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(- Radiative forcing by Tropospheric ?-‘ :
aerosol AR
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podtttleseby changes the cloud albedo and lifetime
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RE Indirect effect of carbonaceous _
particles: Ship tracks
. Infrared Cooling
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Ship tracks on the East Atlantic Aerosol particles emitted by ships
(soot particles with a high sulfur

content) act as CCN and form clouds
and enhance cloud reflectivity
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() The global mean radiative forcing -t
of the climate system
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Pathways of the Traditional Warm Indirect Aerosol
Effect and the Glaciation Indirect Aerosol Effect

Cloud albedo

© o1 10

Cloud cover and lifetime
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'z}‘b%’ Precipitation
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Cloud droplets =) Mixedphasecloud ¢mm Tce crystals

I@ @ hydrometeors @ I @

Cloud cond. nuclei = Acrosol particles ™%  Ice nuclei
Human activity
Lohmann, GRL, 2002
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PS5 Radliative forcing by BC

CLArE B

Light absorption

Aerosol par’riclesd
S organics
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Dust Sea salt
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Ocean

Direct effect: Absorption of incoming sunlight

Indirect effect:  Incorporation of BC info cloud droplets and ice crystals
(wet deposition of BC — decreasing absorption)
(modification of cloud optical properties)

Semi direct effect: Absorption of solar radiation by soot may cause
evaporation of cloud droplets
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= BC seasonality

Winter (November-December-January) Summer (June-July-August)
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01.01.2002 01.01.2003 T 01.01.2004 01.01.2005 01 .01-.2006

BC concentrations at 880 nm (ng/m3)

BC (Nov-Dec-Jan BC (Jun-Jul-Aug) =
= 18.9 ng/m3 °¢ = 149 ng/m3 101.7 ng/m3
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RSl BC mass fraction in PM1 '-f'.'*. 'i

OM = 1.9 OC for summer and winter

Winter & Spring 2004 PM1 o Summer 2005 PM1

Predominantly from
anthropogenic sources

S04: Mainly anthropogenic
< 20% from natural sources

NO3: Mainly anthropogenic

BC: Anthropogenic

PM1 mass concentration = 1.4 ug/m3 PM1 mass concentration = 3.4 yg/m3
BC mass concentration = 84 ng/m3 BC mass concentration = 89 ng/m3
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change the mixing state -
important for e.g. modeling the radiative forcing of black
carbon
(NH,),S0O,
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Coated

Internal Mixture

BC particles are coated
with scattering material

External Mixture

BC particles are separated
from scattering particles



FRAUL SCMERRER INSVITUT

= Inlets

Total inlet :
(all particles,
including
B activated ones)

heated inlet

' removes
- droplets
- int. particles
- large ice crystals

Interstitial inlet:
(no activated particles)
removes :

- droplets
- ice crystals

(Size : 5-30 ym) (Size < 2um)
T . ® L ° ) ®. o
. . ° ® . ®
() ‘e . ° ‘o °
Ice residuals
Free particles All particles

.....................................................................................................................
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Ice-CVI PM2 cyclone

T

L—_} | CLACE instrumentation

Heated inlet

m

| Residual particles U Interstitial particles | Total aerosol
Ambient
T CPI
— PSAP L MAAP — ,:AfArP PVM
L AMS, SMPS AMS, SMPS  — PSAP
Sphinx laboratory (dry)

BC measurements:
> MAAP = Multi Angle Absorption Photometer
» PSAP = Particle Soot Absorption Photometer

Chemical composition measurements:
> AMS = Aerosol Mass Spectrometer

Cloud microphysics:
» PVM = Particulate Volume Monitor
» CPI = Cloud Particle Imager

Size distribution:
» SMPS = Scanning Mobility Particle Sizers
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PS5 Scavenging of Black Carbon Clace

in liguid cloud

Fraction of BC aerosol that is incorporated into a cloud droplet or an ice crystal
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(=) Scavenging of Black Carbon Clace B
in mixed phase cloud

Fraction of BC aerosol that is incorporated into a cloud droplet or an ice crystal
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Scavenged BC fraction evolution

with temperature
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< -20°C: - cloud exists mainly of ice crystals (low scavenging)

> -20°C: - 7 of liquid droplet number ( ~of BC scavenging)
- BC scavenged fraction is 61% at T>-5°C

b
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= Evolution of particles in cloud :

P

Bergeron-Findeisen process

Cloud
@ Aerosol particle

\ Ice crystals
dr'ople’r‘ *t\
* *&Snow
Q**

4 }

o
Aerosol particle ‘ Rain

Saturation Vapor Pressure (SVP) difference: SVP (ice) < SVP (liquid)
= Flux of water vapor from liquid droplets to ice crystals
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= Inlets

' % Tce CVI inlet: " . .
| removes : 1;°|T al T‘ft :
- droplets all particles,

_ including
B activated ones)

heated inlet

- int. particles
. - large ice crystals
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Laboratory (dry aerosol) ¢ - ©e
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— — ° ° ° ° - 71 " .-.f"- -
=1 Ice nuclei chemical composition ' s
XK—’" AMS data from Max-Planck Institut Mainz
e/ Ice residuals Total
0,05 - EF=6 16 -
1,4 [
0,04 -+ T — J
S 'E _
£ | 7 1,2
2 0,03 2
o o)
£ 002 Nitrate £
O
Sulphate | £ 06
Lo BC :
2 2 0.4 -
= s
. , 0,2
SMPS . | |
-0,01 - AMS SMPS

Ice residuals mainly consisted of BC and refractory material (mineral dust,...)



(1) BC mass fraction in ice Cace
residuals and total aerosol |
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Enrichment of BC in small ice crystals (most points above line 1:1)
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BSl Conclusions s,

® Aging processes result in coating of BC with soluble components
v' Internal mixture of JFJ aerosol
v" Influence on hygroscopic properties of soot particles

® TIn liquid clouds
v' BC is incorporated into cloud droplets as bulk aerosol
v' 60% of BC mass is incorporated into cloud droplets and ice crystals (wet
deposition of BC increases)

# In mixed-phase clouds
v" Incorporation of BC is considerably lower (Bergeron-Findeisen process)
v' BC is enriched by 20% in the ice phase (influence on cloud optical properties)
v' Ice nuclei mainly consist of BC and refractory material

& Summary:
Incorporation of BC into cloud droplets and ice crystals for an aged aerosol

v' Increases the wet deposition of BC (influence on lifetime of soot particles)
v" Influence the optical properties of cloud by possibly increasing the number of
CCN and by acting as IN
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