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Earth rotation variations 

Precession and Nutation of the Earth axis 
26 000, 18.6 years, 1, 0.5 year caused 
by Sun and Moon tides 

Earth’s pole motion up to 10 meters 
caused by geophysical effects – 
momentum exchange between the Ocean, 
Atmosphere, and Solid Earth 



Paleoclimate 

0 200 400 600 800 1000
Age , ka

6

5

4

3

2


1

8
O

,‰

980

849

interglacial periods 
Spectrum 

10 100 1000
Age , ka

0

5

10

15

20

25
980

849

21 

44 

95 

Зотов Л.В. ГАИШ МГУ 



Milankovitch theory 

L.V.Zotov 

States that long-term Climate Change depends on Earth rotation  
and orbital motion 

What about short-term? 



Global  Climate Change 

L.V.Zotov 

Hiatus 



http://alexeylyubushin.narod.ru/Geophysical_Monitoring_Systems_Data_Analysis_Book_Rus.pdf 

Prediction of the Global Earth Temperature based on cyclic and 
polynomial trend made by Alexey Lyubushin in his book 
and in his article with L. Klyashtorin  



4) Similar signals are grouped into Principal Components (PCs) 

1) Lag parameter L selection  
 

 Multichannel signal 
 
  
 Embedded into block matrix X  

Multichannel Singular Spectrum Analysys MSSA 

3) For each singular number s
i
  the matrices are reconstructed 

 
 
 
 
and signal for every component is obtained by Hankelization 
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SSA- generalization of PCA 

PC1, PC2, PC3… 

1D-SSA – “Caterpillar” 

                                                
 
 
 
 

2) SVD — singular value decomposition of the matrix is performed 

L.V.Zotov, 



Results of МSSA for Temperature and Sea Level 

L=22, parabolic trends preliminarily removed L.V.Zotov,  



Results of MSSA for temperature and Sea Level 

L=22, parabolic trends preliminarily removed 
L.V.Zotov,  

Atlantic 
Multidecadal 
Oscillation (Wiki) 



Why Climate oscillations are so important? 

November-December 1812, at the west from Moscow. 

November-December 1941, at the west from Moscow. 
César Caviedes, “El Niño in History: Storming Through the Ages”, 2001  Slide from Ilya Serykh 



Average 
temperature 
difference between  
El Nino and  
La Nina 
 (I. Serikh) 

LOD changes 
provoked by 
El Nino 



  

North Atlantic Oscillation (NAO) 



AMO as integral of NAO 

See: 
Gulev Sergey K, Latif Mojib. Ocean science: the origins 
of a climate oscillation. Nature 2015;521:428430. 
http://dx.doi.org/10.1038/521428a 

L.V.Zotov,  



Stochastic forcing of north tropical Atlantic sea surface  

temperatures by the North Atlantic Oscillation 



Results of non-linear LS-adjustment 

~60-year component NLSM fit 

Component Period, years Amplitude Phase (1880) 

T, HadCrut4 65.0 0.1 oC -16o 

SL, Jevrejeva 60.7 12.4 mm 117 o 

SL, Church and White 55.3 4.1 mm 170 o 

L.V.Zotov 



Long-term (60-year) changes in Temperature and LOD 

L.V.Zotov 



Non-tidal LOD and 20-year temperature changes  

L.V.Zotov 



The grave of Nikolay Mikhailovich Stoyko (1894-1976) at Snt. Genevieve de Bois 
The director of the Bureau International de l’Heure, founder of annual LOD variations 

 
L.V.Zotov,  





Temporal variations of the specific mass of ice in Antarctica, g∙cm-2.     
1 – the theoretical value, obtained from EOP;      

2 – the empirical value  (Petrov, 1975; Bryazgin, 1990).  

Ice mass of Antarctica and its reconstruction from LOD and PM 



A.Lyubushin, L. Klyashtorin  Short term global dT prediction…  Energy and Environment Vol 23 N 1 2012  

Long-term (60-year) historical changes in Temperature  

a) Mean winter temperatures in 
Greenland for time interval 
(553-1973) from ice cores 
(Dansgaard et. Al 1975) 
 

b) Temperature anomaly on 
Sweden from tree rings of 
arctic pine 500-1980 (Briffa et 
al. 1990) 
 

c) Humidity in Southern 
California from tree rings of 
moutaine pine 6000 B.C.-
1979 (Graybill et all 1994) 
 
 

d) Global temperature 
anomalies (Lawrimour et al. 
2001) 
 
 

~60 years 



Greenland winter 
temperature 
reconstructions 
(553-1973) based on 18O 
isotope  
(Dansgaard, 1975) 
 
Its autoregressive 
spectrum and  
time-frequency  
analysis 
estimated by 
Alexey Lyubushin in his 
book 

http://alexeylyubushin.narod.ru/Geophysical_Monitoring_Systems_Data_Analysis_Book_Rus.pdf 
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~60 years 

years 



Gravity Recovery and Climate Experiment GRACE 



Global mass changes in GRACE epoch 

Estimated through MSSA of JPL Level 2 Data L.V.Zotov,  



                                                                                                        
 
 
 
 
 
 
 
 
 
 
 

Variations of J2 coefficient  from SLR and GRACE 

L.V.Zotov,  



                                                                                                        
 
 
 
 
 
 
 
 
 
 
 

SSA results 
for J2 

Years                      Zotov, Balakireva, 2016 

Initial data 
Trend 
Annual 
Semiannual 
20-years 
10-years 
8-years 

1.082635 
 
 
 

1.082637 

1.082636 

MSSA components of variations in J2  

L.V.Zotov,  



The Earth‘s flattening is decreasing, according to  ITRF vertical 
motion spherical decomposition analysis by Chujkova et al. 

