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Dal Medieval Warm Period al Current Warm Period 
il clima europeo e la circolazione atmosferica e oceanica



Rapporto (IPCC SR 1.5, 2018): 
sono necessari drastici 
cambiamenti in tutti i settori e che le 
emissioni di biossido di carbonio 
(CO2) provocate dall'uomo devono 
diminuire di circa il 45% entro il 
2030 rispetto ai livelli del 2010.....

La maggior parte dei ricercatori 
concorda che se non si fa nulla per 
ridurre le emissioni di gas serra, la 
Terra continuerà lungo un percorso 
di riscaldamento globale che 
potrebbe raggiungere i 3 o 4 gradi 
Celsius sopra i livelli preindustriali.



IPCC 
SR1.5

Keep the 
temperature
below 1.5 oC







X.-P. Song et al. Nature 560, 639–643 (2018).



I veri inquinanti atmosferici



http://berkeleyearth.org/air-pollution-overview/



Global Surface Temperature (CRU)
versus the 

CMIP5 (IPCC AR5) GCMs
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CMIP5 
GCM
Forcings:

IPCC AR5, 
2013

Anthropogenic vs. Natural forcings

The Sun does 
not matter 
much!



Do these GCMs results “prove” that the warming 
since 1951 has been really due to anthropogenic forcing?



Computer Simulation Models
must be 

Verified and Validated
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Understanding the Surveys

71% does not agree 
with the IPCC that 

100% of the warming 
was caused by people

I
P
C
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Everybody agrees 
that climate is 

changing

we cannot stop 
climate change



The large uncertainty of the CLIMATE SENSITIVITY to the radiative forcing induced 
by a doubling of atmospheric CO2 concentration. 



ECS = equilibrium climate sensitivity
to radiative forcing such as to CO2 
infrared emissions.



IPCC 1991

IPCC 2001

The natural variability is 
large; CO2 records do 
not explain it; The sun is 
the main driver.

The natural variability is 
small (0.2 oC); Only CO2 
explains the warming 
since 1900; The IPCC 
climate models are 
claimed to have been 
validated & used for 
future climate scenarios.

The Hockey Stick 



Crowley,
Science 289, 270-277 (2000)

Mann's temp

EBM Input forcings

Output temp. signatures

In 2000 it was claimed that the AGWT models 
                                      have been “validated”!



IPCC 1991

IPCC 2001

IPCC 2013

The natural variability is 
large; CO2 records do 
not explain it; The sun is 
the main driver.

The natural variability is 
small (0.2 oC); Only CO2 
explains the warming 
since 1900; The IPCC 
climate models are 
claimed to have been 
validated & used for 
future climate scenarios.



Box TS.5, Figure 1 -

(a) 850–2000 PMIP3/CMIP5 radiative forcing due to volcanic, solar and well-mixed green- house gases.

(b) 850–2000 PMIP3/CMIP5 simulated (red) and reconstructed (shading) Northern Hemisphere (NH) temperature changes. 

In the IPCC 2013
The last-millennium GCM simulations and reconstructions 

diverge
The models do not reproduce the Medieval Warm Period

failure MWP AGWT models reproduce
Hockey Sticks !





The extra-tropical Northern Hemisphere temperature 
in the last two millennia: reconstructions of low-

frequency variability

B. Christiansen1 and F. C. Ljungqvist: 
Clim. Past, 8, 765-786, 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 



Stein, R., Fahl, K., Schade, I., Manerung, A., Wassmuth, S., Niessen, F. & Nam, S.-I. 
Holocene variability in sea ice cover, primary production, and Pacific-Water inflow and 
climate change in the Chukchi and East Siberian Seas (Arctic Ocean). Journal of 
Quaternary Science, 2017



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



Comparison between Holocene temperature records 
(red and blue) and climate model predictions

Liu, Z., Zhu, J., Rosenthal, Y., et al., PNAS, vol. 111 (2014), E3501–E3505.



Arctic and Antarctic 
sea-ice area index records against model prediction

Scafetta, N., Mazzarella, A.,Advances in Meteorology, 481834, 2015.



1940-warming & 1970-cooling
Observation vs. Models

ARCTIC NORTH-ATLANTIC (AMO)



Greenland ice sheet land station record annual temperature anomalies with respect 
to the 1951–80 base period. Multiples of standard deviations for the 1951–80 period 
are included. Major volcanic eruptions are indicated.

1940-warming & 1970-cooling in Greenland
Observation vs. Models

Box, J.E., L. Yang, D.H. 
Browmich, L-S. Bai, 2009: 
Greenland ice sheet 
surface air temperature 
variability: 1840-2007, J. 
Climate, 22(14), 4029-
4049.



McKitrick, R., & Christy, J. (2018). A test of the tropical 
200- to 300-hPa warming rate in climate models. Earth 
and Space Science, 5, 529–536.

The CO2 modeled hot spot

Other serious failures of the 
IPCC climate models



https://climexp.knmi.nl/start.cgi



vDo not Reproduce the Decadal Scales
vDo not Reproduce the Multi-Decadal Scales
vDo not Reproduce the Secular Scales
vDo not Reproduce the Multi-Secular Scales 
vDo not Reproduce the Millennial Scales
vDo not Reproduce the Multi-Millennial Scales
vDo not Reproduce the Absolute Climate Temp.

--- ERGO ---

These climate models are not validated !
(They do not describe the Earth's climate)

The Climate Models



Natural Climate Oscillations





The larger preindustrial climate variability
is better reproduced by solar records



Mariani L., Zavatti F., 2017. Multi-scale approach to Euro-Atlantic climatic cycles 
based on phenological time series air temperatures and circulation indexes, 
Science of the Total Environment 593–594 (2017) 253–262

Europe is the world region with the longest time series of instrumental 
data due to the fact that the first meteorological instruments 
(thermometer, pluviometer, evaporimeter and barometer) were invented  
by some scientists of the Galilean school (Accademia del Cimento).

