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Figure S1: Anomaly correlation coefficient (ACC; left column) and mean bias (MB)
between GFSv16.3 simulated and observed TEMP2 (a; °C), Q2(b; g/kg), WS10 (c; m/s), and
WD10 (d; degree) at the surface in June 2023.
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Figure S2: Same as Figure S1 but for July 2023.
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Figure S3: Boxplot (left column) and diurnal changes in three evaluation statistics (right

column), including standard deviation (sdev;

red), mean absolute error (mae; blue), and

mean bias (gree), between GFSv16.3 simulated and observed TEMP2 (a; K), Q2(b; g/kg),
and WS10 (c; m/s) at the surface across the eastern US (100°W east) of June 2023.
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Figure S4: Same as Figure S3 but for the western US (100°W west) of June 2023.
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Figure S5: Same as Figure S3 but for the eastern US (100°W east) of July 2023.
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Figure S6: Same as Figure S3 but for the western US (100°W west) of July 2023.
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Figure S7: Same as Figure S3 but for the eastern US (100°W east) of August 2023.
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Figure S8: Same as Figure S3 but for the western US (100°W west) of August 2023.
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Figure S9: Correlation coefficient (CORR; left column) and mean bias (MB) between
GFSv16.3 simulated and observed vertical distributions of temperature (a; °C), specific
humidity (b; g/kg), wind speed (c; m/s), and wind direction (d; degree) in June 2023.
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Figure S10: Same as Figure S9 but for July 2023.
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Figure S11: Same as Figure S9 but for August 2023.
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Index of Agreement (IOA) Performance Metric Definition

Index of Agreement = 1-

z:<o- M)?

M = predicted concentration
O = observed concentration

> (m-3+lo- )

Table S1: MDABS8 Os evaluation statistics of the AQMv7 and AQMv7_new simulations
against the AirNow network in the CONUS and different regions in June 2023. The
bold numbers in AQMv7_new indicates an improvement relative to those in AQMv7.

. MB | NMB | MdnB | NMdnB , | RMSE
Region Model 1 opb) | ) | o) | ©8) | T | pp) | 'O°
AQMV7 -1.87 | -382 | -200 | -407 | 040 | 11.12 | 0.76

CONUS
AQMV7 new | -2.10 | -428 | -232 | -471 | 041 | 11.16 | 0.78
Region 1 AQMv7 6.09 | 1538 | 5.71 15.07 | 052 | 10.98 | 0.80
(northeast) AQMV7 new | 575 | 1450 | 4.99 13.18 | 052 | 11.12 | 081
(NY-NJ) AQMV7 new | 4.17 9.35 3.28 7.58 0.47 | 11.09 | 0.80
(mid-Atlantic) AQMV7 new | -0.72 | -1.42 | -1.40 | -276 | 038 | 9.92 0.78
Region 4 AQMv7 1.06 2.19 1.22 2.52 043 | 9.65 0.76
(southeast) AQMV7 new | 1.21 2.49 1.08 2.22 048 | 9.31 0.80
Region 5 AQMv7 950 | -17.06 | -10.02 | -17.90 | 0.37 | 14.85 | 0.67
(upper Midwest) AQMV7_new | -9.46 | -17.00 | -9.95 | -17.77 | 0.39 | 14.71 | 0.68
Region 6 AQMv7 1.10 2.30 0.84 1.72 051 | 994 | 0.77
(south) AQMv7 new | 0.81 | 1.69 | 0.58 118 | 052 | 970 | 081
Region 7 AQMv7 -13.32 | -21.46 | -1357 | -22.23 | 021 | 16.42 | 053
(central Great Plain) | AQMv7_new | -13.36 | -21.52 | -13.80 | -22.62 | 0.24 | 1639 | 0.55
Region 8 AQMv7 711 | -1315 | -6.60 | -12.14 | 0.11 | 1131 | 054
(northern Great Plain) | AQMv7_new | -7.84 | -1450 | -7.47 | -13.74 | 013 | 11.77 | 0.56
(southwest) AQMvV7 new | -251 | -5.04 | -228 | -451 | 058 | 8.69 0.85
(northwest) AQMvV7_new | -0.65 | -1.67 | -167 | -434 | 045 | 840 | 081
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Table S2: Same as Table S1 but for July.

