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Text S1 Description of CWT 

To distinguish the pollution levels of different potential regions, a concentration-weighted-trajectory (CWT) model was 

employed in this study. The CWT was calculated according to: 

𝐶"# =
%
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)+,
𝑐.𝜏01.2

.3%                      (1) 

where Cij represents the average weight concentrations in the grid cell (i, j); Cl is the measured BC concentration observed on 

the arrival of trajectory l; τijl is the number of trajectory end points in the grid cell (i, j) associated with the Cl sample.  

In order to consider only air parcels with good representativeness, a weighing function was added to the calculation to down 

weight cells associated with low values of n. The default weighting function was used as below: 

𝑊 =

1.00																																																				𝑓𝑜𝑟 log 𝑛 + 1 ≥ 0.85 ∗ 𝑚𝑎𝑥HIJ	(LM%)
0.725								𝑓𝑜𝑟	0.60 ∗ 𝑚𝑎𝑥HIJ LM% > log 𝑛 + 1 ≥ 0.85 ∗ 𝑚𝑎𝑥HIJ	(LM%)
0.475								𝑓𝑜𝑟	0.35 ∗ 𝑚𝑎𝑥HIJ LM% > log 𝑛 + 1 ≥ 0.60 ∗ 𝑚𝑎𝑥HIJ	(LM%)
0.175																																																	𝑓𝑜𝑟 log 𝑛 + 1 < 0.35 ∗ 𝑚𝑎𝑥HIJ LM%

        (2) 

 



Table S1 Reported BC levels in China and around the world. 

Station Site type Location (°N), (°E) Inlet Instrument Sampling period BC (µg m-3) References 

Hongan  Rural 31.24, 114.58 PM2.5 AE33 2018.01 5.54 ± 2.59 This study 

Luohe  Suburban 33.57, 114.05 PM2.5 AE33 2018.01 8.48 ± 4.83  

Suixian  Rural 31.88, 113.28 — AE51 2018.01 4.47 ± 2.90  

Wuhan Urban 30.53, 114.39 PM2.5 AE31 2018.01 3.91 ± 1.86  

Xiangyang Suburban 32.02, 112.17 — AE51 2018.01 7.35 ± 3.45  

YRD        

Nanjing Urban 32.05, 118.78   2012 Annual 4.16 ± 2.63 (Zhuang et al., 2014) 

        

Shanghai Urban 31.23,121.53  AE31 2007.04–2010.03 3.83 (Wang et al., 2014a) 

Jiaxin Suburban 30.80, 120.8  SP2 2010.12 7.1 (Huang et al., 2013) 

PRD 

Maofeishan Rural 23.33, 113.48 PM10 AE31 2008.12–2009.01 2.88 (Wu et al., 2013) 

Nancuan Suburban 23.00, 113,35 PM10 AE31 2008.12–2009.01 7.68  

Panyu (PY) Urban 22.93, 113.32 PM10 AE31 2008.12–2009.01 20.21  

Dongguan Suburban 22.97, 113.73 PM10 AE31 2008.12–2009.01 10.11  

Xinken Rural 22.71, 113.55 PM10 AE31 2008.12–2009.01 12.61  

Hong Kong Rural-costal 22.22, 114.25 PM2.5 AE31 2012.02–2015.02 1 (Wang et al., 2017) 

Shenzhen Urban 22.60, 113.97  
SP2 

2010.01–02 4.1 ± 3.8 
(Huang et al., 2012) 

Shenzhen Rural 22.65, 114.53  2009.11–12 2.6 ± 1.0 

NCP 

Beijing Suburban 40.65, 117.12 — AE31 2003.04–2005.01 2.12 ± 1.62 (Yan et al., 2008) 

Beijing Urban 39.93, 116.30 PM2.5 AE31 2010.01–2014.12 3.67 (Liu et al., 2016) 

Beijing Urban 39.97, 116.37  SP2 2013.01 5.5 (Wu et al., 2016) 

Xianghe Rural 39.90, 116.96 PM10 AE31 2013.04–2015.03 5 (Ran et al., 2016) 

