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Abstract 
 
In the modern geodesy the role of the permanent station is growing 
constantly. The proper treatment of the time series from such station lead 
to the determination of the reliable velocities. In this paper we focused on 
some pre-analysis as well as analysis issues, which have to be performed 
upon the time series of the North, East and Up components and showed 
the best, in our opinion, methods of determination of periodicities (by 
means of Singular Spectrum Analysis) and spatio-temporal correlations 
(Principal Component Analysis), that still exist in the time series despite 
modelling. Finally, the velocities of the selected European permanent 
stations with the associated errors determined following power-law 
assumption in the stochastic part is presented. 
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1. Introduction 
 
The International Terrestrial Reference Frame (ITRF) is being defined, inter alia, by 
GNSS (Global Navigation Satellite System) permanent stations that constantly 
register navigation data for observing changes of their position in time. According to 
GGOS (Global Geodetic Observing System) resolutions, the ITRF should be stable 
at the level of 0.1 mm/yr with respect to the velocities (Plag nad Pearlman, 2009). 
Furthermore, the EPN (EUREF Permanent Network) guidelines recommend to move 
the permanent station into A (the highest) class when the formal uncertainty of the 
last velocity estimate is below 0.5 mm/year (Bruyninx et al., 2013). These demands 
make that the several topics during the process of velocity estimation from the 
topocentric (North, East and Up) component time series have to be complied. 
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where lik represents the likelihood function, v̂  is the time series residua matrix, Cx is 
the covariance matrix of the observations. The integer spectral indices, i.e. -2, -1 and 
0 correspond successively to: random-walk (RW), flicker (FN) and white noise (WN), 
respectively. As was previously shown by e.g. Zhang et al. (1997), Williams et al. 
(2004) or Santamaría-Gómez et al. (2011) the GPS time series are characterized 
well by the power-law dependencies being quite close to flicker noise, that is the 
effect of mismodelled satellite antenna phase centers (APC), Earth Orientation 
Parameters (EOP), SV orbits as well as large-scale atmospheric or hydrologic effects 
not being considered to a standard processing of the navigation data.  

However, the residua being the ordinary difference between time series and the 
deterministic model still are either temporally or spatially correlated (Wdowinski et al., 
1997). The possible reasons of those correlations should be searched within 
mismodelling of Earth Orientation Parameters, satellite orbits, clocks and Antenna 
Phase Centre (APC) variations as well as unmodeled large scale effects originated 
from atmosphere and hydrosphere. Computing algorithms and methods should also 
be mentioned as the potential contributors (Dong et al., 2006). That is why we need 
to define the Common Mode Error (CME), which is the sum of environmental and 
technique-dependent systematic errors in GPS position time series. The CME, which 
is a kind of the temporally correlated noise, can be seen in the time series from 
regional GNSS networks that span hundreds of kilometers. The method of 
subtracting CME was firstly presented by Wdowinski et al. (1997). Nikolaidis (2002), 
implemented method called “weighted stacking” by taking individual position Root 
Mean Square (RMS) error into consideration. For the set of European stations 
associated to the EPN (EUREF Permanent Network) it was successfully investigated 
by Bogusz et al. (2015).  

In this research we used Principal Component Analysis (PCA), which implements 
Empirical Orthogonal Functions (EOF) to reveal common signals in residual time 
series (Dong et al., 2006). PCA is a statistical procedure, that uses orthogonal 
transformation to subtract the CME stored in particular Principal Components (PC, 
Williams et al., 2004). Using this method, we found p-first numbers of significant PCs, 
and we then computed CME as follows (Dong et al., 2006): 

 

 
with 

 

 
being the k-th principal component of matrix R and vk is corresponding 

eigenvector. PCA is an effective algorithm for removing CME. Figure 4 presents 
normalized response of the considered network, which can be identified with positive 
station contribution into the amount of variation of Up component in first PC. 
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Tab. 1. Velocities [mm/y] of the selected European permanent station with the errors 

Name Location 
Time span 
[decimal 

year] 

Velocity [mm/y] Velocity error [mm/y] 

N E U mN mE mU 

AJAC Ajaccio, France 2001.0-2005.8 15.29 21.38 0.10 0.04 0.03 0.11 
ANKR Ankara, Turkey 2000.8-2007.9 12.43 0.41 -2.61 0.04 0.04 0.10 
BOR1 Borowiec, Poland 1996.0-2016.0 14.65 20.12 -0.69 0.01 0.01 0.03 
CRAO Simeiz, Ukraine 2003.1-2008.4 11.37 24.20 1.31 0.09 0.10 0.28 
EBRE Roquetes, Spain 1999.0-2016.0 16.19 19.70 -0.33 0.03 0.02 0.03 
GLSV Kiev, Ukraine 1998.1-2016.0 12.03 22.48 0.11 0.02 0.02 0.06 

