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Supplementary statistical equations
The mean bias (MB), gross error (GE), and root mean square error (RMSE) were used in evaluating WRF model performance. The mean normalized bias (MNB), mean normalized error (MNE), mean fractional bias (MFB) and mean fractional error (MFE) were used to validate CMAQ model performance.
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[bookmark: _Hlk46778156][bookmark: _Hlk46778217]where Cm,i and Co,i  refer to the ith predicted and observed value, respectively. N is the number of prediction-observation pairs drawn from all the measurement sites.
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Fig. S1. Model domain and the seven regions (Northeast, Northwest, North, YRD, Central, Southeast, and Southwest) in China. The authority number of the map: GS(2019)1674.

Table S1 
Region definitions
	

	North
	Beijing, Tianjin, Hebei, and Shandong

	Yangtze River Delta (YRD)

	Shanghai, Jiangsu, and Zhejiang

	Southeast
	Fujian, Guangdong, and Hainan

	Central
	Henan, Anhui, Hubei, Hunan, and Jiangxi

	Northwest
	Shaanxi, Shanxi, Gansu, Qinghai, Ningxia, Xinjiang, and Inner Mongolia

	Southwest
	Sichuan, Chongqing, Guizhou, Yunnan, and Guangxi

	Northeast
	Liaoning, Jilin, and Heilongjiang



Table S2
Model performance of meteorological parameters (temperature (T), wind speed (WS), wind direction (WD), and relative humidity (RH)) from June to August 2013: PRE is the mean prediction; OBS is the mean observation; MB is the mean bias; GE is the gross error; RMSE is the root mean square error.
	
	June
	July
	August
	Benchmark*

	T (K)
	PRE
	295.17
	297.44
	297.70
	

	
	OBS
	295.77
	298.19
	298.42
	

	
	MB
	-0.55
	-0.65
	-0.71
	≤±0.5

	
	GE
	2.41
	2.39
	2.30
	≤2.0

	
	RMSE
	3.19
	3.16
	3.03
	

	WS (m/s)
	PRE
	3.83
	4.02
	3.80
	

	
	OBS
	3.36
	3.43
	3.29
	

	
	MB
	0.47
	0.59
	0.51
	≤±0.5

	
	GE
	1.51
	1.57
	1.50
	≤2.0

	
	RMSE
	1.99
	2.05
	1.98
	≤2.0

	WD (°)
	PRE
	176.81
	198.26
	199.66
	

	
	OBS
	171.23
	186.08
	188.89
	

	
	MB
	7.13
	11.34
	10.61
	≤±10

	
	GE
	45.76
	42.98
	43.64
	≤30

	
	RMSE
	62.46
	59.43
	60.17
	≤30

	RH (%)
	PRE
	72.12
	73.59
	73.27
	

	
	OBS
	70.66
	71.79
	71.40
	

	
	MB
	1.44
	1.79
	1.85
	

	
	GE
	11.99
	12.22
	11.79
	

	
	RMSE
	15.22
	15.32
	14.91
	


*benchmarks limits suggested by Emery et al. (2001). Data which do not fall within the limits are shown in bold.
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Fig. S2 The time series results of MDA8 O3 source apportionment attributed to regions where goods were produced in Central (a), North (b), and Northeast (c) regions. The pie charts in the right column represent the averaged contribution from 6th June to 23rd August. The unit is ppb.

