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Multi-Scale Characteristics of Record Heavy Rainfall
over Beijing Area on July 21, 2012
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Abstract Observational and National Centers for Environmental Prediction (NCEP) analysis data are used to
diagnose the characteristics of synoptic circulations, sources of water vapor, and mesoscale convective systems (MCS)
related to the formation of heavy rainfall on July 21, 2012. Results indicate that the locations and intensities of
upper- to lower-level synoptic circulations and mid- to low-latitude systems are favorable for the heavy rainfall
formation over North China that occurred under typical weather patterns with high pressure to the east and low
pressure to the west. Synoptic systems such as vortices, shear lines, troughs, cold fronts, and low-level jets affect
the formation and intensity of heavy rainfall. Tropical cyclones in the Bay of Bengal and the western Pacific
Ocean provide favorable conditions for the transportation of water vapor from the ocean to the mainland. The sources

of water vapor to North China are the Bay of Bengal, the Bohai Sea, and the Yellow Sea. Water vapor in the lower

2012-11-16  2013-03-05
2010CB951804 2011LASW-A15 41075032
1972 E-mail: sjh@mail.iap.ac.cn



706

Chinese Journal of Atmospheric Sciences

37
Vol. 37

troposphere is mainly transported from the latter two sources, and water vapor in the middle troposphere is mainly

transported from the former. The entire heavy rainfall process involves two stages. During the first stage, the trigger-

ing of MCS is associated with cold air invasion, terrain, and easterly wind in the prefrontal area. During the second

stage, the organization and intensification of MCS are forced by the cold front. Under favorable synoptic circulations,

the frequent development of stable and persistent MCS is important for the formation of the heavy rainfall event ex-

amined in this study.

Keywords Heavy rainfall, Sources of water vapor, Vortex, Cold front, Mesoscale convective system

2012 7 21

460 mm 7 21 00
08
170 mm
20

460 mm
364 mm

7 25 “7-21”
9.7
12.2
116.4

60N

260
22 00

215 mm

1951

160.2 79
47.9
761

50N A

40N A

30N A

20N A

110E

120E 130E

50 100 200 mm

1 2012 7 21 00 2200

Fig. 1
0000 UTC 22 July 2012 (units: mm)

The observed total precipitation amount from 0000 UTC 21 to

1980 80 90
6 8 7 8
= £ 7 1980
1992
““58-777
“63‘8,, “75'8,,
“96'8,,
1980 ““63.877
1980 1958 1976
33
1979 2000
2006 2006 2011
Palmén 1958 DiMego and Bosart,

1982a, 1982b

2005



3 2012 7 21

No. 3 SUN Jianhua et al. Multi-Scale Characteristics of Record Heavy Rainfall over Beijing Area on July 21, 2012 707

<7577

1979 9406 (Tim)

2000 1991 6

2005 2008

2012

20 80
2012 7 21 1951
2

24 h
3h FY-2E
NCEP FNL (National Center for Environmental Pre-
diction, global final analysis) 1° x<1°
6h

NOAA (National Oceanic and Atmospheric Admini-
HYSPLIT
(Hybrid Single Particle Lagrangian Integrated Trajec-
tory Model) Version 4.9 (Draxler and Hess, 1998)

stration)

2011 HYSPLIT 2007

HYSPLIT

37.3°N 39.3°N, 114.26°E

116.26°E 1°x<1°
1000 m 2000 m 3000 m
27
2012 7 21
06 12 96h 4d
6 h
3
2012 7 21
2500 km 1 50 mm
2006
2 21 02
21 19:50 22 03:50
22
1980 1980
2005 1990 1999 6 8
2012 7 21
7 20 12 500 hPa
3a
5620 gpm
60°E  90°E “e



37
708 Chinese Journal of Atmospheric Sciences Vol. 37

45N

45N

40N - 40N

35N 35N
30N 30N
25N 7' 25N

20N
9

20N
9

OE 100E 110E 120E 130E OE 100E 110E 120E 130E

45N

45N

=70 —60 —52 —32 —20 °C
2 2012 7 21 FY-2E °C
Fig. 2 The brightness temperature from FY-2E satellite on July 21, 2012

