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Supplemental information for manuscript:
A comprehensive review of tropospheric background ozone: Definitions, estimation methods, and meta-analysis of its spatiotemporal distribution in China

Chujun Chen, Weihua Chen*, Linhao Guo, Yongkang Wu, Xianzhong Duan, Xuemei Wang, Min Shao

Table S1. Comprehensive list of data source for background O3 concentration in China from 1994 to 2020.

Study Season Background O;

No. Location Type Study Year Reference
or Month Concentration (ppb)
1 NC Annual 2004 - 30 Meng et al., 2009
2 NC Annual 2005 - 33 Meng et al., 2009
3 NC Annual 2006 - 31 Meng et al., 2009
4 NC Annual 2004-2006 - 32 Lin et al., 2008
5 NC Annual 2004 - 34 Xu et al., 2020
6 NC Annual 2005 - 36 Xu et al., 2020
7 NC Annual 2006 - 33 Xu et al., 2020
8 NC Annual 2007 - 36 Xu et al., 2020
9 NC Annual 2008 - 39 Xu et al., 2020
10 NC Annual 2009 - 36 Xu et al., 2020
11 NC Annual 2010 - 38 Xu etal., 2020
12 NC Annual 2011 - 39 Xu etal., 2020
13 NC Annual 2012 - 40 Xu et al., 2020
14 NC Annual 2013 - 39 Xu et al., 2020
15 NC Annual 2004 - 45 Ma et al., 2016
16 NC Annual 2005 - 48 Ma et al., 2016
17 NC Annual 2006 - 44 Ma et al., 2016
18 NC Annual 2007 - 48 Ma et al., 2016
19 NC Annual 2008 - 51 Ma et al., 2016



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Monthly

2009
2010
2011
2012
2013
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2003
2004-2006
2004-2006
2004-2006
2004-2006
2007
2008
2009
2010
2011
2010-2012

Autumn and Winter
Spring
Summer
Autumn
Winter
Summer
Summer
Summer
Summer
Summer

January

50
46
48
52
50
34
36
33
37
39
37
37
39
40
39
27
39
37
28
22
58
59
59
67
71
24

Ma et al., 2016
Ma et al., 2016
Ma et al., 2016
Ma et al., 2016
Ma et al., 2016
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Meng et al., 2009
Lin et al., 2008
Lin et al., 2008
Lin et al., 2008
Lin et al., 2008
Xuetal., 2011
Yang et al., 2012
Yang et al., 2012
Yang et al., 2012
Yang et al., 2012
Liuetal., 2019a



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly

2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2009
2009
2009

February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March

27
32
41
55
64
63
48
40
30
20
20
18
25
34
50
51
59
48
41
36
29
18
19
23
24
32

Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022



72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly

2009
2009
2009
2009
2009
2009
2009
2009
2009
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2010
2011
2011
2011
2011
2011

April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May

45
52
45
50
39
33
24
18
17
22
25
25
33
43
59
77
38
32
23
14
16
27
26
32
38
48

Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022



98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly

2011
2011
2011
2011
2011
2011
2011
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2012
2013
2013
2013
2013
2013
2013
2013

June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June

July

62
48
48
40
27
17
18
19
24
30
41
58
54
47
40
35
31
22
18
20
27
34
41
57
47
43

Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022



124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

Monthly
Monthly
Monthly
Monthly
Monthly
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Monthly

2013
2013
2013
2013
2013
2014
2015
2014
2015
2015
2016
2014
2015
2016
2017
2018
2017-2019
2017-2019
2017-2019
2016-2020
2014-2017
2018
2018
2018
2018
2014

August
September
October
November

December

Summer
Summer
Spring
Autumn
Winter

January

45
32
29
19
19
40
39
53
60
28
38
40
39
38
43
37
17
18
20
36
45
40
48
28
26
19

Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Xuetal., 2020
Xuetal., 2020
Ma et al., 2016
Ma et al., 2016
Sahu et al., 2021
Xuetal., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Yao et al., 2021
Yao et al., 2021
Yao et al., 2021
Sun et al., 2024
Zhao et al., 2018
Han et al., 2021
Han et al., 2021
Han et al., 2021
Han et al., 2021
Wu et al., 2022



150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175

NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC
NC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly

2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2016
2016
2016

February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March

22
33
47
54
50
54
51
37
30
21
21
22
29
37
52
64
59
70
55
44
37
22
18
27
34
36

Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wau et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wau et al., 2022
Wu et al., 2022
Wu et al., 2022
Wu et al., 2022



