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Comparison of Characteristics and Effects About Low-Level Jet

in Two Rainstorm Processes with Different Intensities in Summer

LI Qingchun CHENG Conglan QUAN Jiping CHEN Min DOU Youjun ZHONG Jigin
Beijing Institute of Urban Meteorology, CMA, Beijing 100089

Abstract: In order to reveal the evolution characteristics and effects of low-level jet (LL]) during the for-
mation of summer rainstorms, comprehensive observational data and reanalysis data are used to compare
and analyze the two summer rainstorm cases with different synoptic types and rainstorm intensities in Bei-
jing. The data include the wind profiler radar (WPR), NCEP/GFS reanalysis data (0. 5°X 0. 5°), and
hourly precipitation data from automatic weather stations. The results show that the 16 July rainstorm
process in 2018 (shortened as “7 « 16” rainstorm) was formed under the influence of southwest low-level
jet (LLJ) at the edge of the subtropical high. The eastward movement of the vortex and trough, the con-
tinuously strengthening of the LLJ, and the influence of terrain convergence line provided extremely favor-

able conditions including low-level water vapor transport, convergence and uplift conditions for the
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occurrence of extreme rainstorm. The 22 July rainstorm process in 2019 (shortened as “7 « 22” rainstorm)
was formed under the influence of the LLL] in front of the upper-level trough, which was caused by down-
ward propagation of the upper-level jet during its eastward movement. This kind of LL] has relatively
smaller impacts on water vapor transport and convergence in the lower layers. Within 3 hours before the
two rainstorms, similar characteristics appeared as follows: the low-level wind speed increased, the mini-
mum height of LL] decreased, the LLL]J index sharply increased, obvious vertical wind shear occurred below
1500 m, and the vertical wind shear gradually increased with the approach of rainstorm. During the “7 « 16”
rainstorm, the occurrence of the convective cells was triggered by the boundary layer jet (BL]), and the
developing convective system was well organized by the joint action of the ILLL] and the terrain convergence
line. So, these are the key reasons for the formation of extreme heavy rainfall along the mountains. The
characteristic parameters of the LL] (maximum wind speed of LLLJ, minimum height of LLJ, LL] index)
and the magnitude of the vertical wind shear below 1500 m are important indicators for the occurrence of
rainstorm.

Key words: Beijing rainstorm, low-level jet (LL]), boundary layer jet (BL]), vertical wind shear, terrain

convergence line, wind profiler radar (WPR)
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Fig. 1 Terrain height (colored) and administrative
division (black dotted line) of Beijing
(The cone indicates wind profile radar station, and
the red circle indicates automatic weather station.
CP. Changping, YQ: Yangin, HR; Huairous MY: Miyun,
PG: Pinggu, SY: Shunyi, TZ: Tongzhou, GXT: Guanxiangtai,

DX Daxing, FS: Fangshan, MTG: Mengtougou)

R B TARZS 29 (LL) . % 1000 m(900 hPa)
DI 3t B U R =120 mo» s 1, U] 2R
91.0°~269. 0"H A i B 13 2 2 (BLD .

TR b S WA S 2T R B R e B Y AR Ak
FIAMRE SR L ik — 2 BWIERS [ 1Y
KA AN AN IR S 2003 ;5 4% B A I 5% 2
2006) ;

w
e
KW 3000 mo s BE LU ARZS 200 0 1 B
K RH s Hoe WRGEIRE] 12.0 m » s ' &L E &
G B o K2 DX K L B T A e AR IR s
AR R (AN 1077 s7 ),
TESr AT AR 25 2 5 | R W AR 28 1 B XUD) AR B )
LR A AR B E4,2019) .