7z 4a
5880 21 00 110°E
35°N “ 7z 3b
“c ” 2a
140°E 60 mm
12 m/s
200 hPa
“ 7z 300 500 km
40°N 3b
850 hPa
cc »> 108°E
ITCZ ITCZ 1400 gpm
4b
32 20
50 mm 850 Sa
hPa
104°E 21 06
cc »> B
1420 gpm 2b
12ms™ 65 mm
1420 gpm 200 300 km
20 18 8><107s"

106°E



3 2012 7 21
No. 3 SUN Jianhua et al. Multi-Scale Characteristics of Record Heavy Rainfall over Beijing Area on July 21, 2012 709

60°E  70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E 150°E

60°E 70°E 80°E  90°E 100°E 110°E 120°E 130°E 140°E 150°E

60°E  70°E  80°E  90°E 100°E 110°E 120°E 130°E 140°E 150°E

[

0]

30°N

20°N f

ST Wy ﬁaam T

90°E  100°E 110°E 120°E 13"E 140°E 50°E

o i

60°E  70°E  80°E

55 60 65 70 mm 50 m/s
3202 7 20 12 22 00 a 20 12 ; b 21 00 ; ¢ 21 12 ; d 22 00
55 mm =40ms" 200 hPa =12ms" 850 hPa 500 hPa
5880 gpm gpm 500 hPa 107°s™

Fig. 3 The composite synoptic weather pattern from 1200 UTC 20 to 0000 UTC 22 July 2012: (a) 1200 UTC 20; (b) 0000 UTC 21; (c) 1200 UTC 21; (d)

1

0000 UTC 22. The shaded areas are precipitable water =55 mm. The black arrows are wind speed =40 m s at 200 hPa and barbs represents wind speed

exceeding 12 m s~ at 850 hPa. The thick solid lines are geopotential height in gpm at 500 hPa with 5880 gpm in red solid lines. The red short dashed lines are
vorticity (10~ s™") at 500 hPa. The bold red lines are trough lines

4c 12h
850 hPa  <* > 40°N
112°E
5b



37

710 Chinese Journal of Atmospheric Sciences Vol. 37
21 12 39°N  40°N
2c 2 PVU
21 18
3c 2d
60 65

mm L3 7

115°E de

21 12 18 22 00
3d s & 7
4d 119°E
Sc 4f

20 %% 7 2 1
o A E ‘5:';, A, X ; - \\V u‘"‘ !
25 m%‘ﬁ‘ "’ 504 SN 25 EEZZ L% Bt T \ N
%OE 95E 100E 105E 110E 115E 120E 125E 130E OE 95E 100E 105E 110E 115E 120E 125E 130E
I | | I | I 4
—60 —40 -20 -10 O 10 20 40 60 10°Ks"! 24 m/s
4 2012 7 21 22 850 hPa gpm K ms”!

unit: 10° K s™
Fig. 4 The geopotential height (black lines, units: gpm), temperature (red lines, units: K), wind field (vector, units: m's™'), and temperature advection (color

shaded, unit: 10° K s™) at 850 hPa during 21-22 July 2012



2012 7 21
No. 3 SUN Jianhua et al. Multi-Scale Characteristics of Record Heavy Rainfall over Beijing Area on July 21, 2012 711
5
Sk
2,
<
a9
=2
Q
=
Y
S
2,
5 2012 7 21 117°E 10°s™ PVU K v, W><20
ms a 21 00 b 21 06 c 21 12

Fig. 5 The cross sections along 117°E, including divergence (color shaded, 105!

