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Minor axis
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Major axis
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Angular momentum

Orbital angular momentum

Spin angular momentum
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Angular momenta 1n the solar
system

Body Mass  Orbital Orbital Spin Spin Lorbital Lgpin
Radius Period Radius Period
(kg)  (10°m) (Days) (10°m) (Days) (10%Js) (10% Js)
Sun 1.9910 696 27 93.08
Mercury 3.3010% 58 88 24 4 58.6 0.09 8.74107°
Venus 4.8710% 108 225 6.05 243 1.84 1.91107°
Earth 5.9710% 150 365 6.38 1 2.68 6.3310°7

Mars 6.4210% 228 687 3.4 1 0.35 1.9310°%
Jupiter  1.9010%" 778 4333 71.5 041  1930.70 0.061
Saturn  5.6810%° 1429 10760 60.3 0.44 784.14 0.012
Uranus  8.6810* 2871 30685 25.6 0.72 169.61 0.0002
Neptune 1.0210%* 4504 60190 24.8 0.67 250.07 0.0002
Pluto 1.2710# 5914 90800 1.17 6.39 0.04 7.0910712
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Source of Solar Energy
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Evolution of solar Luminosity

1.6
) gl
p
e
IS 1.2
E)
1
1
2
0.8 AL = 10-10 y-1
0.6
Heliophysics O 2 4 6 8 1 O
27200 Time (Giga years)



eawag
aquatic research ooo

Climate: Energy and 1ts Distribution
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Temperatures calculated - observed

4L

Temperature (°C)

Planet Distance a=0.5 a=03 a=0.1 Observed

(AU) L=08 L=1 L=1.2
Mercury 0.38 7 130 175 180 to 420
Venus 0.72 -10 30 66 460
Earth 1 -50 -18 11 15
Mars 1.52 -95 -065 -40 -87 to 9
Jupiter 5.2 -175 -160 -150 -130
Saturn 9.54 -200 -190 -180 -180
Uranus 19.18 -220 -215 -210 -210
Neptune 30.06 -230 -225 -220 -210
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~ Variability of influences
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Orbital parameters and 1nsolation
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Orbital forcing and 6'%0 in ice
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Solar Forcing and
Climate Change
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=== Solar forcing and climate change:
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Solar and Geomagnetic Modulation
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" Monte Carlo Simulation
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5180 versus Depth and Age: Dating
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Accelerator Mass Spectrometer ETH

B Acceleration;: 6 MV
® | Mio 10Be atoms

=10Be/9Be > 10-14
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=2%26.. [nformation from cosmogenic
radionuclides
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Global '"Be Deposition Flux

10 total deposition [at/mZ/s], Ave 1986—199C
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Information from cosmogenic
isotopes
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10Be flux from GRIP
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Paleomagnetic Field Reconstruction
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Information from cosmogenic
1SOtopes
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Extraction of the Solar Signal
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History of solar activity
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Solar cycles

Cycle / Period & AMC Q"YC

Hallstatt 2194 2275 2424

082 984 957

De Vries, Suess 207 208 208

352 350

704 14 713

4197 512 512

105 105 105

Heliophyscs Gleissberg 86  87.9 8&7.0
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Length of the Aletsch glacier

Holzhauser et al., Holocene 15(2005)789
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Summary and conclusions-1

B Solar system: coupled
B External influences:

¢ oravity

¢®angular momentum

¢*cnergy (photons, particles, magnetic fields)
B Planetary climate:

¢distance from Sun

¢albedo

s ¢ composition ol atmoesphere
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Summary and conclusions-2

B Variability general
¢time scales: minutes - million years
¢feced backs (non-linear coupled system)
*models

B Variability specific
¢orbital parameters
¢solar activity (forcing)
¢]long-term variability
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Summary and conclusions-3

B Cosmogenic radionuclides
¢time range: 100,000 y
¢time resolution: >1 y
¢®atmospheric transport processes
¢ocomagnetic dipole field
¢solar activity
ecycles (11, 87, 207, 2200.,....)
¢grand minima
*1mplications for solar dynamo

Heliophysics
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