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Supplementary Tables and Figures 14 

Table S1. Model performance on PM2.5 and MDA8 O3 in 2015 and 2020. (MFE is mean fractional error; MNB is mean 15 

normalized bias; MNE is mean normalized error). The performance criteria are suggested by EPA 1. 16 

PM2.5 

(μg m-3) 
2015 2015.01 2015.02 2015.03 2015.04 2015.05 2015.06 2015.07 2015.08 2015.09 2015.10 2015.11 2015.12 Criteria 

OBS 52.82 84.61 70.18 53.84 48.09 44.31 37.22 37.49 36.16 36.76 51.97 57.86 78.06  

PRE 56.98 71.12 69.24 61.69 55.77 42.40 36.91 40.67 47.39 51.07 62.31 68.30 77.68  

MNB 0.52 0.29 0.49 0.63 0.52 0.26 0.35 0.39 0.61 0.79 0.61 0.71 0.55  

MNE 1.04 0.92 1.02 1.08 1.00 0.87 0.96 0.93 1.07 1.24 1.09 1.19 1.08  

MFB -0.06 -0.22 -0.09 0.02 -0.02 -0.21 -0.19 -0.11 0.01 0.07 -0.01 0.01 -0.07 ≤ ±0.6 

MFE 0.74 0.76 0.74 0.73 0.72 0.73 0.75 0.70 0.72 0.75 0.73 0.77 0.76 ≤ 0.75 

RMSE 63.81 83.57 73.27 58.77 57.70 48.47 43.81 43.37 47.40 51.43 63.07 81.75 91.49  

PM2.5 

(μg m-3) 
2016 2016.01 2016.02 2016.03 2016.04 2016.05 2016.06 2016.07 2016.08 2016.09 2016.10 2016.11 2016.12 Criteria 

OBS 47.69 65.15 58.23 59.34 43.41 39.51 32.01 31.15 29.76 38.32 38.72 60.45 80.02  

PRE 50.21 61.50 61.11 59.89 49.66 38.25 35.33 33.50 40.01 52.79 43.61 61.22 67.65  

MNB 0.48 0.37 0.53 0.40 0.55 0.33 0.42 0.36 0.65 0.70 0.59 0.54 0.26  

MNE 1.02 0.94 1.03 0.93 1.08 0.94 0.98 0.93 1.10 1.15 1.13 1.12 0.88  

MFB -0.09 -0.14 -0.03 -0.10 -0.06 -0.20 -0.13 -0.15 0.03 0.04 -0.07 -0.11 -0.23 ≤ ±0.6 

MFE 0.75 0.74 0.73 0.72 0.76 0.77 0.74 0.72 0.72 0.73 0.77 0.81 0.74 ≤ 0.75 

RMSE 58.71 70.44 67.80 70.82 53.46 52.77 38.90 36.53 41.67 53.34 48.51 74.29 78.45  

PM2.5 

(μg m-3) 
2017 2017.01 2017.02 2017.03 2017.04 2017.05 2017.06 2017.07 2017.08 2017.09 2017.10 2017.11 2017.12 Criteria 

OBS 45.90 75.89 64.43 50.29 42.07 39.89 31.35 29.60 26.50 32.53 41.13 53.04 65.83  

PRE 47.87 55.86 64.82 52.50 47.50 39.22 39.60 34.00 36.57 44.60 52.01 50.62 57.54  

MNB 0.49 0.20 0.50 0.43 0.49 0.37 0.56 0.40 0.70 0.79 0.77 0.39 0.20  

MNE 1.02 0.87 1.02 0.93 1.02 0.94 1.06 0.91 1.17 1.25 1.23 1.05 0.84  
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MFB -0.09 -0.28 -0.07 -0.07 -0.07 -0.15 -0.04 -0.09 0.02 0.05 0.06 -0.21 -0.25 ≤ ±0.6 