), potential vorticity (red lines, PVU), pseudo-equivalent potential tem-
perature (black lines, K), and meridional circulation (v, w><20) (vector, m s’l) at (a) 0000 UTC, (b) 0600 UTC, (c) 1200 UTC on July 21, 2012

2100
4

21 06
21



37
712 Chinese Journal of Atmospheric Sciences Vol. 37

2007 1

6a
Palmén
1958 DiMego and Bosart, 1982a, 1982b 21 06
2005 110°E “ 7z

HYSPLIT
3000 m
“€7.217” 7a ¢ 2000m
2005 e 1000 m
»» 1979

(a) 0000 UTC 21 July on (&) 1200UTC 21 July

N T T e e AR 5 R L TN 77 s
B R A Pt S Rt b S AN e LA s s e 2

BTN B 7 ewAdAsuudddddunuunsnasddiadd S A
AL 40702

fa#¥4 4 assssyaantiyyununuddadaiyyn
45N fit rurardasrianaanyuununnarrre?
b uanThev> 230044 3yyyuuunniar>y

90E  100E 90E  100E
(b) 0600 UTC 21 July &) 1800 UTC 21 July

SN T TS g NI T T o e
P rr>asadyuavannannsassiiiiazssss 227 Prrn? A e R S B
R S T I O 22 Y T T S O O SN 2
7 % w7 ] AN OO L)
45N - 7 AN IS Ty

TN, 11947 |- N
i . : W [ B BRG4GBy
40N Lrreny i 40N Paaar o yasroaaiiyy
\ rraAsanarTyaaiaaaie iy <
: p ST TS Yde Wb
= ) AAUII>7A>AAAR>222 0 4 Yy
35N - ¢ =40 ‘f/ Ve 35N v vrienrnraaaiiidl ity

VVIPAARRANLLCLY Y ERY Y ¥

30N +; ; “ ool + :*'fw“ \ \ 30N -

g 75 - WA =
25N SN I e NN 25N B
oM AL 2SN ¢

Wl E A2 AN
20N / /{ s 3 : AL } \ 20N
2 7 o 0'<"/ i

15N 1

= =

f . . e o
G
90E 100E 110E 120E 130E

90E 100E 120E 130E
[ I [ —— 700
-24 —-18 -12 -9 -6 -3
6 2012 7 21 300 hPa 10%kgs ' m™! 107 kgs ' m?
=40>10"kgs 'm™")

Fig. 6 The integrated moisture flux (vector, unit: 10 kg s m™') and the divergence of integrated moisture flux (color shaded, unit: 10~ kg s m™) from sur-

face to 300 hPa on July 21, 2012. The red solid line is the integrated moisture flux with the values =40>102kgs ' 'm™'



3 2012
No. 3

7

21

SUN Jianhua et al. Multi-Scale Characteristics of Record Heavy Rainfall over Beijing Area on July 21, 2012

713

50N
() (b)
45N -
40N -
35N -
30N -
25N A
20N -
15N A
10N = =
90E 95E 100E 105E 110E 115E 120E 125E 130E 135E 90E 95E 100E 105E 110E 115E 120E 125E 130E 135E
400
(ec) @
—_
<
A
=
<
Y _ N
= S A N a— ™
e e oo 0 \-a‘\\»*_
0o -12 -24 -36 —48 —-60 —-72 -84 —-96 0O —12 —24 —36 —48 —60 —72 —84 —96
Time (h) Time (h)
1000m 2000m 3000m
7 Hysplit 2012 7 21 06 96 h a b
c d

Fig. 7 The backward trajectories for 96 h of moisture from Hysplit model at 0600 UTC (left panel) and (b) 1200 UTC (right panel) on July 21, 2012: (), (b)

The horizontal distribution; (c), (d) the vertical distribution.

21 12 (X3 Y
80><10"kgs 'm’
24><10"kgs ' 'm”
6¢ HYSPLIT
3000 m 2000 m
1000 m
06 12 3000 m
2000 m
76 d 21 18
6d

21 12

2012

21

21

02

22

7

12

21

200 300 km



37

714 Chinese Journal of Atmospheric Sciences Vol. 37
[f07beTTC 2 sju 126007 Cq
40N >
36N
40N
36N #
40N
36N -
40N
36N A
40N A
NS s s
116E 120E 116E 120E 116E 120E 116E 120E
5 10 20 30 40 60 mm
8 2012 7 21 02 21 mm
Fig. 8 The observed hourly precipitation during 0200 UTC—2100 UTC 21 July 2012 (units: mm)
21 02 08
500 600 km, 100 km 30 mm/h 9
21
1 2 300 km><300 km

