BT IR BRI IR IO <7- 2078 K B R 3N 1 56 A RIK 47
BIATFAE T
MR R BB TR AR R s

1 R ERARE RS T = K S om X G S seie =, JbEl 100029
2. REBIERE RS I ER 51T R 2B, JEE 100049
3 A N L2 KA 0y, T 450003

FE  ASTERXT 2021 45 7 F 20 HRTEG A AN T A A2 17207 R B R UL RS,
FEIET FY-4A F bR TR G OO 3 R AT B g, RAR%S
) B R % 6% (Optical Flow Field) .« 425 FNL % /K °F XA
i R AL EE R B, ARG R M I8 DG i AT LI AR, e K S = Z 1) vy 25 A
RS IZ AR . TERCEEAE b, ST 7 5 28R R AEFEA SR 3N 1 A RUK B
FRRHIE. AREIR, 1E20 )G, AAENEREIEEMEEI0n) “vhim-
AL ERFKRM K %, HpstmEshdEE AR, It B S
AGIBII R 2= F b, i) R M Hb X R K 2 R (TR B Bt 1T R /KR AN 2 7K
AT 20 HAFJE 2 16 I ak /K R A AT, #H Hb XA e AR % A s 2L <
TeREE A, I B2 R SRR BE I 3, R A MM XA K Rt L THZ B
5 o TE B SR PR AR AT, DRI 1t DX e A A N PRI AR S JEI 3G o T 2t BRI,
P s XA AFAE KB KV, RN K8 /K B8 906 L 2= ik 1 N 21K
TG KRG A 3)X, AT BRI 1 7KV A A 2 7K 3k T % B4 7K 1
TR ERS PR AR, I A B AR S A MR R Y PR B ) S D o AR SR
H ) 2 T R BRI D' IR 1 1) 23 B 7 VA 5 R R i T R T A 3 ) S
ap

XKHB|IF FY4A BEZE RAEE Lty AN KRR KE 5L
XEHRS 2021155A

doi:10.3878/j.issn.1006-9895.2109.21155

WA EH 2021-8-17 M TH AR H#A

EF RN FMR, 55, 1988 (A, LG, FEMNFERMEAKYIE, A RERIRMT S . E-mail:
sunyuel @mail.iap.ac.cn

BINEH B, E-mail: hxiao@mail.iap.ac.cn

BIIRE ExRE AR 2019YFC1510304, 2016YFE0201900, R} F 4 51 AF 5t B 38 45 Bh i
H, EZERPAEEEIH 41575037

Funded by National Key Research and Development Plan of China (Grant Nos. 2019YFC1510304,
2016YFE0201900), Special Research Assistant Project of Chinese Academy of Sciences, and National
Natural Science Foundation of China (Grant No. 41575037)

1



Feature Analysis of Dynamic Condition and Hydrometeor
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Abstract In this paper, aiming at the “7-20” superheavy rainfall event in Zhengzhou City, Henan
Province on July 20, 2021, the FY-4A stationary satellite imager data and ground-based weather
radar data are respectively used to produce optical flow field. Compared with the horizontal wind
speed of FNL data and ground observation data, the weather satellite and radar optical flow field
can approximately reflect the motion characteristics of the upper-level and lower-level atmosphere
and cloud system. On this basis, the feature analysis of dynamic condition and hydrometeor
transportation related to the superheavy rainfall event is presented. The results show that, there
was a "southwest to northeast" transporting zone of water vapour and cloud on the afternoon of
July 20, extending from southern China to northern China through Henan Province. There was
actively convective in this transporting zone, extending to the existing cloud system on
northern-central parts of Henan, providing favourable transporting condition for superheavy
rainfall event. In Zhengzhou region, the anticyclonic vorticity on upper atmosphere increased and
the divergence on lower atmosphere converted to strong cyclonic convergent on the afternoon of
July 20 and before the severest precipitation, indicating that the updraft in the precipitation system
in Zhengzhou region was increasing. The hydrometeor input at south boundary of Zhengzhou
region greatly increased ahead of the stage of severest precipitation. These results indicate that
there was not only a large amount of water vapour, but also hydrometeors in severe convective
cloud transported to the updraft area in large-scale precipitation system. It may greatly accelerate
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the microphysical process of water vapor transforming into cloud water and finally forming the
precipitation, which may be an important cause of the rapid enhancement of the superheavy
rainfall. The analysis method based on optical flow field of remote sensing data proposed in this
study has significant application potential in short-term and impending rainstorm forecast and
early warning.

