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Table S1. Summary of the location, sampling information of the 86 surface online OA measurements in China as well as the
campaign-average mass concentrations of the observed OA and the PMF-derived POA and SOA. The yearly measurements
from 2011 to 2019 are 6, 8, 16, 19, 17, 8, 4, 7, and 1, respectively.

Sji:e ;i;gil(\)lsme / References Site Type g:?;&:ing Lon. Lat. (MSQG) (HZOQS) (usgor7¢3)
1 | IAP/NCP - ;: (Zz%alng e | urban %ﬁggig 116.37 39.97 44.65 20.54 24.11
2 | PKU/NCP "goeltf)' urban éggggf 11631 39.99 29.7 14.9 14.8
3 | IAP/NCP Y. (gggee;)a" urban 12102003 | 1637 | 3097 38.1 215 165
4 | 1AP/NCP -~ (Zz%alnf?) e | Urban o 11637 | 39.97 27.27 8.45 18.82
5 | IRSDE/NCP E'(Sggfé;‘" urban igggéﬁ 116.38 40.00 43 35.67 74
6 | IAP/NCP )((2“0?;2') urban Eﬁgggﬂ 116.37 39.97 304 16.1 14.7
7 | 1AP/NCP Zh(g‘(‘)le;)a" urban 1/21%@81‘51 11637 | 39.97 318 18.4 143
8 | THU/NCP H'(;g)f;)a" urban o 11630 | 40.00 304 17.9 126
9 | IAP/NCP J'a'f égiggft urban igggggﬁ 116.37 39.97 20.25 12.14 8.1
10 | NCNT/NCP H“(azn(?zgt) al- | urban ;/22’5?2/(2)(1);4 11638 | 40.00 38.38 26.86 11.9
11 | 1aP/NCP Y. Z(hzi)”lgﬁ‘)at Al | yrban a2 11637 | 39.97 39 24.75 14.25
12 | NCN/NCP D‘zggz%)a" urban AAa0 11632 | 39.99 30.97 188 122
13 | IAP/NCP i(;o‘i;') urban se0te | 11637 | 3097 36.4 18.3 19
14 | IAP/NCP qugf;)a' urban igggggig 11637 | 39.97 53.7 226 30.9
15 | THU/NCP H'('Z-(;f;)a" urban 12T | 11630 | 4000 11.9 6.1 58
16 | 1AP/NCP ) (EBZB?" urban Tal0a0l8 | 11637 | 3097 115 6.7 48
17 | IGDB/NCP H“&”&g‘) a1 rban e 11454 | 3803 89 64.97 24.03
18 | Handan/NCP H'('Z‘ci)f;)a" urban ;féféégf 11450 | 36.57 82.50 50.61 31.87
19 | PKU/NCP H(g(fltf)' urban Ja0j0n2: 11631 | 39.99 14 7.2 6.8
20 | PKU/NCP '(*Zuoigﬁ')' urban e 11631 | 39.99 26.4 8.9 17.1
21 | PKU/NCP H(;oelt;‘)' urban otvsre 11631 | 39.99 125 3.9 8.6
22 | 1AP/NCP ) Z?;glg;; a1 urban gg’fgéiz 116.37 39.97 13 5.9 72
23 | 1AP/NCP fg(fltf)' urban b 11637 | 39.97 18.1 7.78 10.32
24 | THU/NCP H'(zL(i)leé)a" urban bls020t 11630 | 40.00 122 415 8.05
25 | NCN/NCP D‘ggzeé)a" urban e 11632 | 39.99 19.27 49 14
26 | NCN/NCP D‘é;gf;)a" urban gﬁgggig' 116.32 39.99 138 39 9.8
27 | IAP/NCP )((2”0%@')' urban 3;1‘/32/(2)(1)17 116.37 39.97 9.8 34 6.4




28 | 1AP/NCP é”oigz')' urban dIao0ts: 11637 | 39.97 127 37 9.2

29 | Xinxiang / NCP H'('Z-(i)leé)a" urban 2@52317 11390 | 3530 18.00 432 135
30 | IAP/NCP - Z?;gf;‘ a1 urban igg’fgéiz 116.37 39.97 27 10.8 16.5
31 | PKU/NCP 'J('goelt;‘)' urban ﬂﬁgggﬁ 11631 39.99 18.2 9.7 8.6

