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Abstract; Accurate meteorological fields and applicable air quality models are important ways to optimize air pollution simulations. To improve the accuracy of winter air
pollution models in the Sichuan basin, we conducted a meteorological field simulation using 25 sets of parameterized scheme combinations in the Weather Research and
Forecasting (WRF) Model. Based on the optimal parameters, the air pollution levels were simulated using AERMOD and CALPUFF models in a local large steel plant, and
the data were verified by comparing the data from four National Ambient Air Monitoring Stations ( NAAMS). The results indicated that the WRF model parameters had
substantial effects on the simulation of the ground wind field, high-altitude wind field, and ground humidity field. In contrast, the parameters had no significant effect on the
simulation of the ground temperature field, high-altitude temperature field, and high-altitude humidity field. The combination of the SLAB land surface process scheme and
Dudhia shortwave radiation scheme with four houndary layer schemes, namely YSU, ACM2, BouLac, and MRF, could well-simulate the trends of winter surface wind,
temperature, and humidity fields in Sichuan basin. The simulation resulis were analyzed by combining the statistical parameters of high-altitude wind, temperature, and
humidity. The group 1 parameter scheme was applicable to simulate the meteorological field of Dazhou. Group 13 and Group 17 parameters were applicable to simulate the
meteorological fields in Chengdu during the day and night, respectively. The correlation between CALPUFF simulation and monitoring value was better than that for AERMOD.
CALPUFF was more accurate than AKRMOD when referring to the monitoring data from NAAMS No. 3. In addition, the simulation quality of CALPUFF was slightly better than
that of AERMOD with reference to data from NAAMS No. 2. Using air pollutant monitoring data from NAAMS as a reference, the simulated results of CALPUFF on NO_ and
PM,, were improved compared to AERMOD at all four stations. Data from the Q- diagram indicated that the simulated results of CALPUFF on SO, , NO
closer to the monitored values compared to those of AKRMOD.
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Table 1  Parametric experimental design of WRF

Lol ST =PI GHEEON -y S R 2 T I S
1 YSU Noah Dudhia
2 YSU Noah Goddard
3 YSU Noah RRTMG
4 YSU SLAB Dudhia
5 YSU RUC Dudhia
6 MYJ Noah Dudhia
7 MY]J Noah Goddard
8 MYJ Noah RRTMG
9 MY] SLAB Dudhia
10 MYJ RUC Dudhia
11 ACM2 Noah Dudhia
12 ACM2 Noah Goddard
13 ACM2 Noah RRTMG
14 ACM2 SLAB Dudhia
15 ACM2 RUC Dudhia
16 BoulLac Noah Dudhia
17 BouLac Noah Goddard
18 BouLac Noah RRTMG
19 BouLac SLAB Dudhia

20 BoulLac RUC Dudhia
21 MRF Noah Dudhia
22 MRF Noah Goddard
23 MRF Noah RRTMG
24 MRF SLAB Dudhia
25 MRF RUC Dudhia
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Table 2 Analysis of simulation results for surface meteorological elements in Chengdu
o 2 m i/ C 10 m K/ m-s ! 2 m AR %