Key word FY-4A weather satellite cloud image, weather radar, optical flow field, “7-20”

Zhengzhou superheavy rainfall, hydrometeor transportation
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Fig. 1 (a) Hourly accumulated precipitation in Zhengzhou station from 08:00 July 19 to 08:00 July

21, 2021; (b) Accumulated precipitation from 08:00 July 19 to 17:00 July 20 (Beijing time, BJT)

in Henan Province. The bold black circle presents the location of Zhengzhou station.
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field and the horizontal wind field of FNL data in the layer ranged from 400 to 200 hPa near
14:00 BJT July 20, 2021
(a: cloud top height product, b: cloud top pressure product, c: the mean horizontal wind field (red
arrow) of FNL data within the layer from 400 to 200 hPa and the optical flow field (blue arrow)

derived from FY-4A Channel No.10. The black circle presents the location of Zhengzhou station.)
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Fig. 4 Comparison between radar optical flow field, horizontal wind field of FNL data and station
observation at 14:00 July 20, 2021

(a: 10 m-height horizontal wind field of FNL data and the optical flow field derived from radar
low level composite reflectivity, b: radar low level composite reflectivity and optical flow field, c:
time series of radar optical flow field near Zhengzhou station, maximum ground 10 m-height wind
speed observation of Zhengzhou station and 10 m-height wind of FNL data, d: the same as (c) but

for wind direction. The black circles in (a) and (b) present the location of Zhengzhou station.)
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Fig. 5 Observation of FY-4A AGRI and optical flow field derived at 14:06 July 20, 2021
(a: brightness temperature of Channel No.9, b: brightness temperature of Channel No.10, c: digital
number value of Channel No.4, d: optical flow field derived from Channel No.10. The black circle

presents the location of Zhengzhou station.)
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Fig. 6 Change of satellite optical flow field on the stage of the severest hourly precipitation and its
earlier stages
(a: 10:32, b: 12:32, c: 14:32, d: 16:32, Beijing time. The color shading represents brightness
temperature of FY-4A Channel No.10. The black circle presents the location of Zhengzhou station.

The bold black box represents surrounding area of Zhengzhou.)
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Fig. 7 Change of radar optical flow field on the stage of the severest hourly precipitation and its
earlier stages
(a: 10:30, b: 12:30, c: 14:30, d: 16:30, Beijing time. The color shading represents radar composite
reflectivity of low level. The black circle presents the location of Zhengzhou station. The depicted

area is the same as the black box in Fig. 6.)
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Fig. 8 Regional average divergence and vorticity of optical flow field derived from Channel No.10
of FY-4A AGRI data on July 20, 2021
(The regional average area is the surrounding areas of Zhengzhou: 112-115°E, 33-36°E, the same

as Fig. 7. The bold dash line is from the 15-point moving average)
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Fig. 9 Regional average divergence and vorticity of optical flow field derived from radar
composite reflectivity of low elevation on July 20, 2021
(The regional average area is the surrounding areas of Zhengzhou: 112-115°E, 33-36°E, the same
as Fig. 7. Regional average is with the radar composite reflectivity over 0 dBZ. The bold dash line
is from the 15-point moving average)
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Fig. 10 Net northward hydrometeor fluxes on low level at the south boundary of Zhengzhou
region, derived from radar and FNL data respectively, on July 20, 2021

(The Zhengzhou region is defined the same as Fig. 7)
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Fig. 11 (a) Inward positive flux and (b) inward net flux of hydrometeor on low level at boundaries
of different directions transporting to Zhengzhou region, July 20, 2021

(The Zhengzhou region is defined the same as Fig. 7)
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radar data, and the hourly precipitation of Zhengzhou station on July 20, 2021
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