32 | IAP/NCP bR égigg)‘*t urban o 11637 | 39.97 34.57 15.56 19.01
33 | IAP/NCP W'é%’lgt) al- | urban 00 | 11637 | 3097 20.4 15 14.9
34 | IAP/NCP J'a’f égiggft urban 12;;/72/32}14' 116.37 39.97 44.44 17.33 27.11
35 | IAP/NCP )Egoelt;)l urban ﬁﬁgggﬂ' 116.37 39.97 29.58 14.84 14.74
36 | IAP/NCP qugf;)a' urban ggggéis 11637 | 39.97 18.31 6.33 11.97
37 | NCN/NCP D‘zggf;)a" urban o 11632 | 39.99 21.2 8.4 13

38 | NCN/NCP D‘zggf;)a" urban oaue0t | 11632 | 30.99 206 15.7 13.9
39 | IAP/NCP Zh(‘z"(‘)le;)a" urban ﬁggggﬂ 11637 | 39.97 38.1 23.8 131
40 | Qingdao/NCP Z?Z“Oi%?" urban ﬁgg%% 12047 | 3610 10.43 557 4.86
o [ e | e [en | s | |

42 | Gucheng /NCP K”(azngzgt) al. f&;:gﬁ Egiggig 11573 | 39.15 66.08 42.29 21.81
43 ﬁga;gdao / "ég(flt;)' fé’;:gfg igzggﬂ 12070 | 37.99 134 4.4 9.4

44 | Xingai/NCP | T Z(g%"lgsft al- | suburban gggggig 11437 | 3718 11.59 254 9.04
45 | Rizhao/NCP L(ezioeztoe;" fg:g:;‘: ST 11940 | 3518 15.66 2.19 1331
46 | Xianghe / NCP Y'ég’;ﬁeg)a" fg:gf;l 2%2/%23 11696 | 39.80 283 8.2 19

47 | BIPT/NCP Crzggzeé)a" suburban gﬁgggig' 116.33 39.73 12.24 3.79 8.44
48 | Rizhao/ NCP L(ezioeztoa)" f%:g;efl Jaros. 11940 | 3518 8.32 0.67 7.65
49 | Nanjing/ YRD T?rz‘%fi)a" urban 5‘3"12/(2’(1)% 11873 | 3221 26.26 1411 11.89
50 | JEMC/YRD | Y Z(g%”195)et Al | urban o 11877 | 3205 38.4 15.74 22.66
51 | NOC/YRD ) V\(’ggg:)t al- | Urban jggggig' 118.73 32,01 12.69 5.64 7.04
52 | Nanjing/YRD | VoY (erz)alnsg) e | Lrban o 11876 | 3208 154 33 11.2
53 | JEMC/YRD | ¥ (erz)alr‘g e | urban S 11877 | 3205 103 273 6.86
54 | BJ/YRD K'(ZL(i)leé)a" urban gg’f/géié 120.21 30.21 17 6.7 10.7
55 | Nanjing/ YRD Y'aJI: (ZZ%E"l”E?)et urban igggggg 118.76 32.08 203 72 13.1
56 | JEMC/YRD | ' Z&%"lg?)et a1 urban ﬂﬁgggig 11875 32.04 25.2 7.06 18.14
57 | BJ/YRD K'('Z-(i)leé)a" urban omione 12021 | 3021 185 6.1 12.1




58 | Linan/YRD | ¥ égi‘g? feog':g;ej owee0ts | 11073 | 3030 29 13.4 15.7
59 | pongguan/ Z?;oitsil' urban (2022003 | 11375 | 2303 233 7.36 15.75
60 EggShe”Zhe” / C?zooitsé)“' urban 1}22’2}2/3%5 113.90 22.60 18.45 7.93 10.51
61 | GIG/PRD GEJZOOSIOE)"' urban i}éfzoﬁg”' 113.37 23.15 17.3 5.36 12.11
62 | phong Kok/ L(ezeoelt;;" urban s, 11417 | 2232 128 7.9 49

