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Numerical simulation analysis on the influence mechanism of water vapor
and upper—low-level jet during “7-20" extreme rainstorm in Zhengzhou
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(1. State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing 100081, China; 2. CMA
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Earth System Modeling and Prediction Centre (CEMC) , Beijing 100081, China)

Abstract For the heavy rainstorm event in Zhengzhou on 20 July 2021, the influence of water vapor and
upper—low-level jet in this extremely heavy precipitation process is analyzed by numerical experiments
using the CMA-MESO regional model. The results show that the rainstorm process can be successfully
simulated by mesoscale model. The main water vapor sources during the rainstorm are the water vapor
from the western Pacific and Indian Ocean carried by the southeast jet on the north side of Typhoon In-fa
and the water vapor from the South China Sea carried by the southeast jet on the north side of Typhoon
Cempaka. Precipitation and water vapor transport are very sensitive to water vapor content, which shows
that the slight change of water vapor content can weaken the intensity of airflow convergence zone over

Zhengzhou , reduce the accumulation of water vapor, narrow the precipitation area to the north of Henan,
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and greatly weaken the precipitation intensity. The airflow convergence zone corresponding to the low-

level jet is the main mechanism causing the strong vertical ascending motion center over Zhengzhou. The

weakening of the low-level jet makes the convergence of water vapor decrease, which leads to the

decrease of precipitation and the location of precipitation center to the southwest. The influence of upper-

level jet on precipitation is less than that of low-level jet.
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Fig.1 Water vapor flux (color scale, units: g»s™' -hPa™ «cm™)
and horizontal flow field (wind vector, units; m-s™")
at 850 hPa at 08:00 BST 20 July 2021 (the area in
the red box is Zhengzhou, the same below)
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Table 1  Simulation test scheme of “7:20” rainstorm in Zhengzhou
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Fig.2

6-h accumulated precipitation (units; mm) observed and forecast from 14:00 BST to 20:00 BST 20 July 2021 ( a.observed

precipitation, b. Exp-CTRL, c. Exp-0. 1, d. Exp-0.5, e. Exp-0.7, {. Exp-0.9; black “s” indicates location of maximum

precipitation in the range shown in the figure, the same below)
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Fig.3 The same as Fig.2, but for 24-h accumulated precipitation from 08:00 BST 20 to 08.:00 BST 21 July 2021
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~cm™") and horizontal flow field (wind vector, units; m-s™") at

850 hPa at 17:00 BST 20 July 2021 (a. Exp-CTRL, b. Exp-0. 1, c. Exp-0.5, d. Exp-0.7, e. Exp-0.9)
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d. Exp-BOTH) at 08:00 BST 20 July 2021

(200 hPa) 5{ik =5 (850 hPa) X753 41 (&l Ta FHIA]
7d) . 55200 hPa @& AL BT 46 (] 5a) A H, 165
PUIITAR 9 h J5 , 1T g 48 6 i )2 e 2 1 B 2
) RGN A, 0T R A DA b b XX B i A
TR ,39°N FFHT 4 KU B s T 35 mes™' o K
WITH AL TR G, 52 V5 p XAl . #E 200 hPa &
FEAR T I6 7 (] Sa) o KON T 128 A7 B B 1 <
THFRALX, B4 9 h J5 (B Ta) 3§ 1l X AS F- B
i, 17 850 hPa @& FE K IH A7 76 W B i S8 A IX

([ 7d) {5 08 i (K Se) #HEE, (7 E 1A LR 3l ,
P TRATIIEM

B Th (P& Te) N AERI IR s v a5 (1R =) &
TR R B 9 h 5 A R A SR X s
200 hPa(850 hPa) & & 4b X & & 5 Exp-CTRL 1 AH
(e BRF 1] AR ] 7 5 Ak IR i ) O B 2 R A BE
T 55 TE 353137 7 [] e ok 553 o A 2 2 1 o
7 H 20 H 17 WA KL HIX E 48 200 hPa
15 850 hPa AL 5 Exp-CTRL By MUK 5 22 S H A



534

FRAEAERE - KRN 7 - 207 45 S B8 1 Ao 52 FP K PRI G A1 2 S i/ FIML AR 8 S (A4 65

40°N
38 A
36 A
34 A

30 g

30

40°N

38 1

36 ]

34 ]

