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Earth rotation 

Apparition progressive des premières séries temporelles  
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glaciations  

Luni-solar tides    
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Hydrological  effects and climate  influences 
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Well-modelled 

Geophysical processes  
influencing Earth rotation 

from 1 to 1 000 000 years 

credit: C. Bizouard 
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Earth orientation parameters： 

 x, y pole coordinates 

 UT1-UTC  

 dX, dY nutation corrections 

 

x, y pole coordinates 

Length o day   precision 

LOD     

  

Observed EOP 
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nutation corrections 



Angular momentum balance 
In non-rotating   in rotating frame 

 
 

системах координат 

Euler equations of solid body rotation 

Euler frequncy 

Angular velocity vector 

Inertia tensor 

Complex linearized Euler-Liouville 
Equation for equatorial components 

Excitation functions 
For axial component 

ℎ = 𝑐 13 + 𝑖𝑐 23 

Complex angular momentum 
function 

Tensor of inertia changes,  mass component с  
motion component h 

 
 
 

 
 

Ψ = Ψ1 + 𝑖Ψ2 

L.V.Zotov,  

Aspects of the Earth rotation theory 



Polar tide potential 

Additional potential expressed through 
second Love  number  k2~0.3 

Secular Love number  ks 

Complex Love number 

Complex Chandler frequency 

Ocean influence on dissipation, polar tide response, 
modifyes eigen frequency, provides excitation L.V.Zotov, SAI MSU 

Centrifugal potential 

Chandler wobble 

Substitution gives 

Modified Chandler frequency 

Earth’s axis position 



Excitation is given  

In form of effective 

Angular momentum 

fucnctions 

Euler-Liouville equation for polar motion 

p(t) – complex polar motion trajectory 

Complex chandler frequency             fc=365.25/433 cycles per year     period T=433 days 

 Q – quality factor 

   from 60 to 150, 

     we used 

Q=100 

Geophysical excitation Geodetic excitation 
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EOP PC    http://hpiers.obspm.fr/ 

 



Oceanic   Angular Momentum 

input to the polar motion 
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Oceanic Angular Momentum + Atmospheric Angular Momentum 

 input to the polar motion 
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Long-term changes of the annual 

water runoff 

River –  

hydrometric station 
ΔWQ/Δy* 

The linear trend coefficient, 

km3/1year 

1935-2013 1975-2013 

Sev.Dvina - Ust-Pinega +5.3%/+15mm +0.098 +0.091 

Mezen - Malonisogorskaya -1.7%/-6mm +0.005 +0.029 

Pechora - Ust-Tsilma +4.6%/+20mm +0.173 +0.184 

Ob -  Salekhard -0.4%/-0.7mm +0.089 -0.089 

Yenisey -  Igarka +5.4%/+13mm +0.696 +0.922 

Olenek - Sukhana +12.2%/+21mm +0.066 +0.113 

Lena -  Kyusyur +7.4%/+16mm +1.080 +2.214 

Yana – Jiangky/Yubileynaya +12.8%/+18mm - - 

Kolyma -  Srednekolymsk  +4.6%/+9mm +0.081 +0.451 

*change of annual water runoff in 1976-2013 in comparison with the value of  

annual water runoff in 1935-1975 

Severnaya Dvina –  

Ust-Pinega 

Pechora - 

Ust-Tsilma 

Ob -  Salekhard 

Yenisey -  Igarka 

Lena -  Kyusyur 

Kolyma -  Srednekolymsk  

Credit: 
N. Frolova 



Motion of the Earth’s pole  

EOP CO1 

1846-2018  

step 0.05 yr  
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2D trajectory 
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Polar motion trend 

credit: C. Bizouard 





Greenland mass loss 1979-2017 



Singular spectrum analysis of polar motion 
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Filtered Chandler wobble and its envelope 

Синим – оконное преобразование Габора 
Красным – скользящее 12-летнее окно МНК 
Оранжевым - модуль |X+iY| 

L.V.Zotov, SAI MSU 

See Doctoral thesis by L. Zotov 
  http://lnfm1.sai.msu.ru/~tempus/disser/index.htm 



 

Panteleev’s corrective filtering allowed to reconstruct 
Chandler excitation 
 
It is a regularizing algorithm of “Generalized selection” 
type giving the one-parameter family of solution, 
Converging to the exact pseudosolution when error in 
input data and operator tend to zeros. 
 
