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Abstract: This study uses the WRF model to numerically simulate the influence of the offshore
Typhoon In-Fa and Typhoon Cempaka on the extreme rainstorm process in Henan from July 19 to 21,
2021. The control experiment (CTL) reasonably captures the tracks and intensities of the two typhoons,
the large-scale circulation pattern, the intensity and spatial distribution pattern of the rainstorm event in
Henan, which basically reproduce the extreme rainstorm process in Henan. In addition, the sensitivity
experiments indicate that after the removal of the Typhoon In-Fa, the subtropical high extends
southward and forms the southeast wind jet in the south, causing the south (east) wind component to
get weakened (strengthened) around Henan. The water vapor transport in the zonal direction gets
dominant, which is conducive to the transition of the rainfall distribution from the south-north
orientation in the CTL to the east-west orientation. On the other hand, due to the southeast wind at the
low level is weaker than the easterly jet before the removal of the Typhoon In-Fa, the local
convergence at Henan rainfall area is weakened, and the net water vapor flux is reduced by 5.81%
compared to the CTL experiment. The slowdown in westward movement of the mid-Ilatitude cold air
causes the reduction of the local equivalent potential temperature gradient. Therefore, the rainfall
intensity in the NOINFA is relatively weaker than that in the CTL. After the removal of Typhoon
Cempaka, the large-scale circulation characteristics are almost unaffected, and the water vapor
transport on the south side of Henan is slightly weakened. Therefore, the distribution of heavy rainfall
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is basically similar to that in the CTL, with a slight decrease in rainfall peak. Compared to Typhoon
In-Fa, Typhoon Cempaka has less effect on the rainstorm event in Henan.

Keywords Henan rainstorm, Typhoon In-Fa, Typhoon Cempaka, Numerical simulation
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Fig. 1 The 850 hPa geopotential height (contour, units: gpm) and wind fields (vector, units: m s) of three
sensitivity experiments (a) before, (b, d, f) after the TC-removal procedure and (c, e, g) the corresponding TC
components on the initial time of 0800 BTC 19. The results of NOINFA experiment are shown in (b, c), the results

of NOCEM experiment are shown in (d, e), and the results of NO2TCs experiment are shown in (f, g)
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Fig. 2 The 500-hPa mean geopotential height (contour, units: gpm), climatological anomaly (shaded, units: gpm)
and the 925 hPa moisture flux anomaly (vector, units: 20 g s* cm™ hPa!) from 0800 BTC 19 July 2021 to 2000
BTC 21. The reference climate state is the mean at July from 1981 to 2010. The navy polygon and dot represent

the province boundary of Henan and the position of Zhengzhou station. The red and orange typhoon symbols

represent the averaged center position for Typhoon In-Fa and Cempaka, respectively
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Fig. 3 (a) The track and (b) intensity of the observed (black line) and simulated (red lines for CTL and blue lines
for NOCEM) results for Typhoon In-Fa. The minimum SLP (maximum wind) represents the TC intensity plotted
by solid (dashed) line
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Fig. 4 The 850 hPa winds (vector, units: m s?), specific humidity (shaded, units: g kg*) and 500 hPa geopotential
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Fig. 5 The accumulated precipitation distribution of (a) the observed and (b) CTL experiment from 1400 BTC 19
to 0800 UTC 21 over Henan, the black triangles represent the location of Zhengzhou station, the black dotted
rectangle represents heavy rainfall area (111°E-115°E, 33°N-37°N); (c) the time series of the observed (black bar
and line) and CTL experiment (red bar and line) for the every 3-hour accumulated precipitation averaged over
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Fig. 7 The horizonal distribution of the 850 hPa wind fields (vector, units: m s%), the equivalent potential
temperature (shaded, units: K) and the 500 hPa geopotential height (contour, units: gpm) of the (a, b) CTL
experiment, (c, d) NOINFA experiment and (e, f) NOCEM experiment. The green vectors give the wind speed
large than 9 m s, The navy polygon and dot represent the province boundary lines of Henan and the position of
Zhengzhou station. The left panel is for 0800 BTC 20 and the right panel is for 2000 BTC 20
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Fig. 8 The horizonal distribution of the deep-layer averaged (1000-450 hPa) water vapor flux vector and
magnitude (vector and shaded, units: 102 kg m s1), the position of subtropical high (black contours represent
5880 gpm) and the 800 hPa water vapor flux convergence zone at Henan (pink contours increase from -40x107 kg
m2 s hPal with spacing of 20x107 kg m? s hPa) of the (a, b) CTL experiment, (c, d) NOINFA experiment
and (e, f) NOCEM experiment. The left panel is for 0800 BTC 20 and the right panel is for 2000 BTC 20. The
navy polygon and dot represent the province boundary lines of Henan and the position of Zhengzhou station. The
navy dash boxes (ABCD and AEFG) in the (a) give the after-mentioned cross sections