176 NC Monthly 2016 April 45 Wu et al., 2022

177 NC Monthly 2016 May 63 Wu et al., 2022
178 NC Monthly 2016 June 67 Wu et al., 2022
179 NC Monthly 2016 July 48 Wu et al., 2022
180 NC Monthly 2016 August 38 Wu et al., 2022
181 NC Monthly 2016 September 31 Wu et al., 2022
182 NC Monthly 2016 October 24 Wu et al., 2022
183 NC Monthly 2016 November 17 Wu et al., 2022
184 NC Monthly 2016 December 20 Wu et al., 2022
185 NC Monthly 2017 January 23 Wu et al., 2022
186 NC Monthly 2017 February 29 Wu et al., 2022
187 NC Monthly 2017 March 33 Wu et al., 2022
188 NC Monthly 2017 April 41 Wu et al., 2022
189 NC Monthly 2017 May 60 Wu et al., 2022
190 NC Monthly 2017 June 63 Wu et al., 2022
191 NC Monthly 2017 July 52 Wu et al., 2022
192 NC Monthly 2017 August 40 Wu et al., 2022
193 NC Monthly 2017 September 42 Wu et al., 2022
194 NC Monthly 2017 October 23 Wu et al., 2022
195 NC Monthly 2017 November 19 Wu et al., 2022
196 NC Monthly 2017 December 17 Wu et al., 2022
197 EC Annual 2004 - 32 Yang et al., 2008
198 EC Annual 2009 - 34 Lietal., 2015
199 EC Annual 2011 - 41 Suetal., 2013
200 EC Annual 2010-2012 - 31 Liu et al., 2019a

201 EC Annual 2006 - 33 Zhang et al., 2020



202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC

Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

2007
2008
2009
2010
2011
2012
2013
2006
2007
2008
2009
2010
2011
2012
2013
2000
2000
2000
2001
2003
2003
2004
2004
2004
2005
2006

Spring
Summer
Autumn

Spring
Autumn

Winter

Spring
Summer
Autumn
Autumn

Spring

34
34
34
31
32
31
34
34
35
35
34
31
32
32
34
40
33
33
38
53
24
36
38
32
38
42

Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Xu et al., 2008
Xu et al., 2008
Xu et al., 2008
Xu et al., 2008
Gao et al., 2005
Yang et al., 2008
Yang et al., 2008
Yang et al., 2008
Yang et al., 2008
Xu et al., 2008
Xu et al., 2008



228 EC Quarterly 2006 Summer 34 Xu et al., 2008

229 EC Quarterly 2011 Spring 56 Suetal., 2013
230 EC Quarterly 2011 Summer 38 Suetal., 2013
231 EC Quarterly 2011 Autumn 43 Suetal., 2013
232 EC Quarterly 2011 Winter 30 Suetal., 2013
233 EC Quarterly 2008 Spring 25 Nietal., 2018
234 EC Quarterly 2008 Spring 40 Nietal., 2018
235 EC Quarterly 2000 Autumn 25 Lietal., 2014
236 EC Quarterly 2000 Summer 40 Lietal., 2014
237 EC Quarterly 2000 Autumn 20 Lietal., 2014
238 EC Quarterly 2000 Autumn 30 Lietal., 2014
239 EC Quarterly 2005-2006 Winter 20 Xu et al., 2008
240 EC Monthly 2003 July 65 Gao et al., 2005
241 EC Monthly 2003 August 60 Gao et al., 2005
242 EC Monthly 2003 September 62 Gao et al., 2005
243 EC Monthly 2003 October 50 Gao et al., 2005
244 EC Monthly 2003 November 48 Gao et al., 2005
245 EC Monthly 2006 June 82 Kanaya et al., 2013
246 EC Monthly 2005 Winter 18 Meng et al., 2009
247 EC Monthly 2006 Spring 45 Meng et al., 2009
248 EC Monthly 2006-2009 June 75 Sun et al., 2016
249 EC Monthly 2006-2009 June 85 Sun et al., 2016
250 EC Quarterly 2006-2009 Summer 60 Sun et al., 2016
251 EC Quarterly 2006-2009 Summer 70 Sun et al., 2016
252 EC Monthly 2009 January 21 Lietal., 2015
253 EC Monthly 2009 February 22 Lietal., 2015
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254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279

EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly

2009
2009
2009
2009
2009
2009
2009
2009
2009
2009
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2011
2011
2011
2011

11

March
April
May
June
July

August

September
October
November
December
January
February

March
April
May
June
July

August

September
October
November
December

March
April
May

June

32
46
57
46
35
30
38
43
21
15
16
25
31
40
46
35
32
33
38
39
23
16
52
60
55
38

Lietal., 2015
Lietal., 2015
Lietal., 2015
Lietal., 2015
Lietal., 2015
Lietal., 2015
Lietal., 2015
Lietal., 2015
Lietal., 2015
Lietal., 2015
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Su et al., 2013
Suetal., 2013
Su et al., 2013
Su et al., 2013



280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305

EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual

Annual

2011
2011
2011
2011
2011
2011
2012
2012
2014
2015
2016
2015
2014
2015
2016
2017
2018
2018-2020
2018-2020
2018-2020
2018-2020
2018-2020
2018
2019
2020
2018-2020
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July
August
September
October
November
December
January

February

38
38
46
42
41
35
24
30
35
33
31
29
35
32
31
30
33
52
51
51
31
31
42
42
41
42

Suetal., 2013
Suetal., 2013
Suetal., 2013
Suetal., 2013
Suetal., 2013
Suetal., 2013
Suetal., 2013
Suetal., 2013
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Sahu et al., 2021
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Zhang et al., 2020
Wang et al., 2022
Wang et al., 2022
Wang et al., 2022
Wang et al., 2022
Wang et al., 2022
Wang et al., 2022
Wang et al., 2022
Wang et al., 2022
Wang et al., 2022



