1 Supplemental Materials
2 Table S1. List of sampling sites and periods in the field campaign of ATMSYC project.
Regions | Cities Station | Starttime | End time | Nos | Latitude Longitude
code
BJ-B 2 August 24 August | 57 | 40°24"28"N | 116°4026"E
Beijing BI-U | 2 August | 24 August | 57 | 39°58"28"N | 116°22'13"E
NCP Shijiazhuang SJZ-B 29 June 4 July 18 | 37°59'52"N | 114°30'56"E
SJZ-U 29 June 4 July 17 | 38°02'35"N | 114°30'15"E
Fnan JN-B 29 June 5 July 17 | 36°35'56"N | 117°02'46"E
IN-U 29 June 5 July 18 | 36°4023"N | 117°03'01"E
Northwest | Lanzhou LZ-B 1 August 18 August | 53 | 35°56'35"N | 104°09'11"E
LZ-U 1 August 18 August | 52 | 36°06'11"N | 103°37'48"E
YRD Shanghai SH-B 1 August 24 August | 60 | 31°3126"N | 121°57'32"E
SH-U 1 August 24 August | 55 | 31°11'27"N | 121°26'04"E
WH-B 1 August 11 August | 42 | 30°21'40"N | 114°20'10"E
Contral | " 1han WH-U | 1August | 11 August | 39 | 30°31'50"N | 114°1828"E
China 77-B 29 June 4 July 17 | 34°51'35"N | 113°24'24"E
Zhengzhou
77-U 29 June 4 July 17 | 34°45'12"N | 113°36'48"E
CD-B 6 August 20 August | 55 | 30°33'47"N | 104°16'18"E
Chengdu CD-U | 6August | 20 August | 58 | 30°3745"N | 104°03'50"E
Southwest [~ GY-B | 29 June 4July | 18 | 26°3828"N | 106°36'60"E
Guiyang GY-U | 29 June 4July | 17 | 26°34'02"N | 106°41'60"E
GZ-B 29 June 4 July 17 | 23°39'01"N | 113°3728"E
Guangzhou =20 T"29 June 4July | 17 | 23°08'58"N | 113°2128"E
Shenzhen SZ 6 June 14 June 18 | 22°35'47"N | 113°5822"E
Huizhou HZ 6 June 14 June 13 | 23°03'10"N | 114°25'06"E
PRD Jiangmen M 7 June 13 June 17 | 22°35'01"N | 113°04"23"E
Dongguan DG 6 June 13 June 15 | 23°03'13"N | 113°46'55"E
Foshan FS 6 June 13 June 17 | 23°00'09"N | 113°06'13"E
Zhaoqing 7Q 6 June 13 June 18 | 23°02'46"N | 112°27'52"E
Zhongshan 7S 6 June 13 June 18 | 22°30'40"N | 113°24"27"E
Zhuhai ZH 6 June 13 June 17 | 22°14'19"N | 113°29'44"E
3 Nos: Number of observations. For the sites, B representing the background, and U
4  representing the urban, Sites in the PRD belong to Urban.
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Table S2. The specific classification of VOCs in this study

