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Section S1. WRF model and parameter settings

The modeldopted in our work isreather research and forec@stRF) version 4.0. The center of the model domain was set
at 102E, 38 N with a 10 10km grid resolution. The 6 hourly final operational global analysis (FNL) data withla 1

spatial resolution generated by National Centers for Environmental PredictP(Nvas utilized as initial and boundary
conditions of the simulated weather filthe detailed information of the model configuration options was displayed in

Table. S2which could also be found in our previous studlgs et al., 2016; Ou et al., 2Q2

Section 2. Lagrangian Trajectory Model

TheHybrid Singleparticle Lagrangian Integrated Traject§iyY SPLIT) model isdevelopedy the National Oceanic and
Atmospheric Administration Air Resourdé@boratory (NOAAARL, http://www.ready.noaa.gy\(Draxler and Hess, 1998)

In our study, the 24 backward trajectories were calculated in four stations (SJZ, DY, NC, and XH) to investigate the dust
origins and pathways that reached thatN China Plain (NCP) on 15 March 2021. The altitude of the receptor site was set
according to four stationsd real heights (SJZ:70 m, NC:
combined with the backward trajectories to further hetee the transport pathways and track source origins, such as cluster
analysis (CA), ptential source contribution function (PSCBRhd ©ncentration weighted trajectory (CWT) methadich

were utilized in our previous studi@#/ang et al., 2020; Hong at., 2019)

Section $. Growth rate calculation

In order todemonstratéhe impacts of dugtansporionair quality, we needed to select appropriate dates as clean day and dust
day for comparison analysislere, clea dayswere defineds the ones when localrfacePM. s concentratioawereless than

or equal to 35 ug/{National Ambient Air Quality Standards), whideistdaywasthe date when the dust storm happehed
addition to further lessen the effects of other factors (suctliamte) and emphasize thele of dusttransport clean days
needed to be chosen as close to dust day as possible.

To further quantify the differences betweelustday and clea days, the growth rates of measured pollutants at different

heights were intrduced to do detailed analy¢idong et al., 2019)The growth ratevascalculated as follows:

G= [ p] dust ~ [ q clean

)
[ p] clean

Here, Gwasthe growth rate ofhe corresponding pollutantsp and 1 represergd the average concentration of

air pollutants at different heightsr dustday and cleadays respectively

Section . Identification of primary and secondary HCHO in SJZ station


http://www.ready.noaa.gov/

The atmospheric HCHO sources could be classified into primary emissidisgeesndary formation. Theimary sources of
HCHO included biogenic sources, such as biomass burning and vegdlagi®net al., 1997; Andreae, 201%9nd
anthropogenic activities, such as vehicle emissional combustion anddustrial emissionéCarlier et al., 1986; Dong et al.,
2014; Liu et al., 2017)The direct HCHO emissions usually accompanied incomplete combustion and were closely linked to
the emission of CO. Therefore, CO could be used as a tracer for the primary emission ofGHzEl&et al., 2006; Friedfeld

et al., 2002) Secondary HCHO could be formed becausehefdxidation of volatile organic compounds (VOQ@s)the
atmospheg (Altshuller, 1993) along with the formation dD; (Duan et al., 2008; Levy, 19710 addition,Os reaced with

NO emitted from automobiles to form NOand thereby ©(O«=03+NO;) has always been considered a tracer for
photochemical processes in the urban atmosp¢éoed et al., 2010)

Our study selected CO as the tracer of primary HCHO, wjtiss@nindicator of secondary HCHO production. The +iale
measured HCHO could be apportioned using a multiple linear regression, mbadi hasbeenwidely utilized in source

separation for ambient HCHXue et al., 2022; Su et al., 2019; Garcia et al., 26fa8ig et al., 2018; Friedfeld et al., 2002)
[Cocrol =6, +H[Td 3 C] )
wher e b0, wefethe fittiagreakffidie8ts obtained frothe multiple linear regressipand [Gicha], [Ccol, and [Gox
representethe concentrations for HCHO, CO, and @spectivelyln this study, the concentrations of HCHO and.N@re
from MAX-DOAS nearsurface measurements, while CO @yiconcentrations were collected from CNEMeTrelative

contributions of background concentration, primary emissions, and segdadaation to theotal HCHO can beobtained

using the following equations:

b3[C
I:\)Primary = - [ CO] 100% (3)
by+ b Col +b[C,]
b,?[Co, ]

