Table S1. WRF-Chem model basic configuration in this study.

Configuration

Option/Setting

Reference

Gas-phase chemistry
Aerosol

Microphysics
Shortwave and longwave
Land surface model

Planetary boundary layer

Meteorological initial conditions (IC)
and lateral boundary conditions (LBC)

Chemical LBC
Anthropogenic emissions

Biogenic emissions
Land-use dataset

citetLiu2020GLC,Zhang2021GLC
Nesting

Horizontal grid spacing

Vertical levels
Model top
Time step
Ensemble size

Carbon Bond Mechanism Z (CBMZ)

Model for Simulating Aerosol Interactions and
Chemistry (MOSAIC), 4-bin

Morrison two-moment
Rapid Radiative Transfer Model for GCMs (RRTMG)
Noah

Mellor—Yamada—Nakanishi—Niino (MYNN)

NCEP FNL Operational Global Analysis (6-hourly,
1° % 1°)

CESM2.2 CAM-Chem fields (6-hourly, 0.9° x 1.25°)
MEIC v2.0

MEGAN (as implemented in WRF-Chem) with updated
input datasets

Default WRF land-use replaced with GLC_FCS30-2020
(30 m)

Two nested domains (d01, d02)
dO1: 9 km; d02: 3 km

34 levels
~50 hPa
30s

80 members

Zaveri and Peters (1999)
Zaveri et al. (2008)

Morrison and Gettelman (2008)
Iacono et al. (2008)

Chen and Dudhia (2001); Ek
et al. (2003)

Nakanishi and Niino (2006)
National Centers for
Environmental Prediction,
National Weather Service,
NOAA, U.S. Department of
Commerce (2000)

Tilmes et al. (2022)

Lietal. (2017); Geng et al.
(2024)

Guenther et al. (2012); Guenther
(2024)

see Fig. 2a in the main text for
details

see Fig. 2a in the main text for
details

The basic WRF-Chem configuration in this study is shown in Table S1. In particular, anthropogenic emissions in the ALL
run simulation were prescribed using version 2.0 of the Multi-resolution Emission Inventory for China (MEIC; Li et al., 2017;
Geng et al., 2024) and processed with the meic2wrf preprocessor Fan et al., 2020 to generate WRF-Chem-ready emission fields
for major aerosol precursor species. Biogenic emissions were computed using the Model of Emissions of Gases and Aerosols
from Nature (MEGAN; Guenther et al., 2012; Guenther, 2024) as implemented in WRF-Chem. To better represent present-day
urbanization, the leaf area index (LAI) and plant functional type (PFT) used by MEGAN were updated. LAI was recalculated
using the MODIS Terra 16-day 250 m vegetation index product (MOD13Q1, version 6.1; Didan, 2021), and PFT was updated
using the GLC_FCS30-2020 dataset.
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Figure S1. Large-scale environment conditions. (a) Temperature (shading; unit: °C), geopotential height (blue contours; unit: dagpm) and
winds (arrows; unit: m s~ ') at 200 hPa, (b)—(c) relative humidity (shading; unit: %), geopotential height (blue contours; unit: dagpm) and
winds (arrows; unit: m s 1) at (b) 500 hPa and (c) 850 hPa at 19:00 LST 14 May 2021. The blue stars in panels (a)—(c) denote the location
of observed tornado.
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Figure S2. Variations in (a) SRHIocal (shaded; unit: m s~2) due to Aero effect at 0.6 km and 19:00 LST. In panel (a), the blue contour
indicates the tracked STP area. Variations in (b) the frequency distribution of SRHlocal due to Aero effect within the tracked STP area in the
0-1 km layer. In panel (b), positive and negative values are shown in red and blue, respectively, with 1,721 positive and 939 negative grid
points. The dashed vertical line denotes the mean.
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Figure S3. Time-height cross-sections of variations in (a) buoyant acceleration (a ), (b) thermal buoyant acceleration (az(T)), (c) water-
vapor buoyant acceleration (ap(wv)), and (d) condensate loading acceleration (ap(cr)) due to Aero effect. All acceleration terms are in
units of m s~2. The red dashed rectangles highlight the focus window from 18:50 to 19:30 LST.
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Figure S4. Time-height cross-sections of variations in acceleration due to (a) vertical perturbation pressure-gradient force (avppar),
(b) buoyancy-induced vertical perturbation pressure-gradient force (ap-vrrar), (¢) fluid-extension (@gxtension), (d) horizontal-curvature
(acurvature), (€) vertical-twisting (@Twisting ), and (f) vertical-velocity—density term (apensity) due to Aero effect. All acceleration terms are
in units of m s~2. The red dashed rectangles highlight the focus window from 18:50 to 19:30 LST.
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