F NoRIEHUE 8a Hh 4 (ABCD) & (AEFG) /K Afrik @iE 1 Ayl , #—5
PRUT AR IR R AR X R SRR K X AKVREIZ I TTRR . B CTL 356 A 26 1735 TH
A, 20 H 08 I (&1 9a), ZRKIAEIRIE B AR XIS S T B R 17 U fs, £ 125 /&
A7 AR R I T R X % o T R SRR K X L SR AU AR S, (R ETHIE BN R R
MERASAFEE BRI REE, /KRS 7Sis, AR T REKR)™ 4. 20 H 20 i (& 9d),

15



] B i B K XA /KB AR Y B, B BT ISshiRE, dEa A AT K AR Y
k. BT CTL RIS, BERHEHRE (B 9b. e, ElmvuMimE, WrskkEK
XM B2 F BN R A0, HaREE S . 2 (B 9. ) MZERER, W pEKX
AR B PN, XN BAR G R “HRAE” BiR KR, (H K B IBRIE KR
AT 52 1 I ) s A S D ] i R e /K XM 7RI, B2 oAb 1 RIS B HRAE” T/ 7K
FREIE, FTLL NOINFA GR350 i) g [ /K B B A IS (H IR AT 3% . thah, R X
WAFAE — R ERTEUE IE S WAL X, R HBCE, — 7RIS NOINFA RIGMLE
RO A ITEISS, AT AR SR EE A & CTL 356 o5 —J7 I ERAEW Rl 700 hPa PA T
B RN . R A G 5, A TR K 20 A Y R -G R R AR D AR - TR 1A

i CTL BRI Z m AT A (& 9g. ), KE /KR T 22 8 i K2 i i XA v 2R
P R 5 B /K X, JFAE 35N I AR sl 5 HRAE X2 FP IR Z HERR, X2 3d
DU T o PO R 2R M B R AR R 2 — o BBk “JHAE” MRS (B 9hy k), JiTRg5EFE
AKX R R A e miss . AR g, 2y (B 9y D BB R ek 17 P
AR . SRR, BEBR AL FRRE, A 1A AN E a] 7K AT I T8 T AT e ] e i /K X
PR, FERDUNHENS EIRES, AR EIGR, B B - AL AR R - 1
ZEy (B 9iv D R w s /K AL R /K OB EAFAE T R IE 2 ME, X 5K AN
2|52 BRI R 5 Aty X BBERE AT HIAMA A 5%, (H IR /KT B Z2 0 X IR0 B A 4
HIRE, B XA R TR K R AR R .

Mk “EIAR” )5, NOCEM skl (& 10a. o MZKITEEEAM CTL
e (B 9a. d) FA—FG WK X RARZ5E S8 A ss (B 10b. d), HA
S NOINFA i35 (18 9c. ) i RAYEEMT, B 7K 53 BEA 7341 I RZ M /. NOCEM 56
L FE (B 10e. @) FRFIE T2 BRI I wg vik Fa 7K DX K A0 I (R 0l 55 A0 g JRL 2 B 555
SR, BB R 3 B I v T R R A K X R I A I KT X A g Y AR AR
SO, AESRFENARR REALSS,  HON K A R AN K

