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Abstract: Extreme rainstorms struck Henan Province during 17 to 22 July 2021. With the enhancing of the
upper tropospheric cold low (UTCL) over the China East Sea, the precipitation in Henan burst almost
simultaneously, indicating that UTCL has potential impact on the development of the precipitation. From
19 to 22 July, the upper-level short-wave trough over Hetao Area, the high ridge over Huanghuai Region,
UTCL and the blocking high over Japan Sea formed a wave train which led to the almost stationary synop-
tic circulations. During the heavy rainfall, UTCL stagnated over the eastern seas of China, resulting in

large-scale divergence in westerly jet over Henan Provice and its eastern region. The establishment and
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enhancement of the upper-level divergence over Henan was clearly related to the acceleration of northwest
jet on the west part of UTCL. Meanwhile, south flow jet on the eastside of UTCL enhanced the upper-lev-
el outflows of Typhoon In-fa, which was conducive to the growth of In-fa’s circulation and the water vapor
transportation to the rainstorm area of Henan. On the other hand, the upper-level sinking caused by
UTCL enhanced the stability of the subtropical high, and also enhanced the low-level water vapor trans-
portation from the East China Sea to Henan. The UTCL showed obvious forecast uncertainty. From adja-
cent forecast cycles, the center of UTCL continued to adjust to the north, intensifying and the heavy rain-
fall area in Henan also tended to adjust to the east direction. The comparison between strong and weak
UTCL circulation among ensemble members shows that, strong UTCL circulation was conducive to en-

hance the anticyclonic divergent outflow over Henan and was more conducive to the enhancement of precip-

itation in Henan, which has been also proved by ensemble sensitivity analysis.
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Fig.1 (a) Accumulated precipitation (colored) from 08:00 BT 17 to 08.:00 BT 23 July, (b, ¢) hourly precipitation at
(b) Zhengzhou Station and (¢) Hebi Kechuangzhongxin Station from 08:00 BT 18 to 20:00 BT 22 July 2021

(Daily rainfall record-breaking stations are marked with “<7”, and the box is the major rainstorm area in Henan Province in Fig. 1a)
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Fig. 2 (a) Averaged geopotential height (contour, unit: gpm) with height anomaly (colored) at 500 hPa and 850 hPa

wind field from 17 to 22 July 2021, (b) same as Fig. 2a, but for 200 hPa and 200 hPa wind field

(In Fig. 2a, green line is climatically averaged 500 hPa geopotential height

in the last dekad of July and thick dashed line is for subtropical high ridge)
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Fig. 3 Geopotential height (blue line, unit: dagpm) and wind stream (black line)
at 200 hPa at 08.:00 BT of (a) 14, (b) 17, (¢) 19 and (d) 20 July 2021

(thick red dashed line: trough, brown dashed line: ridge, red wind barb: wind speed over 25 m « s~ 1)
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(a) Geopotential height (contour, unit: dagpm), wind (wind barb) and horizontal divergence (colored)

at 200 hPa, (b) infrared bright temperature (colored) at 10.8 pm and cloud drift wind
of 6. 25 pm (water vapour) channel from FY-4A at 08:00 BT 20 July 2021
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with stretching term (colored), (¢) vertical velocity (contour, unit: 1072 Pa s s~ ')

with vertical transportation term (colored) averaged on the box

of 30°—40°N, 120°—130°E from 19 to 22 July 2021
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Fig. 10

(a, ¢, ¢) Ensemble-mean wind (red wind barb: wind speed over 25 m + s™'), geopotential height (contour,

unit; dagpm) with spread (colored) at 200 hPa at 20:00 BT 20 July; (b, d, [) ensemble-mean precipitation (contour,

unit; mm) and spread (colored, red barbs: wind speed over 25 m « s™') from 08.00 BT 20 to 08:00 BT 21 July
from EC-EPS forecast cycles initialized at 20:00 BT of (a, b) 16, (¢, d) 17 and (e, f) 18 July 2021



5530 YT NRIZ B R BN 21 o 77 R R 1 AR S T R 0 AT 553

7R R B IR 55 . or B v B R O = (X AL T
UTCL ¥ 3 O 75, 22 B UTCL HAT 352 i T4
AHEE. 17 H 20 B4 (& 100) .18 H 20 B i
iz (B 10e) By UTCL 23 A0 ) i 3k 1) 37 4 H
NEZ2Y ;) 7 Nl [ 0 VA =19 o L T A 2 s R
IRPGPIIN A B 3 o . L Ah T b X S A
ABEEA IR R & R K HA B2 i %
JEWTEZ A8, EC-EPS J& # FUR 4 4% #a i fk
FI N AR X 5 25 KRR G iR R A A i B
RGN AN A K.

M EC-EPS KJal fig i Z1 1) 20 H iR K 7
Tl 4R G 1 X R0 B EORE 43 B (&l 10b, 10d, 100) , 0]
T 2 T A 7K VR DX 38 5 S O Sk 25 M 1Y 5 B 8 I 2 Al
55 SR A 7K T DX 5 B LA i B AN I 1 s B RS
ARG TR RE L 20 H R K 5 7R KL 2 R X3
BREARY A 18 H 20 B 3 1) 5 W% X
Tl 5 S8 Ry 4 I L A AR S T R K B S O
F RN K BB EUE LSS TR E
BT R oK I B BN 1k

4.2 EGWHMAGETANTLL

B N R A N7 N G e AL DS B = s o
UTCL X KRSIE#Hmysm . Lh 20 H 08 if UTCL
HhC BRI X 3SCF 359 R 6T 168 B A Ry B o L R A A
B UTCL X381 S5 A % 108 B2 1 BE 7 (&l 1) L 56 20,
22,36 149 5 LA WA N EGR UTCL 2. i
Cl #4155 25.31.45 F1 47 5 5% W 4855 1) UTCL
W, idh C2 4.

