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Abstract

The main task of the Time Series Analysis Specrajeet is the monitoring of the EPN weekly
combined SINEX solutions in order to further impeahe quality of the EPN products. The routine
monitoring involves cleaning of the individual stet coordinate time series and the maintenance
and publication of the detected coordinate offseis outliers. This information has also been used
for the computation of the ITRF2005 and its reglatensification. Using the CATREF software
(Altamimi et al 2004) cleaned cumulative soluti@me also computed and analyzed. The estimated
coordinates and velocities, together with the eutlind offset database are regularly updated and
published on the EPN CB website.

Beyond the routine monitoring the noise and twamim analysis of the EPN coordinate series has
been started. The analysis is being done with tAd SC software (Williams SD, Proudman
Oceanographic Laboratory), which uses the MLE (Maxn Likelihood Estimator) approach to
determine the noise characteristic and seasonialtizar of the coordinate time series.

The noise analysis proved the presence of the madouwoise in the EPN time series. The use of the
right noise characteristics allowed the computatibmore realistic station velocity uncertainties.
The harmonic analysis covered the estimation ofamplitudes and phase lags of the seasonal
signal may present in the time series. The analy@ssshown moderate seasonal amplitudes, 1-2
mm for the horizontal and 2-4 mm for the verticamponent. The phase lag distribution for the
horizontal components are not random, well detesthiphase lag values were found. The up
component phase lag distribution is totally diffeitat is more uniform without peaks. The physical
reality of the phase lag values is not yet studiBde results and products are published and
regularly updated at the TimeSeries section oERBICB website.

1 Computation of the EPN cumulative solution

The primary product of the EPN analysis is theesedf the combined weekly SINEX files created
at the BKG Combination Centre. The combinationasdal on the subnetwork solutions of the 16
EPN Local Analysis Centres. The combined solutiares tied to the actual ITRF realization by
tightly constraining a subset of EPN-ITRF sitesncgi GPS week 1330, the new ADDNEQ2
program (Beutler et al 2006) and the more favowratinimum constraint (MC) approach is used.
During the 10 years of operation both the networkrederence sites and the reference frame
realizations were changed resulting in inhomogeseamordinate series. To eliminate part of the
inconsistencies (reference frame changes and gnsadéint) the EPN Time Series Special Project
computes monthly a cumulative solution using CATRHRis software applies the minimum
constraint approach to align the EPN to the |afERf realization (by the end of 2006 we used
ITRF2000 and the following reference sites: BORAZE, GRAS, MATE, NYA1, MAS1, METS,
ONSA, VILL, POTS, WTZR). The main advantage of theimal constraint approach is that the
influences of the site specific, non-stationary rdomate variations of the reference sites on the



results are minimized.

Fig. 1. Distribution and 'age’ of the EPN sites (statu4 B2006). The orientation and grey
shades of the triangles indicate the length oftlalable data series.

The final step of the combination is a series gfarameter Helmert transformations, performed
between the cumulative and each of the individue¢kiy solutions. The transformation residuals
represent the time series that will be analysed.aAby-product, the values of the weekly
transformation parameters are saved and plottédyir2. All parameters show a drift and an annual
periodicity. The periodicity of the rotation params appears only for the X and Z components,
while the translation parameters only have a peiydor the Y component!

Fig. 2. The Helmert translation, rotation and scaléhe positive offset in the Z translation
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solutions.

During the routine analysis the coordinate offselisted to equipment change and the outliers
caused by short or long term inconsistencies @gw coverage, antenna problems) are manually
identified and removed from the time series. Thialiase of the outliers and offsets are published
at the EPNCB website both in a simple text file andhe internationally recognised SINEX
format. An extract of the outlier datafile is prese below in Table 1.

Status: 2006: 200

Station_ID GPSweek Estimated outlier value(*) expl anation
——————————————— from-to -----North-----East-----Up-----------------------
ANKR_20805MD02 1023 1040 [-3,3] [0, 8] [-15,0] lzmt EQ
ANKR_20805MD02 1054 1054 -8 X 66 single_outlier
ANKR_20805MD02 1266 1281 X X [15,55] antenna_nal function?
BOGO _12207MD02 0860 0898 X X [-5,-15] station_start
BOGO 12207MD02 1123 1125 [8,21] X X single_outlier
BOR1_12205MD02 0943 0944 X X [-14,-22] single_outlier
BOR1_12205MD02 1307 1307 X X 13 single_outlier
BORK_14268MD01 1212 1221 3 X [-8,-23] antenna_nal function
BORK_14268MD01 1222 1224 X X 5 tenporary_ant enna
BRST_10004MD04 1083 1083 6 -16 -13 single_outlier
BRST_10004MD04 1237 1237 X X 14  single_outlier
BRST_10004MD04 1317 1324 [5,13] -6 X ant enna_nal functi on
BRUS 13101MD04 1059 1059 -3 -2 13 single_outlier
BUCU_11401MD01 1002 1021 4 -3 X station_start
BZRG 12751MD01 1123 1167 [0, -30] [0,9] [10,-13] antenna_mal function
ZECK_12351MD01 0935 0935 X X -34  equi pnent _change
ZI MM_14001MD04 0886 0886 X X -17 single_outlier
ZOUF_12763MD01 1301 1301 -4 X -38 equi prent _change
ZWEN_12330MD01 1057 1066 [-34,-55] [20,44] [-20] antenna_mal function
ZWEN_12330MD01 1078 1080 10 [15] [-40] tenporary_equi prent
ZWEN 12330MD01 1115 1123 [-9] [-6,-20] [1,18] antenna_mal function
ZWEN _12330MD01 1210 1210 X X 27 single_outlier
ZWEN_12330MD0O1 1274 1288 [ 36, 0] [10] [10] fragment