N
M_AZ (2)

AV = JVi+V; —2V,V,cosD (3)
XM A ETFEHEERYAZ,AZ N ETEN®
EEME.V WV, O ETFREARGEE,D R B2 R0
ZMH . BTS2 M) 2% B L RURR 4R R ARG 2 B
R, I, 150~870,150~1470,150 ~
3030 m XA HE B Y)A2 IR T 5 925,850 DA K&

(@Y

700 hPa Z i) () { X148 CHLf .10 % s 1),
1.4 KEWEMAKREEHENITE

K2 2000 19 H SR T 22— R WK ORI A 1
HEAE . AT 4 B AR 25 2000 1 K 7R B 16 g 5 AF
FL R GFS 43 B 8008 19 45 J2 1 B /K7 KU it
DL R AR RE S B K S 2K PG R K R O
(HL S BRI FH S 15 . 1986)

2 RAFEUHRAUEH

2.1 [EREMPEKEERE

“7 ¢ 167Jb I RE R BT M 2018 4£ 7 A 15 H 20
I FF IR 18 H 02 B LUJS B 7K 32 i 45 o o 6 g B e aok
52 h B B GA B R R T & 2. 7EdL 5t M X 436
ARG 63 A u sk, A 207 AN uh (2
55.5 %) 11 #2 Bt FEK i L 100. 0 mm, 16 43
i 200.0 mm, 3 Ui 300, 0 mm(H AL % = X
PG SE IR B A3k 351, 3 mm), AR AT AN of FE B
R K 434 (Il 2a) o B W9 9% X2 R b — 5 g o 1)
5G| VRN VG R Y A 1) — 20 B O
e HT A AR AR L X CF S R g L X
(@ ANIDREITE A b = A E = RISk S R N ]
5 (P e mm « h™ ') R I SR B K (R 31 =20 mm »
h™") B0 H0E 43 Lo i s 18 (BT 200 RIS R
GRS R EE R AR R A . o 2B R
Bk (7 115 H 20 B % 16 H 14 B, & 2¢ 4 fa )y
HEJIT 7RO SR & AT « 167 3 T2 1Y SR o B RN B B, 7 »
16755 — 40 s FE K P 29 2 18 h, B R K & 35 3|
KEW R A 125 2l (B Eny 33.5%) &it
R 7Kk HE#E 3 50. 0 mm, 28 A ui# g 100, 0 mm, K
B K im0 R AE 2% 2V R (301, 9 mm) 9]
FAT27103 mm) IR BNRE R R R . B RFEK
B TTHERFA 85. 500 GZIN Bt fe K K & /3 72 B
FitReoKE) . I ABFFER 5 —fe s KA
SUBEIE I B

[ 2b k55— om R K I B BT R & o A, 2
WD F AR AR AL ER 1L X (B 2 M 32D TP R B
WX o DAY I X, 7RI BT B SE Ja H BL T A 5 e
KB BT BE, 43 5K 16 H 01—05 BFF1 07—11 B,
WIE A 16 H 02-—03 B FE % = X 75 [ 3 g £ 1]
A B R KR R, 43 Bl A #1170 mm o« b A



1388 A % 548 %
41.0°N{ 41.0°N{
40.5 40.5
40.0 40.0
39.5 39.5
1155  116.0 116.5 117.0 117.5°E 115.5  116.0 116.5 117.0 117.5°E
140 - : i ~16
B
120 } B A g -
T 100 | BTN
i : 10)\&
ERY l =
< \ 183
60 | 2
E [ -6 &
X ‘ il
= 40 ; {4
l 1o
My PRI p

17 20 23 02 05 08 11 14 17 20 23 02 05 08 11 14 17 20 23 02 05 08
17

15H 16H

18H

f&fa] /BT

Kl 2 2018 4F 7 A (a)15 H 20 A % 18 H 08 i, (b)15 H 20 A} % 16 H 14 i}, db 5T X
R PR CRESE AL mm) ] R B (L) XU 2R R 0 a5 (250 =D 40 A
PAJ(e)15 H 17 W2 18 H 08 i d5e R 56 A1 A IR 568 [ /Kt B3 2807 o LU )

Fig. 2 (a, b) Distribution of accumulated precipitation (purple solid line, unit; mm),

terrain height (colored), wind profile radar site (hollow triangle) in Beijing

(a) from 20:00 BT 15 to 08:00 BT 18, (b) from 20:00 BT 15 to 14:00 BT 16 July;

(¢) time series of maximum rain intensity and percentage of

stations with short-term heavy rainfall from 17.00 BT 15 to 08:00 BT 18 July 2018
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Fig. 3