1 B

108 110 112 114 116 118 120°E

30

200.0
100.0
50.0
25.0
13.0
4.0
0.1

108 110 112 114 116 118  120°F

200.0
100.0
50.0
25.0
13.0
4.0
0.1

B6 2021457 20 H 14—20 BFHERA 6 h B3 K i (A :mm;a. Exp-CTRL, b. Exp-LOW, c. Exp-HIGH, d. Exp-BOTH)
Fig.6  6-h accumulated precipitation (units; mm) forecast from 14.00 BST to 20; 00 BST 20 July 2021 (a. Exp-CTRL,

b. Exp-LOW, c. Exp-HIGH, d. Exp-BOTH)

o TENR I (& Th e A Te ) H, 25 A
R AL B R B A 1) AR LT, IR 4 U A BT
Exp-CTRL, %1 56 H A [F] K s AL 1) g XL 9 KU
R A6 1) PU R 7 160, DU R X5 P8 XUk /I 5 2 4 1) 1P
ALT7 1], W XU R, PG XUDE/DN s 5 i 1) 2R g 7
DR RGBS P R R, R 22 4 T L 25 A
N s SN L ES DA R oy SN R S D)
A U S RS, MR B2 R Y A Al
Herb T 10 A R AR SRR M X, AR e T
10 mes™ KR TT 14 A8 A B 8, f B i /K OB 25
(1 6c) ZEAL B /N 22 ) A i 55 o IR 25 L)
200 hPa =23 T (1B 7o) MUK 22 A il St 2
R, EEAR X I AL T R 48 L0 SO AR e X
BORAAMRRE 16 mes™ , BORE 5 23 5 X 1) 00 7 44
MZARAL DT A3l B 76 Al Lo AR S 2 i AL
A, KB H PG R A RO i 2 T B LA P O 1] A

B RSP T R 9 2 R AL T 1 D 3 U WA i
A PR AR Xl T DXL 553, T 3o K- S50K A it 2R
DRI i XA A P 2 D A 5 55 e 25 B A ) A2 A A
LYV LA 4 i = D A N1 N S R A N
([ 6d) . 5 fpop e 55 ik = it (&1 Te) Bif, R8N T
PURRHLIX 1234 I A8 1) P4 g 17 R 22, P LIS 3%
3 DX R U, A BEAE Exp-LOW 355 (18] 6b) H, f
T PG AR A R K 0 2 B -5 Exp-CTRL A L .25 fi
P o RIPH T AR b X RV o 22 J7 16 i 4, P L IR
X AR K855 , Bk oGy 112, 59K [0 R F%
1% 113.5°E(E 6b)
3.2.3  TEEHEZT

SRZUAY b THE Bl e B R R A S 2 —,
oo fRRZ S B U e 2 5 S R R e A A, LA
2021 47 420 H 17 f 113°E {36 13 #i i ]
(&1 8) Ay 51l 7 M i AR 2 AL R A A X Y % i 7



66 W R % ¥ %4245
40°NT— .
=
= :
w I 71 s
/ % f/‘///‘/é'Q 16
36./ //////,_.»_\ 14
//////_,«\_\ 12
ST N 10
M VS A \\‘\ 8
/'/'////»,.\ :‘\\s 6
A VNG 4
2 '/////,‘:,z\\\\ 2
’////‘/-__\\1/![\\
30 -l s, \ ,
40°N(d)r\r Ty o~ . F 7
\\'\x'\\\-\xtfrf
N L v N 20
38 .\\\\\\.“.‘\\'\\\ 18
S DY N NN 16
36 o o N VA A 14
‘ /;\\\\\\\\\\ 12
7 \\\\\\\\ 10
¥ 15700 NN A 8
NN SN NN NN 6
B 1 VR VNN AR 4
‘ orot o MR N NN 2
O TN N N N Y N
30 L L W WY N I L NN | . . ) AN
110 112 114 116 118 120°E 110 112 114 116 118 120°E

0

20°E 110 112 114 116 118
3

&7 2021 4E7 H 20 A 17 i} 200 hPa(a b .c) 5 850 hPa(d . e f) i) Exp-CTRL i B A X% (a d; KU, BAAT cm-s™") D)
B SRR M7 2 22 CREETK B0 m-s™, @B R K K JE A K/ s b. Exp-HIGH 3 25 Exp-CTRL,
c.f. Exp-BOTH J#Z Exp-CTRL,e. Exp-LOW Ji 2= Exp-CTRL)

Fig.7 Wind field (a/d; wind vector, units; m-s™") simulated by Exp-CTRL test and the difference with the wind fields simulated
by sensitivity tests (black arrow, units; m+s™", color scale indicates the size of the arrow length; b. Exp-HIGH minus Exp-

CTRL; c¢/f. Exp-BOTH minus Exp-CTRL; e. Exp-LOW minus Exp-CTRL) at 200 hPa (a/b/c¢) and 850 hPa (d/e/f) at