Table S3 
The source apportionment of MDA8 O3 attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export

	Consumption
	Central
	11.54 
	1.48 
	0.59 
	1.21 
	1.18 
	1.30 
	1.86 
	2.45 

	
	North
	3.21 
	15.73 
	1.40 
	2.37 
	0.61 
	0.98 
	2.25 
	5.08 

	
	Northeast
	1.37 
	3.82 
	8.62 
	1.68 
	0.42 
	0.73 
	1.18 
	2.30 

	
	Northwest
	0.92 
	1.20 
	0.52 
	2.95 
	0.23 
	0.84 
	0.50 
	0.98 

	
	Southeast
	0.32 
	0.11 
	0.08 
	0.14 
	1.78 
	0.26 
	0.24 
	1.12 

	
	Southwest
	0.88 
	0.32 
	0.18 
	0.51 
	0.46 
	5.52 
	0.35 
	0.73 

	
	YRD
	1.28 
	0.64 
	0.50 
	0.52 
	0.56 
	0.39 
	3.39 
	2.11 

	Production
	Central
	17.39 
	0.71 
	0.04 
	0.45 
	1.18 
	0.75 
	1.10 
	N/A

	
	North
	2.75 
	24.69 
	0.33 
	1.68 
	0.06 
	0.12 
	1.98 
	N/A

	
	Northeast
	0.61 
	4.30 
	12.94 
	1.61 
	0.04 
	0.09 
	0.52 
	N/A

	
	Northwest
	0.67 
	0.99 
	0.30 
	5.49 
	0.02 
	0.64 
	0.05 
	N/A

	
	Southeast
	0.27 
	0.03 
	0.01 
	0.03 
	3.28 
	0.16 
	0.26 
	N/A

	
	Southwest
	0.74 
	0.07 
	0.02 
	0.28 
	0.36 
	7.37 
	0.11 
	N/A

	
	YRD
	1.25 
	0.29 
	0.27 
	0.13 
	0.54 
	0.06 
	6.85 
	N/A




Fig. S3 (a) CMAQ predicted surface MDA8 O3N in China during June, July, and August 2013. The averaged regional source apportionment of MDA8 O3N during June, July, and August 2013 attributed to regions where goods were ultimately consumed (b) and regions where goods were produced (c). Datasets at the end of each bar give the percentages of MDA8 O3N attributed to local source and percentages attributed to other regions. The authority number of the map: GS(2020)3185.

Fig. S4 (a) CMAQ predicted surface MDA8 O3V in China during June, July, and August 2013. The averaged regional source apportionment of MDA8 O3V during June, July, and August 2013 attributed to regions where goods were ultimately consumed (b) and regions where goods were produced (c). Datasets at the end of each bar give the percentages of MDA8 O3V attributed to local source and percentages attributed to other regions. The authority number of the map: GS(2020)3185.

Table S4 
The source apportionment of MDA8 O3N attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export

	Consumption
	Central
	11.17 
	1.41 
	0.57 
	1.16 
	1.15 
	1.27 
	1.79 
	2.35 

	
	North
	2.97 
	14.14 
	1.29 
	2.16 
	0.55 
	0.89 
	2.08 
	4.53 

	
	Northeast
	1.30 
	3.65 
	8.23 
	1.61 
	0.40 
	0.69 
	1.12 
	2.17 

	
	Northwest
	0.89 
	1.16 
	0.51 
	2.85 
	0.22 
	0.82 
	0.49 
	0.95 

	
	Southeast
	0.30 
	0.10 
	0.08 
	0.13 
	1.67 
	0.24 
	0.23 
	1.04 

	
	Southwest
	0.87 
	0.31 
	0.18 
	0.50 
	0.45 
	5.39 
	0.34 
	0.72 

	
	YRD
	1.20 
	0.59 
	0.47 
	0.48 
	0.53 
	0.36 
	3.12 
	1.91 

	Production
	Central
	16.84 
	0.65 
	0.04 
	0.43 
	1.16 
	0.74 
	1.02 
	N/A

	
	North
	2.60 
	22.06 
	0.31 
	1.61 
	0.06 
	0.12 
	1.84 
	N/A

	
	Northeast
	0.59 
	4.11 
	12.25 
	1.60 
	0.04 
	0.08 
	0.50 
	N/A

	
	Northwest
	0.64 
	0.93 
	0.29 
	5.33 
	0.02 
	0.63 
	0.05 
	N/A

	
	Southeast
	0.27 
	0.03 
	0.01 
	0.03 
	3.06 
	0.16 
	0.25 
	N/A

	
	Southwest
	0.73 
	0.07 
	0.02 
	0.27 
	0.35 
	7.22 
	0.11 
	N/A

	
	YRD
	1.21 
	0.27 
	0.27 
	0.13 
	0.53 
	0.06 
	6.20 
	N/A



Table S5 
The source apportionment of MDA8 O3V attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export

