S1. Methods
S1.1 PM2s sampling

S1.1 Measurement instrument

Table S1 shows the descriptive statistics of PM5 concentration from laser air quality monitor and the
national monitoring instrument. The mean values of them were 72.99 and 71.89 g m™, respectively.
Their standard deviations were rather close (16.45 vs. 15.28). The laser air quality monitors have larger

maximum value and smaller minimum value than national monitoring instrument.

S2. Results and Supplemental Analyses

S2.1 Model fitting of LUR

Table S2 shows the predictor variables for LUR models. All of the predictors listed in this table reveals
statistical significance with very small p-values (<0.05). Clearly, models of two periods shared common
predictor variables of the percentage of high-density residential area (H-Resi), other built-up area (O-
Built), low-density forest (L-For), stacked substance area (Sta), natural bare surfaces (Bare), and crush
stampede yard area (Yard). However, the optimal buffering sizes for some of these predictors were
different. For example, the optimal buffering size for H-Resi of light-polluted period was 200m, while
that of heavy-polluted period was 50m. Meteorological factors of wind speed, atmospheric pressure,
relative humidity, and temperature were important predictors for LUR models.

Table S3 summarizes the model fitting results for LUR models. The fitting adjusted R? ranged from 0.38
(12:00) to 0.61 (8:00) for Period 1, and from 0.25 (17:00) to 0.36 (16:00) for Period 2. The AIC values
for two periods were found to be lowest at 8:00 (1400.64) and 16:00 (907.38) respectively. And the
highest and lowest RMSE were 11.79 and 10.39 for Period 1, and 17.53 and 11.51 for Period 2.

S2.2 Model performance for OK, LUR and UK

Average and standard deviation of RMSE and MRE between the observed and predicted concentrations
of PM2;s in hold-out validation presented in Supporting Information (Table S4-S5) further demonstrated
the better performance yet larger variation of these three methods with larger training data sets in PM2s
concentration estimation. The average RMSE and MRE of OK and UK were close and significantly
smaller than LUR. Meanwhile, those of OK were generally smaller than UK in Period 1 while cases in
Period 2 were the opposite.

For period 1, the RMSE (Mean3SD) of OK, LUR and UK ranged from (6.26+1.45) (10:00, n=184) to
(12.5440.83) (12:00, n=41), (11.25#1.59) (11:00, n=187) to (24.0549.97) (8:00, n=36), and (8.65+1.07)
(11:00, n=166) to (12.2940.52) (8:00, n=36), respectively. Correspondingly, the MRE of OK, LUR and
UK increased from (6.81+1.55)% (10:00, n=184) to (13.11+1.41)% (8:00, n=36), (1342.26)% (12:00,



n=186) to (24.6526.31)% (8:00, n=36), and (9.66+1.53)% (11:00, n=166) to (12.7940.94)% (8:00, n=36),
respectively.

For period 2, the lowest and highest values of RMSE were (9.8243.27) (14:00, n=94) and (21.12+1.88)
(18:00, n=32), (13.3242.86) (16:00, n=103) and (44.59+10.55) (18:00, n=32), (8.70+2.20) (14:00, n=94)
and (18.84+1.56) (18:00, n=32). The associated MRE were (4.36+1.25)% (14:00, n=94) and (8.80+1.19)%
(18:00, n=32), (6.6242.17)% (14:00, n=106) and (18.9334.26)% (18:00, n=32), (4.11+1.03)% (14:00,
n=94) and (8.4240.90)% (8:00, n=36) (18:00, n=32).



Table S1. Descriptive statistics of PM, s concentration (ug/m?) for two kinds of instruments

Mean Standard deviation Minimum Maximum
SDL 72.99 16.45 37.33 120.67
NAT 71.89 15.28 42 103

SDL.: laser air quality monitors (SDL307) used in this study.

NAT: national monitoring instrument.