GOPE 
Ondrejov, Czech 

Republic 
1996.0-2016.0 15.71 20.18 1.56 0.01 0.01 0.03 

GRAS Caussols, France 1996.0-2016.0 16.54 20.70 0.51 0.01 0.01 0.03 
GRAZ Graz, Austria 1996.0-2016.0 15.93 21.64 0.35 0.01 0.01 0.03 

HERS 
Hailsham, United 

Kingdom 
2001.6-2016.0 16.41 16.48 0.04 0.02 0.01 0.05 

HOFN Hoefn, Iceland 2002.0-2016.0 14.78 13.98 13.12 0.02 0.02 0.05 
KIRU Kiruna, Sweden 1996.0-2016.0 14.89 16.09 6.80 0.02 0.03 0.10 

KOSG 
Kootwijk, 

Netherlands 
1996.0-2003.0 16.22 18.45 -0.96 0.03 0.02 0.08 

LAMA Olsztyn, Poland 2008.0-2012.0 14.12 20.03 -0.98 0.08 0.04 0.17 

MAR6 Maartsbo, Sweden 1999.1-2016.0 14.12 
18.19

83 
7.31 0.01 0.01 0.06 

MATE Matera, Italy 1996.0-2016.0 19.45 23.22 0.97 0.02 0.01 0.04 

MDVO 
Mendeleevo, 

Russian Federation 
1999.0-2002.8 10.65 23.74 0.89 0.10 0.13 0.49 

METS 
Kirkkonummi, 

Finland 
1996.1-2010.5 12.66 20.00 4.51 0.02 0.02 0.07 

NICO Nicosia, Cyprus 2009.0-2016.0 14.12 18.89 0.17 0.08 0.06 0.20 
NOTO Noto, Italy 1996.0-2000.7 18.91 20.66 0.69 0.14 0.07 0.22 
NSSP Yerevan, Armenia 2007.0-2009.7 16.39 29.37 -1.76 0.14 0.16 0.59 
NYA1 Ny-Alesund, 

Norway 
2000.0-2016.0 14.61 10.94 8.34 0.03 0.01 0.10 

NYAL 1996.0-2016.0 14.08 10.65 8.25 0.03 0.02 0.10 
ONSA Onsala, Sweden 1996.0-2016.0 14.77 17.25 2.54 0.01 0.01 0.02 

PDEL 
Ponta Delgada, 

Portugal 
2000.2-2016.0 16.22 12.28 -0.68 0.05 0.04 0.11 

PENC Penc, Hungary 2008.0-2016.0 14.24 22.44 -1.65 0.07 0.05 0.17 
POTS Potsdam, Germany 1996.0-2016.0 15.15 19.15 -0.27 0.01 0.01 0.04 

QAQ1 
Qaqortoq / 

Julianehaab, 
Greenland 

2004.0-2011.0 13.53 -17.24 3.44 0.04 0.07 0.24 

RAMO 
Mitzpe Ramon, 

Israel 
2006.0-2012.0 19.22 23.06 1.11 0.07 0.06 0.23 

REYK Reykjavik, Iceland 1996.0-2016.0 20.86 -10.57 -1.13 0.02 0.02 0.06 
RIGA Riga, Latvia 2001.0-2016.0 13.56 20.13 0.28 0.02 0.02 0.09 

SFER 
San Fernando, 

Spain 
2001.0-2016.0 16.99 14.75 0.65 0.03 0.02 0.09 

SULP Lviv, Ukraine 2004.0-2010.6 13.97 21.64 -0.01 0.04 0.03 0.13 
TRO1 

Tromsoe, Norway 
2005.0-2016.0 15.09 14.83 4.24 0.05 0.03 0.23 

TROM 2004.0-2009.4 14.65 14.25 3.04 0.02 0.02 0.20 
UPAD Padova, Italy 1996.0-2001.9 17.85 21.60 2.54 0.06 0.03 0.09 
VILL Villafranca, Spain 1996.0-2016.0 16.96 18.95 -0.93 0.03 0.03 0.06 

WTZA 
Bad Koetzting, 

Germany 

2001.0-2016.0 15.25 19.93 -0.39 0.02 0.01 0.04 
WTZR 1996.0-2016.0 15.50 20.35 -0.85 0.02 0.01 0.03 
WTZS 2009.0-2016.0 13.78 19.14 -0.46 0.10 0.05 0.23 
WTZZ 2002.4-2016.0 15.22 20.19 -0.11 0.03 0.02 0.08 

ZIMM 
Zimmerwald, 
Switzerland 

1996.0-2013.0 16.43 19.45 2.64 0.02 0.01 0.05 
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