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PrefaeThis volume is the proeedings of the 15th Working Working on European VLBI forGeodesy and Astrometry whih was organized by the Institut d'Estudis Espaials de Catalunya(IEEC) and took plae in Barelona, Spain, in September 2001. In addition to the main event, sev-eral side and splinter meetings were held: (1) �nal meeting of the EU-TMR projet \Measurementof Vertial Crustal Motion in Europe by VLBI"; (2) IVS (International VLBI Servie for Geodesyand Astrometry) Working Group 2 meeting; (3) \6th IVS Direting Board Meeting". Taking allthese meetings together, the VLBI speialists spent some four days (September 6-9) under perfetweather onditions in late summer Barelona.

Photo: The partiipants of the 15th European VLBI Meeting in front of the premises of theDelegation of the Spanish Researh Counil in Barelona.About 40 sientists from three di�erent ontinents (Europe, North Ameria and Asia) ame to-gether in Barelona. The topis overed go from reports of the di�erent failities and IVS ompo-nents, over data analysis and new delopments to referene frames and astrometri results. Otherpoints of speial interest were the loal surveys performed at several observatories and the mod-elling of the tropospheri parameters. The meeting ulminated in an interesting and, at times,ontroversial disussion whih marked the end of a very suessful event. We hope that theseproeedings reet the enthusiasm and pleasure in doing VLBI that were notieable during themeeting. iii



Eletroni version. The ontent of this volume also appears on the web site of the IEEC at:http://www.iee.fr.es/hosted/15wmevga/proeedings/to.htmlThe online version also provides ps and pdf �les for easy (olour) printing.Citation. These proeedings were published by the Institut d'Estudis Espaials de Catalunya(IEEC), Barelona, Spain, in Deember 2001. The opyright of the artiles is held by the authors.The papers of this publiation should be ited as:fname of author(s)g: ftitleg. In: D. Behrend and A. Rius (Eds.): Proeedings ofthe 15th Working Meeting on European VLBI for Geodesy and Astrometry, Insti-tut d'Estudis Espaials de Catalunya, Consejo Superior de Investigaiones Cient���as,Barelona, Spain, 2001.Any artile of the proeedings may be reprodued for personal use only.
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Harald Shuh: IVS Working Group 2 for Produt Spei�ation and Observing Programs | Status Report of theChairman, Proeedings of the 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.3{3http://www.iee.fr.es/hosted/15wmevga/proeedings/shuhIVS Working Group 2 for Produt Spei�ation and ObservingPrograms | Status Report of the ChairmanHarald ShuhInstitute of Geodesy and Geophysis, TU Viennae-mail: hshuh�luna.tuwien.a.at AbstratAn important part of the IVS e�orts is to provide the best produts for the user ommunity andto optimize the use of available global resoures. During the 5th IVS Direting Board meeting on Feb15th, 2001 the IVS produts and related programs were disussed. It was deided to set up an IVSWorking Group (WG2) for Produt Spei�ation and Observing Programs. Members of WG2 werehosen from among experts in the �eld of geodeti/astrometri VLBI. The harter to WG2 is:{ Review the usefulness and appropriateness of the urrent de�nition of IVS produts and suggestmodi�ations.{ Reommend guidelines for auray, timeliness, and redundany of produts.{ Review the quality and appropriateness of existing observing programs with respet to the desiredproduts.{ Suggest a realisti set of observing programs whih should result in ahieving the desired produts,taking into aount existing ageny programs.{ Set goals for improvements in IVS produts and suggest how these may possibly be ahieved inthe future.{ Present a written report to the IVS Direting Board at its next meeting.An overview about the ativities of Working Group 2 and the results ahieved so far will be given.

Please �nd the �nal report of the IVS Working Group 2 for \Produt Spei�ation and ObservingPrograms" in the splinter meeting setion of this volume.15th European VLBI Meeting Proeedings 3



Volkmar Thorandt et al.: Tehnologial Proesses at BKG Data and Analysis Center, Proeedings of the 15thWorking Meeting on European VLBI for Geodesy and Astrometry, p.4{7http://www.iee.fr.es/hosted/15wmevga/proeedings/thorandtTehnologial Proesses at BKG Data and Analysis CenterVolkmar Thorandt, Dieter Ullrih, Reiner WojdziakBundesamt f�ur Kartographie und Geod�asie (BKG)Contat author: Volkmar Thorandt, e-mail: vt�leipzig.ifag.deAbstratThe VLBI group at Federal Ageny for Cartography and Geodesy (BKG) established an integratedtehnologial proess to manage data ow and analysis tasks at IVS Data and Analysis Center in anautomati manner.1. IntrodutionThe BKG VLBI group is one of three primary IVS Data Centers and together with the VLBIgroup at the Bonn University an IVS Analysis Center. To guarantee a high level of Data Centerreliability and high quality of analysis produts it is essential to integrate data ow and analysisativities in a homogeneous tehnologial proess (see �gure 1). The established tehnologialproess is subdivided in four sub proesses (mi and in, pre solve, int solve, post solve) whih areworking together and a monitoring proess (monitor).2. The sub-proesses(a) Program mi and in is running in automati mode eight times per day and is responsible forthe following tasks:� Mirror CDDIS and OPAR (Observatoire de Paris) IVS Data Centers. For this purposea PERL sript is running.� Wath the inoming area of BKG IVS Data Center and verify the syntax of appearing�les against the IVS syntax rules as desribed in IVS douments. This task is managedby an inoming sript, maintained by GSFC. The inoming area is available for seletedusers and it is password proteted.� Wath BKG IVS Data Center for new databases, opied by mirror, inoming sriptor dserver (another data transfer program, similar to the inoming sript). Programmi and in delivers new databases into the Interfae Area whih is established betweenIVS Data Center and Operational Data Center (ODC).� Get misellaneous analysis �les (aprioris et.) from GSFC.� Set up input information for the next step (pre solve). For this purpose mi and in inter-prets the status information for the databases in the Interfae Area. This informationonsists of \availability" and \speial ases" status whih is olleted by monitor (see be-low) permanently. The result is a database input information for the next tehnologialstep pre solve. Program mi and in hands over ontrol to pre solve.� Send mail with protool information to seleted users.(b) Program pre solve is running automatially and is started by mi and in. It is responsible forthe following tasks:� Inspet the Interfae Area whether there are any new databases delivered by mi and in.4 15th European VLBI Meeting Proeedings



Volkmar Thorandt et al.: IVS Data Center at BKG

!"#$%&'(#)

*+,

-./$%&'(#)

*0,

!&%/$%&'(#)

*1,

2-$3.1$-.

*3,

2-""&"

2-""&" 2-""&"
4/!4/!

*#,

/3!#)'-+"3"5

6786786786789999

:;<%:;<%:;<%:;<%1%#"(#" 1%#"(#"

13/3)!"&0#%%-.=)*&(#"(-#>,))

Figure 1. Data proessing - overview
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Volkmar Thorandt et al.: IVS Data Center at BKG� Get databases from GSFC if neessary. If mi and in made available higher databaseversions then pre solve tries to get version 1 databases from GSFC beause the BKGAnalysis Center prefers to analyse databases beginning with version 1.� Import master�les from IVS and make one overall master�le.� Send and import databases to proper atalog areas after aepting them.� Import log�les, shedule and reports for the available databases from CDDIS and/orIVS.� Import RINEX meteorologial �les from CDDIS for seleted stations if there are nometeorologial data in the log�les. Merge log�les with RINEX data.� Establish the weather and able alibration �les.� Run CALC/SOLVE programs apriori, al and dbal (Ref. [1℄).� Send mail with protool information to seleted users.() Program int solve is the interative part of the analysis proess. It overs the elimination ofambiguities and outliers, ionosphere alibration and weighting of data. For this purpose thewell known CALC/SOLVE pakage is used.(d) Program post solve runs after int solve in an automati mode. It is responsible for the fol-lowing tasks:� Make super�les of the latest databases.� Make NGS �les if BKG is the submitting IVS Analysis Center.� Submit databases, NGS �les, log�les, shedules, weather and able alibration �les toIVS (if BKG is responsible).� Update super�le atalog and BATCH ontrol �les with new databases.� BATCH run in eops-, eopr- or eopi-mode. Merge solutions with previous solu-tions in IVS-EOP format. The �les bkg00001.eops and bkg0002.eops are two EOPtime series made of 24h VLBI experiments sine 1984 with two di�erent parame-ter sets. The �le bkgint01.eops is a UT1-UTC time series made of Intensive ex-periments sine 1999. These three �les are available at IVS web sites, i.e. atftp://ftp.leipzig.ifag.de/pub/vlbi/ivsproduts.� Send new EOP solutions to IVS and into the ODC (see �gure 1).� Send mail with protool information to seleted users.(e) Program monitor is wathing permanently the IVS Data Center and the Operational DataCenter (see �gure 1). It establishes a text �le whih serves as soure of information about thestatus of databases for all parts of tehnologial proess as desribed above. It inludes in it`sattention the ODC (database atalog, super�le atalog, analysis spool�les and, if neessary,manual input) and the IVS Data Center (databases and master�les). Additionally the text�le is suitable to be imported into a database management system like INFORMIX or MS-ACCESS. The analyst an query and �lter the system and bene�ts by faster information likedata availability in IVS Data Center and Operational Data Center, analysis status, analysisquality, speial problems with databases and super�les. Program monitor also leans thedatabase atalog (purge, delete S-Band keys after analysis, move databases to proper atalogareas) and super�le atalog automatially.
6 15th European VLBI Meeting Proeedings



Volkmar Thorandt et al.: IVS Data Center at BKG3. Tehnial environmentFor VLBI purposes an HP9000/D280 omputer with 190 GByte Raid dis spae is available.For automati safety opies a tape library TLZ894 is in use. The Internet rate is 2 Mbit/se. Toinrease the data seurity a new network on�guration is under onstrution (see �gure 2). In thefuture the IVS server will reside behind a �re wall in the so alled Seure Server Network, butpublily aessible. The Operational Data Center will be established in the Loal Area Network.It will not be possible to aess it from the Wide Area Network. That means, all publi ativitieswill happen only in the Seure Server Network.
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Figure 2. Network on�gurationReferenes[1℄ GSFC, NASA (2001), Release of Mark-IV VLBI Analysis Software CALC/SOLVE from June 05, 2001(web-referene: http://gemini.gsf.nasa.gov/solve root/release).

