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Abstract Based on the hourly precipitation data of 119 national automatic stations in Henan, the
atmospheric reanalysis data ERA-5, the atmospheric reanalysis data NCEP and sea surface
temperature provided by NOAA, a detailed analysis of the precipitation characteristics,
atmospheric circulation and environmental physical quantities was carried out. We also compared
three extreme precipitation processes in Henan. The results show that: (1) The "21 * 7" extreme
rainfall is significantly extreme in terms of maximum precipitation in one hour, three hours, six
hours, one day, three days, and cumulative precipitation in the process. (2) In 200hpa, South Asian
high and the low vortex near the East China Sea coexist steadily. In 500hpa, the subtropical high is
stable and northward, and confronts with the continental high. This makes the atmospheric
circulation stable and provides background for the occurrence of extreme rainfall in Henan. In 850
hpa, the superimposition of the easterly airflow on the south side of Pacific Subtropical High and
on the north side of Typhoon created a deep water vapor channel from the Western Pacific to
Henan, providing abundant water vapor. (3) During the "21 « 7" extreme rainfall period, the water

vapor flux divergence was negative and the precipitable water in most region of Henan could



reach 100 mm, which means the water vapor was abundant. The large value areas of vorticity and
vertical velocity appear near the eastern foot of Taihang Mountains, corresponding to the large
value areas of precipitation. (4) Compared with two heavy rainfall processes ("75 8" and "12 *8")
in Henan, the similarity is that the typhoon was blocked by the Subtropical high when move
northward and stopped. One possible reason why the "21 = 7" extreme precipitation is greater is
due to that the subtropical high is stronger and able to stably exist on the north side of the typhoon.
(5) The stable maintenance of the subtropical high in the Northwest Pacific on the north side of
the typhoon during the "21.7" heavy rain is the result of the combined effects of various factors,
including the distribution of the mid-to-high latitude circulation, the strengthening of the sinking
branch of the Hadley circulation caused by the abnormal warmer West Pacific Warm Pool, and the
strengthening of the Cross-equatorial flow. This is one of the possible reasons why the cumulative
precipitation of the "21.7" heavy rainfall is greater than the "12.8" heavy rainfall and final exceeds
500 mm.

Key words extreme precipitation, Henan; atmospheric circulation; environmental physical

quantities; Subtropical High
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Fig.1 Map showing the location of 119 stations in Henan province and altitudes (shading; m) of the Henan region

(red lines).
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Fig.2 A map of rainfall (unit: mm) in Henan Province during July 16—24, 2021. The shading represents the

altitudes (unit: m).
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Fig.3 (a) map of the accumulated precipitation amount in Henan province during 18th July to 22th July 2021 (unit:
mm); (b)map of the maximum 1-day precipitation in Henan province during 18th July to 22th July (unit: mm); (c)
the accumulated precipitation amount during 18th July to 22th July (blue bars) and average precipitation in July
(red bars) at nine specific national stations; (d) the hourly rainfall amount in nine specific national stations during
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Table 1 Comparison between “21-7”” and historical extreme precipitation events in Henan
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Fig.4 The distribution of 200 hPa westerly jet (gray shading where the zonal wind speed is greater than or equal to
30m/s; m/s) and 200hpa geopotential height (contours; dagpm) at (a) 20:00 on 19th July; (b) 08:00 on 20th July; (c)

20:00 on 20th July and (d) 08:00 on 21th July.
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Fig.5 The distribution of 500 hPa geopotential height (contours; dagpm) at (a) 20:00 on 19th July; (b) 08:00 on
20th July; (c) 20:00 on 20th July and (d) 08:00 on 21th July. The blue contour represents the position of the
climatic western Pacific subtropical high in July, and the red contour represents the real-time position of the

western Pacific subtropical high.

850 hPa b, &K “HHE” AT VU REI G IR &R U E] = Fg I i) AR RS & R0«
167 A 2R SR B0 7E— 2, 3 1T A 49T Tt DX A S P 2R 7 X, AT g ¥R A
ik KiK. RIS, G XCCEMR” AR R TR AT R X BTk T B KIS . 7
J 19 H 20 i, T IX R AR B KT a3 (B 6a) « 27 H 20 H 08 I, i) B & 43 1 X
RN E T 18m/s (B 6b) o M7 H 20 H 08 B £ 21 H 08 I, Ja] 55 X [ 4< 7 Ko
ERREEYERE, AR R — 2R T L RIESL I AR R R RUK TR (& 6b—d) o BEIRIEH)
R UM T LR R 44 FR A B 56 P 7K B 3k 78 A PRI KR, 38 TT R 3 UM M AR IRVEI AR i XL

e, EREIRMEEER (JFEI75, 2021 .
14



0:00 s (b) JUL 20 08:00

- ‘.c. l{’ocl-f ey c-n--\‘ R
-

-v----bi~lnn
w

2 R -y 40N ——.-a-‘q\ Nrreesruh
-"f bt }ﬂ-' h\\\\\ -mm:-.\n-nr-—-
evalfrorr ;{'r S -c'.
LA " o o e
LEL L4 -
\\‘. LT L ] B
% X, meegs Wt rrow s s es sbtscg
LY R e N 30N T et A R Y
B et s atl - Vod forsvevsvesr
f o r-v-c-n—-m e o]
e ol f ot o 2 ettt
a8 . .(l' -—r-':f L)' '\
- Gk < i S AN SN
rsssvaiVG) TR R i tedg AP nelne
20N =25 ey, PO - APavanm - - -l
ool >
ST