Table S2. Predictor variables for LUR models

Time N Predictor variables
H-Resi(200) + L-Resi(500) + L-For(500) + O-Built(1000) + Bare(1000) + WS + PS +

8:00 179 RH
) H-Resi(200) + L-Resi(500) + L-For(500) + Sta(1000) + Bare(1000) + Yard(500) +
9:00 207 PS + Temp
10:00 205 H-Resi(300) + L-Resi(200) + L-For(500) + Cons(300) + Bare(300) + Yard(500) + PS
’ + Temp
11:00 208 H-Resi(200) + L-Resi(500) + O-Built(1000) + Cons(1000) + Yard(500) + WS + RH
’ + Temp
) L-Resi(500) + O-Built(1000) + Agri(200) + Indus(1000) + Yard(500) + Dust(1000) +
12:00 207 PS + RH
14:00 118 H-Resi(50) + Green(1000) + L-For(300) + Sta(1000) + Bare(200) + Yard(1000) + PS
’ + Temp

15:00 117 Green(1000) + Sta(1000) + Cons(1000) + Bare(100) + Dust(1000) + PS + RH
16:00 114 Green(1000) + Road(1000) + Sta(500) + Bare(1000) + WS + RH + Temp
17:00 116 H-Resi(100) + L-For(300) + Sta(1000) + Dust(1000) + WS

18:00 105 H-For(1000) + Cons(50) + Bare(1000) + WS + Temp

Significant with p < 0.05; N is the total amount of the records in compared pairs; H-Resi = high-density

residential area; L-Resi = low-density residential area; Green = urban green land; O-Built = other built-
up area; H-For = high-density forest; L-For = low-density forest, Agri = agricultural land; Sta = stacked
substance; Cons = construction site; Bare = natural bare surfaces; Yard = crush stampede yard; Dust =
Ground dust surface; Road = Road density; Indus = POI density including industrial and mining
enterprises; (x) represent area proportion/ density within the x m buffering radius. WS = Average wind
speed Atmospheric pressure; RH = Relative humidity; Temp = Temperature.

Table S3. Model fitting results for LUR models

Adjusted R? AIC RMSE
8:00 0.61 1400.64 11.44
9:00 0.50 1628.61 11.79
10:00 0.41 1610.10 11.69
11:00 0.42 1583.87 10.39
12:00 0.38 1607.56 11.20
14:00 0.31 931.46 11.51
15:00 0.32 951.70 12.97
16:00 0.36 907.38 11.86
17:00 0.25 985.91 15.96

18:00 0.30 913.41 17.53




Table S4. Mean and standard deviation (SD) of root-mean-square-errors (RMSE) between observed and estimated PM2.s concentration
8:00 9:00 10:00 11:00 12:00 14:00 15:00 16:00 17:00 18:00

% Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

20 OK 1229 111 11.30 094 1042 0.81 9.88 0.65 12.54  0.83
LUR 24.05 997 19.11 475 2033 535 18.82 1031 1940 4.77
UK 1144 0.78 11.03 0.50 10.67 0.70 9.76 0.56 11.13 045

30 OK 11.75 0.79 10.60 0.83 9.78 0.82 9.36 0.66 12.06 0.88 13.18 2.11 1430 2.18 1292 132 17.15 235 21.12  1.88
LUR 17.03 339 1522 439 1557 230 1445 532 1537 290 2992 1726 26.61 6.71 27.18 9.74 3527 2210 4459 10.55
UK 1229 0.52 1075 0.57 1026 0.51 9.68 0.51 11.07 048 1142 131 13.09 1.14 13.02 1.04 16.16 1.87 18.84 1.56

40 OK 1125 1.05 10.10 1.01 9.19 093 8.72 0.55 11.74  1.19 1282 2.36 13.13 240 11.71  1.61 1697 297 2011  1.71
LUR 1488 1.82 1333 1.14 1497 264 12,65 1.07 14.01 1.50 22.09 948 2095 3.97 1974 531 23.69 8.53 31.99  6.83
UK 12.11  0.70 1048 0.61 10.16 0.66 9.22 0.51 11.06 053 1126 1.42 12.32  1.58 12.00 1.17 1570 2.24 18.30  1.69

