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Time Series Analysis of EPN Stations
asa Criterion of Choice of Reference Stations
for Local Geodynamic Networks

A. BORKOWSKI, J. BOsy, B. KONTNY*

Abstract

Local and regiona geodynamic studiesneedseval uation of inner
(intraplate) velocities, reference points velocities first of all.
Relative velocities between selected EPN stations can be
evaluated using different approaches (time series analysis,
ITRF2000 velocities, NUVEL1A-NNR velocities). Authors
present the method of the mean trend congruency analysis of
EPN stations coordinates time series (from weekly EUREF
solutions). The results of time series analysis of EPN stations
located no morethen 700 km from our local geodynamic network
(LGN) SUDETESIocatedin Sudety Mts. and Sudety Foreland
(Cental Europe), performed for the sdlection of thebest reference
stations are presented. Taking into account the results of
performed classification aswell asthedistance between stations
and thelocal research area(Sudety Mts., SW Poland), the best
conditionsof connection of local measurementstothe European
network have been fulfilled for the stations: BOR1, PENC,
GOPE, GRAZWTZR and POTS. StationsasWROC and MOPI,
located also close to the research area possesses significantly
worse quality parameters. Finally the influence of reference
station selection on estimated vel ocities of local geodynamic
network pointsisshown. Theauthorsparticipatein EPN Special
Project: Time series monitoring for geokinematics (Central
Europe subnetwork).

1. Introduction and Motivation

The definition of a geodetic reference frame by modern
techniques (GPS) requiresadetermination of the systematic
temporal changesof thedefining stations’ positions. Local
and regional geodynamic studies need evaluation of inner
(intraplate) velocities, reference points' velocitiesfirst of
all. Relative velocities between selected EPN stations can
beevaluated using different approaches(timeseriesanalysis,
ITRF2000 velocities, NUVEL1A-NNR velocities).

Theauthorsproposeamethod of the meantrend congruency
analysisof EPN stationscoordinatesti me series(fromweekly
EUREF solutions) for thispurpose. Theresultsof timeseries
analysisof EPN stations, located no morethen 700 kmfrom
local geodynamic network (LGN) in Sudety Mts. and Sudety
Foreland (Cental Europe), performed for the selection of

the best reference stations are presented in the paper.
Presented analysishave been limited only to the horizontal
coordinates and velocities.

2. TheRegional And Local Gps Networks

Since 1996 at the European Continent the GPS EUREF
Permanent Network, supervised by the EUREF-T echnical
Working Group, has been functioned (EUREF TWG).

TheEPN network wasoriginally established for serving as
an Europeanregional geodetic referenceframe. It hasbeen
treated as the regional as well as recognised as a part of
International GPS Service (1GS). During the meeting in
Tromso (21 June 2000) the EUREF TWG have created a
new EPN Specia Project (SP), charged with the tasks to
monitor the EPN weekly combined SNX solutions and to
analysethe EPN timeseriesin order to further improvethe
network performance (http: /Awww.epnch.oma.be/projectssp
timeseries.html). Within the above mentioned project the
authors of this paper have introduce atime seriesanalysis
of the EPN stationslocated at the one of the six network’s
regions (fig. 1) - (V. Central Europe STU/AUW).

In 1992 aninvestigation of the recent movement of theupper
layer of lithosphere of theareasin Eastern Sudety Mts. and
Sudety Foreland was begun. The following areas were
investigated: Dniednik Massif, Paczkéw Tectonic Trough
and Storowe Mts. In 1996 these separate projects were
included into the GEOSUD (” GEOdynamicsof SUDety”)
project and geodynamical GPS local precise network
GEOSUD was established by Department of Geodesy and
Photogrammetry of Agricultural University of Wrooaw
(CAco% S, et al. 1998).

Thegeodynamical GPSnetwork SUDETES(Fig. 2) covers
theareaMiddle- and East-Sudety Mts. anditsforeland and
linkstogether existing Czech and Polishlocal GPSnetworks
inthisarea. The Polish part of thisnetwork includesselected
sites of the network GEOSUD. The Czech part consists
mainly of thenetwork SILESI A builtin 1997 by theIngtitute
of Rock Structure and Mechanics of the Czech Academy
of Sciencein Prague (SCHENK V., et a. 1999).
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Fig. 1: The EPN subnetworksmonitored by the SP groups (http: /Mmw.epnch.oma.be/projects/sp
timeseries.html)
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Fig. 2. The geodynamical local GPS network SUDETES



78 EUREF Permanent Network: Developments and applications

Whilethedataprocessing the SUDETESnetwork hasbeen
connected with the regional EPN by especially chosen
particular permanent stations. Thechoiceof the permanent
stations has been depended on many factors as: station’s
locationinrelationto LGN andto geological structuresexist-
ingintheinvedtigated areaaswel | asobservationdataquality
and quantity. The authors have carried out the time series
analysisbased on the dataobtai ned from stationswhich have
beenlocatedintherangeof 700 kmfromtheareaof thelocal
geodynamics network SUDETES and which had been
activated at | east two yearsbefore. Furthermore, theresults
of analyseshavebeen rel ated to main geol ogical structures
of the Central Europe.