	Consumption
	Central
	0.37 
	0.08 
	0.02 
	0.05 
	0.03 
	0.03 
	0.07 
	0.10 

	
	North
	0.24 
	1.59 
	0.11 
	0.21 
	0.06 
	0.09 
	0.17 
	0.55 

	
	Northeast
	0.06 
	0.17 
	0.40 
	0.07 
	0.02 
	0.04 
	0.06 
	0.13 

	
	Northwest
	0.03 
	0.05 
	0.01 
	0.10 
	0.01 
	0.02 
	0.01 
	0.03 

	
	Southeast
	0.02 
	0.01 
	0.00 
	0.01 
	0.11 
	0.01 
	0.01 
	0.08 

	
	Southwest
	0.01 
	0.01 
	0.00 
	0.01 
	0.01 
	0.12 
	0.01 
	0.01 

	
	YRD
	0.08 
	0.05 
	0.03 
	0.04 
	0.03 
	0.03 
	0.27 
	0.20 

	Production
	Central
	0.55 
	0.07 
	0.00 
	0.01 
	0.02 
	0.01 
	0.08 
	N/A

	
	North
	0.15 
	2.62 
	0.02 
	0.07 
	0.00 
	0.01 
	0.14 
	N/A

	
	Northeast
	0.02 
	0.20 
	0.69 
	0.02 
	0.00 
	0.00 
	0.02 
	N/A

	
	Northwest
	0.03 
	0.05 
	0.01 
	0.16 
	0.00 
	0.01 
	0.00 
	N/A

	
	Southeast
	0.01 
	0.00 
	0.00 
	0.00 
	0.23 
	0.00 
	0.01 
	N/A

	
	Southwest
	0.01 
	0.00 
	0.00 
	0.00 
	0.00 
	0.16 
	0.00 
	N/A

	
	YRD
	0.03 
	0.02 
	0.01 
	0.00 
	0.01 
	0.00 
	0.65 
	N/A




Figure S5 The averaged regional source apportionment of emissions of NO2 and HCHO during June, July, and August 2013 attributed to regions where goods were ultimately consumed (consumption) and regions where goods were produced (production). The unit is moles/s. The authority number of the map: GS(2020)3185.



Figure S6 The definition of periods of high (red box) and low (blue box) O3 pollution in seven regions.

Figure S7 Spatial distribution of the daily mortality from all non-accidental causes, COPD, CVD, hypertension (Hyper), RD, and strokes attributed to O3 during June, July, and August 2013. The authority number of the map: GS(2020)3185.

Table S6 
The daily total premature mortality from all non-accidental causes, COPD, CVD, hypertension (Hyper), and strokes attributed to O3 in seven regions during June, July, and August 2013.
	
	All
	Hyper
	COPD
	RD
	CVD
	Stroke

	YRD
	15,806
	1,253
	1,269
	1,297
	4,085
	135

	Southwest
	23,376
	1,858
	1,876
	1,917
	6,043
	200

	Southeast
	13,979
	1,117
	1,121
	1,145
	3,615
	120

	Northwest
	12,195
	965
	979
	1,001
	3,151
	104

	Northeast
	7,799
	618
	626
	640
	2,016
	67

	North
	45,265
	3,562
	3,637
	3,718
	11,692
	387

	Central
	68,868
	5,457
	5,530
	5,650
	17,798
	589



Table S7 
The contributions of premature mortality from COPD attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013.
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export
	Total