R = x 100% )

emndary bo + 47 :{Cco] +2b[(§ox]
R, = by 3100% (5)

ackground

’ by+ p1Ccol +b[Cy]

where'Y represerdd the contribution from primargources (vehicle and industrial emissiony), was the
contribution of secondary HCHO (photochemical oxidati@md Y indicated backgroundcontributions to the

ambientHCHO, whichcould neitherbe accounteds primary nor secondaoynes
In previous studies, the background level of HCHO) (vas fixed at 1 ppbv (Su et al., 2019; Hong et al., 2018). Here, we
took the slow seasonal variation of background HCHO into account and olgtairtecbugh third ordeFourier least square

fitting, improving the overall correlation between the measured and modeled HCHO from 0.552 td BeSi@iear



regression between measured and modeled HEt@Wed a reasonably good agreement, with a slope othcbd Pearson

corrdation coefficient (R) of 0.681Hig. S10a)



MAX -DOAS stations The closet CNEMCs Distance Selected for
Codes Longitude Latitude Longitude Latitude (km) correlation analysis
(E) (N) (B) (N) (True/False)
SJZ 114.61 37.91 114.64 37.90 2.86 True
WD 115.15 38.17 114.85 38.03 30.55 False
NC 116.13 39.78 116.15 39.82 4.77 True
CAMS 116.32 39.95 116.34 39.93 2.81 True
XH 116.98 39.76 116.72 39.56 31.50 False
DY 118.98 37.76 118.69 37.43 44.76 False
HNU 116.81 33.98 116.80 33.98 0.92 True
NB 121.90 29.75 121.84 29.91 18.73 False
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Centes ( CNEMC) .
selected for

n t er ms

of -bOASdasdacbtleMbet weemwmt MMAXOf
correlati on

anal ysis, with

stations of

f ou
di s



Option

Parameterization scheme

Microphysics

Long-wave radiation
Shortwave radiation
Land-surface

Planetary boundary layer

Cumulus parameterization

Lin et al.(Lin et al., 1983)
RRTMG (Mlawer et al., 1997)
RRTMG (Mlawer et al., 1997)
Noah(Ek et al., 2003)

YSU (Mlawer et al., 1997)

Grell-Deveny(Grell andDé&s/éyi, 2002)
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Altitude Clean dag Dust day

