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S1 Model configuration 

WRF-Chem v4.2 was employed to analyze the causes of PM2.5 pollution in Chengdu. Multiple 

two-way nested simulations were conducted at 27-, 9-, and 3-km resolutions. The 27-km grid domain 

(D01, 128×108) almost entirely covered China, and the 9-km grid domain (D02, 115×91) mainly 

covered Sichuan Province. The 3-km grid domain (D03, 61×52) included all areas of Chengdu (Fig. 

S1). There were 35 layers along the vertical direction, and the atmospheric pressure at the top of the 

model layer was 50 hPa. The initial and boundary conditions of the meteorological field were provided 

by the National Centers for Environmental Prediction (NCEP) reanalysis data with a resolution of 

1°×1°. The chemical initial and boundary conditions relied on the output results of the Community 

Atmosphere Model with Chemistry (CAM-Chem). The underlying surface data were derived from 

2013 MODIS data (Liu et al., 2018). The physical parameterization schemes included the Purdue Lin 

microphysics scheme (Chen and Sun, 2002), YSU planetary boundary layer scheme (Hong et al., 2006), 

Grell 3D ensemble cumulus parameterization scheme (Grell, 1993; Grell and Devenyi, 2002), Dudhia 

shortwave scheme (Dudhia, 1989), RRTM longwave scheme (Mlawer et al., 1997), Unified Noah Land 

Surface Model (Tewari et al., 2004), revised MM5 surface layer scheme (Jimenez et al., 2012), and 

single-layer urban scheme (Chen et al., 2011). The chemical schemes adopted in the simulations 

included the MOZART gas-phase chemical mechanism (Emmons et al., 2010), which yields the 

advantage of photochemical pollution simulation, MOSAIC with a 4-bin aerosol process (Zaveri et al., 

2008), and the TUV photolysis mechanism (Madronich, 1987). The simulation period ran from January 

23 to February 3, for a total of 18 days, with the first 3 days being used as the spin-up time for the 

model. 

 The Multi-resolution emission inventory for China (MEIC) in 2017 was employed for 

anthropogenic emissions. In addition, biogenic emissions were provided by MEGAN (Guenther et al., 

2006), and dust emissions relied on the GOCART scheme (Ginoux et al., 2004). 

S2 Model validation 

Model performance validation is a key step in all air quality model applications, i.e., to evaluate 

whether the model results can suitably reproduce the magnitude and spatiotemporal variation in the 

observed target pollutants (Huang et al., 2021). In this study, PM2.5 concentration at the bottom of the 

vertical layer of the WRF-Chem model were compared to the observed values to verify the accuracy 

and reliability of the simulation results. The correlation coefficient (R), normalized mean bias (NMB), 

and normalized mean error (NME) were considered to evaluate the simulation results under the Base 

scenario. R can reflect the model ability to capture temporal variations in observations, and NMB and 

NME can reflect the model ability in capturing the magnitude of observations (Huang et al., 2021). The 

equations to calculate these performance metrics are as follows: 

𝑅 =
∑[(𝑃𝑖−�̅�)×𝑂𝑖−�̅�)]

√∑(𝑃𝑖−�̅�)
2×∑(𝑂𝑖−�̅�)

2
  (1) 

NMB =
∑(𝑃𝑖−𝑂𝑖)

∑𝑂𝑖
× 100 (2) 



NME =
∑|𝑃𝑖−𝑂𝑖|

∑𝑂𝑖
× 100 (3) 

where Pi is the simulated value of hour i, and Oi is the observed value of hour i. The results of hourly 

PM2.5 concentration evaluation are shown in Fig. S2.  

We find that the R-value between the simulated and observed PM2.5 concentrations is equal to 0.67 at 

the Chengdu station. this indicates a good correlation between the simulated and observed values. In 

addition, the rapid increase of PM2.5 concentration during the two haze processes is also well 

reproduced. The simulated and observed NMB and NME values are -18.5% and 28.9%, respectively, 

indicating that the model underestimates the PM2.5 concentrations. The R, NMB and NME of this study 

are consistent with the suggested parameter value intervals in Huang et al (2021), indicating that the 

simulation results can better respond to the current situation of PM2.5 pollution in Chengdu, and the 

simulation results in this study can be used for the analysis of the causes of PM2.5 pollution in Chengdu. 

