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Which EOP variability we call 
anomalous:

• Free core nutation signal decrease in 2020

• Earth rotation velocity maximum in 2023-2025

• Chandler wobble disappearance and phase shift in 2017-2020

What we can get from GRACE-GFO:
• C20 changes and their effect on LOD

• C21, S21 changes and their effect on polar motion 

• tides!?

Hydrological Angular Momentum HAM, mass term



Free core nutation signal FCN in Celestial Pole Offsets (CPO)
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Long-term Length of Day (LOD) changes
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Form-factor J2=- 5C20 from SLR, GRACE, GFO 

effect in LOD
Influence 
on
LOD, ~0.1 ms
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Short-term Length of Day (LOD) changes

Plot made on MJD 60956, 8 Oct 2025
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C21, S21 agreement with polar motion trends

L. Zotov, Ch. Bizouard, C.K. Shum, Ch. Zhang, N. Sidorenkov, V. Yushkin, Analysis of Earth’s Polar 
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Coefficients from Satellite Gravimetry, Advances in Space Research, N69, 2022, pp. 308-318, 
https://doi.org/10.1016/j.asr.2021.09.010 

Climatological mass transport is responsible for polar drift changes

XY

https://www.sciencedirect.com/science/article/abs/pii/S0273117721007171


Chandler wobble (CW) 1846 - 2025 and its phase changes

In 2017-2020 CW decayed

In 2021 it started again
upside down
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Lunar perigee (8.85 years eastward) and nodes (18.6 
years westward) motion in the sky
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Perigee and node of the lunar orbit meets every 6 years
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Zonal tide
model in LOD
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Probably CW and LOD anomalies occur once in 90 years in result of
apsidal-nodal effects
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Conclusions

• GRACE and GFO derived mass term explains small ( up to 0.1 ms) 
changes in LOD (from J2) and almost all polar drift (from C21, S21 )

• Climate change can be the reason for some Earth rotation 
deceleration and change of the polar motion drift

• Disappearance of Chandler wobble in 1930-s and 2020-s occurs 
simultaneously with the epochs of largest LOD minima

• mass component excitation from GRACE and GRACE-FO can not 
explain these decadal anomalies in the Chandler wobble and LOD

• But if the tidal mass transport has relation to the EOP anomalies 
(usually subtracted from GRACE/GFO data) satellites can help to 
improve understanding of LOD minimum and CW decay
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