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Abstract Aiming at future operational implementation, the research on assimilation of wind profiling radar (WPR) data
into the GRAPES Meso model (Global / Regional Assimilation and Prediction System) is carried out. Based on
observational WPR datasets in China during July 2015, a two-step quality control (QC) procedure is developed first. The
differences between the ERA-Interim reanalysis data and the WPR observational data before and after QC are calculated,

respectively. Results show that the wind field errors are largely reduced after QC, and the distributions of the innovations
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corresponding to observations after QC are closer to a Gaussian distribution. Based on the GRAPES-3DVAR system, the

WPR observations after QC were used in one-month continuous experiments as well as a real-case study to illustrate the

influence of WPR observations on GRAPES Meso model. Results show that the assimilation of WPR data can improve

the initial condition of the model. Analysis errors of wind, temperature and humidity field are reduced, and the prediction

skill for short-term precipitation (0-12 h) is improved. The impact of assimilating WPR data on the analysis and forecast

of typhoon “Linfa” is also investigated in this study. Results show that assimilating WPR data can effectively adjust the

dynamic structure and water vapor condition over the typhoon precipitation area, producing a more favorable condition

for the development of convective system and improving the forecast skill of precipitation.

Keywords Wind profiling radar, Quality control, Data assimilation, Impact experiment

1 35

e B 25 R R B AR 3 TR BUE R
ATIERIAS R e 26 (RIEGSE, 20125 BFidt
L5, 201 W RATEIIERES) /), S
AT ERE . SR, FERIGIH TR, KR
MIXBEZ . MRS MR B RIS EE, =
R RASEBEP IR GORE, IR > HER AR . D
WL DU i 2 (328 /NS ST b THT X3 B k), {EL: /b )
W% TEH LM e B iR . DRSS RERHERTE
ES EE, ToERAME R KA R IR NE
B, MEERKW AR E . VIS K
Je B VIR G . TR XURR 4R T R R R 4G T 20 1
480 AL, WM HMEAHARTE T Rk, HE
2017 4, 58 0 R ) RUJER 4k i 1A T4k 21 93 #E
JRJEE 28 B ik f K PRI 342 AT i 25 0 R

PR IAS R 6 73 8, B HEFON LK ENL
K, T DUAR G AR SR 3 R0 I e 2 3 AN =i
BRFE o

HERZRER 1k Bk DA AE 2 4 [ 5 AL 5540 B
H o SR EZHEFHEANRSE )R (National Oceanic
and Atmospheric Administration, {4 #X NOAA) [
WUER £ M M 1992 4 JF 45 32 17, 1 35 & UHF
(Ultra-High Frequency; 300~1000 MHz) X J5E £k
TS . fE 3% E PR IE 9 3 [F 4 R 4t (Rapid
Update Cycle, fFRRUC) N R R, K
J57 28 T I8 SR T 300 hPa LA R 3~6 h i1 X 3% THidR
AAEHEMIERE (Benjamin et al., 2004). KM
Hh K A Tl TR0y (Buropean Centre for Medium-
Range Weather Forecasts, f##X ECMWF) 32 [E X
JER 246 7 AR AR 1 1 B LS B H R R G, R
TR X R I R B TR 2~3 D R
(Bouttier, 2001) . 15K TG A LA AL [ 4L 5

BT 1 XUBRER T IA ) = 448 73 FUY 4E A8 43 [F] 464k
55, FFRT T RER AR B IA TR BB X TR AL
g, g5 SRR A A0 XUBR 45 7 2 TR RE A i
AT 6 /NB ) X037 T #)  (St-James and Laroche,
20050 AR JRUEE L AL 0 Hy 31 368 ST 2 7 ik 41
G M 2001 4 LR AE H A BUE PR A =X o 347 N
H, W0 R 23 30 mm h' BL_E 0 B K T B
H M= X (Ishihara et al., 2006) .

PN JRUJER 42 B I TR U A TR E
fr, EXTTHARE T RENPF R (ERE,
2005; BUiL&E, 2008; {7155, 20105 J7- V64,
2013). JLEER, B GORHRML RGN 20 R AL
TR R R JRUER A 7 TS I P e B 25 70 % 22
REEDT 6N T 8B, Zapacss (2013) A
Fl WRF (Weather Research and Forecasting) 1% =
[F AL 2 R T Tl L XUBR R T I, 70T B AR
R A MG A AR A E A, 45 R BRI
JE 4R T IR BRI AT 46 3 g 1B FE
SRR, MM E T PR TR AR B . k2245
(2004) ¥ “Hh EERE G KAMpR AT T 152
(10 A0 28 75 34 B k) ad o AR gk sth & - (Nudging)
FARBATUGE R H, 25 SRR B R RER 2 B ik
TORl— B AR EOGE TR BUERI A R . Tkl
W& (2015) LA J% Zhang and Chen (2016) KfJ™ %
i [X 13 30 JXUJER 26 7 Ak BEREN FH T A R DX AR
3, IR B 0N JXUJER 45 7 1A B k) m) DL BE 7 th A
A6 ARZ R R, AT R 39 B 7K i
B IETTER . DL E XU B IS TRHAL TAEZ N
B ARG AN /N BT DX st o X, 4 L D g JXURR
LEETORHA TR L E, AR L R
. —J7T, FE H 755817 B RUE 2 ik
KET 2N K, M, &0 FAELH
AR SRR T RAE, it SRR 4 A Bk