MFE 0.74 0.77 0.74 0.70 0.75 0.75 0.72 0.68 0.74 0.74 0.76 0.82 0.75 ≤ 0.75 

RMSE 56.34 82.30 70.94 51.30 50.49 50.23 41.58 35.03 39.18 46.86 58.59 66.72 65.48  

PM2.5 

(μg m-3) 
2018 2018.01 2018.02 2018.03 2018.04 2018.05 2018.06 2018.07 2018.08 2018.09 2018.10 2018.11 2018.12 Criteria 

OBS 41.61 65.67 57.78 51.66 43.40 35.22 28.98 25.58 25.24 24.93 35.08 50.58 53.72  

PRE 45.21 55.24 53.56 51.26 43.50 35.99 35.24 32.28 33.15 40.59 48.83 62.62 48.27  

MNB 0.49 0.20 0.36 0.39 0.34 0.34 0.46 0.56 0.58 0.96 0.73 0.68 0.35  

MNE 1.01 0.85 0.93 0.91 0.90 0.89 0.97 1.04 1.02 1.38 1.14 1.16 0.95  

MFB -0.07 -0.26 -0.15 -0.10 -0.14 -0.14 -0.06 -0.03 0.03 0.14 0.10 0.01 -0.18 ≤ ±0.6 

MFE 0.73 0.75 0.73 0.72 0.73 0.72 0.71 0.71 0.69 0.77 0.72 0.75 0.76 ≤ 0.75 

RMSE 50.35 64.24 57.89 54.90 53.40 39.94 35.71 35.15 31.52 45.07 47.01 66.26 56.36  

PM2.5 

(μg m-3) 
2019 2019.01 2019.02 2019.03 2019.04 2019.05 2019.06 2019.07 2019.08 2019.09 2019.10 2019.11 2019.12 Criteria 

OBS 39.85 69.50 58.71 44.61 35.29 31.26 24.40 23.28 21.98 28.43 36.07 43.52 58.76  

PRE 47.11 60.74 58.16 48.85 48.31 35.85 34.22 34.03 35.34 49.57 53.45 48.94 57.22  

MNB 0.66 0.37 0.53 0.52 0.84 0.48 0.72 0.73 0.94 1.08 0.91 0.54 0.40  

MNE 1.14 0.98 1.05 1.04 1.27 1.00 1.16 1.15 1.34 1.40 1.31 1.07 0.94  

MFB 0.02 -0.19 -0.05 -0.06 0.10 -0.08 0.06 0.08 0.15 0.26 0.14 -0.06 -0.11 ≤ ±0.6 

MFE 0.75 0.77 0.74 0.75 0.77 0.74 0.73 0.71 0.75 0.74 0.76 0.76 0.71 ≤ 0.75 

RMSE 51.49 74.13 62.13 54.40 49.01 42.44 34.89 36.74 37.99 47.30 53.20 51.35 58.97  

PM2.5 

(μg m-3) 
2020 2020.01 2020.02 2020.03 2020.04 2020.05 2020.06 2020.07 2020.08 2020.09 2020.10 2020.11 2020.12 Criteria 

OBS 36.19 69.20 43.26 35.33 36.20 27.52 22.61 22.25 20.35 24.15 32.86 40.73 59.15  

PRE 44.79 67.05 56.93 45.17 45.18 31.03 28.73 31.01 29.80 44.01 45.07 49.96 63.14  

MNB 0.72 0.58 0.93 0.80 0.67 0.45 0.63 0.73 0.77 1.13 0.79 0.70 0.46  

MNE 1.18 1.11 1.34 1.24 1.08 0.99 1.15 1.21 1.23 1.51 1.24 1.15 0.96  

MFB 0.03 -0.06 0.15 0.08 0.08 -0.09 -0.05 0.00 0.04 0.21 0.08 0.04 -0.06 ≤ ±0.6 

MFE 0.75 0.76 0.76 0.77 0.71 0.74 0.75 0.74 0.76 0.79 0.76 0.72 0.72 ≤ 0.75 

RMSE 50.13 75.15 55.76 48.86 56.58 35.15 37.83 35.65 32.25 48.77 46.01 48.22 63.38  

MDA8 O3 

(ppb) 
2015 2015.01 2015.02 2015.03 2015.04 2015.05 2015.06 2015.07 2015.08 2015.09 2015.10 2015.11 2015.12 Criteria 