v &« -
20N -:- 4N a
SRS Lersavrvean f AR
I'Ii - e s g 0 by SRR § g N R T
Pere - v k=
aat\
£
e -
-vu--.- - 7 o B3 s
ERNY
10N > < Ay X )
qann At ey
)----‘ ~..\~.. ‘.‘-‘t VNproas
ﬁ_\bvbl-- sy i s
] v e,

o o
D
g‘-‘u“—mn\\-’“aa)aaon‘uu----- 20 ns-- --vt f [ RRE 4
e o i th h - h R L L R LRI s i .c ’.ll‘"'«".ﬂ -lf-'
—r TR e AR T TN R X o o . -t( Jl.r—--n s L.

T T T T T

100E 110E 120E 130E 140E 150E 100E 110E 120E 130E 140E 150E

QJUL202000 e (d) JUL 21 08:00 i
40N P c . S aa-,:;.:::v::::\\:: \‘:‘\‘ 40N - \\ -\\ 1{/1!'. 2.::::::_-:: 4 t‘l‘!:_
\ N "o',.'.'.','.'-'.';p'y‘ P :‘\.- Sk £y -.',.'.'.':.'::-' S .-‘l\t\u-‘.
“ _-::;‘.:'-_;:'g.z::".t.o. lvb - - = wonres
30N 30N
n n |
‘J z;— |‘ \\-
20N \ 20N
~ plaarvah i -.)-. o
[osite— s v srnial B\ \‘\
e R ‘v:-o-o-u--»\ sll-
10N —osale e . “-'H 01 10N

Rt R -——wn\\\-‘\\
e .-“ MM\ )
s By g Ny
—

- =, - o~
[o ot o mtpar y % Y3y olil'OO 20 e - 4
e b L LR L N R ) e !ldtl-"“‘a‘—!ll.ll'll' — ]
e . HBb N A Gy A I NS v b ardy s .
T

Arbemirasi s nemeNbiPaea
I T

100E 110E 120E 130E 140E 150E 100E 110E 120E 130E 140E 150E

[ I

10 12 14 16 18 20 22 24 26 28 30

Kl6 (a) 202147 H 19 H 20:00; (b> 20214F7 H 20 H 08:00; (c) 202147 H 20 H 20:00; (d)

2021 4 7 H 21 H 08: 00 850 hPa X7 .

Fig.5 The distribution of 850 hPa wind field (vectors; m/s) at (a) 20:00 on 19th July; (b) 08:00 on 20th July; (c)

20:00 on 20th July and (d) 08:00 on 21th July.
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(a) Water vapor flux divergence and wind field at 850 hpa (b) Precipitable water content
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(d) Vertical velocity at 700 hpa
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Fig.7 (a) The water vapor flux divergence (units: g cm™* hPa~'s™?!) and wind field (units: m s™1) at 850 hPa; (b)
precipitable water (units: mm); (c) vorticity at 700 hPa (units: 107>s™2); (d) vertical velocity at 700 hPa (units: 10!

pa/s) at 20:00 on 20th July 2021.
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Fig. 8 The distribution of 500 hPa geopotential height (contours; dagpm) and wind field (vector; m/s) at (a) 08:00
on 7th August; (b) 20:00 on 7th August; (c) 08:00 on 8th August and (d) 20:00 on 8th August. The blue circle

represents the location of the center of the typhoon.
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Fig.9 The distribution of 200 hPa westerly jet (gray shading where the zonal wind speed is greater than or equal to
30m/s; m/s) and 850 hPa wind field (vector; m/s) at (a) 08:00 on 4th August; (b) 20:00 on 4th August; (c) 08:00 on
5th August and (d) 20:00 on 5th August. The blue contour represents the position of the climatic western Pacific
subtropical high in August, and the red contour represents the real-time position of the western Pacific subtropical
high.
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Fig.10 The mean (contour; m/s) and anomalous (shading; m/s) field of u component of 200 hPa wind from the first
pentad to the six pentad of July, 2021. The red contour represents the position of the 30m/s velocity line, and blue

contour represents the position of the climatical 30m/s velocity line .
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Fig.11 The mean (contour; gpm) and anomalous (shading; gpm) field of geopotential height of 500 hPa wind from

the first pentad to the six pentad of July, 2021.
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Fig.12 The distribution of sea surface temperature anomaly from the first pentad to the six pentad of July, 2021

(units: °C).
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Fig.13 Latitude-height profile of the vertical velocity ( omega) anomaly for the average of 120°—130°E from the

first pentad to the six pentad of July, 2021 (units: 102Pas™).
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Fig.14 (a-d) The mean (contour; gpm) and anomalous (shading; gpm) field of geopotential height of 500 hPa wind
from the third pentad to the six pentad of July, 2021 and (e-f) anomalous field of v component of 200 hPa wind

from the third pentad to the four pentad of July, 2021 (unit: m/s).
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