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Abstract: Using SMS-WARR and rapid refresh technique, the sensitivity of surface observation data (sur-
face conventional observation data, automatic weather station data) to the numerical simulation of the se-
vere convection event which occurred in Shanghai on July 31 2011 was analyzed. Four comparison experi-
ments were designed to study the assimilation of surface observation data. The results showed that the ad-
justment of model initial fields varies with assimilating different surface observation data. The density of
surface observation data has impacts on initial fields. The initial temperature and wind fields are obviously
affected by assimilating the automatic weather station data. After assimilating conventional surface obser-
vation data and automatic weather station data, we found that the model can not only well simulate the
process of this severe convection, but also simulate the surface temperature, wind field and evolution of
convergence line which is more consistent with the observation. Through the analysis and comparison of

the initial fileds and simulation results, we also found that the assimilation of all the observation data can
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improve the initial values of the model, and the observation data are integrated into the model by the mode

of rapid refresh, which enhances the characterization of mesoscale structure of server convection, and im-

proved simulation capacity of the local severe convective systems.

Key words: rapid refresh system, surface observation data, surface conventional observation, automatic

weather station
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Fig. 1 The flow chart of the numerical experiments
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Table 1 Experiment design for different numerical experiments
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Fig. 2 Spatial distribution of observation data
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Table 2 List of observation data
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Fig.4 (a, b, ¢, d) Simulated initial surface temperature (shaded area, unit: C) and surface wind (vector,

unit; m e+ s~ ') fields, and (e, f, g) differences of the temperature (contour, unit; C) and
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(a) control experiment, (b) T1 experiment, (¢) T2 experiment, (d) T3 experiment, (e) control minus T1,

() control minus T2, (g) control minus T3

g/ C
[ T 1T T 7
33 34 35

31°40" N

31°20°

31°00’

30°45’

122°E 120
R /m - s

[T T T T T T T T T T T°T
-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8
Bl 5 [ 4.8 13 5
Fig. 5 Same as Fig. 4, but for 13:00 BT

ARG RMAES coul KB REAMFE. W 13w FELTLUT2.T3 =A% Y i 5 A0 i X
) L b i B R XU B 22 (B (18] Se, S0 W AE ML AT A [l A B ) 728 Al i RE A XU 2 1 B I Y X0



906 A % w43 %

LT B AT AT VLA A, B — R
P E ) s F T2 350 1 4 BT A 1)t J38 XL i AR
et g W AR e e R A3t T MO PR B B B 2.2.1 Mok

2.2 TRERSH

Ao K BRAT AT — FhOULIN B A AR 2 5 i b 1 i A PN 13 RS AR A 5 /] BN A 7K AE DL 285 2R G X B T

S0 T I B ) R AR 0 A A B VR ALL e DUV TR B ctrl 35 T1. T2 A0 T3 i 50 B 0L Y

SE T ML TH R A RN DL W K 35 AN TR P16 DA K di i I Be 15— 17
31°45' N (a),

)
31°30" 4
31°157

317007

30°45°

31°45’

317307

31°157

31°00°

30°45’

31°45’

31°30°

31°157

31°007

30745’

31745’

31°30°

31°157

31°00"

30°45’

121 121°40'E 121 121°40'E 121 120°40'E 121 121°40'E |
—] [ T 7
0.1 5 10 15 20 25 30 35 40 45 50 55 60 65 70

F6 BB 1 h BRAREK (13 AR R . 507 . mm)
(asesi,metrl I, (b, 1,j, T AL, (c,g.k,00T2 5, (d,h,1,p T35
(a~d)13—14 B}, (e~h)14—15 K, (i~D15—16 A, (m~p)16—17 i}
Fig. 6 Simulated 1 h accumulated rainfall (initiated at 13:00 BT, unit: mm)
(a, e, i, m) control experiment, (b, f, j, n) T1 experiment, (c, g, k, 0) T2 experiment,
(d, h, 1, p) T3 experiment
(a—d) 13:00—14.00 BT, (e—h) 14.00—15.00 BT, (i—D 15:00—16:00 BT, (m—p) 16:00—17.:00 BT



5 8 3]