21 05
18



2012 7 21

3
No. 3 SUN Jianhua et al. Multi-Scale Characteristics of Record Heavy Rainfall over Beijing Area on July 21, 2012 715
0300UTC21JUL2012 1000UTC21JUL2012
42°N 42°N
40°N 40°N
38°N 38°N
114°E 116°E 118°E 120°E 114°E 116°E 118°E 120°E
0500UTC21JUL2012 1206UTC21JUL2012
42°N 42°N
40°N 40°N
38°N } @ 38N
114°E 116°E 118°E 120°E 114°E 116°E 118°E 120°E
0600UTC21JUL2012 1806UTC21JUL2012
42°N 42°N
40°N 40°N
38°N 38°N
114°E 116°E 118°E 120°E 114°E 116°E 118°E 120°E
0842UTC21JUL2012 2000UTC21JUL2012
42°N 42°N dBZ
50
45
40
Lol (=) 35
40°N 40°N 30
25
20
i 15
38°N 38°N
114°E 116°E 118°E 120°E 114°E 116°E 118°E 120°E
9 2012 7 21 Doppler dBZ
Fig.9 The composite Doppler radar reflectivity over North Chinaon July 21, 2012 (units: dBZ)
13 1 2
1 €~ & E R
21 00
10a 6 40°N



37
716 Chinese Journal of Atmospheric Sciences Vol. 37

(a) 0000UTC 21 Jul (b) 0300UTC 21 Jul

120E  124E : T 124E

~=ua] ] I I I I I | |Er=—d
18 19 20 21 22 23 24 25 26 °C
10 2012 7 21 3 hPa °C °C

Fig. 10 The 3-hour surface anadyses on July 21, 2012, including sea level pressure (the black solid lines, hPa), depression of the dew point (red solid
lines, °C), and temperature (color shaded, °C)

110°E
06

1°C 10c 09
03 990 hPa
10d 2°C
10b
09

4°C



3 2012 7 21

No. 3 SUN Jianhua et al. Multi-Scale Characteristics of Record Heavy Rainfall over Beijing Area on July 21, 2012 717
— 2
ITCZ
9
3
PS parallel stratiform precipitation
Parker and Johnson, 2000
PS “€7.2177
Zheng et al., 1
2012 2
2
21 12 1951
10e 400 mm
997 hPa
15 10f
12
4 5°C/100
km 1 2°C 2
PS
10 2005
1
2
2 2012
1
6
1951
2012 7 21
1 <<7.217” 1
s & 7 2

L3 k4 PS PS



37

718 Chinese Journal of Atmospheric Sciences Vol. 37

References

. 2007. [C]//

, 3-7. Chen Lianshou. 2007. The stud-
ies and predictions of heavy rainfall related to the landing tropical cy-
clones [C]// The Abstracts of Papers on the Fourteenth Symposium on the
Tropical Cyclones (in Chinese), 3—7.

. 1992. [M]. : , 1-182.
Compilers of Heavy rainfall in North China. 1992. Heavy Rainfall in
North China (in Chinese) [M]. Beijing: China Meteorological Press,
1-182.
) ) , . 1980.

[Ccy/ _—

s 9 . : , 1-13.  Ding Yihui, Li Jishun,
Sun Shuging, et al. 1980. The analysis on mesoscale systems producing
heavy rainfall in North China [C]// Papers of Institute of Atmospheric
Physics, Chinese Academy of Sciences (CAS), No. 9. Beijing: Science
Press, 1-13.

DiMego G J, Bosart L F. 1982a. The transformation of tropical storm Agnes
into an extratropical cyclone. Part I: The observed fields and vertical mo-
tion computations [J]. Mon. Wea. Rev., 110 (5): 385-411.

DiMego G J, Bosart L F. 1982b. The transformation of tropical storm Agnes
into an extratropical cyclone. Part II: Moisture, vorticity and kinetic en-
ergy budgets [J]. Mon. Wea. Rev., 110 (5): 412-433.

Draxler R R, Hess G D. 1998. An overview of the HYSPLIT_ 4 modeling
system for trajectories, dispersion and deposition [J]. Aust. Meteorol.
Mag., 47: 295-308.

s . 2006. 1.

