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Black Carbon

Product of incomplete
combustion of fossil fuel,
biofuel and biomass

» Commonly known as soot

Source: McComiskey Nasa ARM; Cappa, CD, et al. 2012 “sicence”



Impact and effects of Black carbon

(\
& Albedo Effect
¥ Global Warming
@ Pollution/Visibility
©® Human Health

No black carbon

When sunlight hits clean snow or ice %;

most of itis reflected back into space. Black carbon particles  t
and ice slightly darker — so less is reflected.

Instead, the light is absorbed and turns into
heat 5o snow and ice warm up and so melt faster,

http://www.metoffice.gov.uk/barometer/guest-articles/jonathan-leake
http://www.windows2universe.org/earth/climate/black_carbon.html
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Why we conduct this study...

v’ Serious BC

=

30% of BC emission comes from China | > emission in
China

Hong Kong is located in the southern v' BC emission

China in China may

—_—

Obvious seasonal variation on have large

particles in Hong Kong effect in
Hong Kong

So......

It is essential to identify BC with regional effect.

Hong Kong background site was chosen to investigate its regional effect



Objectives of the study

Determine the BC temporary variations a

background site (HT)

v" Discuss the influence of meteorological parameters on
BC

v" Identify variation of BC and other trace gas under
different source areas

v" Discuss the BC emission sources
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Black carbon (BC) measurement

» Instrument: Aethalometer Mode

» 7 wavelengths: 370nm, 470nm, 520nm, 590nm, 660nm,
880 nm and 950 nm

»Flow rate: 5 L/min
» Cut size: PM, . inlet

Sampling period: *
October, 2011 to
September, 2013




Filters collection and analysis

» Instrument: High-volume sampler,
» Sampling period: October 2012 to September 2013
» delta T (At): every 6 days

» Flow rate: 1.13 m3/min

» Cut size: PM, . inlet

* Chemical analysis

» Gravimetric analysis
» Carbonaceous analysis
» lons analysis



Visibility and Direct Radiative forcing (DRF)
Calculation

article light extinctic

‘
Bext = Bep + Bay,
25T (RESIsmall AS] + 4.8 f (RH)[large AS] + 2. 4fS(RH) [small AN] +
5.1f,(RH)[large AN] + 2.8 Small OM ?+ 6.1[large OM] +
1.7f.c(RH) [Sea Salt] + 10[EC]

+ Direct Radiative forcing (DRF) calculation:
DRF ==2T2,,(1 — N)[4atq, — 2(1 — a)?f1y]

S, is the solar irradiation (1370 W/m?),

T,m IS the transmittance of the atmosphere (0.79),

N is the cloud fraction (0.6),

a is the surface albedo (rural area = 0.18),

B is the particle size dependent fraction of radiation scattered by aerosol (0.17).
T,,. absorption optical thickness 7,4y, = Byp X H X fipy

T,p: Scattering optical thicknesstg, = By, X H
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BC concentration (ng/m")

BC temporary variations in HT
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» BC concentration measurement started from October 2011 to September 2013, the
annual mean is 1400 + 1100 ng/m3

» Obvious seasonal variation was observed, fall and winter (October to March) and
spring and summer (April to September), which are 1700 + 1000 ng/m?® and 1200

+ 1100 ng/m?3




Yearly variations of BCin HT

R 4,500 - S - 70
3o o [0 2 T ST
2 3500 - ~§n YEAR BC/PM,,
= - 530 = .
£ 3.000 - g 2004-2005 8.0%
£ 2500 40 £
2 2,000 - 30 % 2006-2007 6.5%
S 1500 :
2 -20 © .
1,000 - 3 2008-2009 5.4%
500 - - 10 &
0 | | | | 0 2012-2013 5.3%

2004-2005  2006-2007  2008-2009 2011-2012 2012-2013
(Cheng etal., (Huang H. (DRIreport (thisstudy) (this study)
2006) 2012) 2010)

Source: Cheng Y. et al.2006
KF. Ho et al, 2003 and 2007
Louie, P.K.K. et al. 2005
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» The Highest BC value was in December-2011 (on average, 2463 ng/m?3); and the lowest

2012 (958 ng/m3)

in July

BC value was



Diurnal variation on BC
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Optical property on BC
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Visibility and Direct Radiative Forcing

effect on BC

secondary “

nitrate
5%

B, = 121 Mm'!

BC

sea salt
8% DRF (W/m?)

1-BC
secondary sulfate
sea salt

secondary nitrate

RF Hong Kong (HT)>global BC emission>North America
0.95 Wm? > 0.2 W/m? > 0.09 W/m?



BC value in varied source areas
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Five source areas:

v" East China
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9000 -
8000 —
7000 —-
6000 —
5000 —
4000 —-
3000 —-
2000 —

1000

o

i

o

1

T T
marine central China and PRD Taiwan

T
east China

Southeast Asia



BC and CO ratio in different emission sectors

=

power plant industry residential transportation
(BC/ co)bottom-up (ng/m3/ppbv)?
East China 18.21 7.19 12.08 7-39
Central China+PRD 22.39 7.64 13.35 7-42




Sources contribution on BC

——

Source area Contribution ABC/ACO

East China 17% 4.8399

Marine 17% > Ship emission

Central China +
PRD region

27% 5.7562

Taiwan 25% 6.5002

Southeast Asia 14% . Residential (biomass

burning) emission

» Dominated BC sources from industrial and transportation in mainland China
and Taiwan

» Comparative BC sources from ship emission and residential (biomass
burning) in Southeast Asia



Conclusion

* The 2-year BC mean value is1400 + 1100
seasonal change (fall and winter : 1700 + 1000 ng/m?3 and
spring and summer: 1200 % 1100 ng/m3)

« BC (~22%) was the second largest factor cause visibility
degradation

* The direct radiative forcing for BC factor are much higher
than the other countries, indicating serious BC problem
cause local climate change

* Five potential BC source areas: East China, Marine, Central
China +PRD region, Taiwan, Southeast Asia

* The majority sources on BCis industrial and transportation
from mainland China and Taiwan area
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