63 | pong Kok/ L(ez?oeltf)"’;" urban ool 11417 | 2232 7.9 56 2.2

64 | HkepD/PRD | © (32‘6”1% al- | yrban ?/23/321%3&3 114.17 22.32 15.1 6.3 8.8

65 | GPACS/PRD Q(igoeltf)‘" suburban | TUOMEM | g1335 | 2300 20.36 7.81 1255
66 | HKUST/PRD | ¥ “(’2'6156; al. :elzj?gnal éﬁf’z’ggf 11426 | 2234 5.1 0.98 412
67 | HKUST/PRD | ¥ izc%ise)t al. ﬁ:;?gnal pperal 11426 | 2234 4 08 32

68 | HKUST/PRD | Y izlcﬁse)t al. (r:;g?(r)]nal 3%2/(2)(1)1-1 114.26 22.34 41 0.75 335
69 | HKUST/PRD | 1 “(]2'5156; al. fe'g?gnal igﬁgggﬂ 114.26 22.34 6 0.82 5.18
70 | Xi'an/NW E'(Szegféf" urban ifé};ﬁg” 10888 | 3423 1285 10032 21

71 | Lzu/nw %cfltg)l urban Ty 10385 | 36.05 29.33 18.41 10.91
72 | Baoji / NW Y'af' (\2\631”7% e | urban gggggﬁ 107.14 34.35 297 16.63 13.07
73 | COREERI/ fg;lt j)" urban ;;%/12/(2)(1)%2 10386 | 36.05 1151 46 6.79
74 | GMA/NW X. Z(g%"lg?ft Al | rban igg}égg}l"’ 10388 | 36.04 18.2 10.87 7.33
75 | Slchuen Basin/ ?;oitszl) suburban | 1232012 10464 | 3015 215 6.2 15.4
76 gi’gﬁo istand / C(azc’oig?" f:g;:g;?l 1/21’2/22’(2)%5' 117.02 | 2342 7.06 2.61 445
77 | Xiamen/OTR C(azooit;)‘" suburban 2%2/(2)(1)?5 11805 | 24.60 13.07 361 9.46
78 | Xinzhou/OTR | @ Vz’za(;‘fg A | suburban | 72004 11212 | 3807 11.72 2.2 95

79 | it vulong! thzngl‘;t)a" remote si2aie>: 10020 | 27.20 3.88 05 337
go | paxeHongze/ Z?zuoiteil' remote el 11833 | 3323 9.8 3 6.8

gL | gt Wuent/ Z?zuoite?)ll' remote P 10049 | 18.84 49 0.01 489
82 | qoms/otR | % Z(hzi)”lgg;*t al | emote gﬁgggig 86.95 28.36 2.39 1.04 1.34
83 | WLG/OTR Zh(aznglgt)a" remote L 10090 | 36.28 3.14 0.79 2.35
84 | NamCo/OTR | * "("2%”1973 al- | remote oo 90.98 30.77 0.71 0.13 0.59
85 | NamCo/OTR )g(flt;)' remote St 90.95 30.77 136 0 136
86 | NBS/OTR [zgoelt;)" remote %3’125%3'13 101.26 37.61 49 0.8 41




5 Table S2. Summary of the location, sampling information of the 49 surface online measurements of VOCs as well as the

campaign-average mixing ratios of benzene, toluene, and xylene in China.