(a) Distribution of accumulated precipitation (purple solid line, unit: mm) .

terrain height (colored), wind profile radar site (hollow triangle) in Beijing from 14 .00 BT 22

to 08:00 BT 23 July, and (b) time series of the maximum rain intensity and percentage of

stations with short-term heavy rainfall from 08:00 BT 22 to 08:00 BT 23 July 2019
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Fig. 4 Distribution of (a, ¢) wind field (black barb), potential height (black solid line,
unit; dagpm; thick brown solid line; high-level trough) at 500 hPa, and wind field
(red barb, red solid line: warm shear line) at 850 hPa; (b, d) sea level pressure field
(black solid line, unit; hPa), wind field (barb, thick brown solid line; convergence line)
at (a, b) 20:00 BT 15 July 2018 and (c, d) 20:00 BT 22 July 2019
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AR AR S XU B D) AR B K G R DL A2
(M1 5 925 hPa) 34 K h W . 7555 — 1 5m FFEK
AR BUHT 3 h FR AR ZI(15 H 22 BF % 16 H 01
BT 5 925 hPa By 3 B X P Z R IRy 6.5 X
10%.19.8X10 *.24.4X10 *F1 20.3X10 * s 1),
i 5 850 hPa FKIK A 8. 8 X107° [ 11. 9 X 107%,
13.4X10 *F18.5X10 * s ', fEMIEAK K AEN 1 h
KB . TEEE AN SR K W S BT 3 bR & A )
Z1(7 A 16 H 05—08 W), i1 5 925 hPa. i i 5
850 hPa ) = X PJ A8 Fifi iof (8] 3 K, 43 3 2 7.5 X
107%.2.8X 10 %.6.0X 10 *F118. 6 X 10 *, L }&
4,2X107° 4. 5X107° 5.5 X 10 ° Fl 6. 6 X 10°
s ) S TETRFRE K R AE B 2GR B B R ST - 227 i R
f s B K & AR 3 h FR Al %17 A 22 H 1720
) b T 5 850 hP Y 3 L X U] A Bl s 1] 3% K O A
B KK R 6.6 X107 7.1 X 10 *.7.2X10 *F
7.9X10% s L TEIR B K R A I 2R K .

HY LA e P YK R W A R R AR G S 38 B AR
BRYIAS . 7 « 167 18 TR 55 — 46 5 B /K 0 a) IR =5
1500 m DAF 2 B XIS 1 K/ R AR DX T 35 e B
KF“T « 2275 FE A SR K IE B . B 25 3 1% K A9 I
UL K4S 1500 m PLF (i 5 925 hPa, M 5
850 hPa) iy 3 F XU P) A8 3 K L 75 & A i) Z1 36 B o K
1500 m LA T 3 5 XY A8 (9 K/ 5 B K 5 BE A % )
KRR R K TR A B A 4R R B

F1 BEAKREMNIWVEEEZEERVESRITR(BME:107°s7")

Table 1 The statistics about low-level vertical wind shear (unit; 1073 s™')

in three hours before the occurrence of heavy precipitation

N X 16 H 01 i
A 1) 2018 4 7 f§ 15—16 H 228f(—3h)  23W(—2h 00Af(—1Hh B 20
i 5 925 hPa 6.5 19.8 24. 4 20. 3
)23/4 TG 45 850 hPa 8.8 11.9 13.4 8.5
M5 700 hPa 3.0 3.8 3.4 4.1
N . 16 H 08 i}
i i) 2018 4E 7 A 16 H 05 Hf(—3h)  06H(—2h) 07H(—1h) CH B 2
LT 45 925 hPa 7.5 2.8 6.0 18.6
J2I H1fi 5 850 hPa 4.2 4.5 5.5 6.6
5 700 hPa 5.8 6.9 6.3 2.7
i [i] 2019 4E 7 A 22 H 178 (—3h)  18Af(—2h) 19 (—1h) 20K CGHILAZ)
LT 5 925 hPa 6.8 6.0 2.7 5.4
J2W M TH 5 850 hPa 6.6 7.1 7.2 7.9
M5 700 hPa 5.8 5.2 8.5 5.5
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LI

