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Aerosols and Climate

Aerosols have an impact on human health,

BUT they have also an impact on climate (and weather).

by:

modifying the atmospheric radiation (direct effect),
modifying cloud  formation (indirect effect),

and mixtures of both.

LM-ART as an example of comprehensive CTMs.

U. Lohmann



LM – ART (ART=Aerosols and Reactive Trace Gases)

Advantage:
LM is the operational weather 
forecast model of DWD.
It is continuously validated
with observations.

Concept:
Online coupled.
Identical methods are applied for all
scalars as temperature, humidity, and
concentrations of gases and aerosols
to calculate the transport processes
including deep convection.
It has a modular structure.
Therefore LM-ART can easily 
be used in the forecast mode by DWD
(example: pollen forecast).

www-imk.fzk.de/tro/ACP/



Applications of LM – ART

Soot containing particles Sea salt

Mineral dust Pollen
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dp : Diameter of the particle
ni(dp) : Size distribution
Qe : Extinction efficiency
m : Refractive index
λ : Wavelength of the incident radiation

Qe is calculated using Mie theory (Bohren and  Huffman, 1983).

The coated particles are assumed to consist of a centred     
soot core with a soluble shell.
Mixing rule: weighted by mass fraction
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Calculation of the optical properties

Chemical Composition



Interaction of five modes:

• Two modes for SO4
2-, NO3

-, NH4
+,   

H2O, SOA, internally mixed.

• One mode for pure soot.

• Two modes for SO4
2-, NO3

-, NH4
+, 

H2O, SOA,  and soot internally mixed.

Condensation of 
SO4

2-, NH4+, NO3-, 
SOA

coagulation

Source: homogeneous 
nucleation of H2SO4/water

Three modes for mineral dust particles + Three modes for sea salt particles + + Pollen

MADEsoot



Binary and/or ternary nucleation of sulfuric acid (Ari and Kulmala, 2006)

Needs for improvements in 3-D models

Halogen chemistry and nucleation of halogen species 

Nucleation and chemistry of organic species (Kanakidou, 2004)

Heterogeneous chemistry 

O’Dowd and Hoffmann, 2005 McFiggan et al., 2004

(Meskhidze and Nenes, Phytoplankton produced isoprene and cloudiness, 2006)



Model Intercomparison

Kuhn et al., 1997
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Kurtenbach et al., 2001; Vogel et al., 2003; Kleffmann et al., 2005
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Heterogeneous hydrolysis of N2O5

ohne Hydrolyse mit Hydrolyse ohne Nitrateffektno hydrolysis hydrolysis without nitrate effect

(Mentel et al., 99)



Organic compounds and hydroslysis

(Ch. George)



Mineral dust and atmospheric chemistry 
Different Ni1 value

Bauer et al., 2004; Dentner et al., 1996; Chang et al., 2005



Summary

Transport 

Emission (Composition of primary aerosol, gaseous precursors)

Gas phase chemistry (halogen species, organic compounds)

Nucleation (halogen species, organic compounds from the sea)

Condensation (halogen species, organic compounds from the sea)

Heterogeneous reactions (great uncertainties e.g. mineral dust)

Reactions inside of particles (e.g. polymerization)



Partikelzahl, 
Größenverteilung. 
Streulichtanalyse

Herstellung und
Beschichtung von
Aerosolen
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  Absorption von 
Aerosolen:  

(80 m3, pressure and temperature down to stratospheric conditions)

Schurath et al., 2003

The AIDA chamber



Reaktion 1. Ordnung für die heterogene Produktion von HONO am Boden:

2 NO2 + H2O → HONO + HNO3 

khet = 3 * 10-3 m min-1 * A      A = S/V = 0.1 m-1 (Kurtenbach et al., 2001)

1-D Simulationen mit KAMM/DRAIS inkl. MADESOOT

Methode:

Heterogene Reaktion am Aerosol wie oben. A ist jetzt die simulierte  
Oberflächendichte

HONO Emissionen proportional NO Emissionen (0.8 %)

“Photolytische HONO Produktion“ proportional zu JNO2

Vogel et al., 2003



From experimental study the initial uptake coefficient (γ0) and the steady-state 
uptake coefficient (γ) are available

In this work, an initial uptake coefficient has been used, so possible surface  
deactivation processes are not taken in account.

The simulations have been carried out with:
1) different values of uptake coefficient:

γ = 1*10-5 (Bauer et al., 2004)
γ = 5*10-5 (Dentner et al., 1996)

initial uptake coefficient calculated as γ = γ (O3)
γ = 7.5 * 10 5 [O3] -0.9 (Chang et al., 2005)
[O3]=[O3(t0)]     ;    [O3]=[O3(t)]

2) different dust particles concentrations to test the sensitivity of O3 reduction to 
particles size

Box Model simulation



The reaction of O 3 with dust particles are treated as first order losses
according to :

Heterogeneous Reaction O 3 - Saharan Dust

C is the concentration of O3
K (s-1) gives the net removal rate of O3 to the dust surface

n(r)dr (m-3) is the number density of particles
between the aerosol radius r and r +dr
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dg is the number median diameter
σi is the geometric standard deviation
Ni is the Reynolds averaged number density

k d (r) is the  size-dependent mass transfer coefficient (m3 s-1 )

The number distribution is assumed to be a log-normal distribution:



Heterogeneous Reaction O 3 - Saharan Dust

Kd is calculated using the Fuchs and Sutugin (1970) equation:
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Dj is the gas-phase molecular diffusion coefficient of a trace gas in air (m2 s-1)  
calculated following Perry and Green, (1984)

α (0<α<1) is the dimensionless mass accomodation coefficient, defined as the number
of molecules adsorbed by the surface divided by the number of collision
with the surface

r is the particle radius (m)

Kn is ( = λ/r ) the dimensionless Knudsen number
and λ is the effective free path of a gas molecule in air 

In this work we have substitute α with γ , wich is the uptake coefficient



Nukleation, Kondensation und Koagulation
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The Aerosol Model MADEsoot

Eleven modes represent the aerosol population:

Two modes for SO4
2-, NO3

-, NH4
+, H2O, SOA, internally mixed

One mode for pure soot

Two modes for SO4
2-, NO3

-, NH4
+, H2O, SOA, soot, internally mixed

Three modes for mineral dust particles

Three modes for sea salt particles
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NO2 + O3 → NO3 + O2

NO3 + VOC  → Products

NO3 + NO2 → N2O5

N2O5 → NO3 + NO2

N2O5 + H2O ⎯→ 2 HNO3
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Einfluss der heterogenen Hydrolyse von N2O5
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γ1=0.02, γ2=0.002

(Riemer et al., 2003)