	Consumption
	YRD
	30
	15
	11
	12
	13
	9
	79
	49
	218

	
	Southwest
	36
	13
	7
	21
	19
	228
	14
	30
	370

	
	Southeast
	7
	2
	2
	3
	41
	6
	5
	26
	92

	
	Northwest
	17
	22
	10
	55
	4
	16
	9
	18
	152

	
	Northeast
	15
	43
	96
	19
	5
	8
	13
	26
	224

	
	North
	151
	741
	66
	112
	29
	46
	106
	239
	1489

	
	Central
	1068
	137
	55
	112
	109
	121
	172
	227
	2001

	Production
	YRD
	29
	7
	6
	3
	13
	1
	159
	N/A
	218

	
	Southwest
	31
	3
	1
	11
	15
	304
	5
	N/A
	370

	
	Southeast
	6
	1
	0
	1
	75
	4
	6
	N/A
	92

	
	Northwest
	12
	18
	6
	102
	0
	12
	1
	N/A
	152

	
	Northeast
	7
	48
	144
	18
	0
	1
	6
	N/A
	224

	
	North
	129
	1163
	16
	79
	3
	6
	93
	N/A
	1489

	
	Central
	1610
	66
	4
	41
	109
	69
	102
	N/A
	2001




Table S8 
The contributions of premature mortality from CVD attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013.
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export
	Total

	Consumption
	YRD
	96
	47
	37
	39
	42
	29
	253
	157
	700

	
	Southwest
	118
	42
	24
	68
	61
	733
	46
	98
	1190

	
	Southeast
	23
	8
	6
	10
	131
	19
	18
	83
	297

	
	Northwest
	55
	72
	31
	177
	14
	51
	30
	58
	488

	
	Northeast
	49
	137
	310
	60
	15
	26
	42
	83
	722

	
	North
	486
	2381
	212
	359
	92
	148
	341
	769
	4787

	
	Central
	3438
	442
	177
	360
	352
	388
	554
	729
	6441

	Production
	YRD
	93
	21
	20
	10
	40
	4
	511
	N/A
	700

	
	Southwest
	99
	10
	3
	37
	47
	980
	15
	N/A
	1190

	
	Southeast
	20
	2
	1
	2
	241
	12
	19
	N/A
	297

	
	Northwest
	40
	59
	18
	329
	1
	38
	3
	N/A
	488

	
	Northeast
	22
	155
	465
	58
	1
	3
	19
	N/A
	722

	
	North
	416
	3738
	51
	254
	9
	19
	300
	N/A
	4787

	
	Central
	5181
	213
	12
	133
	351
	222
	328
	N/A
	6441



Table S9 
The contributions of premature mortality from hypertension (Hyper) attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013.
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export
	Total

	Consumption
	YRD
	29
	15
	11
	12
	13
	9
	78
	48
	215

	
	Southwest
	36
	13
	7
	21
	19
	225
	14
	30
	366

	
	Southeast
	7
	2
	2
	3
	41
	6
	5
	25
	92

	
	Northwest
	17
	22
	9
	54
	4
	15
	9
	18
	149

	
	Northeast
	15
	42
	95
	18
	5
	8
	13
	25
	221

	
	North
	148
	725
	64
	109
	28
	45
	104
	234
	1458

	
	Central
	1054
	135
	54
	110
	108
	119
	170
	224
	1975

	Production
	YRD
	29
	7
	6
	3
	12
	1
	157
	N/A
	215

	
	Southwest
	30
	3
	1
	11
	15
	301
	5
	N/A
	366

	
	Southeast
	6
	1
	0
	1
	75
	4
	6
	N/A
	92

	
	Northwest
	12
	18
	5
	101
	0
	12
	1
	N/A
	149

	
	Northeast
	7
	47
	142
	18
	0
	1
	6
	N/A
	221

	
	North
	127
	1139
	15
	77
	3
	6
	92
	N/A
	1458

	
	Central
	1588
	65
	4
	41
	108
	68
	101
	N/A
	1975



Table S10 
The contributions of premature mortality from RD attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013.
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export
	Total