15th European VLBI Meeting Proeedings 7



Gerald Engelhardt et al.: The Current Status of the IVS Analysis Center at BKG, Proeedings of the 15th WorkingMeeting on European VLBI for Geodesy and Astrometry, p.8{13http://www.iee.fr.es/hosted/15wmevga/proeedings/engelhardtThe Current Status of the IVS Analysis Center at BKGGerald Engelhardt, Volkmar Thorandt, Dieter UllrihBundesamt f�ur Kartographie und Geod�asie (BKG)Contat author: Gerald Engelhardt, e-mail: engelhardt�leipzig.ifag.deAbstratThe analysis ativities at the IVS Analysis Center at BKG an be divided in the proessing ofthe orrelator output, the produing of three EOP time series for submission to the IVS and theomputation of repeated annual solutions for submission to IERS. The main features of these works areexplained and the results are ompared with the oÆial IERS produts. The proessing and managingof the VLBI databases are maintained by using the CALC/SOLVE software and self-developed programenvironment around it.1. IntrodutionThe Leipzig branh of the Bundesamt f�ur Kartographie und Geod�asie (BKG) and the GeodetiInstitute of the University of Bonn (GIUB) ooperate in geodeti VLBI for several years. Bothinstitutions are operating the BKG/GIUB VLBI Analysis Center. The BKG is responsible for theestablishment of the Earth Orientation Parameter (EOP) time series and the annual solutions forthe International VLBI Servie (IVS) and the International Earth Rotation Servie (IERS). TheGIUB gives sienti� assistane for that.The Mark-IV Data Analysis Software System CALC/SOLVE, release of June 5, 2001 (Ref.[1℄)is urrently used for the VLBI data proessing at BKG. Besides there is an own programenvironment around the CALC/SOLVE software for the pre- and post-interative part of theEOP series establishment. At BKG the CALC/SOLVE software is installed on a HP9000/280/1workstation with the operating system HP-UX10.20.2. The proessing of orrelator outputThe BKG is responsible for the further proessing of orrelator output from the Bonn orrelatorat Max Plank Institut f�ur Radioastronomie (MPIfR). The orrelator �les over so-alled VLBIdatabases version 1 from X- and S-band and related log �les for the VLBI experiments IRIS-S,EUROPE, and COHIG. From the beginning of 1999 up to now altogether 54 VLBI experimentswere proessed, that means in detail 31 IRIS-S, 13 EUROPE, and 10 COHIG VLBI experiments.After the generation of alibrated databases with higher version numbers they are submittedtogether with related �les to the IVS Data Centers for distribution. The VLBI data proessingsteps inlude the program runs of APRIORI, CALC, SOLVE, XLOG, DBCAL, i.e.:� Providing of a priori information.� Calulation of theoretial values.� Group delay ambiguity resolution for X- and S-band.� Adding of the ionosphere orretion.� Calibration of the databases with meteorologial and able data.� Inspetion of the residuals in the least squares solution.� Weighting of observations.8 15th European VLBI Meeting Proeedings



Gerald Engelhardt et al.: IVS Analysis Center at BKG3. The main features of the EOP time series omputation from 24 hour sessionsAll available individual VLBI experiments (NEOS, CORE, COHIG, IRIS-S, EUROPE, ...) arethe basis for the �nal proessing, but 96 sessions among them were exluded beause of not suitablestation on�guration. The EOP time series from BKG named bkg00001.eops was generated fromaltogether 2358 24 hours VLBI sessions between 1984 and August 7, 2001. The time delay is onlyless than one day from appearing of a new VLBI experiment in the IVS Data Center and the�nal EOP series results. The BKG EOP time series from 24 hours VLBI experiments is also aontribution to the Bulletin B (Ref. [2℄).The main program options for the omputation of the 24 hours session series are:� Group delays with 5 degrees elevation uto� are proessed.� The estimated parameter types are the EOP (x-pole, y-pole, ut1-ut and rate, dpsi, deps),station loks (every hour), zenith troposphere (every hour), troposphere gradients (east andnorth o�set).� The a priori Terrestrial Referene Frame (TRF) is de�ned by the Navy 1998-10 frame (Ref.[3℄) and the a priori Celestial Referene Frame (CRF) is de�ned by the ICRF-Ext.1 frame(Ref. [4℄). Both referene frames are �xed.The BKG IVS Analysis Center also generates a seond EOP time series for 24 hours VLBIsessions. This series, named bkg00002.eops inludes in ontrast to the oÆial series bkg00001.eopsthe additional estimation of the x- and y-pole rates.4. The main features of the EOP time series omputation from the UT1 inten-sive sessionsVLBI UT1 intensive sessions onsist of only one baseline in east-west diretion with a measure-ment duration of about one hour. They are measured around �ve times per week, generally fromMonday to Friday. At present the stations Wettzell (Germany, Europe) and Kokee (Hawaii, Pa-i�) form this baseline. All available individual VLBI UT1 intensive sessions (XT, XU databasesversion 1) are the basis for the �nal proessing. The UT1 time series named bkgint01.eops wasomputed from altogether 634 VLBI UT1 sessions between 1999 and August 8, 2001. The timedelay is less than one day from appearing of a new VLBI intensive experiment in the IVS DataCenter and the �nal UT1 series results too. Furthermore the results ontribute to the issue ofBulletin B as well.The main program options for the omputation of the UT1 intensive session series are:� Group delays with 5 degrees elevation uto� are proessed.� Only the relevant UT1-UTC parameter type is estimated on the epoh of the middle ofsession. Together with that are the estimation of station lok parameters at one station andzenith troposphere o�sets at both stations of the baseline for eah session.� The a priori TRF and CRF are �xed with the same values as in the desribed analysisproedure of the EOP time series omputation from 24 hours VLBI sessions.5. The BKG annual solution for submission to IVS/IERSIn addition to the desribed session solutions a ombined global solution is omputed eahyear. The last global solution omprises VLBI experiments with a data span from January 1984to Deember 2000. Two solution types named bkgira00 for EOP and CRF and bkgtra00 for TRFare the basis for the annual submission to the IVS resp. IERS.The main features of the solution bkgira00 are:15th European VLBI Meeting Proeedings 9



Gerald Engelhardt et al.: IVS Analysis Center at BKG� The estimated parameter types inlude the EOP, the CRF, the TRF, and others.� There is a no net rotation ondition for 209 de�ning soures from the ICRF-Ext.1.� There are no net rotation and translation onditions for 12 station positions related to theITRF97 (Ref. [5℄).� There are no net rotation and translation onditions for 5 station veloities related to theITRF97.� The station HRAS (Fort Davis, USA) is piee-wise modeled with an interval of one month.� The results of the EOP- and CRF estimations were submitted to the IVS and to the IERS.The main features of the solution bkgtra00 are:� Use of the same program options as in solution type bkgira00 with one exeption: stationHRAS is not modelled piee-wise but as one global estimation for oordinates and veloities.� At present the TRF solution is available in SINEX format (oordinates, veloities, ovari-ane matrix) and as normal equations inluding the global soure parameters with an ownarbitrarily de�ned format.6. Comparisons and assessment of the auray of the BKG EOP seriesSome omparisons within the omputed BKG EOP series and omparisons to the oÆial IERSC04 series (Ref. [6℄) were arried out to assess the auray of the BKG EOP series.A: Statements refer to the di�erene to C04 for solution bkgira00 (see point 5.).A dereasing of sattering from 1984 to 2000 is obvious but there are remaining systematideviations espeially from 1984 to 1988. Figure 1 is an example for the EOP omponentx-pole.
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Figure 1. Di�erene of the BKG annual solution bkgira00 and 04B: Statements refer to the omparison between the solutions bkg00001 and bkg00002 (see point3.) from 1999 up to present time.Most di�erenes in the EOP are smaller than their formal standard deviations. Themean formal standard deviations are: sigma(x-pole)=0.23 mase, sigma(y-pole)=0.15 mase,10 15th European VLBI Meeting Proeedings



Gerald Engelhardt et al.: IVS Analysis Center at BKGsigma(ut1-ut)=12 mirose. Figure 2 is an example for the EOP omponent y-pole for bothsolutions.
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Figure 2. Di�erene of the BKG solutions bkg00001 and bkg00002C: Statements refer to the omparison between the solutions bkg00001 (see point 3.) and bkgint01(see point 4.) in UT1-UTC from 1999 up to present time.The sattering of the intensive UT1 series till June 2000 is higher than afterwards. This fatorresponds with the hange in the baseline on�guration in the middle of the year 2000 frombaseline Wettzell (Germany) to Greenbank (East oast USA) to the longer baseline Wettzellto Kokee (Hawaii, Pai�). The substitution of the station Greenbank by the station Kokeealso auses a jump of about 20 miroseonds (see �gure 3).
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Figure 3. Comparison of the BKG solutions bkg00001 and bkgint01 with a priori TRF Navy 1998-10A new test omputation of the two BKG EOP series with a new a priori TRF ITRF2000(Ref. [7℄) shows interesting results. The former jump of about 20 miroseonds disappears15th European VLBI Meeting Proeedings 11



Gerald Engelhardt et al.: IVS Analysis Center at BKGand furthermore the EOP series bkg00001 appears more homogeneously (see �gure 4).
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Figure 4. Comparison of the BKG test solutions bkg00001 and bkgint01 with a priori ITRF2000D: Statements refer to the omparison between the VLBI experiments NEOS and CORE observedon the same day of the series bkg00001 (see point 3.) from 1999 to the middle of 2000.Both VLBI experiment series NEOS and CORE are haraterized by a omparably globalstation distribution, by the same periods of time of measurements, and by the same proessingsteps. So the proessing results should be theoretially the same. Assuming the di�erene ofthe determined EOP results from both experiment series has to be zero, the auray derivedfrom double measurements an be estimated bys1 = s [dd℄2n and (1)s1: standard deviation of the EOP omponentd: di�erene between the EOP omponent form NEOS and COREn: number of the data points (32 double measurements).In addition to the values from equation (1) the mean formal standard deviations s2 of the EOPomponents are used to ompute a fator s1/s2 for eah EOP omponent (ut1-ut, x-pole,y-pole, dpsi, deps). So the reliability of the formal standard deviations an be heked. Theonlusion from this is a too optimisti estimation of the mean formal standard deviationsof the EOP by a mean fator of 2.5.A seond omputation of the fator s1/s2 with the same data points but with a new deter-mined EOP series bkg00001 on the basis of a new a priori TRF ITRF2000 yields a betteragreement with the formal standard deviations. Now the mean fator amounts to 1.6 withonstant s2 in both omputations. These results on�rm the higher auray of the ITRF2000in ontrast to the TRF Navy 1998-10. The standard deviations s1, s2 and the orrespondingfators of the EOP omponents for both alulations are given in table 1.7. OutlookOn the basis of our test omputations (see point 6.) for the EOP time series a revision of theproedures with regard to an optimum hoie of the parameter set is planned. Furthermore we12 15th European VLBI Meeting Proeedings