Species Specu_:s Species included both in observation and
groups types In simulation Remarks
saprcQ7tic
Alkanes ALK1 ethane kOH between 2 and 5 x
10% ppm! min!
ALK2 n-propane kOH between 5 x 102 and
2.5 x 10° ppm™! min’!
ALK3 1-/i-butene, n-butane, isobutane, 2,2- kOH between 2.5 x 103
dimethylbutane, 2,2,4-trimehylpentane and 5 x 103 ppm™! min*!
ALKA4 i-pentane, n-pentane, 2-methylpentane, 3- kOH between 5 x 103 and
methylpentane, cyclopentane, 1 x 10* ppm™! min’!
n-hexane, n-heptane, methylcyclopentane, 2,4-
dimethylpentane,
2,3-dimethylpentane, 2,3,4-trimethylpentane,
2,3-dimethylbutane
ALKS cyclohexane, methylcyclohexane, 2- kOH > 1 x 10* ppm™' min-
methylhexane, 3-methylhexane, !
2-methylheptane, 3-methylheptane, n-octane,
n-nonane, n-decane
Aromatics AROI1 ethylbenzene, isopropylbenzene, n- kOH < 2 x 10* ppm™' min-
propylbenzene !
ARO2MN  1,2,3-trimethylbenzene, 1,3,5-trimetylbenzene, kOH > 2 x 10* ppm™! min-
o-ethyltoluene, !, minus naphthalene
3-ethyltoluene, 4-ethyltoluene, 1,2,4-
trimethylbenzene (0.5)
TOLU toluene
BENZ benzene
XYL o-xylene, m/p-xylene
B124 1,2,4-trimethylbenzene (0.5)
Alkenes  OLEI 1-butene, 1-pentene, 3-methyl-1-butene, 4- kOH < 7 x 10* ppm™! min-
methyl-1-pentene 1, other than ethene
OLE2 trans-2-butene, cis-2-butene, 2-methyl-1- kOH > 7 x 10* ppm™' min-
butene, 2-methyl-2-butene, !
trans-2-pentene, cis-2-pentene, 2-methyl-1-
pentene, cyclopentene, styrene
ISOP isoprene
ETHE ethylene
PRPE propene
APIN a-pinene
BDEI13 1,3-butadiene
Alkyne ACYE acetylene
HCHO HCHO formaldehyde

kOH: The reaction rate constant between VOCs and Hydroxyl radical (OH).



7 Table S3. Model performance of MDAS8 O3 and NO: in the 28 sites from June 6th to August

8  24th, 2018
_ MDAS 0; (ug/m?) NO; (ng/m?®)
sites OBS PRE NMB NME R OBS PRE NMB NME R
BJ-B 162.84 165.43 0.02 0.20 0.72 2445 1549 -037 040 0.40
BJ-U 164.44 193.04 0.17 0.23 0.75 34.19 29.61 -0.13 0.31 0.11
SJZ-B 170.29 168.29  -0.01 0.21 0.66 2520 3946 0.57 0.63 0.19
SIZ-U 163.98 168.29 0.03 0.22 0.64 29.70 3946 0.33 0.41 0.30
IN-B 17543 161.04  -0.08 0.19 0.68 21.05 26.08 0.24 0.41 0.46
JN-U 167.26 161.04  -0.04 0.18 0.72 3691 26.08 -029 0.34 0.46
LZ-B 118.63 116.73 -0.02 0.11 0.66 15.78 6.23 -0.61 0.61 0.22
Lz-U 165.22 135.31 -0.18 0.25 0.65 38.06 20.75 -046 046 0.18
SH-B 106.43  88.93 -0.16 0.33 0.57 21.04 1.43 -0.93 0.93 0.45
SH-U 113.56 136.59 0.20 0.29 0.80 23.01 3299 043 0.47 0.70
WH-B 140.23 141.09 0.01 0.23 0.70 3642 37.62 0.03 0.27 0.47
WH-U 126.62 141.09 0.11 0.25 0.72 3546 37.62 0.06 0.22 0.51
77-B 150.74 172.08 0.14 0.23 0.61 3496 36.51 0.05 0.22 0.52
77-U 147.25 158.44 0.08 0.24 0.66 39.16 3423 -0.13 0.22 0.49
CD-B 114.06 119.92 0.05 0.25 0.62 43.09 30.80 -029 0.36 0.14
CD-U 140.56 133.25 -0.05 0.28 0.56 30.99 59.51 0.92 0.94 0.14
GY-B 89.98 95.00 0.06 0.15 0.82 16.76 18.54 0.11 0.34 0.44
GY-U 85.49  95.00 0.11 0.19 0.79 30.06 18.54 -038 0.39 0.67
GZ-B 106.09 121.60 0.15 0.35 037 21.72 1224 -044 044 0.71
GZ-U 115.63 144.78 0.25 0.34 0.55 3530 23.71 -0.33 0.36 0.56
SZ 80.73 112.05 0.39 0.50 0.71 20.97 31.38 0.50 0.52 0.67
HZ 97.19 111.21 0.15 0.27 0.75 21.99 19.57 -0.11 0.24 0.65
M 104.73 118.35 0.13 0.28 0.82 28.08 19.39 -0.31 0.34 0.54
DG 118.77 139.30 0.21 0.35 0.64 3225 2493 -0.23 0.27 0.62
FS 113.21 148.99 0.32 0.44 0.64 3331 27.79 -0.17 0.28 0.51
7Q 109.02 117.98 0.08 0.23 0.76  30.94 12.00 -0.61 0.62 0.40
7S 102.66 134.08 0.31 0.42 0.79 12.87 1742 035 0.49 0.65
ZH 92.39 114.00 0.23 0.38 0.72 13.71 930 -032 0.52 0.49
Benchmarks <=+0.15 <0.25 >0.5
9 OBS: mean observation; PRE: mean prediction; NMB: normalized mean bias; NME:

10  normalized mean error; R: the correlation coefficient. The performance criteria for MDAS O3

11 were suggested by (Emery et al., 2017). The values that exceed the criteria were highlighted

12 inbold.



13 Table S4. Comparison of mean values of O3, NOz and TVOCs concentrations at 28 sites

14 during the study period

0; (ug/m>) NO; (ug/m?) TVOCs (ppbv)
OBS PRE OBS PRE OBS PRE
BJ-B 13932 150.78  14.85 8.35 23.19  18.36
BJ-U 14094 18826  23.65  20.62 3324 3045
SIZ-B 16456  164.68  29.65 1488 3559  14.47
SIZ-U 15050 16158  29.19 1509 3547  14.67
JN-B 13533 15806 4294  11.15 5337  12.03
IN-U 14475 161.99 4182  11.13 6193  12.07
LZ-B 9759 10796  13.49 3.19 33.16 5.16
LZ-U  129.04 117.69 3092  1l.16 5221 8.92
SH-B  100.19 8146  22.17 0.80 12.97 3.66
SH-U  111.04 120.69 2159 2862 1879  29.72
WH-B 14145 16878 3737  22.60 2265  24.69
WH-U 118.03 166.14 3438 2270 3048  25.10
ZZ-B 127776  169.24  40.71 1721 2979  15.89
7Z7-U 13135 16150  46.06 1493 2813  13.71
CD-B  100.85 119.01 3798 1455 3943  27.64
CD-U 130.86 131.87  25.09 4352 3472 6236
GY-B 5818  68.08  11.44 8.92 26.06 9.50
GY-U 5382  66.69  25.59 8.77 22.83 9.41
GZ-B 7829 14098  19.38 7.20 1592 12.84
GZ-U 8829  137.19 2412 1275 2419  17.05

SZ 89.23 10651 3627 3840  34.09 3341

HZ 6631 6282 2262 2140 2686  24.84

M 10429  100.04  29.44 1848 2868  22.02

DG 66.71 10258 4043  29.02  32.08  25.06

FS 68.93  98.16 3329 3847 3276  33.08

ZQ 80.24 8925 3006 1292 3198 2244

ZS 9578 11894  18.83 2321 2729  23.18

ZH 103.82  147.99 2400  17.99 2853  20.26

sites

15
16
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Table S5. The mean, median, maximum (max), minimum (min), and standard deviation (std)

values of the ratios and differences (Diff) for 5 VOCs groups, ARO2MN and BENZ at 18 urban