K A B %

Chinese Journal of Atmospheric Sciences

636

43 %
Vol. 43

JREA BN, H 2 HAERE B P RN H
F—I7MH, BRI RIS FE i A AR . | KR
()77 it R A a7 S R P S FE ARG N A 23 B RS AN
TAME, WFITABONIES, &R SUE TR A
T D I 0 b Y LTF S N T & = E
JER 2 B Ak BB R NBUEARE S, PPl R 2
AR IR% A HFF o

A SCRIFH 2015 4 7 H 4 [ 49 FRFR 4 1k 5
BE, FENT TR MY 55 TR S FH PR XUJER 2k 7R 3 B RE
ARSI 5, JER TR S )RR 2 Ak B
£t N H T GRAPES - Meso (Global / Regional
Assimilation and Prediction System) %4} [d]{k & 4t
Hh o e A IR A ] 2 AT R AR I XU 42 7 9 Bt
HF AR BB ABE o AT AT B 520, DAl ok XUBR
25 T IA RHE GRAPES-Meso H1SEBY 55 1k B 42
HHEHRSE.

2 WML E AL IR

A 2015 557 H 4= [ RUER 28 75 18 3k W (1)
49 FREIARIM R, A 46 L FZEHIE (LO),
2EAHRZE N IE (PB) A1 #MRE I E A
(PA) o T [H JRUER 28 75 18 PRI R Ze 1 fit = 9 504l
Iy BN A EE (FFT) . W45 %04E (RAD) A1
FE B EAE (OBS) . ASCM RAD #HidfE & 47 1

BRI R
I
KPR
i 8
25 |35 S R 2
i 8
I o] — B 3
! 8
5 EQl
+
NS H R

Ive) 50 T [ 40 2 A PR 0 TR B 1A o 3 R
PID R RS, AR PERE W 1. QC1 &%
X JRUER 2 B A A AR B o e ], QC2 A& T ]
AL N R il B VK e 2.1 5
2.2 5 IR IR o

2.1 #ERlEnmREES (QC1)

NIRRT LEIE ME ] K. 2 RAE RN
FURMT A — B i, A AR SR BUE TR G
o ES R AR E AR R T B Z B ik TR
AimALEE R G . S5 A, HEVERAEE A
T EH, FEEETERIB TR ZRGM
RAD 84 th k., 25625 JE PRI RN K (R AN
PSR B AR BRSO R, A ST XUBR R P A
PEAHAE (EPLTEE, 20165 XUEGIESE, 2016).
FEAFELL T =P

(1) PRI I AR PR 438 1 3o P 25 1A T 5
PIESVERL Y, S bR s 2 -

(2) BT 5 AR I B 1) XUJE0 28 TR 1A 45 n) ik
J5£, = T 3B SRR R o O R < R AR R 1 B e
BRI, R IE AR — AT DAAS B BRI 2 6] A )
4 1K XS
V.- V,cosO
T
V., — V,cosO

™w

) (D

siné 2

% B T

! |
BB BN
08

1
1
1
1
1
1
1
1
1
1
1
3 |
1
1
1
1
1
|
1
1
1
1
1
_!

R A B

! |
EHM G

K1 XA pEE . QCl: BORMAIm R QC2: I A A f it 2

Fig. 1 Quality control flow of wind profilers. QC1 means quality control for data front, QC2 means quality control for assimilation
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Fig. 2 Distributions of RMSE (Root Mean Square Error; units: m s') between wind profilers data and ERA-Interim Reanalysis field at different QI

values: (a—c) zonal wind U, (d—f) meridional wind V'
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Fig. 6 Time series of RMSEs of O-B (observation minus background) and O-A (observation minus analysis) in GRAPES 3DVAR: (a) Wind

profilers, (b) radiosonde, and (c¢) automated aircraft data
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Table 2 Standard deviations of wind, temperature, relative humidity forecasts before and after assimilation compared to

radiosonde data at 12 h, 24 h forecast lead time

Ums™ V/ms™ T/K RH

TR % HEEHAURE CTL WPRD CTL WPRD CTL WPRD CTL  WPRD
12h 1000~700 hPa 325 323 3.16 3.4 176 175 15.45%  15.58%
700~400 hPa 338 334 345 343 128 128 24.76%  24.97%

400~10 hPa 4.04  4.02 420 417 139 138 21.89%  21.88%

24h 1000~700 hPa 370 3.64 3.54 355 191  1.90 16.14%  16.29%
700~400 hPa 402  3.93 397  3.94 139 141 26.99%  27.47%

400~10 hPa 4.65  4.60 484  4.85 154 153 22.98%  22.83%
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Fig. 11  Geopotential height at 500 hPa (units: gpm) at (a—c) 1800 UTC 8 July, (d—f) 0000 UTC 9 July, (g—i) 0600 UTC 9 July, (j-1) 1200 UTC 9
July, and (m—o0) 1800 UTC 9 July, 2015: Observations (left column), CTL (middle column), and WPRD (right column). Red dots represent the best

track positions for typhoon “Linfa”, black dotted lines show the beginning longitudes of Guangdong, Shanwei, Huizhou and Shenzhen
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Fig. 12 Wind (arrows, units: m s™') and vorticity (shaded, units: 107 s7") at 850 hPa at (a—c) 1800 UTC 8 July, (d-f) 0000 UTC 9 July, (g-i) 0600 UTC
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