MB

NMB

MdnB

NMdnB

RMSE

H 2

Region Model 1 ooty | ) | @by | ) | R | o | 'OA
AQMV7 194 | 421 | 160 344 | 051 | 948 | 083

CONUS
AQMV7_new | 1.79 | 3.89 | 142 307 | 049 | 991 | 0.82
Region 1 AQMV7 655 | 1489 | 613 | 14.09 | 057 | 10.80 | 0.81
(northeast) AQMv7_new | 7.09 | 16.13 | 6.49 1492 | 055 | 11.81 | 0.80
Region 2 AQMV7 423 | 882 | 365 765 | 051 | 952 | 081
(NY-NJ) AQMv7_new | 537 | 11.19 | 4.62 9.67 0.52 | 10.66 | 0.80
Region 3 AQMV7 348 | 727 | 3.40 712 | 039 | 892 | 0.76
(mid-Atlantic) AQMV7 new | 418 | 871 | 412 863 | 038 | 962 | 0.75
Region 4 AQMV7 735 | 1804 | 727 | 1777 | 055 | 1028 | 0.74
(southeast) AQMv7_new | 7.56 | 1855 | 7.54 1841 | 056 | 10.45 | 0.76
Region 5 AQMV7 339 | -691 | 325 | -6.64 | 043 | 856 | 078
(upper Midwest) AQMv7 new | -331 | -673 | -344 | -7.01 | 043 | 877 | 0.79
Region 6 AQMV7 427 | 999 | 4.07 931 | 063 | 9.77 | 0.80
(south) AQMv7 new | 329 | 7.70 | 3.25 744 | 057 | 964 | 081
Region 7 AQMV7 184 | -3.75 | -220 | -445 | 015 | 840 | 0.63
(central Great Plain) | AQMv7_new | -2.69 | -549 | -322 | 650 | 015 | 881 | 0.62
Region 8 AQMV7 308 | -5.99 | -347 | -670 | 037 | 784 | 0.74
(northern Great Plain) | AQMv7_new | -432 | -842 | -476 | -920 | 040 | 837 | 0.74
Region 9 AQMV7 044 | 081 | -006 | -011 | 061 | 10.18 | 0.87
(southwest) AQMv7_new | 0.09 017 | -057 | -1.04 | 059 | 10.79 | 0.87
(northwest) AQMv7 new | 052 | 1.32 | 0.05 013 | 055 | 7.84 | 0.86
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Table S3: Same as Table S1 but for August.

: MB | NMB | MdnB | NMdnB , | RMSE
Region Model 1 oppy | ) | @by | ) | R | o | 'OA
CONUS AQMV7 518 | 11.89 | 4.93 | 11.47 | 050 | 1041 | 0.80

AQMv7 new | 4.68 | 10.75 | 430 | 10.00 | 048 | 10.63 | 0.80

Region 1 AQMV7 6.86 | 1837 | 612 | 1672 | 046 | 1015 | 0.73
(northeast) AQMv7_new | 6.86 | 18.39 | 6.25 17.06 | 0.48 | 10.36 | 0.74
Region 2 AQMV7 764 | 19.04 | 661 | 1968 | 048 | 11.04 | 0.73
(NY-NJ) AQMv7_new | 829 | 20.66 | 7.12 17.96 | 047 | 1207 | 071
(mid-Atlantic) AQMv7 new | 7.58 | 17.29 | 7.56 | 17.34 | 0.38 | 10.92 | 0.67
Region 4 AQMV7 932 | 2273 | 916 | 2235 | 058 | 1154 | 0.71
(southeast) AQMV7_new | 910 | 2219 | 895 | 21.82 | 058 | 11.50 | 0.73
Region 5 AQMV7 552 | 12.78 | 4.83 | 11.33 | 044 | 999 | 076
(upper Midwest) AQMv7 new | 524 | 1215 | 448 | 1050 | 048 | 988 | 0.77
(south) AQMv7_new | -0.09 | -0.19 | -0.14 | -027 | 062 | 872 0.86
(central Great Plain) | AQMv7_new | 4.89 | 10.88 | 3.67 830 | 027 | 989 | 0.67
Region 8 AQMV7 077 | 154 | 023 046 | 025 | 867 | 0.68

(northern Great Plain) | AQMv7_new | -099 | -200 | -1.76 | -352 | 031 | 834 | 0.72