sites, accurate to two places of decimals

Alkanes Alkenes Aromatics (gﬁ)(r)nzal:/ig\sl) ( Af)lrznljgcs) Alkyne HCHO
mean 0.66 0.72 1.46 0.44 3.29 0.53 1.83
median  0.59 0.69 1.41 0.32 2.75 0.42 1.19
Ratio(pre/obs)  max 1.87 2.46 3.29 1.96 9.01 1.50 8.70
min 0.13 0.09 0.10 0.05 0.14 0.09 0.25
std 0.42 0.54 0.84 0.46 1.97 0.34 1.91
mean -5.78 -3.29 1.07 -0.26 0.42 -1.23 0.58
median  -5.42 -2.17 1.61 -0.18 0.54 -1.35 0.54
Diff(pre-obs) max 14.12 3.50 6.09 0.24 1.28 0.87 5.57
min -19.40  -15.50 -8.18 -0.74 -2.58 -2.64 -8.90
std 7.82 4.86 3.68 0.24 0.81 0.97 2.95
20
21  Table S6. Impact of improvement of emission inventory. Median of ratio of predicted to
22  observed values for each urban site after adjusting emission coefficients for individual
23 species or both of them in MEIC
Cases in CMAQ O3 NO, ALK2 ARO2MN BENZ OLE1 PRPE ACYE
base case 1.240 0.623 0.270 0.325 2.541 0.340 0.445 0.468
case NOx 1.164 0.833
case ALK?2 1.243 0.789
case ARO2MN  1.250 0.863
case BENZ 1.240 1.556
case OLEI 1.249 0.522
case PRPE 1.248 0.688
case ACYE 1.241 0.978
case_all 1.269 0.622 0.791 0.863 1.556 0.687 0.652 0.981
24
25

26




27  Table S7. The mean, median, max, min, and std values of the ratios for predicted/observed

28  TVOCs for 28 sites in base case and eight new cases, accurate to two places of decimals

20
mean median max min std
base case 0.70 0.74 1.90 0.15 0.4080
case NOx 0.70 0.73 1.91 0.14 0.40
case ALK2 0.75 0.79 2.04 0.16 0.4231
case ARO2MN  0.71 0.75 1.93 0.15 040,
case BENZ 0.69 0.73 1.87 0.14 0.3%3
case OLEl 0.72 0.75 1.94 0.15 0.4134
case PRPE 0.71 0.75 1.94 0.15 0.4035
case ACYE 0.74 0.78 2.00 0.15 0.4%?
case_all 0.81 0.86 2.25 0.17 0.4%g

39

40  Table S8. The mean, median, max, min, and std values of O3 changes were calculated for

41  eight new cases relative to the base case for 28 sites, accurate to two places of decimals

mean median max min std 42

caseNOx 0.02% 1.01% 8.66% -12.29% 5.69"/23
case ALK2 0.30% 0.31% 0.54% 0.13% 0.10%

case. ARO2MN  0.82% 0.68% 2.41% 0.06% 0.54%4

case_ BENZ 0.01% 0.00% 0.09% -0.07% 0.04"/25
case_OLEI 0.79% 0.76% 1.78% 0.19% 0.40%
case_PRPE 0.63% 0.55% 1.81% 0.14% 0.35%46
case_ ACYE 0.01% 0.02% 0.05% -0.03% 0.02"/217
case_all 2.51% 2.32% 6.27% 0.62% 1.28%
40

49

50

51

52

53
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Table S9. Model performance of temperature (T2) and relative humidity (RH) in the 28 sites