50 OK 10.84 1.23  9.69 122 8.72 095 8.64 0.72 1152 1.18 1133 247 12.55 243 1138 191 16.02 293 18.87 2.25
LUR 1447 258 1294 123 1373 216 1220 1.01 1323  1.01 1746 298 19.10 3.12 1590 3.06 21.76 4.90 2756  5.63
UK 10.66 0.68 1048 0.78 9.95 0.76  9.32 0.60 11.03 0.66 10.54 1.66 11.87 1.58 11.70 147 1522 230 16.74 2.13

60 OK 10.52  1.54 9.12 1.31 7091 1.16 8.02 0.79 11.13 141 11.60 244 1429 1826 11.11 197 15.01 3.26 17.56 2.74
LUR 1370 1.70 12,55 1.22 1291 1.14 11.61 1.08 1287 1.10 1995 1342 1795 281 1548 2.56 19.50 3.56 2398 3.98
UK 1046 0.86 10.14 0.83 9.59 0.82 8.96 0.65 1085 0.76 1032 1.80 11.28 1.71 1144 1.62 1420 2.86 16.19  2.70

70 OK 10.52 1.74 8.36 1.28 747 1.19  7.69 0.95 1053 1.64 1093 3.00 11.26  3.09 10.55  2.12 1478 441 1742  3.55
LUR 13.16 134 1198 1.22 13.61 122 11.66 1.18 1233 1.19 16.04 3.15 1627 2.49 1422 2.04 18.57 4.03 2289 2.89
UK 1048 0.99 9.82 0.94 9.61 1.17  9.01 0.77 10.54 1.03 9.88 2.10 10.30  2.06 1098 1.73 13.82 4.19 15.53  3.33

80 OK 9.53 2.03 8.25 1.63  7.03 143 726 1.23 10.66 229 9.82 3.27 11.31  3.53 10.35 236 1337 547 16.12  4.26
LUR 12.68 148 1194 144 1277 151 1129 1.28 1233 147 1593 3.55 1641 2.61 1374 1.75 1853 535 2279  3.99
UK 10.12 1.23  9.69 1.38 9.33 1.40  8.65 1.07 10.58 1.36 8.81 1.88 11.04 1.88 11.20 193 1246 4.76 15.11  3.50

90 OK 9.65 3.87 1773 2.12  6.26 145 7.30 1.69 10.16 2.51 10.16 3.93 1249  4.09 1038 3.76 1421 6.04 15.59 7.57
LUR 13.01 2.09 11.81 200 1235 192 1125 1.59 12.12 190 15.60 5.67 1593 3.82 1332 286 1741 6.61 22.09 6.49
UK 1026 1.87 9.49 2.02 8.90 1.77  8.70 1.41 10.54 2.06 8.70 2.20 10.00 2.73 1135 2.13 1229 6.13 1424 581




Table S5. Mean and standard deviation (SD) of mean relative error (MRE, %) between observed and estimated PM2 5 concentration