Gerald Engelhardt et al.: IVS Analysis Center at BKGTable 1. Mean standard deviations for EOP omponents derived from NEOS and CORE on the same dayEOP omponent s1 s1.itrf2000 s2 s2.itrf2000 s1/s2 s1.itrf2000/s2.itrf2000x-pole 0.32 mas 0.23 mas 0.15 mas 0.15 mas 2.1 1.5y-pole 0.38 mas 0.15 mas 0.12 mas 0.12 mas 3.2 1.3ut1-ut 23.8 �s 12.5 �s 6.8 �s 6.8 �s 3.5 1.8d 0.36 mas 0.29 mas 0.18 mas 0.17 mas 2.0 1.7d� 0.13 mas 0.13 mas 0.07 mas 0.07 mas 1.9 1.9mean 2.5 mean 1.6intend to produe the IVS TRF solution four times per year aording to the IVS instrutions.To maintain the BKG IVS Data and Analysis Center further improvements of automatedanalysis proesses are under onstrution.The BKG will partiipate in the seond IVS Pilot Projet (Ref. [8℄).Referenes[1℄ GSFC, NASA (2001), Release of Mark-IV VLBI Analysis Software CALC/SOLVE from June 05, 2001(web-referene: http://gemini.gsf.nasa.gov/solve root/release).[2℄ Bulletin B, web-referene: http://hpiers.obspm.fr/eop-p.[3℄ USNO (1997), U.S. Naval Observatory IERS Annual Report for 1997.[4℄ ICRF-Ext.1, web-referene: http://hpiers.obspm.fr/webiers/results/irf.[5℄ Bouher, C. et al., (1999), The 1997 International Terrestrial Referene Frame (ITRF97), IERS Teh-nial Note 27, Observatoire de Paris.[6℄ C04 EOP, web-referene: http://hpiers.obspm.fr/eopp/eop/eop04.[7℄ ITRF2000, web-referene: http://lareg.ensg.ign.fr/ITRF/ITRF2000.[8℄ Call for 2nd IVS Analysis Pilot Projet, IVS mail no. 00360 (17-JUL-01), web-referene:http://ivs.leipzig.ifag.de/mhonar/ivsmail/maillist.
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Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy Report, Proeedings of the 15th Working Meeting onEuropean VLBI for Geodesy and Astrometry, p.14{21http://www.iee.fr.es/hosted/15wmevga/proeedings/gariaMDSCC Radio Astronomy ReportCristina Gar��a Mir�o 1, Jose F. G�omez 2, Dirk Behrend 3, Antonio Rius 3,Antxon Alberdi 4, Elena Jim�enez Bail�on 2, Itziar de Gregorio Monsalo 21) Madrid Deep Spae Communiations Complex, INTA/NASA2) Laboratorio de Astrof��sia Espaial y F��sia Fundamental, INTA3) Institut d'Estudis Espaials de Catalunya4) Instituto de Astrof��sia de Andalu��aContat author: Cristina Gar��a Mir�o, e-mail: gmiro�lrid.mds.nasa.govAbstratThis report reviews the radio astronomy and geodeti ativities, in whih MDSCC is involved, aswell as the operational philosophy. A summary of the observations performed in the years 2000{2001and a reliability and performane study of the operations are given. News about MDSCC and futureplans onude the report.1. Radio Astronomy and Geodesy Operations in MDSCCThe Radio Astronomy and Development Control (RDC) System has been designed to simplifyR&D operations for DSN personnel and to enable remote direting and monitoring by investigators.The system is being ontinuously improved towards high automation and rapid reon�guration.This will allow the use of short bloks of antenna time and use of unantiipated antenna availabilityon very short notie.The RDC integrates both DSN Operations subsystems and experimental subsystems. Somekey elements of the system are (see �gure 1):� the Equipment Ativity Controller (EAC), whih performs the same funtions as a DSNoperator's onsole but has the additional apability of ontrolling R&D equipment,� the Radio Astronomy Controller (RAC), whih ontrols muh of the radio astronomy andother R&D equipment, and� the PC Field System (PCFS), whih ontrols the VLBI reorders and the MarkIV AquisitionTerminal.2. VLBI and non-VLBI Radio Astronomy and Geodeti AtivitiesDuring the reported period a total of 69 VLBI observations have been performed, representinga total time of 696 hours. Tables 1 and 2 summarize the VLBI observations performed from Augustto Deember 2000 and from January to August 2001. MDSCC has been involved in the followingprojets:� DSN Flight Projets: Clok Synhronization (Clok Syn) and Catalog Maintenane andEnhanement (CATM&E) (37 observations). Clok Syn uses VLBI tehniques to study theinstantaneous Earth rotation angle, polar motion, soure positions and di�erene betweentwo Deep Spae Network (DSN) station loks. These results are required by di�erent JPLprojets in order to be able to measure the frequeny rate o�set of the H2 maser frequenystandards within the DSN. It is performed one every two weeks. The purpose of the CatM&Eprojet is the development and maintenane of a high auray position radio soure atalog14 15th European VLBI Meeting Proeedings



Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy Report

Figure 1. MDSCC Radio Astronomy Operational Diagram. The diagram shows the interonnetion betweenthe RA ontrol systems and the antenna.(within 0.00001 error). This stellar referene frame is used as a referene for JPL missionsnavigation purposes. It is performed one a month.� NASA Projets: OSSA (1 observation).� SVLBI Co-observing Program (5 observations). L-Band observations partiipating in thespae VLBI observations arried out with the spae antenna VSOP and other terrestrialradio observatories.� Stanford University: Gravity Probe B Mission (4 observations). This projet intends totest preditions of the General Theory of Relativity about the urvature of spae-time. Itwill use a preise orbit and pointing, aurate gyrosopes and sensitive detetors to measureextremely small variations in the spin of the onboard gyrosopes.� Goddard Spae Flight Center: Spae Geodesy Program (SGP) | Europe and CORE (6observations). SGP has the objetive to establish, maintain and distribute to the US andinternational ommunity a high auray terrestrial referene frame (TRF). This frame givesloation and veloities of di�erent sites around the world (auray 2m in position, 1mm/yrin veloity).� EVN + VLBA: Global Observations (8 observations). The purpose of these projets is theobservation and study of the radio emission of astronomial objets.� EVN Calibrations (2 observations).� Others: Radio Stars (7 observations). Study of stars similar to the Sun in order to detetJupiter-like planets, applying phase referene tehniques.Most ommon failures experiened during the reported period are:� DSS65 Pre-limits problem. While moving from one soure to the following, the 34m HighEÆieny antenna (DSS65) starts an erroneous movement reahing elevation or azimuth15th European VLBI Meeting Proeedings 15



Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy Report
Table 1. VLBI observations in the August-Deember 2000 period. In the omments olumnn, the ompletelysuessful observations are labeled as 'OK'. In ontrast, observations that ompletely failed (100% dataloss) are labeled as 'FAIL'. Problems that aused the data to be lost (partially or ompletely), or degradedare spei�ed. Most ommon problems are desribed in the running text. PCG stands for phase alibrationsignal, REC#N is the VLBI reorder number N, OE stands for operator error, APA is the Antenna PointingAssembly and VC#N is the video onverter number N. Deep Spae Antennas used for VLBI are DSS63 andDSS65.Code Projet DOY Antenna Band CommentsBR067B GPB 220 63 XDUAL OK00CS234 Clok Syn 234 65 S/X OK, PCG lowW329A SVLB 236 63 L FAILW327C SVLB 243 63 L FAIL: formatter not in syn00CS243 Clok Syn 243 65 S/X REC#1 problemsEURO58 Europe SGP 248 65 S/X DSS65 Prelimits, Drudg problem,REC#1 problems00CS256 Clok Syn 256 65 S/X OK, PCG low00CS270 Clok Syn 270 65 S/X OK00CS277 Clok Syn 277 65 S/X OK00281 CatM&E 281 65 S/X REC#2 problems28800 RA stars 288 63 X Drudg problem00289 CatM&E 288 65 S/X DSS65 PrelimitsCB702 CORE SGP 290 65 S/X DSS65 Prelimits, Drudg problem00CS292 Clok Syn 292 65 S/X OK29600 RA stars 296 63 X FAIL: Drudg problem30200 RA stars 302 63 X FAIL: Drudg problemBR067C GPB 310 63 XDUAL Subreetor problem00CS315 Clok Syn 315 65 S/X OKGB037 GLOBAL 316 63 XDUAL OKGB038A GLOBAL 317 63 S/X DUAL OK00CS319 Clok Syn 319 65 S/X DSS65 Prelimits00330 CatM&E 330 65 S/X Soures lost problemGM043B GLOBAL 331 63 KDUAL OE (antenna mison�guration)00CS338 Clok Syn 338 65 S/X OKEURO59 Europe SGP 342 65 S/X OK00CS350 Clok Syn 350 65 S/X OKW023B4 SVLB 357 63 L No noise diodes ontrol00CS363 Clok Syn 363 65 S/X OK
16 15th European VLBI Meeting Proeedings



Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy ReportTable 2. VLBI observations in the January-August 2001 period.Code Projet DOY Antenna Band Comments01CS008 Clok Syn 8 65 S/X OKW308A SVLB 15 63 L L-Band RFI, no noise diodes ontrol01CS023 Clok Syn 23 65 S/X DSS65 Prelimits, APA#2 problem01030 CatM&E 30 65 S/X DSS65 Prelimits, OE (reorder)01CS035 Clok Syn 35 65 S/X OK036-01 RA stars 36 63 XDUAL OK048-01 RA stars 48 63 XDUAL APA#1 problem,OE (antenna mison�guration)01CS050 Clok Syn 50 65 S/X OKGB036 GLOBAL 54 63 L Problems REC#1,no noise diodes ontrolGM038 GLOBAL 54 63 L Subreetor hung upN01L1 EVNCAL 54 63 L VC#3 low, no noise diodes ontrolW302A SVLB 64 63 L No noise diodes ontrol01CS070 Clok Syn 70 65 S/X OK01083 CatM&E 83 65 S/X Problems REC#2, antenna stopped01CS084 Clok Syn 84 65 S/X Soures lost problemBR071A GPB 90 63 XDUAL Xband PCG red, APA#1 problem01CS093 Clok Syn 93 65 S/X Soures lost, VC#2 problems01CS098 Clok Syn 98 65 S/X Soures lost, VC#2 problems01CS110 Clok Syn 110 65 S/X VC#3 problems01125 CatM&E 125 65 S/X DSS65 Prelimits, Problems REC#101CS126 Clok Syn 126 65 S/X VC#13 problems01CS137 Clok Syn 137 65 S/X Soures lost, VC#13 problems139-01 RA stars 139 63 XDUAL VC#2&VC#13 problems01CS149 Clok Syn 149 65 S/X Antenna problem (AZ enoder)GR016C GLOBAL 153 63 XDUAL OKN01X2 GLOBAL 153 63 XDUAL OKGG038C GLOBAL 153 63 XDUAL OK01154 CatM&E 154 65 S/X VC#13 problems161-01 RA stars 161 63 XDUAL Subreetor hung up01CS166 Clok Syn 166 65 S/X OKCC201 CORE SGP 162 65 S/X DSS65 Prelimits, OE (PCG low)EURO60 Europe SGP 169 65 S/X Soures lost,OE (subreetor �x 10deg EL)01174 CatM&E 174 65 S/X DSS65 Prelimits, antenna problem,OE(reorder)01CS178 Clok Syn 178 65 S/X VC#3 problems, OE( reorder)BR071B GPB 180 63 XDUAL Soures lostCC202 CORE SGP 185 65 S/X OE (PCG low)01CS194 Clok Syn 194 65 S/X VC#3 problems01CS206 Clok Syn 206 65 S/X VC#3 problems01209 CatM&E 209 65 S/X VC#3 problems01CS220 Clok Syn 220 65 S/X Soures lost01CS232 Clok Syn 232 65 S/X FAIL (reorder problem and OE)15th European VLBI Meeting Proeedings 17



Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy Reportsoftware and hardware pre-limits. During the antenna reovering proess several soures anbe lost. The problem is under investigation.� EAC-antenna ommuniation problems. Due to heavy traÆ in the ommuniations betweenthe EAC and the antenna ontrollers, some of the move ommands for next soure are lost.This problem an ause up to a 5% of the time to be lost.� Antenna problem (Antenna pointing assembly problem, Antenna Controllers problems, et).� Subreetor problem (subreetor stopped traking).� Shedule proessing errors. This was the most important ause of data loss during the year2000. An inorret Shedule Proessing Software (Drudg) version was used.� VLBI Data Aquisition Terminal failures (formatter, reorders, video onverters, et).� Operator error. Most ommon operator errors are on�guration errors (signal polarizationrossed, antenna and subreetor on�guration error). Other errors are related with heknegleted during the observation (formatter unsynhronized, subreetor or antenna erro-neous status). De�ient managing of VLBI reorders is another ause of data loss (e.g.reorder head not properly leaned).Apart from the VLBI Observations, a total of 22 observations have been performed duringthe Host Country time that is managed by the Laboratorio de Astrof��sia Espaial y F��sia Fun-damental -LAEFF/INTA-. This time is sheduled for the Spanish Astronomial Community andrepresents a 5% of the total. During Host Country time, K-Band spetrosopy and single-dishobservations are performed.Part of the time during this period has been used to omplete the installation and alibrationof the autoorrelation spetrograph. Also was neessary to develop new software to improve theommuniations of the spetrometer with the reeiver. First suessful K-Band spetra (watermasers from Cepheus A) were obtained on May 18th, 2001.Also single-dish observations in S and X Bands were arried out for a study of Blazars emissionvariability.Additionally K-Band and X-Band gain urves have been measured.A study has been done to ompare geodeti VLBI observations before and after the trak andwheel repair of the DSS65 in 1997 with results from onventional geodeti surveys. The repairwork aused small displaements in the horizontal and vertial position of the antenna. Whereasthe horizontal displaements derived from the two tehniques agree very well, the vertial o�setas determined by the onventional geodeti surveys annot, up to now, be seen in the geodetiVLBI data. This is probably due to the short time series available after the repair work and willhopefully be ured when more geodeti VLBI data beome available.3. MDSCC Reliability and PerformaneMDSCC performane results for 2000 and January-August 2001 periods are represented in the�gures of this setion. Figures 2 and 3 show the amount of data observed, degraded or lost for eahdi�erent projet we have partiipated in. In the year 2000, the projets most a�eted by data losswere Radio Stars (100% of data loss) and Spae VLBI. During the January-August 2001 period,our performane has improved onsiderably, diminishing the quantity of data degraded or lost.Figures 4, 5, 6 and 7 show, for eah onsidered period, the total amount of data observed,degraded or lost as well as the auses of lost time.Di�erent aspets impat on the MDSCC reliability and performane results:� VLBI operations are not very frequent ompared with other station ativities: a given oper-ator may not perform VLBI observations for up to several weeks or even a month.18 15th European VLBI Meeting Proeedings



Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy Report

Figure 2. Performane Study: Projets. Year 2000. The plot shows the observed, degraded and lost timein minutes for eah projet.

Figure 3. Performane Study: Projets. January-August 2001. The plot shows the observed, degraded andlost time in minutes for eah projet.

Figure 4. Observed, degraded and lost time (%) during year 2000.15th European VLBI Meeting Proeedings 19



Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy Report

Figure 5. Causes of lost time (%) during year 2000

Figure 6. Observed, degraded and lost time (%) during January-August 2001 period.

Figure 7. Causes of lost time (%) during January-August 2001 period.20 15th European VLBI Meeting Proeedings



Cristina Gar��a Mir�o et al.: MDSCC Radio Astronomy Report� Most of the VLBI operations are not standard (there are few exeptions, e.g. Clok Synand CatM&E Projets) and repeated on�gurations are not very frequent. Non standardobservations need the RA Engineer support, providing the required information to on�gurethe equipment and spei� instrutions to perform the operations.� Low reliability of the VLBI system: no full automation of the system, old equipment, VLBImagneti tape reorder/reproduer system has low reliability, et.� Complexity of the VLBI ontrol system: EAC-PCFS-RAC omplex interation.These fats imply the neessity of speialized VLBI operators. A VLBI Operations TrainingCourse has been prepared with the purpose of improving the operators' knowledge of the systemand provide suÆient bakground to the solution of VLBI operations diÆulties.Apart from the e�orts to improve the operators' expertise on the VLBI system, it would beonvenient to inrease the operators' motivation with information about the Sienti� Projetsthey are involved in (sienti� goals, et), as well as the sienti� results ahieved. Prinipalinvestigators of the di�erent projets are enouraged to provide to the station feedbak of theirresults.4. News and Future Plans� Cristina Calder�on is on leave for one year and Cristina Gar��a Mir�o is the atual RadioAstronomy Engineer (gmiro�lrid.mds.nasa.gov, Tel.: +34-91-867-7130/7000, Fax: +34-91-867-7185).� The antenna DSS63 (70m) has been down for X-Band up-link upgrade from July to Otober15th, 2001. First suessful observations were performed in November 2001. X-band Masershave been replaed by a two polarization HEMT with omparable system temperature butimproved bandwidth. New gain urves and pointing models have been determined.� A S2 Data Aquisition Terminal has been installed and the �rst fringe test will be performedbefore the end of 2001. PC Field System software has been modi�ed to be able to ontrolthe S2 Terminal.� The K-Band problem in the on-axis RCP path has been determined. The other two paths(on-axis LCP and o�-axis LCP) performane are not a�eted by the problem. A new K-BandHEMT will be purhased and installed in 2002.� A new Spetrometer developed by the Harvard Smithsonian Institute will be installed at theend of the year 2001.� A group of MDSCC operators have attended a Radio Astronomy Operations training ourseduring September 2001. The purpose of the ourse is the improvement of their knowledgeand expertise on the VLBI system. It is already sheduled a seond training ourse.� New software for the Equipment Ativity Controller (EAC) and PC Field System (PCFS)is urrently being installed. Future hardware upgrades are the gps-fmout, new MarkIV�rmware and deoder.� We have started providing System Temperature Monitoring for the last observations weperformed, following the observers requirement. This requirement was not ful�lled sineJanuary 2000, when the Quasar Meter System was found to be not year 2000 ompliant.� Future frequeny bands upgrades (C-Band and Q-Band) are being studied.� One of our deommissioned 34m antenna is going to partiipate in an eduational projet:PARTNeR (INTA/NASA). The radio telesope is urrently in the integration phase.15th European VLBI Meeting Proeedings 21



Rihard W. Poras: E�elsberg Station Report - September 2001, Proeedings of the 15th Working Meeting onEuropean VLBI for Geodesy and Astrometry, p.22{22http://www.iee.fr.es/hosted/15wmevga/proeedings/poras1E�elsberg Station Report - September 2001Rihard W. PorasMax-Plank-Institut f�ur Radioastronomiee-mail: poras�mpifr-bonn.mpg.de AbstratThis report lists a number of developments at the E�elsberg 100m telesope sine the last WorkingGroup meeting whih may be of relevane for geodeti VLBI observing.1. Developments: September 2000 - September 2001Replaement of the worn gears in the telesope azimuth drives has started. This work should beompleted by the end of 2001.The long-awaited new 8.4 GHz reeiver has now been installed in the telesope and is urrentlybeing tested by telesope sta�. It will be used for an astronomial VLBI experiment at the endof September. (This reeiver will support the \R&D" wide frequeny range, although E�elsbergdoes not have an IF3 unit.)Following ompletion of development, an upgraded MKIV formatter was installed in Deember2000. Bug �xes and new failities suh as barrel roll were suessfully tested in a geodeti VLBIexperiment orrelated in Bonn.We now have a MKIV deoder in E�elsberg.In June a seond headstak was installed in the MKIV reorder, in preparation for 512 Mb/sreording with the EVN and for mm-VLBI.The formatter of the VLBA terminal has been upgraded with additional boards (kindly madeavailable from NRAO) in order to make VLBA-ompatible 512 Mb/s reording. In this mode, theMKIV reorder will run simultaneously as a seond VLBA reorder.Following the announement at the EVN TOG meeting last June of a thin-tape-only poliy forEVN operations, we have hanged the E�elsberg poliy to thin-tape-only for all VLBI operations.This applies to both the VLBA and MKIV terminals and inludes our oasional GEODETICobservations.Work ontinues on both the water vapour radiometer and the plans for installing a GPS reeiverin E�elsberg, for providing auxiliary phase and delay measurements for VLBI. More informationan be found at:http://www.mpifr-bonn.mpg.de/sta�/aroy/wvr.html andhttp://www.mpifr-bonn.mpg.de/sta�/aroy/gps.html
22 15th European VLBI Meeting Proeedings



Franiso Colomer: The New 40 Meter Radiotelesope of OAN at Yebes, Proeedings of the 15th Working Meetingon European VLBI for Geodesy and Astrometry, p.23{23http://www.iee.fr.es/hosted/15wmevga/proeedings/olomerThe New 40 Meter Radiotelesope of OAN at YebesFraniso ColomerObservatorio Astron�omio Naionale-mail: olomer�oan.es AbstratThe Observatorio Astron�omio Naional (OAN) of Spain (Instituto Geogr�a�o Naional { Ministeriode Fomento) is building a new 40 meter paraboli radiotelesope in its premises at Centro Astron�omiode Yebes (CAY), near Guadalajara, Spain. The instrument, whose onstrution is progressing well,is expeted to be available for observations in 2004. The new radiotelesope will be equiped withstate-of-the-art reeivers in the 2 to 115 GHz range (inluding the geodeti S/X bands), and will jointhe astronomial and geodeti VLBI networks (EVN and IVS) from the start of its operations.The National Astronomial Observatory of Spain (OAN) has started the onstrution of a new40 meter radiotelesope in the town of Yebes (Guadalajara, Spain), next to the radome-enlosed 14meter radiotelesope built by ESSCO in 1976. The new instrument will be the most important largesale faility for Radio Astronomy run by the Spanish administration, and beome an importantpartner in the VLBI networks at entimeter and millimeter wavelengths.The 40 meter radiotelesope will operate in the 13 m (2.3 Ghz) to 2.6 mm (115 Ghz) range,both as a single antenna and as one element in a VLBI array for astronomial and geodeti studies.The antenna will onsist of a homologous paraboli reetor, and a subreetor on a quadrupode,in Nasmyth fous on�guration. This system is installed on a onrete pedestal whih serves also asontrol building and workshop (Figure 1). The large reeiver abin will move in azimuth togetherwith the telesope. All reeivers will be loated in the seondary fous abin (so that several ofthem an be used simultaneously), where multibeam reeivers at the highest frequenies may alsobe installed.

Figure 1. Pedestal of the new 40 meter radiotelesope of OAN at Yebes.The telesope onstrution started in July 1999. The onrete pedestal was built in 2000, andthe telesope struture is expeted by 2003. Commissioning and observations ould start then withthe S/X, K, and Q band reeivers.More information on the onstrution of the new telesope an be found on the WEB page ofthe observatory at the URL: http://www.oan.es/ay/40m/.15th European VLBI Meeting Proeedings 23



Hayo Hase: Status of the TIGO-Projet in Conepi�on, Proeedings of the 15th Working Meeting on EuropeanVLBI for Geodesy and Astrometry, p.24{27http://www.iee.fr.es/hosted/15wmevga/proeedings/haseStatus of the TIGO-Projet in Conepi�onHayo HaseBKG Wettzelle-mail: hase�wettzell.ifag.de AbstratThe Transportable Integrated Geodeti Observatory (TIGO), a fundamental station for geodesy,will be transfered from Wettzell, Germany, to Conepi�on, Chile. This report gives an overview aboutthe ongoing onstrutions of the TIGO-platform in Conepi�on.1. IntrodutionOn January 21, 2000, it was deided that BKG's Transportable Integrated Geodeti Observa-tory will be installed at Conepi�on in Chile. On June 21, 2000, an Arrangement of the ooperativeoperation of TIGO was signed between BKG and the Universidad de Conepi�on (UdeC) on be-half of a Chilean onsortium onsisting of UdeC, Universidad del B��o B��o (UBB), Universidad dela Sant��sima Conepi�on and the Instituto Geogr�a�o Militar of Chile. In 2001 the onstrutionof the neessary infrastruture for TIGO is arried out. This artile overs some events untilSeptember 7, 2001.2. LoationThe loation for TIGO was de�ned under various aspets:� Mirowave Noise. The platform is proteted from the urban mirowave noise soures suhas mobile telephones and wireless networking (2.4GHz) by a natural hill hain between theTIGO-platform and the ity of Conepi�on. An investigation with small S- and X-band hornantennas was arried out in Marh 2000.� Light Noise. A requirement for good SLR-observations at night are the absene of arti�iallight soures. The remote loation in the unhabited hills adjaent to Conep�on allows goodvisibility onditions at night.� Horizon. Its loation on top of a hill allows in almost all diretions observations down to7 degree of elevation. This is important for ommon observations (VLBI) sine Conepi�ononnets to other observatories mainly with large baselines (> 8000 km).� Vibration Noise. Due to the intended �rst installation of a super-onduting gravity meteron the Latin-Amerian ontinent a soil-noise free loation is desired. Roads with heavy traÆare not loser than 1 km in all diretions. Even loal traÆ to the observatory approahesnot loser than 100 m to the gravity and seismi monument.� Operators. The operation of TIGO requires the support of Chilean institutions whih willprovide 11 sta�. The human resoures neessary for TIGO are not available outside ities.The involvement of 3 university opens researh oportunities in relation to the data providedby TIGO. The permanent exhange of siene and data aquisition also requires a loationlose to the universities.With the de�ned loation all of the above onditions ould be met.24 15th European VLBI Meeting Proeedings



Hayo Hase: TIGO-Projet in Conepion3. Construtions3.1. Aess RoadThe loation of the TIGO-platform was remote with respet to its aess with heavy ontainer-truks. Therefore a 2.5km long unpaved forestry road need to be adapted in terms of hangingradii of urves and take away high inlinations. This work was arried out during February andMarh 2001 (�g. 1).

