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Text S1
Calculation of partial correlations

The Pearson correlation (Pearson, 1896) is used to access the strength of associations
between AOD and PSs characteristics. The partial correlation is applied to measure
the linear dependence between them where the influence from other predictors (i.e.,
meteorological factors in this case) is removed (Han et al., 2022; Jiang et al., 2018;
Zhao et al., 2018). The partial correlation between two variables X1 and X2

eliminating the effects of Y (a vector of parameters) is:

Proy = (1)
12y 611y O22'Y

where 64,y IS the conditional covariance between X1 and X2, eliminating the effects
of Y; o,..y and o,,.y are the conditional variances of X1 and X2 respectively,

eliminating the effects of Y (Baba et al., 2004)



Text S2

Calculation of wind speed at 10 m (10mWS), vertical wind shear (VWS) between
850 hPa (~1.5 km) and 500 hPa (~5.5 km), lower tropospheric stability (LTS),
relative humidities at low-level (RHIlow) and at mid-level (RHmid)

The wind speed at 10 m is calculated with:

10mWS = \/ulomz + VlOmZ (2)

where u;on and vy, represent U and V components of wind at 10 m.

Vertical wind shear between 850 hPa (~1.5 km) and 500 hPa (~ 5.5 km) is calculated
using:

VWS = (y/(uspo — Ugso)? + (Vsoo — Veso)?)/ (5500 — 1500) (3)

where ugo, and vgo, represent U-component and V-component of wind speed at
500 hPa respectively, and ugs, and vgs, represent U-component and V-component
of wind speed at 850 hPa respectively (Guo et al., 2016; Guo et al., 2018).

LTS is widely used to represent low-level atmospheric stability (Guo et al., 2017,
Klein and Hartmann, 1993; Yang et al., 2021), and is calculated using:

LTS = 8700 — 01000 4)
where 0.4, and 0,0, represent potential temperature at 700hPa and 1000hPa
respectively.

The potential temperature is calculated using:
R
0p = T x (22) /C (5)
where T represents the temperature at the pressure layer P, R is universal gas constant

for dry air, and C, is the specific heat capacity at constant pressure. R/C =0.286.
b

The relative humidities at low-level (1000-850 hPa) and mid-level (700-400 hPa) are
averaged as the indicators of water vapor situation at different altitudes (Liu et al.,

2017), referred to as RHlow and RHmid, respectively.



Table S1 The proportion (%) of PSs consistent with this study (3 days and 3 grids)
after classification using different dust condition estimates by selecting different

numbers of days, as well as numbers of grids extending outwards.

DAY
GRID 1 2 3 4 5
1 75.7 82.7 85.1 84.9 83.0
2 77.8 89.3 93.0 89.9 88.4
3 82.0 90.9 100.0 91.3 89.3
4 82.1 88.8 93.8 90.3 87.4
5 79.1 86.9 89.1 86.8 84.0




Figure S1 The average CAPE distribution of different conditions: (a) multi-year
average CAPE, (b) background CAPE corresponding to clean PSs, (c) background
CAPE corresponding to dusty PSs, (d) differences of CAPE between two conditions
(dusty-clean).
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Figure S2 The mean vertical profiles of median rain rate for total (upper row),

convective (middle row) and stratiform (bottom row) precipitation of small-sized PSs

with different CAPE values under clean and dusty conditions. The black dot on the

red line indicates that the difference between clean and dusty conditions is statistically

significant at the 95% confidence level using a Student's t-test. The horizontal dashed

lines show the freezing level with values labeled.
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Figure S3 Vertical profiles of 10th, 50th, and 90th percentiles of PS maximum radar
reflectivity for total (upper row), convective (middle row) and stratiform (bottom row)
precipitation of small-sized PSs with different CAPE values under clean and dusty

conditions. The horizontal dashed lines show the freezing level with values labeled.
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