R MB RMSE R MB RMSE R MB RMSE
1 0.92 -0.79 1. 64 0. 60 0.41 0.73 0.72 -9.09 15. 41
2 0.92 0.10 1.48 0.58 0.49 0.81 0.73 -12.31 17.26
3 0.92 0.01 1.47 0.58 0.48 0.80 0.73 -12.00 17. 04
4 0.93 -0.71 1.57 0. 66 0.47 0.76 0.82 -1.70 10. 14
5 0.93 -0.99 1.71 0. 64 0.42 0.71 0.79 -5.80 12. 46
6 0.90 -0.19 1.62 0.43 1.05 1.27 0.65 -9.86 16. 87
7 0.91 0.63 1.69 0.44 1.12 1.34 0.68 -12.56 18.15
8 0.91 0.55 1. 66 0.43 1. 11 1.33 0.67 -12.31 18.01
9 0.87 -0.26 1.93 0.51 0.98 1.19 0.64 1.34 13.44
10 0.87 -0.49 1.97 0.48 0.88 1. 10 0.62 1.48 13.85
11 0.92 -0.70 1. 60 0.58 0.42 0.74 0.73 -10.58 16.22
12 0.92 0.22 1.50 0.55 0.51 0.82 0.74 -13.99 18.43
13 0.92 0.14 1.48 0.55 0.51 0.82 0.74 -13.71 18.24
14 0.93 -0.65 1.53 0. 65 0.47 0.75 0.83 -3.11 10. 21
15 0.93 -0.92 1. 66 0.63 0.43 0.71 0.80 -7.20 13.05
16 0.92 -0.47 1.52 0.58 0.37 0.71 0.71 -10. 66 16. 43
17 0.92 0.47 1.56 0.54 0.44 0.78 0.72 -13.89 18.52
18 0.92 0.38 1.53 0.54 0.44 0.78 0.72 -13.63 18.33
19 0.93 -0.43 1.46 0. 64 0.43 0.72 0.82 -3.23 10. 61
20 0.93 -0.69 1.58 0.62 0.39 0.69 0.79 -7.50 13.39
21 0.92 -0.61 1.59 0. 60 0.31 0.68 0.74 -10. 88 16.19
22 0.91 0.26 1.54 0.58 0. 40 0.76 0.74 -14.12 18.42
23 0.92 0.18 1.52 0.58 0.39 0.76 0.74 -13.83 18.23
24 0.93 -0.56 1.54 0.65 0.38 0.71 0.83 -4.11 10. 64
25 0.93 -0.84 1. 66 0. 65 0.32 0. 65 0.80 -7.55 13.22

R3 FNASKEREMERSHT
Table 3 Analysis of simulation results for surface meteorological elements in Dazhou
o 2 mREE/C 10 m R /mes ! 2 m FAXHREE/ %

R MB RMSE R MB RMSE R MB RMSE
1 0.91 -0.44 1.48 0.77 0.25 0.72 0.78 -5.26 10. 65
2 0.91 0.27 1.47 0.75 0.42 0.83 0. 80 -7.77 11. 88
3 0.91 0.20 1.45 0.75 0. 40 0.82 0.80 -7.50 11.74
4 0.93 -0.42 1.37 0.78 0.35 0.76 0.83 -2.29 8. 60
5 0.93 -0.53 1.36 0.78 0.31 0.71 0.83 -3.45 9.07
6 0.90 -0.11 1.48 0.73 0.88 1.15 0.69 -5.93 12.26
7 0.90 0.48 1.59 0.73 1.03 1.27 0.72 -7.75 12. 88
8 0.90 0.42 1.57 0.72 1.01 1.26 0.72 -7.57 12. 80
9 0.91 -0.05 1.38 0.74 0.88 1.15 0.73 -1.02 10. 24
10 0.90 -0.33 1.44 0.74 0.79 1. 06 0.68 1.40 11. 00
11 0.91 -0.43 1. 46 0.78 0.26 0.72 0.79 -6.14 11.05
12 0.92 0.31 1.45 0.75 0.44 0.83 0.80 -8.87 12. 60
13 0.92 0.24 1.43 0.75 0.42 0. 81 0.80 -8.61 12. 41
14 0.93 -0.42 1.35 0.79 0.34 0.75 0.84 -3.03 8.89
15 0.93 -0.53 1.35 0.78 0.30 0.69 0.84 -4.35 9.50
16 0.91 -0.12 1.47 0.74 0.25 0. 66 0.78 -6.86 11.53
17 0.91 0.55 1.62 0.70 0. 46 0.82 0.79 -9.17 12.95
18 0.91 0.47 1.59 0.71 0.44 0.80 0.79 -8.90 12.75
19 0.92 -0.15 1.41 0.76 0.36 0.71 0.83 -3.52 9.30
20 0.92 -0.28 1.42 0.75 0.35 0.68 0.82 -4.69 10. 01
21 0.91 -0.34 1.44 0.78 0.22 0.69 0.79 -6.72 11.37
22 0.92 0.37 1. 46 0.75 0. 40 0.80 0.80 -9.37 12.96
23 0.92 0.30 1.43 0.75 0.38 0.79 0.80 -9.11 12.76
24 0.93 -0.36 1.35 0.79 0.31 0.72 0.84 -3.98 .24
25 0.93 -0.47 1.33 0.78 0.26 0.65 0.84 -4.76 .75
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Table 4  Analysis of simulation results for surface meteorological elements in Yibin