Figure 1. Marh 23, 2001. The aess road to the TIGO-platform is being prepared.3.2. Construtions at the platformIn addition the platform was realised by plane on top of the seleted hill and needed to beenfored with ompated gravel (�g. 2).Due to the heavy rain falls in Conepi�on during winter (June, July) it was not possible toontinue the onstrutions before the end of July 2001. The onstrutions for TIGO onsistsnot only of the installation of monuments for all its instruments (radiotelesope, lasertelesope,GPS, gravity and seismometer), but also of the realisation of infrastruture suh as eletriity,water, telephone, internet, its able duts, seurity, toilets, oÆe spae and deforestration for agood horizon. In the ongoing �rst phase of the onstrutions (until mid September 2001) thefoundations for the instruments and a middle tension line were realised (�g. 3, 4). The seondphase ontains the rest of the neessity and will be �nished by the end of November 2001.4. OutlookThe platform for TIGO will be prepared by the end of November 2001, when the observatorywill be installed in Chile. Observing data from this fundamental station for geodesy will beprodued by eleven Chileans under the supervision of three Germans and an be expeted in 2002.
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Hayo Hase: TIGO-Projet in Conepion

Figure 2. April 4, 2001. The platform is prepared for the foundations of the monuments.

Figure 3. September 7, 2001. TIGO-platform with foundations for 5 ontainers (left) and the radiotelesope(right). Two of the referene pillars for ontrolling loal site stability by loal geodeti surveys an be seenat the far left side and next to amion with onrete at the far right side. In the foreground begins theesarvation for the SLR-monument.26 15th European VLBI Meeting Proeedings



Hayo Hase: TIGO-Projet in Conepion

Figure 4. September 7, 2001. Monument for the GPS-permanent station (future IGS-station). The 3 m tallpillar is being �lled with onrete. It is loated on a blok of onrete with the dimensions 2:6� 2:6� 1:5m3. The enter of the pillar ontains an empty tube for the later installation of a tiltmeter. The monumentan be seen from the SLR-platform and will arry later a retroreetor below the GPS-antenna for diretdetermination of the exentriity vetor between GPS antenna and SLR telesope.
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Giuseppe Colui et al.: Matera CGS VLBI Station, Proeedings of the 15th Working Meeting on European VLBIfor Geodesy and Astrometry, p.28{31http://www.iee.fr.es/hosted/15wmevga/proeedings/oluiMatera CGS VLBI StationGiuseppe Colui 1, Pippo Biano 2, Domenio Del Rosso 1, Luiano Garramone 1,Eustahio Lunalbi 11) Telespazio S.p.A.2) Agenzia Spaziale ItalianaContat author: Giuseppe Colui, e-mail: olui�asi.itAbstratThis report summarizes the present status of the operational VLBI ativities at the Matera SpaeGeodesy Center.1. The systemThe Matera VLBI system is operated, on behalf of Italian Spae Ageny (ASI), by TelespazioS.p.A. at Centro di Geodesia Spaziale (CGS) of Matera.The CGS ame into operation on 1983 in the framework of an agreement with the BasiliataRegional Government and ASI.A �xed SLR system and a network of permanent GPS reeivers (inluding one at Matera site)are also operated at CGS. Honeywell (formerly ATSC) is now installing a new SLR system: MLRO.The Matera VLBI system inludes:� X/S bands reeiver;� 20 meter diameter assegrain antenna;� MARK-IV DAT and VLBA4 reorder.2. StatusThe Fig 2 summarizes the sessions from September 2000 up to August 2001, while Fig 3 showsthe summary of aquisitions from May 1990 up to August 2001.3. Performed upgradesFollwing upgrades were performed in order to inrease reliability of the system and to upgradethe equipment to the urrent standards:� new ryogeni system;� FS Linux 3 (new Linux Kernel);� Mark IV Rak power supply 110V to 220V;� Mark IV Formatter �rmware (now 4.1).4. MaintenaneIn April 2001, an azimuth motor redution unit failed (see Fig. 4). The unit was dismountedand the motors no. 2 and 4 were disabled. Up to now, antenna is moving using only motors no. 1and 3.28 15th European VLBI Meeting Proeedings



Giuseppe Colui et al.: MateraCGS VLBI Station

Figure 1. The Matera \Centro di Geodesia Spaziale" (CGS)

Figure 2. Summary of sessions
15th European VLBI Meeting Proeedings 29



Giuseppe Colui et al.: MateraCGS VLBI Station

Figure 3. Summary of aquisitions from May 1990 up to August 2001

Figure 4. Motor redution unit that failed in April
30 15th European VLBI Meeting Proeedings



Giuseppe Colui et al.: MateraCGS VLBI StationMinor rail maintenane was performed during September while antenna painting is now inprogress.5. Contat pointsThe list of the VLBI sta� members of Matera VLBI station is provided in Table 1.Table 1. Matera VLBI sta� membersName Ageny Ativity E-MailVLBI Team at CGS Telespazio vlbi�asi.itDr. Giuseppe Biano ASI VLBI Manager biano�asi.itDomenio Del Rosso Telespazio Operations Manager domenio delrosso�telespazio.itLuiano Garramone Telespazio Station Engeneer garramone�asi.itGiuseppe Colui Telespazio VLBI ontat olui�asi.itReferenes[1℄ Lunalbi, E., \Matera VLBI Station report on the operational and performane eval-uations ativities from January to Deember 2000", available on-line at this address:http://geodaf.mt.asi.it/html/surv rep.html
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Alessandro Orfei et al.: Mediina and Noto Stations Report, Proeedings of the 15th Working Meeting on EuropeanVLBI for Geodesy and Astrometry, p.32{35http://www.iee.fr.es/hosted/15wmevga/proeedings/orfeiMediina and Noto Stations ReportAlessandro Orfei 1, Frano Mantovani 1, Gino Tuari 2, Gianarlo Stanghellini 21) Istituto di Radioastronomia, Bologna, Italy2) Istituto di Radioastronomia, Noto, ItalyContat author: Alessandro Orfei, e-mail: orfei�ira.bo.nr.itAbstratThis report summarizes the ativities at the Mediina and Noto Stations in the last year, after the14th Working Meeting in Castel San Pietro Terme, to improve the station performanes,1. IntrodutionThe ativities at the Mediina and Noto Stations were mainly addressed to improve the dataaquisition quality. Most of the upgrading work was done in the eletroni hardware and to improvethe eÆieny of the two 32-m dish. Great are was also taken to inrease the reliability of thestations during the VLBI sessions.2. Main Ativities at the Mediina Station2.1. The upgrade of the Data Aquisition Systema) Main omputer and Field SystemA new version of the Linux operating system has been installed on the omputer driving theantenna and also in harge for the setup of the data aquisition terminal. The omputer hardwarehas also been upgraded. The updated version of the FS (9.5.1) have been implemented. Thishappened four times in the last year to mantain the FS at the state of the art.b) MK4 Phase Cal signalThe swith ON/OFF of the 'phase al' tone is now possible under omputer ontrol. An adho FS ommand an be inserted in the observing shedule to automatially set the swith in therequired position.) Station ClokThe GPS minus Formatter (Station Clok) di�erene is now ontinuosly and automatiallyaquired in the log �le for eah VLBI observing projet.d) Two-Heads reordingTwo-Heads reording is now available. Two new heads (triple ap) have been mounted. Loalplaybak tests showed that reording is �ne at 80 and 135 ips. Problems persist in playbak at160 ips.e) FormatterThe formatter has been upgraded with new hips.f) Delay UnitThe Ground Delay Unit has been refurbished following indiation from Haystak. It wasunderstood that the able measurement system was unstable and noisy beause of bad apaitorsin the antenna unit.g) Deoder Display The MKIV Deoder Display has been bought. It will be installed as soon aspossible.32 15th European VLBI Meeting Proeedings



Alessandro Orfei et al.: Mediina and Noto2.2. The upgrade of the antennaa) Antenna PointingThe pointing model has been improved implementing two more parameters. The pointing rmsauray is now �10 arseond.b) Azimuth MountThe speial ement whih supports the rail azimuth trak of the 32-m dish has been ompletelyreplaed. A new supporting system for the rail has been introdued. The rail trak has beenreplaed as well.) Projet Vertex RoomThe �nal design for the new Vertex Room is ready. The replaement has been postponedbeause of the upgrading of the Noto dish and urgent work on the Azimuth trak of the Mediinatelesope. The goal of the projet is to ahieve full frequeny agility at both Mediina and Noto32-m telesopes. The Vertex room will guests 8 reeivers whih will ontinuously over the band4.3{48 GHz. A wide-band reeiver working in the band 4.3{5.8 GHz is under test. The feed system(horn/diretional oupler/polarimeter/omt) is under onstrution by CSELT.2.3. General informationa) Loal SurveyIn the period 29 June - 04 July a Loal Survey of the antenna has been performed using GPStehnique and lassial geodesy. The results of those measurements are presented in Vittuari etal. (this onferene).b) Station Reliable OperationsAn engineer has been hired thanks to the Infrastruture Cooperation Programme 'Radionet'funded by EC. The main duties for this engineer will be:1) Chek the observing shedules for VLBI projets and the requested data aquisition setup.2) Work on the ompletion of the 'frequeny agile' system for the antenna.3) Improve the station alibration information.2.4. Geodeti VLBI ObservationsDuring 2001, the Mediina 32-m dish has taken part to 28 Geodeti VLBI Observations asfollows:16 CORE projets6 VLBA projets3 EUROPE projets3 CONT projets3. Main Ativities at the Noto Station3.1. The upgrade of the Data Aquisition Systema) Field SystemThe updated version of the FS (9.5.1) has been implemented.b) The MKIV Formatter and DeoderThe MKIV formatter an now be used as standard also for the VLBA DAS. The result of thisupgrade onsists in an automati swith between MKIV and VLBA type of observations, i.e. noabling, nor reboot of the Field System are needed.The Deoder was also mounted and tested.15th European VLBI Meeting Proeedings 33