Beijing Urban-rural 40.04, 116.41 PM2.5 AE31 2014 4.4 ± 3.7 (Ji et al., 2017) 

Beijing Urban 39.98, 116.30 NP AE33 2015.12–2016.02 5.31 ± 6.26 (Liu et al., 2018) 

Tibetan 

Lulang Remote area 29.46, 94.44  SP2 2015.09–10 0.31 ± 0.55 (Wang et al., 2018) 

Qinghai Lake Remote area 36.98, 99.88  SP2 2012.11.16–27 0.16 ± 0.19 (Wang et al., 2015) 

Nam Co Remote area 30.77, 90.99 PM1.0 TOR 2012.09–12 0.09 (Wan et al., 2015) 

Ranwu Remote area 29.32, 96.96 NP AE31 2012.11–2013.02 0.41 (Wang et al., 2016) 

Beiluhe Remote area 34.85, 92.94 NP AE31 2012.11–2013.02 0.2  

Muztagh Ata Remote area 38.28, 75.02 NP AE16 2009.09 0.16 ±0.19 (Zhu et al., 2016) 

National wide 

Chengdu Urban 30.65, 104.04 PM10 TOR 2006–07 Annual 10.8 ± 5.52 (Zhang et al., 2012) 

Dalian Urban 38.90, 121.63 PM10 TOR 2006–07 Annual 5.28 ± 2.53  

Dunhuang Rural 40.15, 94.68 PM10 TOR 2006–07 Annual 4.09 ± 2.33  

Gaolanshan Rural 36.00, 105.85 PM10 TOR 2006–07 Annual 3.79 ± 2.01  

Gucheng Rural 39.13, 115.8 PM10 TOR 2006–07 Annual 10.6 ± 4.60  

Jinsha Rural 39.63, 114.2 PM10 TOR 2006–07 Annual 2.98 ± 1.21  

Lhasa Urban 29.67, 91.13 PM10 TOR 2006–07 Annual 3.87 ± 2.20  

LinAn Rural 31.30, 119.73 PM10 TOR 2006–07 Annual 4.24 ± 1.89  

Longfengshan Rural 44.73, 127.60 PM10 TOR 2006–07 Annual 2.25 ± 1.04  



Nanning Urban 22.82, 108.35 PM10 TOR 2006–07 Annual 3.84 ± 1.79  

Panyu Urban 22.93, 113.32 PM10 TOR 2006–07 Annual 7.54 ± 3.57  

Taiyangshan Rural 29.17, 111.71 PM10 TOR 2006–07 Annual 2.61 ± 1.15  

Zhengzhou Urban 34.78, 113.68 PM10 TOR 2006–07 Annual 9.43 ± 3.50  

Xi’an Urban 34.43, 108.97 PM10 TOR 2006–07 Annual 12.1 ± 4.62  

Xi’an Urban 34.22, 109.00 PM10 SP2 2012.12–2013.01 8.8 ± 3.7 (Wang et al., 2014b) 

Lanzhou Rural 35.57, 104.08 PM2.5 AE31 2007.01–2009.08 1.57 (Zhang et al., 2011) 

Shenyang Urban 41.77, 123.50 NP AE31 2008.03–2009.02 6.14 (Wang et al., 2011) 

Dalian Urban 38.90, 121.63 NP AE31 2008.03–2009.02 3.18  

Anshan Urban 41.08, 123.00 NP AE31 2008.03–2009.02 5.3  

Fushun Urban 41.88, 123.95 NP AE31 2008.03–2009.02 4.16  

Benxi Urban 41.32, 123.78 NP AE31 2008.03–2009.02 6.78  

Changchun Urban 43.90, 125.22 NP AE31 2007.10–2008.01 15.6 (Gao et al., 2009) 

Worldwide 

Finland 

Hyytiälä,  Forest  PM10 AE31 2004.12–2008.12 0.32 ± 0.34 (Hyvärinen et al., 2011) 

