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CODE, the Centerfor Orbit Determinationin Europe,
is involvedin processinglataof the EUREFpermanent
GPSnetwork in the following ways: On the onehand
CODEis oneoutof 12 EUREFLACs(Local Analysis
CentersWwhich aredelivering subnetverk solutionsof
the EUREF permanentGPSnetwork on a weekly ba-
sis.OntheotherhandCODEactsasEUREFCombina-
tion Centerandis thereforeresponsibldor combining
the deliveredsolutionsof theindividual LACsinto one
official weekly EUREFsolution. In addition, EUREF
contritutesto therealizationof thel TRF (International
TerrestrialFrame): multi-year solutionsbasedon all
availableweekly solutionsweresubmittecto the IERS
(InternationalEarth Rotation Service)for the realiza-
tion of ITRF96 andITRF97. The actwities of CODE
in connectionwith it's role as EUREFS combination
centeris subjectof this paper

Weekly EUREF Solution

Startingfrom the beginning of 1996, the weekly sub-
network solutionsof the EUREF LACSs, givenin the
Solution-INdependenEXchangeformat (SINEX, see
Kouba et al., 1996), are combinedinto the official
weekly EUREFsolution.In thecombinatiorprocedure
the SINEX files of the subnetverk solutionsaretrans-
ferredinto Bernesdormat(Rothacheetal., 1996),the
primarily appliedconstraintsareremoved, andthe co-
variancematricesarerescaled.After stackingthe nor-
mal equationmatricesnewn constraintsare appliedto
tie the solutionto the TerrestrialReferenca-rame,at
presenfTRF97.

Two differentsolutionsaregenerate@achweek:
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o A freenetwork solution:well suitedto detectprob-
lems within the combinedsolutionandto check
theconsisteng of thesubnetverk solutions.

e A solution tightly constrainedto the Terrestrial
Referencd-rame:the official weekly EUREF so-
lution.

In addition, the most recentweekly solutionis com-
binedwith the solutionsof theprevioussix weeks.This
comparisomivesaninsightinto thebehaiour of thein-

dividual sitesover a time periodof almosttwo months
andprovidesa measuref theinner consisteng of the
weekly solutions.The coordinaterepeatabilitie®f this
combinationare belov 2 mm for the north and east
componenandbelory 5 mmfor the heightcomponent.

Since August 1, 1999 (GPSweek 1021), the official
EUREFcombinedsolutionis tied to the ITRF 97 (for-
merly to ITRF96). The following siteswere selected
for the realizationof the new referencérame: BOR1,
GRAZ,KOSG,MATE, ONSA,POTS,REYK, WTZR,
ZWEN, VILL, GRASNYA1, TRO1,THUL. Thesesta-
tions aretightly constrained0.1 mm) to their official
ITRF97 coordinatesandvelocities. More detailedin-
formationaboutthe combinatiorschememaybefound
in (Bruyninxetal., 1997).

The SINEX files of the weekly EUREF solutionsare
publicly availableat CDDIS (GloballGS DataCenter),
BKG (EUREFDataCenter)andROB (EUREFCentral
Bureau).

Multi-Year EUREF Solution

The EUREFpermanenGPSnetwork is contributingto
therealizationof theInternationalTerrestriaReference
Frame(ITRF) with combinedsolutionsof all available
weeklyEUREFsolutions.ITRF is therealizationof the
ITRS (InternationalTerrestrialReferenceSystem)and
consistsof a setof sitesfor which the coordinategat
a certainepoch)andthe velocitiesaregiven. The EU-
REFmulti-yearsolutionsweresubmittedto the Central
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Figurel: North andEastresidualsof weekly coordinatesstimatesvith respecto the multi-yearsolutionfor site

Kootwijk (KOSG),TheNetherlands.

Bureauof the [IERSwhichis in chageof realizingand
maintainingthe ITRS. So far, the EUREF multi-year
solutionscontritutedto therealizationsof ITRF96 and
ITRF97 andaresupposedo contrituteto futurerefer
enceframesaswell (e.g.ITRF2000).

The multi-year solutionis basedon the resultsof the
weekly EUREF combinedsolution storedin so called
normalequationfiles, wherebesidegshe estimatecco-
ordinatevaluesthefull variancecovariancanformation
is saved. Theseveeklysolutionsarecombinedo multi-
year solutionsmaking use of the principlesof stack-
ing normal equationsystems.a very fastand flexible
methodto generateGPSsolutionsbasedon long data
spangBrockmann,1997).

The IGS preciseGPSorbits and the Earth orientation
parameterareimplicitly heldfixedin thecombinedso-
lution (sincethey werealreadyintroducedor the com-
putationof the weekly solutions). In addition,the ve-
locities of a setof selectedsitesare constrainedo the
velocitiesof the previousI TRF realization.The param-
eterssolvedfor arethe coordinatesandvelocitiesof all

sites. If the availabledataspanof a siteis too shortto

estimateaeasonablgelocities(lessthansix monthsthe

respectrevelocitiesareconstrainedo valuesstemming
from theNUVEL-1A-NNR model.