 

Figure S1. WRF-Chem simulation domain settings. 

 



 

Figure S2. Temporal variation in the simulated and observed surface PM2.5 concentration at the 

Chengdu station. 

 

 

Figure S3. The average diurnal variation of temperature (T) and relative humidity (RH) 

throughout the whole study period. 

 

0

50

100

150

200

250

2
0

2
3
-0

1
-2

8
 0

0
:0

0
:0

0

2
0

2
3
-0

1
-2

8
 0

7
:0

0
:0

0

2
0

2
3
-0

1
-2

8
 1

4
:0

0
:0

0

2
0

2
3
-0

1
-2

8
 2

1
:0

0
:0

0

2
0

2
3
-0

1
-2

9
 0

4
:0

0
:0

0

2
0

2
3
-0

1
-2

9
 1

1
:0

0
:0

0

2
0

2
3
-0

1
-2

9
 1

8
:0

0
:0

0

2
0

2
3
-0

1
-3

0
 0

1
:0

0
:0

0

2
0

2
3
-0

1
-3

0
 0

8
:0

0
:0

0

2
0

2
3
-0

1
-3

0
 1

5
:0

0
:0

0

2
0

2
3
-0

1
-3

0
 2

2
:0

0
:0

0

2
0

2
3
-0

1
-3

1
 0

5
:0

0
:0

0

2
0

2
3
-0

1
-3

1
 1

2
:0

0
:0

0

2
0

2
3
-0

1
-3

1
 1

9
:0

0
:0

0

2
0

2
3
-0

2
-0

1
 0

2
:0

0
:0

0

2
0

2
3
-0

2
-0

1
 0

9
:0

0
:0

0

2
0

2
3
-0

2
-0

1
 1

6
:0

0
:0

0

2
0

2
3
-0

2
-0

1
 2

3
:0

0
:0

0

2
0

2
3
-0

2
-0

2
 0

6
:0

0
:0

0

2
0

2
3
-0

2
-0

2
 1

3
:0

0
:0

0

2
0

2
3
-0

2
-0

2
 2

0
:0

0
:0

0

2
0

2
3
-0

2
-0

3
 0

3
:0

0
:0

0

2
0

2
3
-0

2
-0

3
 1

0
:0

0
:0

0

2
0

2
3
-0

2
-0

3
 1

7
:0

0
:0

0

2
0

2
3
-0

2
-0

4
 0

0
:0

0
:0

0

2
0

2
3
-0

2
-0

4
 0

7
:0

0
:0

0

2
0

2
3
-0

2
-0

4
 1

4
:0

0
:0

0

2
0

2
3
-0

2
-0

4
 2

1
:0

0
:0

0

2
0

2
3
-0

2
-0

5
 0

4
:0

0
:0

0

2
0

2
3
-0

2
-0

5
 1

1
:0

0
:0

0

2
0

2
3
-0

2
-0

5
 1

8
:0

0
:0

0

2
0

2
3
-0

2
-0

6
 0

1
:0

0
:0

0

2
0

2
3
-0

2
-0

6
 0

8
:0

0
:0

0

2
0

2
3
-0

2
-0

6
 1

5
:0

0
:0

0

2
0

2
3
-0

2
-0

6
 2

2
:0

0
:0

0

2
0

2
3
-0

2
-0

7
 0

5
:0

0
:0

0

P
M

2
.5

 (
μ

g
/m

3
)

Observation Simulation

Time Time



 

Figure S4. The diurnal variation of four meteorological parameters (T, RH, P and Vis) in four 

periods. 

 

 

Figure S5. The diurnal variation of four gaseous pollutant (O3, NO2, CO and SO2) in four 

periods. 
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