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Aerosol Black Carbon

BC is a primary product of incomplete combustion
BC not automatically related to CO, emission
BC emissions can not be predicted:

must be measured

BC particles from different sources can have
different characteristics that produce different
effects in the atmosphere:

Coal/Diesel/Biomass, Asia/Europe/Arctic...

relevance: climate change, health

Note change
in scale



Aerosol Black Carbon covers large regions

Approx. 1000 m above New Delhi region, India: late afternoon.

A dense sooty layer: solar radiation reaching the ground is reducing ~ 5% per
decade over the entire country. Cause?




Total BC forcing:

. direct + indirect
Black Carbon and climate change 1,1 W/m?

(Bond et al 2013)
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Haze over Asia: up to 40% of sunlight BC forcing is almost 1/3 of the total TOA
absorbed. Crop yields reduced ; local GHG forcing!

rainfall changed. Heat redistribution — weather



Temperature (2C) relative to 1890-1910

Climate & health!
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Aerosol Black Carbon : Sources & Emissions

e BC emission factors can be very different: emissions depend on
quality of combustion of different fuels

e Climate forcing depends on both CO, and BC
e BC concentrations can be highly variable locally and regionally

e Knowledge of vertical distribution of BC is essential for calculations of
climate forcing, yet data is extremely sparse

e BC emissions cannot be predicted: must be measured

e more data required

BC (x,y,2t; \)




Optical measurement and analysis: advantages

Time resolution of chemical analysis: 1 day!

Optical methods — minutes, seconds!

e |[nstantaneous, high sensitivity
e Non-destructive

e Mobile, small

e Added dimension —time

e Added dimension — wavelength



Optical measurement of Black Carbon: Aethalometer™
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Filter with Sample babs ~ AATN

e Collect sample continuously.

e Optical absorption ~ change in ATN.
e Measure optical absorption continuously : A =370 to 950 nm.

e Optical absorption to mass equivalent BC concentration:
BC (t) =b(t) / o
e Real-time data: 1 minute



Aethalometer

AE31 & AE33 — Ambient Air Quality Monitoring
v Seven wavelength (370, 470, 520, 590, 660, 880, and 950 nm)
v Local source identification
v Regional, Continental, Global Atmospheric studies
v Particle size distribution, radiative transfer
v Climate change, albedo, cloud modification

Too big? YES!!




e Torre Sarca, Milano (University of Milano -

Bicocca);
2 and 3 December 2008,

» ascent and descent rate: 30.0 +£ 0.1 m/min;

* time resolution: 6 sec - 3.0 m of vertical
resolution

* maximum height during launch was 510 m
AGL.

Meteorological Station (LSI-Lastem)

OPC Grimm 1.108

Prototype AE5x




BC vertical profiles over Milano

* ballon with prototype Aethalometer
e profiles up to 500 m, 2 days of measurements

* measurements compared to calculation of optical
properties

Black Carbon Concentration Vertical Profile
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Height (m AGL)
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1) Stable mixing layer of variable
depth.

—>2) Sharp decrease at the MH

abs (@and BC) near
ground +24+4% higher than average
BC measured within whole mixing
layer.

4) Lower degree of variance above
the MH,

s (@and BC)
1712% of those within the mixing
layer.



Hs

Terni (TR)
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Aircraft and sampling: Aethalometer
measurements @ 3 km and 200 km/h




Aircraft and sampling: Aethalometer

measurements @ 3 km and 200 km/h
R N TN

Small and light — not much space in
the cockpit!

Inlet on the starboard wing:




Different sources:
point vs.
distributed




Black carbon
layers @ 3 km
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Results: SE Azija, India
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Take-off: Thailand Landing: India
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Biomass-smoke vs. diesel — wavelength

dependence

measure attenuation with the
Aethalometer

absorption coefficient - b,
for pure black carbon: b, ~1/A

generalize Angstrom exponent:
b, ~1/A°

diesel: a = 1

biomass: o = 2 and higher
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Aethalometer, Atmospheric Environment (2008) 101-112
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Take off: Thailand

Landing: India
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NOAA RYSPLIT MODEL
Backward trajectory ending at 0700 UTC 31 Mar 12
GDAS Meteorological Data

Results: SE Asia, India
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Climate implications — increase of Angstrom

exponent
oa=1—->1.3
25

Does 7-24% matter?
EZO\R\\\h 14
i 12
£ 15 —?;:_E_ »
% 10 | II I h\ I 0’8
= Wmmh_ 06
505 \ 04
@ 02
0.0 0
200 400 600 800 1000 1200

Wavelength (nm)

Ratio of absorbed radiation

25






All emlsslons, Including dally varylng domestlc emlsslons
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Measurements?

ADVENTURE for SCIENCE

experienced long distance pilot, biologist, photographer
light, eco friendly 300 kg aircraft

black carbon detection over Arctic

Marth Pole cro 1g from Europe to Canada

Atlantic crossing via Lindberg route

arctic water aerial im

2 3 10 20 50 100 200 500 1000 2000

Same plane, same
pilot — new
journey!
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Take off: Svalbard
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On-going campaigns — new: AE33-avio

Picture courtesy of K. Weber



On-going Saxonia campaign — preliminary results
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On-going ltalian
campaign —

preliminary results
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Conclusions

e Round the world & Arctic campaigns generated a big
dataset

e Hotspots identified, long range /regional transport
e Measured values higher than modeled

e Altitude range important for weather, climate

e Discrimination between sources

e Biomass vs. Diesel emissions have different effects
on cloud formation

e New instrument development
e Tests ongoing — Germany, ltaly




Thank you for your attention!

Questions?
Aerosol d.o.o. tel: +386 59 191 220
Kamniska 41 fax: +386 59 191 221

S1-1000 Ljubljana
Slovenia grisa.mocnik@aerosol.si
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Aerosolized Black Carbon

What is Black Carbon?
Why is it important?

Regional and global
measurements — influence on
the climate?

How do we measure it?

Black Carbon around the
world and over the Arctic

Which sources?




Emissions

Domestic

Flaring 42%
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What about
measurements?
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Take off: Svalbard
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Conclusions

e source apportionment, “Aethalometer model”: biomass vs.

diesel, excellent correlation with markers
e time resolutionis 1 min
e we can investigate time evolution, spatial distribution: BC, CM
e correlation between different pollutants: PAH source

e quantitative Wood-Smoke determination — “Aethalometer
model“ CM time resolution: 15 min

e the new dual-spot Aethalometer AE33 with real-time loading
compensation was developed, online source app.

e technical improvements facilitate monitoring

Aerosol
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