306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331

EC

EC

EC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC

Annual
Monthly
Monthly

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual

Annual
Monthly
Monthly
Quarterly
Quarterly
Quarterly
Quarterly
Monthly
Monthly
Monthly
Monthly

2020
2016
2016
1994
1995
1996
1997
1998
1998
1999
2000
2000
2001
2010
1994-2002
1994-2017
1995-2016
1995-2016
2003
2003
2006
2006
2005
2005
2005
2005
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January
July
Spring
Summer
Summer
Summer
January
February
March
April

37
32
72
43
47
44
47
46
47
51
53
53
48
40
48
51
43
62
58
54
55
59
34
40
38
38

Sun et al., 2024
Liang et al., 2018
Liang et al., 2018

Nie et al., 2004

Nie et al., 2004

Nie et al., 2004

Nie et al., 2004

Nie et al., 2004
Zhang et al., 2020

Nie et al., 2004

Nie et al., 2004

Jin et al., 2008

Nie et al., 2004

Xuetal., 2020

Jin et al., 2008
Wang et al., 2020

Xuetal., 2020

Xuetal., 2020
Wang et al., 2006
Wang et al., 2006
Wang et al., 2011

Xue et al., 2011

Linetal., 2010

Linetal., 2010

Linetal., 2010

Linetal., 2010



332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357

NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly

2005
2005
2005
2004
2004
2004
2004
2004
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
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May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October
November
December
January
February
March
April
May

June

40
42
40
32
27
21
23
29
45
47
50
57
58
63
59
59
51
48
45
44
30
40
43
39
42
42

Linetal., 2010
Linetal., 2010
Linetal., 2010
Linetal., 2010
Linetal., 2010
Linetal., 2010
Linetal., 2010
Linetal., 2010
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a



358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383

NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC

Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Annual
Quarterly
Quarterly

2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2010-2012
2011
2012
2013
1995
1996
2000
2001
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
1994
1995

15

July
August
September
October
November

December

Spring
Spring

39
36
33
26
25
27
33
34
31
49
49
51
50
51
51
51
50
51
51
50
51
54
54
53
51
52

Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Liuetal., 2019a
Xuetal., 2020
Xuetal., 2020
Xuetal., 2020
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016



384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409

NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
1995
1996
1999
2000
2001
2002
2003
2004
2005

16

Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Spring
Summer
Summer
Summer
Summer
Summer
Summer
Summer
Summer

Summer

53
51
54
55
53
52
55
54
55
54
54
54
54
53
56
58
57
60
56
58
61
60
58
59
60
58

Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016
Xuetal., 2016



410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435

NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC
NWC

Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
Quarterly
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Table S2. The seven geographical regions of China and their corresponding provinces.

Region Province
Northeast China (NEC) Heilongjiang, Jilin, Liaoning
North China (NC) Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia
East China (EC) Shanghai, Anhui, Fujian, Jiangsu, Jiangxi, Shandong, Zhejiang
Central China (CC) Henan, Hunan, Hubei
Northwest China (NWC) Shaanxi, Gansu, Ningxia, Qinghai, Xinjiang
Southwest China (SWC) Yunnan, Guizhou, Sichuan, Chongqing, Tibet
South China (SC) Guangdong, Guangxi, Hainan, Hong Kong Special Administrative Region

8 *The Macao Special Administrative Region and Taiwan were not included due to limited data availability.
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Table S3. Geographical location of the 33 background observation stations.

Above Sea Level

No. Location Station Longitude (° E) Latitude (° N) (m)
1 NEC Longfeng Mountain 127.60 44.73 331
2 NEC Changbai Mountain 128.13 42.14 1220
3 NWC Mt. Waliguan 100.90 36.28 3816
4 NWC Akedala 87.93 47.10 562
5 NWC Menyuan 101.29 37.59 3250
6 NWC Kanas 87.03 48.73 1391
7 NC Shangdianzi 117.07 40.39 293
8 NC Xinglong 117.58 40.38 940
9 NC Pangquangou 111.47 37.85 1807
10 NC Hulunbuir 119.31 49.88 618
11 NC Dingling 116.22 40.29 -
12 NC Badaling 115.99 40.37 -
13 NC Miyun Reservoir 116.91 40.50 -
14 NC Donggaocun 117.12 40.10 -
15 NC Yongledian 116.78 39.71 -
16 NC Yufa 116.30 39.52 -
17 NC Liulihe 116.00 39.58 -
18 EC Mount Tai 117.10 36.25 1534
19 EC Lin’an 119.44 30.18 139

20 EC Changdao 120.74 38.19 125
21 EC Mount Wuyi 117.73 27.59 1139
22 SC Hok Tsui 114.25 22.22 60
23 SC Tianhu 113.62 23.65 251
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16.84
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29.63
31.45
27.11
28.01
27.23
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29.55

1689
12
961
750
2930
948
3580
3410
4730
3670
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11 Table S4. Comprehensive list of data source for background O3 concentration in the United States, Canada, Europe, South Korea and Japan.