Site# | Site Name References Sampling Period Lon. Lat. B(;r;ﬁr;e ?glputf\?)e ?%ggc)e
1| PKuU Wang et al. (2014) ﬁ’g%g%l 11631 40.00 234 267
2 | Pku ) Lietal (20198) | yme0l> 11633 39.99 130 120
3 | NCNST K. Lietal (2019) | 1/31-2/15/2015 116.32 39.99 1.3 151
4 | RCEES Livetal. (2017) | 1252005 116.30 40.00 181 167 112
5 | PkU Y. Shi et al. (2020) 1/23’2/12/(2)%6 11633 39.99 3.27 363 150
6 | PKU Y. Shietal. 2020) | 1212017 116.33 39.99 1.06 147 0.61
7 | Pku Y. Shietal. 2020) | 1/2018 116.33 39.99 1.03 126 051
8 | TeEPB Livetal. (2016) | 12/2014-2/2015 117.15 39.10 0.54 0.27 0.38
9 | ucas K Lietal (2019) | 11/24-12/24/2014 | 116,67 40.41 0.91 0.73
10 | Wangdu Zhang etal. (2020) | 11ro0l 115.25 38.67 3.16 2.48 1.07
11 | NUIST Anetal. 2o17) | L2013 118.72 3221 321 3.20 0.74
12 | ziyang Lietal (014) | 1202012 104.64 30.15 1.80 0.80
13 | BI L. Lietal (2015) | 52014 11633 39.99 0.82 133
14 | PKU J. Li et al. (20199) 3%2/(2)(1)25 11633 39.99 0.76 1.06
15 | TEPB Liuetal. (2016) | 3/2015-5/2015 117.15 39.10 0.24 0.30 0.21
16 | SAES Y. Liuetal. (2019c) | 5/20-5/30/2017 12172 31.28 0.42 131 152
17 | wHU Huietal. (2020) | 4/26-6/6/2017 114.36 30.54 0.49 0.71 0.43
18 | PKUSZ Yu et al. (2019) 3@62/23?6 113.90 22.60 0.60 3.12 1.07
19 | PKU M. Wang et al. (2015) 3%2/(2)(1)11 11631 40.00 1.29 2,08 174
20 | PKU M. Wang etal. (2015) | J2/2012 11631 40.00 0.98 225 175
21 | PKU M. Wang et al. (2015) gggz/(z)cl)ie, 11631 40.00 0.98 2.00 150
22 | PKU J. Li etal. (2019a) ;g’f/géis 11633 39.99 0.80 155
23 | PKU Lietal (2016) | So0ts 11633 39.99 0.58 120 0.68
24 | TEPB Liuetal. (2016) | 6/2015-8/2015 117.15 39.10 8.26 154 0.89
25 | Gucheng L. Li etal. (2015) ?ﬁggéé 115.67 39.13 1.08 131
26 | Quzhou L. Li et al. (2015) ‘75;;/12’(2)(1"114' 115.02 36.86 081 0.48
27 | NUIST Anetal (2017) | 6/1-8/31/2013 11872 3221 186 147 0.74
28 | Zhaohui K. Lietal. o17) | 512013 120.16 30.29 0.39 128 151
29 | Nanling Gongetal. (2018) | 71200 112.90 24.69 0.05 0.15 0.04
30 | PKU Wuetal. (2016) | 10/1-10/16/2014 11633 39.99 121 178 165
31 | PKU JLietal 2015) | 10/18-11/22/2014 | 11633 39.99 162 2.43 124




10/1/2015-

32 PKU J. Li et al. (2019a) 10/31/2015 116.33 39.99 1.01 1.66
. 11/2014;
33 TEPB Liu et al. (2016) 9/2015-10/2015 117.15 39.10 2.12 1.18 1.06
34 Shenyang Z. Maetal. (2019) 8/20-9/16/2017 123.42 41.78 141 1.63 0.88
. 8/28/2016-
35 Pixian Deng et al. (2019) 10/7/2016 103.87 30.80 0.79 1.78 117
. 8/24/2015-
36 Clz J. Li et al. (2018) /2212015 106.50 29.62 1.10 1.20 0.70
. 8/24/2015-
37 JYS J. Li et al. (2018) 9/22/2015 106.38 29.83 0.60 0.40
. 8/24/2015-
38 NQ J. Lietal. (2018) 9/22/2015 106.59 29.43 1.00 0.80 0.90
39 Heshan M. Song et al. (2019) | 10/22-11/22/2014 112.93 22.73 1.04 2.96 2.39
. 3/1/2016-
40 RCEES Q. Li et al. (2020) 1/31/2017 116.50 39.80 1.00 1.20 1.00
41 BNU Liu et al. (2020) 1,4,7,10/2016 116.37 39.97 0.92 0.98 0.80
42 Langfang C. Song et al. (2019) | 4/2016-3/2017 116.76 39.57 0.86 0.84 0.62
43 NUIST An et al. (2014) 3/2011-2/2012 118.72 32.21 3.14 2.10 1.37
44 WH Lyu et al. (2016) 2/2013-10/2014 114.37 30.54 1.70 2.00 0.60
45 WHU Yang et al. (2019) 9/2016-8/2017 114.62 30.88 0.73 0.95 0.37
. 10/27/2016-
46 Qingyang Song et al. (2018) 9/30/2017 104.08 30.93 0.95 1.80 171
47 LEMS Jiaetal. (2016) 1/2013-12/2013 103.92 36.05 194 1.01 1.23
48 GPACS Zou et al. (2015) 6/2011-5/2012 113.35 23.00 0.62 459 2.07
49 Mong Kok Z. Lietal. (2020) 1/2013-12/2014 114.17 22.32 0.44 1.74 0.63




