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Clouds in climate
models —why so
Important?

* The magnitude of the ECS is

controlled by climate
feedbacks

* The cloud feedback is by far
the most uncertain one,
contributing to a wide range of
simulated temperature
changes for a given forcing
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Cloud feedbacks can be decomposed into
contributions from...

Changes in cloud altitude
Changes in cloud amount

Changes in cloud phase / optical
thickness

Storelvmo, Tan and Korolev (2015)

For otherwise similar properties, liquid clouds are
optically thicker than ice clouds. Tropospheric
warming results in fewer ice clouds and more liquid

clouds = overall optically thicker clouds = cooling
(negative feedback)




Global Climate Models underestimate the
amount of supercooled liquid in clouds

Supercooled Liquid Fraction at-10°C
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These findings have been confirmed by several other studied, for example Cesana et al. (2015) and
McCoy et al. (2015)



Link between climate sensitivity and cloud phase

Increasing Supercooled Liquid Fraction >

<«—— Growth of ice crystals at the expense of cloud droplets
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Hypothesis: Phase bias exists because models do not
account for cloud subgrid-scale heterogeneity

* The Wegener-Bergeron-Findeisen (WBF)
process = rapid growth of ice crystals at
the expense of surrounding cloud
droplets when the two phases co-exist.

* The standard assumption in GCMs is that gy 4
liguid and ice is uniformly mixed

throughout each entire model grid box. f;oaz« Sl . e
: L o sk ok O 3k
* Butin reality, aircraft measurements Oste 0*?00:?3 o e O
show that mixed-phase clouds more B
typically consist of pockets consisting ~ ow
solely of liquid or ice (e.g. Korolev, 2017)
* This has consequences for how the WBF o \lseste
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Cloud phase heterogeneity
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Cloud phase heterogeneity from Space?
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Cloud phase heterogeneity from Space —
vertical sorting
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Alternative hypotheses: phase bias exists because....

......models overestimate INP .....the seeder-feeder mechanism
abundance is too active in the model

Models often include simplistic Even if heterogeneous ice nucleation is
treatments of ice nucleation, which are  set to zero in models, there is still plenty
not necessarily a function of the of ice at T > -40°C. This can only be due
abundance of aerosols that can act as to the seeder-feeder effect — but is it
ice-nucleating particles (INPs). too active?
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INP perturbations — impacts on deep convection
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Arctic mixed-phase clouds
The Arctic

~~— Southern Hemisphere storm tracks
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. Deep convective mixed-phase clouds
—— Tropical deep convective region

aircraft measurements
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Three mixed-phase cloud regimes

Past campaigns |: Southern mid-
latitudes
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Past campaigns Il: Arctic
NASCENT campaign
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HoloBalloon measurements
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Upcoming airborne campaigns 5
ATHRSHe

* ATMOSLAB Airborne Laboratory operated * HOLOSCENE (HOLOgraphic Sampler for
by INCAS (Romania) investigating Cloud Evolution from
Nucleation to Evaporation)
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1) Camera 6) Computer 11) Leading edge
;—[ 2) Telecentriclens 7) Stabilizingarms 12) Electronics rack
3) Prism 8) DMT canister 13) Anti-shatteringtips
4) Optics (collimating)  9) Optics supports 14) O-ring sealers
5) Laser 10) Sapphire windows  15) Arm attachingclamps

HOLOSCENE is based on the design of Ramelli et al
(2020)Additionally, a sideways pointing hyperspectral camera
onboard the aircraft will measure cloud phase remotely
(following Jakel et al., 2017)




Spring 2023 — Arctic campaign
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Fall 2024: Tropical campaign
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Summary

* Mixed-phase clouds play a crucial role in Earth’s changing climate

* Modeling and satellite observations are essential tools for
ivestigations of mixed-phase clouds, but cannot give all the answers

* Airborne measurements of mixed-phase clouds are critical for
* Observation of small-scale features
* Process understanding
 Validation of modeling and remote sensing

* Through recent and upcoming airborne campaigns and new
instrumentation, we are hopeful that a step change in understanding
of mixed-phase clouds will be possible