17:00 BST 20 July 2021

HhTE B LA AAIE] 8b FR AT LA Y, R i
U5, Exp-CTRL ([ 8a) HOMS N 7 b 28 A7 75 1) 3
LT A R R el T VR D)
XU D8 o 24 s ek e (18] 8e ) KRIH T
Je R AL B P9 A 2 B BRI A TR . R
23 A8 i (1A 8d) |, e T P A8 A5 B sk
SIS SR AR A ) A5 1, {EL PR ek 55 1 2
TR L, RS T b 22 X i 53 Mk 88 B A

4 @RS

(o RS PR AR SRS 2021 457 - 207 KRN T 4y
R AT RAE AU 5 AR L v (R 25 2 L UK
PRI, 1198 I U S 54t e 7 3 i v AR A v 2
SHLHIEEIR, AT AR AN E

(1) 383X 6 h #1124 h B[ K 1B )

L5 SEMEL, 75 CMA-MESO 5200 1 U S 3
(LI SUREE ey € g a8

(2) BEUCHE RN I A HR K97 i AR Pl 0 i R
Tt fTpS B 2R P S D) W N e =2l €2 o 11 )
ARR ALK R B PR 15 B R R K VU A
W KL A IX ., & X AR ALMARH <
LT T 1AL 1R 7K, A 8 il IS e D i P X
L, BRI T b2 J5 e o P . PR S
KRB A, oK R & X, RN T s R
BREIKIR.

(3) B/ FIK PR A 36 A AR & i Uk B
KT B, T g A B H ] 300l DX R D
N AR A DX R 5 , 7K VR R AR D, K
V5 WA /S RV S TR | 2 2R T N K < i e |
I R A ARG /N R PCE A MR



553 1 FRAEAESE . FRM 7207 A diig 5% N A P2 K YR AR IR A 20 VR ML A SR (A4 67
(@) () : : : :
5 5 5 - 4.0
200 o R SRR SRS C SR 35
. : ., ! 1 3.0
o B B B B B B B
o 400 D e LREE R Lo 2 g T B B R 25
A N 1 5 20
i T ; ; ; T L5
& 600 . B | R e L R 108§ e ‘ R 1 P P 1.0
S |
LR S e L 1 e 03
. 5 : O Y ' |k : : S -1.0
-5 -05; : : ‘ -0 : : :
1 000 : r . A— r A
(©) : : _ _ ) :
| | | | 3 40
200--. -------- § e 'v ------- S R SR B 35
n : : : -05 : : 30
: : : b 05 -
O S E e N Y TP TP S— — 25
~ ) 0.5 : : 17 05705 2.0
< 052 : : : T E
=] : : : : : 15
e | R e e ! ----------------------- | ----------------------------- 3 | P S—
i 'zf; z i 7 L 008 10
& ; ; ; -os ) 0.5
800 4 f- | oo D el Bl e Q5 oo B g 05 -0.5
: : : 05 F : :
'n' : : : ‘ ‘ : -1.0
-05 =05 : A -05° :
1 000 ; ; ; A— ; ; ; A
31 32 33 34 35 36°N 31 32 33 34 35 36°N

K8 2021 47 H 20 [ 17 W} 113°E g3 ek i (@M, 807 m-s") %7 & (a. Exp-CTRL, b. Exp-LOW, ¢. Exp-HIGH,

d. Exp-BOTH;“ A” 5 7R M T Hp0> :34. 7°N)

Fig.8 Simulated vertical velocity ( color scale, units: m-s™) profile along 113°E at 17:00 BST 20 July 2021 (a. Exp-CTRL,

b. Exp-LOW, c. Exp-HIGH, d. Exp-BOTH; “ A”

KPR 3R R K FR O T ) B R R 2 HE BR
i 0] o

(4) U YR S 56 A K aod At 3 SR AR 28 S X
WK 7 HE SO g 2 A T ) ) A5 4 s S A LR
/o ARRZS 2R XU T B IR SR T e X 2 B 5 g
PR IR AR R B R X, A A2 A A
FYERIA T, R E B EOX, RN T B A A
5 ETE sl L, B AR TR A I A%
o ARz 2RI Ja , AN TIT b 25 7K P 8 k)
657/ NG PS5 /N [ R 4 N € N RTINS P
T b 23 At b Tz Bl O s B R ) o

TRIH 7 - 207 1% iy B W A At 7E AR E /Y R
s ERELA R A BTz gl e K IR s L2 R
JE ARG TAT HAF 2 M A AR IL R R 7 A
SCHR BT 1K R 2R AR HTBLARD, (5
BEUCRF R B AT THAFAE AR 2 R AN R, A s
VR GESFAILAR R s K rh OB 2 TR B A
SLZRMIE R X AR LR filh K 5 R AL A o AR S

indicates that the latitude of the center of Zhengzhou is 34. 7°N)

PREBADLA I R, BRI 7 - 207 A% i B WK TH A7
TE 5 7K 7 DXL B TR AN VR L [ /K SR BE AL THAS 22
SN, 7 SR 2 RN BTk, i A2 W o A KR
{EUREAUL S5 22 0 T Btk IHe Y AR s g 7K = 7 G IR A7
SRR SRR T , 2 AR KR 2% T A A 114 o
SE PR AR HEEIE K HR -

Sk :

(1] ARIESR 5K 96. 8” B R fY /K VAR 5 S X 7K Pk
JEPER BT ] A5, 1999,25(7) < 13-17.

