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BC and CM – two sides of the same coin
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A note on the terminology

• Black Carbon mass concentration BC µgm-3

• Optical meas. equivalent to mass eBC (filter photometers)

• Aerosol absorption coefficient 𝑏𝑎𝑏𝑠 Mm-1

• Optical measurements, in-situ, (in)direct

𝒃𝒂𝒃𝒔 = 𝑩𝑪 ∙ 𝑴𝑨𝑪



Ramanathan and Carmichael, 2008

CO2 BC
(direct)

atmosphere

surface+0,6

+0,9 W/m2+1,6 W/m2

+1 +2,6

-1,7

BC total:

+1,1 ± 0,7 W/m2

Bond et al., 2013

BC, absorption, heating

Oops!



BC @ ~10.000 ft

over Congo river

over Malaysia
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Regonal pollution





• largest city in N Italy, in a valley

• 1.3 M inhabitants

• one of the most polluted cities in Europe

• major traffic in the Po valley

• traffic: 89,000 vehicles in the city center
every day

• traffic restriction in place since Jan 2008

Milano, Italy

wikipedia

wikipedia



1 km Invernizzi, 2011

Milano Radial
measurements

Each site:

• PM10, PM2.5, PM1

• Black Carbon

• RH, T

08:30 – 19:30

Summer:

July 2010

T = 30 C



PM

BC/PM

No difference!

Big difference!

Invernizzi, 2011



Ljubljana, Slovenia

wikipedia

• largest city in Slovenia, in a basin

• 350k inhabitants

•traffic: 120,000 vehicles into the city
every day

• traffic restriction in place since Sept
2013





Ljubljana (Aug – Oct 2013)
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• measure attenuation with the 
Aethalometer

• absorption coefficient - babs

• for pure black carbon: babs ~1/λ

• generalize Angstrom exponent: 
babs ~1/λAAE

diesel: AAE ≈ 1

biomass-smoke: AAE ≈ 2 and higher

J. Sandradewi et al., A study of wood burning and traffic aerosols in an Alpine valley using 
a multi-wavelength Aethalometer, Atmospheric Environment (2008) 101–112

Optical properties - source apportionment



b(λ) = bbb (λ) + bff (λ)            λ = 470 nm, 950 nm 

18
Sandradewi 2008

bi(470 nm) / bi (950 nm) = (470 nm / 950 nm) –AAE_i

AAEff = 1,0 ± 0,1 (fossil) Bond & Bergstrom 2004           .

AAEbb = 2,0 -0,5/+1,0 (wood) Kirchstetter 2004, 

Day 2006, 
Lewis 2008

Quantification – sources of BC - Sandradewi/Aethalometer model

Zotter et al.: Atmos. 
Chem. Phys., 17, 
4229–4249, 2017
14C



AAE pair – BCff BCbb

Tobler, ACP 2021



AAEff
Fuller et al., 2013
http://dx.doi.org/10.1016/j.atmosenv.2013.12.037
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AAEff
Fuller et al., 2013
http://dx.doi.org/10.1016/j.atmosenv.2013.12.037



AAEbb
Fuller et al., 2013
http://dx.doi.org/10.1016/j.atmosenv.2013.12.037
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AAE pair – BCff BCbb

levo intercept inspiration?

Tobler, ACP 2021



𝑏𝑖(470 nm)

𝑏𝑖(950 nm)
=

470 nm

950 nm

−AAE𝑖 AAEff

AAEbb

external parameter
assumption

result

Two-component models – Sandradewi/Aethalometer model

𝐵𝐶𝑓𝑓 = 𝐵𝐶
𝑏𝑓𝑓(950 nm)

𝑏(950 nm)

𝐵𝐶𝑏𝑏 = 𝐵𝐶 - 𝐵𝐶𝑓𝑓

𝑏 𝜆 = 𝑏𝑓𝑓 𝜆 + 𝑏𝑏𝑏 𝜆 λ = 470 nm, 950 nm

Sandradewi AE 2008



𝑏𝐵𝐶(370 nm)

𝑏𝐵𝐶(950 nm)
=

470 nm

950 nm

−𝐴𝐴𝐸𝐵𝐶

Two-component models – Massabò/MWAA model

AAEBC~1

AAE2

assumption

BrC does not absorb in red, IR

result

BrC

BC

𝑏 𝜆 = 𝑏𝐵𝐶 𝜆 + 𝑏𝐵𝑟𝐶 𝜆 λ = 370 nm, 950 nm

after Sandradewi AE 2008



Field: comparison w/ other filter photometers

Aerosol absorption coefficient 𝑏𝑎𝑏𝑠 Mm-1

• need reference sample

• need reference method to measure absorption

• Reference methods:

• extinction - scattering: low SSA

• photoacoustics: non-coated particles, no VOCs or water

• photothermal interferometry

C…c…c…calibration to determine C  MAC!



Historical calibration – filter photometers

Black Carbon mass concentration BC µgm-3

• Optical meas. equivalent to mass (filter photometers)

• BC mass „calibration“:
• sample filters

• wash with different solvents (Soxhlet extraction)

• analyze optically

• analyze thermally for total carbon – CO2

• assume all chemically refractory carbon also absorbs!

• voilà : mass attenuation cross-section: σ, m2/g

Gundel et al., 1984

27



SSA = 0.1 0.8 10.5

urban urban regional global

background

𝑺𝑺𝑨 =
𝒃𝒔𝒄𝒂

𝒃𝒔𝒄𝒂 + 𝒃𝒂𝒃𝒔



Optical measurement of BC:  filter photometers

• Collect sample continuously.