o 2 miRBE/C 10 m X34/ m-s ! 2 m AHXHREE %

R MB RMSE R MB RMSE R MB RMSE
1 0.91 -0.06 1.31 0.57 0.26 0. 60 0. 80 -4.80 9.78
2 0.89 0.82 1. 64 0. 47 0. 40 0.72 0. 80 -8.15 11.87
3 0. 89 0.73 1.59 0. 49 0.39 0.71 0.79 -7.79 11.65
4 0.91 0.58 1.39 0.59 0.44 0.73 0.83 -4.00 8.88
5 0.91 0.47 1.39 0.54 0.18 0.52 0.84 -6.08 10. 03
6 0.89 0.21 1.41 0.48 0. 70 0.91 0.78 -4.45 9.94
7 0.89 1.04 1.78 0. 40 0. 88 1.09 0.78 -7.35 11.47
8 0.89 0.94 1.73 0.41 0. 86 1.07 0.78 -7.05 11.29
9 0.89 0. 46 1.50 0.56 0.78 0.98 0.75 1.77 9.51
10 0. 88 0.22 1.47 0.55 0.57 0.79 0.77 2.37 9.38
11 0.91 -0.08 1.30 0.56 0.22 0.57 0. 80 -5.42 10. 16
12 0.89 0.83 1. 64 0.45 0.37 0. 70 0.79 -9.20 12.73
13 0.89 0.73 1.59 0. 46 0.35 0. 69 0.79 -8.82 12. 48
14 0.92 0.52 1.34 0.58 0.38 0.67 0. 83 -4.54 9.26
15 0.91 0.40 1.35 0.54 0.15 0.51 0.84 -6.77 10. 55
16 0. 90 -0.03 1.35 0.56 0.11 0.51 0.79 -5.32 10. 28
17 0. 89 0.92 1.71 0.48 0.22 0.59 0.79 -8.73 12.35
18 0. 89 0.82 1.65 0.50 0.20 0.57 0.79 -8.36 12.12
19 0.91 0.64 1.45 0.58 0.28 0.61 0.82 -4.55 9.35
20 0. 90 0.52 1.45 0.52 0.05 0.48 0.83 -6.77 10. 69
21 0.90 0.04 1.34 0.56 0.22 0.59 0.79 -6.56 11.02
22 0.89 0.91 1.71 0. 46 0.35 0. 70 0.78 -10.12 13.54
23 0.89 0.82 1.65 0.47 0.33 0.69 0.78 -9.75 13.30
24 0.91 0. 64 1. 44 0.56 0. 40 0.71 0.83 -6.08 10. 14
25 0.90 0.54 1.44 0.50 0.15 0.53 0. 83 -7.69 11.33
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Fig. 3 Statistical parameters of meteorological elements between the measured altitude

