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Analysis and Thinking on the Extremes of the 21 July 2012 Torrential Rain
in Beijing Part |: Observation and Thinking
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National Meteorological Centre, Beijing 10081

Abstract: Precipitation characteristics, environment conditions, generation and development of the me-
soscale convective system that brought about the extreme torrential rain in Beijing on 21 July 2012 were an-
alyzed comprehensively in this paper by using various conventional and unconventional data. The results
showed that the extreme torrential rain had the characteristics of long duration, great rainfall and wide cov-
erage area and its process consisted of warm area precipitation and frontal precipitation. The warm area rainfall

started earlier, the severe precipitation center was scattered and lasted long while the frontal rainfall process
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contained several severe rainfall centers with high precipitation efficiency, lasting a short time.

Environment conditions of the mesoscale convective system that triggered this extreme severe rainfall
were analyzed. The results showed that interactions of high-level divergence, the wind shear and conver-
gence with the vortex in the lower troposphere and the surface wind convergence line provided favorable
environment to the severe extreme rain. The warm humid airs from the tropical and sub-tropical zones con-
verged over the torrential rain region, continuous and sufficient water vapor manifested as high atmospher-
ic column of precipitable water and strong low-level water vapor convergence and other extreme vapor con-
ditions for the torrential rain. In addition., the intense precipitation was triggered by the vortex wind
shear, wind disturbance on low-level jet, surface wind convergence line and the effect of terrain under the
condition of the plentiful water vapour and maintained. With the cold front moved eastward, heavy frontal
rainfall was brought by the development and evolution of convective system made by the cold air and the
suitable vertical wind shear.

Generation and development processes of the mesoscale convective system were also studied. The
findings suggested that stratiform cloud precipitation and dispersed convective precipitation occurred firstly
in the precipitation process. The warm and steady stratiform cloud precipitation changed to be highly or-
ganized convectional precipitation as the cold dry air invaded. Many small-scale and mesoscale convective
clusters developed into mesoscale convective complex (MCC), leading to the extreme severe precipitation.
Since all the directions of the echo long axis, terrain and echo movement were parallel, train effect was ob-
viously seen in the radar echo imegery during this precipitation process. Meanwhile, the radar echo had the
characteristics of backward propagation and low centroid which was similar to tropical heavy rainfalls. Fi-
nally, a series of scientific problems were proposed according to the integrated analysis on the observation
data of this rare torrential rain event, such as the causes for the extreme torrential rain and the extreme
rich water vapor, mechanisms for the warm area torrential rain in the north of China, the mechanism for
the train effect and backward propagation, mechanisms for the organization and maintenance of the convec-
tive cells, the simulation and analysis ability of the numerical models to extreme torrential rains and so on.
Key words: extreme torrential rain, warm area precipitation, systematization of convective cloud clusters,

mesoscale convective complex (MCC), train effect
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Fig.1 The observed accumulated precipitation (unit; mm) for
(a) North China region from 08 BT 21 to 06 BT 22 July 2012,
(b) Beijing from 10 BT 21 to 06 BT 22 July 2012
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Fig. 2 Station distributions and the precipitation
amount (unit: mm) for stations whose
24 h accumulated precipitation from 08 BT
21 to 08 BT 22 July 2012 breaks the
historical record of precipitation (including

both 08—08 BT and 20— 20 BT records)
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Fig. 3 Hourly rainfall observed by automatic weather stations (shaded) and the national basic weather stations
around Beijing (black dot) from (a)—(d) 10 to 16 BT 21 July 2012 with 2 h time intervals, (e) —(g) 17 to
19 BT 21 with 1 h time intervals, (h) — (k) 20 BT 21 to 02 BT 22 July 2012 with 2 h time intervals
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Fig. 4 Dynamical image of the front
systems from 08 to 23 BT 21 July 2012
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Fig. 5 Hourly rainfall sequence diagram for Xiayunling, Beijing (unit: mm)
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Fig. 6 Cloud-derived wind and satellite water
vapor imagery at 07:30 BT 21 July 2012