• Optical attenuation ~ change in ATN. 

• Convert attenuation to absorption: 

• Real-time data: minutes

Reference I0

Sensing IBC

Light Source

Filter with Sample

Light Detectors


𝒃𝑨𝑻𝑵 ~ 

∆𝑨𝑻𝑵

∆𝒕
+ 𝑚𝑠 𝒃𝒔𝒄𝒂

𝑏𝑎𝑏𝑠 =
𝑏𝐴𝑇𝑁

𝐶

𝐴𝑇𝑁 = ln
𝐼0

𝐼



𝒃𝑨𝑻𝑵 =
𝑺

𝚽

∆𝑨𝑻𝑵

∆𝒕
∙ 𝒇 𝑨𝑻𝑵

Filters: blessing or curse?
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𝒃𝑨𝑻𝑵 =
𝑺

𝚽

∆𝑨𝑻𝑵

∆𝒕
∙ 𝒇 𝑨𝑻𝑵 = 𝑩𝑪 ∙ 𝝈 + 𝒎 ∙ 𝒃𝒔𝒄𝒂

𝒃𝒂𝒃𝒔 =
𝒃𝑨𝑻𝑵

𝑪𝒇
− 𝒎𝒔 ∙ 𝒃𝒔𝒄𝒂

         

Filter properties.

Need reference measurement. 

Additional measurement: 
scattering. 

𝒃𝒔𝒄𝒂>> 𝒃𝒂𝒃𝒔

(SSA > 0.8…)



𝒃
𝑨

𝑻
𝑵

𝒃
𝒂

𝒃
𝒔
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𝒃𝒂𝒃𝒔 =
𝒃𝑨𝑻𝑵

𝑪𝒇
 ∙

𝟏 − 𝑺𝑺𝑨

𝟏 − 𝑺𝑺𝑨 +  𝒎𝒔 ∙ 𝑺𝑺𝑨

𝒃𝑨𝑻𝑵

𝒃𝒂𝒃𝒔
 = 𝑪𝒇 ∙

𝟏−𝑺𝑺𝑨 + 𝒎𝒔∙𝑺𝑺𝑨

𝟏−𝑺𝑺𝑨

𝒎𝒔 = 𝟎. 𝟎𝟐
𝑪𝒇  = 𝟐. 𝟕

SSA dependence



Montseny
regional

Yus-Díez et al., Atmos. Meas. Tech., 14, 6335–6355, https://doi.org/10.5194/amt-14-6335-2021, 2021. 

𝒃
𝑨

𝑻
𝑵

𝒃
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𝒃
𝒔

Montsec
remote regional

𝒃
𝑨

𝑻
𝑵

𝒃
𝒂

𝒃
𝒔

https://doi.org/10.5194/amt-14-6335-2021


Two-component models – Massabò/MWAA model

b(λ) = b1 (λ,biomass) + b2 (λ,fossil)            λ = 470 nm, 950 nm 

bi(470 nm) / bi (950 nm) = (470 nm / 950 nm) –AAE_i AAE1

AAE2

BrC does not absorb in red, IR

BrC

BC



BrC mass, MAC

• traditionally – measure OM, use OM mass 𝒃𝒂𝒃𝒔,𝑩𝒓𝑪 = 𝑶𝑴 ∙ 𝑴𝑨𝑪𝑩𝒓𝑪

BC particles coated with α-pinene

https://doi.org/10.5194/amt-15-561-2022

→ change in AAE!

WRONG! 

https://doi.org/10.5194/amt-15-561-2022




Measurements @ 4 km and 200 km/h



Flight 2012

http://www.worldgreenflight.com/

http://www.worldgreenflight.com/


Flight 2016



Flight 2018



Thailand India

increased absorption



• measure attenuation with the 
Aethalometer

• absorption coefficient - babs

• for pure black carbon: babs ~1/λ

• generalize Angstrom exponent: 
babs ~1/λα

diesel: α ≈ 1

biomass-smoke: α ≈ 2 and higher

J. Sandradewi et al., A study of wood burning and traffic aerosols in an Alpine valley using 
a multi-wavelength Aethalometer, Atmospheric Environment (2008) 101–112

Optical properties - source apportionment



Flight 2019 – Saharan dust events



• vertical profiles of optical properties:
• fine babs

• coarse babs

• size distribution

• regional transport, atmospheric mixing

• layers not vertically, spatially homogeneous

• validation of Aeolus ALADIN lidar extinction, 
scattering @ Cape Verde

Absorpcijski profil
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Absorption coeff.:

• fine
• coarse enhanced

Scattering coeff.:
• total

Size distribution:
• total
• coarse enhanced
• large particles

Solar irradiance

CO2 sensor

Instrumentation in testing
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CAVA-AW
in-situ measurements





Aeolus Cal/Val



Campaign overview
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2021 – 18 flights 2022 – 9 flights 
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Coordination with DLR, SAPHIRE, NASA DC-8

UNG

Safire

DLR

ACTRIS

2021

2022





17 Sep 2021



17 Sep 2021



Methodology – Dust & BC Absorption
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pVI inlet 

&

isokinetic inlet

wavelength 

dependence

+
𝑏𝑎𝑏𝑠, 𝒅𝒖𝒔𝒕

𝑏𝑎𝑏𝑠, 𝑩𝑪

dust

BC

species

specific AAE



Heating Rate
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HR = HRdirect + HRdiffuse + HRreflected
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We thank ESA (4000131931/20/NL/FF/an) and NLB for project funding.
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Thank you!

Questions?

grisa.mocnik@ung.si

mailto:grisa.mocnik@ung.si
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