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Table S1. Annual variation in atmospheric 7, RH, WS and ASC.

Year T (°C) RH (%) WS (m/s) ASC (ton/day/km?)*
2013 13.4 54 1.6 2.87
2014 14.3 50 1.5 2.77
2015 13.5 54 1.5 2.99
2016 14.3 53 1.4 3.07
2017 14.0 48 1.4 3.01

*ASC, a synthetical parameter connecting dilution by ventilation with wet scavenge, was obtained
from 2018 China Climate Bulletin (http://www.cma.gov.cn/root7/auto13139/201801/t20180117 _
460484.html, last access: 26 June 2019).



Table S2. Review of main emissions control measures for power plants, coal-fired boilers, residential heating and motor vehicles in Beijing from 2002-2017%*.

Emission

boiler

core areas (below 14 MW) in
six urban districts

sources 2002 2003 | 2004 | 2005 | 2006 | 2007 2008 2009 | 2010 | 2011 | 2012 | 2013 2014 2015 2016 2017
Desulfurization retrofit (DR)
Natural gases instead of coal
Denitrification retrofit
P Natural gas thermal-power cogeneration centers (NGTCC)
ower
plant Enhance DR
NGTCCs
put into
use
Closing of coal-fired power plants
Renovation
of small
boiler in
core areas
Renovation of small boiler in core areas
(below 14 MW)
Renovation of small boiler in
Coal-fired

Setting

up high
pollution
fuel
restriction
zone




Elimination of coal-fired
boilers (ECFB)
Elimination
of ECFB in
suburbs of
Beijing
Multiple
stage ECFB
Electricity
usage for
selected old
single-
storey
houses
Residential Replacement with electricity for selected old single-storey houses in core
heating areas
Usage of clean energy and no
residential coal use in the
core areas
No residential coal use in
urban, urban-rural fringe
and rural areas
Light-duty
gasoline China I China II China III China IV China V
vehicles
China I China II China III China IV! China I'V?
High-duty
diesel China V!
vehicles
China V?
Traffic

restriction

Elimination of yellow-labeled vehicles




Elimination
of light-
duty
gasoline
vehicles
with China
I and II
Clean Compressed Natural Gas public buses
energy and
new New energy vehicles promoted
energy
vehicles Electric public buses and taxies
Alternate
driving
days for
Temporary cars with Banni . R ey
vehionlar even and anning private cars operating in Beijing's urban areas one work-day a week based
measures odd on number plates
numbered
license
plates

* Source: https://www.unenvironment.org/resources/report/review-20-years-air-pollution-control-beijing, last access: 26 June 2019

! Only implemented for public fleets; ? for freight trucks and long-distance coaches




Table S3. Annual variations of gross domestic product (GDP), population, total energy consumption, population of vehicles, consumption of gasoline, diesel oil, coal,
and natural gas in Beijing.

Category 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
GDP (108 yuan) 4396 5104 6164 7141 8312 10071.9 11392 12419 14441.6  16627.9 18350  20330.1 21944.1 23685.7 25669.1  28000.4
Population (10%) 14232 1456.4 14927 1538 1601 1676 1771 1860 1961.9 2018.6 20693 21448 2151.6 2170.5 2172.9 2170.7

Energy consumption (10*ton) ~ 4436.1 46482 5139.6 5049.8 53993 5747.7 5786.2  6008.6  6359.5 6397.3 6564.1  6723.9 6831.2 6852.6 6961.7 7130.6

Vehicular population (10%) 176.5 2124 229.6 2583 287.6 312.8 350.4 398.1 480.9 498.3 520 543.7 559.1 561.9 571.7 590.9

Gasoline (x10* tons) 152 165.22 19839 2353 278.16  324.72 34092  363.61 371.53 389.79 415.9 423.61 440.61 462.76 470.37 489.85
Diesel oil (x10* tons) 109 110.41  131.93 14086 177.49 192.02 227.22  240.18 237.42 241.12 21582 1939 196.46 182.35 172.69 175.11
Coal (x10* tons) 2531 2674 2939 3069 3055.7  2984.7 27477  2664.7 2634.6 2365.5 2269.9 2019.23 1736.54 1165.18  847.62 490.46
Natural gas (x10%m?) 21 21.19 27.02 32.04 40.65 46.64 60.65 69.4 74.79 73.56 92.07 98.81 113.70 145.37 160.30 162.24




Table S4. Ratio of TC to PM; 5 in this and previous studies.

Cities Method Period TC/PMa2s (%) References
Budapest, Hungary EA June 2010- May 2011 40.0% Szigeti et al., 2013
Istanbul, Turkey EA June 2010- May 2011 30.0% Szigeti et al., 2013
Beijing, China TOR March 2005-February 2006 27.6% Yang et al., 2011c
Chongqing, China TOR March 2005-February 2007 28.3% Yang et al., 2011c
Shanghai, China TOR March 2005-February 2008 34.5% Yang et al., 2011c
Guangzhou, China TOR March 2005-February 2009 26.4% Yang et al., 2011c
the autumn—early winter period 60-80% Keywood et al., 2011
Melbourne, Australia - the summer months 20—-40% Keywood et al., 2011
December 2006-January 2007 30-50% Keywood et al., 2011
18/09/2001-29/10/2001&19/12/2002-
Antwerp, Belgium TA 23/02/2003 32.0% Bencs et al., 2010
01/02/2002-26/03/2002&27/09/2002-
Hasselt, Belgium TA 04/11/2002 23.0% Bencs et al., 2010
16/05/2002-26/06/2002&05/11/2002-
Mechelen, Belgium TA 03/01/2003 24.0% Bencs et al., 2010
Ghent, Belgium TOT Jun. 10-Jul. 7, 2004 31.7% Viana et al., 2007
Ghent, Belgium TOT Jan. 10-Feb.14, 2005 22.3% Viana et al., 2007
Barcelona, Spain TOT Jul. 27-Aug. 31, 2004 32.6% Viana et al., 2007
Barcelona, Spain TOT Nov. 11-Dec. 16, 2004 28.8% Viana et al., 2007
Amsterdam, Holland TOT Jul. 4-Aug. 2, 2005 24.4% Viana et al., 2007