No. Location Study Period Concentration (ppb) Reference
1 Canada 1989-2001 23-34 Vingarzan, 2004
2 Northern Europe 1989-1993 28-33 Vingarzan, 2004
3 United states 1989-2001 13-47 Vingarzan, 2004
4 Western Europe April 1987-March 2003 36 Simmonds et al., 2004
5 Europe 1997 30 Auvray and Bey, 2005
6 Northern Europe March 1989-February 1993 30-37 Scheel et al., 1997
7 Western Europe March 1989-February 1993 34 Scheel et al., 1997
8 Central Europe 1970-1999 33-45 Naja et al., 2003
9 Central Europe 1992-1998 39-50 Bronnimann et al., 2000
10 South Korea 2016 32-47 Lee and Park, 2022
11 South Korea 2018 42-43 Yeo and Kim, 2021
12 Eastern Canada 1997-2006 24-37 Chan and Vet, 2010
13 Western Canada 1997-2006 21-36 Chan and Vet, 2010
14 Eastern Canada 1997-2006 27 Chan and Vet, 2010
15 Western Canada 1997-2006 15-25 Chan and Vet, 2010
16 Western United States 1997-2006 46 Chan and Vet, 2010
17 Eastern United States 1997-2006 25-37 Chan and Vet, 2010
18 Europe 1996-2006 10 Wilson et al., 2012
19 Japan 1992 30-60 Tsutsumi et al., 1994
20 Japan 1983-1988 10-60 Sunwoo et al., 1994
21 Japan 1990-2010 55-70 Akimoto et al., 2015
22 Japan 2006 16-62 Lam and Cheung, 2022
23 South Korea 2006 25-48 Lam and Cheung, 2022
24 Southern Europe 1996-1998 20-40 Kalabokas et al., 2000
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Western United States
Western Europe
Southern Europe
Southern Europe

South Korea
South Korea
South Korea
Eastern United States
Eastern United States
United states
United states
Western United States
United states
United states
United states
United states

Western United States

Eastern United States

Western United States

Eastern United States

Western United States

2000
2000
Summer 1992-1995
Winter 1992-1995
2002-2019
1995
1990-1995
May 1990-1994
September 1990-1994
Summer 1995
March to October 2001
Ozone season 1980-2005
Spring and Summer 2006
Spring and Summer 2006
Spring to Summer 2006-2008
Spring to Summer 2006-2008
April to October 2007
Summer 2013
1979-2017
1990-2017
1993-2017

20-40
27-47
40-50
20-35
43-58
30
20
40
25
20-45
15-35
30-40
20-45
25-50
27
40
40-45
10-30
54-63
46
62

Parrish et al., 2009
Parrish et al., 2009
Vecchi and Valli, 1998
Vecchi and Valli, 1998
Kim et al., 2023
Ghim and Chang, 2000
Ghim and Chang, 2000
Hirsch et al., 1996
Hirsch et al., 1996
Fiore et al., 2002
Fiore et al., 2003
Steiner et al., 2010
Emery et al., 2012
Emery et al., 2012
Zhang et al., 2011
Zhang et al., 2011
Dolwick et al., 2015
Yan et al., 2021
Parrish and Ennis, 2019
Parrish and Ennis, 2019
Parrish and Ennis, 2019

35



13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Reference

Akimoto, H., Mori, Y., Sasaki, K., Nakanishi, H., Ohizumi, T., and Itano, Y.: Analysis of monitoring data of ground-level ozone in Japan for long-term trend during 1990-2010:
Causes of temporal and spatial variation, Atmos. Environ., 102, 302-310, https://doi.org/10.1016/j.atmosenv.2014.12.001, 2015.

Auvray, M. and Bey, I.: Long-range transport to Europe: Seasonal variations and implications for the European ozone budget, J. Geophys. Res.-Atmos., 110, 1-22,
https://doi.org/10.1029/2004JD005503, 2005.

Bronnimann, S., Schuepbach, E., Zanis, P., Buchmann, B., and Wanner, H.: A climatology of regional background ozone at different elevations in Switzerland (1992-1998),
Atmos. Environ., 34, 5191-5198, https://doi.org/10.1016/S1352-2310(00)00193-X, 2000.

Chan, E. and Vet, R. J.: Baseline levels and trends of ground level ozone in Canada and the United States, Atmos. Chem. Phys., 10, 8629-8647, https://doi.org/10.5194/acp-10-
8629-2010, 2010.

Chen, W., Guenther, A. B., Shao, M., Yuan, B., Jia, S., Mao, J., Yan, F., Krishnan, P., and Wang, X.: Assessment of background ozone concentrations in China and implications
for using region-specific  volatile organic compounds emission abatement to mitigate air pollution, Environ. Pollut., 305, 119254,
https://doi.org/10.1016/j.envpol.2022.119254, 2022.

Dolwick, P., Akhtar, F., Baker, K. R., Possiel, N., Simon, H., and Tonnesen, G.: Comparison of background ozone estimates over the western United States based on two separate
model methodologies, Atmos. Environ., 109, 282-296, https://doi.org/10.1016/j.atmosenv.2015.01.005, 2015.

Emery, C., Jung, J., Downey, N., Johnson, J., Jimenez, M., Yarwood, G., and Morris, R.: Regional and global modeling estimates of Policy Relevant Background ozone over
the United States, Atmos. Environ., 47, 206-217, https://doi.org/10.1016/j.atmosenv.2011.11.012, 2012.

Fiore, A., Jacob, D. J., Liu, H., Yantosca, R. M., Fairlie, T. D., and Li, Q.: Variability in surface ozone background over the United States: Implications for air quality policy, J.

