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Characteristics of Three Types of Convective Storms During the Beijing
Extreme Precipitation Event in 15—17 July 2018

CAO Yancha ZHENG Yongguang SHENG Jie LIN Yinjing ZHU Wenjian ZHANG Xiaowen

National Meteorological Centre, Beijing 100081

Abstract; An extremely severe precipitation event took place in Beijing during 15— 17 July 2018. This
event was characterized by long duration, large accumulated precipitation amount and locally strong inten-
sity. According to the features of hourly precipitation decrease stage by stage, the three types of convec-
tive storms and their precipitation characteristics are analyzed and compared. The results show that the ex-
treme precipitation at the edge of the subtropical high in the morning of 16 July was mainly caused by the
low-echo-centroid convective storms, during which the warm and wet layer was deep and the vertical wind
shear was weak. The characteristics of convective storms, which were similar to the severe tropical precipi-
tation storms, along with the impact of “train effect” were the direct causes for the extreme severe precipi-
tation in Minyun District of Beijing. The high-echo-centroid convective storms mainly took place during the
daytime of 16 to the early morning of 17 July, when the westerly trough and the subtropical high affected

this area together. During this period, the dry air intruded into the middle layer and the vertical wind shear
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of the whole layer was stronger. The convective storms had some characteristics such as high-echo-cen-
troid, draping structure, strong local features and rapid movement, and the maximum precipitation inten-
sity caused by the high-echo-centriod convective storms was weaker than it caused by low-echo-centroid
convective storms. Hybrid convective storms corresponded to heavy precipitation during the transit of
westerly trough on the 17th July. Compared with the early stage, the energy and water vapor conditions
during this period decreased significantly. The echoes and precipitation intensity of hybrid convective
storms were the weakest of the three types. The intensity and magnitudes of precipitation in different sta-
ges of this process were determined by the corresponding environmental conditions, structural characteris-
tics and moving propagation characteristics of different types of convective storms.

Key words: extreme precipitation, low-echo-centroid convective storm, high-echo-centroid convective storm,

hybrid convective storm, minutely precipitation, train effect
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Fig. 1 Distribution characteristics of the severe rainfall in Beijing from 20.:00 BT 15 to 20:00 BT 17 July 2018
(a) accumulated precipitation observed by national and dense surface observation stations,

(b) distribution of maximum hourly rainfall station (colored dot, unit; mm * h™'; shaded area: topography)
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Fig. 2 Synoptic charts at (a) 20:00 BT 15, (b) 20.:00 BT 16 and
(¢) 20:00 BT 17 July 2018 based on NCEP FNL data

(black lines: 500 hPa geopotential height, unit: dagpm; red lines: 500 hPa temperature, unit: C;

barbs: 850 hPa wind; brown lines: 500 hPa trough)
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Table 1 Convective storm types and precipitation characteristics of this extreme rainfall process during 16— 18 July 2018

o [ 7K S B X A A 5 2 A 7% 15 1% 5 | KT/ (mm « h™ D R4 3 h oKk Rt W & /mm
16 H 00—05 i} % B 4500 BT HER 117 248
16 F 0003 i P 142 PR oY 132
16 H 03—05 Bt R PR 5 EOT-HRIA 1, 44 49
16 H 06—11 [} o B2y dma it A A A, 72 110
6H 17 zont RO ERARLL Wk A5 2 B U K L 46 54
B AR T s F i °
17 H 06—09 I} P 5 i SC B AR D 52 K 28 e, 44 52
17 H 09—11 A} RN PREF 3 PrIl138 i, 36 44
17H 230 & 18 H o1 i) B EKET.O/ P g G S e 4, 34 38
WK TR IR BE S5 1 S5 A RR AR AN e K R R 2 T 22 57 o (a)
4 Z2RNF I AR A B SR A | 45 A RR R 651
R R TR B E 60 .
N
E s
= A &
4.1 IR E 501
B
4.1.1 KAFREZELZMHT 451
7 H 1517 H At Ui X [ S b CE gD A 101
B Ll GPS 3l 58 2 7K P50 (& 3a) fi 7w 5 f K i 1
. . 35
A b BT M X A4 AL T B VR AR . 45 5 R K o B 08 20 08 20 08
= X o 150 160 178
EK VA S BARRTE 55 mm DL F ., H B By BRI B -
P KRR R T . HA 32 A A T O Y X6 i XL 200 =355
116 F ok R BRI K VR At L T4 \ /\ﬁ !
5 B A T TR AL 75 T 24 C O IX Bk o /
H;)ﬁ{ BEMHIA 27°C L X R RAHA THEH 19K 345\,\ ﬂ
2 O B4, 20125 FR K 656 2017)9*@57&*@ 4001 345 35—
T = 33
Eﬂ“j(‘fljj 70 mm DA b i o0 BN R SR 5 1 1) % 500- i
(S 345
16 H FAF 3 17 H o fr i B 1 350 X3 ] 52 905 ¥ s00 >
BN B AREE T 24 CHHE R F A 7007340 A o 345 340
e \ y 350 —|
FAb 5t B AR AR G X X R % I B )2 KR 232/355:: ; S
1 aen 345
TN 65 mm A7 AT s i B B R A T IR KR 1 000 365 350 ]
. o 12 00 12 00 12 00
WAy 17 H A KR ERE B R SR E s T 24C 15 16H 170 180

