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Aerosols and Climate Processes

Aerosols have an impact on human health,

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

by:

modifying the atmospheric radiation (direct effect), - L tte
modifying cloud formation (indirect effect), ////\__
and mixtures of both. = i

AND:

They are changing the chemical composition of the
atmosphere.



COSMO LM - ART (ART = Aerosols and Reactive Trace Gases)

/" Global Model
| ‘GME’ (DWD) |
\_‘IFS’ (ECMWF) /
f, - ~ Concept:
( Meteorology and Transport "
: L ; LM_ART is Online coupled.
|
| Chemistry | Identical methods are applied for all
Photolysis | »| RADMKA scalars as temperature, humidity,
‘PAPA’ i and concentrations of gases and
Aerosols aerosols to calculate the transport
‘MADEsoot’ (extended) processes.
Deposition Parameterized emissions It has a modular structure.
\ ‘DRAIS’ Biogenic VOC + NO, Dust, Sea salt, Pollen | |
a A Therefore LM-ART can easily
£ t be used in the forecast mode.
Terrain height Land use data
Anthropogenic
emissions

Thanks to all colleagues of DWD
www-imKk.fzk.de/tro/ACP/



Photochemistry

RcosNoj
2) (e.g. PAN)

Staehelin und Dommen (1994)



Treatment of the Aerosol Particles

Interaction of five modes: Source: homogeneous

nucleation of H,SO,/water

* Two modes for SO,%, NO;,, NH,*, @
H,O, SOA, internally mixed. & %

* One mode for pure soot.

Condensation of coagulation

S0,2, NH4*, NO3,
SOA

* Two modes for SO,%, NO;,, NH,*, =3 2 @ o
H,O, SOA, and soot internally mixed. ¥

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



COSMO LM - ART (ART=Aerosols and Reactive Trace Gases)

Gas phase chemistry: 58 transported variables,
Aerosol: 77 transported variables

Nesting option is currently realized in collaboration with U. Schattler

Future Developents:
Interaction of aerosols and clouds
Wet phase chemistry



Parameterizations of the Photolysis Frequencies

A Pre - calculated profiles A
For identical conditions with
Z STAR and GRAALS (LM) y/

7 g Cloud free, no aerosols, sea level Ji

—l
Wavelength dependent ' _

o I
rel ‘ A
\ In LM-ART A

Online coupled

Accounts for
)”"J clouds, aerosol, —

J ] terrain height, albedo 7




Emissions of Sea Salt Particles

Martensson dFO
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Wind and Number Density

Wind , 28.05.05, 00 UTC

number concentration, 28.05.05, 01 UTC
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Parameterisation of the Source Function

Fp: flux of pollen grains

Cp: plant specific factor

dp: total pollen number of a season per m-2
LAI: leaf area index

h: canopy height

U.: friction velocity

K meteorological correction factor

Helbig et al., 2004
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In collaboration with A. Pauling, Meteoswiss

19.04.2006, 01 UTC
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Pollen

Wind , 19.04.2006, 01 UTC
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Comparison with Observations

120

PENFEEE B
{=F— Bem

Bern S

110

100 +

90 +

80 +

70 +

60

50

40 ~

30

20 +

10

0 T

00:00

130 PP S I R R

12:00 00:00

12:00 00:00 12:00
19.04. - 22.04.2006

00:00

12:00

P IR

120 4

1 —I— Neuenburg

Neuenburg S

110 +

100

90 +

80

70 H

60

50 +

40 |

30

20

10

0 T
00:00

12:00

00:00

12:00

00:00 12:00
19.04. - 22.04.2006

00:00

12:00

00:00

130

120

PRI R
—I—Genf

Genf S

110

100 +

90 +

80 +

70 H

60

50

40 -

30 1

20 +

10

0

00:00

12:00

12:00

00:00

00:00 12:00
19.04. - 22.04.2006

00:00 12:00 00:00

160

| == visp

fort
Visp

140 +

120 +

100 +

80 +

60

40

20

0

00:00

12:00

00:00

12:00

00:00 12:00 00:00 00:00
19.04. - 22.04.2006



¥ inkm

500
450
400
350
300

S02 16.08.2005 00 UTC

ST
b?. n 7
- T Karlsruhe

Stuttgart

250-FL i

200§

150

100

0
0

- L I L]
50 100 150 200 250 300
X in km
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(Pregger et al., IER, Uni Stuttgart)

Discrimination of point and area sources.

Temporal resolutionlh, spatial resolution 1km x 1km

20 gas phase species (5 inorganic species, 15 VOC's)

Primary particle emissions as EC and PM

Biogenic emissions calculated online
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Simulated Wind and Concentration Distribution

Wind , 29.08.2005, 00 UTC NO2, 29.08.2005, 01 UTC
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Outlook

LM-ART will become available to COSMO members

as soon as possible.