36



30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Geophys. Res.-Atmos., 108, 1-19, https://doi.org/10.1029/2003JD003855, 2003.

Fiore, A. M., Jacob, D. J., Bey, L., Yantosca, R. M., Field, B. D., Fusco, A. C., and Wilkinson, J. G.: Background ozone over the United States in summer: Origin, trend, and
contribution to pollution episodes, J. Geophys. Res.-Atmos., 107, 1-25, https://doi.org/10.1029/2001JD000982, 2002.

Gao, J., Wang, T., Ding, A., and Liu, C.: Observational study of ozone and carbon monoxide at the summit of Mount Tai (1534m a.s.l.) in central-eastern China, Atmos. Environ.,
39, 4779-4791, https://doi.org/10.1016/j.atmosenv.2005.04.030, 2005.

Ghim, Y. S. and Chang, Y.: Characteristics of ground-level ozone distributions in Korea for the period of 1990-1995, J. Geophys. Res.-Atmos., 105, 8877-8890,
https://doi.org/10.1029/1999JD901179, 2000.

Han, T., Ma, Z., Li, Y., Pu, W,, Qiao, L., Shang, J., He, D., Dong, F., and Wang, Y.: Real-time measurements of aromatic hydrocarbons at a regional background station in North
China: Seasonal variations, meteorological effects, and source implications, Atmos. Res., 250, 105371, https://doi.org/10.1016/j.atmosres.2020.105371, 2021.

Hirsch, A. 1., Munger, J. W., Jacob, D. J., Horowitz, L.W., and Goldstein, A. H.: Seasonal variation of the ozone production efficiency per unit NOx at Harvard Forest,
Massachusetts, J. Geophys. Res.-Atmos., 101, 12659-12666, 1996.

Jin, S., Fan, S., Wang, Z., Nie, H., and Yang, G.: The variation characteristics of surface ozone concentration at Waliguan in Qinghai, China Environ. Sci., 28, 198-202, 2008.

Kalabokas, P. D., Viras, L. G., Bartzis, J. G., and Repapis, C. C.: Mediterranean rural ozone characteristics around the urban area of Athens, Atmos. Environ., 34, 5199-5208,
https://doi.org/10.1016/S1352-2310(00)00298-3, 2000.

Kanaya, Y., Akimoto, H., Wang, Z., Pochanart, P., Kawamura, K., Liu, Y., Li, J., Komazaki, Y., Irie, H., Pan, X., Taketani, F., Yamaji, K., Tanimoto, H., Inomata, S., Kato, S.,
Suthawaree, J., Okuzawa, K., Wang, G., Aggarwal, S. G., Fu, P. Q., Wang, T., Gao, J., Wang, Y., and Zhuang, G.: Overview of the Mount Tai Experiment (MTX2006) in
central East China in June 2006: Studies of significant regional air pollution, Atmos. Chem. Phys, 13, 8265-8283, https://doi.org/10.5194/acp-13-8265-2013, 2013.

Kim, S., Kim, K., Jeong, Y., Seo, S., Park, Y., and Kim, J.: Changes in surface ozone in South Korea on diurnal to decadal timescales for the period 0of 2001-2021, Atmos. Chem.

37



48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

Phys., 23, 12867-12886, https://doi.org/10.5194/acp-23-12867-2023, 2023.

Lam, Y. F. and Cheung, H. M.: Investigation of Policy Relevant Background (PRB) ozone in East Asia, Atmosphere-Basel, 13, 723, https://doi.org/10.3390/atmos 13050723,
2022.

Lee, H. and Park, R. J.: Factors determining the seasonal variation of ozone air quality in South Korea: Regional background versus domestic emission contributions, Environ.
Pollut., 308, 119645, https://doi.org/10.1016/j.envpol.2022.119645, 2022.

Li, X., Liu, J., Mauzerall, D. L., Emmons, L. K., Walters, S., Horowitz, L. W., and Tao, S.: Effects of trans-Eurasian transport of air pollutants on surface ozone concentrations
over western China, J. Geophys. Res.-Atmos., 119, 12338-12354, https://doi.org/10.1002/2014JD021936, 2014.

Li, Y., Lau, A. K., Fung, J. C., Zheng, J. Y., Zhong, L. J., and Louie, P. K. K.: Ozone source apportionment (OSAT) to differentiate local regional and super-regional source
contributions in the Pearl River Delta region, China, J. Geophys. Res.-Atmos., 117, 1-18, https://doi.org/10.1029/2011JD017340, 2012.

Li, Z., Lin, W., Xu, X., and Zhang, W.: Characteristics of the surface ozone at Shangri-La regional atmospheric background station, Resour. Environ. Yangtze Basin, 24, 1412-
1417, https://doi.org/10.11870/cjlyzyyhj201508021, 2015.

Liang, Y., Liu, Y., Wang, H., Li, L., Duan, Y., and Lu, K.: Regional characteristics of ground-level ozone in Shanghai based on PCA analysis, Acta Scien. Circum., 38, 3807-
3815, https://doi.org/10.13671/j.hjkxxb.2018.0209, 2018.