(18 34 X 91 BT 5 i 300 8 9 /) » 3 B 7 F b o R
AR AL b DX, X B 1 3 2 K VR B b s A 55~
60 mm,

COIG 0 280 5% 37 XL 222

AT 7K 3t AR & A 1 ) b 3 b X (40°NL116°E)
NCEP 43 7 %8 BB A 24 47 35 A1 7K 7538 1 8% 76 B
7 CPE 3b) A AR HY o 7 5 B 22 A1 O Rk 3 XL 2 5
MY 7 H 16 H ¥ R0 B . b 5t X b F 35 1) B2 18
JESE R 3 b T2 R Y 07 T 3k 360 K, 350 K
PLE R BE R 2R % 700 hPa @& B, i K 58 &
FHEAEPLEAR)ZE 900 hPa LT 48 4 b0 38 3 5

fiet ] /BT

-10 -8 -6 -4 -2 0

3 201847 H 15 H 08 it & 18 H 08 i
()L E B L GPS 2% )2 7K 95 00 18
(b) b5 b X NCEP 5 28 3 H7 9 R A 24
{7 (A S22k, B KO RIK Y5 e 30O% (B
PA7:107 7 geem ? » hPa ' o 57 1) 3R B A
Fig.3 (a) Fangshan GPS for water vapor observation
in Beijng, (b) vertical section of pseudo-equivalent
potential temperature (black solid line, unit: K) and
vapor flux divergence (shaded area, unit; 10’
gecm ? e« hPa!
area of NCEP final analysis data from
08:00 BT 15 to 08:00 BT 18 July 2018

+ s ') in Beijing



890 A

% 5 46 45

—10X10 " gecm ? « hPa '« s ', Bl @58 F 2011
AE 6 1 23 HAI 2012 4E 7 A 21 H b 50 38 [ 7 4 B
(#9925 hPa K ITE R HUE (HHI N —2X10 7, —7X
hPa ' « s 1) (G5 P45, 2012) Ik )2
R 70 10 7K PR B A R 1% I B A S R K 1 S5 DR

1007 gecm ? o

(2) 18 50 78 5% 37 X 2

T B X R R A K R 16 H B2 17
H ¥ J= 112 500 hPa Btk 52 1% 28 S A I A
W2 AR 2 B2 18 )2 45 Hh IR ) YR 5% A L SR T
IKVRER A DX ] B 9 )2 IRk B 600 hPa LT 4%
TE W] 0 0KV A A2 KRR AR AL 16 H IR R
W AT 0555 5 (H O R FE A AT IR B —8 X107 g ¢ em
«hPa '« s ' BRI KRB B 2 i O TR X it &R
S0 I R SRR T R I K PR .