and the boundary layer model altitude simulated by Group 13 and Group 17

AR R KT Y 4 1805 50 B 5
FEHABH RA BT T, KL RIS A
B 2 AL LSRR F 58 AERMET
F1 CALMET #5¢ 5 35 Hiy AfF 5% DX 3 A 0030 21 5 A 1Y)
WRF 55 1 2 J7 255 3R 3, SR AL IX BN 3 4~
KLk (E 2) 10m RGE R £ XF WRE, AERMET
H CALMET BAU X #4750 k. & 6 ~ 8 4351 45
T 3 NSRRI B WRF 55 1 20 05 58 -5 WL XL
BT L. AR KGO A3 HT |3 A5 o AL {4
Pi/IN, B R AL B E AL T4 2, RTG53
HEE Z LR R0 1 52 5 5803 50T
LA ] 4 10t D ) A3 A2 b A B R A5 R s i, 5
FHRHAw /N, HRG0 3 5 5 KR B K TR
Suk 1 SR 2 58 17.21% (K485 3 5) >
5.35% (K2 5) >1.07% (KA1 %) ; R
AT A3 AR X S 9 A B 32 2 AR LRI

SEM S Gl 2 S AU AR L b b B AR LA
Hiy AR | [P 2 10 Ll 4 XU 3 XU 5
B B A ZRAE KA E R K40k 1 S0 Tl
X, FFAEI T AR SO0, AU 5 AR ) b 35S 38 AT
WIE AR I ERRI ; A%k 3 52U 1L
PRBELR , 3 252 0 XL ) AS B 5. WREF #2006 T 3 A4
Gl IR, F2 25200 e 25 AR R, HLRGHE
K, A4 1 52 SHEMERIFEER T3 5,
Al AEE R 2 WRE i 10 m KUIZ DL, %55 /U )1 45 b
R L e (R29 500 m LATF ) 46 # AN BURk, [R]
RCA T LA T 4 T 114 JEE 55 1 .

&9 25 H1 T BT B AERMET $2HUHY S 40k 1
5 WRF 10 m RUIAEE 5 0000 R BB XS L. 5w
1 5 AERMET %t 10 m K3%5 WRF 10 m X345
R A3 3R AR AR AH [ BSEADLZ8 S (5 B, T AR
KRS SGME B 1 AERMET %<4,



144

st e . WRF Bt 2 Bt T S AE AN ) 23 Ui A X Rz ]

111

0 0.2
1500

0.8

(al) Rk

1200

M JE/m
=N )
3 8

(a2) HARFIRIE ' X

xx,x//

XXX e XXX KX

.

(a3) W JEE

1500

0 2
MBHIRMSE

0.8

1.0

-20 0 20
MBFIRMSE

R
0 0.5

40

0.1

0.8

MBHIRMSE

R
0.9

(b1) R

(b2) AR SE

(b3)

1200

300

-4 -2 0 2 4 6 20
MBHIRMSE

MBHIRMSE

e ’\( -~
-y /
x\x\x_x_x_xx_x)‘-x—

40 -2 -1 0 1 2
MBHIRMSE

N L

(al), (a2)F1(a3) M5 13 HHZE, (b)), (b2) F(b3) N 17 AFE
4 FII3EAME 17T AAREBITH20.00 IREEASTETENNSTHSKEZSITSHLLE

Fig. 4 Statistical parameters of meteorological elements between the measured altitude

and the boundary layer model altitude simulated by Group 13 and Group 17
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Fig. 5 Statistical parameters of meteorological elements between the measured altitude and the boundary layer model altitude simulated by Group 1
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Fig. 6 Comparison of WRF Group 1 scenario and observed wind roses at weather station No. 1
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Fig. 7 Comparison of WRF Group 1 scenario and observed wind roses at weather station No. 2
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Fig. 8 Comparison of WRF Group 1 scenario and observed wind roses at weather station No. 3
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Fig. 9 Comparison of AERMET simulation and observed wind roses at weather station No. 1
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Table 5 Correlation coefficient tests for the simulated effects

of hourly values of the CALPUFF and AERMOD models

b “ﬁﬁ*ﬁfﬁ£ﬁ S
s 15 0.06 0.04 -0.02 1472
s 2 5 0.05 0.03 -0.02 1468
E 3 = 0.12 0.14 -0.01 1465
E k4 % 0.07 0.07 0.00 1461
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