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(a) Effective radiative forcing from 1750 to 2022
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~ (b) Time evolution of effective radiative forcing 1750-2022
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The theory of anthropogenic global warming
proposed by the IPCC

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

Critical Issue

We are here

(enlarged image)

Is there evidence that the models may be
physically incorrect?

(Warm biases and natural variability)
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Consortium, 2019) (medium confidence). For the historical period,




The Medieva| Warm Period iS not Scafetta, N. Reconstruction of the Interannual to Millennial

Scale Patterns of the Global Surface Temperature. Atmosphere
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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.

- g ;
Christian Schllichter: "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

er-buried forests from ~1000 years ago uncover a warm Medieval period
Figure 2. Students learn how scientists combine living and dead
trees to create millennial-length records of temperature, such as
the buried forests emerging here from the wasting margin of
Mendenhall Glacier (Credit: Jesse Wiles). Davi et al., 2019
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Trees under Glaciers

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 Schluchter).




* Only solar activity
has a millennial
cycle.

(Steinhilber et al.,2012)

* Which correlates
with the millennial
cycle of
temperatures

(Ljunggvist, 2010)
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WINTER SEVERITY IN
LONDON AND PARIS

S Numerous evidences of a solar induced Medieval
/ /:,SUNSPOTNUMBER Warm Period and of other Holocene warm periods

® naked eye sunspot sightings
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Kerr, R. A., 2001. A variable sun paces millennial climate. Science, 294, 1431-1433.
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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.
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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
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A Planetary theory of solar variations

Extract of a Letter from Prof. R. Wolf, of Zurich, to Mr.
Carrington, dated Jan. 12, 1859.

400 Years of Sunspot Observations
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the same planets, the conclusion seems to be inevitable, that my
conjecture that the variations of spot-frequency depend on the
influences of Venus, Earth, Jupiter, and Saturn, will not
prove to be wholly unfounded. The preponderating planet




The three main frequencies of the 11-year solar cycle
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Figure 12: [A] Power spectrum of the sunspot record from 1749 to 2010 highlighting three peaks within
the Schwabe frequency band (period 9-13 years) including the two major tides of Jupiter and Saturn
[B] Comparison between the sunspot record (black) and a particular tidal pattern configuration (red)
made using Venus. Earth and Jupiter that reproduces on average the solar cvcle length of 11.08 yr.

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.
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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.

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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The Orbital Invariant
Inequalities
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The Orbital Invariant Inequalities of the Jupiter-Saturn-Uranus-Neptune system
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The Earth’s climate has the same oscillations present in the solar
system

A Speed of the Sun Global Surface Temperature B
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reply to some critiques.” Astrophysics and Space Science, vol. 354, pp. 275-299, 2014.



Air temperature ()

A quasi 1000-year cycle in both climate data reconstructed

by the planetary model of solar variability
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associated with tidal energy

dissipated in the Sun | 3 — K(x) is the
Ip(t] = 2 ﬂtf Kix) x'plx)dx - amplification
QatJo function
- 4
L (MY, 4am
— _ _— 2 1
L o~ M + M f j i ﬂfj'l[J g .EDE I,i‘-ii"‘J-ﬂl':"I Ein[m iﬂ{'.q'l
S b S =0 R () " R (t - At) |
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SLIH 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.
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TSI reconstructions (1850-2018), relative to 1901-2000 average
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CMIP6 GCMs Total Solar Irradiance during the Last Five
Centuries, The Astrophysical Journal, 937:84, 2022

TSI (Wm2)

1363 : ————— : : e———
Maunder Gleissberg \ .
1362 | | ~
1361 —
1360 _
1359 —
1358 —
1357 | TSI smoothed 22- 7
2o uncertainty band ]
1 356 i TSI annual value .
WUuU18, Wu+, 2018 7
1355 |- NRL, Coddington+ 2019 N
CHRONOS, MC17, Egorova+, 2018 h

1354 ] 1 1 1 1 i 1 i 1 1 1 ]

1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050
Year



Total Solar Irradiance
relative to 1850-1900 (W/m?2)

Using satellite TSI composites
to calibrate solar proxies

4 Matthes et al. 2017: IPCC ARG choice (PMOD-based) 5 Scafetta et al. 2019: ACRIM updated Hoyt & Schatten (1993)
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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.

(a) Flood layers (n=1501)
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Svensmark, Enghoff, Shaviv, Svensmark, (2016). The response of clouds
and aerosols to cosmic ray decreases. Journal of Geophysical Research:
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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.).



CMIP6 based forcing vs.
Global Temperature

Alternative solar forcing
vs. Ocean Temperature
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Temperature anomalies 1850-1900 (°C)
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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).
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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.9sf.2023.101650
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Scafetta, N., 2013. Discussion on climate

G C M Opti m izatiO n assu m i n g natu ral oscillations: CMIP5 general circulation

models versus a semi-empirical harmonic

variability non reproduced by the models D e
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Did Kepler predict the warming from

1600 to 2000 using the great
inequality of Jupiter and Saturn?
(quasi millennial cycle)
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The periodic movement of the planets of the solar system
generates a set of stable resonances
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Periodic changes Periodic changes
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solar wind and solar of the solar system
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Periodic changes in the dust
amount entering the Earth's
athmosphere
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Periodic changes
in the gravitational field
of the solar system

Periodic changes in the
cosmic ray amount entering
the Earth's athmosphere
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albedo changes

Periodic changes in the cloudness inducing
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reaching the Earth's surface

Periodic changes in the total solar irradiance
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Periodic changes in the Earth's climate

Periodic changes
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radionucleotide
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