16



w W
2 2 - =T
3 = B T . - Ld SIS
mm AR frrats o0 nae e - m R e e NELA
H IR =L - B N TI s z
| [ RN A P w R P RS SN
ERR AP RR R Pt o et et S VYRR I
s e SRR | I & Py
w R R i LSRN i
RS EAR P la [ 11 @ ettt &« ot P G
SN EON rere NASREE s SN | T A
5 At.,y . IEEEEES rlrrrp.,nli\m.‘:‘\.\\\\w\
RS A 41 smaay Mo [xavvrrerrisr s,
e -m h\.‘h‘....ooonv( “w =
el I e N N e | 2 =
ot AN R e e e 3 A_nd_ PAFARF T el By n/.._ N
- 4 L ey @ [+ wm o«
o i | =
< kA O | - 1 ©
2 & LR Y=
- N 3 T [ =
[=3 TR N 1 e S e
(o) k:HLL\NNwwMM RN H O
o A AL OOGER Y 15 H -
= L3 7 e PEREE R =3 =
w L i CELR R R b A o) z — z
= = T T T T T T 1 W T 5
\ - (=3 = (=3 = o (=3 (=] (=]
S 3 s 3 3 32 8 =1
a b 5 @ R &8 & &

140°E
140°E

\F‘ —T
27°N

10ms"
-
P
. _:EE
N

27°N

EE

130°E
130°E

120°E
120°
-NOINF,
32N
32°N

(K)LON-NOINFA-2020

=
A
=
=
w w < z — = z
= = T T [~ s
- pa Ld o
=2 =3 =3 =3 i=J =4 =3 b= 2 =3 2 i=3 =3 =4 = =3 b= =4 b= =3 (=
=3 = = =3 =3 =3 = b= = =2 =3 = = =] =3 = =3 = = = =]
& F B & = 8 & £ = iy & B & & & x i 8 R & &
b u
< =3
3 L3 .-
= L
€
[ o z =z
21 “ £
nov e e o o
‘‘‘‘‘ S
w wo e
£ o N
° 2 foe]
<
& ==
Hins g 5
o
© ©
& s i
- = = =
KO S
S Fx
H O
u W 5 z z
= = T I I
pay py © ©
< =3 E=3 < b= < b=3 <
2 =3 k=3 > > S 2 2
o L=l =+ w @ ~ @ 2]

(edy) ainssald

d> A CTL
q: (a'f>7 1E
f) represent
d) represent

(a~
(a-

2 AR (a-b)
1)

5

]/
i
D A
BRI AR (B mst,

M 2x10° s1IFEh, &

gt

}E-
£): 20 H 20
(g

o

e

5432012345
i

15

=}

H
with spacing of 4x10® s%; the

E
)

TN

-1

Z1E%
(d-f): 2000 BTC 20, (a

Rk
4x10° s iR
if]
IKF A7

ZIN
st with spacing of 4x105 s2);

*®

26

meridional distribution after zonal averaging of

CTL iR36

=

24
BH

A CARER )

2
LS
2x10°
c): 0800 BTC 20

2

f) represent the difference between NOINFA experiment

¢): 20 H 08 B, (d-

s

i,

20
(a
17

(c

water vapor flux magnitude (shaded, units: g s*cm™hPa?),
but for the height-

_1%

5

which increase from 2x10° s

1

18
S

R A R

N-37°N)

I 5 T 5
24 NOINFA iz
-2
33°
f),

Bk X (111°E-115°E
zonal/meridional distribution of vertical

-lcmhPa

e

1)

bE2s

A gs
¥IE13)
5%, (e

LIRS, M-2x10%

18

Y,
1) are the same as (a-

1

>4 NOINFA

%
e) represent NOINFA experiment

@

fa B
(i

i A

=
=

(b

and CTL experiment;

i

]

?E:\‘
e)

s

Fig.9 Height-

L,

LREFETE

-

S
blue contours represent convergence, which decrease from

the zonal profile after meridional averaging of ABCD, (a-

divergence (the red contours represent divergence

FES AEFG THIREAT 26 17132 Ja 15 2 i)

Feonxt ABCD Tt

5, (bs
CTL experiment

9 FEEK

4x10%



AEFG. The wind vectors represent the distribution of horizontal winds with height (units: m s?), the green
rectangles represent the heavy rainfull area of Henan (111°E-115°E, 33°N-37°N)
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