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Climate Forcing Uncertainties

• AEROCOM: Large diversities among
models:     Improved representation of
processes necessary, especially regarding
the fine aerosol composition

• This study: Range of uncertainties involving
microphysical processes within one model

 Textor et al, ACP 2006, Kinne et al. ACP 2006, Schulz et al. ACP 2006 



GISS GCM
GISS climate model (modelE) Schmidt et al. 2006
Fully coupled ocean-atmosphere climate model
Including gas and aerosol phase chemistry

Experimental set up:
4o x 5o horizontal res.
23 vertical layers

Model results:
5 year average



MATRIX
Aerosol Microphysical Model based on the Methods of Moments
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Mixed acc. populations

Mixed coarse populations

•Partitioning of semi volatile species: EQSAM 3 (Metzger et al. 2006)
•Droplet activation: Abdul Razzak and Ghan(1998, 2000)
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* Transformation of nucleation rate into new particle formation rate after
   Kerminen et al. 2004 and Bauer et al. 2008 ACD

Kulmala et al 2004 :’The formation rate of 3 nm particles during regional nucleation events lies typically in the range 0.01–10
particles cm-3 s-1 in the boundary layer. In coastal environments and industrial plumes, however, formation rates as high as
10e4–10e5 particles cm-3 s-1 have been reported.‘
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Kulmala et al 2004 :’The formation rate of 3 nm particles during regional nucleation events lies typically in the range 0.01–10
particles cm-3 s-1 in the boundary layer. In coastal environments and industrial plumes, however, formation rates as high as
10e4–10e5 particles cm-3 s-1 have been reported.‘

* Transformation of nucleation rate into new particle formation rate after
   Kerminen et al. 2004 and Bauer et al. 2008 ACD



No NPF

Large NPF

Number Concentrations [#/cm3]:

3275

367

2.6454

1.7 2.2

Ultra [> 0.05 um]        Fine [0.05 - 1 um]      Coarse x 1000 [< 1 um]



Sulfate Mixing State

No NPF

NPF

         SU               SU on OC          SU on BC          SU on coarse

NPF - No NPF



No NPF

         BC               BC on OC          BC on SU          BC on coarse
NPF

NPF - No NPF

Black Carbon Mixing State



• 5.6 % more activated
particles through nucleation

• 5.3 % more CCN through
binary nucleation, Wang and
Penner 2008 ACPD

Why not larger?
Competition for sulfuric acid
gas and ammonia between
nucleation and primary
particles.

CCN Number concentrations [column cm-3]

NPF - No NPF

NPF

CCN       activated particle      CDNC
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Emission Size Uncertainty Experiments

AEROCOM emission size range* [Textor et al. ACP 2006] :
SU: sulfate: 0.13 - 0.6 µm

BC: black carbon 0.025 - 0.6 µm

OC: organic carbon 0.03 - 0.8 µm

Several modesAccumulation mode emissions

BASEBASE0.10.070.07F1

BASEBASE0.60.60.6F3

BASEBASE0.30.30.3F2

2x BASE2xBASEBASEBASEBASEC1

0.3 - 60.2 - 4.
0.03

 0.037
0.03 fossil
0.037 bio0.068BASE

DUSSOCBCSU

Note!
Just emission sizes. 

Ambient particle sizes 
determined by microphysics

Sizes of the emitted particles [µm] 
Mass median diameters of log normal distributions

*emissions may be distributed

over several size-bins / modes

or differ between source sectors 



Aerosol Optical Thickness

BASE

F1 - BASE F2 - BASE

C1 - BASE



BASE

CCN Number concentrations  [column cm-3]

F1 - BASE F2 - BASE

C1 - BASE + SU on coarse
- SU on BC/OC

+ SU on BC/OC
- SU on coarse

- SU on BC
+ SU on OC



Aerosol Optical Thickness

versus

ACTIVATED aerosol numbers

AOT

CCN (Activ. Part) [cm-3]

AEROCOM 
Model median

0.127

AERONET 
0.135

Satellite 
 0.15

AEROCOM 
Max 0.151
Min 0.065

Increased 
coarse
particle size

Increased
fine particle
size

 Kinne et al. 2006 ACP



     Nucleation:
• The quantification of new particle formation through nucleation events is still an open

research question. Nucleation events greatly impact aerosol size distributions and mixing
state.

• The impact of nucleation on activated particle number concentrations is estimated here
(comparing two extreme cases) to be about 5%.

Emission size information:
• Our experiments demonstrate that the entire AOT diversity of the AeroCom models can be

reproduced by our model simply by changing the sizes of emitted particles.
•  AOT and activated particle number concentrations may vary by up to 100%, comparable to

the range of uncertainty of the direct and the indirect aerosol forcing.

Summary

• The knowledge of emission size per chemical
species and emission sector is crucial for aerosol
modeling         emission inventories
• Observations of aerosol size distributions and
mixing state needed!
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