3. Time Series Analysis Of Selected Epn
Stations

The input information used for time series of stations
positions summary X (t;),Y,(t;), Z,(t;) during the
particular GPSweseks, t, =860, 861, ..., 1115 , havebeen
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obtained from the EUREF network solution (the SINEX
files). The geocentric coordinates of the station have been
transformed into the geodetic coordinates

{X. ). Yot 2,0} ~{ g t) At ho(t) L by
following the algorithm presented in (Fukushima 1999).
Furthermore, the linear changes of station’s position (Fig.
3) in the direction of j (N-S) and | (E-W) have been
calculated following the formula:
AG(1) = R[4,(1) - 9, (1))
(1)
M) = R[A() - A.)]

where R, is a average radius of the ellipsoid curvature
relatedtothestations, R, =,/M (N, +h_, andthemean

curvature radiuses M ;and N, have been calculated on
the basis of the WGS' 84 parameters.
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Fig.3. Time series of linear changes of position of the three selected EPN stations' in directions N-Sand E-W.

Timeseriesas A@ and AA, have beenrecognised asthe

basefor thequality hierarchy of thestation. Thementioned
hierarchy has been introduced by following the iteration
process where the criteriawas discrepancy degree of time
series of particular station in relation to the mean trend
determined by using thel east squareserror’ smethod based
on the stations. The iteration process may be divided into
three steps:

Step 1. Determination of j and | changetrend (Fig. 4) based
on Ag, and AA, for n chosen stations, assuming the

Py =8, tat asamodel of station’s movement, where
coefficients a, and a, are estimated,;

Step 2: Caculationof standard deviation o, = /o, +07;

where 52 :;z[( b, —A¢s)tl]2, a? :%Z[( p,-o0),|

and mis observations number done at particular stations;

Step 3: Rejecting the stationwith themaximal valueof o,
decrease n value by one and return to Step 1.
Eliminated stations become the position of
n,n—=1n-2,..., linhierarchy (Table 1).
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Fig. 4. Determination of j and | change trend based on A¢_ and AA, for n chosen stations (iteration No. 1 and 15)

Tablel

Station|/Obs| 1 2 | 3 | 4 5 6 7 8|9 10 11 12 13 14 15 16 17 |18 | 19 20 21 | 22 23
BOR1 255 23 20 26/ 33 33 29 24 23 19 18 1.7 17 17 18 18 18 16 16 16 16 15 15 15
PTBB = 57 19 18 18 18 19 19 18 17 17 16 16 17 16/ 16/ 17 17 17 17 17 17 16 17 -
UZHL | 95 24| 23 24 25 26 26/ 24 23 22 22/ 21 21 21 21 21 21 21 21 21 21 21 - -
KLOP | 81 27 26/ 26| 26 29 27 27 25 26 25 26 25 24 24 24 23 22| 22 22 22 - - -
HOBU 50 23| 25 24| 23| 24 24 24 25 25 26 26 24 25/ 25 24 23 25 26 26 - - - -
GSR1 | 12] 22| 22 22 22 22 22| 22/ 23 23 24 24 23| 24 24 24 24 25 26 - - - - -
OSJE 32 22| 24 23 23| 23 23] 24 25 25 26 26| 24 25 25 23 24 26 - - - - - -
PENC 255 24/ 25 28 32 31 28 26 26 26 27 26 25 26/ 26 26 24 - - - - - - -
GRAZ 254| 3.7/ 38 43 50 49 45/ 40 39 35 35 30 30 30 28 28 - - - - - - - -
GOPE | 255| 33| 32 37 42 41 38 34 33 31 31 28 29 29 28 - - - - - - - - -
POTS 256 29 27 27 30 31 29 28 27 27 27 32 31 31 - - - - - - - - - -
DRES 82 38 39 39 39 38 38 39 40 41 42 42 41 - - - - - - - - - - -
SBGZ 120| 53| 51 53 54 54/ 53 51 50 49 49 48 - - - - - - - - - - - -
WTZR | 256 4.8 49 42 38 41 42 45 46 49 50 - - - - - - - - - - - - -
BZRG 125 4.8 50 48| 45 44 46 48 49 51 - - - - - - - - - - - - - -
WROC| 192 55 657 50 43| 43 47 52 53 - - - - - - - - - - - - - - -
KARL 136 6.4 6.7 63 60 59 61 64 - - - - - - - - - - - - - - - -
MOPI | 224/ 69 7.2 6.4 58 58 6.2 - - - - - - - - - - - - - - - - -
OBER 1229/ 7.1 74 6.7 6.0 59 - - - - - - - - - - - - - - - - - -
PFAN 211 6.8 6.6 6.4 64 - - - - - - - - - - - - - - - - - - -
BOGO 256 75 7.2 81 - - - - - - - - - - - - - - - - - - - -
JOZE | 256 10.2 10.0 - - - - - - - - - - - - - - - - - - - - -
LAMA | 253 12.0 - - - - - - - - - - - - - - - - - - - - - -
dB[mm/Y] | 13.4 135| 13.6/ 13.7 13.6/ 13.6/ 13.5 13.5 13,5/ 13.5 13.3 13.2 13.2 13.0 13.0 13.0/ 13.2 13.2 13.1 13.2 13.3 13.4|13.4
dL[mm/Y] | 31.0 31.0| 30.6/ 30.3 30.3| 30.5/ 30.7 30.7 30.8/ 30.8 31.1 31.2 31.1 31.2 31.3 31.1 31.1 31.0 31.0/ 31.0/ 31.0 31.0|30.8