OBS 59.29 50.18 49.86 52.33 59.24 62.21 62.32 62.88 61.96 59.18 59.52 50.59 48.29  

PRE 55.64 40.76 42.50 49.78 56.71 57.73 56.22 62.74 64.35 54.00 52.85 39.08 35.19  

MNB -0.03 -0.17 -0.13 -0.02 -0.01 -0.03 -0.06 0.04 0.07 -0.06 -0.08 -0.20 -0.24  

MNE 0.26 0.24 0.23 0.22 0.23 0.25 0.27 0.30 0.28 0.26 0.24 0.28 0.29  

MFB -0.09 -0.23 -0.18 -0.07 -0.05 -0.09 -0.12 -0.03 0.01 -0.12 -0.13 -0.29 -0.33 ≤ ±0.6 

MFE 0.27 0.30 0.28 0.23 0.23 0.26 0.29 0.29 0.26 0.28 0.26 0.36 0.38 ≤ 0.75 

RMSE 20.48 18.25 16.83 16.25 18.58 20.72 22.36 23.59 21.68 19.95 19.19 20.44 23.93  

MDA8 O3 

(ppb) 
2016 2016.01 2016.02 2016.03 2016.04 2016.05 2016.06 2016.07 2016.08 2016.09 2016.10 2016.11 2016.12 Criteria 

OBS 59.14 46.87 48.71 54.25 58.18 63.04 64.42 62.73 60.98 62.57 53.20 50.42 49.29  

PRE 55.12 38.61 43.28 49.69 53.96 55.29 60.40 65.14 61.15 58.09 45.61 41.43 38.50  

MNB -0.04 -0.16 -0.10 -0.06 -0.04 -0.08 -0.03 0.07 0.04 -0.05 -0.12 -0.16 -0.20  

MNE 0.25 0.22 0.20 0.21 0.24 0.25 0.26 0.30 0.28 0.26 0.25 0.26 0.25  

MFB -0.10 -0.21 -0.14 -0.10 -0.08 -0.14 -0.09 0.01 -0.02 -0.10 -0.18 -0.23 -0.27 ≤ ±0.6 

MFE 0.27 0.27 0.23 0.23 0.25 0.28 0.28 0.28 0.27 0.28 0.29 0.32 0.31 ≤ 0.75 

RMSE 19.87 16.43 13.66 15.49 18.13 21.33 21.26 23.59 21.13 21.00 17.85 17.98 17.00  

MDA8 O3 

(ppb) 
2017 2017.01 2017.02 2017.03 2017.04 2017.05 2017.06 2017.07 2017.08 2017.09 2017.10 2017.11 2017.12 Criteria 
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OBS 60.80 48.12 50.35 51.91 59.40 68.16 69.98 67.33 61.86 61.54 54.46 52.76 49.88  