Lin, W., Xu, X., Zhang, X., and Tang, J.: Contributions of pollutants from North China Plain to surface ozone at the Shangdianzi GAW station, Atmos. Chem. Phys, 8, 5889-
5898, https://doi.org/10.5194/acp-8-5889-2008, 2008.

Lin, W., Xu, X., Wang, L., Yang, S., Lin, Y., Zhao, Z., Li, J., and Chen, Q.: On-line measurement of reactive gases at Akedala regional atmosphere background station, Meteor.
Sci. Technol., 38, 661-667, https://doi.org/10.19517/j.1671-6345.2010.06.001, 2010.

Liu, N., Lin, W., Ma, J., Xu, W., and Xu, X.: Seasonal variation in surface ozone and its regional characteristics at global atmosphere watch stations in China, J. Environ. Sci.,

38



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

77,291-302, https://doi.org/10.1016/j.jes.2018.08.009, 2019a.

Liu, P., Chen, J., Zhang, W., Du, Y., and Liao, Q.: Analysis of ozone background characteristics of Hailuogou area in Sichuan Province, Sichuan Environment, 38, 146-150,
https://doi.org/10.14034/j.cnki.schj.2019.05.023, 2019b.

Lu, X., Zhang, L., Chen, Y., Zhou, M., Zheng, B., Li, K., Liu, Y., Lin, J., Fu, T., and Zhang, Q.: Exploring 2016-2017 surface ozone pollution over China: Source contributions
and meteorological influences, Atmos. Chem. Phys., 19, 8339-8361, https://doi.org/10.5194/acp-19-8339-2019, 2019.

Luo, Y., Peng, Q., Jin, H., Zhang, Q., Yin, W., Zeng, Y., Li, W., and Xiao, T.: The characteristics of ozone concentration of Hengyang and Heng Mountain background station,
Environmental Monitoring in China, 35, 100-108, https://doi.org/10.19316/].issn.1002-6002.2019.03.14, 2019.

Ma, J., Lin, W. L., Zheng, X. D., Xu, X. B,, Li, Z., and Yang, L. L.: Influence of air mass downward transport on the variability of surface ozone at Xianggelila regional
atmosphere background station, southwest China, Atmos. Chem. Phys., 14, 5311-5325, https://doi.org/10.5194/acp-14-5311-2014, 2014.

Ma, Z., Xu, J., Quan, W., Zhang, Z., Lin, W., and Xu, X.: Significant increase of surface ozone at a rural site, north of eastern China, Atmos. Chem. Phys., 16, 3969-3977,
https://doi.org/10.5194/acp-16-3969-2016, 2016.

Meng, Z. Y., Xu, X. B,, Yan, P,, Ding, G. A., Tang, J., Lin, W. L., Xu, X. D., and Wang, S. F.: Characteristics of trace gaseous pollutants at a regional background station in
northern China, Atmos. Chem. Phys., 9, 927-936, https://doi.org/10.5194/acp-9-927-2009, 2009.

Naja, M., Akimoto, H., and Stachelin, J.: Ozone in background and photochemically aged air over central Europe: Analysis of long-term ozonesonde data from
Hohenpeissenberg and Payerne, J. Geophys. Res.-Atmos., 108, 1-11, https://doi.org/10.1029/2002JD002477, 2003.

Ni, R., Lin, J., Yan, Y., and Lin, W.: Foreign and domestic contributions to springtime ozone over China, Atmos. Chem. Phys., 18, 11447-11469, https://doi.org/10.5194/acp-
18-11447-2018, 2018.

Nie, H., Niu, S., Wang, Z., Tang, J., and Zhao, Y.: Characteristic analysis of surface ozone over clean area in Qinghai-Xizang Plateau, Journal of Arid Meteorology, 22, 1-7,

39



84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

2004.

Parrish, D. D. and Ennis, C. A.: Estimating background contributions and US anthropogenic enhancements to maximum ozone concentrations in the northern US, Atmos. Chem.
Phys., 19, 12587-12605, https://doi.org/10.5194/acp-19-12587-2019, 2019.

Parrish, D. D., Millet, D. B., and Goldstein, A. H.: Increasing ozone in marine boundary layer inflow at the west coasts of North America and Europe, Atmos. Chem. Phys., 9,
1303-1323, https://doi.org/10.5194/acp-9-1303-2009, 2009.

Sahu, S. K., Liu, S., Liu, S., Ding, D., and Xing, J.: Ozone pollution in China: Background and transboundary contributions to ozone concentration & related health effects
across the country, Sci. Total Environ., 761, 144131, https://doi.org/10.1016/j.scitotenv.2020.144131, 2021.

Scheel, H. E., Areskoug, H., Geiss, H., Gomiscek, B., Granby, K., Haszpra, L., Klasinc, L., Kley, D., Laurila, T., Lindskog, A., Roemer, M., Schmitt, R., Simmonds, P., Solberg,
S., and Toupance, G.: On the spatial distribution and seasonal variation of lower-troposphere ozone over Europe, J. Atmos. Chem., 28, 11-28,
https://doi.org/10.1023/A:1005882922435, 1997.

Shen, J., He, L., Cheng, P., Xie, M., Jiang, M., Chen, D., and Zhou, G.: Characteristics of ozone concentration variation in the northern background site of the Pearl River Delta,
Ecology and Environmental Sciences, 28, 2006-2011, https://doi.org/10.16258/j.cnki.1674-5906.2019.10.010, 2019.

