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Abstract The Weather Research and Forecasting (WRF) model with the hybrid ETKF-3DVAR (ensemble transform
Kalman filter-three-dimensional variational data assimilation) data assimilation system is used to investigate the impact of
different ensemble generation schemes on a squall line forecast in the Huanghe—Huaihe region in the summer by
assimilating the surface observations. Ensembles are created in three different ways—by using the different initial

ensemble samples (RCV), by using different model physical process schemes (PPMP), and by combining the first two
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ensembles (BLE). Based on the increments of model states, assimilating the surface observations mainly adjusts the

spatial structures of wind and water vapor mixing ratio below the level of 850 hPa; the RCV scheme mainly updates the

wind distribution, the PPMP scheme updates the water vapor mixing ratio, and the BLE scheme has the characteristics of

both RCV and PPMP. Assimilating surface observations can also improve 6-h precipitation forecasts, and the PPMP

scheme can give a relatively better performance compared to PPMP and BLE, especially for the prediction of rainfall

location and intensity. RCV and BLE schemes present a better simulation for the bow echo, and the performance with
BLE is similar to that with RCV. PPMP and RCV schemes can adjust the position and intensity of the cold pool, and also
influence the times of appearance and disappearance of the squall line. Generally, PPMP scheme has a greater impact on

the squall line than RCV and BLE.

Keywords Ensemble generation scheme, Surface data, Hybrid data assimilation, Mesoscale model WREF, Squall line
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Table 2 Vertical wind shears near the squall line center in
southern Jiangsu Province in CTRL, RCV, and PPMP
experiments at 1800 BJT 5 June
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Fig. 9 (a) The observed radar composite reflectivity factor and the reflectivity factor forecasted by (b) CTRL experiment, (¢) RCV experiment, (d) PPMP

experiment, (¢) BLE experiment at 1530 BJT 5 June 2009

36°N - dBZ 36°N dBZ
B2 70 (b) 70
o 65 o 65
BN 60 35°N 60
y 55 55
34N 1 50 34°N 50
;A 45 45
33N 0 33°N 40
M 35 35
., \ 30 ., 30
32°N 4 | 25 32N 4 25
_n% 20 20
31N 4 > 15 31°N . 15
N 10 58 10
30°N 4 ) 5 30°N ) 5
J\/r\/v 0 0
-5 . -5
29°N . ; ; 29°N : : -
116°E 118°E 120°E 116°E 118°E 120°E 122°E
36°N 36°N 36°N dBZ
= ) 70
= o d 65
35°N 35°N 35°N o0
55
34°N 34°N | 34°N 50
45
33°N 33°N 33°N 40
35
] 0] 0] 30
32°N 32°N 32°N s
20
31°N 31°N 31°N 15
10
30°N 30°N | 30°N g
-5
29°N 29°N 29°N

T T T = T T
116°E 118°E 120°E 122°E 116°E 118°E

T V‘ T T T “
120°E 122°E 116°E 118°E 120°E 122°E

10 K9, 5% 19:30
Fig. 10 As in Fig. 9, but for 1930 BJT 5 June 2009

O A L REZR 5 M (VL4 h g i) B
PPMP F1 RCV 1056 [ 74 0 0 {5 533 0k 322 K Al
324 K, HJEAET CTRL ) 328 K; CTRL I RCV
I 0 BEJEZ K 4 K (10 km) ' F1 5 K (10 km) ',

ifii PPMP X5 iiA 20 8 K (10 km) ' %1%} CTRL iR
IAEVL IR T B0 328 K ¥t ity RCV iR EG VA
A L AR Y 1 NS SE A AT, T PPMP i
MAL KT LA fWphin 1 N CTRL A%



2 BbYsE s RIS RIRE AL A [F) AL R — R M@ 2 T2 1) 5% 1
No. 2 LI Shaoying et al. Influence of Assimilating Surface Observations on a Squall Line with Different Ensembles 247

I E
(w A 20ms”
35°N SRS S ) JReference Vector
D) N 4 s -~
+ I's 4
34°N - 3 s
33°N
32°N
31°N (>
30°N 2%

2o s ARG

29°N A,mzﬁ,, £ N B ,-../j.i& :K: .:\
T T T T T T I |

15°E 116°E 117°E 118°E 119°E 120°E 121°E 122°E

PR % CNESENENEN AN 1
(b)»\y[,« 3y >-328 AR BN 20ms
° L SN 2 Q «
35°N (N ¥ X SRR
I 7 S <
N T . N ~
Y3 - g ~
/8 A X N
RPN K
AN A X ! = by

—_

34°N
3aeN
32°N >
31°N 4557
30°N s

29°N -~

T
11

35°N i+

34°N
33°N
sooN 2
31°N

300N -

29°N - ¢
T

115°E 116°E 117°E 118°E 119°E 12(I)°E 121I°E 122[°E

Bl 1 6 5 H 18:00 AH2 A CRHEZE, Ik 2 KO RK M7 (i
S WAL msT) 7 D3 KIBRZACE M (2) CTRL A% (b)
RCV ik%%; (c) PPMP K. Mk Kl 12 rhl sz i
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