Puijo  Finland  PM2.5 MAAP 2006.08–2008.12 0.23 ± 0.27  

Utö    PM2.5 AE31 2007.01–2008.12 0.25 ± 0.33  

Virolahti    PM2.5 AE31 2006.08–2008.12 0.42 ± 0.45  

Pallastunturi    PM10 MAAP 2007.09–2008.12 0.06 ± 0.13  

Ontario        

HWY401 Near road 43.71, 79.54 PM2.5 AE33 2015.06−2016.05 1.74 (Healy et al., 2017) 

Etobicoke Near road 43.61, 79.52 PM2.5 AE33 2015.06−2016.05 0.95  

College St. G Near road 43.65, 79.39 PM2.5 AE33 2015.06−2016.05 0.84  

College St. R Near road 43.65, 79.39 PM2.5 AE33 2015.06−2016.05 0.59  

Scarborough Near road 43.74. 9.27 PM2.5 AE22 2015.06−2016.05 0.69  

Hamilton DTN Near road 43.25, 79.86 PM2.5 AE22 2015.06−2016.05 0.61  

Windsor DTN Near road 42.31, 83.04 PM2.5 AE22 2015.06−2016.05 0.55  

Windsor W Residential 42.29, 83.07 PM2.5 AE33 2015.06−2016.05 0.72  

Hanlan's Point Background 43.61, 79.38 PM2.5 AE33 2015.06−2016.05 0.51  

France       (Petit et al., 2017) 

SIRTA Semi-urban 48.71, 2.15  AE33  0.8  

Metz Urban 49.11, 6.22  AE33  2.3  

Lyon Urban 45.76, 4.85  AE33  1.7  

South Africa       (Chiloane et al., 2017) 

Enlandsfontein Top of hill 26.25 (s), 29.42  MAAP 2009.01−2011.05 0.8  

Marikana Village 25.70 (s), 27.38  MAAP 2008.01−1010.05 1.2  

Amersfoort  27.07 (s), 29.87  MAAP 2010.01−2012.05 1.1  

TOR: Thermal/optical reflectance carbon analyzer; 

SP2: single particle soot photometer; 

MAAP: multi-angle absorption photometer; 

Anthalometer, Magee Scientific, Mode  

 



Table S2 Reported absorption coefficients of BC in China 

Stations Locations (°N), (°E) Instrument Sampling period σap (λ nm) References 

Hongan  31.24, 114.58 AE33 2018.01 86.0 (550) This study 

Luohe  33.57, 114.05 AE33 2018.01 132 (550)  

Wuhan 30.53, 114.39 AE31 2018.01 60.6 (550)  

YRD 

Nanjing 32.10, 119.90 AE31 2013.06−2015.05 26.1 (520) (Shen et al., 2017) 

 32.20, 118.70 PASS 2011.03−04 28.1 (532) (Yu et al., 2016) 

 32.05, 118.78 AE31 2014.03−2016.02 29.6 (520) (Zhuang et al., 2017) 

Shanghai 31.30, 121.48 AE31 2010.12−2011.03 66 (532) (Xu et al., 2012) 

 31.30, 121.48 AE31 2010.12−2012.10 38 (532) (Cheng et al., 2015) 

 40.04 N, 116.41  AE31 2014 38.7 (880) (Ji et al., 2017) 

Shouxian 32.56, 116.78 PSAP 2008.05−12 29.4 (550) (Fan et al., 2010) 

Lin’an 30.28, 119.75 PSAP 1999.10−12 23 (565) (Xu et al., 2002) 

PRD 

Guangzhou 23.00, 113.35  2004−2007 82 (532) (Wu et al., 2009) 

 23.92, 113.12  2006.07 42.5 (532) (Garland et al., 2008) 

Hong Kong 22.22, 114.25 AE31 2012−2015 8.30 (550) (Wang et al., 2017b) 

Panyu 23.00, 113.35 AE31 2014.02−03 45.7 (550) (Tan et al., 2016) 

Xinken 22.60, 113.60 MAAP 2004.10−11 37 (550) (Cheng et al., 2008) 

NCP 

Beijing 39.85, 116.52 PAS 2006.08 51.8 (532) (Garland et al., 2009) 