Table S3. Summary of the locations, sampling information, and campaign-average mixing ratios of the 28 surface HONO

10 measurements as well as the corresponding simulation results in the Sp_base and Sp_R1+2 simulations.

Observed | PN Shiation
Site# | Site Name References Sampling Period Lon. Lat. I(—lpopg\g HONO Sim/ HONO Sim/
(ppbv) Obs (ppbv) Obs
Winter
1 | EESCAS 1. Wang etal. (2017b) | 1/3-1/27/2016 11634 | 4001 | 103 071 | o068 | 104 | 101
2 | Jinan D. Lietal. 2018) | 200/20% 11705 | 3667 | 114 095 | 084 | 164 | 144
3| Jinan L Wang etal. (2015) | 12013 11705 | 3667 | 036 112 | 315 | 193 | 542
4 | velrD Guetal. (2020) | 2/8-3/24/2017 11898 | 37.76 | 026 041 | 159 | 060 | 234
5 | NUIST Zhengetal. (2020) | 12/1-12/31/2015 | 11871 | 3221 | 128 085 | 066 | 162 | 127
6 | SORPES Y. Liuetal. (2019b) | 12/2017-2/2018 | 11895 | 3212 | 0.7 080 | 119 | 143 | 212
7 | TungChung | Z Xuetal. (2015) | 2/3-3/9/2012 11393 | 2230 | 090 006 | 007 | 021 | 023
8 | zhengzhou Haoetal. (2020) | 1/9-1/31/2019 11352 | 3480 | 251 156 | 062 | 220 | oss
Spring
9 | EESCAS 3. Wang et al. (2017b) | 4/1-5/14/2016 11634 | 4001 | 105 015 | 014 | 040 | 038
10 | Jinan D.Lietal (2018) | 3/1-5/31/2016 11705 | 3667 | 111 045 | 041 | 105 | 095
11 | Changzhou | X.Shietal. (2020) | 4/3-4/24/2017 11990 | 3180 | 152 032 | 021 | 078 | 051
12 | SORPES Y. Liuetal. (2019b) | 3-5/2018 11895 | 3212 | 045 043 | 094 | 110 | 242
13 | SORPES Nieetal. (2015) | 4/17-6/24/2012 | 11895 | 3212 | 0.75 030 | 040 | 090 | 1.19
14 | TungChung | Z Xuetal. (2015) | 5/1-5/31/2012 11393 | 2230 | 040 045 | 038 | 056 | 140
Summer
15 | Wangdu Y. Liuetal. (2019a) | 6/8-7/5/2014 11518 | 3868 | 092 022 | 024 | 066 | 072
16 | EESCAS J.Wang etal. (2017b) | 6/20-7/25/2016 | 11634 | 4001 | 139 045 | 011 | 050 | 036
17 | Jinan D.Lietal (2018) | 6/1-8/31/2016 11705 | 3667 | 076 042 | 055 | 109 | 142
18 | YelRD Guetal. (2020) | 6/1-7/10/2017 11898 | 37.76 | 017 006 | 036 | 023 | 136
19 | SORPES Y. Liu et al. (2019b) élﬁ%lglg 11895 | 3212 | 104 045 | 044 | 104 | 100
20 | SORPES Y. Liuetal. (2019b) | 6-8/2018 11895 | 3212 | 066 031 | 046 | 086 | 130
21 | TungChung | Z Xuetal. (2015) | 8/3-9/7/2011 11393 | 2230 | 068 010 | 014 | 043 | o064
22 | IEECAS Huang etal. (2017) | 7/24-8/6/2015 10887 | 3422 | 111 006 | 006 | 031 | 028
Autumn
23 | EESCAS J.Wangetal. (2017b) | 9/22-10/21/2016 | 11634 | 4001 | 227 031 | 013 | 062 | 027
24 | ICCAS Tongetal. (2015) | 10/28-11/2/2014 | 11632 | 39.99 | 1.45 037 | 026 | 064 | 044
25 | UCAS Tongetal. (2015) | 10/28-11/2/2014 | 11660 | 4040 | 0.75 017 | 023 | 027 | 036
26 | ICCAS Jiaetal (2020) | 8/23-9/15/2018 | 11632 | 39.99 | 124 021 | 017 | o066 | 053
27 | Jinan D.Lietal (2018) | 9/1-11/30/2015 | 11705 | 3667 | 175 080 | 046 | 151 | 086
28 | TungChung | Z Xuetal. (2015) | 11/1-12/3/2011 | 11393 | 2230 | 092 008 | 009 | 020 | 032




