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Abstract Regarding the forecasting errors of operational models for the high-impact extremely heavy rainfall
event in Beijing on July 21, 2012, this work examines the impact of assimilating surface and rawinsonde
observations using EnKF data assimilation system on the simulation of rainfall distribution and the surface features
in the initiation period of the rainfall in Beijing, and reveals the possible reasons for the forecasting errors. Results
show that data assimilation significantly improves the simulation of rainfall distribution, confirming that the
cyclonic vortex is the key influencing system of the heavy rainfall event, which was proposed by previous
researchers based on observations and sensitivity analyses. This work also reveals that the surface low and its
associated inverted trough are the direct producers of the rainfall in Beijing. These results indicate that the reason
of the failure of the operational models in this extremely heavy rainfall is the large forecasting errors in the strength
and location of the cyclonic vortex and the associated inverted trough eastward of the surface low.
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Fig. 1  24-h accumulated rainfall in Beijing from 08 LST July 21 to 08 LST July 22 (a) and hourly rainfall at 10 LST July 21 (b),
20 LST July 21 (c) and 04 LST July 22 (d)
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Fig. 2 Evolution of hourly rainfall at Xiayunling, Hebeizhen and Guajiayu
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Fig. 3 500 hPa geopotential height, 700 hPa geopotential height, wind barb sand full wind speed at 08 LST July 21, 2012
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Fig. 4 Surface wind barbs, divergence and sea level pressure (blue contour, unit: hPa) of observation (first row),
CNTL_2014 (second row), Ensemble_Mean (third row) and Member16 (fourth row) at 08 LST July 21 (first
column) and 09 LST July 21 (second column)
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Fig. 5 The model domain and distribution of surface and rawinsonde stations
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Fig. 6 24-h accumulated rainfall from 08 LST July 21 to 08 LST July 22
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Fig. 7 Evolution of hourly rainfall averaged over southwest Beijing of the ensemble forecasts
initiated from the analysis ensemble of EnKF and the Ensemble_Mean
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Fig. 8 Basic reflectivity at elevation angel of 0.5°0f observation (first row) and composite radar reflectivity of CNTL_2014

(second row), Ensemble_Mean (third row) and Member16 (fourth row) at 09 LST July 21 (first column), 10 LST
July 21 (second column), 11 LST July 21 (third column) and 12 LST July 21 (fourth column)

7- 210 U S 8 R s 2 A 1122 R S 2 i T R A A [T 354 B - 0 AT R S HE AT S 00 o AR AR 16X RARFE K
AR, 45 R K], 58 AT SRR AL po X i ARSI JEE R 3 /IR R i 3 2 8 A ) R (i AR A
WAL, DSORGB e a-F 20 tass SRam WL AR, 1A B SF 25 /0 ARk R -F A L Py R T 22 A
AR A JCIE JE N ), a2 RN AT S B BORHRME AY X IR SE 30 CNTL_2014 19 7 /)M 9k /)

244

?1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



ALk

Hio T FER 25 B2 B9 EnKE [B] 46 X3 Jb 50 7-21 4 ity % R AR UL A% 52 il

#l|Ensemble_Mean ) 4/N i FIAE A 16/ L/NEF, B K
AL P 158 25 Al 8 25 /N o

XA EE R T R B, ST ORHRI LA AT
PR e AR A B R AR (R ASEHDL F5 ZK AFDGT T % B 3 1 312
A B IV 26 AU 168 S T AP s AR O {8 R RS 400 1) 35 20
MU o A R — RS T RS T I AN AR
A3 A4 H ARG R SR A 5 7 200 i 5 R A AR ) S Y
i) 32 46 () F 8, () B s 488 7 AR i X 7 P e 1 0
2 0] PR T b i 7 - 2 i e T 60 L TR