 39.98, 116.32 AE16 2005.01−2006.12 56 (525) (He et al., 2009) 

Tongyu 44.56, 122.92 AE31 2010.03 7.61 (520) (Wu, 2012) 

Wuqing 39.38, 117.02 MAAP 2009.03−05 19.1 (550) (Ma et al., 2011) 

Xianghe 39.75, 116.96 PSAP 2005.05 65.0 (550) (Li et al., 2007) 

Tibetan 

Lhasa 29.60, 91.10 AE33 2015.09−11 53 (370) (Zhu et al., 2017) 

Lulang 29.76, 94.73   15 (370)  

Qinghai Lake 36.98, 99.88  SP2 2012.11.16–27 2.1 (Wang et al., 2015) 

National wide 

Chengdu 30.62, 104.07 AE31 2015.01−02 60.2 (Wang et al., 2017a) 

Chongqin 29.62, 106.50  2015.01−02 66.6  

Xiamen 24.60, 118.05 PAX 2013.11−2014.01 22.4 (Deng et al., 2016) 

Xi’an 34.23, 108.88 PAX 2012.8−10 31 (532) (Zhu et al., 2015) 

Jinan 36.67, 117.05 AE21 2013.12−2014.2 63 (532) (Yan et al., 2017) 

Tuoji 38.19, 120.74 AE21 2014.12−2015.01 8 (532)  

Yulin 38.33, 109.72 PSAP 2001.03−05 6  (Xu, 2004) 

Photoacoustic Extinctiometers, Boulder, PAX  

Absorption Photometer, Radiance Research, PSAP  



Table S3 Differences of meteorological conditions (temperature (T), relative humidity (RH), pressure (P), visibility (Vis), 

and boundary layer height (BLH)) at the five observation sites.  

  HA LH SX WH 
T LH     
 SX     
 WH     
 XY     

RH LH     
 SX     
 WH     
 XY     

P LH     
 SX     
 WH     
 XY     

Vis LH     
 SX     
 WH     
 XY     

BLH LH     
 SX     
 WH     
 XY     

Pink color means that the difference between the two variables was significant at 0.05 level; yellow color means that the 

difference between two variables was not significant. 



Table S4 Number of data for the different air quality in Figure 4. 

 HA LH SX WH XY 

Clean 17424 7629 10500 1983 2315 

Light pollution 7650 14303 9720 1632 13334 

Heavy pollution / 2313 / / 2856 

/: no heavy pollution episode existed.  

 

 



Figure S1 Cluster analysis results of air masses transported to Wuhan in January 2017. 

 

 



 

Figure S2 Hourly trajectories reaching at the five sites during the observation period. 
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Figure S3 Time series and box plots of meteorological parameters including pressure (P), temperature (T), relative 

humidity (RH), visibility (Vis), and boundary layer height (BLH) at the five sites. 
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Figure S4 Time series and box plots of the hourly averaged PM2.5, PM10, SO2, NO2, CO, and O3 concentrations at the five 
sites for the observation period (2018/1/8~2018/1/25). The dash lines are the corresponding daily secondary standards of 
the ambient air quality in China (GB3095−2012). The SO2, CO and O3 concentrations were lower than their secondary 
standards (150 µg m−3 for SO2, 4 mg m−3 for CO, and 160 µg m−3 for O3) during the entire periods.  
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Figure S5 Daily air quality of each site during the observation periods. The blue, orange and dark stand for good (PM2.5 < 

75 µg m−3), light polluted (75 < PM2.5 < 250 µg m−3) and heavily polluted (PM2.5 > 250 µg m−3) air quality, respectively. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6 Diurnal variations of BCbb (up panel) and BCff (bottom panel) at HA, LH and WH under different air quality.
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Figure S7 Scatter plots of BC vs PM2.5 (a) and BC vs CO (b).  



 

Figure S8 Nonparametric wind regression (NWR) plots of eBC at the five observation sites. 
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Figure S9 CWT results of eBC at the five sites during the observation period 
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Figure S10 Locations of the fire spots downloaded from MODIS during the observation period (2018/1/08~2018/1/25).  
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