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Atmospheric Tides
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Excited by 
Water vapor (IR radiation); 

Ozone (UV radiation)

Gravity, Rossby waves, convection, etc.

Manifest in
High-freq atmospheric density & wind variations

Affect
Gravity anomalies

Surface loading deformation

Atmospheric refraction

Earth rotation

In this presentation . . . 

How does atmospheric tidal loading vary 
temporally?

between atmospheric models?

Tools and Materials

Operational
IFS (ECMWF), ICON-Global (DWD)

Reanalysis
ERA5 (ECMWF), JRA55 (JMA), MERRA2 (NASA)



Atmospheric Tide Manifestations
Loading – Mass – Refraction
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Radial loading displacement amplitude Mass anomaly amplitude Zenith delay amplitude



Do High-Frequency Harmonics 
Vary in Time?
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We vary            
the process noise   

in a SRIF



Do High-Frequency Harmonics 
Vary in Time?
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Average variability wrt reference



Do High-Frequency Mass Harmonics
Vary Between Atmospheric Models?
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ICON – ERA5

MERRA2 – ERA5

JRA55 – ERA5

IFS – ERA5



Do High-Frequency Mass Harmonics
Vary Between Atmospheric Models?

9
Balidakis et al. (2022) Atmospheric Tidal Loading

S1 S2

Inter-Model scatter

ERA5, MERRA2, JRA55, ICON-Global, IFS



Absolute Spectral Assessment (Time Variance)
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scattersignal



Absolute Spectral Assessment (Model Variance)
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signal scatter



Recapitulation

Developed square-root information filter

to estimate high-frequency harmonic modulations

in mass anomalies, atmospheric delays, loading displacements

employing ECMWF IFS, ICON, ERA5, JRA55, and MERRA2

Do signals vary in time?

Yes (inter-annual and Sa/Ssa modulations)

Do models agree?

Yes (model > time)

Future work: model validation
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