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1 Introduction

The following report summarizegshe resultsof the 1999 Rapid and Final IGS
Earth Rotation Parameter{ERP).1GS ERPsare generatedor both the Rapid
productsdaily 17 hoursafterthelastobsenration,andthe Final productsweekly
13 daysafterthelastobsenation. The IGS ERPcombinationcombineghePolar
Motion (PM) for the X- andY-axisandtheirratesaswell asLOD andUT.
Herewe will comparethe ERPseriesof the individual IGS AnalysisCenters
(ACs) and the combinedIGS ERP seriesto the IERS Bulletin A. This reports
complementsheAnalysisActivitiesReportfoundin the1999IGS AnnualReport
[6] andthe 1999 Analysis CoordinatorReportfoundin the 19991GS Technical
Report[7]. The IGS ERP productcombinationsveredescribedn detail in the
IGS annualandtechnicakeporty3, 4]. Thereforethey will notbedescribedere.

2 Changesin 1999

During the 1999 Analysis Center(AC) workshopheld at the Scrippsinstitution
of OceanographySIO) in La Jolla, California,the IGS ACs agreedon adopting
the new realizationof the ITRS, the ITRF97[1]. This took effect on 1 August
1999whenthe IGS changedsts realizationof the InternationalTerrestrialRefer
enceSystemby switchingfrom the ITRF96to the ITRF97. At thesametime the
setof referencestationg RF) wasslightly enhancedrom 47to 51 sites. Themain
changewasthe inclusionof a few sitesfor which the accurag wasinsuficient
in the ITRF96 but which arewell determinedn the I TRF97. A SINEX file con-
tainingthe necessarynformationaboutthe 51 referencestationamaybefoundat
thelGS CentralBureau.Althoughthe ITRF96andITRF97framesarenominally
alignedglobally in all 7 Helmertcomponentandtheir rates,the comparisorof
theIGS subsebf RF sitesshavs significantdifferencedetweerthe I TRF96and
ITRF97 realizations. The expecteddifferencedbetweerthe IGS productshased
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Epoch TX TY TZ RX RY RZ Scale

ITRFnn | (GPS-| (mm) (mm) (mm) (mas) (mas) (mas) (ppb)
from to | week)| (mmly) (mm/y) (mmly) (masly) (masly) (masly) (ppbly)
92 93 782 -20.0 -8.0 -3.0 -1.660 -0.680 -0.550 0.100
-2.3 -0.4 0.8 -0.120 -0.150 0.040 -0.110

93 94 860 21.0 1.0 -1.0 1.270 0.870 0.540 0.200
2.7 0.0 -20 0.130 0.200 -0.040 0.090
94 96 947 0.0 -1.0 1.0 -0.100 -0.010 -0.220 -0.400

0.2 -0.9 0.2 -0.020 0.010 0.010 -0.070
96 97| 1021 0.3 0.5 -14.7 0.159 -0.263 -0.060 1.430
-0.7 0.1 -1.9 0.013 -0.015 0.003 0.192

Table 1: Transformationparametergrom IGS(ITRFnn)to IGS(ITRFnn). The
IERS conventionfor thetransformatiorparametersvasfollowed. Theequvalent
changesn polarmotionmaybeobtainedusingPMx = RY andPMy = RX.

on the ITRF96 and ITRF97 referenceframesare givenin Table1. More infor-
mationaboutthis ITRF changemay be foundin IGSMAIL #2432. Besideshis
lastIGS terrestrialreferencdramechange Table1 containsall previousIGS ter-
restrial referenceframe changesandthe associatedransformationgor the IGS
products.The epochsof the transformationss given by the GPSweekin which
theterrestriakeferencdramechangeook effect. More informationabouttheear
lier referencdramechangesnaybefoundin previouslGS AnnualandTechnical
Reportsandin theIGSMAIL archves.

