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Abstract

How do aerosols affect clouds?

Atmospheric aerosol particles act as cloud condensation nuclei (CCN) in liquid-water clouds
and as ice nucleating particles (INP) in ice-containing clouds. Changes in aerosol concentration
affect the albedo, development, phase, lifetime and rain rate of clouds. These aerosol-cloud interactions (ACI) and the resulting climate effects have been in the focus of atmospheric research for
several decades. Nevertheless, the IPCC still concludes that ACI cause the largest uncertainty in
assessing climate change as they are understood only with medium confidence.
We will improve our understanding of ACI by enhancing the representation of the aerosols
relevant for cloud processes and by quantifying temporal changes in cloud properties throughout
the cloud life cycle. We will gain unprecedented insight in CCN and INP concentrations from
spaceborne lidar data. In addition, the development of clouds before and after the snap-shot view
of polar-orbiting sensors will be characterised by tracking those clouds in time-resolved
geostationary observations.This information will be used to study the effects of CCN and INP on
the albedo, liquid and ice water content, droplet and crystal size, development, phase and rain rate
of clouds within different regimes carefully accounting for the meteorological background.
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3. Relate change in CCN and INP
concentration to changes in cloud
properties and development

Aerosols and clouds
from polar-orbiting observations

Retrieval of CCN and INP concentrations
We use aerosol extinction profiles from spaceborne CALIPSO lidar measurements to get an estimate of the concentration of particles with dry radii larger than 50 nm, (n50) 100 nm (n100), and
250 nm (n250).
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Finally, these number concen0
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aerosol types are used together
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with meteorological information
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as input to aerosol-type specific
parameterizations that give con6
centrations of CCN and INP.
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ment over current spaceborne
proxies such as AOT and
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the aerosol index.
-3.9/-173.2
-11.36/-174.81
-18.81/-176.48
-26.24/-178.26
-33.64/179.8
-41.01/177.58
dusty marine

elevated smoke
polluted dust

clean continental

polluted continental
dust

clean marine
n/a

10-1

10-3

100

We use particle
imaging velocimetry and the
optical flow
technique to track
isolated clouds in
SEVIRI imagery.

Cloud life cycle
from geostationary observations

1. Profiles of
CCN and INP
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Cloud location
and size is
matched with
cloud properties
from, e.g. the
CLAAS data set.
We start with well-defined and easily recognizable
cloud scenes such as isolated cumulus and altocumulus to assess the usefulness of different masking
and tracking methodologies. From there we will move
on to increasingly complex cloud types and regimes.
The resulting cloud tracks and their associated
cloud properties (information on cloud development
and lifetime) are matched with active and passive
observations from polar orbiting satellites for
validation and to study aerosol-cloud interactions.
Initially, we will focus on scenes with strong aerosol
signals to study the feasibility of relating the thus
inferred aerosol and cloud information.
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