(Purple arrow, shallow blue line, dark blue line and
white ellipse indicating the 200 hPa upper
level jet, trough line at 500 hPa, subtropical

high and jet-core, respectively)
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Fig. 7 Synoptic conditions for mesoscale convective

systems at (a) 14 BT and (b) 17 BT 21 July 2012

[Blue saw-tooth line and black dash-forked line indicate the surface front and convergence

line, respectively; black double line and gray arrow denote 925 hPa shear line and

jet, respectively; red arrow and black dash line representing 850 hPa jet and

moisture flux divergence, unit: 10" °g « (cm® « hPa * s) ', respectively;

blue dot line shows the atmospheric precipitable water (= 60 mm) ,

and shaded area is the composite reflectivity ]
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Fig. 8 The 350 K potential pseudo-equivalent
temperature isoline at 850 hPa at 20 BT 18
(black line), 19 (green line), 20 (blue line) .
and 21 (red line) July 2012, and the 850-hPa
wind field at 14 BT 21 July 2012
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Fig. 9 850 hPa wind field, water vapor flux divergence [ dash line, unit; 107% g+ (cm® » hPa « s) ']

and water vapor flux [ shaded, unit; 107% g+ (cm « hPa+ s) '] at
(a) 14 BT and (b) 20 BT 21 July 2012

(Blue line is shear line at 850 hPa and dark arrows are major water vapor channels,

D is the centre of lower votex for 840 hPa)
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Fig. 10

(a) atmospheric precipitable water (unit: mm) explored by GPS at Beijing and Tianjin

at 13 BT 21 July 2012, (b) temporal evolution of atmospheric precipitable water (unit: mm)

at Beijing Station (54511) from 10 to 27 July
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Fig. 11

Comparison of seven rainfall events with daily precipitation over 50 mm at Beijing Station

(54511) since 2007 including atmospheric precipitable water (a, unit: mm) and

water vapor flux divergence [ b, unit; 107% g«

* hPa«s) ']

(cm?

(Dash line shows mean values of the seven events)
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Fig. 12 FY2-E water r imagery at (a) 08 BT, (b) 12 BT,
(¢) 16 BT, (d) 20 BT 21, and (e) 00 BT 22 July 2012
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Fig. 13 Temporal evolution of FY2-E TBB
(a) — (d) from 10 to 16 BT 21 July 2012 with 2-h time intervals, (e) —(g) from 17 to 19 BT with 1-h
time intervals, (h) — (k) from 20 BT 21 to 02 BT 22 with 2 h time intervals
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Fig. 14 Radar reflectivity at elevation 0. 5° of Beijing SA radar at (a—d) from 10 to 16 BT 21 with 2 h

time intervals, (e—g) from 16 to 19 BT 21 with 1 h time intervals, and (h—k) from

22 BT 21 to 02 BT 22 with 2 h time intervals (unit: dBz)

(Black line indicates the location of the vertical cross-section of Fig. 15)
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Fig. 15 Vertical cross-section of radar reflectivity
along the black line shown in Fig. 14
at (a) 12:00 BT, (b) 17:00 BT, and
(c) 22.00 BT 21 July 2012

Rag 7K iy B ] B 5 7K et 8 h 43 1 R S B[]
Koo BB K B B 2 AN 38 K rpoO AHE B BT
AR K03 R B I )

(2) Y ik 2 2 B AR (1 AR I % W 1Y 3 IR A2
AL ok ERE A (R AR R AN e i Rl E SR (A
YIAE A2 2 e A4 B SEH ER R ZE
e it e Y DX 3R i % R0 A TR K 5 AT AR RS L R
DX 5 7K 2 Shy B T 8 UK A R TG i & AR R AR AR
N 7

(3) R R R 2 W A i EL A R i M K PSR A S R
TR $RHT I SR 1) B 3 A R R TN XA . R AR
B 3 TR A K VR, 2T I K R K P IR R
787G A A ) IR 2007 A DASR 2R A AR Y
- H .