It is interesting but alsoa bit disturbing,to noticetherelatively large differ-
encedetweerthe ITRF96andITRF97. Especiallythe Z-translation(-14.7mm)
andthescaleg(1.4ppb)constitutequitelargechangegiventhefactthattheITRF96
and ITRF97 nominally have the sameorientation(i.e., ITRF94). Also the X-,
andY-rotationsare quite significant(0.159and-0.263mas). The causeof these
relatively large transformatiorparameterdor the IGS RF stationsubsetof the
ITRF97 is not exactly known. However, it seemdo be relatedto the fact that
for the alignmentof the ITRF97 the full stationcovariancematriceswereused,
for thefirst timein theITRF history Whenthe TRF96andITRF97 realizations
are comparedusingonly the diagonalof their covariancematricesvery similar
transformatiorparameterarefoundasthosegivenin Tablel.

3 IGSERP Comparison Results

Table 2 givesthe comparisonstatisticsbetweenthe individual AC ERP series
(both Final andRapid)to the IERS Bulletin A series.The IGS Final and Rapid
ERPseriesarealsoincludedin this comparisortable. Figuresl and2 shaw the



time seriesof ERP differencesover 1999in X-, andY-pole andtheir rates,for
the Final AC solutionsandthe IGS Final andRapid ERP products,comparedo
the IERS Bulletin A series. Figure 3 shavs the time seriesof LOD differences
over 1999 for theFinal AC solutionsandthe IGS FinalandRapidERPproducts,
comparedo the IERS Bulletin A series. Note that all LOD resultsreflectthe
actualLOD estimatesandnot LOD valuesdervedfrom UTC.

In Figure 1 we canobsenre the smalljumpsin the X- andY-pole causedoy
the changeof thereferencdramerealizationon 1 August. For X-pole thelargest
referenceframe changewas expected(-0.263 mas) and the effect is visible in
practicallyall theindividual time-seriesFor Y-polethe expectedeferencdrame
changewassmaller(0.159mas)andconsequentlyt is moredifficult to obsene
in the individual series. The changeof referencerame actually broughtthe X-
pole closerto the Bulletin A serieswhereasfor the Y-pole the oppositeeffect
is obsened but with a smallermagnitude.So overall the biasbetweenthe IGS
seriesandthe|ERSBulletin A serieshasbeenreducedIt shouldbenotedthat,in
Table2, boththe meanandthe standarddeviation for X- andY-pole areaffected
by thesereferencdramejumps. The standarddeviationsfor X- andY-pole after
the referencechangeare belov the 0.1 masfor the bestAC Final solutionsand
thelGS Final products.After the referencdramechangethe meanoffsetfor the
X-poleis significantlyreducedo well belon the 0.1 maslevel whereaghemean
offsetfor the Y-pole hasincreasedo aboutthe 0.2 maslevel.

In thepolecomparisonsTable2, it isimpressveto seethe quality of theIGR
ERP series(available 17 hoursafter the end of the obsenations). The standard
deviation of the IGR seriesis clearly betterthan the standarddeviation of the
individual AC Rapid solutions. Also the IGR seriesshavs a 100% availability
which noneof the ACs hasmanaged. This shawvs the importanceof the IGS
combinations;both the reliability andthe quality of the combinedproductsare
improvedcomparedo theindividual AC solutions.

4 QOutlook

The plansfor thenew andimprovedIGS ITRF (IGSRF)realization,asproposed
duringthe1997AnalysisCentemworkshop[5] have beenfinalizedin March2000.
Startingwith GPSweek1050theweeklyIGSRFrealization asgeneratect NR-
Canby RemiFerland2], hasbecomeofficial (seel GSMAIL #2740).In thisnew
IGSRFrealizationthe IGS Final combinedorbits are madeconsistentwith the
combinedlGSRF solutionby using both the transformatiorparametersaindthe
combinedERPsstemmingfrom the IGSRFcombination.Furthermoresometime
in the year2000the IGS will switch from usingthe ITRF97 to usingit's own
internal IGS realizationof the ITRF97. Becausehis IGS realizationwill betied



to the ITRF97 this changeshouldnot causeary discontinuitiesn the IGS ERP
series.Of coursethis changewill requirecarefulmonitoringof theresultsandthe
changewill beannouncedhroughtheusualchannelse.g.,IGSMAIL.