8:00 9:00 10:00 11:00 12:00 14:00 15:00 16:00 17:00 18:00
% Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
20 OK 13.11 1.41 12.37 1.20  11.50 1.10 1099 0.86 12.09 1.09
LUR 2465 631 2037 326 2130 320 18.81 345 1937 349
UK 1279 094 1248 0.81 1238 092 1080 0.70 11.54  0.63
30 OK 12.50 1.00 11.48 1.01 1058 093 1032 086 11.56 098 5.56 0.71  5.98 0.71  5.65 0.50 6.71 0.93 8.80 1.19
LUR 1898 286 16.67 1.82 1735 1.79  15.76 1.74  15.67 1.49 11.82 458 11.80 2.88 12.02 339 13.16 440 1893 426
UK 12.24  0.81 1205 086 11.80 0.80 10.68 0.74 11.54 0.73 5.13 0.49  6.02 0.52  6.35 0.64 6.76 0.88  8.42 0.90
40 OK 11.80 1.17  10.74 1.11 9.91 1.12  9.41 0.71 11.09 096 539 0.82 548 0.74 5.16 0.64 6.64 1.17  8.33 0.99
LUR  16.85 1.84 1523 1.08 16.74 1.59 1437 0091 14.67 1.55 8.84 2.07 934 1.82  9.03 1.41 10.16 238 13.85 2.63
UK 11.96 090 11.71 0.89  11.75 1.14 1022 0.68 11.56 0.69 5.06 0.52 5.68 0.64 5.81 0.72  6.56 0.88  8.06 0.89
50 OK 11.16 1.08 10.25 1.16 9.33 1.15 9.23 0.84 10.60 0.92 4.77 0.87 5.29 091 495 0.71  6.12 0.94 7.59 0.93
LUR  16.23 1.99 15.01 1.35 15.90 1.46 1398 1.19 1394 1.08 7.35 1.09 8.49 1.27  7.78 1.11 9.11 1.46 11.83 2.28
UK 11.93 0.79 11.83 0.97 11.46 1.24 1035 093 11.48 0.89 4.78 0.62 543 0.60 5.61 0.79  6.15 0.89  7.08 1.07
60 OK 10.95 1.43  9.76 1.32  8.47 1.14  8.55 0.96 10.46 1.14 490 0.87 6.48 9.81 490 0.81 5.97 0.96 7.20 1.19
LUR  15.57 1.79 14.62 1.43 15.19 1.64 1345 1.43 13.68 1.28  7.61 246  8.27 1.21  7.55 0.99 8.57 1.46  10.75 1.79
UK 11.73 1.11 11.45 0.99 10.86 1.26 10.07 096 11.31 1.01  4.60 0.62 5.18 0.66 5.46 091 595 0.84  6.96 1.24
70  OK 10.52 1.51  8.89 126 8.14 1.38 8.16 1.06  9.82 1.14  4.66 1.07 4.78 1.10  4.65 0.98 5.89 1.36  7.16 1.17
LUR  14.96 1.57 14.09 1.63 15.53 1.89 1345 1.60  13.11 1.35 6.8l 1.10 7.44 1.04 7.15 094 7.92 1.24 1027 1.24
UK 11.55 1.09 11.12 1.24 1097 1.71 10.01 1.12  10.93 1.02  4.49 0.78 4.81 0.84 5.26 0.96 5.65 1.15  6.51 1.25
80 OK 10.02 1.83  8.67 1.64 7.55 1.48 7.77 1.27  9.79 1.24 436 1.25 4.80 1.48 4.50 091 5.52 1.83  6.64 1.61
LUR  14.81 2.00 14.23 1.79 1521 2.31 1322 2.10 13.08 1.69 6.64 1.51 7.56 1.14  6.87 0.88  8.15 1.81 10.17 1.97
UK 11.56 1.50 1094 1.52 10.52 1.96 9.66 1.53 10.93 1.34 4.13 0.75 5.08 0.83 531 1.00 5.35 1.39  6.35 1.54
90 OK 9.91 3.02  8.20 2.09 6.81 1.55 7.54 1.68 9.79 1.90 4.57 1.59 534 1.73  4.80 1.59  6.22 2.05 6.24 2.34
LUR 1500 2.89 14.18 2.89 1449 298 13.10 2.67 13.00 226 6.62 217  7.14 1.47 697 1.59  7.95 248 10.19  2.56
UK 11.66 2.19 1080 231 9.79 225 9.73 1.88  10.95 1.97 4.11 1.03  4.62 1.17  5.61 123 552 1.83 577 1.83




