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Outline of the talk

* Changes in high latitude clouds fromCALIPSO

* Introduction of previous theory that links
Galactic Cosmic Ray (GCR) and Clouds

 Potential mechanism




Changes in clouds from CALIPSO observations from 2008 to
2014: reduction in supercooled liquid water cloud fraction and
water cloud droplet number concentration (depolarization ratio)

Changes in Water Cloud Depolarizatio Ratio
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What might be reason?

Changes in aerosols (especially CCN) at high
latitude (reduced pollution, surface wind speed
reduction, ocean biology, ...): ongoing studying (no
clear evidence yet)
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KERG 1 hour values averaged to 6 hours from 2005-11-12T00:00:00 to 2014-08-31T23:59:00
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Why galact

JUNG 1 hour values averagedto 6 hours from 2005-11-12T00:00:00 to 2014-11-11T23:58:00
MCMU 1 hour values averaged to 6 hours from 2005-11-12T00:00:00 to 2014-11-11T23:59:00
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GCR and low level cloud relation: the Theory

Eichler et al. GRL 36 (2009)
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GCR and ISCCP low cloud fraction

~~
B
~
-
o
>
(o}
o
©
-
L.
Q
E -
o
-

Cosmic Roy decreose (%)

1980 1985 1990 1995 2000
Yeor

Marsh and Svensmark, Space Science Reviews, 2000



Potential Mechanism linking GCR and clouds

 Potential increases of CCN due to lonization of
the atmosphere by GCR

« Changes of ice nucleation process in
supercooled liquid water clouds




Why CALIPSO data

The GCR and cloud cover relation was only found from ISCCP data

Recent observations using MODIS and MISR measurements suggests
that there is no significant correlation between GCR and cloud
properties

CALIPSO offers better cla d detections, more direction information
apbout thermodynamic phase amd water cloud droplet number
lons for studying the GCR;cloud amount correlations and the




CALIPSO low latitude low level cloud fraction
and GCR: not strongly correlated
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CALIPSO low latitude water cloud droplet
number concentration and GCR

Cosmic Ray Flux Changes (%)
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CALIPSO polar region low level cloud fraction and
GCR: somewhat correlated, need longer record
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CALIPSO polar region water cloud droplet number
concentration and GCR

Cosmic Ray Flux Changes (%)
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CALIPSO polar region supercooled liquid water
cloud fraction and GCR

Cosmic Ray Flux Changes (%)
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Summary

Between 2009 and 2014, both water cloud droplet number concentration
and supercooled liquid water clouds in polar region reduced

At the same time, galactic cosmic ray (GCR) flux reduced by about 10%

Previous studies from ISCCP data analysis shows good correlation
between GCR and low latitude low level cloud amount, such a correlation
IS not clear from CALIPSO data

‘Better correlation is seen in polar region.

One of possible explanations: GCR reduetion - less ionization of the
polar region and fewer CCN - larger supercoeled liquid droplet and
easier freezing = easier removal of the clouds through cold rain process
- less cloud amount in polar region