Simmonds, P. G., Derwent, R. G., Manning, A. L., and Spain, G.: Significant growth in surface ozone at Mace Head, Ireland, 1987-2003, Atmos. Environ., 38, 4769-4778,
https://doi.org/10.1016/j.atmosenv.2004.04.036, 2004.

Steiner, A. L., Davis, A. J., Sillman, S., Owen, R. C., Michalak, A. M., and Fiore, A. M.: Observed suppression of ozone formation at extremely high temperatures due to
chemical and biophysical feedbacks, P. Natl. A. Sci. U.S.A., 107, 19685-19690, https://doi.org/10.1073/pnas.1008336107, 2010.

Su, B.: Characteristics and impact factors of O3 concentrations in mountain background region of FEast China, Environm. Sci.,, 34, 2519-2525,

https://doi.org/10.13227/j.hjkx.2013.07.023, 2013.

40



102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

Sun, L., Xue, L., Wang, T., Gao, J., Ding, A., Cooper, O. R., Lin, M., Xu, P, Wang, Z., Wang, X., Wen, L., Zhu, Y., Chen, T., Yang, L., Wang, Y., Chen, J., and Wang, W.:
Significant increase of summertime ozone at Mount Tai in central eastern China, Atmos. Chem. Phys., 16, 10637-10650, https://doi.org/10.5194/acp-16-10637-2016, 2016.

Sun, Z., Tan, J., Wang, F., Li, R., Zhang, X., Liao, J., Wang, Y., Huang, L., Zhang, K., Fu, J. S., and Li, L.: Regional background ozone estimation for China through data fusion
of observation and simulation, Sci. Total Environ., 912, 169411, https://doi.org/10.1016/j.scitotenv.2023.169411, 2024.

Sunwoo, Y., Carmichael, G. R., and Ueda, H.: Characteristics of background surface ozone in Japan, Atmos. Environ., 28, 25-37, https://doi.org/10.1016/1352-2310(94)90020-
5, 1994.

Tsutsumi, Y., Zaizen, Y., and Makino, Y.: Tropospheric ozone measurement at the top of Mt. Fuji, Geophys. Res. Lett., 21, 1727-1730, https://doi.org/10.1029/94GL01107,
1994.

Vecchi, R. and Valli, G.: Ozone assessment in the southern part of the Alps, Atmos. Environ., 33, 97-109, https://doi.org/10.1016/S1352-2310(98)00133-2, 1998.

Vingarzan, R.: A review of surface ozone background levels and trends, Atmos. Environ., 38, 3431-3442, https://doi.org/10.1016/j.atmosenv.2004.03.030, 2004.

Wang, F. T., Zhang, K., Xue, J., Huang, L., Wang, Y. J., Chen, H., Wang, S. Y, Fu, J. S., and Li, L.: Understanding regional background ozone by multiple methods: A case
study in the Shandong region, China, 2018-2020, J. Geophys. Res.-Atmos., 127, €2022JD036809, https://doi.org/10.1029/2022JD036809, 2022.

Wang, J., Qi, D., and Xue, L.: Characteristics of the station environment and some atmospheric compositions of China global atmosphere watch baseline observatory at
Mt.Waliguan, Environ. Chem., 39, 2084-2092, https://doi.org/10.7524/j.issn.0254-6108.2019061303, 2020.

Wang, T., Wong, H. L. A, Tang, J., Ding, A., Wu, W. S., and Zhang, X. C.: On the origin of surface ozone and reactive nitrogen observed at a remote mountain site in the
northeastern Qinghai-Tibetan Plateau, western China, J. Geophys. Res.-Atmos., 111, 1-15, https://doi.org/10.1029/2005JD006527, 2006.

Wang, T., Wei, X. L., Ding, A. J., Poon, C. N, Lam, K. S., Li, Y. S., Chan, L. Y., and Anson, M.: Increasing surface ozone concentrations in the background atmosphere of

southern China, 1994-2007, Atmos. Chem. Phys., 9, 6217-6227, https://doi.org/10.5194/acp-9-6217-2009, 2009.

41



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

Wang, Y., Zhao, Y., Liu, Y., Jiang, Y., Zheng, B., Xing, J., Liu, Y., Wang, S., and Nielsen, C. P.: Sustained emission reductions have restrained the ozone pollution over China,
Nat. Geosci., 16, 967-974, https://doi.org/10.1038/s41561-023-01284-2, 2023.

Wilson, R. C., Fleming, Z. L., Monks, P. S., Clain, G., Henne, S., Konovalov, L. B., Szopa, S., and Menut, L.: Have primary emission reduction measures reduced ozone across
Europe? An analysis of European rural background ozone trends 1996-2005, Atmos. Chem. Phys., 12, 437-454, https://doi.org/10.5194/acp-12-437-2012, 2012.

Wu, J, Li, C., Ma, Z., Sun, Z., Zhu, X., and Dong, F.: Influence of meteorological conditions on ozone pollution at Shangdianzi station based on weather classification,
Environm. Sci., 41, 4864-4873, https://doi.org/10.13227/1.hjkx.202003307, 2020.