PRE 55.25 40.50 46.59 47.73 53.63 59.33 62.87 66.38 61.19 54.12 47.89 40.99 39.03  

MNB -0.07 -0.15 -0.06 -0.06 -0.07 -0.09 -0.07 0.02 0.02 -0.09 -0.10 -0.20 -0.20  

MNE 0.24 0.21 0.21 0.19 0.21 0.23 0.24 0.27 0.27 0.26 0.23 0.27 0.24  

MFB -0.12 -0.19 -0.10 -0.09 -0.11 -0.14 -0.12 -0.04 -0.04 -0.15 -0.15 -0.27 -0.26 ≤ ±0.6 

MFE 0.25 0.25 0.23 0.20 0.23 0.25 0.26 0.26 0.27 0.29 0.26 0.33 0.29 ≤ 0.75 

RMSE 19.17 13.74 13.98 13.32 16.78 20.93 21.57 22.43 21.60 20.74 16.29 18.94 16.48  

MDA8 O3 

(ppb) 
2018 2018.01 2018.02 2018.03 2018.04 2018.05 2018.06 2018.07 2018.08 2018.09 2018.10 2018.11 2018.12 Criteria 

OBS 60.54 48.33 48.05 55.41 62.06 64.07 72.26 63.03 63.00 56.83 57.14 49.86 47.90  

PRE 55.38 43.07 42.89 52.22 56.56 57.74 62.93 62.09 60.37 51.57 49.90 43.28 41.16  

MNB -0.06 -0.10 -0.10 -0.04 -0.06 -0.07 -0.09 0.01 -0.01 -0.07 -0.10 -0.11 -0.12  

MNE 0.23 0.20 0.20 0.20 0.21 0.23 0.25 0.26 0.26 0.25 0.21 0.24 0.23  

MFB -0.11 -0.14 -0.14 -0.07 -0.10 -0.11 -0.14 -0.04 -0.07 -0.12 -0.14 -0.17 -0.18 ≤ ±0.6 

MFE 0.25 0.23 0.23 0.21 0.22 0.24 0.27 0.26 0.27 0.27 0.23 0.28 0.28 ≤ 0.75 

RMSE 18.84 14.17 12.73 14.52 17.29 19.37 23.50 21.13 21.12 18.66 16.09 15.53 16.75  

MDA8 O3 

(ppb) 
2019 2019.01 2019.02 2019.03 2019.04 2019.05 2019.06 2019.07 2019.08 2019.09 2019.10 2019.11 2019.12 Criteria 

OBS 60.35 49.19 47.35 50.70 56.28 63.01 68.10 64.89 62.43 65.82 57.87 56.91 49.06  

PRE 57.41 45.07 43.30 48.77 56.18 58.68 63.16 66.22 62.29 61.09 52.78 46.62 44.62  

MNB -0.02 -0.07 -0.07 -0.02 0.02 -0.04 -0.04 0.05 0.03 -0.05 -0.06 -0.16 -0.08  

MNE 0.23 0.19 0.24 0.19 0.22 0.21 0.24 0.27 0.26 0.22 0.23 0.22 0.18  

MFB -0.07 -0.11 -0.13 -0.05 -0.02 -0.08 -0.09 -0.01 -0.03 -0.10 -0.11 -0.20 -0.11 ≤ ±0.6 

MFE 0.24 0.22 0.27 0.20 0.22 0.22 0.25 0.26 0.26 0.24 0.26 0.26 0.20 ≤ 0.75 

RMSE 18.14 12.47 14.76 13.07 15.82 17.25 20.29 22.27 20.75 18.41 18.04 17.13 12.18  

MDA8 O3 

(ppb) 
2020 2020.01 2020.02 2020.03 2020.04 2020.05 2020.06 2020.07 2020.08 2020.09 2020.10 2020.11 2020.12 Criteria 

OBS 57.59 46.60 47.03 50.00 58.75 61.65 65.01 61.46 59.19 59.68 53.87 52.46 47.77  

PRE 54.97 43.26 44.51 50.00 56.85 58.20 60.30 61.19 60.39 56.15 47.22 45.19 40.93  

MNB -0.02 -0.06 -0.04 0.01 -0.01 -0.02 -0.04 0.02 0.05 -0.04 -0.10 -0.12 -0.13  

MNE 0.22 0.24 0.21 0.19 0.18 0.22 0.24 0.26 0.27 0.23 0.22 0.20 0.22  

MFB -0.07 -0.11 -0.09 -0.02 -0.03 -0.06 -0.09 -0.03 -0.01 -0.09 -0.15 -0.16 -0.18 ≤ ±0.6 

MFE 0.23 0.26 0.23 0.19 0.18 0.23 0.25 0.26 0.26 0.24 0.25 0.23 0.26 ≤ 0.75 

RMSE 17.21 14.68 13.20 13.00 14.03 18.08 19.90 20.70 20.31 17.42 16.17 13.90 13.99  
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Table S2. Summary of previous studies reporting observed monthly OC concentrations across Chinese cities.  18 