Region 9 AQMV7 3.04 | 612 | 264 526 | 057 | 9.81 | 0.84
(southwest) AQMV7 new | 235 | 472 | 1.93 386 | 057 | 10.02 | 0.86
Region 10 AQMV7 471 | 1117 | 367 876 | 054 | 10.32 | 0.82
(northwest) AQMV7_new | 4.94 | 11.72 | 3.17 7.57 0.47 | 11.76 | 0.79
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Figure S12: Hourly time series of Os and PM2.s average over Region 9 in June 2023.
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Table S4: Daily PM2s evaluation statistics of the AQMv7 and AQMvV7_new
simulations against the AirNow network in the CONUS and different regions in June
2023. The bold numbers in AQMv7_new indicates an improvement relative to those

in AQMv7.
. MB | NMB | MdnB | NMdnB , | RMSE

Region Model | opb) | ) | oty | ) | R | ew) | 'O°
AQMv7 -3.37 | -2474 | 032 | -402 | 047 | 16.02 | 0.66

CONUS
AQMV7 new | -5.03 | -36.98 | -1.23 | -1528 | 041 | 17.48 | 0.56
Region 1 AQMv7 0.73 6.45 2.38 3437 | 038 | 11.22 | 071
(northeast) AQMV7 new | -2.86 | -25.36 | -0.09 -1.35 | 045 | 11.54 | 0.63
Region 2 AQMv7 -499 | -22.86 | 0.94 8.67 062 | 2118 | 073
(NY-NJ) AQMv7 new | -9.03 | -41.35 | -1.76 | -16.24 | 0.65 | 23.90 | 0.63
Region 3 AQMv7 -10.30 | -40.19 | -2.99 | -1896 | 0.64 | 26.08 | 0.64
(mid-Atlantic) AQMvV7 new | -14.00 | -54.66 | -6.01 | -38.16 | 0.66 | 28.99 | 0.55
Region 4 AQMv7 -3.99 | -29.66 | -2.45 | -22.43 | 047 | 7.82 0.62
(southeast) AQMvV7 new | -5.34 | -39.68 | -348 | -31.68 | 045 | 8.78 0.57
Region 5 AQMv7 -11.80 | -4453 | -569 | -30.35 | 059 | 23.46 | 0.64
(upper Midwest) AQMV7_new | -15.32 | -57.83 | -8.61 | -45.89 | 0.48 | 27.33 | 051
Region 6 AQMv7 291 | -2581 | -2.05 | -2051 | 022 | 5.75 0.60
(south) AQMv7 new | -3.82 | -33.92 | -293 | -29.32 | 0.18 | 6.39 0.55
Region 7 AQMv7 -3.68 | -2353 | -1.42 | -11.44 | 044 | 1318 | 058
(central Great Plain) | AQMv7 new | -6.01 | -38.39 | -3.44 | -27.64 | 034 | 14.88 | 0.45
Region 8 AQMv7 -042 | -6.08 | -015 | -257 | 0.06 | 6.19 0.46
(northern Great Plain) | AQMv7 new | -061 | -8.81 | -029 | -5.08 | 002 | 7.66 0.32
Region 9 AQMv7 096 | 14.84 | 0.93 1575 | 022 | 3.44 0.67
(southwest) AQMvV7 new | 0.68 | 1049 | 0.82 13.79 | 021 | 3.25 0.67
Region 10 AQMv7 2.34 | 5465 | 1.94 50.09 | 0.12 | 4.06 0.51
(northwest) AQMV7 new | 1.74 | 4059 | 1.44 37.20 | 012 | 353 0.54
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Table S5: Same as Table S3 but for July.

