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Glaciation and deactivation effects

Cloud albedo and

P Glaciation Deactivation
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Cloud cover and lifetime
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Precipitation
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Cloud droplets Glaciation of mixed-phase clouds
Cloud condensation Black carbon Coating and deactivation
nuclei ice nuclei of some ice nuclei

1] 1)

Anthropogenic aerosol and gaseous precursor emissions
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This figure and all following ones (excepted when specifically mentionned)
from Lohmann & Hoose, ACPD 2009
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2-moments cloud microphysics in stratiform clouds (Lohmann et al.
2008)

HAM aerosol scheme (Stier et al. 2005)
Empirical cloud cover (Sundgqvist et al. 1989)
Aerosol-size dependent below-cloud scavenging (Croft et al 2009)

Water uptake scheme following Petters & Kreidenweis (2007) (D.
O’Donnel & S. Kinne, pers. comm.)

Nucleation scheme taking into account gal. cosmic rays and org.
vapors (J. Kazil)

Resolution: T42L19, 30min

Nudged and climatological simulations
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Improved modelling
of the Bergeron-Findeisen process (1)

» Bergeron-Findeisen process:

- ice crystals grow at the expense of cloud droplets when:
€s > € > ¢

» The above equation holds true if (Korolev & Mazin, 2003):

ug < Uy < ui u,: updraft velocity

Vertical velocity distribution
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Improved modelling
of the Bergeron-Findeisen process (2)

» Standard version of the Bergeron Findeisen process in
ECHAMS-HAM:

- BF if: —35°C < T <0°C
€s > € > €

» Improved BF modeling:

- BF if: { —35°C < T < 0°C

U, < u

u, + 1.33VTKE, for stratiform clouds

where: v, = ,
" { u, +1.33VIKE +vCAPE, for convective clouds
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Results: Bergeron-Findeisen process (1)

More stringent Bergeron-
Findensen process ...

Occurrence of BF process [%] Ref
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... More liquid water content and
higher altitude of freezing
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Results: Bergeron-Findeisen process (2)

LWC [mg/kg] Ref IWC [mg/kg] Ref
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Results: Bergeron-Findeisen process (3)
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Shortwave cloud forcing [W m™] Longwave cloud forcing [W m™]
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Total anthropogenic effect (not shown here):

yields of the tot. anthrop. effect
as compared to
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Setup of the sulfate coating sensitivity study

» M7 model:

mixed BC or dust

+ » mixed BC or dust

SO4 coating

» Standard model:

- 1 mono-layer of SO4 is sufficient for conversion to internally mixed-
particles

» Sensitivity experiment:

- 10 mono-layers of S04 are now required

Ll P
. l: .
af
"
C "':"."‘
._‘ [ ‘I
"_(‘ .
e
ak
wn
g
<
<
—
Q
whd
- |
hd
o pum
whd
n
£

|ACETH

U. Lohmann & C. Hoose - Sensitivity studies on cloud-aerosol interactions in ECHAM5-HAM - AEROCOM, 2009 10



L
5
)
<

100

Comparisons with observations:
vertical mmr’s in Texas and Costa Rica
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Comparison with observations:
scavenged fraction at Jungfraujoch
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less frequent Bergeron-Findeisen process than in standard exp

higher altitude of freezing

with observations when delayed conversion from
externally mixed to internally mixed dust and BC particles is imposed
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Precip vs temperature change
at equilibrium (mixed layer ocean)
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ECHAMS5-HAM, version as in
Lohmann et al, ERL 2008, (strat), Pl and 2xCO2

ECHAMS.5.00-rc2 (strat), Pl and 2xCO2 (this work)
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Shortwave cloud forcing [W m'z]
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Glaciation and deactivation effects

General model description (short)
Improved modeling of the Bergeron-Findeisen process

Setup of the sulfate coating sensitivity study

Model validation in comparison with a previous model version
Sensitivity study of the Bergeron-Findeisen process

Sensitivity study of the sulfate coating
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