Table S4. Summary of the locations, sampling information, and the maxima in the diurnal profiles of the hourly mean

concentrations from 10 surface OH and HO, measurements in China as well as the corresponding model results in the

15 Sp_base and Sp_R1+2 simulations.

6 -3 8 -3
Site | Site Name/ . . OH (10°cm™) HO, (10° cm™)
. References Sampling Period Lon. Lat.
# | Region Obs | Sp base | Sp_R1+2 | Obs | Sp_base | Sp_R1+2
Winter
Huairou/ 1/6-2/2/2016;
1 | nop Tan etal. (2018) | o0 are ot 11668 | 4041 | 3.1 11 28 08 0.2 05
11/16-
2 | IAPINCP | Slateretal. (2020) | 11/20/2016; 11637 | 39.97 | 27 13 3.0 0.4 0.2 0.6
12/2-12/8/2016
3 | 1AP/NCP Ma (2019) 11/15-12/9/2016 | 11637 | 39.97 | 2.3 11 2.8 0.6 0.2 05
4 | PKU/NCP | X.Maetal. (2019) | 11/16-12/24/2017 | 116.31 | 40.00 | 1.8 12 2.7 0.4 0.2 05
Summer
5 legggd”/ Tanetal. (2017) | 6/7-7/8/2014 1152 | 395 | 83 6.3 12.9 8.3 26 52
6 | IAP/NCP Wh?;'ggl‘;t al- | 501.6/26/2017 116.37 | 3997 | 86 35 76 2.9 35 5.9
7 I{'SZS‘O“’ Yang (2021) 5/23-6/17/2018 1199 | 323 | 111 9.0 14.2 11.4 44 6.6
g | Chengdu/ |y o etal. (2021) | 8/10-8/25/2019 1038 | 304 | 100 9.8 19.7 10.1 40 7.6
Southwest
Autumn
9 E;sgen/ Tanetal. (2019) | 10/19-11/22/2014 | 112.9 | 227 | 4.4 7.0 18.4 32 18 5.6
10 ggegme”’ Yang (2021) 10/5-10/28/2018 | 1139 | 226 | 45 7.6 11.8 4.4 5.4 7.8
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Table S5. Descriptions of the implemented new sources of HONO.

New sources

Description

Reference

Traffic emission

Soil emission

Biomass burning
emission

Heterogeneous
reaction of NO, on the
ground

Photolysis of nitrate

Enonojrafiic = 0.017 X Exo, traftic

Enonosoil = HONOf X Eng, soit X fswe X CRF(LAI meteology, biome)

Eno,.soi1 @Nd canopy reduction factor (CRF): Hudman et al. (2012)

The soil water content adjustment factor (fswc) and the proportions of the emissions of
HONO to NO, (HONOy): Rasool et al. (2019)

Burned area data: GFED4
EFyonopb: Andreae (2019)

surface

NO, 5 HONO (k)
1 s,
kg = =X Vo, X 7g X Yg-No,

1x107®  (night)
Vg-No {2 x 1075 x 2592 (day)