Site 
Latitude 

(°N) 

Longitude 

(°E) 
Observation Year Reference 

Hefei 31.86 117.26 2014 2 

Dongguan 23.06 113.75 2010, 2018 3,4 

Foshan 23.03 113.14 2010 3,4 

Karamay 44.32 84.88 2015 5,6 

Beijing 39.9 116.41 2010, 2012, 2013, 2014, 2015, 2016, 2017 7,8 

Nanjing 32.02 118.73 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018 9 
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Nanchang 28.7 115.97 2013, 2015 10 

Tianjin 39.08 117.2 2006, 2009, 2010, 2017 11,12 

Guangzhou 23.13 113.26 2010, 2012, 2013, 2015 3 

Chengdu 30.67 104.02 2010, 2011, 2013, 2015, 2017, 2019 13–15 

Xinxiang 35.32 113.91 2015 16–18 

Tai’an 36.14 117.06 2015 10,19 

Haikou 20.0 110.34 2015 20 

Shenzhen 22.58 114.13 2010 3,4 

Zhuhai 22.35 113.58 2010 3,4 

Heze 35.25 115.46 2015, 2016 21 

Yuncheng 35.04 111.02 2015 22 

Handan 36.58 114.51 2013, 2014, 2015, 2016, 2017, 2018 23,24 

Zhengzhou 34.75 113.61 2014, 2015, 2019, 2020 16–18 

Jinhua 29.1 119.57 2015 25 

Shenyang 41.81 123.44 2015, 2017 26 

Xi’an 34.23 109.01 2012, 2013, 2014, 2015, 2016, 2017 27 

Urumchi 43.82 87.58 2013 - 

Baoding 39.13 115.67 2014 - 

Nanchong 30.82 106.07 2017 28 

Xiamen 24.48 118.09 2013, 2014 29 

Lvliang 37.74 111.33 2017 30 

Jiaxing 30.82 120.87 2019 31 

Dalian 38.95 121.62 2013 32 

Hangzhou 30.27 120.16 2012, 2013 33 

Yulin 38.29 109.73 2013 2 

Wuhan 30.59 114.31 2015 34 

Jinan 36.67 117.06 2014, 2019 35,36 

Weinan 34.73 109.53 2016 37 

Baise 23.89 106.63 2016 38 

Panjin 41.13 122.04 2016 39 

Shijiazhuang 38.06 114.54 2017 40 

Xining 36.65 101.71 2014 2 

Jinchang 38.52 102.19 2013 41 



5 

 

Yinchuan 38.50 106.14 2014 2 

Jinzhou 41.06 121.12 2018 42 

Yangquan 37.85 113.61 2018, 2019 43 

Qingdao 36.07 120.38 2013, 2014 35 

Hainan 

Tibetan 

36.28 100.90 2009 
44 

 19 

 20 

Table S3. Comparison of PBrC light absorption between previous literatures and this study. 21 

Site Location Sampling period 
PBrC light absorption (370 nm) (Mm-1) 