The error of reconstructed Chandler excitation is not 
larger then 0.8 mas. 
 

L.V.Zotov, SAI MSU 

Chandler excitation 

Chandler wobble 



Mass term      Motion term 

Angular momentum – geophysical excitation 

Effective angular momentum 
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Module of the absolute ААМ ECMWF wind term  
in the Chandler frequency band 
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Module of the absolute ААМ ECMWF pressure term  
in the Chandler frequency band 

4.0e-04 
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Comparison of excitations for Chandler wobble 

L.V.Zotov, SAI MSU Oceanic exitation OAM 

Atmospheric exitation AAM 

Oceanic + Atmospheric exitation 



AIRS Water Vapor 8-day Gridded data 

 



ECCO model ocean angular momentum OAM mass term       

         
                                                                                                



Trends from GRACE  in the Ocean Bottom Pressure 

  Don Chambers data 

                                                                                                                                                



Tidal variations and LOD 
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max 

IERS zonal tide model 



b Since 1962 
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Wavelet-scalogramm of LOD 
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Atmospheric angular  
momentum and LOD 
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El Nino fingerprint in LOD, acceleration of the Earth since 2015 
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Global mean temperature and Sea level rise 



Temperature prediction based on cyclic and polynomial trends model 

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

Lyubushin  A.A. and L.B. Klyashtorin, Short term global DT 
prediction using (60-70) - years periodicity, Energy & 
Enviroment, Vol. 23, No. 1, 2012. 



 



Cross-spectrum of Sea Level and temperature T 
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60- 20- 10-year variations of the Global temperature and Sea level, 
Extracted by MSSA 
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Temperature anomaly (HadCRUT4) 

Sea Level anomaly (Jevrejeva et al.) Sea Level anomaly (Church and White) 
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Anny Cazenave 



Atlantic Multidecadal Oscillation AMO 

and  60-year temperature changes 
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North Atlantic warming hole 

See Jennifer Mecking et all. EGU2020-6802 



trend 2.2 ms/century 

Long-term LOD and other factors 



3.6 cm/year 
2.2 ms/century 





Geodesy and Geodynamics, China, 
Volume 7, Issue 3, May 2016, Pages 216–222 
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https://syrte.obspm.fr/astro/
journees2019/index.php?pa
ge=presentation_pdf 



The intriguing relation between 
Earth's rotation, geomagnetism, 

and climate at multidecadal time 
scales 

Sébastien Lambert 

SYRTE, Observatoire de Paris - Université PSL, CNRS, Sorbonne Université, LNE 
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http://syrte.obspm.fr/~lambert/lodclimate 

http://syrte.obspm.fr/~lambert/lodclimate


Results: LOD vs SST 

54 

In the correlation plots, the successive shaded areas around the black line represent the 68%, 95%, and 99% 
confidence intervals. In the correlation maps, only correlation significant at more than 95% are reported. In 
both, the lag is negative when LOD precedes SST. I confirmed here the significant correlations between LOD 
and SST concentrated along North Atlantic (see Marcus 2016) with a small lag of a few years. 







Conclusions 

• Climate signals present in excitations of LOD and PM 
• Mass term can be accessed through GRACE and GRACE-FO 
• Water cycle is very important, hydrological and glaciological changes can 

even shift the axis of the Earth 
• Sea level, related to both figure of the Earth and climate can have forward 

and backward links to Earth rotation  
• Atlantic Ocean gives evident input into Earth temperature variations, which 

are correlated with Earth rotation velocity on 60 yr scale 
• If we can predict climate and ERP together better, then separately, then 

there is “Granger causality” between them 
• We should promote Climate and Earth rotation working group and our 

ideas. Very few scientists understand importance of this interdisciplinary 
scientific field 



Russian oceanographer academician  V. Shuleykin  mentioned importance of the mass  redistribution studies for Earth Rotation 

Vasily Shuleikin 1895-1979 



Thank you for attention! 
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Solar eclipse 26 December 2019 





26-27 Dec 2020 



Tidal Earth rotation velocity changes, after N. Sidorenkov 







China’s National Infectious Disease Information System (IDIS), COVID-19 cases 



Annular solar eclipse will occur on June 21, 2020 

` 
Wuhan 

Wuhan 



Trip over old Wuhan 
http://lnfm1.sai.msu.ru/~tempus/OldWuhan/ 