Alessandro Orfei et al.: Mediina and Noto) Data Aquisition TerminalThe seond head was mounted and tested.3.2. The upgrade of the antennaa) Ative Surfae for the Noto telesopeThe Ative Surfae of the telesope is now in the implementation phase. New panels, whih willallow observations at frequenies up to 43 GHz, and 250 atuators will be mounted. The atuatorshave been tested and assembled at the Mediina Station. The mehanial interfae atuator/panelhas been developped in ollaboration with the �rm in harge for the prodution of panels. Theatuators are under omputer ontrol. Ad ho in-house software has been written for that purpose.The expeted eÆieny is �50% at 43GHz.b) Traking SystemThe SCU interfae between enoders and ontrol system of the dish has been hanged improvingthe traking reliability.3.3. New ReeiversThe primary fous box whih will ontain the new S/X/L band reeivers is under onstrution.The L and S/X band feeds have been delivered by CSELT. The dewar (ryogeni system) is alsounder onstrution. Both feeds will be ooled, together to the front-end LNAs.3.4. Geodeti VLBI ObservationsDuring 2001, the NOTO 32-m dish has taken part to 3 Geodeti VLBI Observations: CORE-C101, EUROPE-60 AND CORE-C102. Note that the antenna did not observe from August toSeptember due to the maintenane work (whih will ontinue till Deember 2001) needed to upgradeits performane.
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Alessandro Orfei et al.: Mediina and Noto

Figure 1. New seondary fous reeivers for the Mediina Radio Telesope.
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R�udiger Haas et al.: Geodeti Very Long Baseline Interferometry at the Onsala Spae Observatory 2000{2001:Observations, Proeedings of the 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.36{39http://www.iee.fr.es/hosted/15wmevga/proeedings/haas1Geodeti Very Long Baseline Interferometry at the Onsala SpaeObservatory 2000{2001: ObservationsR�udiger Haas, Sten Bergstrand, Gunnar Elgered, Lubomir Gradinarsky, Boris Stoew,Harald Bouma, Martin LidbergOnsala Spae Observatory (OSO), Chalmers University of TehnologyContat author: R�udiger Haas, e-mail: haas�oso.halmers.se, geo�oso.halmers.seAbstratWe give a short overview of the work related to geodeti VLBI experiments at the Onsala SpaeObservatory for the period 2000{2001. We onentrate on the performane of the VLBI system,reordings and hardware development. Due to limited orrelator apaity, in 2000 only 14 geodetiVLBI experiments were observed. In 2001, the number of planned experiments is 25, most of themhave already been observed without major problems.1. VLBI ObservationsThe Onsala 20 m radio telesope has regularly partiipated in several di�erent geodeti VLBIseries during 2000 and 2001, i.e. EUROPE, CORE-3, and VLBA, see Table 1.Table 1. Geodeti VLBI experiments at the Onsala Spae Observatory 2000{2001. Experiments that werelost due to tehnial problems are marked with y.Experiments observed in 2000EUROPE-53 EUROPE-56 EUROPE-59 CORE-3001 CORE-3005 VLBA19EUROPE-54 EUROPE-57 CORE-3002y CORE-3006 VLBA20EUROPE-55 EUROPE-58 CORE-3004Experiments observed in 2001 up to Otober 15EUROPE-60 CONT-M3 CORE-3007 CORE-3014 CORE-3022 VLBA25EUROPE-61 CONT-M4 CORE-3008 CORE-3015 CORE-3024y VLBA26CONT-M5 CORE-3011 CORE-3016 CORE-3026 VLBA28CORE-3012 CORE-3019 CORE-3028CONT-3013 CORE-3020Remaining experiments sheduled for 2001EUROPE-62 CORE-3033 CORE-3035In 2000, Onsala was sheduled for and has partiipated in all seven experiments of the EUROPEseries. In 2001 initially only two EUROPE experiments were sheduled due to the limited apaityof the Bonn orrelator. Fortunately, the situation at the Bonn orrelator improved signi�antlyduring 2001, so one additional EUROPE experiment was observed in September 2001.In 2000, Onsala was sheduled for six CORE-3 experiments. Five of them were observedsuessfully while problems with the pointing of the telesope aused a failure of CORE-3002. In2001 Onsala has been sheduled to partiipate in sixteen CORE-3 experiments. Fourteen of these36 15th European VLBI Meeting Proeedings



R�udiger Haas et al.: OSO Status report 2000{2001have already been observed and two more are going to be observed during Otober 2001. Theexperiment CORE-3024 was lost due to a failure of the reorder brakes.Two VLBA experiments in 2000 and three in 2001 have been observed. Onsala partiipatedalso in three experiments of the CONT-M series in Marh 2001.2. Tehnial development and tehnial problems during 2000-2001The overall system performane of the Onsala VLBI system is heked ontinuously, see e.g.[1℄, [2℄. The hardware omponent ausing the majority of the problems is still the tape reorder.In order to overome problems related to di�erent type of tapes and di�erent vauum levels, wedeided to run Onsala as a thin-tape-only station from January 2001. Nevertheless, the reordingquality is still unstable, produing highly varying parity errors levels.The readings often give $$$$$ values indiating very high parity errors or maybe problemsin the read eletronis. Table 2 shows the amount of $$$$$ readings from forward and reversereordings during the last six CORE-3 experiments observed at Onsala. Figure 1 displays empirialumulative distribution funtions for the forward and reverse parity errors during the last sixCORE-3 experiments. For these plots the $$$$$ readings have been negleted.Table 2. Perentage of $$$$$ readings from parity errors heks during the last six CORE-3 experiments.CORE-3016 CORE-3019 CORE-3020 CORE-3022 CORE-3026 CORE-3028for./rev. 6% / 5% 9% / 3% 41% / 22% 16% / 5% 10% / 6% 6% / 7%
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d) e) f)Figure 1. Empirial umulative distribution funtions of the parity errors during CORE-3016 (a), CORE-3010 (b), CORE-3020 (), CORE-3022 (d), CORE-3026 (e), CORE-3028 (f).For CORE-3016 more than 70% of the parity errors were below 1000, about 90% were below2000. Forward and reverse reordings showed similar behaviour. Starting with CORE-3019 thesituation got worse, espeially for the forward parity errors. In partiular CORE-3020 and CORE-3022 showed a drasti di�erene in the forward and reverse reordings, where the reverse passes15th European VLBI Meeting Proeedings 37



R�udiger Haas et al.: OSO Status report 2000{2001gave lower values than the forward passes. During CORE-3026 both reordings gave poor parityerror levels and also here forward reording was worse than reverse reording. First for CORE-3028 there seems to be an improvement and forward and reverse reordings performed more similaragain and on lower partiy error levels, too.One possible ause for poor parity error performane was identi�ed during summer 2001, whena leakage at the glass windows of the vauum hamber was deteted. This defet aused smalluuations of the vauum level by about 5%. After repair, the levels of parity errors stabilisedto some extend, ompare the plots for CORE-3026 and CORE-3028 in Fig. 1. Another possibleexplanation for the poor parity error performane is internal interferene a�eting the read heads.This ause is urrently under further investigation.In Figure 2 we show the median (and mean) parity errors against the trak used for forwardand reverse reordings during the last nine CORE-3 experiments observed at Onsala. Again, it islearly visible that for nearly all experiments the forward passes gave worse parity errors than thereverse ones. Besides this, it appears to be some trak dependene sine some of the traks, e.g.trak 32, seem to perform signi�antly worse than others.
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Figure 2. Median (full) and mean (dashed lines) parity errors per trak during CORE-3013 (a), CORE-3014(b), CORE-3015 (), CORE-3016 (d), CORE-3010 (e), CORE-3020 (f), CORE-3022 (g), CORE-3026 (h),CORE-3028 (i). Forward parity errors are shown as positive values, reverse parity errors as negativ values.During July 2001 the IVS network oordinator Ed Himwih visited the Onsala Spae Obser-vatory and inspeted the VLBI system together with the loal sta�. Head alibration and write38 15th European VLBI Meeting Proeedings



R�udiger Haas et al.: OSO Status report 2000{2001voltage were inspeted and found to be orret, and the Onsala VLBI system did not show anyobvious major defets. A 10 dB variation in the bandpass over 300 MHz and a small bump inthe bandpass were deteted whih apparently is introdued in IF distribution. The IF distributionbox was heked for poor onnetors and reeting signals but no obvious defet was deteted.During experiment CORE-3024 the reorder brakes bloked the tape movement due to a totalwear-out of the brake-dis on one of the reel-motors. The tape was damaged and the experimentould not be ontinued but was lost. New brake assemblies were installed at both reel motors.The old ones had been operating for some 20 years without failures.The installation of new idle rollers is planned for the near future.The new formatter �rmware was suessfully installed in the spring of 2001. The Mark IVdeoder was suessfully installed in the autumn of 2001 and the Field System has been upgradedto version 9.5.2 during Otober 2001.Referenes[1℄ Bergstrand, S., Haas, R., and Elgered, G., \Geodeti Very-Long-Baseline Interferometry at the OnsalaSpae Observatory 1999{2000", In: P. Tomasi, F. Mantovani, and M. P�erez-Torres: Proeedings of the14th Working Meeting on European VLBI for Geodesy and Astrometry, Instituto di Radioastronomia,Bologna (Italy), 105{106, 2000.[2℄ Haas, R., Elgered, G., Bergstrand, S., Gradinarsky, L., Stoew, B., and Johansson, K.-�A., \The IVSNetwork Station Onsala Spae Observatory", In: N.R. Vandenberg and K.D. Baver (eds.): InternationalVLBI Servie for Geodesy and Astrometry 2000 Annual Report, NASA/TP-2001-209979, 113{116,2001.[3℄ Haas, R., Elgered, G., Stoew, B., and Pettersson, L., \The IVS Tehnology Development Center at theOnsala Spae Observatory", In: N.R. Vandenberg and K.D. Baver (eds.): International VLBI Serviefor Geodesy and Astrometry 2000 Annual Report, NASA/TP-2001-209979, 283{286, 2001.
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Robert M. Campbell: The EVN MkIV Data Proessor at JIVE, Proeedings of the 15th Working Meeting onEuropean VLBI for Geodesy and Astrometry, p.40{45http://www.iee.fr.es/hosted/15wmevga/proeedings/ampbell1The EVN MkIV Data Proessor at JIVERobert M. Campbell 1Joint Institute for VLBI in Europee-mail: ampbell�jive.nl AbstratThe inauguration of the EVN MkIV data proessor at JIVE took plae at the 4th EVN/JIVE Sym-posium in Otober 1998. Sine then, we have been inreasing the apabilities, exibility, and reliabilityof the orrelator, and have now proessed many test, pilot, and user experiments. Milestones inludethe �rst sienti� publiation resulting from data orrelated at JIVE: detetion of Hi absorption within20 light-years of the nuleus of NGC4261. We will disuss these developments and aomplishments atthe JIVE orrelator, with a few onluding thoughts on proessing geodeti experiments.1. IntrodutionA key item in the MkIV upgrade of the EVN was the onstrution of the EVN MkIV dataproessor at the Joint Institute for VLBI in Europe (JIVE). JIVE is hosted by ASTRON inDwingeloo, the Netherlands, and is funded by siene ounils of a number of European ountries.Speial projets have been funded diretly by the EU. The EVN MkIV data proessor [1℄ wasonstruted in the ontext of the International Advaned Correlator Consortium through whihthe other MkIV geodeti orrelators were also built, with signi�ant ontributions, from Europeanmembers, in hardware from CNR/IRA, ontrol software from Jodrell Bank, and orrelator softwarefrom ASTRON.The �rst fringe on the EVN MkIV data proessor was seen on 21 July 1997 [2℄, and its oÆialinauguration took plae on 22 Otober 1998. The \�rst siene" resulting from data orrelatedon the EVN MkIV data proessor deteted Hi absorption against the ounterjet very lose to thenuleus of NGC4261, providing the ability to see the transition from moleular to atomi gas inthe disk, and hene to say something about its thermal struture [3℄.Sine then, we have made a great deal of improvements in the apability and operation of theJIVE orrelator. This paper will onentrate on areas of interest to the user having data orrelatedat JIVE: tools for planning observations with regard to the data proessor's apabilities, urrentoperational and ommuniation ow between JIVE and the PI, and what we at JIVE do to getyour data to you in a usable form. More information about using the EVN and JIVE an be foundat the JIVE website: www.jive.nl. A brief onluding setion looks at some of the issues relatingto future proessing of geodeti experiments on the JIVE orrelator.2. CapabilitiesBasi harateristis of the design of the EVN MkIV data proessor inlude: orrelation ofup to 16 stations with 16 hannels per station, 1 Gb/s reording (via 2 head-staks � 32 heads� 16Mb/s/trak), and use of either MkIV and VLBA format reordings. Figure 1 shows thedata playbak units, the station units, the data distributor unit, and ontrol omputers. Theorrelator itself is housed in a separate room out of this view. Various infrastrutural apabilitiesare, or are being, integrated into an automated experiment management system; �gure 2 shows anewly-arrived tape being sanned for inlusion in the tape database.1on behalf of the JIVE Data Proessor Group.40 15th European VLBI Meeting Proeedings



