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Table S1. Control matrix of out-of-sample datasets
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Table S2. Performance of PM:zs and O3 prediction using pf-RSM across grid cells

MaxNE MeanNE
Pollution levels All
PM; 5 <25 25-50 50-75  75-100  100-125 >125
Casel 0.88% 0.16% 0.16% 0.08%  0.07% 0.06% 0.03% 0.12%
Case2 5.64% 0.76% 0.71%  0.79% 1.12% 2.22% 1.73%  0.90%
MaxNE MeanNE
Pollution levels All
O3 <60 60-70 70-80 80-90 90-100 >100
Casel 0.79% 0.02% 0.05% 0.08%  0.09% 0.08% 0.16% 0.07%
Case2 1.95% 0.08% 0.26% 0.30% 0.29% 0.22% 0.29%  0.26%

*PMa.s and O3 concentrations are calculated based on monthly averaged concentrations at each grid cell

Table S3. Performance of PM> s and O3 prediction using pf-RSM across days

MaxNE MeanNE

Pollution levels All

<25 25-50 50-75 75-100 100-125 >125
Beijing  0.69%  0.23% 0.32% 0.21% 0.23% 036% 0.44% 0.28%
Tianjin  1.23% - 037% 0.13% 0.37% 037% 0.31% 0.30%
Casel HebeiN 0.65% 0.19% 0.24% 0.34% - - - 0.23%
PM> 5 Hebei E  0.51% - 0.28% 0.13% 0.15% 0.20% 0.29% 0.21%
Hebei S 0.40% - 040% 0.17% 0.10% 0.10%  0.14% 0.14%
Beijing 12.69% 0.52% 0.36% 1.66% 3.37% 4.86%  6.74% 3.00%
Tianjin  10.12% - 095% 3.25% 4.46% 3.51% 3.63% 3.64%
Case2 HebeiN 391% 1.61% 1.80% 1.00% - - - 1.63%
Hebei E  7.47% - 0.58% 2.81% 2.65% 2.89%  3.62% 3.00%
Hebei S 7.40% - 048% 2.11% 3.42% 3.48% 3.29% 3.19%

MaxNE MeanNE

Pollution levels All

<60 60-70 70-80 80-90  90-100 >100
Beijing  2.40% 0.29% 0.10% 1.39% 0.04% 0.85% 0.32% 0.46%
Tianjin ~ 5.32%  1.26% 0.12% 0.52% 0.18%  0.48% 1.55% 0.59%
Casel HebeiN 0.31% 0.03% 0.07% 0.07% 0.09% 0.17% - 0.07%
(O} Hebei E  0.87% 0.52% 0.34% 0.15% 0.16% 0.18%  0.50% 0.26%
Hebei S 0.54% 0.29% 0.19% 0.12% 0.23%  0.15% 0.38% 0.20%
Beijing  6.42%  0.68% 1.06% 4.00% 0.42% 1.25% 1.06% 1.24%
Tianjin  4.72% 1.74% 0.45% 1.12% 0.22% 1.01% 1.00% 0.93%
Case2 HebeiN 1.03% 0.21% 0.35% 0.05% 0.33% 0.54% - 0.26%
HebeiE 2.86% 1.83% 0.84% 0.93% 0.55% 0.52% 1.40% 0.87%
HebeiS 2.61% 0.70% 0.27% 0.50% 0.46% 0.61% 1.17% 0.60%

*PMa.s and O3 concentrations are calculated based on daily averaged concentrations at averages of urban
sites in each region
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Table S4. Fitting coefficients of terms for PM2 s and O3 in BTH

Pollutant ~ Month Region 1* 2 3 4 5 6 7 8 9 10 11 12 13 14 15
PM2s January  Beijing -70.66 -75.01 -5.53 -1.34 248 -2433 2229 -1.16  -2.14 544 2042 1394 396 6.06 13.40
Tianjin -60.70 -58.47 -8.04 10.03 321 -1058 -851 -1522  0.02 1022 36.62 29.14 9.56 10.77 22.70

HebeiN -12.13 -9.79 -0.37 -0.58 1.14 -6.68 3.76 -1.06  -0.37 2.00 8.93 6.52 297 2.09 5.26

HebeiE -95.99 -95.56 -3.52 -1.65 2.08 -31.97 29.28 -1.03 294 474 2876 1970  5.57 7.46 24.03

HebeiS -82.06 -84.44 -3.53 -3.27 195 -28.66 28.79 -0.94 458 472 2726 17.01 4.41 8.58 26.72

July Beijing -27.64 -29.09  -10.51 6.73 8.17 -6.41 5.11 4.55 -0.86 4.57 1098 2.85  6.60 7.10 3.75

Tianjin -31.62 -30.77 -6.49 5.69 6.96 -8.64 6.99 2.69 -1.07 6.13 10.83 252 7.58 5.00 432

