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Investigation of Beijing Extreme Flooding Event on 21 July 2012

YU Xiaoding
CMA Training Centre, Beijing 100081

Abstract: On 21 July 2012 Beijing experienced the most severe rainfall event since August 1963. The ex-
treme rainfall induced flooding killed over 100 people and the property damage is over 11. 64 billion RMB
yuan (about 2 billion U. S. dollars). Based on the routine upper-level and surface observation, the satellite
and radar data, a detailed analysis and investigation have been done on this event. The major results are as
following: (1) The upper-level trough accompanied by surface cold front moving toward east blocked by
the subtropical high provides favorable synoptic scale conditions for torrential rain event in Beijing area.
(2) The presence of a tropical cyclone over the South China Sea near the coastline led to the establishment

and enhancement of southeastward and southward low-level jet toward Beijing area, providing plenty of
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water vapor to Beijing area. (3) The development of Hetao vertex on 20 July led to the formation of a me-

so-a scale MCS over that area, and its high value of vertical helicity made it well organized and longlived.

This MCS moved with the upper-level trough eastward, and was over Huabei region (including Beijing are-

a) on the second day (21 July), producing extreme rainfall over Beijing area. (4) The south-east low-level

jet constantly triggered new convective cells on the east slope of the Taihang Mountain Range, then moved

to northeast direction into Beijing area, leading to the torrential rainfall and severe flooding there.

Key words: 2012 Beijing extreme flood, upper-level trough and surface cold front, distant influence of

tropical cyclone, Hetao vertex, MCS, train effect
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Fig.1 The 24 h rainfall from 08:00 BT 21
July to 08:00 BT 22 July 2012 based
on national surface meteorological
observational network

(The dash line is the isohyet of 200 mm « 24h™!)
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at 20:00 BT 20 July 2012
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ARETRIE LS 0~6 km KR EZWIRE 20 m -
s U B RTE B XY AE . 2 G R L AR
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AU 20 mo« s I EREE TR . o [ A OK 2 80
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MRS B & F . db 5t 08 B £ 45 b i &
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F1 2025721 BtREREFABEEFRESH

Table 1 Main environmental parameters in Beijing and surroanding areas

CAPE/] « kg™! 0~6 km WEH2/m+ s~ ! A[fEK/ mm  Hijfi#& &/ C LCL/km 0°CJz/km
e 08 it 950 14 47.8 24 0.6 5.0
a 14 mt 2100 26 57.6 25

08 [ 720 16 53.7 21 0.2 5.3
K

14 it 1570 22

08 it 1300 14 64.5 25 0.8 5.3
B & i .

14 By 2880 26
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Fig. 9 Sounding from Beijing at

14.00 BT 21 July 2012
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SU—HERFZE 21 H 20 B, )\ 14 BFF] 20 BFL, 1.5
~2.0 km E B —HAEAE 16~20 m » s ' X, 5
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JE s 3% Sy D R XG0 o IR T i R R e 5
FEEHRDIZMR . 20 BF LG Jba Bk 2
I R R (0.3 k) IR BV AL A = A
VYRG0 AR A s 55 AT SR PR 47 16 m » 57!

(a)

95 105 115 125 135°E

DL RGH, T B YIS ARSR B R . A& )E SA /b
VWP 7= 5 i 5 (B .21 H 08 Bf , A FJEHIX 0. 6
~1.0 km Z Ak 12 m « s " ff g R, 5 35 H A 300
mAEH 8 mes "AREM;09 B 30 0 E4.1.2 km
EFFIE R 16 mo« s BCSR A e KU AS 2. 10 B
30 A ZEAAE 2.0 km A TR UG B 20 mo« s AR R
T CEE b 50 b X B SRR 25 200 B AT 2 /D
B 224D, 138 2 5,20 m « s~ [ 23t BLAEO. 6~

48°N (b)
42
36
30

24

95 105 115 125 135°E

10 MHE NCEP 4 #r s BHE R aY 2012 4 7 A 21 H 08 A (a) Fil 14 B (b)850 hPa /K J5 i &
Fig. 10 The 850 hPa moisture flux at 08:00 BT and 14:00 BT

12 July 2012, respectively, based on NCEP analysis
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M E L . AR AT B (km)
A5 Al A Sy B ] CHEE S ) JXUSR ) — 6 AL
FRAdmes VBRI 2 me s,
—AN=MEARFE20m s
Fig. 11 VWP products from Beijing Doppler
weather radar, the time period from 05:36

t0 06:36 UTC 21 July 2012
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RS T 500 km ZE4 . NN H 55054
B ) % W Rl B 2l B b mt i PY bt B B A
FE/NIE 40 km 2247 . MCS I8 20 T b T ¥4 46 1, Hi
W% HBT 22 ARBTG5, kK T4 k.
M HE L 7E R 12 NN, MCS 2 S8 18 K3 4y
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R ) L 25 7Y R 2R b S 1) A bR 43 A . A P
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1 800 km, 1 ] RUEE 2 400 km 47, #£1% MCS 11
VG 20 . A B AR 3 1) 37 T B P w35 R T R R Y )
HMEAS MCS, T TR A At MCS 0 H 75 T8 1Y 55 25
RS S 2218 10 S IR 2 — 2 K T T ) AR o 1 B
P B 18 1 5 — A B R R MCS KU R 32 1
S 2 X G T R R R 5 MICS 32 4l S 1) A H T
75 52 05 R AT LA S 1) — 30 M TR BE 4 7 At
T Xof 38 £ X 3 1 i & A A5 B0 MICS 11 5 1] 4% 6 3L
I E % MCS V58 248, A A b 50t X o
KA