Reference 
Previous study This study 

Guanzhong 34.12°N, 108.62°E December 2015 – January 2016 8.6 8.8 45 

Shanghai 31.73°N, 121.22°E December 2019 – January 2020 4.6 6.8 46 

Beijing 39.97°N, 116.37°E September 2017 – February 2018 23.6 12.6 47 

Beijing 39.97°N, 116.37°E March 2018 – February 2019 16.7 11.5 47 

Beijing 39.97°N, 116.37°E March 2019 – February 2020 10.4 10.9 47 

Beijing 39.97°N, 116.37°E March 2020 – November 2020 7.4 7.8 47 

Ngari 34.12°N, 108.62°E March 2020 – July 2020 1.2 0.2 48 

Wuhan 30.53°N, 114.39°E January 2020 – April 2020 2.1 13.1 49 

Nanjing 32.50°N, 80.10°E January 2020 – March 2020 9.3 11.4 50 

Xi’an 34.27°N, 108.90°E 16 December 2016 – 15 January 2017 27.3 20.4 51 

Hong Kong 22.32°N, 114.15°E 16 December 2016 – 15 January 2017 1.5 7.9 51 

Qinghai Lake 37.04°N, 99.74°E August 2018 – September 2019 1.9 0.4 48 

Beiluhe 34.82°N, 92.93°E September 2018 – July 2019 0.2 0.1 48 

Hua Mount 34.48°N, 110.08°E August 2018 1.9 1.7 52 

Lijiang 26.70°N, 100.03°E 14 March 2018 – 13 May 2018 2.9 1.4 53 

Harbin 45.74°N, 126.73°E 20 November 2019 – 25 December 2019 16.9 12.1 54 

Beijing 39.97°N, 116.36°E 20 November 2019 – 25 December 2019 7.1 15.3 54 

Xi’an 34.23°N, 108.88°E 20 November 2019 – 25 December 2019 13.6 17.7 54 

Shanghai 31.18°N, 121.59°E 20 November 2019 – 25 December 2019 2.4 7.6 54 

Wuhan 30.53°N, 114.39°E 20 November 2019 – 25 December 2019 3.0 14.9 54 

Guangzhou 23.12°N, 113.35°E 20 November 2019 – 25 December 2019 2.5 8.2 54 

Nanning 22.83◦N, 108.39◦E March 2020 – December 2020 6.2 3.3 55 

Shaoguan  24.70°N, 112.90°E 18 November 2020 – 5 December 2020 1.1 3.3 56 

Sanya 18.30°N, 109.52°E 12 April 2017 – 14 May 2017 2.5 1.1 57 

Zhengzhou 34.81°N, 113.72°E 6 December 2019 – 9 December 2019 6.9 14.2 58 
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Huludao 40.48°N, 120.78°E 13 October 2020 – 31 December 2020 3.0 3.9 59 

