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Text S1 Model simulation

Model Configurations

The meteorological conditions were simulated using the Weather Research and Forecasting (WRF) (version 4.2.1) model
with the FNL reanalysis dataset. The 6 h FNL data were obtained from the U.S. National Centre for Atmospheric Research
(NCAR), with a spatial resolution of 1.0° x 1.0° (http://rda.ucar.edu/datasets/ds083.2/, last accessed on 28 April 2022). The
physical parameterizations used in this study are the Thompson microphysical process, RRTMG longwave/shortwave
radiation scheme; Noah land-surface scheme; MYJ boundary layer scheme; and modified Tiedtke cumulus parameterization
scheme. The detailed configuration settings could be found in the works of Hu et al. (2016), Mao et al. (2022), Wang et al.
(2021).

The Community Multiscale Air Quality version 5.3.2 (CMAQVS5.3.2) model, being one of the three-dimensional
chemical transport models (CTMs) (Appel et al., 2021), configured with the gas-phase mechanism of SAPRCO07tic and the
aerosol module of AERO6i, was employed in this study to simulate the air quality over Tibet from 24 April to 24 May and 13
June to 27 June in 2019, which contains the observation period. Air quality simulations were performed with a horizontal
resolution of 12 km. The corresponding domain covered Tibet and the surrounding countries and regions with 166 x 166 grids
(Fig. S1), with the 18 layers in vertical resolution. The initial and boundary conditions were provided by the default profiles.
The simulated results of the first two days were not included in the model analysis, which served as a spin-up and reduced

the effects of the initial conditions on the simulated results.

Emission Inventory

The Multi-resolution Emission Inventory for China version 1.3 (MEICv1.3) (http://www.meicmodel.org) and Regional
Emission inventory in ASia (REASv3.2) (https://www.nies.go.jp/REAS/) were used to provide the anthropogenic emissions.
MEIC served as the anthropogenic emissions from China, while REAS served as the anthropogenic emissions from
neighboring countries and regions. The MEICv1.3 emissions of the year 2019 were used. For REAS, since no emission
inventory was released for the years after 2015, we used the emission inventory in the year 2015 for 2019. Although emission
inventories are usually released 3 years behind, we acknowledge that this may cause additional uncertainties in the simulation.
Biogenic emissions were generated using the Model for Emissions of Gases and Aerosols from Nature (MEGANv2.1)
(Guenther et al., 2012) for the whole simulation period. The open biomass burning emissions were processed using the Fire

Inventory for NCAR (FINN) during the entire study period (Wiedinmyer et al., 2011).

Model Evaluation

Previous studies have investigated the impacts of meteorological conditions on the formation, transportation, and
dissipation of air pollutants (Hu et al., 2016; Hua et al., 2021; Mao et al., 2022; Sulaymon et al., 2021b; Sulaymon et al.,

2021a). Therefore, the evaluation of the WRF model performance was carried out before the usage of its meteorological fields



in the CMAQ simulations. The evaluation of the WRF model was achieved by comparing the predicted wind speed (WS, m/s)
and wind direction (WD, °) at 10 m above the surface to the observed values. Fig. S2 showed that WS was well simulated
both in pre-monsoon and monsoon seasons. WD was well simulated in pre-monsoon season, and there seems to be some
deviation in the simulation of north wind in monsoon season. The main reason about the deviation in WD may be due to the
poor terrain and complicated weather conditions. Nevertheless, both simulations and measurements showed more frequent
southerly winds during monsoon season.

Fig. S3 showed the comparison of simulated daily mean concentration about PM and O3 in observation site, which were
simulated by CMAQ. PM was simulated well during the whole observation period. O3 was underpredicted obviously, although
its trend can be simulated, which may due to the uncertainty of the emission inventory. Above all, we think WRF/CMAQ can

simulate pollutants transmission phenomenon in Tibet.
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Figure S1. WRF/CMAQ modeling domain
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Figure S2. Comparison of simulated (in red dot-line) and observed (in blue dot) wind direction (WD, °) and wind speed (WS,

m/s). Observed is 10 minutes mean data. Simulated is hourly mean data.
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Figure S3. Comparison of simulated (in red dot-line) and observed (in blue dot) PM (ug/m?) and Os (ppb). PM and Os both

are hourly mean concentration.
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Figure S4. Comparison in frequency distributions of (a) temperature, (b) RH, (¢) H>O and (d) WS at Nam Co station in pre-

monsoon and monsoon seasons.

Frequency (%/%)

Frequency (%/m/s)

2
(b) pre-monsoon
monsoon
1.5
l L
0.5
0
20 40 60 80 100
RH (%)
20
(d) pre-monsoon
———monsoon
I5¢
10+
5 L
0 i i —
0 5 10 15 20

WS (m/s)



(a)

315

270

e

225

180

45

135

90

(b)

270

315

225

“.

0
25

20 45
15
10

N

?“‘"“’e‘%' 90

RO
g@g? 10 15 20 25

w2
—_
>
~—

as 135

EoOEoE=

180

Figure S5. Wind rose plots in (a) pre-monsoon and (b) monsoon seasons. The length of each spoke on the circle represents

the probability of wind coming from a particular direction at a certain range of wind speed.
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Figure S6. The frequencies of the 48 h back trajectories of air masses arriving at Nam Co station from different directions

during (a) pre-monsoon and (b) monsoon seasons.
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Figure S7. Comparison in frequency distributions of (a) PMgs, (b) BC, (c) O3 and (d) CO at Nam Co station in pre-monsoon

and monsoon seasons.
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Figure S8. Model spatial distribution of SO> in (a) non-event days, (b) NPF-pre days, and (c) NPF-monsoon days. The star

is Nam Co station.
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Figure S9. Model spatial distribution of wind at 12:00 in (a) 2 May, 2019 (non-event day), (b) 30 April, 2019 (NPF-pre day),

and (c) 20 June, 2019 (NPF-monsoon day), The star is Nam Co station.
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Figure S10. Determination of the aerosol production in 17 June, 2019. Time series of (a) PNSD, and (b) the number
concentrations of Nucleation-mode particles (PNnuc), Aitken-mode particles (PNaji;), Accumulation-mode particles (PNacc),
the total particles (PNto), CCN at S 0of 0.6% (CCN_0.6%) and 1.2% (CCN_1.2%) in 17 June, 2019. Ninit and Nmax denote,

for each mode, the amount from which aerosol production are calculated.
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