





ECHAM®G.1 General Circulation

Model with

* Horizontal resolution:
1.875°x1.875°

e 31 vertical layers, model top at
10 hPa (30 km)

HAM2.2 aerosol+cloud
microphysics module
(Zhang et al. 2012)
Cirrus scheme:

_ Kuebbeler et al., 2014
i oo we e | Karcher et al., 2006




Is the model able to reproduce the ice clouds?

Calipso ECHAM6.1-HAM2.2 Ice clouds,
120 w :, 6020 E _ DJOF at T<_400C

Underestimation
of tropical
convective
outflow cirrus
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Dust active fraction,
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- formation in
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Heterogeneous IC

Source of ice crystals at 200 hPa

Black areas: only little IC formed
(less than 1.5 IN/I)

A mixture of colors represents a
mixture of processes




Source of ice crystals
at 200 hPa

HET
R= HOM+HET+DETR

DETR _
G="HOM=HET+DETR Colour = (R,G,B)

_ HOM
B= HOM+HET+DETR




Heterogeneous IC

Source of ice crystals at 200 hPa

Black areas: only little IC formed
(less than 1.5 IN/I)

A mixture of colors represents a
mixture of processes
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HOM cirrus fraction - Caliop derived,

David Mitchell, AGU 2015 abstract . .
hugsz0 Cirrus IC HOM/(HOM+HET) fraction,

vertically integrated
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Radiative effects depend on

1. Cloud macrophysics:
Altitude, thickness, temperature

2. Cloud microphysics:
Ice nucleation, diffusional vapour
growth, aggregation

+ insolation,
surface temperature
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Top of the atmosphere cloud radiative effects (CRE)
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Figure 13. Sketch of in-situ and liquid origin cirrus (large letters: high frequency of occur-
rence, larger ice crystals, stronger sedimentation, longer lifetimes; small letters: low frequency
of occurrence, smaller ice crystals, lesser sedimentation, shorter lifetimes). In-situ origin cir-
rus (greenish color): ice crystals form heterogeneously+homogeneously directly from the gas
phase. In-situ cirrus are preferably thin with lower IWC. They divide in two classes (see also
Fig. 9): (1) thin cirrus forming in slow updrafts consisting of few, large ice crystals with a large
geographic coverage and a long lifetime, (2) thicker cirrus forming in fast updrafts consisting
of many, small ice crystals with a smaller geographic coverage. Liquid origin cirrus (blueish
color): ice crystals stem from frozen liquid drops which are uplifted from farther below in the
atmosphere into the cirrus temperature range. Liquid origin cirrus are mostly thick with higher
IWC and have larger ice crystals than the in-situ cirrus (for more detail see Luebke et al.,
2015). Their geographic coverage/lifetime depend on the meteorological situation: larger/longer
in warm conveyor belts, smaller/shorter in convective systems.
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sedi 0.9, IN=0.01 cm=3, MD

3.0 m/sec = 0.6 min/K
1.0 m/sec =17 min/K

0.1 m/sec =17 min/K
0.01 m/sec =170 min/K

sedi 0.9, IN=0.001 cm™3, MD
0.0001 m/sec =28 h/K

Kramer et al., 2015
in discussion
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Calipso ECHAM6.1-HAM2.2 Ice clouds,

o
20 km [ 7 2 _ 53 at T<-40°C
15} :
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>t 3 * Cirrus vertical
(| SR, S spread larger in
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: ] * Convective cirrus —
} too low?
i  Some model issues
] over Antarctica
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WO2+DUST  pepneretal. 2015  COMPARISON TO CAMS GCM
a) HOM/(HOM-HET) Mean: 89.2 % HOM/(HOM+HET) fraction at 200 hPa

® Neglected detrained/convective part!!!
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IC radius,

(c) Effective Radius (um)
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Where is the dust coming from?

Dust IN at 200 hPa
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Cirrus seeding

Based on 2 assumptions:
e cirrus clouds prevalently warm the climate
* There are large areas where homogeneous seeding

prevails

Homogeneous Heterogeneous
(unseeded) (seeded)
P X

Storelvmo et al. 2013 ) )

Expected effect of seeding
1.) Larger ice crystals with
higher sedimentation
velocities => decrease in
cloud cover

2.) Less but larger ice
crystals; The cloud is more
transparent for outgoing
longwave radiation
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Seed 1 IN/liter, FULL scheme

Cloud cover anomaly
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Net TOA balance anomalies
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,o_Net Toa swere anomaties  ClOud forcing anomalies (annual means)
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1. No impact in schemes with pre-

existing ice
ol _ 2. Small negative optimum in HOM
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