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Milankovitch theory

L.V.Zotov, SAI MSU

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

What about short-term?



Global Earth temperature

Hiatus

L.V.Zotov, SAI MSU



Global Mean Sea Level

L.V.Zotov, SAI MSU



Temperature-Sea Level Cross-spectrum

L.V.Zotov, SAI MSU



Singular Spectrum Analysis SSA – “Caterpillar”
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SVD – decomposition

Principal Components (PCs) grouping

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

1) The delay parameter L is chosen.

Multivariate signal

Incorporated into block trajectory matrix Z

Multichannel Singular Spectrum Analysis  CSSA

2) SVD — singular value decomposition is performed

3) Matrices for every singular number si are reconstructed

signal for each component is obtained by Hankelization.
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L.V.Zotov, SAI MSU

SSA is a generalization of EOF (PCA)

PC1, PC2, PC3…



Results of МSSA for Temperature and Sea Level

L=22, parabolic trends preliminarily removedL.V.Zotov, SAI MSU



Results of CSSA for temperature and Sea Level

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

Atlantic
Multidecadal
Oscillation (Wiki)



Temperature and Sea Level rate

L.V.Zotov, SAI MSU



Results of non-linear  LS-adjustment

L.V.Zotov, SAI MSU

~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



Results of non-linear  LS-adjustment

L.V.Zotov, SAI MSU

~20-year component NLSM fit
Component Period, years Amplitude Phase (1880)
T, HadCrut4 21.3 0.043 oC -55o

SL, Jevrejeva 21.1 5.3 mm -67 o

SL, Church and White 20.6 2.1 mm -43 o



CSSA-based Predictions for Temperature and SL

L.V.Zotov, C. M. Bizouard
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Motion of the Earth’s pole
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L.V.Zotov, SAI MSU



Singular Spectrum Analysis of Polar Motion
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L.V.Zotov, SAI MSU



Chw Amplitude model and forecast

L.V.Zotov, C. M. Bizouard

~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



Dynamical model of the
rotating Earth
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Munk W.H., MacDonald G.J.F., The rotation of the Earth, 1960
L.V.Zotov, SAI MSU



Chandler wobble and its excitation 
depending on the filter width

L.V.Zotov, SAI MSU



Length of day (LOD) variability

L.V.Zotov, SAI MSU



18.6 year period of orbital nodes regression
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L.V.Zotov, SAI MSU



Non-tidal LOD and 20-year temperature changes 

L.V.Zotov, SAI MSU



-24/25.8 сут-1

-24/29.3 сут-1

Atmospheric Angular Momentum wind term spectra

C. Bizouard, L. Zotov, N. Sidorenkov Lunar influence on atmospheric angular momentum, 
Journal of Geophysical Research: Atmospheres, 2014, Wiley, DOI: 10.1002/2014JD022240



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

L.V.Zotov, SAI MSU



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±0.03r=-0.92±0.01



20-year changes in Sea Level and UT1-UTC

L.V.Zotov, SAI MSU



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

L.V.Zotov, SAI MSU



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



Conclusions
• We extract natural variations in global Earth temperature (HadCRUT4) and 

Sea Level (Jevrejeva, or Church and White) since 1850. Global warming 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

• Joint MSSA analysis of temperature, sea level, Chandler wobble envelope and 
LOD extracts similar 60 and 20-year oscillations in all mentioned time series

• 60 and 20-year components of temperature are anticorrelated with LOD
• Chandler wobble envelope is correlated with  ~60 –year sea level changes

• 60-year component of Sea Level Rate (derivative) is correlated with 
temperature component. Similarities are well seen on the plots with LOD as a 
derivative of UT1-UTC and Chandler wobble as a derivative of excitation. 

• 20-year components in Earth rotation and Climate characteristics could be 
related to the 18.6-year cycle of Moon orbital precession

• There are enough arguments collected, to come to the conclusion, that Earth 
rotation and Climate Changes are interrelated

L.V.Zotov, SAI MSU



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

Thank you



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

L.V.Zotov, SAI MSUL.V.Zotov, SAI MSU



La Nada 2013

El-Nino, AAM and LOD

L.V.Zotov, SAI MSU



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

L. Zotov, N. Sidorenkov, C.K. Shum, Multichannel Singular Spectrum Analysis of Axial 
Atmospheric Angular Momentum, Journal of Geodynamics 2014, In pressL.V.Zotov, SAI MSU



3) Principal components (PC) correspond to every singular number si. The 
components with similar properties are grouped and their matrixes are obtained by 
multiplying of si by the first and the second singular basis vectors ui,vi

1) The delay parameter L is chosen. For each component of a multidimensional time
series the trajectory matrix is constructed. In our case - the channel (component) are
Stokes coefficients Aij (Cij or Sij). Trajectory matrixes for all the components are
embedded into the large block matrix X

Multichannel Singular  Spectrum Analysis 
is a generalization of the principal components analysis (PCA)

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

4) Signal in each channel is reconstructed from the Xi matrixes for each PC by 
averaging along the side diagonals (operation of Hankelization).
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