(km) 6 March, 2021 22 March, 2021 15 March, 2021

DY NC SJz XH DY NC SJz XH DY NC SJZ XH

0.0 0.382 0.378 0.326 0.245| 0.638 0.483 0.368 0.364 | 4.483 2.257 3.073 1.166

0.1 0.150 0.417 0.208 0.221| 0.452 0.438 0.569 0.282| 4.095 1.779 2.623 1.031

0.2 0.072 0.585 0.404 0.426| 0.428 0.478 0.480 0.320( 3.413 1.579 2319 0.895

0.3 0.078 0.697 0.557 0.598| 0.434 0.498 1.116 0.393 | 2.666 1.332 1.949 0.755

0.4 0.111 0.692 0.699 0.682| 0.418 0.481 0.824 0.448 | 2.148 1.084 1.613 0.624

0.5 0.142 0.635 0.748 0.676| 0.399 0.436 0.956 0.450| 1.859 0.862 1.348 0.512

0.6 0.164 0551 0.733 0.606| 0.373 0.381 0.918 0421 1.602 0.674 1.123 0.418

0.7 0.171 0.460 0.670 0.514| 0.326 0.323 0.729 0.371| 1.402 0.517 0.926 0.339

0.8 0.166 0.374 0.583 0.424| 0.280 0.269 0.613 0.315( 1.158 0.417 0.762 0.274

0.9 0.168 0.340 0.560 0.393| 0.261 0.242 0.683 0.293| 1.004 0.363 0.676 0.231

1.0 0.136 0.239 0.398 0.272| 0.197 0.179 0.535 0.210| 0.833 0.298 0.540 0.180

1.2 0.101 0.154 0.267 0.175| 0.137 0.118 0.367 0.139| 0.579 0.204 0.372 0.120

14 0.089 0.120 0.225 0.138| 0.116 0.091 0.304 0.111 | 0.431 0.151 0.287 0.085

1.6 0.079 0.096 0.192 0.112| 0.101 0.073 0.240 0.091| 0.345 0.115 0.223 0.061

1.8 0.070 0.077 0.161 0.090| 0.091 0.060 0.269 0.078 | 0.289 0.084 0.181 0.045

2.0 0.061 0.063 0.141 0.074| 0.084 0.050 0.315 0.067| 0.241 0.063 0.159 0.035

2.2 0.053 0.052 0.120 0.060| 0.078 0.042 0.321 0.059 | 0.231 0.048 0.148 0.028

2.4 0.046 0.042 0.099 0.048| 0.072 0.085 0.250 0.051| 0.217 0.038 0.137 0.023

2.6 0.038 0.034 0.084 0.038| 0.065 0.029 0.234 0.044 | 0.165 0.032 0.123 0.019

2.8 0.030 0.026 0.067 0.028| 0.058 0.023 0.171 0.036| 0.125 0.033 0.107 0.016

3.0 0.021 0.018 0.048 0.021| 0.047 0.016 0.118 0.027 | 0.096 0.029 0.081 0.012

Table. S3. Vertical distribution ofaerosol extinction coefficienfAECs) on clean days and dysfiay (units: km?). The bold
fonts represent peaks or maximum of vertical profile.



Altitude Clean dag Dust day
(km) 6 March, 2021 22 March, 2021 15 March, 2021
DY NC SJZ XH DY NC SJZ XH DY NC SJZ XH

0.0 0.634 10.452 5.370 7.737| 3.274 4.649 6.334 4.054| 11.725 2.431 18.017 2.574
0.1 0.883 6.654 2.728 4.832| 9.446 3.504 5.358 3.190| 16.798 2.167 14.742 2.097
0.2 1.016 13.869 4.942 6.823| 8509 3.890 7.079 3.663| 15.587 1.888 13.011 2.081
0.3 1.018 17.075 7.392 8.246| 6.767 4.111 7.875 4.054| 13.706 1.612 11.574 1.995
0.4 0.941 15.150 8.320 7.800| 5.521 3.878 7.487 3.986| 11.805 1.358 10.143 1.820
0.5 0.829 11.681 7.601 6.499| 4.665 3.377 6.468 3.594| 10.046 1.133 8.742 1.601
0.6 0.706 8.712 6.114 5.228| 4.011 2.812 5.333 3.093| 8.488 0.939 7.430 1.375
0.7 0.589 6.539 4.628 4.258 | 3.456 2.292 4309 2601| 7.121 0.775 6.255 1.164
0.8 0.485 5.007 3.434 3.552| 2.967 1.852 3.452 2.164| 5955 0.639 5.232 0.975
0.9 0.415 3.940 2.661 2933 | 2.574 1548 2.863 1.862| 5.065 0.531 4.437 0.838
1.0 0.357 3.109 2.033 2.499| 2.265 1.297 2.374 1.617| 4353 0.444 3.790 0.725
1.2 0.264 2.023 1.185 2.079| 1.799 0.910 1.626 1.236| 3.275 0.311 2.798 0.548
1.4 0.200 1.381 0.691 1.987| 1.492 0.647 1.129 0.976| 2.544 0.222 2.130 0.426
1.6 0.155 1.018 0.431 2.066| 1.289 0.471 0.817 0.799| 2.041 0.162 1.678 0.341
1.8 0.123 0.816 0.315 2.221| 1.152 0.355 0.617 0.676| 1.730 0.122 1.368 0.282
2.0 0.102 0.724 0.290 2.407| 1.062 0.279 0.506 0.595| 1.554 0.095 1.157 0.240
2.2 0.087 0.708 0.316 2.608| 0.999 0.228 0.469 0.542| 1.497 0.077 1.011 0.211
24 0.076 0.740 0.371 2.816| 0.962 0.197 0.481 0.513| 1.487 0.065 0.913 0.192
2.6 0.070 0.787 0.444 3.054| 0.964 0.181 0.531 0.502| 1.539 0.058 0.851 0.180
2.8 0.067 0.880 0.531 3.342| 0.983 0.176 0.631 0.506| 1.649 0.054 0.823 0.174
3.0 0.068 1.006 0.633 3.718| 1.031 0.179 0.750 0.530| 1.825 0.053 0.836 0.176

Table. $4. Vertical distribution ofNO, on clean days and dysiay (units: ppb). The bold fonts represent peaks or
maximum of vertical profile.