AHAH EEEE T/ (107 s71)

6 lb iO ] 3‘0 4‘0 50
Bt AR
K11 202147 A 20 H 08 i} EC-EPS(19 H 20 B} )
£ BB R UTCL K 4F- 1 (30°~40°N,120°~130°E)
AR 9% 3 BR8] - B AR AR B I DT80
Fig. 11 Relative vorticity anomaly averaged
on box of (30°—40°N, 120°—130°E) from
members of EC-EPS at 08:00 BT 20 initialized at
20:00 BT 19 July 2021
(The number on the bar graph represents the

corresponding ordinal number of EC-EPS members)

C1 5 C2 4 200 hPa & 322 7R W (E 122,
T CL 4L b i UTCL v 3 i B 541G L34 3 o o
it UTCL B X% 1 e B 3 22 18 R (B X, C1
4R UTCL Pl 5 28 204 C2 4l A F- 45 i iy
6~14 m = s 7R P ALEE LA i R 22 R
J RATEERY A R TR . B Ah e X
I RE Y 2 R C1 4l B b i s R A B T
IR [RVFE A R F sl m b 2SR O . X L
C1.C2 1K )2 850 hPa ¥y (| 12b). i F C1 4
BB A B A UTCL R, X 0 i )2 5 o Y

40°N apm
14

12

\\\\\ 10

35 8
6

4

2

30 5
-2

-4

—6

25 2
y -10
; b 4 -12
20 R e v 14

; T f ]
105 110 115 120 125 130 135°E

B 12 2021 4F 7 H 20 H 08 i} EC-EPS(19 H 20 B2 4) (2)200 hPa #1(b)850 hPa I+ C1 41 51 - ¥ i 4
i B (R LR AL gpm) L DL K CL 55 C2 41 R - 24 1 BE 37 22 S (HEL68) TR 3 25 S
Fig. 12 Mean geopotential height (contour, unit: gpm) of C1 group. and geopotential height difference
(colored) and wind difference between C1 and C2 groups at (a) 200 hPa and (b) 850 hPa
at 08:00 BT 20 initialized at 20:00 BT 19 July 2021 from EC-EPS



A

(o]
l
.

NULIE B 3 TR AR S XA A S T R AR
T 30N BRI Y @ e 2 5t L PG C1 4R B 7 UTCL
PR3 O O 1 AR Al 2R A T e A R
AR T DX 1) [ A T B 9 3t DX K VR 2K 5 T R
PGB DS B T OB SRR S . A R T CL
e BR FEK

4.3 BEXMIRESHBES

TESE G TR s [, DURE K OCH#E X 20 H 08—
20 B DX 3P B K AR S Bl B Bk B 200 hPa fif
R B AR R TR R B K TR i S T A 4
B AR U T SO (CE 35 ,2020) .

cov(J,x,)

Vvar(zx)var(J)

R A A A AR S B] AT RS I
o T AR A RO B D DX I A R K e, SRy T
e ¢ W ZI 200 hPa & B35 . cov Ry J5 225 F  var
HO7 225 ESA B Ry A H AR ¢ i 2045 A Tl
A BURME B E S RE— . 20 H 08
I A B X A0 i 5 KRR G & R R E Y (A
13) .76 105°E B A 0] 2 Jt I R 3% o) DX Jal oy 4R
IR XA X il 2 7 2R B MR R A PR I O
DX 8 7K 5 DA 1) s TR Ao LA A R TR A DG
FEHUE S A M UTCL PR R Go bk, i 10 4 sk
X5 KRG b0l 2 iy =5 (R B A AR — 2,
AL IH DG B DX R 7K 55 %0 I TR AR e I Bl 1 i R LA AR
UL B B X N T PEIE 5872 A DA R N
BOYE = R UTCL PR 48 m) B 8 KB A ) 3]
AT OGS DX R R K, 5 A AR S TR
UTCL PR3 FFAE 43 20 6] L 23 B B 45 18 A — 3,

ESA =

5 it itie

Y21« 77V A i AR R G R 2 Z RE R ARG
(e[l B . Horp UTCL %l [ 22 7 i B2 P R &R
S (R R o A R RO o A5 TE A AR O
HElE B RNERI ARG A E AN E W . 2545 DA
A AT A R e R AR R AR R (R 14) R R
g5t S G RIS % .

(L) MEFE 5 3R 7 10T i A i 22 W 400 1) ) R R 40
Pl EAERL, 7E & KU FE A R s AR R . AR i
2 WO b DT B 22 M D 2R KUK P 3% 7 TR g
PGB b T 46 T B e RS AR 45 R R L [R) 4R F R T AR

50°N
0.7
45 0.6
0.5
0.4
40 0.3
0.2
0.1
35 0.0
—0.1
-0.2
30 -0.3
—0.4
-0.5
25 0.6
~0.7
20

100 105 110 115 120 125 130 135°E

Bl 13 2021 4F 7 H 20 H 08 i} EC-EPS(19 H 20 H}ig4f)
200 hPa 4521 i 57 (FF{H £k . H437 - dagpm) »
TR 375 70 5K B IX e 7K Sk B 45 T 4R AR P (B
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Fig. 14 Concept model for the “21 « 7” extreme

rainstorm event in Henan Province
(yellow arrow: horizontal wind on 925 hPa,
blue line: geopotential height on 200 hPa,
pink thick arrow: dominant airflows; colored and
red arrow represent positive relative vorticity and
flow vectors on the vertical section along 34. 75°N

near Zhengzhou Station, respectively)
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