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Fig. 1

Distribution of station observation and circulation elements during 29—30 July, 2023. (a, b) 24 h accumulated precipitation

(colored solid dots, unit: mm) and terrain height ( gray-white shading, units: m) on 29 (a) and 30 (b) July; (c) geopotential

height at 500 hPa (red contours, unit: dagpm), wind at 850 hPa (vector, unit: m+s~') and terrain height (shading, unit: m)
at 00:00 on 29 July, with labels “D” (remnant vortex of Typhoon Doksuri) and “WPSH” (Western Pacific Subtropical High),

(d) integrated water vapor flux divergence (shading, unit: kg-m2+s'), water vapor transport (vector, unit: kg-m"'+s')
g p 2 g g p p g

with the position of Typhoon Khanun (blue) at 18:00 on 29 July and Typhoon Doksuri (red) when weakening

to a low-pressure system at 00:00 on 29 July
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Fig. 2 Spatial distribution of 48-hour accumulated precipitation based on observations and dynamical downscaling

simulations with different resolutions from 00:00 on 29 to 00:00 on 31 July, 2023. Unit: mm
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*®2 2023%F7R29H30 BARMKETEEN TS 5 FSS S
Table 2 TS and FSS scores for different precipitation ranges on 29 and 30 July 2023

Ry TS, TS, TS, FSS, FSS, FSS, TS FSS POD FAR  HI5HE#

1 1 0.67 0.14 0.19 0.84 0.45 0.48 0.33 0.59 0.46 0.46 17
52 0. 64 0.17 0.21 0.83 0.48 0.50 0.34 0. 60 0.47 0.49 14
R 3 0.61 0.12 0.06 0.77 0.33 0.16 0.26 0.42 0.39 0.52 23
a4 0. 67 0.16 0.25 0.85 0.50 0.55 0.36 0. 64 0.49 0.45 10
RS 0.63 0.12 0.18 0.82 0.37 0.41 0.31 0.53 0.43 0.54 22
6 0. 65 0.13 0.16 0.83 0.40 0.42 0.31 0.55 0.44 0.55 21
7 0. 62 0.14 0.25 0.81 0.43 0.55 0.34 0. 60 0.48 0.50 16
5 8 0. 65 0.21 0.22 0.86 0.59 0.55 0.36 0.67 0.51 0.49 12
K59 0. 66 0.15 0.19 0.85 0.45 0.48 0.33 0.59 0.46 0.50 18
X5 10 0. 67 0.19 0.16 0.85 0.54 0.45 0.34 0.62 0.48 0.51 15
11 0. 66 0.17 0.29 0.85 0.51 0.63 0.37 0. 66 0.52 0.45 7
12 0.71 0.21 0.28 0.91 0.58 0.67 0.40 0.72 0.54 0.44 4
5 13 0. 69 0.23 0.35 0.88 0. 60 0. 69 0.42 0.72 0.57 0. 40 1
R 14 0. 66 0.18 0.29 0.85 0.49 0. 62 0.38 0.65 0.52 0.47 9
15 0.67 0.19 0.34 0.87 0.54 0. 69 0.40 0.70 0.54 0.44 3
K% 16 0. 68 0.20 0.31 0.88 0.55 0. 66 0.40 0.70 0.53 0.44 5
X5 17 0. 60 0.09 0.12 0.78 0.29 0.31 0.27 0.46 0.40 0.55 24
1518 0. 67 0.15 0.19 0.84 0.44 0.47 0.34 0.58 0.46 0.51 19
5 19 0.65 0.16 0.27 0.83 0.47 0. 60 0.36 0.63 0.50 0. 46 11
15 20 0.67 0.21 0.28 0.87 0.56 0.63 0.39 0.68 0.53 0.45 6
R 21 0. 65 0.13 0.19 0. 84 0.41 0.47 0.32 0.57 0.45 0.51 20
R 22 0. 66 0.18 0.21 0.84 0.54 0.53 0.35 0. 64 0.48 0.49 13
15 23 0.67 0.18 0.26 0.87 0.55 0.59 0.37 0.67 0.52 0.48 8
15 24 0.70 0.23 0.28 0.89 0.61 0. 65 0.40 0.72 0.55 0.44 2
ERAS 0. 60 0.16 0.22 0.79 0.41 0.46 0.33 0.55 0.51 0.48 /

25 ?
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Fig. 4 Correlation coefficients, root mean square errors and standard deviations of hourly precipitation time

series for 24 simulation experiments, ERAS and station data from 29 to 31 July 2023
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divergence (shading, unit: kg-m™+s™) during different stages of the "23. 7" extreme precipitation event in North China
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Modeling and evaluation of WRF multi-physical parameterization
schemes for the ''23.7" extreme precipitation
event in North China

Huang Yuetong"?, Sun Bo" *?**, Wang Huijun""*>**, Yu Entao" *,

Chen Dong’, Dai Yongling"?, Tang Wenchao'**
(1. State Key Laboratory of Climate System Prediction and Risk Management/Key Laboratory of Meteorological Disaster, Ministry of
Education/Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters , Nanjing University of
Information Science and Technology, Nanjing 210044, Jiangsu, China;
2. School of Atmospheric Sciences, Nanjing University of Information Science and Technology, Nanjing 210044, Jiangsu, China;
3. Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai) , Zhuhai 519082, Guangdong, China;
4. Nansen Zhu International Research Centre, Institute of Atmospheric Physics, Chinese Academy
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Abstract: This study focuses on an extreme precipitation event that occurred in North China from July 28 to Au-
gust 1, 2023, referred to as the "23. 7" extreme precipitation event. The purpose of this research is to assess the
performance of various parameterization schemes within the WRF model in simulating this event, identify the op-
timal scheme combinations, and diagnose the physical causes of simulation biases. Using the Weather Research
and Forecasting (WRF-ARW) model version 4. 5. 1, a total of 24 sensitivity experiments were conducted with
six different microphysics schemes and four cumulus parameterization schemes. The precipitation simulation re-
sults were systematically evaluated using various spatial-temporal verification metrics, including the Threat
Score (TS), the Fractions Skill Score (FSS) and so on. The results indicate that: (1) The dynamical downscal-
ing simulations effectively reproduced the orientation and area of rainfall associated with this extreme precipita-
tion event, with accuracy improving as model resolution increased. (2) Among all scheme combinations, the
combination of the WSM6 microphysics scheme and the Kain-Fritsch cumulus scheme (WSM6-KF) demonstrat-
ed the highest overall skill in simulating the precipitation area, intensity, and evolution trend, particularly excel-
ling in the simulation of heavy rainfall events and above. In-depth diagnosis revealed that this combination's
strength lies in its ability to accurately reproduce the distribution of deep graupel and intense updrafts correspond-
ing to the heavy precipitation center, thereby capturing the key microphysical and dynamical features of this ex-
treme precipitation event. (3) Despite the strong performance of the optimal scheme (WSM6-KF) , systematic
biases were still present. Comparisons with ERAS reanalysis data indicated that this scheme underestimated the
water vapor transport pathways and moist layer thickness in the terrain-forced uplift regions of the Taihang Moun-
tains during the later stages of precipitation, which directly resulted in an underestimation of peak precipitation
and a westward shift of some rainfall areas. This study provides references for future operational forecasting of
extreme precipitation in this region and insights for model improvement.

Key words: dynamical downscaling; extreme precipitation; numerical simulation; bias; water vapor transport