Amsterdam, Holland
Diamond Bar, USA
Mira Loma, USA

Los Angeles (Riverside),
USA

Mira Loma, USA
Rubidoux, USA
Phoenix, USA
Philadelphia, USA

Los Angeles, USA

San Nicolas Island, USA
Beijing, China
Abbotsford, Canada
Kaohsiung, Taiwan, CN
Sao Paulo, Brazil
Hongkong (roadside site),
China

Hongkong (urban site), China

Hongkong (suburban site),
China
Hongkong (new town site),

China

Hongkong (urban site), China

TOT

TOT
TOR
TOR
TOR
™O
™O
TOR
TOR
EA
TA

TOT/TOR
TOT/TOR

TOT/TOR

TOT/TOR
TOT/TOR

Jan. 9-Feb. 16, 2006
Oct. 31-Nov. 2, 1997
Oct. 31-Nov. 2, 1997

Oct. 31-Nov. 2, 1997
Sep. 2001-Feb. 2002
Jan.-Feb. 1999
Jan.-Feb. 1999
Jan.-Feb. 1999

Jan. 1995-Feb. 1996
Jan. 1995-Feb. 1996
Jul. 1999-Sep. 2000
May 1994-Feb. 1995
Nov. 1998-Apr. 1999
Jul.11-Sep. 10, 1997

2013
2013

2013

2013
2013

32.6%
29.5%
36.6%

30.5%
30.5%
33.7%
73.2%
33.3%
36.9%
24.6%
30.2%
48.0%
21.3%
77.5%

30.3%
44.5%

27.0%

20.4%
26.7%

Viana et al., 2007
Allen et al., 2000
Allen et al., 2000

Allen et al., 2000

Na et al., 2004
Tolocka et al., 2001
Tolocka et al., 2001
Tolocka et al., 2001
Kim et al., 2000

Kim et al., 2000

He et al., 2001

Brook and Dann, 1999
Lin and Tai, 2001
Castanho and Artaxo, 2001



Hongkong (new town site),
China

South Phoenix (traffic site),
USA

South Phoenix (airport site),
USA

South Phoenix (mixed site),
USA

Tongyu, China

Zloty, Potok, Poland
Raciborz, Poland
Shangdianzi, China
Beijing, China

Tianjin, China
Shijiazhuang, China
Chengde, China

Fresno, China

Xi'an (rural site), China
Xi'an (urban), China

Xi'an (downtown site), China
Xi'an (roadside site), China
Xi'an (urban site), China

Xi'an (reference site), China

TOT/TOR

TOT

TOT

TOT
TOR
TOT
TOT
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR
TOR

2013

Dec. 20, 2008 to Feb. 18, 2009

Dec. 20, 2008 to Feb. 18, 2009

Dec. 20, 2008 to Feb. 18, 2009
Spring 2006

2013

2011 and 2012

Four seasons (2009-2010)
Four seasons (2009-2011)
Four seasons (2009-2012)
Four seasons (2009-2013)
Four seasons (2009-2014)
Jan. 1-Dec. 26, 2000
2010

2010

2010

2010

2010

2010

30.0%

45.0%

49.2%

48.9%
6.2%
40.4%
44.5%
20.4%
19.8%
18.1%
19.0%
28.6%
43.5%
16.4%
17.3%
15.4%
17.4%
19.7%
14.8%

a*

Upadhyay et al., 2011

Upadhyay et al., 2011

Upadhyay et al., 2011
Zhang et al., 2012
Btlaszczak et al., 2016
Btlaszczak et al., 2016
Zhao et al., 2013
Zhao et al., 2013
Zhao et al., 2013
Zhao et al., 2013
Zhao et al., 2013
Watson and Chow, 2002
Wang et al., 2015
Wang et al., 2015
Wang et al., 2015
Wang et al., 2015
Wang et al., 2015
Wang et al., 2015



Beijing (Tinghua site), China
Beijing (Miyun site), China
Beijing (Tinghua site), China
Egbert, Canada

Europe (average)

Europe (average)

USA (average)

China (average)

India (average)

TOT

TOT

TOR

TOT

TOT

TOR
TOT/TOR/TMO

2008

2008

Jul 1999-Jun 2000
Jan. 2006-Nov 2007
2008-2011
1996-2007
2005-2008

32.0%
33.0%
40.0%
38.0%
25.0%
19.0%
25.0%
22.0%

20.0%

Yang et al., 2011b
Yang et al., 2011b
He et al., 2001
Yangetal., 2011a
Cavalli et al., 2016
Putaud et al., 2010
Hand et al., 2011
Wang et al., 2016

Ram and Sarin, 2010, 2012; Bisht et

al., 2015

a* http://www.epd.gov.hk/epd/sites/default/files/epd/english/environmentinhk/air/studyrpts/files/final report mvtmpms 2013.pdf, last access: 26 June 2019

TOR: thermal-optical reflectance; TOR: thermal-optical transmittance; TMO: thermal manganese oxidation; EA: elemental analysis; TA: thermal analysis
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Fig. S1. Monthly variation of OC and EC concentrations from March 2013 to February 2018.
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Fig. S6. Diurnal variation of OC concentrations (in pg/m®) on weekdays and weekend days during

the whole study period.
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Fig. S9. Map with identification of the Chinese provinces, which are potential source areas of OC
and EC in this study.
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