ITRF 2008 vertical motions, red colour - positive values, blue colour - negative values 

Chujkova N.A., Maximova T.G., Tchesnokova T.S., Grushinsky A.N., Vertical motions of the Earth crust from 

ITRF2000, ITRF2005, ITRF2008, ITRF2014 and their comparison. Physical geodesy, Russia, 2016  

L.V.Zotov,  



Long-term changes in J2,T, LOD, and magnetic dipole (detrended) 

L.V.Zotov,  



Motion of the Earth’s pole 

EOP CO1 

1846-2010  

step 0.05 yr  

iyxtm )(

2D trajectory 

L.V.Zotov 



Singular Spectrum Analysis of Polar Motion 
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SSA-decomposition of X-coordinate of the pole

Chandler component

annual component

trend

L.V.Zotov 



433

1
cf 001Qdays-1 

Munk W.H., MacDonald G.J.F., The rotation of the Earth, 1960 
 

Dynamical model of the 
rotating Earth 

L.V.Zotov,  



Panteleev filtering in the Chandler band 

Filtering in time 
domain – 

convolution 

Filtering in frequency 
domain – 

spectra multiplication 

Several harmonics  incorporate information about changes of  
Chandler wobble instantaneous amplitude and phase 

V.L. Panteleev 

L.V.Zotov,  



Chandler wobble and its excitation  
depending on the filter width  

L.V.Zotov 



Chandler Wobble extracted from Polar Motion 
by means of Mean Squares Collocation 

See V.S. Gubanov book on Generalized Least Squares method, Snt. Petersburg, 1997 

1850                                       1920                                               2000 

L.V.Zotov,  



ChW Amplitude model and forecast 
~Chandler wobble amplitude NLSM fit 

Period, years Amplitude Phase (1880) 

~80-year сomponent 83.44 42.6 mas 40.8o 

~40-year component 42.0 54.6 mas -101.5 o 

mean 134.8 mas 

3-layer Neural Network with (7, 7, 1) neurons 

L.V.Zotov,  



Phase model and forecast 

L.V.Zotov, C. M. Bizouard 

~Chandler wobble phase NLSM fit 

Period, years Amplitude Phase (1880) 

~100-year сomponent 117.8 59 dg -118o 

~50-year component 50.9 34 dg 95 o 

1-order trend 2dg/year  

3-layer Neural Network with (7, 7, 1) neurons 



ChW phase, assuming Chandler period = 433 days 

Instantaneous phase obtained by Mean Least Squares Filter, proposed by  V.S. Gubanov 
In his article  on Dynamics of the Earth core from VLBI observations,  Astronomy letters, 2009 

1900                                       1930                                                  2000 



Long-term (60-year) changes in Temperature, SL 
Chandler wobble envelope and LOD 

4D MSSA with L=22 years, parabolic trends preliminarily removed 

r=0.78±0.03 r=-0.92±0.01 

L.V.Zotov,  



Geodesy and Geodynamics, China, 
Volume 7, Issue 3, May 2016, Pages 216–222 

L.V.Zotov, 



Climate change and polar motion 



Can Earth rotation influence Climate ？ 

Can the Climate Change influence 
 Earth rotation？ 

Can any external factor influence both 
Climate and Earth rotation？ 

There can be changes in Earth rotation related to 

Changes of the Earth’s moment of Inertia 
I 

Changes of the relative angular momentum 
h 

External force 
L 

L.V.Zotov, SAI MSU 



Here dW   is the Wiener process increment 

Possible generalizations of Euler-Liouville equations 

Classical form: 

Stochastic differential  
equation: 

Synchronization? 
see Blekhman I.I. 

Here μ  is the small parameter, and  
v is the variable, whose dynamics depends on ΔT – temperature anomaly, etc. 

Ch. Bizouard 
Generalization 
for triaxial Earth: 

Here U,V ,e  are known parameters 
L.V.Zotov,  



Conclusions 
• We extract natural variations in global Earth temperature 

(HadCRUT4) and Sea Level (Jevrejeva, or Church and White) since 
1850. Global worming trends (~0.7o and ~20 cm) were removed.  

• MSSA analysis of showed that besides the warming trend there are 
quasi -  60, 20 and 10-year oscillations in temperature and sea level 

• 60/20-year components of temperature are anticorrelated with LOD 

• Chandler wobble envelope has been analyzed and modeled. Model 
contains long-term component,  correlated with 60 – year sea level 
changes, and 40-year component, produced by 20-year in excitation 

• J2 from SLR shows long-term trend with maxima in 1970th  and 
minima in 2005 

• There are enough arguments collected to conclude that Earth 
rotation and Climate Changes are interrelated 

• LOD could be connected with climate stronger then Polar Motion 

 

 

But only the continuation of this study can help to identify the mechanism. 



P. Brueghel the Yonger Landscape with a Bird Trap (1565), Tokyo museum of Western art 

Thank you! 



How all this can be explained? 

Long-term processes in the atmosphere… 
 
Long-term processes in the ocean… 
 
Long-term processes in the core… 
 
External factor which influence both climate and Earth rotation 
 
Synchronization with some factor by nonlinear effect through small parameter 
 
Tidal dissipation/input of energy 
 
Influence of the Moon /  Jupiter / Saturn  ??? 
 
It just happened by chance, that 60-year oscillations are observed 
 
 

L.V.Zotov,  





Zonal AAM ECMWF – trends   PC 3 



MSSA of Zonal-AAM has revealed slow 
trends in wind and pressure terms 

L.V.Zotov, SAI MSU 



60-year changes in SL, LOD, Temperature and Chandler excitation 

L.V.Zotov, SAI MSU 
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