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Glaciation and deactivation effects
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Figures

Fig. 1. Schematic of aerosol indirect effects in warm and mixed-phase clouds. Adapted from (Hoose et al.,

2008b) with modifications.
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This figure and all following ones (excepted when specifically mentionned) 
from Lohmann & Hoose, ACPD 2009
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Model description

‣ ECHAM-HAM5.5.00_rc2 (rev. 1259):

- 2-moments cloud microphysics in stratiform clouds (Lohmann et al. 
2008)

- HAM aerosol scheme (Stier et al. 2005)

- Empirical cloud cover (Sundqvist 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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‣ Bergeron-Findeisen process:

- ice crystals grow at the expense of cloud droplets when:

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

Improved modelling 
of the Bergeron-Findeisen process (1)
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es > e > ei

Environ. Res. Lett. 3 (2008) 045001 T Storelvmo et al

crystals. For mixed-phase clouds, there are three possible
regimes:

• Regime 1—Both droplets and ice crystals grow simulta-
neously. For a given cloud or cloud fraction, this occurs
when the following is true:

e > es > ei. (1)

It was shown by Korolev and Mazin (2003) that this may
occur if the updraft velocity uz is higher than a critical
updraft velocity, u∗

z given by

u∗
z = es − ei

ei
Niriη (2)

where η is a coefficient dependent on temperature (T ) and
pressure (p), Ni is the ice crystal number concentration
and ri is the mean volume radius of the ice particles
(ri = ( 3I WC

4π Niρi
)

1
3 , where IWC is the cloud ice water content

and ρi is the density of ice.). For regime 1 conditions, the
mixed phase is maintained for an indefinite period, as long
as (1) holds.

• Regime 2—Ice crystals grow at the expense of cloud
droplets (WBF process). The WBF process takes place
if the following requirement is fulfilled:

es > e > ei. (3)

If (3) is true, cloud droplets will inevitably evaporate,
providing a source of water vapor for depositional growth
of ice crystals. A cloud or cloud fraction in regime 2
will eventually glaciate, the glaciation timescale being
dependent on the ice crystal number, ice water content
(IWC) and liquid water content (LWC), among others.
From Korolev and Mazin (2003), (3) is fulfilled if

u0
z < uz < u∗

z (4)

where u0
z is the negative vertical velocity below which ice

crystals will sublimate rather than grow:

u0
z = ei − es

es
Nwrwχ (5)

where χ is a coefficient dependent on p and T , and Nw

and rw are the cloud droplet number concentration and
cloud droplet mean volume radius, respectively (rw =
( 3LWC

4π Nwρw
)

1
3 , where ρw is the density of water).

• Regime 3—Both ice crystals and droplets evaporate
simultaneously. A cloud or cloud fraction falls in regime
3 in the case of

es > ei > e. (6)

According to Korolev and Mazin (2003), (6) is true in
downdrafts when uz < u0

z .

In CAM-Oslo, a subgrid distribution of vertical velocity
is already implemented for calculations of cloud droplet
activation. The same distribution is now used to determine
the fractions of a given cloud dominated by each of the
three regimes outlined above. The subgrid vertical velocity
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Figure 2. Illustration of the subgrid vertical velocity distribution,
with shadings indicating typical but fictive grid box fractions
dominated by regime 1 (blue shading), regime 2 (green shading) and
regime 3 (red shading), respectively.

distribution is described by a Gaussian normal distribution
centered around the mean grid box vertical velocity uz ,
following the parameterization of Ghan et al (1997). The width
of the distribution is given by the standard deviation (σuz ),
calculated as follows:

σuz =
√

2π K
&z

(7)

where K is the vertical eddy diffusivity and &z is the model
layer thickness. As the relatively coarse resolution of the
model may lead to an underestimation of σw, a lower limit
of 0.30 ms−1 is necessary. Figure 2 gives an illustration of
the subgrid vertical velocity distribution, indicating typical but
idealized grid box fractions dominated by regimes 1, 2 and 3,
respectively.