2x1073

s _{ 0.1 (urban area)

2XLAI
H

Land cover type: MCD12C1 v6

(other areas)

h
Nitrate —> 0.67HONO + 0.33N0, (Jyierace)

Initrate = 100 X Jyyo,

Rappengluck et al. (2013)

Hudman et al. (2012)
Rasool et al. (2019)

Giglio et al. (2013)
Andreae (2019)

Li et al. (2010);
Zheng et al. (2020)

Kasibhatla et al. (2018)




Table S6. The ratios of IVOCs to NMVOCs emissions from different subsectors.

Subsectors IVOCs/NMVOCs Reference
Gasoline 0.032 Lu et al. (2018)
Diesel 0.527 Lu et al. (2018)
Coal 0.352 Cai et al. (2019)
Biomass burning 0.164 Lim et al. (2019)
Solvent use 0.240 Khare and Gentner (2018)




Table S7. Annual mean emissions of IVOC6, IVOCS5, and IVOC4 in China in 2014 (unit: Tg year?). The values in

25 parentheses are the IVOCs emissions when the residential emission is multiplied by a factor of 7.

Sectors Corresponding subsectors IVOC6 IVOC5 IVOC4 Total IVOCs
Power Coal 0.01 0.01 0.01 0.03
Industry Coal 2,51 1.43 0.83 477
Solvent
S Coal
Residential . 0.60 (3.10) 0.44 (1.72) 0.17 (0.83) 1.21 (5.64)
Biofuel
Transportation Gasoline 0.23 0.18 0.15 0.56
Diesel
Total - 3.35(5.85) 2.05(3.33) 1.15(1.81) 6.56 (11.00)

10



Table S8. The SOA yield parameterization for IVOCs under low and high NOy conditions in this study compared with the
literature parameterization. The saturation concentration (C”) is in unit of ug m. Only one-step oxidation is considered in

the parameterizations.

Parameterization Catedo mass-based stoichiometric coefficients («) for C* SOA yield at Reference
oY Thonvolatile 01 1 10 100 1000 10 pg m*®
low NOy condition
Pye and Seinfeld
(2010) IVOCs 073 - - - - - 0.73 C'Zggoe;)a"
(Base)
high NOy condition
Pye and Seinfeld Chan et al
(2010) IVOCs - 0 0.039 0.296 0.235 - 0.21 (2009) '
(Base)
Murphy and
Koo et al. (2014) IVOCs - - 0.030 0.194 0.264 0.376 0.15 Pandis (2009)
n-Cis proxy - 0.014 0.059 0.220 0.400 - 0.21 Presto et al
Jathar et al. (2014) (Z (()31% )a .
n-Cis proxy - 0.044 0.071 0.410 0.300 - 0.34
IVOC6-ALK - 0.009 0.045 0.118 0.470 - 0.15
IVOC5-ALK - 0.051 0.061 0.394 0.494 - 0.35
Presto et al.
IVOC4-ALK - 0068 0083 0523  0.239 - 0.43 2512012)? |
Lu et al. (2020) ( sgles )7?1 .
IVOC3-ALK - 0.067 0.086 0.544 0.198 - 0.43 Zhao et (,’iL
(2016)
IVOC6-ARO - 0.022 0.109 0.251 0.005 - 0.25
IVOC5-ARO - 0.143 0.021 0.329 0.358 - 0.36
IVOC6 - 0.011 0.052 0.201 0.296 - 0.19
This study IVOC5 - 0049 0078 0439 0271 - 0.36 P“Ztgl%t)a"
IVOC4 - 0.063 0.089 0.550 0.200 - 0.44
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Table S9. The observed campaign-average mass concentrations of primary 1VOCs at the SAES site and the corresponding

model results in the Cp_R1+2 and Cp_R1+2+3 simulations.

