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Introduction

CODE, the Centerfor Orbit Determinationin Europe,
is involvedin processingdataof theEUREFpermanent
GPSnetwork in the following ways: On the onehand
CODEis oneout of 12 EUREFLACs(Local Analysis
Centers)which aredeliveringsubnetwork solutionsof
the EUREFpermanentGPSnetwork on a weekly ba-
sis.OntheotherhandCODEactsasEUREFCombina-
tion Centerandis thereforeresponsiblefor combining
thedeliveredsolutionsof theindividualLACsinto one
official weekly EUREFsolution. In addition,EUREF
contributesto therealizationsof theITRF (International
TerrestrialFrame): multi-year solutionsbasedon all
availableweeklysolutionsweresubmittedto theIERS
(InternationalEarth RotationService)for the realiza-
tion of ITRF96 andITRF97. Theactivities of CODE
in connectionwith it’s role as EUREF’s combination
centeris subjectof thispaper.

Weekly EUREF Solution

Startingfrom the beginning of 1996, the weekly sub-
network solutionsof the EUREF LACs, given in the
Solution-INdependentEXchangeformat (SINEX, see
Kouba et al., 1996), are combinedinto the official
weeklyEUREFsolution.In thecombinationprocedure
theSINEX files of thesubnetwork solutionsaretrans-
ferredinto Berneseformat(Rothacheretal., 1996),the
primarily appliedconstraintsareremoved,andthe co-
variancematricesarerescaled.After stackingthenor-
mal equationmatricesnew constraintsare appliedto
tie the solution to the TerrestrialReferenceFrame,at
presentITRF97.

Two differentsolutionsaregeneratedeachweek:
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� A freenetworksolution:well suitedtodetectprob-
lems within the combinedsolution and to check
theconsistency of thesubnetwork solutions.

� A solution tightly constrainedto the Terrestrial
ReferenceFrame:theofficial weeklyEUREFso-
lution.

In addition, the most recentweekly solution is com-
binedwith thesolutionsof theprevioussix weeks.This
comparisongivesaninsightinto thebehaviourof thein-
dividual sitesover a time periodof almosttwo months
andprovidesa measureof the innerconsistency of the
weeklysolutions.Thecoordinaterepeatabilitiesof this
combinationare below 2 mm for the north and east
componentandbelow 5 mmfor theheightcomponent.

SinceAugust 1, 1999 (GPSweek 1021), the official
EUREFcombinedsolutionis tied to the ITRF97 (for-
merly to ITRF96). The following siteswereselected
for the realizationof the new referenceframe: BOR1,
GRAZ, KOSG,MATE, ONSA,POTS,REYK, WTZR,
ZWEN,VILL, GRASNYA1, TRO1,THU1. Thesesta-
tions aretightly constrained(0.1 mm) to their official
ITRF97 coordinatesandvelocities. More detailedin-
formationaboutthecombinationschememaybefound
in (Bruyninxetal., 1997).

The SINEX files of the weekly EUREFsolutionsare
publicly availableatCDDIS(GlobalIGSDataCenter),
BKG (EUREFDataCenter),andROB (EUREFCentral
Bureau).

Multi-Year EUREF Solution

TheEUREFpermanentGPSnetwork is contributingto
therealizationof theInternationalTerrestrialReference
Frame(ITRF) with combinedsolutionsof all available
weeklyEUREFsolutions.ITRF is therealizationof the
ITRS (InternationalTerrestrialReferenceSystem)and
consistsof a setof sitesfor which the coordinates(at
a certainepoch)andthevelocitiesaregiven. TheEU-
REFmulti-yearsolutionsweresubmittedto theCentral



Figure1: North andEastresidualsof weeklycoordinateestimateswith respectto themulti-yearsolutionfor site
Kootwijk (KOSG),TheNetherlands.

Bureauof theIERSwhich is in chargeof realizingand
maintainingthe ITRS. So far, the EUREF multi-year
solutionscontributedto therealizationsof ITRF96and
ITRF97 andaresupposedto contributeto futurerefer-
enceframesaswell (e.g.ITRF2000).

The multi-yearsolution is basedon the resultsof the
weekly EUREFcombinedsolutionstoredin so called
normalequationfiles, wherebesidestheestimatedco-
ordinatevaluesthefull variancecovarianceinformation
is saved.Theseweeklysolutionsarecombinedtomulti-
year solutionsmaking useof the principlesof stack-
ing normalequationsystems,a very fast and flexible
methodto generateGPSsolutionsbasedon long data
spans(Brockmann,1997).

The IGS preciseGPSorbits andthe Earthorientation
parametersareimplicitly heldfixedin thecombinedso-
lution (sincethey werealreadyintroducedfor thecom-
putationof the weekly solutions). In addition,the ve-
locitiesof a setof selectedsitesareconstrainedto the
velocitiesof thepreviousITRF realization.Theparam-
eterssolvedfor arethecoordinatesandvelocitiesof all
sites. If theavailabledataspanof a site is too shortto
estimatereasonablevelocities(lessthansix months)the

respectivevelocitiesareconstrainedtovaluesstemming
from theNUVEL-1A-NNR model.