Altitude Clean dag Dust day
(km) 6 March, 2021 22 March, 2021 15 March, 2021
DY NC SJZ XH DY NC SJZ XH DY NC SJZ XH
0.0 0.622 1.008 0.829 0.921| 0.836 1.024 0.996 1.011| 5.022 4.771
0.1 0.638 1.196 0.947 0.894 | 1.043 1.057 1.037 0.980| 5.323 4.251
0.2 0.650 1.423 1.082 0.959| 1.168 1.147 1.152 0.988| 5.210 3.794
0.3 0.644 1581 1.153 1.037| 1.207 1.207 1.265 0.998| 4.918 3.400
0.4 0.624 1647 1172 1.087| 1.185 1.218 1.344 0.997| 4.548 3.056
0.5 0.593 1.637 1.144 1.097| 1.127 1.189 1.381 0.976( 4.161 2.754
0.6 0554 1573 1.084 1.073| 1.049 1.131 1.376 0.931| 3.785 2.485
0.7 0.512 1.478 1.005 1.024| 0.963 1.056 1.338 0.869| 3.432 2.245
0.8 0.469 1.367 0.918 0.959 | 0.876 0974 1.275 0.799| 3.105 2.029
0.9 0.427 1.252 0.832 0.887| 0.792 0.891 1.198 0.727 | 2.807 1.835
1.0 0.388 1.138 0.751 0.814| 0.714 0.810 1.113 0.658| 2.536 1.660
1.2 0.316 0.919 0.601 0.663 | 0.572 0.656 0.924 0.530| 2.065 1.360
1.4 0.256 0.737 0.480 0.535| 0.458 0.528 0.754 0.426| 1.683 1.115
1.6 0.208 0.592 0.385 0.430( 0.368 0.425 0.612 0.342(| 1.372 0.913
1.8 0.173 0.491 0.316 0.359| 0.302 0.352 0.520 0.281| 1.128 0.747
2.0 0.144 0.410 0.261 0.301 | 0.248 0.293 0.445 0.231| 0.930 0.610
2.2 0.121 0.344 0.216 0.253| 0.203 0.245 0.384 0.191 | 0.767 0.498
24 0.102 0.291 0.179 0.215| 0.168 0.205 0.335 0.157| 0.635 0.406
2.6 0.088 0.248 0.150 0.184 | 0.138 0.174 0.296 0.130| 0.529 0.331
2.8 0.076 0.215 0.126 0.160| 0.115 0.149 0.267 0.108 | 0.442 0.270
3.0 0.068 0.189 0.108 0.142| 0.096 0.129 0.247 0.091| 0.374 0.219

Table. S5. Vertical distribution oHCHO on clean days and dystay (units: pph). The bold fonts represent peaks or

maximum of vertical profile.
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Fig. S2 The spatial distribution of (a) N@nd (b) HCHO in the JJJ region measured by TROPOMI on February 5, 2021.
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Fig. S3 The wind field in the (a)i®0, (b) 208400, (c)400-600, andd) 600 800 m layers simulated by WRF at 13:30 on
February 5, 2021. The arrows represent the wind direction and their lengths stand for the wind speed. The red arrow in (a)
represents the wind speed of 8 m/s.
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Fig. S13. (a) Comparisoranalysisof the threemonth measured and simulatd@€HO valuedrom multiple linear regression
from January to March, 2021 at SJZ. Time series of (b) absolute and (c) relative contribution of the primary source; secondar

source and atmospheric background to ambient HCHO levels from January to March.
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Fig. S14. Thespatial distribution of AOD on January-P2, 2021.

23



800m 1000m 1500m

500m

surface

TIAE

TE

TaE LLE

T20°F

To9E UIE

T20°E

E

Tt

T

R

0T

apnyeq

Longitude

1000 m and 1500anuary 18, 2021,

500 m, 800 m,

Fig. S15. The diurnal variation in wind fields in layers of surface

respectively. The arrows represent the wind directions.
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Fig. S16. The diurnal variation in wind fields in layers of surface, 500 m, 800 m, 1000 m and 1500anuary 19, 2021,
respectively.
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