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Study on the impacts of simulation start time and binary typhoons
on the ''21.7" Henan extreme rainfall event
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Abstract: This study utilized the WRF model to conduct ensemble experiments on the Henan record-breaking rainfall event
that occurred from July 18th to 21st, 2021 ("21.7" Henan rainfall event), aiming to explore the impact of the simulation start
time and typhoons "In-fa" and "Cempaka" on this precipitation event. Analysis of different experimental groups with varying
simulated initial times showed that the experiment initiated 24 hours before the peak precipitation occurred could most
accurately simulate the path and intensity evolution characteristics of the two typhoons, as well as reproduce the center
position, intensity, and temporal evolution characteristics of the "21.7" Henan rainfall event. This is mainly because this
experiment well reproduced the low-level southeasterly jet and its dynamic convergence characteristics. Based on this optimal

experiment, after removing the typhoon circulation, the subtropical high extended westward and southward, with the water
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vapor transport path adjusting accordingly. Through quantitative analysis of the vertically integrated water vapor transport in

the key precipitation area, it was found that during the time period when the maximum peak of precipitation occurred,

typhoons "In-fa" and "Cempaka" weakened the water vapor transport of southeasterly and southerly flows, indicating that the

existence of the two typhoons had an uncertain impact on precipitation, and in certain periods, they even reduced the extreme

precipitation in Henan region.

Key words: "21.7" Henan rainfall event, water vapor transport, typhoon "In-fa" (2021), simulation start time
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Fig. 1 Domains for numerical simulations,the map also magnifies to show the paths of Typhoons ""In-Fa' and

"Cempaka''; The black lines represent the observed typhoon paths from 00:00 UTC 18 July to 00:00 UTC 21 July, 2021,

while the lines in other colors correspond to the trajectories at different starting times of the CTL experiments;

The evolution of the lowest sea-level pressure (unit: hPa) for (b) Typhoon "In-Fa'" and (c) Typhoon "Cempaka"
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The first, second and third columns correspond to the experimental groups with good , moderate and bad precipitation simulation, respectively.
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Fig. 2 The spatial distribution of the 24 h accumulative precipitation (unit: mm) in (a) observation, (b) CTL1800,(c)
CTL1806, (d) CTL1900, (e) CTL1818 and (f) CTL1812 from 00:00 UTC 20 July to 00:00 UTC 21 July, 2021,
where the black boxes represent the key area (33°~37°N, 111°~115°E)
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Fig.3 (a) The area-averaged simulated 24 h accumulative precipitation (unit: mm) versus 7'S score for the threshold
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of 50 mm on 20 July (The black vertical line represents the observed 24 h accumulative precipitation. );
(b) The evolution of area-averaged hourly precipitation in the key area from 00:00 UTC 19 July to
00:00 UTC 21 July in observation and simulation (unit: mm)
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(vectors) and its magnitude (shaded, unit: 100 kg*(m-s)™) from 00:00 UTC 20 July to 00:00 UTC 21 July 2021:

(a) ERAS, (b) CTL1900, (c) CTL1800, (d) CTL1818, (e) CTL1806 and (f) CTL1812
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Fig.5 24 h-averaged 950 hPa divergence field (shaded, unit: 107 s'), 200 hPa divergence field (contours starting at
4X107° s7! with intervals of 2X107° s™' decreasing), locations where 24 h accumulated precipitation over 200 mm (dots)

from 00:00 UTC 20 July to 00:00 UTC 21 July 2021; The wind barbs in (a) represent the horizontal wind fields at

950 hPa for CTL1900 (full bar corresponds to 4 ms™"), while the wind barbs in (b~e) represent the differences
in the 950 hPa horizontal wind field between CTL1900 and each sensitivity experiment
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Fig. 7 The spatial distribution of the 24 h accumula -
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(d) RM_BTC1900, and (e) the area - averaged hourly

precipitation in the key area
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Fig.8 The temporal evolution of the vertically integrated water vapor flux and net water vapor flux (unit: 10" kg*s™)

at the four boundaries of the key precipitation area from 06:00 UTC 19 July to 00:00 UTC 21 July 2021
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The black boxes represent the key region (33°~37"N,111°~115°E) used in Table 2. The dashed and solid lines in (a~c) correspond to the

588 dagpm contour lines in the control experiment and sensitivity experiment, respectively.
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Fig. 9 The differences between CTL1900 and sensitivity experiments from 15:00 UTC 20 July to 00:00 UTC 21 July

2021: 9 h averaged vertically integrated water vapor flux (vectors, >0. 3 kg*(ms)™) and 500 hPa geopotential height
(shaded, unit: dagpm) between (a) CTL1900-RM_IN-FA1900, (b) CTL1900-RM_CEM1900, (¢) CTL1900-
RM_BTC1900; The 9 h-averaged vertically integrated water vapor flux (vectors, >0. 3 kg*(m-s)™")
and its magnitude (shaded, unit: kg (m*s)™") between (d) CTL1900-RM_IN-FA1900,

(e) CTL1900-RM_CEM1900, (f) CTL1900-RM_BTC1900
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Table 2 The difference in vertically integrated water
vapor flux (unit: 10° kg's™'") at the four boundaries of the
key area between the control experiment and three sensi-
tivity experiments, averaged over 9 h from 15:00 UTC
20 July to 00:00 UTC 21 July 2021

CTL1900-RM_  CTL1900-RM_  CTL1900-RM _
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K —31.4 18.3 —10.0
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i 0.2 —3.4 —13.8
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