AHIF 5T A AL 5 b XU R £k 75 35 30 min [H] f§
()22 J2 I KB | 9% [ NCEP/GFS 43 #r %% B
(0.5°X0.5%) b T N % 8 3l 4wl /)N i) e 7K o R
DB » 51 A TR 20 R AR B (IR 2S 2 KX
W SRR S B Ho RS 248 5L L) A2
BT S X6 T YA [ SR A3 28 Y 0 AS ] i B (7 i 730
TN R RIS S R R S A RRAE , DA R B2
B B LA I 22 S OF SR X e 4 A A5 DLR 32 B A
o

(D7 « 1674t 5T FF K2 R 2 7E b b T 8l 5 34
G VE 2 T A2 A AR IR AR A 1 850 hPa
2 V) AR 45 ) o LA S TR i PR TE 34 R 2B 1 .
R 1 20 2 AR 23 VG P 2 T R IR IR AR B8 L DA
T b2 2R R [ AE TTL hy B8 — AR A i 3R I K 1Y
BB T A R KRS % R A R T A
A e b TR o PO I RO S 1 A kA DA RS Y
T 2 I A DRI R A 4 2 3 B A K A L B
KRR FFLEN EBIF N 47 « 227 0 5t B 78 2
R BT R 200K 5 -850 hPa i & 4 ¥R BE V) A8 4%, L)
oAb 5t s T A TSR AL R AR S X TE AR KA
o 25 HE R A P 2 A B O A R Y IR TS Bl
SR K R TR AR AL T R 46 T SR AR R 2 K
TR 3% A5 o AFR AR 28 ZK VR % 2% 10 O | 2 1Y 4
SR LR IE =

(2) 5 M7 « 16758 F2 1 &I = 10 2 VG R A2 S
£ 900~800 hPa FLA7 B B M /K R EE/EH . [F B,
o1 T I 55 R RS AR T DL R IR 2 TR 2
H% DX B TR i 22 T 7 B AR A 2l e ) fef b AR
JZ2 (950 hPa L) By /K 1556 G A Wi . I8 20
B4 B S 1) 7K VR A 36V P B 3 5 3 J2 A W o i 174 7K
AR AEMMERSG . 251k 7TH 16 HERZE B
HH B AR ity 5 R K ) R R M R R T
227 2 04 VG R R R O R o I 9 K VR ik T AR X
T2 )2 650~450 hPa, fif 45 (850 hPa LI ) i K
TR AE RN . T A V4 ke A I e 2 I i s 25
FEFE B VY ) AR A sl ik B b, mE BT AE s T A A
ML I I AL T 2 T 7 B Tl A L 3 S AR S K
FAR A ERA B AT . RS KR R &
Y HIAH B C A 09 B[R] 50

(3) 5% 1) P XU B8 4 i s 0 RO T BRAIR 28

AL A AT A - PR T A R P T IR R K R AR
BT 3 ho B B W B8R Ho TR I 36 LA AR
25 1500 m PLF 8 B0 A 2 BN DR . BB
JREL NF it A 7K e 32 T (L 49 R SRR AL

COTEST « 1673 T8 55 — 58 5 B /K 19 W K
WEE ) M 2 T » 5L e MR e B o 3L oK B B
WHE R SR SO MR 7 AR 1 5 2R THE
I o fil 5 % B BT 8 X O BRI M E HE S L 7
M I A 2 B I s T L — 0 5 2 e g RUJRE X
DRCFRIAT o 38 BT L1 DR i o o K 9 R A AT
2275 RS K R R I AR S R B AR R BEAE 1000 m
VAL OB 36 TV RIS B

25 LTk ARG 5T 5 M G A L R 2R AR
73 UL LU VU SR T AR 2 S0 A K PR s AR IR
ARG THE I B2 AR SR R RE &
GEI fih A 1 ZH ZRAE 2 0 S 56 ¥4 /K T B ) B 22
P ARz ARk dE (W Hoo 1) 5 BA B 1500 m
DA B2 B XU AR 19 R /N i [ K 8 kA B A B3
(UEFRN -

B - A BF 51 B L SO T R B 5T B BB ST R
B R O SCHF L A I RN B0 R
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