K 12 201247 A 21 H 08,12,16 FI 20 B £L4h = 1A
(3L 08 1 20 B £L A0 = Bl & i T 500 hPa 45 HE I W8I0 45 5 2k
Rt T A T O 00 0 1A 00 9% 8 ) HE g b e 7l R B D
Fig. 12 IR images at 08:00, 12:00, 16:00 and 20:00 BT 21 July 2012, with

superimposition of 500 hPa weather maps and surface fronts

on the 08:00 and 20:00 BT IR images
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T BRI R T L 3X AT BB 5 3 CAPE 38 fim. AT
fit MCS Jms®. 20 H 20 B4R %5 7R 6 5T b X 500
hPa b 23 A7 W] 8 ¥ 7 Ui 3% W] DAAE — & 2 B B 4K
T b 3 1 TR] TR 38R BT A 350 ) I il X0 3 A A%
fifie CAPE 7ER A1 B 2 80T [ I AE 21 H 08 B
e mt b 7S % A s 6L fig CAPE 3k 26 38 1000
Jekg ', A MEF . db st B4S 500 hPa L&A
AEAEVE - o 1072 55 AP0 B3 21 B 20 B P2
k. HOEH T 21 H B/ 6t e AR 2 R B2 A ER
SRR R AR 11 B 30 43 LG 9 2 Y I F IR
AR QA R JEA M 21 H 14 BpJb st 44 &
WL 2000 T« kg 'RYEGE CAPE {H.
FK2HWMT 7 H 20 H 2085 21 H 20 #Fdb 5t
PR 1 F 2T S 80 A HE AR X I )2 AR 2 IR
386 Ul 28 (G 7 RS BE) 19 850 5 500 hPa i 2%, %
12 IR 45 1 1 Hb i AN 850 hPa Ay I BE F1 &% A5, A%
KAMAR BB A K E (PW), DL Rl #f )5
JE P FIZK IR SR A8 28 B XA R0 e CAPE, 3R
FEH .20 H 20 AT 21 H 08 BFdb 5t #8 25 19 850
F1 500 hPa Ji 22 [0 2 23°C L 5%k 0y (9 1 B L 08 2 24 Ty
5.5C « km ', W& X I L 0 B 4k B 30T 11 4 A
BIEAE 5C « km ', BT LA CAPE #2235 KK /315 .
20 H 20 WA 21 H 08 3 1 #5 A5 #F 2 24 C (H i T
I M TR RS W & TS L i L CAPE 02 /i %
HEETE#. 20 H 20 571 21 H 08 ) CAPE
SR 2500 ] « kg PFI950 ] « kg ', 21 H 14 B 850
5500 hPa A 22 21 C o AH R A4 3 R0 S 2 00 7 )
MR A AR 850 F1 500 hPa Z [A] )il 22 )2 21°C .
R 850 F1 500 hPa 2z [H]F- 34 (1) S 4R A2 2 ol 0,
i Aran 52— FAbat 14 aHiE2s (& 9) 0] LB 2I4E
880~680 hPa Z [a] B ifit BE B Uk 58 B 5k v 1A 1 %) 1
Y PG PR, AN, LT 2 850 hPa fY L E 13 el R
BT w5 T RH N A 3 4 A st ok R[] I b T R A
ik 26C, FE AR 2 X M CAPE & 52000

2 20257H20H20ZE21 B2 HItFEHRZTEERNSH
Table 2 Main thermadynamic parameters during 20:00 BT 20 to 20:00 BT 21 July 2012 from Beijing sounding

(850~500 hPa)J fiE /°'C  HOT IR B .88 5/ C 850 hPa Jifif #& 5/ C FRE/KE PW/mm  CAPE/] « kg!
20 H 20 B 23 31,24 20,10 42 2500
21 H 08 i} 23 28,24 18,17 48 950
21 H 14 i 21 28,26 19,15 58 2100
21 H 20 B} 19 24,24 19,13 56 0
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Fig. 13 Beijing sounding at 20:00 BT 21 July 2012
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Fig. 14 Hourly rainfalls at Xiayunling (green) and
Mentougou (red) from 08:00 BT 21 July to
08:00 BT 22 July 2012 (unit: mm)
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Fig.5 Beijing radar images at 1. 5° elevation 1 h

interval from 10:00 to 15:00 BT 21 July 2012
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Fig. 16 Beijing radar 1. 5°elevation images at 18:00,

18:30,19:00,and 19:30 BT 21 July 2012
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Fig. 18 Beijing radar 2. 4°elevation radial velocity (a) and
reflectivity (b) images at 13:48 BT 21 July 2012
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