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Climatic 
History of the 
Earth and its 
natural 
Oscillations 

Scafetta, N.; Bianchini, A. Overview of the 
Spectral Coherence between Planetary 
Resonances and Solar and Climate 
Oscillations. Climate 2023, 11, 77.



Global warming Nature or
Humans?

???



The solar 
contribution 
is negligible

Nearly 100%
of the 
forcing is
man-made
(CO2 is pollution!)



The theory of anthropogenic global warming 
proposed by the IPCC

With the anthropic 
contribution, climate models 

reproduce warming from

1850-1900

Without the anthropogenic 
contribution, climate models 

do not reproduce any 
warming from 1850-1900

“Nearly 100% of the warming since 1850-1900 is caused  by human emissions”

Point #2 does not satisfy 
the Scientific Method!!
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Critical Issue

Is there evidence that the models may be 
physically incorrect?

(Warm biases and natural variability)



IPCC AR6
Figure 3.2, 
p. 432

The Medieval 
Warm Period 
is NOT
reproduced

IPCC AR6, pp. 433



The Medieval Warm Period is not 
reproduced by the models

Model

Data

Scafetta, N. Reconstruction of the Interannual to Millennial 
Scale Patterns of the Global Surface Temperature. Atmosphere 
2021, 12, 147. https://doi.org/10.3390/atmos12020147



Vikings in 
Greenland

https://ancientfoods.wordpress.com/2012/02/17/viking-barley-in-greenland/

The Qinngua valley



Trees under Glaciers

Melting glaciers in Western Canada are 
revealing tree stumps up to 7,000 years old 
where the region’s rivers of ice have retreated 
to a historic minimum, a geologist said today.

The Susten pass (Switzerland) as it is today (above) and as it probably 
was in Roman times, 2000 years ago green and with several trees 
(below). (Die Alpen / Atelier Thomas Richner based on a draft from 
Christoph Schlüchter).

Christian Schlüchter: "Alpen ohne Gletscher? Holz- und Torffunde als Klimaindikatoren“, Die Alpen, 6/2004; The Alps with little
ice: evidence for eight Holocene phases of reduced glacier extent in the Central Alps, The Holocene, 2001, 11/3: 255-265



• Only solar activity 
has a millennial 
cycle.
(Steinhilber et al.,2012)

• Which correlates 
with the millennial 
cycle of 
temperatures
(Ljungqvist, 2010)

Summer European
Temperature
(Luterbacher et al., 2016)



Numerous evidences of a solar induced Medieval 
Warm Period and of other Holocene warm periods



Kerr, R. A., 2001. A variable sun paces millennial climate. Science, 294, 1431-1433.

Steinhilber, F., Abreu, J. A., Beer, J., et al., 2012. 9,400 years of cosmic radiation 
and solar activity from ice cores and tree rings. PNAS, 109, 5967-5971, 2012.



A quasi-millennial oscillation in the Summer temperatures 
in the European Alps throughout the Holocene

Kutschera, W., Patzelt, G., 
Steier, P., Wild, E.M.: 2017. 
The tyrolean iceman and his 
glacial environment during 
the holocene. Radiocarbon 
59(2), pp. 395-405 



A Planetary theory of solar variations

The ~11-year sunspot cycle



The three main frequencies of the 11-year solar cycle

Power Spectrum of the 
1749-2010 sunspot record

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.



Three-frequency solar harmonic model based on Jupiter-Saturn tidal frequencies and sunspot cycle versus 
temperature reconstructions (~61-year, ~115-year, ~980-year cycles)
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Prediction Gran 
Solar Minimum

2020-2040



The Orbital Invariant 
Inequalities 



The Orbital Invariant Inequalities 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

Stable 
resonances



Scafetta, N.: 2020. Solar 
Oscillations and the 
Orbital Invariant 
Inequalities of the Solar 
System. Sol Phys 295, 33. 
https://doi.org/10.1007/
s11207-020-01599-y

“Orbital 
Invariant 
Inequalities”

Beats among 
Jupiter,
Saturn
Uranus, 
Neptune

Eddy

de Vries

Gleissberg



The Earth’s climate has the same oscillations present in the solar 
system 

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.



A quasi 1000-year cycle in both climate data reconstructed 
by the planetary model of solar variability 



Luminosity production 
associated with tidal energy
dissipated in the Sun

amplification factor used in K()

Solar 
luminosity

LS= 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.



Why do the 
GCMs fail to 
reproduce the 
Medieval 
Warm Period? 

Scafetta, (2023). Geoscience Frontiers 14(6), 101650.

Connolly, …., Scafetta, et al. (2023). Research in Astronomy 

and Astrophysics 23, 105015.

Soon, …., Scafetta, et al. (2023). Climate 11, 179. 

Scafetta, Bianchini, (2023). Climate 11(4), 77.

Scafetta, Bianchini, (2022). Frontiers in Astronomy and 

Space Sciences, 937930.

Connolly, …, Scafetta, et al. (2021). Research in Astronomy 

and Astrophysics 21, 131.

Scafetta, (2021). Atmosphere, 12, 147.

Scafetta, et al. (2019). Remote Sensing, 11(21), 2569. 

Wrong Total Solar   
Irradiance (TSI) 
forcing

Additional solar 
forcings not related 
to TSI



CMIP6 GCMs and 
IPCC AR6 choice



ACRIM vs PMOD TSI composites



• Penza, Berrilli, Bertello, Cantoresi, Criscuoli, Giobbi, 
Total Solar Irradiance during the Last Five 
Centuries, The Astrophysical Journal, 937:84, 2022

CMIP6 GCMs



Using satellite TSI composites 
to calibrate solar proxies

ACRIM-calibrated
5 solar proxies used

PMOD-calibrated
2-3 solar proxies used



Czymzik, M., Muscheler, R., and Brauer, A.: Solar modulation of flood 
frequency in central Europe during spring and summer on interannual 
to multi-centennial timescales, Clim. Past, 12, 799–805, 2016.

Strong 
Correlation



Svensmark, Enghoff, Shaviv, Svensmark, (2016). The response of clouds 
and aerosols to cosmic ray decreases. Journal of Geophysical Research: 
Space Physics 121 (9), 8152–8181.

Forbush decreases: significant response 
is found in all studied aerosol and cloud 
data suggesting that cosmic ray ionization 
is important for cloud physics.



The CMIP6 GCMs accepted by 
the IPCC imply that the Sun can 
only influence climate through 
its secular brightness variation, 
which is likewise assumed to be 
very small.

However, there are TSI 
reconstructions with higher 
secular variability, and the Sun 
likely influences climate 
mostly through mechanisms 
connected to variations in its 
magnetic activity (e.g. cosmic 
rays, solar wind, interplanetary 
dust fluxes, etc.). 
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Scafetta, N.: Empirical assessment of the role of the 
Sun in climate change using balanced multi-proxy solar 
records. Geoscience Frontiers 14(6), 101650, 2023. 
Pagina Web: https://doi.org/10.1016/j.gsf.2023.101650

The 80% of solar influence on climate may not 
be caused solely by total solar irradiation 
forcing, but rather by other solar climate 
processes (e.g. cosmic rays).



GCM optimization assuming natural 
variability non reproduced by the models

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.



Did Kepler predict the warming from 
1600 to 2000 using the great 

inequality of Jupiter and Saturn? 
(quasi millennial cycle)

Minima