Xiao, J., Wang, T., Wang, Y., Yang, Q., and Shi, Y.: Analysis of ozone time series variation in atmospheric background area in China, Research of Environmental Sciences, 35,
2128-2135, https://doi.org/10.13198/j.issn.1001-6929.2022.06.02, 2022.

Xie, W., Xing, Q., Xie, D., Wu, X., Hu, S., and Xu, W.: Pollution characteristics of ozone and its precursors in background region of Hainan Province, Environm. Sci., 43,
5407-5420, https://doi.org/10.13227/j.hjkx.202201027, 2022.

Xu, J., Ma, J. Z., Zhang, X. L., Xu, X. B., Xu, X. F.,, Lin, W. L., Wang, Y., Meng, W., and Ma, Z. Q.: Measurements of ozone and its precursors in Beijing during summertime:
impact of urban plumes on ozone pollution in downwind rural areas, Atmos. Chem. Phys., 11, 12241-12252, https://doi.org/10.5194/acp-11-12241-2011, 2011.

Xu, W., Lin, W., Xu, X., Tang, J., Huang, J., Wu, H., and Zhang, X.: Long-term trends of surface ozone and its influencing factors at the Mt Waliguan GAW station, China -
Part 1: Overall trends and characteristics, Atmos. Chem. Phys., 16, 6191-6205, https://doi.org/10.5194/acp-16-6191-2016, 2016.

Xu, X., Lin, W., Wang, T., Yan, P., Tang, J., Meng, Z., and Wang, Y.: Long-term trend of surface ozone at a regional background station in eastern China 1991-2006: Enhanced
variability, Atmos. Chem. Phys., 8, 2595-2607, https://doi.org/10.5194/acp-8-2595-2008, 2008.

Xu, X., Lin, W, Xu, W,, Jin, J., Wang, Y., Zhang, G., Zhang, X., Ma, Z., Dong, Y., Ma, Q., Yu, D., Li, Z., Wang, D., and Zhao, H.: Long-term changes of regional ozone in

China: Implications for human health and ecosystem impacts, Elementa-Sci. Anthrop., 8, 13, https://doi.org/10.1525/elementa.409, 2020.

42



138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

Xue, L. K., Wang, T., Zhang, J. M., Zhang, X. C., Deliger, Poon, C. N., Ding, A. J., Zhou, X. H., Wu, W. S, Tang, J., Zhang, Q. Z., and Wang, W. X.: Source of surface ozone
and reactive nitrogen speciation at Mount Waliguan in western China: New insights from the 2006 summer study, J. Geophys. Res.-Atmos., 116, 1-12,
https://doi.org/10.1029/2010JD014735, 2011.

Yan, Q., Wang, Y., Cheng, Y., and Li, J.: Summertime clean-background ozone concentrations derived from ozone precursor relationships are lower than previous estimates in
the southeast United States, Environ. Sci. Technol., 55, 12852-12861, https://doi.org/10.1021/acs.est.1c03035, 2021.

Yang, G., Fan, S., Tang, J., Jin, S., and Meng, Z.: Characteristic of surface ozone concentrations at Lin’an, Research of Environmental Sciences, 21, 31-35,
https://doi.org/10.13198/j.res.2008.03.33.yanggy.007, 2008.

Yang, J., Xin, J., Ji, D., and Zhu, B.: Variation analysis of background atmospheric pollutants in North China during the summer of 2008 to 2011, Environm. Sci., 33, 3693-
3704, https://doi.org/10.13227/j.hjkx.2012.11.016, 2012.

Yao, Q., Ma, Z., Hao, T., Fan, W., Yang, X., Tang, Y., Cai, Z., and Han, S.: Temporal and spatial distribution characteristics and background concentration estimation of ozone
in Beijing-Tianjin-Hebei region, China Environ. Sci., 41, 4999-5008, https://doi.org/10.19674/j.cnki.issn1000-6923.20210706.007, 2021.

Yeo, M. J. and Kim, Y. P.: Long-term trends of surface ozone in Korea, J. Clean. Prod., 294, 125352, https://doi.org/10.1016/j.jclepro.2020.125352, 2021.

Zhang, L., Jacob, D. J., Downey, N. V., Wood, D. A., Blewitt, D., Carouge, C. C., van Donkelaar, A., Jones, D. B. A., Murray, L. T., and Wang, Y.: Improved estimate of the
policy-relevant background ozone in the United States using the GEOS-Chem global model with 1/2°x2/3° horizontal resolution over North America, Atmos. Environ., 45,
6769-6776, https://doi.org/10.1016/j.atmosenv.2011.07.054, 2011.

Zhang, Y., Jin, J., Yan, P, Tang, J., Fang, S., Lin, W., Lou, M., Liang, M., Zhou, Q., Jing, J., Li, Y., Jia, X., and Lyu, S.: Long-term variations of major atmospheric compositions
observed at the background stations in three key areas of China, Adv. Clim. Chang. Res., 11, 370-380, https://doi.org/10.1016/j.accre.2020.11.005, 2020.

Zhao, H., Zheng, Y., Li, T., Wei, L., and Guan, Q.: Temporal and spatial variation in, and population exposure to, summertime ground-level ozone in Beijing, Int. J. Env. Res.

43



156

Pub. He., 15, 628, https://doi.org/10.3390/ijerph15040628, 2018.

44