(3) A BRI I XL 2

HARAMMNE T EREAEREE 1T HET R
R IE) AR )23 19 12 V0 A B35 4 P 22 Y I 555 1 i 490 (S
T 2 W B 24 A2 7E 350 K Z8 47 AR 2 AR B 4 5
BE A I 8 55, D SR BECH —4 X 10T g e em P e
hPa™' « s™ ' WIKVRAE R 5 1R B D8 T Be iy
XoF AL 7R G 77 A 1 ok 7K B AT 0 55
4.1.2 FEZFMFede AR E AT

CL AR 50 75 5% 37 XL 2

RS0 BT 3 XU AR AT 15 H 20 B b 5t
X CAPE UK 247.5 ] « kg ', HIRZFFAE — &
A8 a4 o A2 A R A BE T XA TR
(F da) , 3% S R 5E 25 R AE I AR A R T e 5 B B3 K
KM % A (Davis, 2011; Tian et al, 2015) , {H 5240
W &R, 15 HAZ R 2 16 H % = b 35 45 )2 V46 5 iR
T AR A I b B R 2 DX X O 45 1 T R AN
W ek 35 . R 16 H 02 B (¥ Hi 1 08 300 X 8 25 24518
IE,CAPE {8 2K, 35 1597.3 ] « kg ' (EIWE) .,
PO ZEAEE AT E .. BENIGRA B — K7
ARG 3 B RD) SRR 3E55

(2) 8 0O TR 5% 37 X 2

o R TR WA K o A S BE X W 16 H 14 B
A SEBE AR 2 (B Ab) SR AL BT HBIX 600 hPa DL A%
TR, Sy 3 3 AR AR 2SS T 600 hPa A ) X6
N T 2 X Rl BT T BRI Y I ELAS K RRAE
S5 H CAPE ik 1948.6 ] « kg ', H 3 KB 728

KF 16 H 08 b mt e i 4825 (B R i )2 &
W ) A AR AL XU A5, 850 hPa Sk BH i 1 76 5 AL L X3
AERTHIN B K L3k 16 m « 71,850 hPa DL FAkZs &
BB A 14 m o« s 'L i 15 25 300 hPa Lk ¥ i
VEFTR DRI i o B A7 7 B S b 5 B4 L DRtk AR
ARG I B AR bR B L % B B RY) 28 A B2 T
16 H¥f=,16 H 08 By bt St 4R 2 W 0~6 km e
BHRPIAS ALK 16 m o« s~ 55058 11 1 B XD 2% 1 R
GPRE R R R T IRIEX IR R G KR

(DR A BIXT I K Z

TR B 6 A AR R A i BE T4 2 A 17 H 14 B
SEALAR S (B 4e) o b 5t 1 XAk T 38 J2 5008 1) 34
Bivh, H M R R 16 H A BT AR R
CAPE {HU W8/, 2928 335.2 ] « kg ' SR HZS
R BLER 4R 71 850~ 700 hPa I 25 203 &8 i
B 52 3 . 700 hPa JKi#ik 20 m » s~ ', FH K. 3 km
DR R EE XS L F] 18 m « s, 8080 19 T B X
PIAS B RAAIR)E . X P 5 B o A XD A8 454 T
REL ) 7 %o XU 1 K e

4.2 ZZEXRK RS AEFRE KSR

bt SA B — AR B IL JFY-4 TBB flH
FL TR | i DA S A7 9 R AR G 9 K O N 5 Rk X6
T 9% = X I XU 114 41 2145 ¥ 3% 2l 5 AE B K
R LA T 45 2850 0 LB (R AIE B =38 Z ) i 25 5
HY TS Y i 5 7K Ao R 2 A T 0 1 PR b L IR A
b DA S5 DR 1 B 3k U0 0 5 R A 2o AR X I Y
H DN Bl ANV 38 AN B R, = 2R i KR 22 TR R 22
S R IAE LA S G5 R T 3 B R K R AR T

CL AR S50 78 5% 37 IR 2

AR YR A A R AR TR R X A DAL AR AR X 9 LA
1B B 3 S LU 0T 43 R 51 25 8500 7 78 i ER
0> 25 BB O U G DN = X < i 7 K o0 @ <
R T = N 1 5 317 N e | A s .3 e
([l 5a,5b) . X il 7 58 P w0 AS 7 A 507 2F B0k O e
LA 2 51 S0 U R X R, KU R
BRI WA 0 IS 1) A% 1 SRR AE 6 U B RS Bl 5 1)
L% J7 0] JL-F-AH R S B R Gk 2 8 15 825
[Fi) — DX 3 o AR S0 2 I 0 [ 8t DX AN 7 52 0 9 AR 0