from June 6th to August 24th, 2018

sites 1200 RH (%)
OBS PRE MB ME RMSE OBS PRE MB ME RMSE
BJ-B 26.51 26.63 0.12 1.27 1.61 7499 61.60 -13.39 14.11 16.50
BJ-U 27.46 29.51 2.05 2.09 2.58 6723 4964 -17.59 17.66 19.27
SJZ-B 28.56 29.38 0.83 1.34 1.63 6524 5128 -13.96 14.09 16.03
SJZ-U 28.07 29.38 1.32 1.60 2.05 6623 5128 -1495 1497 17.32
JN-B 28.11 28.45 0.34 1.08 149 66.56 6132 -523 7.32 9.75
IN-U 28.11 28.45 0.34 1.08 149 66.56 6132 -523 7.32 9.75
LZ-B 19.41 19.00 -0.41 0.85 1.09 71.23 6558 -5.66 7.64 9.14
LZ-U 2336 2224 -1.13 1.29 1.53 5830 5292 -537 6.45 8.15
SH-B 2721 2355 -3.66 3.93 462 8548 9274  7.26 8.92 10.62
SH-U 28.40 28.94 0.54 0.99 1.22 7548 66.03 -9.46 9.75 10.83
WH-B 29.19 29.25 0.07 0.91 1.20 7527 70.62 -4.65 6.25 8.04
WH-U 29.19 29.25 0.07 0.91 1.20 7527 70.62 -4.65 6.25 8.04
77-B 29.05 30.05 1.00 1.17 1.50 65.88 5492 -1096 1124 13.04
77-U 29.25 29.42 0.17 1.01 1.28 65.69 59.09 -6.60 9.56 11.06
CD-B 2590 26.21 0.31 1.00 1.27 87.03 7737 -9.66 9.95 12.23
CDh-U 26.10 27.13 1.03 1.36 1.65 82.16 7221 -994 10.53 12.48
GY-B 2293 21.84 -1.10 1.12 1.32 7695 86.56 9.61 9.61 10.56
GY-U 24.12 21.84 -2.28 2.28 242 7585 86.56 10.71 10.71 11.69
GZ-B 2774 2720 -0.54 0.89 1.11 87.30 81.71 -5.59 6.25 7.98
GZ-U 28.12 31.27 3.15 3.15 338 8448 6221 -2227 2227 2317
SZ 28.38 30.53 2.15 2.20 235 8316 6596 -17.20 1720 17.84
HZ 27.95 28.00 0.05 0.89 1.12 8342 79.16 -4.26 5.79 7.04
M 2874 2852  -0.22 0.79 098 83.56 7871 -4.85 6.23 7.55
DG 28.38 31.36 2.98 2.98 3.15  81.59 62.09 -1950 19.50 20.42
FS 29.03 31.80 2.77 2.77 293 79.31 6025 -19.06 19.06 19.74
7Q 27.92 28.04 0.12 0.91 1.06 84.76 80.73 -4.04 5.65 6.86
ZS 28.63 30.86 2.23 2.24 2.41 86.39 6591 -2048 2048 21.21
ZH 28.42 28.54 0.13 0.98 1.20 82.75 87.53 4.78 7.02 8.55
Benchmarks <#0.5 <20

RMSE: root mean square error. The performance criteria for T2 were suggested by (Emery et

al., 2001). The values that exceed the criteria were highlighted in bold.
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Table S10. Model performance of wind speed (WS) and wind direction (WD) in the 28 sites