ZWEN_12330MD01 1289 1296 X X [-10] fragnent



(*) Explanation of outlier value designations

X : no significant outliers for the conponent
single value : well determ ned single value for the week(s)
[single value] : typical, well determ ned average value for the interva
[from to] : the outliers vary between the given range

Table 1. An extract of the EPN_outliers.www fileadlable at the EPNCB website.

The quality of a single weekly solution is charaizeed by the weighted RMS (root mean square)
values (see Fig. 3a,b) obtained from the multigmanbination. The quality improvement after the
removal of the offsets and outliers, especially floe height component is quite remarkable.
However, still some seasonal variation of the WRM@ighted RMS) remains, with peaks around
winter time; these are clearly correlated with $hew coverage of some GPS antennae. The reason
of the temporary drops in the horizontal WRMS valigenot yet understood, but we suspect that it
caused by the improperly removed constraints fileencombined solution.

The WRMS plots, given in Fig. 3a-b, stress the inguwe of the offset and outlier elimination
from the time series. After the cleaning we obtdia@ RMS of 1.4, which is an improvement of
40% compared to the results obtained without afgebfind outlier elimination.
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Fig. 3a-b. Weighted RMS of the weekly EPN solutions beford after the elimination
of the coordinate offsets and outliers. The improeat is more than 40 %!

2 Noise analysis of the EPN series

The power spectra of the noise present in the coateltime series is characterized by a power-law
dependence on frequenty

PP, "
whereK is the spectral index anéy is a normalizing constant. The spectral index gahany
floating number, but as the natural processes gnbstfe more power at low frequencies they are
characterized by negative indices. Some integaregabre assigned to special proceskes? is
called random walkkK=-1 is flicker noise ant&=0 is white noise. The right modelling of the real
noise spectra of the GPS time series is criticgpheeially when station velocities are estimated.
According to previous studies (Mao et al, 1999, I\#fihs, 2003) it is incorrect to assume, like in
most of the GPS processing and combination sofsydhat the time series containes white noise
only. A direct consequence of this mismodelinghis dbver-optimistic estimation of the coordinate

and velocity uncertainties.
In our study we used the MLE (Maximum LikelihoodtiEgation) approach of the CATS software.



After the removal of the linear and annual termsesémated the spectral indices of each EPN
station (Fig. 4). The obtained spectral indicesgemhbetween [0;-2]; the average index for all
coordinate components was near —1 (flicker nodearly indicating the presence of coloured noise
in the EPN coordinate solutions.
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Fig. 4a-b-c. Histograms of the distribution of the estimateddpal indices for the North
(a), East (b) and Up (c) coordinate components.'@teeme’ values (-2> k > 0) are from
short series (> 1 year).

This result is in full agreement with the ones dedi for other regional networks (e.g. Williams et
al, 2004). In addition, the spectral indices do statw random walk type noise, which indicates the
long-term monument stability of the sites.

The histograms of the spectral indices for eachhef components are characterized by slightly
different distributions. Remarkable is the diagramthe East component, which shows a less
significant peak around k=-1. When the linear amassnal terms are not removed the flicker noise
is much more dominating.

Using the above discussed white+coloured noise madeestimated the velocity uncertainties of
each EPN station. The computed uncertainties wddidhes larger than the values coming from
the white noise-only model. Since they are based well-determined statistical model, our values
are considered more realistic. All results are lab® from the EPN CB website
(www.epncb.oma.hQeor anyone interested in geophysical interpretati

3 Harmonic analysis

The stacking of the weekly SINEX files eliminatdge tinconsistencies caused by the reference
frame changes and also removes a regional sigtakdeto the time variable alignment of the
regional network to the global frame. This lattan de studied through the series of the parameters
of the 7-parameter Helmert-transformation (see Rp. All transformation parameters show
seasonal variation caused by the common movemeihiedEPN with respect to the global frame.
However these parameters are not helpful to extesdf station-specific information. The residual
coordinate time series, which are obtained afteistacking, reflect better the local behaviourhef t
individual stations and will be studied in the &vlling.

