL 5 R AR )
LM ERZ. R CONV 15 2 1 MK, 5
R W B i X U S A K 2 A% L F 5200 mmD) |
e TN R KR NP (E R VA TR IR 178 i o X (VA = 193
LB S0 AT A H X TSI 2 B ) Ak e 4 3 B Gk
55 REF) s & 4% ) WU R GBS VEL) X% CONV ™
T R AR 2% T P K IR A0 A5 38 1 o Horp s il g9
VEL [a] SZ 3¢ 5 42300 . 30568 REF 4 7 0 5 gk K
[ X A — 22 22 BF 5 1 % F 200 mm DL _F 9 B K 9
2,105 REF $i4 1907 B 5 3230 B L X, A8 F 15
VEL Rk 45 5 . {5 RADAR 4 i) Kk & 1 1 45
FAe A K, 200 mm P b [ KA T B L BT 3 A 79 47
FOR AL REF R .

K ETS W43 it — 25 i A6 251000 24 h B3t



OBt 2 W R B OB R AR 7. 217 AU R 5% T A B Hh ) 639

(a)

200

400+

600—

Height (hPa)

800—

1000 —+—— b T e
10 20 30 40 50
RMSE of geopotential height (gpm)

200

400—

600 —

Height (hPa)

800 —

1000 6 T
1.0 2.0 3.0 40 50 6.0

RMSE of U (m/s)

200 —

600—

Height (hPa)

800 —

1000

1 (@)
200
400
~
o i
S
Z 600
<
X 7
[
I -
800 ——VEL
| —o— REF
| —e—RADAR
| —<+—CONV
1000 e Ot T
1.0 2.0 3.0 40 50 6.0

RMSE of V (m/s)

9 21 H 00 B 4 I 43 37 1R]) FNL BEt i 48 5 A i 22
Ca. PL TR BE gpms b, FIRHBEE . %0 5. U K3, m/s;d. V X3z .m/s)
Fig.9 RMSE of the analysis field from the experiments of CONV, REF, VEL and RADAR
verified against FNL at 00:00 UTC 21 July 2012
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Fig. 10 24 h accumulative rainfall (mm) from 00:00 UTC 21 to 00.00 UTC 22 July 2012 from the observation
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