[2]  FEG9T AR 9, B RN 2L, S5 ORAT IR JE 50 7. 217 4y
R AR 52 10 B K AU 2 T ) BB E [T ] X
4:,2015,41(4) :389-400.

(3] R RERIY, AL, 55 B A e e K g R 1Y
IR A & R AR 3 M [ ]9 P R 24, 2021,
41(3) :52-59.

(4] R, AR, AT G X 52287 (1614) 3200 (8]
WL AR AT [T ] A% ,2019,40(2) :25-31.

(ST FRAR,EAE, Tl A AR P B (1513 F1 1521) 5]



68 AR % ¥ il 542 4
KT AT AT B oy BT [0 ] TR 4, 2020,41(1) PR F LA S = A 36 0 7 [0 ] YT PG Rl 2%, 2018,
6-14,26. 36(5) :814-820.

[6] T —iL.Faies Sorb 78 v 1B 2 W & A 45 AR Fn AL F 5% [16] B, B2, KB T,%.2017 4£ 6 A IR B0 R
FRITER T ] RERME,2014,38(4) :616-626. PRSIk 3C,2018,38(5) :91-96.

[7] WLwexs, EHE. 2018 AF 4B B WA~ & MR T 45 (17] X078 JR &, A, 45 O T — RS Sk 2 Wi i A
FIFFEZE A X o A [ T]. A5 B4, 2020,48 (2) . SURFHEAHT[T]. R4 R ,2018,38(4) :545-552.
274-283. (18] 432, TH, REN, 55w QWRTE— K 2 0 2

(8] PFaFFE, T —il, Ji R - 2% W A58 X it K <Y BIF 58 R B R [T ). v Bk 2 38 4, 2014, 30 (35) ¢
[J]. RER2E,1979,3(3) :227-238. 220-226.

(9] Wefilthle, X E4, A28, 55 1 g 57 LA Z 5 i i 1 L1970, JI , FPHRSE. 1 R 45 PR U I s 4 1 T 2 TR 2o 72
BUFFESHT[T] .35 ,2019,45(2) :228-239. BT ] A AOl B 2% ,2020,59( 15) :28-36.

[10] HBAE, PLE K. =R AS 2000 09 Be B X 2015 42 8 1 3 [20] A0, B0y, BN 3538, 45, W0 U I FAH g H A 0 B2 44 2 B
HIL 7 B WA Zm pLE] [T ] s TR R4k, I ] B RA 4 ,2021,40(1) :61-73.
2018,33(1) :78-83. [21] 50, PRS2 I B ) 1 X — YR Rk R PR AR TE 12 W7 00

[11] SO, drmcde k. & R i (1822) 5| & fE R 2 Ml I A4 Rk ,2020,10(3) :99-106.

M FRALE AT [T ] R R 2], 2019,39(3) [22] SRA, HGAE, B, 55 5B M7 - 207 FE R IR T )
29-35. it R A AT [T ] AR 53 R4, 2022,45(2) -

[12] sk, BAEHN, KB, 5. — A & R & U128 2 52-64.

R X R ARAE A3 BT [ J ] PR R 4 44 41t , 2020,40(3) (23] 40, 267 30, J8 M, 5. 2021 4F T R “7.20” 4 v
102-110. BN RK PRI 4 4 [T ] R AR 2,

[13] BAtl, 2537062018 4F48 18 B4 R IR LI " B % K3 2021,45(6) :1366-1383.

BRI L FE A2 WA [0 ] AT 2% 31, 2019, 3 (4) [24] FMER, 05 A% E038, 5 08 T8 BRI 44 1 2021
28-34. AR 7+ 20 FE R T Bl ) 2% 14 FHOK R 0 0 328 SRR AIE
[14] Eibetly, 220, £ 308, . & K FA D7 51 & I AR BT RA R ,2021,45(6) 1 1384-1399.

[15]

Ui B N 1 22 RO A 20 [ ] W PR R 54, 2022,
42(2) :33-43.
PN SC, S8k, Bk o W A AL P A — IR B AR

[25]

T ZSHT R A, 2R 47207 SR B K BRI £
FEEOT bl K 8 o B 3 X B = TR o [T ] KRR
2204 2021,44(5) 688-702.