Maunder          Dalton



Sun - Climate Coupling

Maunder           Dalton



Indian moonsoonPacific Decadal Oscillation

Atlantic Multidecadal Oscillation

Sea Level Rise

Jevrejeva et al. (2008),  GRL 35, 
L08715

rate

Scafetta N., 2012. A shared frequency set between the historical 
mid-latitude aurora records and the global surface temperature. 
Journal of Atmospheric and Solar-Terrestrial Physics 74, 145-163.

Natural Climate Oscillations:
60-year period



https://www.epa.gov/climate-indicators/climate-change-indicators-tropical-cyclone-activity





60-year oscillation in
Global Sea Level and in NAO





(A) length of day - LOD (ms); 
(B) Zonal index (between 35°N and 55°N) - ZI (hPa); 
(C) Reconstruction f the North Atlantic Oscillation - NAO (hPa); 
(D) Sea surface temperature - SST (°C).

If the westerly flow is 
strong, the zonal index (ZI) 
is high. In contrast, as the 
amplitude of the , the flow 
becomes less Rossby 
waves increaseszonal and 
more meridional (i.e. it 
follows a north-south or 
longitudinal path). The ZI is 
then said to be low. For low 
ZI the net result is a 
significant latitudinal 
energy transfer which 
brings an increase of global 
surface temperature.



Integrated ZI     :                             IZI(t)= IZI(t-1) +ZI(t)                            
Integrated NAO:                             INAO(t) =INAO(t-1) +NAO(t)  
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Geostrophic (zonal) winds (i.e. winds produced by equilibrium between the Coriolis force and meridional pressure 
gradient force that is set up by the temperature difference between the tropics and the Earth’s poles) are governed by 
the formula (Holton, 2004):  

where Ug is geostrophic (zonal) wind speed, g is the gravitational constant = 9.8 m/s2, Ω = (2π /LD) is the angular 
velocity of the Earth in radians, LD is the observed full length of day in seconds, φ is the angle of latitude, y is 
distance in the South-North direction and Δh is the height change of an atmospheric surface at a constant pressure 
over a fixed increment latitude Δy. Note that Δh is always positive since the height of a constant pressure surface in 
the atmosphere always decreases as you move from the tropics towards the pole. 

We observe that a variation of Ug , that is a Ug, is represented by a time integration of ZI or of NAO because these 
variables are the difference in surface pressure between two latitudes which determines the force generating the 
wind. Thus, a time integration of this pressure difference approximately determines the variation of the relative 
atmospheric momentum, that is, of the wind speed variation. The following approximate relation would hold if Ug 
is externally driven by, for example, solar/astronomical forcings:  



Conservation of 
Angular Momentum

If the involved processes 
were just internal a 
stronger westerly flow 
would require, if 
everything else remains 
constant, an slow down of 
the Earth's rotation. 

LODUNAOZI g ~~

LODNAO ~



Time plot of standardized yearly values of LOD and  IZI: 
(A) Raw values; 
(B) Smoothed according to a 5-yr running mean; 
(C) Smoothed according to a 11-yr running mean; 
(D) Smoothed according to a 23-yr running mean.



Time plot of standardized yearly values of LOD and SST: 
(A) Raw values; 
(B) Smoothed according to a 5-yr running mean; 
(C) Smoothed according to a 11-yr running mean; 
(D) Smoothed according to a 23-yr running mean.



Time plot of standardized yearly values of LOD and  INAO: 
(A) Raw values; 
(B) Smoothed according to a 5-yr running mean; 
(C) Smoothed according to a 11-yr running mean; 
(D) Smoothed according to a 23-yr running mean.



(A) SST modelled using LOD 
(B) SST modelled using INAO



Borehole Global surface 
Temperature Estimates 

Huang, S. P., Pollack, H. N., Shen, P.-Y., 2008. A late 
Quaternary climate reconstruction based on borehole heat 
flux data, borehole temperature data, and the instrumental 
record. Geophys. Res. Lett., 35, L13703.



The IPCC climate models do not 
reproduce the natural oscillations at
9.1, 10-11, 20, 60 year periods



The Sun's Wobbling

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



Evidence 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.



- A pulsing Heliosphere -
An interplanetary dust-cloud 

forcing?



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.



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
ALL CMIP5 Models 

6-frequency + anthropogenic
SOLAR-ASTRONOMICAL MODEL

2.0 oC

1.5 oC





Evidence of a tidal effect on the Polar Jet Stream

C. H. Best, R. Madrigali,  Italian Journal of Engineering Geology and Environment. 1, 
17-23. DOI: 10.4408/IJEGE.2016-01.O-02



Evidence of a tidal effect on the Polar Jet Stream

C. H. Best, R. Madrigali,  Italian Journal of Engineering Geology and Environment. 1, 
17-23. DOI: 10.4408/IJEGE.2016-01.O-02



Detection of a 14-days atmospheric perturbation peak at
Cile's Paranal astronomical observatory associated with lunar cycles



Solar-Lunar 
forecast



Conclusions



A Planetary theory of solar variations



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 vs.  temperature 
reconstructions (~61 yr, ~115 yr, ~980 yr cycles) 
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Versus a new 
grand solar minimum



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

Stable 
resonances



TSI Satellite Records



TSI composites 
ACRIM vs PMOD



various TSI records



Eccentricity variation of 
Jupiter and Saturn



60 and 1000 years cycles
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