Having donesucha solution, the coordinatetime se-
ries of all sitesare checked for possiblejumps. If a
jump is detectedfor a certainstationa new setof co-
ordinateshasto be set up in order to avoid disturbed
velocity estimates.Notethat thevelocity estimatesbe-
foreandafterthejumpareconstrainedto give identical
values. Thereare variousreasonsfor the occurrence
of suchjumps: replacementof the antenna,mounting
of antennaradomes,changeof antennaenvironment,or
agingreceivers.It canbestated,however, thatonly few
sitesshowedthis kind of problemsandthat thecoordi-
natetime seriesarenormally very smooth. The RMS
over all weeklyEUREFsolutionsandall sitesis 2 mm
for thehorizontalcomponentand6 mmfor thevertical
component.An exampleof a stationwith anexcellent
performanceover a time periodof more than3 years
maybefoundin Figure1 (siteKootwijk).

Doingthecombinationof thewholetimeseriesonehas
to payattentionto changesof theusedreferenceframes
(orbits, Earth orientationparameters).Table1 shows
the history of the referenceframesusedto align the



Figure2: Effectof referenceframechanges(IGSorbits)onregionalGPSnetwork solutions(X- andY-rotations).

weekly EUREF solutionsto the TerrestrialReference
System(notethattherewasnoITRF95 realization).

Especiallythe transitionfrom ITRF93 to ITRF94 has
to be handledwith carebecausethereare significant
rotationsbetweenthe two referenceframes(Springer,
1999). Theserotationsshow up in the respective IGS
preciseorbits as well. Sincethe IGS orbits are kept
fixed for the EUREF processingthe referenceframe
changesmaydeterioratethecoordinateandvelocityes-
timatesof themulti-yearsolutions.Therearetwo pos-
sibilities to resolvetheproblem:

� Thefirst possibility is to transformtheorbits into
therequiredreferenceframeprior to doingthedata
processing. The effects of the referenceframe
changeson theorbitshave beenfairly well docu-
mentedanddistributedusingtheIGSmail service
(IGSCB,1999)

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

For the EUREF permanentnetwork the latter option
waschosensincea reprocessingof the corresponding

weeklysolutionsis not feasible.Therefore– in orderto
avoid inconsistencies– Helmertparameterswereesti-
matedbetweentheEUREFsolutionsin theITRF93ref-
erenceframeandtheEUREFsolutionsin the ITRF94
and ITRF96 referenceframe. For this purposeall
weeklysolutionswerecombinedwithout applyingany
constraintson thesitecoordinates.TheHelmerttrans-
formationparameterswereestimatedfor eachindivid-
ual weekly EUREFsolutionwith respectto the com-
binedsolution.Thetimeseriesof theX- andY-rotation
parametersare shown in Figure 2. They correspond
quite well with the IGS valuesdeterminedby means
of 13 global IGS sites(-1.3 masand-0.9 masfor the
X- and Y-rotation, seeIGSCB, 1999). In contrastto
the transitionfrom ITRF93 to ITRF94 no significant

Table1: Referenceframesusedfor thealignmentof the
EUREF solution to the TerrestrialReference
System.

GPSWeek Date ReferenceFrame
834-859 Dec95- Jun96 ITRF93
860-946 Jun96 - Mar 98 ITRF94
947-1020 Mar 98- Aug 99 ITRF96
1021 Aug 99 ITRF97



Figure3: EUREFVelocitiesbasedon theweeklyEUREFsolutionsof GPSweeks834–1007,not shown on map
aresitesKELY andTHU1, Greenland.

changesarenoticedfor the transitionfrom ITRF94 to
ITRF96. A mapof the estimatedvelocities,basedon
theweeklyEUREFsolutionsof GPSweeks834–1007,
maybefoundin Figure3.

EUREF’s Contribution to ITRF 97
Since August 1, 1999 all IGS and EUREF products
arealignedto the ITRF97. Besidesthe EUREFsolu-
tion, 4 VLBI, 5 SLR,5 GPS,3 DORIS,andonemulti-
technique(SLR+DORIS)solutionaddedto therealiza-
tion of ITRF97. EUREF contributedwith a solution
containingcoordinateandvelocity estimatesof 67 sta-
tions. The weightedRMS valuesfor positionandve-
locity, derivedfrom thecombinationof theEUREFso-
lution with the othercontributing solutions,arebelow
2 mm (Boucher, 1999). This provesthat the EUREF
multi-yearsolutionis asolutionof highqualityandthat
the ITRF97 is significantly influencedby the EUREF
contribution.

Outlook
SinceJuly 25, 1999the taskof the EUREFCombina-
tion Centerwastransferredto theBKG (Bundesamtfür
KartographieundGeod̈asie,Frankfurt,Germany). We
wishourcolleaguesandfriendsa lot of successandsat-
isfactionwith theirnew function.
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