Observation Cp_R1+2 simulation Cp_R1+2+3 simulation
Site Reference Period (g m?) Sim Sim/ Sim Sim/
He (ng m®) Obs (ug m®) Obs
. December 5, 2016 to January 351 03 026 156 »
SAES Y. Lietal 3, 2017
(Shanghai) (2019)
July 16 to August 8, 2017 4 1.9 0.48 ) )
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35 Table S10. The values of EFsoap/EFco used in models and the maximum of AOA/ACO obtained in the experiments based

on oxidation flow reactor (OFR). The values in parentheses are the AOA/ACO uncorrected for losses of low volatility vapors

in the experiments.

Site/campaign

EFSOAP/EFCO (g kgl) or

name Site/campaign condition Simulating/Sampling period Maximum AOA/ACO Reference
(g m* ppmv)
Model
. 69 in Sp_base, R1, R1+2 .
China 2014 N This stud
80 in Sp_R1+2+3 y
World 2013 69 Pai et al. (2020)
MILAGRO Mexico City region 15 to 31 March 2006 80 H"dz'c(;gff)'me”ez
Hayes et al. (2015);
CalNex Urban outflow from Los Angeles 15 May to 15 June 2010 69 Woody et al. (2016)
4 Summertime aircraft in the :
SEAC RS southeast US 1 August to 31 October 2013 69 Kim et al. (2015)
Wintertime aircraft campaign in
WINTER the northeastern US 1 February to 15 March 2015 80 Shah et al. (2019)
Wintertime aircraft campaign in
WINTER the northeastern US 1 February to 15 March 2015 69 Schroder et al. (2018)
OFR experiment
CalNex Urban outflow from Los Angeles 29 May to 10 June 2010 45-68 (43) Ortega et al. (2016)
Aircraft campaign over South
KORUS-AQ Korea and the Yellow Sea May to June 2016 129 +16.5 Nault et al. (2018)
Changping Suburban near Beijing 12 to 21 June 2016 59 .
J. Lietal. (2019b)
Hong Kong The east coast of Hong Kong 11 to 21 October 2016 22
Pittsburgh A highway tunnel May 2013 91 Tkacik et al. (2014)
Hong Kong 1 m from a major road 24 Dec 2017 to 15 Jan 2018 48 (38 £65) T. Liu et al. (2019)
1 to 15 July 2015 180 (62 +18
Durham 10 m from the edge of Interstate y ( ) Saha et al. (2018)
40 5 to 25 February 2016 110 (20)
Beijing The 4m Ring Road November 2018 44 Liao et al. (2021)
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40

Figure S1. The (a) default and (b) new volatility distributions of primary SVOCs that used in the Cp_base and Cp_R1

simulations, respectively.
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Figure S2. The volatility distributions of primary IVOCs from diesel, gasoline, coal combustion, solvent uses, and biomass
burning. The volatility distributions from diesel and gasoline are adopted from Lu et al. (2018). For coal combustion, solvent

uses, and biomass burning, the volatility distributions are provided by Cai et al. (2019), Khare and Gentner (2018), and Lim

et al. (2019), respectively.
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Figure S3. Annual emissions of IVOCs in 2014 that are estimated by (a) the new method developed in this study, (b) the
new method with 7-fold emissions from the residential sector during the heating season, (c) the naphthalene-based, and (d)
the POA-based methods as well as (e-f) the emission ratios of the new method to naphthalene-based and the new method to

POA-based estimates.
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Figure S4. Comparisons of monthly profiles of the IVOC emissions in China in 2014.
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Figure S5. The PMF-derived and simulated campaign-average mass concentrations of POA at (a) urban, (b) suburban and

regional, and (c) remote sites. The upper and lower edges of the boxes, the whiskers, the middle lines, and the solid dots

denote the 25th and 75th percentiles, the 5th and 95th percentiles, the median values, and the mean values of the POA

concentrations.
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Figure S6. Scatter plots of the observed and simulated campaign-average concentrations of SOA by (a) the observational-

100 constrained scheme and (b) the process-based scheme at urban, suburban and regional, and remote sites.
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Figure S7. NMBs for SOA simulations at (a) urban, (b) suburban and regional, and (c) remote sites for different seasons.

The model results were compared to the PMF-derived SOA results in China.
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Figure S8. Winter-mean mass concentrations of SOA simulated by the Sp_R1+2 and Sp_R1+2+3 simulations. The circles
are shown for the PMF-derived SOA concentrations from measurements.
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