Hainan Tibetan 36.28°N, 100.90°E 3 January 2020 – 31 March 2020 2.5 0.8 60 

Anshan 41.27°N, 122.83°E January 2017 – August 2017 29 7.4 61 

Binzhou 37.38°N, 118.01°E January 2017 – August 2017 18.4 6.8 61 

Beijing(Changping) 39.97°N, 116.37°E January 2017 – August 2017 29.4 11.3 61 

Diqing 27.82°N, 99.70°E January 2017 – August 2017 0.1 0.4 61 

Hainan Tibetan 36.28°N, 100.62°E January 2017 – August 2017 0.1 0.6 61 

Fushun 41.88°N, 123.93°E January 2017 – August 2017 11.4 5.9 61 

Lanzhou 36.06°N, 103.84°E January 2017 – August 2017 7 2.9 61 

Hangzhou(Lin’an) 30.24°N, 119.72°E January 2017 – August 2017 2.2 4.0 61 

Lu’an 31.77°N, 116.48°E January 2017 – August 2017 4.5 6.8 61 

Nanning 22.83°N, 108.39°E January 2017 – August 2017 8.2 3.9 61 

Shanghai(Pudong) 31.73°N, 121.59°E January 2017 – August 2017 1.3 5.4 61 

Tongliao 43.62°N, 122.27°E January 2017 – August 2017 5.7 2.1 61 

Harbin(Wuchang) 45.74°N, 126.73°E January 2017 – August 2017 16.1 8.8 61 

Xi’an 34.23°N, 108.88°E January 2017 – August 2017 1.9 11.8 61 

Xiangyang 32.08°N, 112.13°E January 2017 – August 2017 6.2 7.5 61 

Xilinhot 43.95°N, 116.07°E January 2017 – August 2017 0.7 1.5 61 

Yichang 30.70°N, 111.28°E January 2017 – August 2017 12.2 4.2 61 

 22 

Table S4 Emission factor of PBrC and origin imaginary part of complex refractive index (k) in this study.  23 

 AGRI BLDG INDC INDP FUEL WSTE POWR TRAN WLDF 

Factor 0.5 0.5 0.3 0.03 0.03 0.3 0.16 0.05 0.1 

k 294 nm 0.101 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.101 

k 303 nm 0.101 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.101 

k 310 nm 0.101 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.101 

k 316 nm 0.101 0.118 0.118 0.118 0.118 0.118 0.118 0.118 0.101 

k 333 nm 0.100 0.117 0.117 0.117 0.117 0.117 0.117 0.117 0.100 

k 381 nm 0.076 0.089 0.089 0.089 0.089 0.089 0.089 0.089 0.076 

k 607 nm 0.023 0.016 0.016 0.016 0.016 0.016 0.016 0.016 0.023 

 24 

 25 
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 26 

Figure S1. Comparison of annual OC concentrations between simulations and MERRA-2 data. (a-d) Simulated annual 27 

OC concentrations for 2005, 2010, 2015, and 2020. (e-f) Annual OC concentrations from MERRA-2 data for the same years.  28 

 29 

 30 

Figure S2. Comparison of monthly OC concentrations between simulations and MERRA-2 data in 2015. (a,e) February, 31 

2015; (b,f) April, 2015; (c,g) July, 2015; (d,h) October, 2015. Dots represent observed OC concentrations from previous studies 32 

(Table S2).  33 
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 34 

 35 

Figure S3. Validation of AOD at short wavelengths. The slopes (S) of the regression lines, and the Pearson correlation 36 

coefficients (R) are shown as insets. The dashed lines indicate the 1:1 line.  37 

 38 

 39 

 40 

Figure S4. Temporal changes in annual PM2.5 and PBrC surface concentrations in China. Dotted lines indicate results of 41 

normalized linear regressions. 42 

 43 
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 44 

Figure S5. Temporal variations in source contributions to surface PBrC in the NCP, YRD, and PRD regions.  45 

 46 

 47 

Figure S6. Multi-year mean distributions of simulated PBrC. (a) Winter (December, January, and February); (b) Spring 48 

(March, April, and May); (c) Summer (June, July, and August); (d) Autumn (September, October, and November).  49 

 50 
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 51 

Figure S7. Simulated multi-year mean distribution of the PBrC to OC ratio.  52 

 53 

 54 

Figure S8. Column concentrations and vertical cross-sections of PBrC in 2010. (a-e) Column contributions from power 55 

plants (POWR), transport (TRAN), industrial processes (INDP), waste (WSTE), and fuel exploitation (FUEL) sources. (e-f) 56 

Vertical cross-sections of PBrC concentrations along 23.5°N from power plants, transport, industrial processes, waste, and 57 

fuel exploitation sources. Red dashed lines mark 23.5°N. 58 

 59 
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 60 

Figure S9. Spatial distribtuions of PBrC DRE in 2008–2012 and 2013–2016.  61 

 62 

 63 

Figure S10. Impacts of PBrC aging on O3 concentrations and DRE in 2010.  64 

 65 
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 66 

Figure S11. PBrC DRE in March 2010 after adjusting k value. 67 

 68 



13 

 

 69 

Figure S12. Model domain in this study.  70 

 71 
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