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INTRODUCTION
oe

INTENTION

Track Ice Water Content (IWC) development with temperature

— by means of model simulations

— compare with observations

assign cirrus microphysics and formation mechanism
to observations
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METHOD: MAID

Microphysical boxmodel MAID
(Model for Aerosol and Ice Dynamics)

@ Liquid particles
@ Ice crystals

RH_ice (%)

Temperature (K)
H
.

Microphysical
Aerosol and Ice Processes

o Diffusional growth
© Evaporation, Sublimation

© Homogeneous, heterogen.
ice nucleation

MWW MAID specials
e Gme © Lagrangian
ice particle tracking
Input o Variable ice nuclei
o Temperature, pressure, trace
. . gases © Exact partitioning of
© Chemical and physical trace gases between
properties of particles gas, particles and ice
® Sedimentation

Bunz et al. (2008), ERL, Gensch et al. (2008), ERL
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CIRRUS GUIDE - SCENARIOS

Air parcel trajectories: Freezing thresholds Initial conditions:

e Temperature range 180f hmg i i e HOM + HET:
190 - 230 K te0f oty auwaion 4 Heterogeneous ice nuclei (IN):
in 10 K steps ® 140f TR - 0.001, 0.01,0.1,1.0cm—3

heterogeneous freezing

e Vertical veocities:  z '°F i e High/low freezing thresholds
0.0001, 0.01, 0.1, 100 (MD: mineral dust,
0.5,1.0,3.0 m/s 8o E CS: coated soot)

60F 7 . .

® Hy0:90% RHic. B e 54 @ S€dimentation parameter

» each scenario ferperste 19 f=09/05
contains :Z{“&::iﬁ;?k:?::;l;la(z(ozggg)'qj:; » scenarios: 20 nofluct , 20 fluct
27 model runs freezing thresholds: Gensch et al. (2008), ERL — 1080 model runs

» the whole cirrus parameter range is covered by the simulations

» No evaporation
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MAID SCENARIO EXAMPLE
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MAID SCENARIO EXAMPLE

IWC (ppmv)

sedi 0.9, IN=0.01 cm—3, MD
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IWC (ppmv)

10: 3.0 m/sec ; 0.6 min/K - m T T T s == s s e

1020 o = 1o many ice crystals

101 E Snee = oo i

10° o

107

1072 altitude

1078 time 7

180 200 220 240
Temp/K
= Cirrus microphysics visible in the IWC - T parameter space !
= Do we see the many/few ice crystals ( IWC(Ni.) ) in the
measurements?
) J0LicH
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IWC COLORED BY Njc

Simulations
sedi 0.9, IN=0.01 cm—3, MD
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» We see the many/few ice crystals (IWC(Nic.) )

) J0LicH

in the measurements !
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CIRRUS GUIDE

3.0m/sec =~ 0.6 min/K = = . - S ‘
1.0 m/ ~  17minK .~ T ) . S
nsz::if 34::::»< many Ice Crylsltar,
0.1 m/ ~ 17 minkK — ~rystals
0.01 ::zi ~ 170::::K R few ice CVYS} - =
- updraft ST
~pigh WP
/\o\N Upd\’afﬁ;,,
altitude =~
time
180 200 220 240

Temp/K

= Can we assign the freezing mechanism in IWC - T parameter space?
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IWC COLOURED BY RHj.. - SIMULATIONS
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IWC cOLOURED BY RH;.. - OBSERVATIONS
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SUMMARY
°

CIRRUS GUIDE

» We can assign the freezing mechanism
in the IWC - T parameter space

only from IWC - RH;.. measurements

» Heterogeneous freezing is dominant
in all European / US field campaigns
(from ~ 80 hin cirrus)

= in accordance with Cziczo et al. (2013)

» Cirrus from heterogeneous freezing
represent about 90% of the cirrus population
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IWC COLORED BY Njc

Simulations Observations
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IWC COLORED BY Njce
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IWC COLOURED BY RHj.. - SIMULATIONS
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