() B K 2 A8 1 5 DA JZ bR 2 R 43 1508 % 3 1 B
KA LB TV 2 AR A B W AL B R
{18 5% 30 1 R K S 224 eh N ROBE X3k 2 & 9 TE
MCC, 7 A= 1 b B 7K

(5) 7 3 [0 35 37 ZE 000 A 1] A5 3 B4 0 4 (o]
= R TR - o S IR 2 W = 3161 & 5 |

LUy o B Sy £ B S

3 32 %o 33K 0 7 DL T S 00 I B 1 £ S S BT
I I VR TR 2 TR o 7 AR iy P o3 7K R L B R i 7K
TRAF A 0 8 I 5 b il DX I DX TR ) TR B ATL ] 5 5
BT 12 28 182 X 2% T 1 A5 40092 B B ) 5 M T 7 A o
5 R 7K A TR R A L 5 91 2 500 R 1) A% 4 TR B
BILH] 5 X8 i B 1) 2H 2R 4E 15 BIL ) 55— R 51 B 2 1)
B2 A A TR A 5T 1 7] L,

SR ER LERE T O ER AL RRETR S
B30T R 0 5 B R P R % R 9 R SO R R
B0 1 T TR VOB BG4 B B SRR RS B

&%k

(1] FEfEm .5k AR, T, dbatBEKRRAE S At i M4 & F oK
FORMUFRMELT ], RIHA S ¥4 .2012,23(3) :265-273.

(2] EBC R . bt 80T 2 5 AR B i pF o [T /K 30, 1994
(3),58-64.

(3] Wb, TR ML bt b XA IR R R K 4 A fb B 9 380
[J]. KRER,1994,18(6) :683-690.

(4] HBS7E, T I, AeduReK AR mr st e L) ], st 3Rl 0 i
2012,31(5) :593-601.

(5] RJeME, BRicH: 25, 5. 1951—2009 4 507 B K 22 AL 1%
i) KBRS, 2012,28(3) :42-46.

(6] Hhmtur, 4™, E3. db g ik m 4 X K & SN o5 .
S4,2012,38(5) :569-576.

(7] SR 658U, 2R, b R0 2 580 H B0 SRR AELT .
KSR ,2000,24(1) :58-66.

[8] k#IMR, ZEPE, Ying-Hwa Kuo, 2. HiJEXF €00, 77 1 5055 K
JE T R A B B SR LT ] B SRR R, 2005, 15(5)
572-578.

L9 FhakAn , &F3CZE. b a3 iy 4 B R0 X 4 B 7= [k K 19 3% el ot
811, KAFRH¥,2007,31(2) :311-320.

[10] 87, 1959 4Rt st R K MBI ], b stk Fl, 1999, (4),
21-23.

[11] Bl A, dbat— Yk K 5 T i 7 A0 A U5 RI A0 0ok 0 e AT 43 7 LT .
K4,2000,26(11) :7-14.

[12] ZEE4E, B AriETy. “98 « 77405t K 5 T Y b KU 43 07
[J]. 5% ,1999,25(5),44-48.

[13] 457, B 54840, 55, 19512008 4E6 5t b i K <
o). A 5B 9T, 2012,17(2) : 24-250.

[14]  Jyh, BAH /N E . 20124 7 J 21 HALST X R5 K 22
I A RUEE X I S R RUARRER) 6 43 i LT, A4, 2012,38(10) :
1278-1287.

[15] Grumm R H. Beijing flood of 21 July 2012-Draft[ R]. NWS
State College Case Examples, 2012.

[16] #NE 25 A&7 . 45, U BT 721 RR K 5 W A i 4 43 #r B AL
25 (0 W o 1 K e R R R B B2 [T, A4, 2012,38(10)
1267-1277.