FOPAR LI GO R BT ] 16 AR G G R R I 907

F . 1516 B, ctrl 32X 50 485 400 Y 5 B K oo A
PG 5YLIR s AL, 5 S — B T1 g AR
LM 1 9 BT AT L XA R K i A 7K H s A T 3 L B K
MR T 70 mm; T2 356 455400 H 78 656 i R K
R B 7K rP O 7 B VG 5 T3 356 o ASE L b v v
H A K AE R B2 I K L e KRR /K i ad 1 70 mmy;
ctrl 356 A = A USRI I8 7E g Hp R R e R R A
KA 2. 1617 i, ctrl I IGAR 47 48 T
5 R K 0 1 R X R, e K FE K 3E 70 mm DU
o 5O A A 5 ] B A e S P AL AR e
[ B 3 TR A 5 10 T1. T2 A T3 56 A A A UL 5t
K B & DXORITRR S E 1)
2.2.2 R

B 7 & ctrl 350 13 i 2 HR AR HUL Fr il T 3 3 L XL
37 Wi st [¥) F 9 72 L R S o R S0 e 1 1k 8 X 37 B Bsf
[E S AL, 14 B BEE LT PSR S A T,
A DLE B — 25 506 d0— 45 g 1) KU 5 A 4R (& Th)
AR B BRI (& 7a) AR —%, 15 B, 585
A VG AL AR S AR 7% R T 5 55 AR 3 08 1 IXUAE ¥ 75 3
TR A (B 7d) 58 A 0 A7 B BN (& 70) Fil i
IR — R BEAN R A RSV XS R B LR R T R
R A B A — S A (B Te, Td).
16 I, 22 W i v X 1) Ay P b KUEE Sk O e XL P

7N
122°E 120 121

122°E 120 121

30 XU S 3 A, i — 2 g R L 5 R P i 1) 9 XU
R X — L — A 48 A TE R T — 458 AR
At VG p 1) b TR G £ A RV A AE R KUK (]
7) L 5 WL Y R AR A LR (B Te) i B Fh B B 3T
X 61 H ctrl 3 56 A5 00 1V P 5 R K AR 4F
MIXF R s 3 A R T IR E O A E— iR A X H A X
A T R A Y ] e L DR A A L X 4 S L 6 I 1)
FRAEAT R T SR 1T R R E Fn B
A RAETE  H 88 R A X5 5 REK KA
EHERIGMXRIRAR . 18 55 X 5 b 8 ek 55 . Hh 1 55
B 2Rt HE T % I IR DX RA K Bl 22 4 R (TR
SRR ctrl IR FEAS B RLILH TP B X R X
KR I RN A AR 30 AR A R R TE R & R
AR RS R R A EERE,

MCTTUT2 F T3 45 a5 14 455 401 25 2L (&l 8) st
B ctrl KIS (& 7) A EL 3R AT L 2 14 B, i T i
i 0 R B 22 5, T1 3R 56 (P 8a) 5 3T Vi W A9 AR 350
X 32 ¥ K 0 L T B — 2% PH b — 4 g i 1 4 A 4k L 07
BRI AR s 10 T2, T3 356 (& 8b, 8c) #5481 1) 1AF
AV ISRy U (s s I (1 N1 TR
U610 b, TRT 30 32 A T W00 AT el a6 L G 0 Ml X 4
55 B4 P PG X, TR T B A VP b — 7R B 1 g A A
i 78 5 150, T23R 50 ([ 8e) L4 I ¥ A~ 17 75 Hi 1f 4

122°E 120 121 122°E

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

B 7 ASTA] 20 s 1 R B (B2 L B OO M XU (K . B i :m o s 1)
(ascoe )W, (b,d.f.h)etrl K56 (13 BHER) 5 (a.b)14 BF, (e, d)15 B}, (e, )16 Bf. (g, h)17 B}

Fig. 7 Surface temperature (shaded area, unit: C) and surface wind (vector, unit: m * s ') fields at different time

(b, d, f, h) observation, (a, c, e, g) control experiment (initiated at 13:00 BT);
(a, b) 14:00 BT, (c, d) 15:00 BT, (e, ) 16:00 BT, (g, h) 17:00 BT



