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Kalman filter as leas squares



Kalman filter as leas squares



For least squares

For recurrent least squares

Sequential estimate does not change



Kalman filter regularization

Recursive expansion of

which only under some simplifications can be brought to the wildly-used approach 19
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gives

Observational error covariance matrix Q can play a role 
of  regularization parameter.
So, we finally use this approach.
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Polar motion since 1846 from EOP C01 bulletin

Zotov L.V. et al., Moscow University Physics Bulletin, N3, 2022

p(t)    - polar motion



100Qdays-1

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

OF THE POLAR MOTION
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Polar motion spectrum and 
Panteleev’s corrective filtering

Zotov L.V. et al., Moscow University Physics Bulletin, N3, 2022
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Changes of the Chandler wobble amplitude
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in 3.6-year sliding window

p1(t)    - polar motion



Changes of the Chandler wobble phase
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in 3.6-year sliding window



Matrix form of Euler-Liouville equations for the polar motion

State equation with coordinates of the pole 𝑝1 = 𝑥 (along Greenwich) and 𝑝2= −𝑦
(meridian 90o East) can be given in the form

𝐷
𝑝1

𝑝2
=

−𝛽 −𝛼
𝛼 −𝛽

𝑝1

𝑝2
+

𝛽 𝛼
−𝛼 𝛽

𝜒1

𝜒2
,

Where 𝛼, 𝛽 – are real and imaginary parts of complex-valued chandler frequency 𝜎с = 𝛼 +

𝑖𝛽 = 2𝜋𝑓𝑐 + 𝑖
𝜋𝑓𝑐

𝑄
,  Q –quality factor (≈100), 𝑓𝑐 = 1/433 day-1 – real Chandler frequency, 𝐷 =

𝐷 =
𝑑

𝑑𝑡
– operator of differentiation,

𝜒1, 𝜒2 – components of the input excitation, i – imaginary unit.
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𝑊𝑐𝑜𝑟𝑟 𝑓 𝑊−1 𝑓
=

𝑊∗ 𝑓

𝑊∗ 𝑓 𝑊 𝑓 + 𝛼𝐼
,

The problem of input excitation reconstruction is inverse

It can be corrected through regularization

x=[𝑝1, 𝑝2, 𝜒1, 𝜒2]T - ?



Kalman-Filtered Chandler wobble
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p1(t)    - polar motion



Unfiltered total excitation
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𝜒1(t)    - excitation



KF - Chandler wobble and its filtered excitation
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𝜒1(t)    - excitation

p1(t)    - polar motion



Chandler excitation compared with atmospheric and oceanic
OAM and AAM (GFZ)
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𝜒1(t)    - excitation



Comparison of geodetic and geophysical AAM+OAM
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𝜒1(t)    - excitation



Length of day (LOD) from EOP C04 and zonal tides

22-year cycle?

Zotov L.V. et al., 2023



4D MSSA с L=22 года, параболический тренд удален

r=0.78±0.03r=-0.92±0.01



Free core nutation disappeared?

2000 2020 2000 2020
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The Big moon ( full/new moon in perigee) drift over precession cycle
explains 90-year and 22-year modulations in the Chandler wobble

Zotov L.V. et al., ICCC workshop, 29 March 2023

~ 22 years ~ 90 yearsBig full moon

Big new moon
in ♈



Chandler wobble modulations can 
be explained by the Moon 

Zotov L.V. et al., ICCC workshop, 29 March 2023
Ideas about big moon from Yu Avsyuk and tidal cycle from N. Sidorenkov
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Zotov L.V. et al., ICCC workshop, 29 March 2023

Chandler wobble is excited by the series of 
syzygies occurring at different declinations

* - big full moon



Conclusions

• We tried to develop regularized Kalman filter procedure to extract 
Chandler wobble, we see that is disappeared in 2017-2020 and now 
appeared again, its phase is now changing like in the 1930-s

• Atmospheric angular momentum AAM, oceanic angular momentum 
OAM, hydrological angular momentum and Sea Level changes can 
not quite explain acceleration of the Earth since 2016 and Chandler 
wobble disappearing in 2020-s

• If it is a mass term, we would see it in the gravity field

• Decadal LOD changes can be related to the oscillations in the core 
and/or lunar tide influence on geophysical processes

• Free Core Nutation disappeared as well

• Earth rotation velocity and Chandler wobble changes can be 
produced by the regular mechanism which we believe is related to 
the drift of the Big Moon events over the precession cycle

Zotov L.V. et al., ICCC workshop, 29 March 2023
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Thank you for attention!