HebeiN -10.24 -14.19 -5.66 5.58 4.20 -1.70 2.09 230 -0.68 249 .12 -245 3.18 4.40 1.91

HebeiE -27.35 -27.96  -10.04 6.70 5.78 -2.86  -1.68 1.59  -0.09 593 3063 20.87 8.03 6.76 5.25

HebeiS -33.85 -37.48  -12.03 4.76 6.85 -8.76 6.88 2.02  -1.46 5.15 10.19 1.93 5.75 5.90 6.71

O3 January  Beijing 16446  213.89 53.32 1299 -15.10  28.82 36.10 -1.19  -1.87 029 -0.57 4.00 050 -2.67 0.16
Tianjin 114.98 14997  41.72 1294 -17.77 22.77  21.12 -447  -0.58 017 -0.12 503 050 -2.19 -0.04

HebeiN 21.80 11.73 -4.78 392 -6.01 1243 8.14 -1.29  -1.11  -0.04 0.00 239 023 -1.01 -0.05

HebeiE 130.94 167.06  48.38 12.69 -15.04 2545 2437 -1.12 -2.85 0.13  -0.32 536 -032 -3.34 0.02

HebeiS 109.76 134.7 34.02 12.16  -17.35 24.55 21.26 -4.56  -2.21 0.18 -0.18 581 -0.08 -3.09 -0.08

July Beijing 102.76  138.300  62.14 12.18  -10.61 10.05  -9.88 229 -141 017 -031 1837 -378 -193 -0.05

Tianjin -2.30 -38.89  -13.37 -3.60 -16.67 917 -9.03 0.06 -3.53 027 -031 1405 -1.70 -1.84 -0.05

HebeiN 28.07 44.95 27.48 -2.94 2.87 1.87 -4.84 139 -221 -0.05 -0.29 6.19 -1.03 -1.29 0.01

HebeiE 24.69 23.24 14.04 -6.69 -5.32 783  -3.72 3.74  -0.76 0.14 -026 11.77 -3.05 -232 -0.07

HebeiS 59.88 74.92 35.79 -8.14  -12.52 475 -7.62 1.55 -0.84 0.14 -028 11.80 -1.72 -091 -0.04

*The orders of terms are followed as Figure 4.
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Figure S1. Interaction examination between NOx and NH3 for PM2.s (monthly averages in July 2014, The x and y axes shows 1+Enox

and 1+Enus, The different colors represent PM» s concentrations, unit: pg m-)
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Figure S2. Isopleth validation of polynomial function with 20 training samples and even distributions
(The x and y axes shows 1+Enox and 1+Evocs, The different colors represent PM» s or O3 concentrations)
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Figure S3. Same as Figure S1, for 20 training samples and marginal distributions
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Figure S4. Same as Figure S1, for 30 training samples and even distributions
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Figure S5. Same as Figure S1, for 30 training samples and marginal distributions
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Figure S6. Same as Figure S1, for 40 training samples and even distributions
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Figure S7. Same as Figure S1, for 40 training samples and marginal distributions
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Figure S8. Same as Figure S1, for 50 training samples and even distributions

January
pf-RSM-
predicted

RSM-predicted

Ny
;:ﬂ

i

July
pf-RSM-
predicted

S14



January July

i . pf-RSM- gy pf-RSM-
RSM-predicted predicted RSM-predicted predicted
PM: s
3
(g m™) Beijing i
Tianjin 2|\ 4 i
HebeiN 2- i
Hebei E  ° ﬂ
Hebei S i
O3 | :
(pPb) Beijing =\ MR
Tianjin ¢ \N— i
Hebei N
Hebei E  °
Hebei S

a ! o o ' 1 d
N Mx NOx NOx

Figure S9. Same as Figure S1, for 50 training samples and marginal distributions
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Case S1: Enox, Eso2, Enns, Evocs and Epoa are 93%, 30%, 88%, 68%, and 64% respectively
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Case S2: Enox, Eso2, Enns, Evocs and Epoa are 36%, 80%, 2%, 57%, and 28% respectively
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Case S3: Enox, Eso2, Enns, Evocs and Epoa are 48%, 65%, 82%, 89%, and 84% respectively
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Figure S10. Spatial distribution of CMAQ-simulated and pf-RSM-predicted O3 in baseline and O;
responses in two control scenarios (monthly averages of daily 1-hour maxima O3 in July 2014, unit:

ppb)
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Case S4: Enox, Eso2, Enns, Evocs and Epoa are 42%, 1%, 30%, 74%, and 43% respectively
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Case S5: Enox, Eso2, Enns, Evocs and Epoa are 16%, 57%, 61%, 92%, and 36% respectively
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Case S6: Enox, Eso2, Enns, Evocs and Epoa are 89%, 11%, 56%, 6%, and 56% respectively
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Figure S10. (cont.)
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Case S7: Enox, Eso2, Enns, Evocs and Epoa are 43%, 17%, 60%, 1%, and 29% respectively
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Figure S10. (cont.)
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