Having donesucha solution, the coordinatetime se-
ries of all sitesare checled for possiblejumps. If a
jump is detectedor a certainstationa new setof co-
ordinateshasto be setup in orderto avoid disturbed
velocity estimatesNote thatthe velocity estimatede-
fore andafterthejump areconstrainedo give identical
values. Thereare variousreasondor the occurrence
of suchjumps: replacemenbf the antennamounting
of antennaadomeschangeof antennaervironment,or
agingrecevers.It canbestatedhowever, thatonly few
sitesshavedthis kind of problemsandthatthe coordi-
natetime seriesare normally very smooth. The RMS
over all weekly EUREFsolutionsandall sitesis 2 mm
for the horizontalcomponenaind6 mm for thevertical
component An exampleof a stationwith an excellent
performanceover a time period of morethan3 years
maybefoundin Figurel (site Kootwijk).

Doingthe combinatiorof thewholetime seriesonehas
to payattentionto change®f theusedreferencdrames
(orbits, Earth orientationparameters).Table 1 shows
the history of the referenceframesusedto align the
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Figure2: Effectof referencdramechangegIGS orbits) on regional GPSnetwork solutions(X- andY-rotations).

weekly EUREF solutionsto the TerrestrialReference
System(notethattherewasno ITRF95realization).

Especiallythe transitionfrom ITRF93 to ITRF 94 has
to be handledwith care becausdhereare significant
rotationsbetweenthe two referenceframes(Springer
1999). Theserotationsshov up in the respectie IGS
preciseorbits aswell. Sincethe IGS orbits are kept
fixed for the EUREF processingthe referenceframe
changesnaydeterioratehe coordinateandvelocity es-
timatesof the multi-yearsolutions. Therearetwo pos-
sibilitiesto resole the problem:

e Thefirst possibilityis to transformthe orbits into
therequiredreferencdrameprior to doingthedata
processing. The effects of the referenceframe
change®n the orbits have beenfairly well docu-
mentedanddistributedusingthe IGS mail service
(IGSCB,1999)

The secondpossibility is to transformthe results
of all weeklysolutions(normalequatiorfiles) into
the samereferenceframe using known or esti-
matedtransformatiorparameters.

For the EUREF permanentetwork the latter option
was chosensincea reprocessingf the corresponding

weeklysolutionsis not feasible. Therefore- in orderto
avoid inconsistencies- Helmertparametersvere esti-
matedbetweertheEUREFsolutionsn thel TRF 93ref-
erenceframeandthe EUREFsolutionsin the ITRF 94
and ITRF96 referenceframe. For this purposeall
weekly solutionswere combinedwithout applyingary
constrainton the site coordinates The Helmerttrans-
formationparametersvere estimatedor eachindivid-
ual weekly EUREF solutionwith respectto the com-
binedsolution. Thetime seriesof the X- andY-rotation
parametersare shavn in Figure 2. They correspond
quite well with the IGS valuesdeterminedoy means
of 13 global IGS sites(-1.3 masand-0.9 masfor the
X- and Y-rotation, seelGSCB, 1999). In contrastto
the transitionfrom ITRF93 to ITRF94 no significant

Tablel: Referencdramesusedfor thealignmentof the
EUREF solution to the TerrestrialReference

System.
GPSWeek | Date Referencd-rame
834-859 Dec95-Jun96 | ITRF93
860-946 Jun96- Mar98 | ITRF94
947-1020 | Mar98- Aug99 | ITRF96
1021 Aug 99 ITRF97
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Figure3: EUREFVelocitiesbasedn the weekly EUREFsolutionsof GPSweeks834—1007 notshavn on map

aresitesKELY andTHU1, Greenland.

changesare noticedfor the transitionfrom ITRF94 to
ITRF96. A mapof the estimatedvelocities,basedon

theweekly EUREFsolutionsof GPSweeks834-1007,

maybefoundin Figure3.
EUREF’s Contribution to I TRF 97

Since August 1, 1999 all IGS and EUREF products
arealignedto the ITRF97. Besideshe EUREF solu-
tion, 4 VLBI, 5SLR,5 GPS,3 DORIS,andonemulti-

technigug SLR+DORIS)solutionaddedo therealiza-
tion of ITRF97. EUREF contributed with a solution
containingcoordinateandvelocity estimateof 67 sta-
tions. The weightedRMS valuesfor positionandve-

locity, derivedfrom the combinationof the EUREFso-
lution with the other contributing solutions,are below

2 mm (Boucher 1999). This provesthat the EUREF
multi-yearsolutionis asolutionof high quality andthat
the ITRF97 is significantlyinfluencedby the EUREF
contrikution.

Outlook

SinceJuly 25, 1999the task of the EUREF Combina-
tion Centerwastransferredo theBKG (Bundesamtir
Kartographieund Geodasie,Frankfurt, Germary). We
wishour colleaguesndfriendsalot of succesandsat-
isfactionwith their new function.
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