from June 6th to August 24th, 2018

ites WS (m/s) WD (°)
OBS PRE MB ME RMSE OBS PRE MB ME RMSE
BJ-B 1.75  2.67 0.92 0.97 1.19 19245 12946 -62.99 67.84 80.15
BJ-U 1.82 243 0.61 0.74 095 130.57 14446 13.88 38.27 51.37
SJZ-B 1.73 2.83 1.10 1.15 1.34  165.69 15574 -9.95 3799 5244
SJZ-U 231 283 0.53 0.70 0.88 180.14 15574 -24.40 45.03 60.91
IN-B 322 3.76 0.54 0.82 0.99 142.89 146.54 3.65 19.84 2548
IN-U 322 3.76 0.54 0.82 0.99 142.89 146.54 3.65 19.84 2548
LZ-B 2.59 324 0.65 0.79 0.92 183.44 147.74 -35.71 45.89  66.64
LZ-U 1.47 2.70 1.23 1.23 1.39 124.15 130.88 6.74 42.11 53.33
SH-B 399 6.14 2.15 2.16 2.59 12458 122.10 -2.48 18.50  27.98
SH-U 0.39 3.69 3.30 3.30 3.52 66.66 129.84 63.18 65.19 77.48
WH-B 3.01 254 -0.47 0.65 0.81 15799 14273 -15.26 46.70 67.92
WH-U 301 254 -0.47 0.65 0.81 157.99 142.73 -15.26 46.70  67.92
77-B 1.99 3.04 1.05 1.11 146 14426 13584 -8.42 30.04  38.62
77-U 2.58 322 0.65 0.81 1.14 14191 13646 -545 29.11 42.43
CD-B 2.03 221 0.18 0.53 0.71 142.02 117.14 -24.87 49.27 60.78
CDh-U 140 2.02 0.62 0.73 0.83 163.73 149.16 -14.57 41.82 52.33
GY-B 2.66 334 0.68 0.87 1.15  141.62 15437 12.75 30.86 42.07
GY-U 2.00 334 1.34 1.45 1.85 151.02 15437 3.36 32.10 45.16
GZ-B 1.61 2.63 1.03 1.10 1.39  126.01 139.07 13.07 47.50 61.43
GZ-U 193 274 0.81 0.91 1.13 14731 139.80 -6.96 44.63 58.13
SZ 2.35 337 1.02 1.13 1.35 15520 159.66 4.46 2436  32.15
HZ 248 3.00 0.52 0.70 093 146.88 13797 -891 26.70 3497
M 3.04 3.04 0.00 0.68 0.81 155.96 163.82 7.87 27.65 39.23
DG 3.00 3.18 0.18 0.56 0.67 136.78 149.56 12.79  23.61 31.29
FS 275 3.02 0.27 0.62 0.74 149.55 153.86 4.32 32.81 42.51
7Q 1.60 2.64 1.04 1.06 1.23 12224 15620 33.97 56.66  65.52
ZS 2.53  3.29 0.76 0.80 0.96 144.01 15870 14.69 2044  29.20
ZH 3.74 496 1.22 1.27 1.53  159.18 15630 -2.88 22.25 31.82
Benchmarks <#0.5 <20 <20 <10 <£30

The performance criteria for WS and WD were suggested by (Emery et al., 2001). The values

that exceed the criteria were highlighted in bold.
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66  Figure S1. Percentage of predicted and observed VOCs of specific species at 28 sites during
67  the study period. For each site, on the left are prediction values with blue edge, and on the

68  right are observation values with red edge (a) Alkanes, (b) Alkenes, (c) Aromatics.



69
70

71

72

73
74

75

76

Northwest Central China Southwest

mmm Alkanes
mmm Alkenes
40.11 ppbv 44.08 ppbv 16.01 ppbv 28.06 ppbv 29.55 ppbv 28.24 ppby ™ Aromatics
mmm Alkyne
‘ ‘ ‘ ‘ ‘ ‘ o
17.01 ppbv 7.04 ppbv 16.69 ppbv 19.85 ppbv 27.23 ppbv 23.42 ppbv

Figure S2. Observed and predicted values of different VOCs species groups by regional

average. TVOCs concentration of each region is shown at the bottom.
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Figure S3. Ratio (pre/obs) of O3, NO; and different VOCs species at (a) urban sites (18 sites)

and (b) backgound sites (10 sites).
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78  Figure S4. The difference between the predicted concentration of seven new cases and base
79  case, and the impact on O3 concentration from June 6th to August 24th in 2018. Concentration

80 of NO; is shown in case NOkx.
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Figure S5. Relative Incremental Reactivity (RIR) of 6 VOCs at 28 sites during the study
period. Each dot represents the RIR of the specific VOCs corresponding to the case at that

site.
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