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Radiative forcing of the Earth

Global cloud fraction: ~ 0.72

Global albedo: 0.3

Ocean albedo: ~ 0.06

~ 0.1 (forest)
~ 0.4 (sand)
~ 0.85 (snow)

Solar radiative flux at distance to Earth: 1366 W/m2

Total absorbed solar energy: 239 W/m2

Cloud albedo: 0.1-0.9

Land albedo:

(Earth absorbs 70 % of solar radiation)

The Visible Earth, NASA Goddard Space Flight Center



Aerosol and clouds

→ Aerosol affects clouds!   (But not all clouds equally)

Images: The Visible Earth, NASA Goddard Space Flight Center



Aerosol and clouds

Image: M. Welling, Max Planck Institute for Chemistry

http://www.ziplink.net/users/jfrantis/dust_dev.htm



Svensmark et al.

Svensmark, H., and Friis-Christensen, E., JASTP,  1997
Marsh, N. D., and Svensmark, H., PRL, 2000



1899 ...

Museum at the Cavendish Laboratory, Cambridge, UK

C. T. R. Wilson

When the gas was exposed to even weak Röntgen 
radiation, comparatively dense fogs were obtained ... 

These nuclei are to be identified with the “ions”...

→ Cloud chamber → Nobel Prize 1927

Thus, exposure to Röntgen rays causes nuclei to be 
produced ... water may condense upon them.

http://www.cambridgephysics.org

http://nobelprize.org
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→ Nobel Prize 1936

http://faculty.washington.edu/wilkes/salta/hess.gif
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Solar cycle and galactic cosmic rays

Sunspot number: Solar Influences Data Analysis Center                                                                                                                                                                 Neutron flux:  Moscow Neutron Monitor  



Global model
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Aerosol nucleation
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GCR ionization

Model of energetic particle transport in the heliosphere
(K. O'Brian, NAU):



Galactic cosmic rays → Earth's radiative forcing?

 Simulations:
GCR ionization ON
GCR ionization OFF

 Calculate the difference in:
Aerosol concentration
Cloud drop number
Absorbed radiation

 This is the contribution of GCR



Results



Results

Global average: -1.15 W/m2

(This has nothing to do 
with global warming!)



11-year solar cycle (decadal solar variability)

 Simulations:
Solar maximum (low GCR ionization)
Solar minimum (high GCR ionization)

 Calculate the difference in:
Ionization rate
Aerosol concentration
Cloud drop number
Absorbed radiation

 Look for solar cycle signal



Results



Results

Global average: -0.028 W/m2 Very small!



Summary

 Galactic cosmic rays have a cooling impact:

 Reduce Earth's radiative forcing by about – 1.15 W/m2

 This effect arises via ...
 the growth of ions to aerosol particles
 and a subsequent response of clouds

 This has nothing to do with global warming

 Solar cycle modulation very weak

 Is that it ???



Some questions

Sudden cosmic ray decreases: No change of global cloud cover
(Calogovic, J., et al., GRL, 2010)

Can we expect a signal in the model due to Forbush decreases? 

What about the doubling of the Sun's magnetic field in the past 100 years?
(Lockwood, M., et al., Nature 1999 )



Other mechanisms

GCR, atmospheric electricity, and clouds
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Ionosphere-Earth current

→ Brian Tinsley, UT Dallas
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