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The Sun

• Source of all radiant energy
• 15 million degrees Kelvin at 

core
• Visible surface ~6,000 degrees 

Kelvin
• Magnetic fields create solar 

flares
• Total solar irradiance ~1,361 

Wm-2



The Sun

• Sunspots:
• Produced by magnetic fields
• Cooler areas of the 

photosphere
• Surrounded by brighter areas 

(faculae)
• Rhythmic cycle called the 

Schwabe cycle
• 11-year cycle most obvious
• Other 22-, 45-, 60-, 85-, 100-

150, 200-250, 500-, 1000-, 
2,300-, and 6,000- year cycles



Maunder
Minimum

Dalton
Minimum



• Only solar activity 
has a millennial 
cycle.

• Which correlates 
with the millennial 
cycle of 
temperatures

Central England 
Temperature



Steinhilber F et al. PNAS 2012;109:5967-5971
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Holocene temperature vs. solar records
Comparison of solar activity (total solar irradiance [TSI]) in blue and δ18O from Dongge cave, 
China, in green representing changes of the Asian climate. Possibly the Asian monsoon (AM) 
(low δ18O corresponds to strong AM monsoon and vice versa). 



Total Solar Irradiance Records

Connolly et al. How much has the Sun influenced Northern Hemisphere temperature trends? An ongoing debate. Research in Astronomy and Astrophysics (2021).



Uncertainty about solar reconstructions, 
and information on other sun-like stars



Uncertainty about the satellite 
solar reconstructions



Different climate conclusions from different solar records 



The Solar Dynamo: The Physical Basis of the Solar Cycle 
and the Sun’s Magnetic Field

From a physical point of 
view, there are only two 
options: either solar activity 
changes are controlled 
solely by internal dynamo 
mechanisms, or the solar 
dynamo itself is partially 
synchronized by external 
harmonic planetary 
forcings, e.g. tides or other 
possible mechanisms.



Harmonics in solar 
records

• Ogurtsov, M.G., Nagovitsyn, Y.A., 
Kocharov, G.E., Jungner, H., 
2002. Long-period cycles of the 
sun's activity recorded in direct 
solar data and proxies. Sol. Phys. 
211, 371–394.



A Planetary theory of solar variations

The ~11-year sunspot cycle



The Sun's 
Wobbling

• Scafetta, N., 2014. The complex 
planetary synchronization 
structure of the solar 
system.Pattern Recognition in 
Physics 2, 1-19.



Planetary harmonics 
of interest

• Orbital periods
• Tidal oscillation due to spring 

combinations of two or more 
planets

• Conjunction cycles of two or 
more planets

• Planetary resonances



The origin of the 11-year solar cycle

•The Venus – Earth – Jupiter 
model
•The Jupiter – Saturn model



The Venus – Earth – Jupiter model

The Venus, Earth, and 
Jupiter triple-syzygies tidal 
alignment model



The Jupiter – Saturn Tidal model



The Jupiter – Saturn 
Tidal model



The Venus – Earth – Jupiter –Saturn model



Three-frequency solar 
harmonic model vs.  

temperature reconstructions 
(~61 yr, ~115 yr, ~980 yr cycles) 

Scafetta N., 2012. Multi-scale harmonic model for solar and climate cyclical variation throughout the Holocene 
based on Jupiter-Saturn tidal frequencies plus the 11-year solar dynamo cycle. Journal of Atmospheric and Solar-
Terrestrial Physics 80, 296-311.



Monthly to the 
annual timescales
 

The figure 
demonstrates 
that the TSI 
periodogram 
contains all the 
primary spring 
and synodic 
planetary 
harmonics from 
the monthly to 
the annual time 
scale.



Empirical evidences for a planetary modulation of total solar irradiance and the TSI 
signature of the 1.09-year Earth-Jupiter conjunction cycle.

 Scafetta N., and R. C. Willson, Astrophysics and Space Science (2013). 



Scafetta N., and R. C. Willson, 2013. Empirical 
evidences for a planetary modulation of total solar 
irradiance and the TSI signature of the 1.09-year 
Earth-Jupiter conjunction cycle. Astrophysics and 
Space Science 348(1), 25-39.

The Sun's side toward 
Jupiter is brighter!



Scafetta, N., Milani, F., Antonio Bianchini, A., Ortolani, S.: 2016. On the astronomical origin of the 
Hallstatt oscillation found in radiocarbon and climate records throughout the Holocene. 
Earth-Science Reviews 162, 24–43.



Planetary mass center eccentricity variation &
the stable orbital resonances of the Jupiter-Saturn-Uranus-Neptune system 

20 yr     44-45 yr     57-61 yr     82-96 yr     159-171-185 yr     2318 yr 

Gleissberg           Jose              HallStatt

Invariant 
Inequalities

Scafetta et al. in press



Conjunctions and 
asymmetry of the 
gravitational field of 
the solar system in an 
ideal planetary model 
made up of a central 
sun and 4 equal large 
gas planets.



The Planetary Invariant 
Inequalities



Cycles of Bray – Hallstatt (2100–2500 yr), Eddy (800–1200 yr), Suess – de Vries (200–250 yr), 
Jose (155–185 yr), Gleissberg (80–100 yr), cluster 55–65 yr, cluster 40-50 yr 
McCracken et al. (2013); Neff et al. (2001).



Evidences that the climate system is regulated by 
astronomical oscillations

• Scafetta, N., 
“Discussion on the 
spectral coherence 
between planetary, 
solar and climate 
oscillations: a reply to 
some critiques.” 
Astrophysics and Space 
Science, vol. 354, pp. 
275-299, 2014.



Interpretation of the 20-60 year frequency band  of the Earth's temperature



Harmonic 
Climate Model

Scafetta, N. 2013. Discussion on climate oscillations: CMIP5 general circulation models versus a semi-
empirical harmonic model based on astronomical cycles. Earth-Science Reviews 126, 321-357.



IPCC 2013
CMIP6 Models

Alternative Climate Model
Based on Natural Cycles

Update: Scafetta, N. 2013. Discussion on climate oscillations: CMIP5 general circulation models versus 
a semi-empirical harmonic model based on astronomical cycles. Earth-Science Reviews 126, 321-357.



Luminosity production associated with 
the tidal energy dissipated in the Sun 

amplification factor used in K()

Solar 
luminosity

L
S
= 4x1026 W

rewriting it

Equation to convert gravitational energy 
released by the tides into luminosity anomaly

K() is the 
amplification
function 

Scafetta N., 2012. Does the Sun work as a nuclear fusion amplifier of planetary tidal forcing? A proposal for a 
physical mechanism based on the mass-luminosity relation. Journal of Atmospheric and Solar-Terrestrial 
Physics 81-82, 27-40.



The eccentricity variation of Jupiter versus the  meteorite fall  frequency
(60-year)

Scafetta, N., Milani, F., and Bianchini, A. (2020). A 60-Year Cycle in the Meteorite Fall Frequency Suggests a Possible Interplanetary Dust Forcing of the Earth’s Climate Driven by Planetary Oscillations.
 Geophys. Res. Lett. 47 (18), e2020GL089954. doi:10.1029/2020gl089954



The harmonic 
organization of the 

solar system

• Bank MJ and Scafetta N (2022) Scaling, Mirror Symmetries and 
Musical Consonances Among the Distances of the Planets of the 
Solar System. Front. Astron. Space Sci. 8:758184. doi: 
10.3389/fspas.2021.758184

Pythagorean music theory





Conclusion
The solar system (including the 
Sun and the Earth) appears 
highly synchronized by the 
orbital motion of its planets.
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