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Toward a better understanding of 
Natural Climate Variability



Global Surface Temperature (CRU)
versus the 

CMIP5 (IPCC AR5) GCMs
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The IPCC Global Warming Theory

The Sun does 
not matter 
much!



The IPCC “Computer Model” Science
100% of the warming since 1951 is anthropogenic 

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





https://gmuchss.az1.qualtrics.com/CP/File.php?F=F_cRR9lW0HjZaiVV3

33%

71%

96% thinks climate change is 
happening BUT the IPCC claims 
that humans caused 100% of 
the warming since 1951, while...

the experts who disagree with the 
IPCC are....

IPCC



82%



Is the AGWT built on rocks or on sand?
(Are the AGWT models validated?)

???

???



Computer Simulation Models
must be 

Verified and 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.



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”!



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 !





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

Comparison between 12-month moving average 
of the Arctic and Antarctic sea-ice area index 
records against model prediction.

Other serious failures of the IPCC climate models

Liu, Z., Zhu, J., Rosenthal, Y., et al., PNAS, vol. 111 (2014), E3501–E3505.
Scafetta, N., Mazzarella, A.,Advances in Meteorology, 481834, 2015. 
Douglass, D. H., Christy, J. R., Pearson, B. D., Singer S. F.: International 

Journal of Climatology, 28, 1693-1701, 2007. 



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



The larger preindustrial climate variability
is better reproduced by solar records



CMIP5 GCMs 
variability

12.0 oC - 16.0 oC



The mean annual temperature 
in München is about 9 oC, 
however....
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Comparison among estimates of the climate sensitivity to the radiative forcing 
induced by a doubling of atmospheric CO2 concentration. 



Natural Climate Oscillations



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



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



60-year oscillation in
Global Sea Level and in NAO



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

Are the Climatic Oscillations 
Internally or Astronomically 

induced?

Mazzarella, A., Scafetta, N., 2018. Climate Dynamics, DOI: 10.1007/s00382-018-4122-6



If the westerly flow is strong, the zonal index (ZI) is high. In contrast, as the amplitude 
of the Rossby waves increases, the flow becomes less zonal 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)  

LODLDINAOIZI ~
LODSSTINAO ~~

LODNAOZI ~
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.

LODLDUINAOIZI g ~~

LODSSTINAO ~~



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.

LODLDINAOIZI ~
LODSSTINAO ~~



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

A large pre-industrial climatic variability is confirmed



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 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



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



Scafetta's presentation at the 
Environmental Protection Energy (EPA, DC, USA) 

02/26/2009



Scafetta's forecast shown at the 
Environmental Protection Energy (EPA, DC, USA) 

02/26/2009

20y+60y 
oscillations

+
secular temp. 
acceleration

20y+60y 
oscillations

IPCC
trendglobal 

temperature



10-years later: 
How is Scafetta's 
forecast performing?

• 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

SCAFETTA





Eccentricity variation of 
Jupiter and Saturn



60 and 1000 years cycles



- A pulsing Heliosphere -
An interplanetary dust-cloud 

forcing?



Conclusions



Conclusions

• Climate models used to interpret the global climate 
change of the past and predict future climate warming 
fail by a large margin. They significantly overstimate the 
effect of GHGs and understimate solar-astronomical 
forcings, which are characterized by specific harmonics 
(e.g.: 9.1 yr, 10-12 yr, 20 yr, 60 yr, 100-150 yr,1000 yr).

• The evidences from corrected climate models suggest 
that in the 21th century the global climate will warm less 
than 2 oC suggesting that climate change adaptation 
policies could address most of the negative 
consequences of a climate change. Mitigation policies 
should be moderate.  
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