Astheresult of investigated time seriesanalysisthe stations The group of 16 stations, observed at |east two years (120
hierarchy of 23 has been noticed with the observations weeks), have been recognised. Observations have been
quality as the mean point (reliability of correlation of processed by using the time series analyse and finally the
individual station’s position with trend). hierarchy has been determined (Fig. 6).

Figure5 presentstheanal ysed dataresults (marked red) The
following step of analysiswascomparison of quality results
with length of observation time. ( Fig. 5, marked blue).
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Fig. 5. Quality and quantity data analysis results at the EPN stations (observation time).
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Fig. 6 Results of quality analyse for stations where the observation time was longer than 2 years.

Results of the analyses are taken as a base for weighting
process while the GPS data processing of the local geo-
dynamics network SUDETES. (Bosy, KONTNY 1998).

The highest-qualified stations by quality (reliability of
correlation of individual station’s position with trend),
observed at | east two years (120 weeks), arelocated within
the range of two basic structura units: Varyscides and
Alpides, at thewestern side of the Teissere-Tornquist zone
(T-TZ). All analysed stations situated at the eastern side of

the T-TZ zone within the range of East European Craton
— EEC (BOGO, JOZE, LAMA), are be situated in the
presented hierarchy at thelatest positions(Fig. 7). Thereason
of thisfact is not explained yet. The stations' location as
well as many other reasons would be taken into account.
However, it could be emphasised that stations can not be
taken astheconnection points(reference) for local tectonic
movementsinvestigationsinthe Sudety Mts. and itsforeland.
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Fig. 7. The quality stations classification related to the mean tectonical units presented on
the map (http: //mwww.geofys.uu.se/eprobe).
4. Constraining and Fixing of Reference Table2
Station Coordinatesand Velocities—Com- ITRF2000 | NUVELIA-NNR differences
parison Of Different Approaches Ste. VN  VE VN VE VN VE
mm/y) | (mm/ mm/ mm/ mm/ mm/!
4.1 Global velocities models Lo () L) e ) G
The velocities of the selected reference EPN stations can BORL | 137 | 204 | 127 206 10 0.2
be achieved from International Earth Rotation Service GOPE | 142 206 @ 131 20.6 11 0.0
(IERS). Currently thel TRF2000 referenceframeisavailable
(http://lareg.ensg.ign.fr/I TRF/I TRF2000). Thel TRF2000 PENC 127 226 123 216 04 10
adjusted pos_mons at epoch 1997.0 and velocities were POTS 142 193 134 19.8 08 05
computed using (IERS Annual Report 2000):
— VLBI technique: ITRF2000_VLBI.SSC WTZR 144 203 134 203 10 00
- SR technique: |TRF2000_SL R.SSC WROC 138 20.2 12.7 20.8 1.1 -0.6

— GPStechnique: ITRF2000_GPS.SSC
— DORIS technique: ITRF2000_DORIS.SSC
— BUREFGPSdations ITRF2000_ EUR_GPS PERM.SSC

— EUREF points(GPSand othersin Europe): ITRF2000_
EUROPE.SSC

— CORS Network: ITRF2000_CORS.SSC

— ALASKA Network: ITRF2000 ALASKA.SSC

— South America Network: ITRF2000_SIRGAS.SSC
— SCAR Network: ITRF2000_ SCAR.SSC

— REGAL Network: ITRF2000_ REGAL.SSC

— RGP Network: ITRF2000 RGP.SSC

Onthebase of the plate motion theory the pointsvel ocities
can be computed using geological models. NUVEL1A
(DEMETS, et a. 1990), NUVEL1-NNR (Arcus and
GORDON, 1991) and NUVEL 1A-NNR (DeMets, et al., 1994).
NUVEL 1A-NNR platemotionmodel (http: //mww.unavco.
ucar.edu/~chucknvnnrcalc.html ) predicts directions that
arethesameasNUVEL1-NNR, but theratesare 4% slower
due to an adjustment to the magnetic anomaly time scale.
Table2 showsvaluesof selected referencestationsvel ocities
for both NUVEL1A-NNR and ITRF2000 models.

