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Current/possible Reference Frame Representations 

• "Quasi-Instantaneous" Frame: average of 

station positions over a "short" time-span:  

– One day or one week of observations 

 

==> Non-linear motion embedded in time series 

of quasi-instantaneous reference frames 

 

• Long-Term Secular Frame: mean station 

positions at a reference epoch (t0) and 

station velocities: 
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"Motions" of the deformable Earth 

• Nearly linear motion:  

– Tectonic motion: horizontal 

– Post-Glacial Rebound: Vertical & Horizontal 
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"Motions" of the deformable Earth 

• Non-Linear motion: 

– Periodic: Annual, 

Semi & Inter-Annual 

caused by loading 

effects (Atmosphere, 

Oceans, Hydrology). 

==> Apply a geophysical 

model or estimate periodic 

signals  by: 

 

 𝒂cos𝝎𝒕 + 𝒃 sin𝝎𝒕 
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ESA GNSS Repro 2  Vertical velocity differences  

(Standard – Annual+Semi-Annual) 
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Position Residuals of Porto Velho, Brazil  

Standard Solution Ann+semi-ann removed 

Velocity change 

Horizontal: 

0.2 mm/yr 

 

 

 

Vertical: 

1.7 (±0.15)  

mm/yr 
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IGS station position Up residuals: stacked periodogram 

Annual + SemiA 

(+1st +2nd +4th  dracs) 

(+3rd+6th dracs) 

Standard solution 

(+1st +2nd dracs) 

Annual + SemiA + 7 dracs 
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"Motions" of the deformable Earth 

• Non-Linear motion: 

– Post seismic deformation 

 • Piece-Wise Linear 

(PWL) function 

 

• Parametric models: 

• Logarithmic  

• Exponential 

• Log + Exp 

• Two Exp 
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Parametric post seismic models 
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Sites affected by EQ discontinuities 

(Métivier et al., 2014) 
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Arequipa Linear Function Parametric Model 

Lercier et al., 2014, submitted 
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Tsukuba VLBI Linear Function Parametric Model 

Lercier et al., 2014, submitted 
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ITRF Construction 

          Time series stacking  

X V, EOPs 

Velocity equality 

Local ties 

Combination 

ITRF 

X V, EOPs 
at co-location sites 

DORIS 
GPS 

SLR 
VLBI 

DORIS 
GPS 

SLR 
VLBI 

Long-term Solutions 

Step 1 

Step 2 

ITRF Specifications: 

Origin: SLR 

Scale: SLR & VLBI 

Orientation: Alignment  

to previous ITRF 
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Preserving SLR origin and SLR and VLBI scales  

• Stacking/accumulating individual time series 

where the long-term 

– origin of SLR  

and 

–  scale of VLBI, SLR  

are defined via internal (minimum-type) constraints: 

time 

value 

Zero line 

(Altamimi et al., 2007) 

Parameter 
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SLR/ILRS Internal Origin & Scale   



Scientific Colloquium of Leibniz-Society of Sciences (Grafarend-75), Berlin, February 13, 2015 

SLR/ILRS Internal Origin & Scale   
Annual and Semi-Annual signals + PSD removed 
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VLBI, SLR, DORIS & GPS Scales wrt ITRF2008 

VLBI GSFC SLR DORIS GPS 
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VLBI, SLR, DORIS & GPS Scales wrt ITRF2008 

VLBI GSFC SLR DORIS GPS 

Annual & semi-annual signals removed 
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Conclusion 

 

• Impact of station non-linear motions on the ITRF 

– No impact on the RF defining parameters (origin, scale & 

orientation) 

– Pos&Vel changes for EQ sites after the events 

– Velocity changes (up to 1 mm/yr) for some sites when removing 

periodic signals 

 

• Coming ITRF2014: estimation of 

– Periodic signals ==> more precise velocities 

– Post-seismic deformation using parametric models for major EQ 

sites. 


