Cosmo-Climate-Connection System

% 8l The Earth is a System Open to the Universe.

radiation
(visible light
UV, X-ray)

cosmic ray

plasma
(solar wind)

How Is the iImpact to
\ weather and climate?
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Correlation b/w GCR and Climate

14C from tree-ring analyses for the last millennium
and the reconstructed depth of Crescent Island Crater Lake
(Verschuren et al. 2000 Nature)
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Cosmic ray & Sunspots & Climate

O I0ng—standing ISSUE : william Herschel (1738-

1822) suggested that greater sunspot activity would result in
warmer earth climates.

William Herschel

Relationship b/w Sunspot and SST 1738-1822
(Reid 2000 Space Sci. Rev.) . .
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http://en.wikipedia.org/wiki/Image:William_Herschel01.jpg

Variation in Solar Luminosity

Foukal et al. (2006, Nature): Variation in the Sun’s total luminosity are
caused by changing dark (sunspots) and bright (faculae) structures on
the solar disk during the 11-year sunspot cycle. The variations are too
small to have contributed appreciably to accelerated global warming

over the past 30 years.
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GCR & Global Cloud Cover
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Correlation Maps: GCR & low Cloud

GCR & cloud cover
correlated mainly in
Ocean

correlated mainly in
Tropics




Radiative Forcing due to Clouds

= low cloud cover variation — 1.7% (absolute)
~ 6% to low cloud
= forcing change ~ 6%x17W/m? ~ -1W/m?

Table 1: Global annual mean forcing due to various types of clouds, from the Earth Radiation Budget Experiment
(ERBE) [21].

Parameter High clouds | Middle clouds | Low clouds | Total
Thin Thick | Thin  Thick All

Global fraction (%) 10.1 8.6 | 10.7 7.3 266 | 63.3

Forcing (relative to clear sky):

Albedo (SW radiation) (Wm~2) | -4.1 -15.6| -3.7 9.9 -20.2 | -53.5

: Outgoing LW radiation (Wm~—2) | 6.5 8.6 | 48 2.4 35| 258
Net forcing (Wm~—2) | 2.4 -1.0 1.1 -1.5 -16.7 | -27.7




Anthropogenic Radiative Forcing

Radiative Forcing Components
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Cosmic Ray-Cloud Connection Hypothesis
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lon Mediated Nucleation Model

Process 1 Process 2 Process 3
Clustering lon induced Bipolar Heterogeneous
lorrmolecule reactionnucleation charging nucleation
lonization Radical reaction
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Nid=3 nm). (cm—

Experiments of lon Mediated Condensation

= Svensmark et al. (2007) UV light
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CLOUD Experiments at CERN

= study of the effects of relativistic ionizing
particles on cloud microphysics (Kirkby)
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GCR-Climate Connection Model

= The Earth Simulator Center plans to develop
a new type of hierarchical climate model.

AFES |

| o r "

. .

. O N G( :R
0 £

R . \ I |
g T rada 4 - \
- ol 3
an MU ¥l - 3
ey -
Ry o Y
- <

Solar Modulation
Model

radiative
forcing

SORASCATE ‘L

droplet distribution Molecular

Condensation
Model

o B TR erosol production

18t principle cloud model

14


http://www.es.jamstec.go.jp/esc/research/Holistic/projects/cloud_sim.html

Fluid-Particle Cloud Model

Navier-Stokes eq. Super-Droplet Method
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Cloud lifetime and precipitation are

sensitive to the number of aerosol. PreCIpItathn
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Summary

There are several evidences, which indicate the
correlation b/w the GCR intensity and the climate
proxies.

Recently, it was found that GCR may be correlated
with the low cloud cover mainly in ocean.

The ion mediated nucleation (IMN) of CCN is a
possible explanation of the GCR-cloud connection.

CLOUD experiment at CERN has been started to
examine the IMN mechanism.

In the Earth Simulator Center, a new simulation work
project is now planned to reveal the causal
relationship b/w GCR and climate.
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Earth and Neptune Climate

= Hammel and
Lockwood 2007

If changing brightness
and temperatures of
two different planets
are correlated, then
some planetary
climate changes may
be due to variations In
the solar system
environment.
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lonization Mediated Condensation

clowd droplets
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