Robert M. Campbell: JIVE MkIV Data Proessor

Figure 1. A view of the data playbak units, the station units, the data distributor unit, and ontrolomputers of the JIVE MkIV Data Proessor.

Figure 2. A view of prinipal omponents of the automated tape management system.
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Robert M. Campbell: JIVE MkIV Data ProessorThe prinipal siene drivers behind the development of the orrelator inlude the ability tohandle ontinuum dual-polarization observations, spetral line experiments (i.e., providing lots offrequeny points and narrow bandwidths), and phase-referene mapping.Current apabilities inlude:� 2-bit sampling.� ross-polarization.� up to 2048 frequeny points for orrelation of up to 8 stations on 1 subband/polarization(see the disussion following equation 1).� fan-out modes, where 1 hannel was written onto 2 or 4 traks during reording, inreasingbandwidth without using higher tape-speeds.� proessing of MkIV, VLBA, and MkIII type reordings.� sustained 256Mb/s reordings, a apability that is urrently unique to the EVN (see, e.g.,[4℄) | full 1Gb/s awaits all stations being equipped with two heads and 320 ips reording.� Oversampling at 2 or 4 times the Nyquist frequeny in order to provide bandwidths down to500 kHz. (i.e., 2MHz � 4).Capabilities whose development is still underway or not yet fully tested inlude:� Multi-pass orrelation (i.e., of observations with >16 stations simultaneously).� Pulsar gating.� Multiple �eld enters (orrelation of >1 phase enters in one pass).� Playbak at a tape speed di�erent than that used in reording.Capabilities that are yet to ome inlude:Æ Phase-al extration.Æ Sub-netting.Æ Reading observations with barrel-rolling.Æ Reirulation | ahieving >2048 frequeny points via time-sharing the orrelator.Æ Spae VLBI.There are two equations that are useful when planning observations that will be orrelated onthe EVN MkIV data proessor. The �rst relates to total orrelator apaity:N2sta �Nsb �Npol �Nfrq � 131072 (= 217): (1)Here, Npol is the number of polarization ombinations wanted in the orrelation (1, 2, or 4).Nsb represents the number of di�erent frequeny subbands, ounting lower- and upper-sidebandsfrom the same BBC as distint subbands, but not multiple polarizations in the same sideband(these enter via Npol). The value to use for Nsta is \granular" in multiples of 4: e.g., if youhave 5{8 stations, use \8". Independent of this equation, the maximum Nsb is 16 (a station-unitlimitation), and the maximum Nfrq is 4096 (a single baseline/subband/polarization must �t ontoa single orrelator board | the full orrelator omprises 32 boards grouped in 4 rates). Whenreirulation is operational, the onstant term 131072 will be multiplied by the reirulation fatorused, with Nfrq still subjet to the maximum Nfrq limit above. You should pik the various Nparameters in designing your observation suh that the equation holds, otherwise you will have toompromise on at least one of them when it's time to orrelate. The spetral apabilities disussed42 15th European VLBI Meeting Proeedings
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Figure 3. Operational ow for the observation and orrelation of an experiment.in this paragraph assume the of loal validity, whih avoids problems ensuing from the MkIV-format data-replaement headers orrelating with eah other in ertain baseline-soure geometries,but at the expense of a fator of two in Nfrq.The seond equation relates to output rate, Rout, apaity: N2sta=2 �Nsb �Npol � 2Nfrq8192 ! � 80tint = Rout [kB=s℄: (2)The left-hand fator above is the number of boards, Nbrd, required for the orrelation. Our urrentpeak output rate is �350 kB/s, whih puts a lower limit on integrations times: tint � Nbrd=4 s. Weare working on gaining a fator of four by reading the rates out in parallel. In the future, withthe Post-Correlator Integrator operational, the output rate may be as high as 160MB/s.3. Operational ConernsFigure 3 summarizes operational and ommuniation ow between the PI, JIVE, and thevarious EVN assets during an EVN astronomial experiment The user deposits SCHED output onVLBEER, from whih individual stations draw their observing instrutions. Help from JIVE may ofourse be requested during the sheduling proess. Following the observations, the stations depositlogs and GPS data on VLBEER, send tapes to JIVE, and post omments to the JIVE website. Wepull neessary information o� VLBEER, prepare �les that will drive the orrelation, and send e-mailto the PI desribing what we envision the orrelation of the experiment to entail. The PI has theopportunity to review the parameters in our e-mail and all other available information (informationabout items with a hek in �gure 3 are available via the JIVE website or anonymous FTP server),and writes bak to pass along any requests for hanges (e.g., improved soure oordinates, et.)and/or on�rm that orrelation an go ahead.We operate the orrelator 80 hours per week, from whih time system testing and development15th European VLBI Meeting Proeedings 43



Robert M. Campbell: JIVE MkIV Data Proessor

Figure 4. Ativity in the JIVE visitor faility.must also ome. When orrelation of the experiment is �nished we review the output (as desribedin the following paragraph), make diagnosti plots available to the PI, send post-orrelation e-mailto the PI summarizing the results of the orrelation, and arrange for shipment of the resultingFITS-�le DAT. Unless ontated by the PI to the ontrary, we aim to release an experiment'stapes four weeks after the PI is noti�ed of the diagnosti plots, in order to ensure the supplyof tapes in the pool remains replenished. This sheme has worked well to date. Besides thesereview produts mentioned above, the PI may also disuss the experiment/orrelation with theresponsible JIVE support sientist and/or arrange for visiting the EVN support group at JIVEfor help in data redution if desired. Figure 4 shows a view of visiting astronomers (representingthree ontinents) taking advantage of some of the JIVE visitor-support failitiesOur internal data review proess begins by transforming the lag-based orrelator output intolag- and frequeny-based AIPS++ Measurement Sets (MS). These MS ontain a data-ube of thereal & imaginary omponents of the orrelation-funtion, spanning Npol, Nint, and Nflagjfrqg foreah subband for eah baseline/autoorrelation. We an then investigate slies of the orrelationfuntions in both time and lag/frequeny, allowing us to detet and diagnose various problemswith the reorded data or the orrelation itself, and to determine any sans for whih reorrelationwould be pro�table. There are also various plots more suited to providing feedbak to the stationsrather than to the PI (parity-error rates, sampler statistis, et.). We usually ag subsets of thedata for low weights and other known problems resulting in spurious orrelation amplitudes andphases. The last step is onverting the �nal MS into a FITS �le, whih an be read into AIPSdiretly using FITLD.As of 1 Otober 2001, we have ompleted orrelation of 57 user and 28 test experiments. Afurther 13 user and 4 test experiments were then under post-orrelation review, in the proess ofrunning, or in the queue. Eight user experiments were on hold awaiting spei� orrelator features.A total of 44 di�erent PIs from 15 di�erent ountries are represented among the user experiments.44 15th European VLBI Meeting Proeedings