908 A

% 843 %

24 25 26 27 28 29

B3
LAz i)

el ;
(‘J ue A.%L': %

122°E 120

31 32 33 34 35 36 37 38

PE 8 7 [ B (LI S AR AU A 14— 17 IR A 3t T30 B2 (2 Bz OO At T X7 CR AL B3 m » 57 1) (13 IR 4RO

(a,d,g,DTL K%K, (b,e,h, T2 5, (c,f,i,DT3 R E; (a~c)14 B, (d~D15 Bf, (g~ 16 B, G~D17 B
Fig. 8 Simulated surface temperature (shaded area, unit: ‘C) and surface wind (vector,
unit; m e+ s ') fields from 14:00 BT to 17:00 BT of different experiments (initiated at 13:00)
(a, d, g, j) T1 experiment, (b, e, h, k) T2 experiment, (c, f, i, I) T3 experiment;
(a—c) 14:00 BT, (d— 15:00 BT. (g—0 16:00 BT, ( j—1) 17:00 BT

G2 B T1 R T3 a5 (K 8d, 8D B T /R F
P D A KU B 14 8 A 2 AR ) A7 8 55 00 24 4
25, 16 0, T1 it (& 8g) A48 1 i Ik XL & 7 fin
WLEET AR RSN A NN ES
B, oAt b I B8 A7 b KU T2, T3 42t 56 v b 17 4
5 105 1) F0 00T A 0L, H T2 528 56 45 400 A0 4 A 2R 1Y
AL E A A . 17 BF, T1 2 50 4 400 _E v 3t X fY
i T XS SHE Ay R A 7R R S T VR Y N A
A XABRAEAE X A T i 56 455 400 7 58 B 7K v o0 AR
U WX R 5 T2 T3 358 Hh Ak Iy ¥ 25 A0 3 - 3% i g
F P A0 AT DXt L B ST R M T R S 2R A AR

Wi =22 1) i A L X5 0 S R AL Al D etrl
T2 560 Xt VA i IR 114 B 5t R b TR 45 4R 1) B8 B A5 A 11 A5
PR L T1. T2, T3 5 50 (0 A5 40 45 SR o 322 30 52 B 53X
J2 ER T TR A b TEDOL I B R S M T IR RS AR
B A ) R
2.2.3 EARXRK

kTR T R 43 BT A5 1 0 X R O R R Y
R, LS R B o0 (31, 1586°N 121, 4717°E) H
rhCs SR TG 1 0 T P IR 9) 3% R ) TR TR RE O AR
b S5z e 3 R AR AL

LART s ctrli 5 CE 9 a) #5601 A4 38k T #4457 W



%8 B

-4 i T UL A A PR SR (] 1 AR G G R R I

909

& /km

1 /km

& /km

& /km

0 10 20 30 40 0 10 20

30

0 10 20

30 40 0 10 20 30

ARVETIAS 15 ARVETIAS 15 ARVETIAS 15 ARV TS 15
. ‘ 20
340 345 350 355 360 365 370 -
B9 A B E IR 14—17 WA 25 A0 (B B KO A B PR (R B .m » 570

) W-E i 1m [&] (13 B4R
(a,e,i,m)ctrl I{H, (b.f,j. T iK%, (c g.k,0)T2 iK%, (d.h,l,p T3 5% ;
(a~d)14 I, (e~h)15 iF, GGi~D16 i, (m~p)17 i
(L B = AT 23 R U8 L R D R TRt (i R
Fig. 9 W-E cross-section of equivalent potential temperature (shaded area, unit: K) and vertical circulation

(vector, unit: m s~ ') from 14:00 BT to 17:00 BT of different experiments (initiated at 13:00 BT)

(a, e, i, m) control experiment, (b, f, j, n) T1 experiment, (¢, g, k, o) T2 experiment,

(d, h, I, p) T3 experiment;

(red triangle: Dianshan Lake; blue triangle: Oriental Sports Center; green triangle: the location of coastline)
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Fig. 10 W-E cross-section plots of simulated relative humidity (shaded area, unit: %) and vertical

circulation (contour, unit; m « s ') at different time of different experiments (initiated at 13:00)

(a, e) control experiment, (b, f) T1 experiment, (¢, g) T2 experiment,
(d, h) T3 experiment; (a—d)16:00 BT, (e—h)17:00 BT

(red triangle: Dianshan Lake; blue triangle: Oriental Sports Center; green triangle: coastline)
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