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Figure S1: Anomaly correlation coefficient (ACC; left column) and mean bias (MB)
between GFSv16.3 simulated and observed TEMP?2 (a; °C), Q2(b; g/kg), WS10 (c; m/s), and
WD10 (d; degree) at the surface.
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Figure S2: 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).
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Figure S3: Same as Figure S2 but for the western US (100°W west).



Table S1: Evaluation statistics of TEMP2 (K), Q2(g/kg) and WS10 (m/s) from the GFSv16.3
simulation at the surface in August 2023.

. Variabl NMB NME
Region t |CORR | AcC | MB | g% | MAE | "= | RMSE
TEMP2 | 095 | 095 | -003 | -006 | 1.73 | 327 | 2.29
CONUS Q2 | 092 | 087 | -141 | -472 | 1.70 | 566 | 225
WS10 | 065 | 056 | -015 | -057 | 124 | 472 | 168
TEMP2 | 095 | 095 | 0 0 | 160 | 319 | 208
Bastern US ™ " 17089 | 081 | -165 | 555 | 191 | 640 | 245
(100°W east) : : : : : : :
WS10 | 063 | 054 | 005 | 019 | 112 | 478 | 150
TEMP2 | 093 | 093 | 002 | 006 | 207 | 412 | 276
Western US 1 "1 083 | 077 | 098 | -348 | 137 | 487 | 183
(100°W west) ' ' ' ' ' ' '

WS10 | 0.63 054 | -048 | -1.86 | 1.41 5.47 1.89
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Figure S4: 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).
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Figure S5: Hourly time series of Oz and PM2s average over Region 6.



Table S2: MDABS8 Os evaluation statistics of the AQMv7 and AQMv7_new simulations
against the AirNow network in the CONUS and different regions in August 2023. The
bold numbers in AQMv7_new indicates an improvement relative to those in AQMv?7.

. MB | NMB | MdnB | NMdnB , | RMSE
Region Model | opo) | @) | oty | @) | N | @on) | 'O*
AQMv7 499 | 11.44 | 479 1115 | 052 | 10.18 | 0.80

CONUS

AQMV7_new | 1.37 3.15 1.04 2.41 050 | 9.13 0.83
Region 1 AQMv7 6.68 | 1791 | 5.95 16.26 | 0.45 | 10.08 | 0.73
(northeast) AQMV7 new | 4.14 | 11.09 | 3.56 9.72 0.47 | 8.43 0.79
Region 2 AQMv7 7.45 | 1856 | 6.33 15.98 | 0.47 | 1097 | 0.73
(NY-NJ) AQMV7 new | 4.98 | 1240 | 3.76 9.50 046 | 954 0.77
Region 3 AQMv7 7.08 | 16.16 | 7.09 16.24 | 0.40 | 10.18 | 0.68
(mid-Atlantic) AQMV7_new | 2.60 5.93 2.40 5.51 039 | 752 0.77
Region 4 AQMvV7 932 | 2274 | 9.16 2234 | 058 | 1153 | 0.71
(southeast) AQMV7 new | 439 | 1071 | 4.18 1020 | 054 | 8.33 0.80
Region 5 AQMv7 527 | 1221 | 475 1114 | 045 | 9.72 0.76
(upper Midwest) AQMV7 new | 1.14 2.64 0.52 1.22 049 | 7.63 0.83
Region 6 AQMv7 1.25 2.52 1.13 2.23 0.66 | 8.55 0.86
(south) AQMV7 new | -464 | -935 | -4.42 874 | 066 | 9.86 0.82
(central Great Plain) | AQMv7_new | 0.53 117 | -030 | -067 | 030 | 7.69 0.73
Region 8 AQMv7 0.59 1.18 0.19 0.38 0.28 | 8.40 0.69
(northern Great Plain) | AQMv7 new | -3.35 | 672 | -406 | -813 | 035 | 859 0.71
Region 9 AQMv7 3.00 6.02 2.59 5.18 058 | 9.76 0.84
(southwest) AQMV7 new | 0.96 1.93 0.73 1.45 059 | 9.50 0.87
Region 10 AQMv7 3.81 9.06 3.07 7.35 056 | 9.53 0.84
(northwest) AQMV7 new | 251 5.96 0.62 1.49 050 | 10.06 | 0.83




Table S3: Same as Table S2 but for daily PMzs.

. MB | NMB | MdnB | NMdnB , | RMSE
Reglon Model | opby | 0) | ety | ) | R | oew) | 'O°
AQMv7 -0.09 | -084 | 067 834 | 016 | 2234 | 055

CONUS
AQMvV7_new | -1.47 | -1294 | -048 | -597 | 0.16 | 21.91 | 055
Region 1 AQMv7 162 | 2384 | 179 | 3163 | 046 | 320 | 0.77
(northeast) AQMV7 new | -0.01 | -0.12 | 0.23 4.12 037 | 3.03 0.76
Region 2 AQMv7 275 | 3244 | 259 | 3458 | 046 | 4.23 0.75
(NY-NJ) AQMvV7 new | 1.71 | 20.25 | 1.57 20.92 | 040 | 4.16 0.76
Region 3 AQMv7 247 | 2641 | 210 | 2544 | 042 | 512 0.73
(mid-Atlantic) AQMv7 new | 0.95 | 10.20 | 0.44 5.39 041 | 465 0.77
Region 4 AQMv7 0.55 5.60 0.74 8.41 044 | 3.31 0.80
(southeast) AQMvV7 new | -1.15 | -11.80 | -0.91 | -10.37 | 0.39 | 357 0.75
Region 5 AQMv7 257 | 2188 | 1.95 17.93 | 037 | 757 0.71
(upper Midwest) AQMvV7 new | -054 | -458 | -042 | -383 | 035 | 5.89 0.76
Region 6 AQMv7 -1.22 | -12.03 | -099 | -10.10 | 041 | 3.79 0.77
(south) AQMV7 new | -2.50 | -24.72 | -2.60 | -26.61 | 0.36 45 0.70
Region 7 AQMv7 1.90 | 18.78 | 1.78 19.36 | 0.18 | 5.91 0.62
(central Great Plain) | AQMv7 new | -034 | 332 | -012 | -127 | 013 | 543 | 061
Region 8 AQMv7 -1.32 | -1529 | -0.62 | -9.95 | 013 | 9.8 0.56
V/_nhew -1. -1/, -U. -1Z. 5 . .

(northern Great Plain) | AQMv7_| 151 | -17.50 | -0.79 1268 | 0.11 | 955 0.53
Region 9 AQMv7 005 | -0.70 | 0.41 6.37 021 | 7.24 | 057
(southwest) AQMV7 new | -045 | -590 | 0.01 0.12 021 | 7.27 0.56
Region 10 AQMv7 356 | -20.70 | 0.16 224 | 020 | 37.60 | 061
(northwest) AQMV7 new | -435 | -2530 | -0.10 | -1.41 | 021 | 3586 | 0.63