. MB | NMB | MdnB | NMdnB RMSE
Region Model R? I0A

J (ppb) (%) (ppb) (%) (ppb)
CONUS AQMvV7 -2.02 | -1896 | -048 | -592 | 0.31 | 10.65 | 0.58
AQMV7_new | -2.78 | -26.07 | -1.08 | -13.33 | 0.29 | 10.98 | 0.55
Region 1 AQMv7 093 | 929 | -0.09 | -1.00 | 019 | 555 | 056
(northeast) AQMV7 new | -2.39 | -2382 | -1.39 | -1577 | 0.13 | 6.15 0.51
Region 2 AQMvV7 -1.33 | -11.10 | 031 311 | 023 | 7.06 | 052
(NY-NJ) AQMv7_new | -255 | -21.33 | -1.00 | -10.16 | 0.20 | 7.48 0.50
Region 3 AQMV7 -143 | -12.89 | -0.18 | -1.90 | 037 | 574 | 058
(mid-Atlantic) AQMV7 new | -2.59 | -23.35 | -1.18 | -12.63 | 0.29 | 6.34 0.53
Region 4 AQMV7 -1.97 | -1745 | -092 | -986 | 020 | 6.45 | 052
(southeast) AQMV7 new | -2.80 | -2489 | -1.55 | -16.63 | 0.23 | 6.65 0.53
Region 5 AQMV7 -2.67 | -21.23 | -040 | -422 | 026 | 883 | 051
(upper Midwest) AQMV7_new | -429 | -3418 | -1.78 | -1897 | 0.21 | 9.67 0.46
Region 6 AQMV7 -1.47 | -12.37 | -1.22 | -11.35 | 061 | 396 | 0.86
(south) AQMV7_new | -2.65 | -2231 | -230 | -21.37 | 050 | 4.87 0.77
Region 7 AQMV7 -2.25 | -21.30 | -0.87 | -10.09 | 020 | 7.25 | 0.48
(central Great Plain) | AQMv7_new | -3.59 | -33.99 | -2.24 | -25.88 | 0.17 | 7.90 0.44
Region 8 AQMV7 316 | -35.12 | -1.82 | -26.62 | 0.09 | 935 | 041
(northern Great Plain) | AQMv7_new | -3.10 | -34.44 | -1.69 | -24.79 | 0.06 | 9.47 0.37
(southwest) AQMv7 new | -0.30 | -358 | -0.06 | -086 | 0.17 | 6.30 0.59
Region 10 AQMV7 044 | 758 | 097 | 2272 | 008 | 661 | 041
(northwest) AQMV7_new | 0.30 5.19 0.76 1791 | 0.09 | 6.53 0.42
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Table S6: Same as Table S3 but for August.

MB

NMB

MdnB

NMdnB

RMSE

H 2

Region Model 1 oppy | ) | @by | ) | R | o | 'OA
AQMV7 062 | -552 | 0.9 238 | 017 | 2273 | 055

CONUS
AQMv7_new | -1.88 | -16.60 | -0.78 | -9.70 | 0.16 | 2233 | 055
Region 1 AQMV7 0.89 | 1314 | 1.16 | 2042 | 035 | 314 | 0.74
(northeast) AQMv7_new | -0.85 | -12.60 | -044 | -7.73 | 020 | 348 | 061
Region 2 AQMV7 171 | 2026 | 171 | 2281 | 030 | 4.00 | 070
(NY-NJ) AQMv7_new | 0.01 0.17 0.05 0.62 019 | 3.94 0.65
Region 3 AQMV7 112 | 12.00 | 120 | 1451 | 039 | 361 | 076
(mid-Atlantic) AQMv7 new | -0.70 | -7.47 | -047 | 570 | 032 | 367 | 072
Region 4 AQMV7 019 | 196 | 042 474 | 047 | 317 | 081
(southeast) AQMv7 new | -0.89 | -9.07 | 056 | -6.41 | 042 | 339 | 077
Region 5 AQMV7 050 | 426 | 081 745 | 028 | 637 | 071
(upper Midwest) AQMV7 new | -254 | -21.61 | -1.96 | -17.97 | 027 | 599 | 0.68
Region 6 AQMV7 -1.38 | -1362 | -1.19 | -12.23 | 042 | 380 | 0.77
(south) AQMV7_new | -220 | -21.69 | -2.18 | -2233 | 039 | 423 | 0.72
Region 7 AQMV7 089 | 883 | 1.04 | 1131 | 021 | 524 | 0.65
(central Great Plain) | AQMv7_new | -1.35 | -13.39 | -1.00 | -10.92 | 0.18 | 503 | 0.63
Region 8 AQMV7 172 | -19.91 | -0.84 | -1336 | 012 | 926 | 054
(northern Great Plain) | AQMv7_new | -1.96 | -22.70 | -0.94 | -14.96 | 0.08 | 9.80 | 0.48
Region 9 AQMV7 -0.14 | -1.81 | 0.30 466 | 023 | 717 | 059
(southwest) AQMvV7_new | -0.19 | -2.48 | 0.24 3.79 022 | 720 | 058
Region 10 AQMV7 -3.28 | -19.08 | 0.02 024 | 021 | 3819 | 0.62
(northwest) AQMv7 new | -403 | -2341 | 011 | -1.44 | 021 | 3639 | 063
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Figure S13: Hourly time series of and PMz2s average over Region 5 in June (a), July

(b) and August (c) of 2023.
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