	Consumption
	YRD
	30
	15
	12
	12
	13
	9
	80
	50
	222

	
	Southwest
	37
	13
	8
	22
	19
	233
	15
	31
	378

	
	Southeast
	7
	2
	2
	3
	42
	6
	6
	26
	94

	
	Northwest
	18
	23
	10
	56
	4
	16
	10
	19
	155

	
	Northeast
	16
	44
	98
	19
	5
	8
	13
	26
	229

	
	North
	155
	757
	67
	114
	29
	47
	108
	244
	1522

	
	Central
	1091
	140
	56
	114
	112
	123
	176
	232
	2045

	Production
	YRD
	30
	7
	6
	3
	13
	1
	162
	N/A
	222

	
	Southwest
	31
	3
	1
	12
	15
	311
	5
	N/A
	378

	
	Southeast
	6
	1
	0
	1
	76
	4
	6
	N/A
	94

	
	Northwest
	13
	19
	6
	104
	0
	12
	1
	N/A
	155

	
	Northeast
	7
	49
	148
	18
	0
	1
	6
	N/A
	229

	
	North
	132
	1189
	16
	81
	3
	6
	96
	N/A
	1522

	
	Central
	1645
	68
	4
	42
	112
	71
	104
	N/A
	2045



Table S11 
The contributions of premature mortality from strokes attributed to regions where goods were produced (Production) and where goods were ultimately consumed (Consumption) during June, July, and August 2013.
	
	
	Central
	North
	Northeast
	Northwest
	Southeast
	Southwest
	YRD
	Export
	Total

	Consumption
	YRD
	3
	15
	12
	12
	13
	9
	80
	50
	23

	
	Southwest
	4
	13
	8
	22
	19
	233
	15
	31
	39

	
	Southeast
	1
	2
	2
	3
	42
	6
	6
	26
	10

	
	Northwest
	2
	23
	10
	56
	4
	16
	10
	19
	16

	
	Northeast
	2
	44
	98
	19
	5
	8
	13
	26
	24

	
	North
	16
	757
	67
	114
	29
	47
	108
	244
	158

	
	Central
	114
	140
	56
	114
	112
	123
	176
	232
	213

	Production
	YRD
	3
	1
	1
	0
	1
	0
	17
	N/A
	23

	
	Southwest
	3
	0
	0
	1
	2
	32
	0
	N/A
	39

	
	Southeast
	1
	0
	0
	0
	8
	0
	1
	N/A
	10

	
	Northwest
	1
	2
	1
	11
	0
	1
	0
	N/A
	16

	
	Northeast
	1
	5
	15
	2
	0
	0
	1
	N/A
	24

	
	North
	14
	124
	2
	8
	0
	1
	10
	N/A
	158

	
	Central
	171
	7
	0
	4
	12
	7
	11
	N/A
	213




[bookmark: _Hlk119176479]Data Availability
[bookmark: OLE_LINK9]Ground-level observation data are publicly available at https://figshare.com/articles/dataset/o3_tar_gz/19743232 (last access: May, 2022). Surface meteorological data from National Climate Data Center can be downloaded from public server (ftp://ftp.ncdc.noaa.gov/pub/data/noaa/isd-lite/, last access: May, 2022). The Multi-resolution Emission Inventory for China (MEIC) can be found at http://www.meicmodel.org (last access: May, 2022) and is downloadable in China by applying to MEIC team. The National Centers for Environmental Prediction (NCEP) Final (FNL) Operational Model Global Tropospheric Analysis dataset could be found at https://rda.ucar.edu/data/ (last access: December, 2021). The authors would like to express their gratitude to EditSprings (https://www.editsprings.cn) for the expert linguistic services provided.
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