AR SCHIREAU S R AE 7, BUE R A L 507 214K
ity 5 RN P TT41 2 0 %) T i i R = S o A1 o B He ket
7 14) b TR A S 00 5 6 1% e 5 R 57 ¥ 88 1) T 41
w2, AR LIRS 2 AR v R B R SR
BEH5 AR H R TR K, S B0l 55 B 7K TR i 55
PG o XoF i T R 23 Rk A [ Ak DA ) T AR
bR HR AT I68 10 v RUBE S5, R ) 2 X 7 g b T AR
B0 1 & 26 N R R, DT A ) A0 iy 2% R A0 1)
M3

o ROAHL I B R AR A F R L AL B

WE R F
22 Xk
[1] 25, VA, R, 2. Jb 57200 K 5 R A o

Gy 0T B B (— )M A A R L R

(10): 1255-1266

INARAS, T, EEE, . 7217 KRB W RS

FA 45 48 0 AR R AR S R AT WI 4R . R E, 2012, 31

(3): 218-225

T, BAAM, KN, % 20124 7 H 21 Eljt?

i DX R 7 W FPRUBE X A% P FVRRAE 491 25 43

4, 2012, 38(10): 1278-1287

Zhang D, Lin Y, Zhao P, et al. The Beijing extreme

rainfall of 21 July 2012:

reasons. Geophysical Research Letters,

1426-1431

EWAH, RELLSC, AW, S dLR7T-21 B W X

H RUBE X U R GBI L. R4, 2015, 41(5):

544-553

IhKR, FFuE, R, & e R AR
— WAL BURF R BT R i A AR T, mRARE, 2014,

33(6): 1665-1673

TRAUHT, T, WEAEAE

2012, 38

(2]

(4]
right results” but for wrong
2013, 40:

(5]

(6]

[7] SUHEFLCT 217 R R Y

(8]

(0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

HRBEEAM T, R4, 2015, 34(1): 201-209

Yu H, Meng Z. Key Synoptic-scale features influen-
cing the high-impact heavy rainfall in Beijing, China
on 21 July 2012. Tellus A, 2016, 68: 31045

Meng Z, Zhang F. Tests of an ensemble Kalman filter
for mesoscale and regional-scale data assimilation.
Part I1l: comparison with 3DVar in a real-data case
study. Mon Wea Rev, 2008, 136: 522-540

Meng Z, Zhang F. Tests of an ensemble Kalman filter
for mesoscale and regional-scale data assimilation.
Part IV: comparison with 3DVar in a month-long
experiment. Mon Wea Rev, 2008, 136: 3671-3682
Zhang F, Weng Y, Sippel J A, et al. Cloud-resolving
hurricane initialization and prediction through assimi-
lation of Doppler radar observations with an ensem-
ble Kalman filter. Mon Wea Rev, 2009, 137: 2015-
2125

Skamarock W, Klemp J, Dudhia J, et al. A description
of the advanced research WRF version 3 [R]. NCAR
Technical Note TN-475+STR, 2008

Grell G, Devenyi D. A generalized approach to para-
meterizing convection combining ensemble and data
assimilation techniques. Geophys Res Lett, 2002, 29
(14): 38-1-38-4

Hong S, Dudhia J, Chen S. A revised approach to ice
microphysical processes for the bulk parameterization
of clouds and precipitation. Mon Wea Rev, 2004, 132:
103-120

Noh Y, Cheon W G, Hong S Y, et al. Improvement of
the K-profile model for the planetary boundary layer
based on large eddy simulation data. Bound Layer
Meteor, 2003, 107: 401-427

Barker D, Huang W, Guo Y, et al. A three-dimensional
variational data assimilation system for MM5: imp-
lementation and initial results. Mon Wea Rev, 2004,
132: 897-914

Zhang F, Meng Z, Aksoy A. Test of an ensemble
Kalman filter for mesoscale and regional-scale data
assimilation. Part I: perfect model experiments. Mon-
thly Weather Review, 2006, 134: 722-736

Zhang F, Snyder C, Sun J. Impacts of initial estimate
and observation availability on convective-scale data
assimilation with an ensemble Kalman filter. Mon
Wea Rev, 2004, 132: 1238-1253

245