The rates of condensation, evaporation, deposition and
sublimation are determined in the model using a so-called
saturation adjustment approach. This implies that any
supersaturation is immediately removed by condensation
and/or deposition of the excess water vapor. Similarly,
subsaturations in the presence of cloud condensate will
immediately lead to evaporation and/or sublimation until
saturation is reached or all cloud condensate is depleted. In
regime 1, the saturation adjustment is calculated with respect
to liquid water, whereas in regimes 2 and 3 the adjustment is
carried out with respect to ice, as supported by Korolev and
Isaac (2008).

3. Experimental setup and results

In the following sections we present the results from three
model experiments. Each experiment is a twin simulation,
one with present day (PD) aerosol emissions and the other
with aerosol emissions corresponding to preindustrial (PI)
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Modified after Storelvmo et al, 
Env. Res. Letters 2008
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Improved modelling 
of the Bergeron-Findeisen process (2)

‣ Standard version of the Bergeron Findeisen process in 
ECHAM5-HAM:

- BF if:

‣ Improved BF modeling:

- BF if:    

5

{
−35◦C < T < 0◦C
uz < u∗z

{
−35◦C < T < 0◦C
es > e > ei

where: uz =
{

ūz + 1.33
√

TKE, for stratiform clouds
ūz + 1.33

√
TKE +

√
CAPE, for convective clouds
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Results: Bergeron-Findeisen process (1)
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More stringent Bergeron-
Findensen process ... ... More liquid water content and 

higher altitude of freezing
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Results: Bergeron-Findeisen process (2)
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Cloud droplet 
number conc.

Ice crystal 
number conc.
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Results: Bergeron-Findeisen process (3)
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Results: Bergeron-Findeisen process (4)
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Larger cloud forcing

Total anthropogenic effect (not shown here):

 BF (PD-PI) yields a reduction by 0.27 W.m-2 of the tot. anthrop. effect
as compared to 

Ref (PD-PI) (-1.02 W.m-2)
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Setup of the sulfate coating sensitivity study

‣ M7 model: 

‣ Standard model:

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

‣ Sensitivity experiment:

- 10 mono-layers of SO4 are now required
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Externally mixed BC or dust
Internally mixed BC or dust

SO4 coating
+



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

TH
In

st
itu

te
 fo

r A
tm

os
ph

er
ic

 a
nd

 C
lim

at
e 

Sc
ie

nc
e

Comparisons with observations:
vertical mmr’s in Texas and Costa Rica
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Ref 2000, nudged

Clim 2000-2009, clim

BF Same as Ref, with modif BF

10-lay Same as Ref, with modif 
sulfate coating

BF-10lay Same as Ref + BF + sulfate 
coating

More sulfate coating yields
worse agrement with obs
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Comparison with observations:
scavenged fraction at Jungfraujoch
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Conclusion

‣ Bergeron-Findeisen sensitivity experiment (improved 
modeling):

- less frequent Bergeron-Findeisen process than in standard exp

- higher altitude of freezing

➡ Reduced total anthropogenic effect by 0.27 W.m-2

‣ Sulfate coating sensitivity experiment:

- worse agreement with observations when delayed conversion from 
externally mixed to internally mixed dust and BC particles is imposed
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Annexes
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Precip vs temperature change
at equilibrium (mixed layer ocean)
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Model validation 
and comparison with previous version(1)
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Ref 2000, nudged

Clim 2000-2009, clim

E5-2008 Same as clim, older 
version of 
ECHAM5-HAM
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Ref 2000, nudged

Clim 2000-2009, clim

E5-2008 Same as clim, older 
version of 
ECHAM5-HAM

Model validation 
and comparison with previous version(2)
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Outline

‣ Introduction:

- Glaciation and deactivation effects

‣ Method: 

- General model description (short)

- Improved modeling of the Bergeron-Findeisen process

- Setup of the sulfate coating sensitivity study

‣ Results:

- Model validation in comparison with a previous model version

- Sensitivity study of the Bergeron-Findeisen process

- Sensitivity study of the sulfate coating

‣ Conclusion
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