, 17 (5): 583-593. Fang Zongyi, Qin Danyu. 2006. A review of
satellite observed heavy rainfall cloud clusters [J]. Journal of Applied
Meteorological Science (in Chinese), 17 (5): 583-593.

s , , . 2011. 2007

[J1. , 35 (2): 361-372. Jiang Zhihong, Li-
ang Zhuoran, Liu Zhengyu, et al. 2011. A diagnostic study of water vapor
transport and budget during heavy precipitation over the Huaihe River
basin in 2007 [J]. Chinese Journal of Atmospheric Sciences (in Chinese),
35(2): 361-372.

s s . 2006.
[J1. , 17 (3): 257-265. Liang Feng,
Tao Shiyan, Zhang Xiaoling. 2006. Diagnostic analysis of a heavy rain
event in North China caused by the development of Yellow River cyclone
[J]. Journal of Applied Meteorological Science (in Chinese), 17 (3):
257-265.

, s , . 1979. “15.7°
[J]. , 37 (2): 79-82. Liu Angran, Guo Damin, Xin Baoheng,
et al. 1979. The water vapor related to the “75.7” heavy rainfall in North
China [J]. Acta Meteorologica Sinica (in Chinese), 37 (2): 79-82.

Palmén E. 1958. Vertical circulation and release of kinetic energy during the

development of hurricane hazel into an extratropical storm [J]. Tellus, 10:

1-23.

Parker M D, Johnson R H. 2000. Organizational modes of midlatitude

mesoscale convective systems [J]. Mon. Wea. Rev., 128: 3413-3436.
s s . 2012.

[J1. , 70 (1): 65-77. Sheng Chunyan, Gao Shou-
ting, Shi Yuguang. 2012. Numerical simulation of the dynamic effect of
the orography on a Mentougou severe torrential rain event [J]. Acta
Meteorologica Sinica (in Chinese), 70 (1): 65-77.

. 2005. . , 24
(1): 62-69. Sun Jisong. 2005. The effects of vertical distribution of the
lower level flow on precipitation location [J]. Plateau Meteorology (in
Chinese), 24 (1): 62—69.

, . 2008. B [J1.

, 32 (6): 1352-1364. Sun Jisong, Yang Bo. 2008. Meso-p
scale torrential rain affected by topography and the urban circulation [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 32 (6): 1352—
1364.

, . 2000. [J].

, 24 (2): 223-237. Sun Jianhua, Zhao Sixiong. 2000.
Diagnoses and simulations of typhoon (Tim) landing and producing
heavy rainfall in China [J]. Chinese Journal of Atmospheric Sciences, 24
(2): 223-237.

s s . 2006. “9608”

[ , 64 (1): 57-71. Sun Ji-
anhua, Qi Linlin, Zhao Sixiong. 2006. A study on mesoscale convective
systems of the severe heavy rainfall in North China by “9608” typhoon
[J]. Acta Meteorologica Sinica (in Chinese), 64 (1): 57-71.

s s , .2005.20 90
[1. , 10 (3): 492-505. Sun Jianhua,
Zhang Xiaoling, Wei Jie, et al. 2005. A study on severe heavy rainfall in
North China during the 1990s [J]. Climatic and Environmental Research
(in Chinese), 10 (3): 492-505.

. 1980. [M]. : , 1-225.  Tao Shiyan.
1980. Heavy Rainfalls in China [M]. Beijing: Science Press, 1-225.
s s . 2012. [J].

, 17 (5): 607-616. Zhao Yuchun, Xu Xiaofeng, Cui
Chunguang. 2012. A study of convective rainstorms along the east slope
of western Sichuan Plateau [J]. Climatic and Environmental Research (in
Chinese), 17 (5): 607-616.
, , .2011.

1. , 35 (5): 945-962. Zhao Yu, Cui Xiao-
peng, Gao Shouting. 2011. A study of structure of mesoscale systems
producing a heavy rainfall event in North China [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 35 (5): 945-962.

Zheng L L, Sun J H, Zhang X L, et al. 2012. Organizational modes of

mesoscale convective systems over central East China [J]. Wea. Fore-

casting, in press.