SO o 5 I B AR R e I i T A 7K AR R R

PR, BE R R, B A TR B AR v R K )



71 WHASRAE . 2018 4F 7 H 1517 H Jb 58 A% i e e K i R = 288 Xof 9L IR R B L5 R KRR AIE 43 AT 891

H/km

200
250 -
300
\\\,
£ 400 — £ 400 £ 400
& / V / = o / / 7
AN P N AN
=500 LA =500 =500 s
100 =<7 7 77 - 700 700 S -
) /]
S / 639 _. 539 LT KT FH KIS
: 1000 1000 L4/ SN SESANSVUES,
0 10 2 30 3 -20 —10 -20 -10 0 10 20 30
T/C T/C

B4 2018 4E 7 H(a)15 H 20 Bt .(b)16 H 14 i ()17 H 14 Wb 5T %8 B4k
(LIS R LB 48R AURE A X L. CAPE)
Fig.4 T-lnp at Beijing Station at (a) 20:00 BT 15, (b) 14;00 BT 16 and (c)14:00 BT 17 July 2018

(solid red line; temperature, dashed red line; dew temperature, filled area; CAPE)

100
150

200
250
300
400
500

p/hPa

700

850

925

1 000
0 18 16 16 16/km
0 40 53 67 82/(°)

75 79 82 86 90 94 99 103 107 111/km 51 49 48 46 45 44 43 43 42 42 42/km 47 43 40 36 32 29 26 2
6 9 11 13 15 17 19 20 21 23/(°) 263266269272276279283287291295299/(°) 358360 2 4 7 11162

2
3

3
2

Bl5 2018 4F 7 H 16 H Ca,b, o) I B X U XA F0R B BEAL 5 o 3k 4 4 S R I (R /i 2R3 oK

(S0 15 B mm) 43 A S (D WTE 5a H A1—B1.(e) & 5b i A2—B2. (D& 5¢ H A3—B3 {4 & SC LR Y =] 3t T 1 50 1

(a,d)03:00 % 2+ (b,e)02:06 Bl s (c,03:36 & Sl I 45
CRE I 20 (/NI WA K B S 20 2215 1 b Bty BT, AR 8 R 220 18 /N I I 7K o Dy i 7E
IR AR 1 h RHE s B Sa~5c R AR AR B0 5 5 B 5d~5e R 0 C 2 m
B AR AR HERCT  BE R TR IR R PR B R HERCT A L B AL T R 07 U BRI
Fig.5 (a,b,c) Distribution of Beijing radar composite reflectivity (colored) and hourly rainfall (solid dots, unit: mm),
and echo profiles through the white solid line in Fig. 5a A1—B1 (d), Fig. 5b A2—B2 (e), Fig. 5¢c A3—B3 ()

for the maturity stage of low-echo-centroid convective storms

(a, d) 03:00 BT 16 at Miyun, (b, e) 02:06 BT 16 at Fangshan, (c, {) 03:36 BT 16 at Changping, Shunyi and Tongzhou etc.

(The hourly rainfall at the hour is the one-hour accumulated rainfall and before it, while for off-hour
rainfall is the hourly accumulated rainfall; in Figs. 5a—5c¢ black star: locations of the representative stations;
in Figs. 5d—5f black dashed lines: height of 0°C layer; upper numbers in the horizontal axis are the distance

to the radar site, while the lower numbers are azimuth with north to 0°, increasing clockwise)
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Fig. 6 Variations of hourly rainfall (a, b, ¢) and minutely rainfall during the maximum rainfall intensity hours (b, d, f)

at the three representative stations of (a, b) Xibailianyu in Miyun District,

(c, d) Hebei Town in Fangshan District, and (e, f) Taoyukou in Changping District

during the influence period of low-echo-centroid convective storms from 01:00 BT to 07:00 BT 16 July 2018
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Fig. 7 Same as Fig. 5, but for the high-echo-centroid convective storms, and echo profiles through
the white solid line in Fig. 7a C1—D1 (d), Fig. 7b C2—D2 (e), and Fig. 7c C3—D3 ()
(a, d) 07:06 BT 16 at Chaoyang and Shunyi, (b, e) 18:12 BT 16 at Fengtai,
Shijingshan, etc. , (c, ) 07:36 BT 17 at Chaoyang and Tongzhou
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