Using the CATS_MLE software, the phase lags andlitudes of the annual periodic terms were

estimated. Considering the results of the previodgscribed noise analysis the estimation was
done assuming the white+flicker noise model. Wentbaverage amplitudes of 1 mm both for the
North and East components and 2 mm for the Up coemqto

The estimated harmonic parameters were used tteanea time series plots. The existing cleaned
plots, showing the coordinate development of théats in the ETRS89 frame (with respect to the
Eurasian plate) has been retained, but the deddepbbts were replaced with two additional plot

sets. One is the extension of the existing de-gdnplots with the estimated annual sinusoidal
coordinate variation and the other is the same pldtthe annual term is removed from the original
one (see the examples in Fig. 5). This latter tedidime series may more clearly show the



variations in the series.
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Fig. 5. De-trended time series plots of HFLK (Hafelekanskia). The estimated amplitude and
the phase lag values of the annual signal are gatetme bottom of the plots. The annual
sinusoidal terms are indicated on both plots, bubha right plot the annual term is removed
from the series. Similar plots are available foiERN stations at the EPN CB website.

In Fig. 6a-b-c the normalized polar histograms feé North, East and Up components of the
estimated annual periodic terms are shown. Thedrains give a clear insight into the distribution
of the estimated phases and amplitudes. The haakzand vertical annual signals have a
completely different phase lag distribution. Whitke horizontal components show two
representative phase lag values of about +30 atldégrees (corresponding to +1 and -5 months)
the vertical component exhibits a more uniform ghakstribution. The geophysical models
describing the temporal variation of the solid Batd not indicate a significant annual periodicity
in the horizontal components and therefore the robsgedistribution is most probably due to an
artificial signal caused by e.g. processing and elimd) shortcomings. It is expected, that when the
whole EPN observation dataset will be re-processétl better and uniform models for the
antennae phase centres and the atmosphere, therttatiseasonal signal will be highly reduced.

Up

Fig. 6a-b-c. Normalized polar histograms of the estimated eHag distribution for the
North, East and Up coordinate components. The phgseare expressed in months.

Considering the vertical component on the registle statistically we may not expect one
representative phase lag group, because the logdmggion depends on the latitude, longitude and
time. However according to independent investigei(King et al, 2005) the phase lags estimated
from the GPS data do not agree with the geophysimalel predictions. Therefore the estimated
EPN vertical phase lags also suggest modellingasthmings.



4VELOCITY ESTIMATION

Beyond the station performance, the quality of éséimated coordinates and velocities is also
dependent on the length of the observation seflesignificant portion of the EPN sites has less
than 3 years (see Fig. 1) observation history. Oube apparent noise and annual periodicity in the
series those sites should be treated with cautibenwcoordinates and velocities are estimated
(Blewitt and Lavallee, 2002Fig. 7 shows an example of the dependence ofshmated velocity
on the length of the observation series.
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Fig. 7. Dependence of the estimated velocity on the ablglobservations, when annual
periodicity is present. This example is derivednirthe time series of CHIZ (Chize
France), which has an annual periodic signal withm?amplitude at each component.

As a compromise between targeting the highest acguand responding to user needs, we decided
not to publish any velocities for sites having ditaless than 18 months. Using the procedures
explained in this paper, we compute and publiskbregice coordinates and velocities of the EPN
stations at the EPN CB website. This informatioregularly updated.

Finally the map with the estimated horizontasideal velocities is presented in Fig. 8. All
velocities are relative to the Eurasian plate, witae NUVEL1A-NNR model velocities - modified
by Altamimi to better fit to ITRF2000 - are usedderive the intraplate velocities. The velocity
uncertainty ellipses are derived from the values eeenputed by CATS_MLE taking the
coloured+white noise model into account.



Fig. 8. The estimated EPN residual velocities wrt theaiam tectonic plate. Some sites
has double velocity estimations, where following awent (equipment change,
earthquake) the station had apparently differehaiieur.

5 SUMMARY

The EPN Time Series Special Project monitors thekiyeSINEX files, eliminates the observed
offsets and outliers and maintains a databasedimgiuthe detected inconsistencies. This database is
harmonized with the IGS discontinuity table used tbe computation of ITRF2005. The
discontinuities of the non-IGS EPN stations aredusegenerate an EPN solution delivered for the
regional densification of ITRF2005. Using the cledmweekly SINEX files monthly updated ITRS
coordinate and velocity solutions are published tba EPNCB website. Until the regional
densification of ITRF2005 will be published, thes®utions are considered as the most accurate
and up-to-date source of the ETRF coordinates atatiies for the EPN stations.

In this paper we presented new results of the lddtastudies concerning the analysis and
improvement of the EPN's long-term products as dioates and velocities. We have shown how
the performance of all stations are monitored am the station problems are kept track and the
combined weekly SINEX files are cleaned. The harglbf the offsets and outliers makes 40 %
overall improvement of the cumulative solution. Yeved the presence of the coloured noise and
we computed reliable velocity uncertainties. A gahdarmonic analysis was done, which just
called our attention for the existing modelling lplems.

In the future we plan to validate our estimatiorthad vertical annual periodicities with information
from independent processing approaches (PPP bye8ewr GIPSY) and by comparing them with
real environmental and satellite based models. Ndeld note here that the unavoidable global and
regional GPS reprocessing will provide more realisbordinate time series for the further studies.
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