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INTRODUCTION

Á One of the goals of EUREF (Regional Reference 
Frame Sub-Commission for Europe) is the 
development of a deformation model for Europe

Á Estimation of a dense velocity grid

Á Using GNSS-based station velocity solutions
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Á One of the goals of EUREF (Regional Reference 
Frame Sub-Commission for Europe) is the 
development of a deformation model for Europe

Á Estimation of a dense velocity grid

Á Using GNSS-based station velocity solutions

Á For example: òEPN densificationó by Kenyeres

Á Regional weekly GNSS solutions (SINEX format) 
combined to weekly solutions, and station velocities 
estimated by rigorous stacking of the combined weekly 
solutions in the CATREF software

Á Data cleaning is an important part of the process and 
stations with unrealistic velocities (mostly due to short 
time series in the 2 ð3 years domain) are removed

Á More information: http://epncb.oma.be/_densification/

Á Dataset òEDV14_ENEU_v3.filtó from August 8th, 2018, is 
used in the following

Á Dataset is in ETRF2000
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INTRODUCTION
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INTRODUCTION

Interpolation to     
50 km x 50 km grid 
(other grids (e.g., 

denser) are possible)
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INTRODUCTION

Applicationof collocationmethodology

ᴼAdvantage of usingseveralobservations at the same time

ᴼUsesobservations includinguncertainties
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Interpolation to     
50 km x 50 km grid 
(other grids (e.g., 

denser) are possible)



COLLOCATION (SHORT SUMMARY)

ÁVelocity data are filtered and interpolated (prediction) using least-square collocation 
(LSC, based on Moritz, 1980)
Á ὰ ί ὲ

Á ὰðobservations

Á ίðsignals

Á ὲðnoise

ÁSignal and noise can be separated and the signal and the corresponding uncertainty 
can be obtained at observation points or new points

ÁCalculation involves the estimation of covariance matrices ᴼdepends only on the 
distance between the points and the choice of the covariance function                  
ᴼὅ (signal covariance) and Ὠ (correlation length) have to be determined

ÁAll known information should be reduced from the observations before covariance 
calculation and collocation are applied (e.g., background model, mean value)          
ᴼadded afterwards again (òremove-compute-restoreó)
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BACKGROUNDMODEL

Background model is reduced from observational data ᴼ theoretical GIA (Glacial Isostatic 
Adjustment) model rotated into ETRF2000 (same reference frame as the GNSS data)

interpolated to 
observational 

points
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COVARIANCEFUNCTION

Gauss-Markov 1st order used: ὑὨ ὅ ɇὩ ϳ (covariancesarenormed)

EW ðEW

NS ðNS

EW ðNS/NS ðEW

ὅ ϳάά ώὶ Ὠ Ὧά

EW ðEW πȢωπππȢρρρ ςσψχσ

NS ðNS πȢωυσπȢπχφ ςφχυρ

EW ðNS

NS ðEW
πȢωπππȢπωυ ςσυφρ
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Note: the 250 km is the 1/e value
- not the value of half power



COLLOCATION ðFILTERING

Separation of the 
observation into a 
signal and noise 

component

ᴼFiltering
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COLLOCATION ðFILTERING

Red ðoriginal data

Black ðcollocated(filtered) data
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COLLOCATION ðFILTERING
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Á Comparisonof observedto collocated
(filtered) data (mm/yr)

Entire area

Min Max Mean RMS

EW -0.354 0.341 0.0 0.028

NS -0.289 0.289 0.0 0.021



COLLOCATION ðFILTERING
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Á Comparisonof observedto collocated
(filtered) data (mm/yr)

Entire area

Min Max Mean RMS

EW -0.354 0.341 0.0 0.028

NS -0.289 0.289 0.0 0.021

Germany

Min Max Mean RMS

EW -0.042 0.041 0.0 0.010

NS -0.181 0.182 0.0 0.036

Italy

Min Max Mean RMS

EW -0.212 0.193 0.0 0.029

NS -0.211 0.208 0.0 0.024



COLLOCATION ðINTERPOLATION

Prediction of the 
signal at new points

ᴼInterpolation
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COLLOCATION ðINTERPOLATION

Red ðoriginal data

Black ðcollocated(filtered) data
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