Oneassumed that intrapl ate vel ocitiescan be characterised
by differenced vel ocities, ITRF2000 minusNUVEL1A-NNR
(I-N) of analysed EPN stations(table 2).

4.2 Timeseriesanalyses- methodology of relativevelo-
cities evaluating

Relative velocity of movement between individual EPN
stationscan be appointed on basisof ana ysesof timeseries
changes of its coordinates. General diagram of data
processing flow was introduced on figure 8.

First the changes of relative position of two stations in
individual moments of time are cal cul ated:

0P ()= A0, (t ) — Ape(t))
Mg () = AA,(1 ) = AAg(1))
N (L) =4h,(t ) — dhg(t,).

@

Received in this way time series of differences give the
information about rel ative movementsv betweenindividual
stations in directions j, | and h. Linear character of this
movement was assumed. The relative velocities were
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calculated on the way of the approximation of observation
data using following formula

Pspsran = 8o T VL. (3)

In the analysed time of EPN network operation two
redefinitionsof referenceframe occurred, time serieswere
divided onto three sections (interval s) showing linear shift

inrelationtoitself. Observationdatainindividual intervals
was approximated using equations (3) with condition of
equality of coefficient vinalsintervals. Theunknown para-
meters 8,;, and vwereestimated withlast squaresmethod
for particular time series. Estimated relative velocity
componentsin N, E and U directions were introduced on
figure 9.

Fig. 8. Data processing flow for relative velocities evaluating
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Fig 9. Estimated relative velocity components for selected pair of EPN stations.
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4.3 Comparison of different approaches NUVEL —I-N) of relative vel ocity determination were put

For comparisons three different approaches (Time Series together into the table 3
analyses— TS, ITRF2000 — ITRF, differences ITRF and

Table 3.
GOPE PENC POTS WTZR WROC
TS |ITRF| I-N TS |ITRF| I-N TS |ITRF| I-N TS |ITRF| I-N TS |ITRF| I-N
BORL VN 00 | 05 01 ]-03]-101|-06 | 0.8 05 | -02 | 00 0.7 00 | -03 | 01 0.1
VE | -02 | 02 | -20 | 0.3 2.2 12 03 (|(-11(-03|-10|-01}-02]-10]-02]| -04
GOPE VN -02 |1-15]-07 | 01 00 | -03 | 0.2 02 |-01] 00 |-04]| 00
VE 04 20 1.0 02 (-07|-05| 01 |-03] 00 01 | -04 | -06
VN 15 04 0.3 17 0.6 0.9 11 0.7
PENC
VE -13|-15(-13|-23|-10|-01]-24 ]| -16
VN -0.7 | 0.2 02 | -091]|-04| 03
POTS
VE -13 | 1.0 05 |-12 | -09 | -0.1
VN -04 ] -06 | 01
WTZR
VE 01 | -01 | -06
The datafrom table 3 werethe a priori datafor estimation etal., 2001). Theresultsinthe form of velocity vectors of
of SUDETES network points velocities using module selected SUDETES network points are presented on the
ADDNEQ of Bernese GPS Softwarev. 4.2 (HUGENTOBLER, figure 10.
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Fig. 10. Velocity vectors of the SUDETES network points — comparison of the approaches.
The applying of different definitions of reference points similar velocities in each analysed model. The choice of
vel ocitiesmadeinsignificant changesindirection and value reference points (coordinates) has significantly bigger
of estimated network pointsvelocities. It istheresult of the influence than the method of its velocity determination.

choice of reference points. The selected points have very
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5. Conclusions

Taking into account the presented classification aswell as
the distance between stations and the local research area
(Sudety Mts.), the best conditions of connection of local
measurementsto the European network havebeenfulfilled
for the stations: BOR1, PENC, GOPE, GRAZ, POTS and
WTZR. Stations as WROC and MOPI, located a so close
to the research area possess significantly worse quality
parameters.

Relative velocities between selected EPN stations can be
evaluated using different approaches (timeseriesanalysis,
ITRF2000 velocities, NUVEL1A-NNR velocities). The
proper sel ection of reference pointsbhased onthetimeseries
analysis (by proposed mean trend congruency method)
causes, that a choice of method of reference velocities
evaluation has an insignificant influence on estimated
velocities of local network points.
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