Alsoin March2000,theGS startedhegeneratiorof morerapidandfrequent
IGS productdfor (near) real-timeusage:*Ultra rapidproducts”. Theseproducts,
which aredeliveredevery 12 hours(twice aday),containa48 hourorbit arcfrom
which 24 hoursare real orbit estimatesand 24 hoursare orbit predictionsand
correspondingERP estimates/predictiong.he lateny of this productis 3 hours.
Thefirst AnalysisCenterUltra rapid solutionswereprovidedby GFZ by theend
of October1999. The generatiornof a combinedultra rapid product(IGU) has
startedin March 2000basedon contributionsfrom up to five differentAnalysis
CentersLikethelGS Predictedrbits (IGP)theUltrarapidproductsareavailable
for real-timeusagehut thequality shouldbesignificantlybetterbecaus¢heaver-
ageageof the predictionss reducedrom 36 to 9 hours.In the monthsto come,
thequality andthereliability of thelGS Ultra rapid (IGU) orbitswill beassessed
againsthelGSPredictedIGP)andIGS Rapid(IGR) products Whenit reaches
satishctorylevel theIGU productswill replacethelGS predictionproducts.Con-
traryto thelGP productghelGU productscomewith correspondingzRPvalues.
TheselGU ERPproductsmaybe quite usefulfor thel[ERSBulletin A products.
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A Tablesand Figures

AC Days | X-Pole(mas) Y-Pole(mas) | X-Rate(mas/d) | Y-Rate(mas/d) | LOD (us/d)

Mean o Mean o Mean o Mean o | Mean o
cod 365 0.222 0.138| 0.128 0.146| 0.000 0.192 | -0.004 0.198 13 35
emr 365 0.077 0.234| 0.168 0.180| -0.551 0.583| 0.112 0.605 2 39
esa 365 0.224 0.227| 0.289 0.198| 0.030 0.448 | 0.009 0.733 -16 34
gfz 365 0.193 0.190| 0.102 0.133| 0.005 0.160| 0.008 0.167 3 28

ipl 358 0.187 0.160| 0.102 0.141| -0.081 0.279 | -0.085 0.310 15 40
ngs 358 -0.078 0.350| 0.173 0.286| 0.209 0.782| 0.499 1.137 79
sio 358 0.232 0.164| 0.150 0.114| 0.010 0.111| -0.004 0.123 36
igs 365 0.195 0.143| 0.133 0.099| -0.019 0.147| 0.018 0.170
igr 365 0.232 0.187| 0.152 0.145| 0.068 0.313| 0.106 0.353
cod 363 0.162 0.272| 0.029 0.264| -0.022 0.316 | 0.006 0.273
emr 313 0.141 0.327| 0.450 0.329| -0.188 1.128 | 0.002 1.101
esa 330 0.194 0.319| 0.316 0.276| 0.332 0.678 | 0.036 0.987
gfz 356 0.285 0.221| 0.173 0.211| 0.076 0.366 | 0.152 0.394
jpl 227 0.180 0.503| 0.254 0.627| -0.004 0.444 | -0.020 0.486
ngs 310 0.266 0.371| -0.042 0.370| 0.405 1.145| 0.490 1.368
sio 322 0.265 0.466| 0.090 0.463| 0.118 1.103| 0.201 0.990
usn 347 0.276 0.216 | 0.167 0.167 | -0.089 0.610| 0.006 0.625
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Table 2. Meanand standarddeviation (o) of the daily ERP values(X-, and Y-
pole),theirratesandLOD comparedo the [IERSBulletin A pole. Theupperpart
of thetableis basedntheFinal solutionsandthelower partis basedntheRapid
solutionsof the ACs.
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(b) Y-Pole

Figurel: Daily AC Final Poledifferenceswith respecto IERS Bulletin A pole.
Theindividual seriesareshiftedby 1 mas.
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Figure2: Daily AC Final Pole-ratedifferenceswith respecto IERS Bulletin A
pole. Theindividual seriesareshiftedby 2 mas/day
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Figure3: Daily AC Final LOD differenceswith respecto IERS Bulletin A pole.
ACsareshiftedby 0.2 ms/d.



