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Ensemble sensitivity analysis for the ''21.7" Henan extreme rainstorm

Zhao Zhiyu',Zhang Jin*, Lei Lili"", Zhang Yi'
(1. Key Laboratory of Mesoscale Severe Weather, Ministry of Education, and School of Atmospheric Sciences,
Nanjing University, Nanjing, 210093, China; 2. Center for Earth System Modeling and Predictino,
China Meteorological Administration, Beijing, 100081, China)

Abstract: The "21.7" extreme rainstorm in Zhengzhou, Henan Province, was a severe meteorological disaster that has
occurred in China in recent years. The numerical models show significant uncertainty in this rainfall event , and there are
deviations in the forecast of rainfall areas and intensity. Currently, the formation mechanism of the "21.7" Henan rainstorm has
been widely studied, but research on its ensemble sensitivity analysis is very limited. Ensemble sensitivity analysis is a method
that utilizes ensemble forecasts to estimate the sensitivity of model forecasts to initial conditions. It diagnoses the influencing
factors of extreme weather processes and analyze the uncertainty of ensemble forecasts. Therefore, this study focuses on the
individual case of the "21.7" Henan rainstorm, using the WRF-ARW model, combined with ensemble initial conditions, multi-
physics, and model perturbations to construct serveral regional model ensemble forecasts. Ensemble sensitivity analysis is
used to assess the predictability of the "21.7" Henan rainstorm and analyze the factors influencing this rainfall. The results
show that the "21.7" Henan rainstorm is sensitive to the temperature field, humidity field, wind field, and geopotential height
field perturbations of the initial conditions . Enhancing the cyclonic circulation in the Zhengzhou area, changing the
temperature over Zhengzhou, reducing the air pressure in the Zhengzhou area, or strengthening the intensity of Typhoon In-Fa

can enhance the precipitation intensity of this rainfall. This study improves understanding of the causes of the "21.7" Henan
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rainstorm and enhance ensemble forecasts.

Key words: ensemble sensitivity analysis, ensemble forecast, initial condition, Henan extremely heavy rainfall event
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Fig. 1 Accumulated precipitation distribution in Henan and its adjacent areas from 00:00 on July 18,2021 (UTC+8,
the same below) to 00:00 on July 21,2021 (unit: mm): (a) represents the accumulated precipitation distribution for the
24 h from 00:00 on July 18 to 00:00 on July 19, (b) represents the accumulated precipitation distribution for the 48 h
from 00:00 on July 18 to 00:00 on July 20, and (c) represents the accumulated precipitation distribution for the 72 h
from 00:00 on July 18 to 00:00 on July 21 (The red asterisk represents the location of Zhengzhou)
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The black crosses denote the locations of typhoon In-fa and typhoon Cempaka , respectively. The red asterisk represents the location of Zhengzhou.
2 20215 7H18H00KRZ7H 21 H 00K ERBEKESN (B AL :mm)
Fig. 2 Acumulated precipitation distribution from 00:00 on July 18,2021, to 00:00 on July 21,2021 (unit: mm)
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The outer frame of (a) represents the d0O1 domain, with the inner gray solid line box representing the d02 domain. The red box in (b)

represents the accumulated precipitation statistical region selected for forecast response functions J; and J,,

with the red asterisk indicating the location of Zhengzhou.
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Fig.3 Schematic diagram of regional and forecast response function selection for the WRF model
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Table Configurations of ensemble sensitivity analysis experiments
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The two vertical black dashed lines represent the accumulated pre-
cipitation periods selected for the experiment.
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Fig. 4 Time series of average precipitation in the
Zhengzhou region, Henan, from 00:00 on July 18,2021,

to 00:00 on July 21,2021 (unit: mm)
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Fig.5 Sensitivity of forecast response variable J, to model variables in Exp_SD
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Fig. 6 Sensitivity of forecast response variable J, to model variables in Exp_SD
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Fig. 7 Sensitivity of forecast response variable J, to model variables in Exp_ND
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Fig. 8 Sensitivity of forecast response variable J, to model variables in Exp_NDPBLP
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Fig. 9 Sensitivity of forecast response variable J, to model variables in Exp_NDSP
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Fig. 10 Sensitivity of forecast response variable J, to model variables in Exp_NDMP
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