Robert M. Campbell: JIVE MkIV Data Proessor4. Geodeti ConsiderationsAs mentioned in the itemized list of urrent and future apabilities in x 2, we an not yet extratphase-al tones. Without this apability, omputation of multi-band delays required for geodetiproessing would be slowed by neessitating the determination of manual phase-al phases.More importantly, output data format remains a major issue. For geodeti or astrometriexperiments, the �nal desired produt is a time-series of \totals" for multi-band delay, (phase)delay rate, and possibly phase delay for eah baseline. Here, \total" denotes that the orrelatormodel, whih shifted and slowed down the fringes suÆiently to allow orrelation over a reasonableintegration time and number of lags, has been added bak into the orrelator (model-residual)output. These totals are then used as onstraints in one the various estimation software pakages(e.g., CALC/SOLV, OCCAM, MODEST, SPRINT, VLBI3, et.) to re�ne various subsets of the modelparameters (Earth orientation, shape, and rotation; tropospheri propagation; for astrometry,soure position). The orrelator outputs lag-based orrelation-funtion data in a JIVE-spei�binary (\CDF") format. This format has no relation to the root/orel/fringe �le and reordstruture inherited from the MkIII type 50/51/52 �les, and whih feed diretly into HOPS forfringe-�tting (fourfit) and exporting totals (fringex). Of ourse, this variane of orrelator-output binary formats is not an unpreedented ourrene: data proessed on the VLBA orrelatoralso do not have a diret way into HOPS | the resulting FITS �les need to be proessed throughAIPS in order to obtain the desired totals data-�les for �nal geodeti/astrometri analysis.Our FITS �les an follow the same path as those from the VLBA orrelator. We both use aCALC-based �fth-order polynomial as the orrelator model. However, for reovery of totals, we �rstneed to gain the apaity to write the assoiated AIPS MC and IM tables, whih in broad termshold, respetively, the CALC output and the polynomial oeÆients per station. We urrently savethe model polynomials used by the station units to use in automatially agging data at timesorresponding to spei� a priori baseline/soure geometries (e.g., rates �0 allow phase-al tonesto orrelate against eah other), but they do not urrently �nd their way into the Measurement Set(nor, hene, into the FITS data). CALC output was extrated separately during testing a few yearsago, and ould be reinstated. Even so, validation of the data path through FITS will require asubstantial amount of veri�ation, as was needed for the VLBA. EVN doument #68 [5℄ disussesvarious aspets of data output formats and onsequenes on proessing for other possible paths tototals, notably reproduing HOPS-ompatible �le struture.Referenes[1℄ Casse, J. L., The European VLBI Network MkIV Data Proessor, in Proeedings of the 4th EVN/JIVESymposium, eds. M.A. Garrett, R.M. Campbell, & L.I. Gurvits, New Astron. Rev., 43, 503{508, 1999.[2℄ Phillips, C. J. & Van Langevelde, H. J., Fringes on the EVN MkIV Data Proessor at JIVE, inProeedings of the 4th EVN/JIVE Symposium, eds. M.A. Garrett, R.M. Campbell, & L.I. Gurvits,New Astron Rev., 43, 609{612, 1999.[3℄ Van Langevelde, H. J., Pihlstr�om, Y. M., Conway, J. E., Ja�e, W., & Shilizzi, R. T., A Thin HiCirumnulear Disk in NGC4261, Astron. & Ap. 454, L45{48, 2000.[4℄ Garret, M. A., Muxlow, T. W. B., Garrington, S. T., et al., \EVN Observations of the Hubble DeepField", Astron. & Ap., 366, L5{8, 2001.[5℄ Van Langevelde, H. J. & Noble, R., JIVE/EVN Correlator Output: Formats & Diagnosti Tools, EVNDoument #68, 1996.
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Walter Alef and Arno M�uskens: Status of the MPIfR-BKG MKIV orrelator, Proeedings of the 15th WorkingMeeting on European VLBI for Geodesy and Astrometry, p.46{49http://www.iee.fr.es/hosted/15wmevga/proeedings/alefStatus of the MPIfR-BKG MKIV orrelatorWalter Alef 1, Arno M�uskens 21) Max-Plank-Institut f�ur Radioastronomie2) Geod�atishes Institut der Universit�at BonnContat author: Walter Alef, e-mail: walef�mpifr-bonn.mpg.deAbstratA summary of the present status, apabilities and usage of the MK IV VLBI orrelator in Bonnis given. MPIfR's plans for MK5 data aquisition/playbak units for E�elsberg, mm-VLBI and theorrelator will be disussed.1. IntrodutionThe MK IV orrelator in Bonn is jointly operated by the MPIfR1 and the BKG2. It is a majororrelator for MPIfR's astronomial projets, the CMVA3, and geodeti observations. After theinstallation in Deember 1999 prodution orrelation was started a few months later. The initiallyinomplete orrelator software has been upgraded sine the installation by Haystak under ontratwith NASA, USNO, and BKG.2. Improvements Sine The 14th MeetingA fairly detailed desription of the MK IV orrelator system is given in the report of the 14thWorking Meeting on European VLBI for Geodesy and Astrometry[1℄. Nearly all of the missingfeatures of the orrelator software whih were known at that time have been implemented by thetime of the 15th meeting.The orrelator software an now handle all 9 tape units in a orrelator mode with 32 lags,auto-orrelations and 1 s pre-averaging. Full polarization orrelation is possible with 8 stationssimultaneously. For spetral line resolution orrelator modes with up to 4096 lags are available.This drives the orrelator ontrol omputer (CCC) to its limits. To be able to proess the datafrom 9 tape drives simultaneously a seond HP workstation had to be aquired for orrelationsetup, data inspetion, fringe-�tting, and data export. Also the amount of orrelated data grewso muh that the disk spae had to be inreased to a total of about 200 GBytes.A big improvement in throughput was ahieved by the introdution of parallel orrelationstreams. This means that up to 4 independent experiments or sub-nets an be proessed si-multaneously, provided a suÆient number of tape drives is available. Geodeti and mm VLBIobservation with a lot of sub-netting an be orrelated more eÆiently. Also the introdution ofbetter pass/trak �nding software, inluding a data base of pass positions for eah tape, an beounted as a big improvement for the orrelation, as well as numerous bug �xes.In the middle of 2001 the orrelation of mm VLBI observations beame possible with the in-trodution of swithable equalizers for normal and double speed reordings in all tape units. Thepresent version of the orrelator software annot handle speed-up fators other than 1 so thatreordings an only played bak at the speed at whih they were reorded. With this improvementmixed orrelation of 4 and 8 Mbit/s/trak modes is possible. Another upgrade that was neessary1Max-Plank-Institut f�ur Radioastronomie, Bonn2Bundesamt f�ur Kartographie und Geod�asie, Frankfurt3Coordinated mm VLBI Array46 15th European VLBI Meeting Proeedings



Walter Alef and Arno M�uskens: MPIfR-BKG Correlator Reportto redue the baklog of mm VLBI orrelation drastially was the �ne tuning of the tape synhro-nisation: the time needed to synhronize the tapes was redued to less than 10 s for all playbakspeeds. Another important milestone is the extration of 510 kHz phase-al tones, as are oftenused in mm VLBI. It is even possible now to extrat any phase-al frequeny in steps of 10 kHz.Better data inspetion software written by members of the geodeti orrelator group in Bonn,as well as software for automati generation of re-orrelation lists, further inreased the throughputof geodeti orrelation.In the summer of this year �nally data export beame possible for astronomial observationsby the introdution of the program MK4IN written at MPIfR and a new version of FOURFIT.In a �rst step a best data set without dupliates is seleted using the HOPS software (Haystak).The data are fringe-�tted with FOURFIT in a speial mode where the ross-spetrum of eahaumulation period of eah frequeny hannel is stored on dis. These ross-spetra are fully\sanitized" by applying all orrelator ags, and all phase-orretions like phase-al and lower-/upper-sideband orretions. The resulting data �le is read by the AIPS4 task MK4IN, and isstored as an AIPS disk �le. AIPS allows fringe-�tting, alibration and mapping of the data. Forsending data to other observatories the data an be written to tape (or disk) in FITS5 format.An up-to-date list of orrelator apabilities an be found on the Internet under http://www.mpifr-bonn.mpg.de/EVN/MK4CORstatus.3. Problems3.1. CorrelatorThe 4 data input boards of the orrelator show a fairly high failure rate of input hannels.Eah board has 16 input hannels of whih 9 are onneted to the 9 tape units. In most ases analready obsolete hip is the reason for the failure. It is not lear whether the present supply ofthese hips will be suÆient in the future.The orrelator hardware is fairly stable; so far we had 2 orrelator hips fail. When theorrelator has been powered down it is often diÆult to resynhronize the high speed data linksbetween the orrelator and the station units.3.2. Station UnitThe station unit software (and hardware) is the most fragile part of the MK IV data proessor.About every 10 to 20 sans the SUIM (station unit interfae to the orrelator) transmits faultydata, so that the san being orrelated has to be repeated. There are a few less frequent failureswhih an be identi�ed on the operator sreen during orrelation. A very annoying problem is thatunder some onditions data bytes of some hannels are labeled with a time whih is o� by 1 byte.This leads to a delay shift in this hannel, whih an only be seen in the fringe-�tting proess,provided the fringes are of suÆient strength.3.3. ComputersThe Correlator Control Computer and the orrelator rate omputers are not fast enough tohandle 9 stations with less than 1 or 2 s pre-averaging or more than 32 lags. This seems to bemostly a restrition in the data output rate of the orrelator. While CCC ould be replaed by afaster omputer the rate omputers annot.4Astronomial Image Proessing System, NRAO5Flexible Image Transport System, NRAO, see e.g. [2℄ and referenes therein15th European VLBI Meeting Proeedings 47



Walter Alef and Arno M�uskens: MPIfR-BKG Correlator Report3.4. SoftwareThe biggest worry in the software area is that the ontrat with Haystak for upgrading thesoftware will end September 30, 2001. It is not lear how the remaining bugs an be removed, andhow neessary improvements in the software an be made in the future. For example the operatorinterfae sometimes hangs, and for pass �nding too muh manual interation is needed; in additionthere are various other problems that redue the eÆieny of the orrelation proess.4. Correlation StatistisThe orrelator is operated on average for 15 hours on 7 days per week. In 2001 data has beenorrelated during 50% of the total wall lok time. This eÆieny is lose to the maximum of about60% whih was reahed with the MK III orrelator. Up to the time of the meeting 19 astronomialand 36 geodeti observations were orrelated. For the whole year it is expeted that about 50geodeti observations will be proessed, whih is 1/3 of the worldwide geodeti orrelation. Theratio of orrelation time is high time over observing time is very good; it is in the range between1 to 2 for single pass orrelation.The present performane is ahieved with 2 full time operators and 12 student operators, 10 ofwhih are being paid by the geodesists. The geodeti observations are supervised by the equivalentof 2.75 people. The orrelator hardware is maintained by 2 engineers and 1 tehniian, while themanpower whih goes into software is more than 50% of the time of one of the operators anda small fration of one sientist. The group is lead by one sientist. The 2 sientists are alsoresponsible for supervising the orrelation of astronomial projets.5. Wish-list for ImprovementsFurther improvements in the orrelator software are needed to bring the data proessor loserto the original spei�ations. The implementation of speed-up fators other than 1 is being workedon at Haystak. The same is true for better pass �nding software whih will utilize the informationwritten into the AUX-�elds of the data on tape.The orrelator throughput ould be inreased if a ontinuous orrelation mode was imple-mented. At present a san-wise mode is used in whih eah observed san is set up for orrelationand is then orrelated. In a ontinuous mode the san boundaries are not \visible" to the orrela-tor, the tapes are kept running, and the set-up time for eah san drops out. Only later the datais split again into sans. This mode is implemented at NRAO and JIVE.Other missing features are:� Pulsar gating.� Extration and appliation of a seond phase-al tone. A seond phase-al tone would removethe di�erene between single- and multi-band delays.� Software for heking the orrelator hardware in situ.... and of ourse more bug �xes.At MPIfR we are working on the next version of MK4IN whih will have optional transfer ofthe FOURFIT solutions to a so alled BS-table and of the orrelator model to the CL-table.6. MKVAfter Haystaks' suessful tests of a prototype disk-based VLBI system it beame lear thatwhen a few more logistial and tehnial problems have been solved, MKV VLBI systems willrapidly replae the diÆult-to-maintain and expensive MK IV and VLBA systems.48 15th European VLBI Meeting Proeedings



Walter Alef and Arno M�uskens: MPIfR-BKG Correlator ReportMPIfR deided to �nanially support Haystak in the development of the MKVA and theMKVB systems. The major advantage of MKV for MPIfR's sienti� projets is in the higherbit-rate of up to 1 Gbit/s per unit. With MKVB two units an be used in parallel to reord amaximum of 1.8 Gbit/s with 14 BBCs, whih is essential for future progress in mm-VLBI.In 2002 we want to install at least two MKV units for test purposes. After a suessful testphase, more units will be aquired, both for the orrelator and for mm-VLBI.Referenes[1℄ Alef, W., Graham, D.A., Zensus, J.A., M�uskens, A., Shl�uter, W., \The new MPIfR-BKG MKIV or-relator", in Proeedings of the 14th Working Meeting on European VLBI for Geodesy and Astrometry,edited by P. Tomasi, F. Mantovani, M. Perez Torres, Consiglio Nazionale delle Rierhe - Istituto diRadioastronomia, 2000.[2℄ Cotton, W. D., Tody, D. B., and Pene, W. D., Binary Table Extension to FITS, Astronomy andAstrophysis Supplement Series, 113, 159-166, 1995.
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Arno M�uskens: Improvements of the Geodesy MK IV Correlation during the Last Year, Proeedings of the 15thWorking Meeting on European VLBI for Geodesy and Astrometry, p.50{54http://www.iee.fr.es/hosted/15wmevga/proeedings/mueskensImprovements of the Geodesy MK IV Correlation during theLast YearArno M�uskensGeodeti Institute of the University of Bonne-mail: mueskens�mpifr-bonn.mpg.de AbstratA short overview on the orrelation status and the improvements of the MK IV orrelator at theMax{Plank{Institute for Radioastronomy (MPIfR) in Bonn is given. We explain in whih way andhow they are essential for present and future MK IV orrelation progress and throughput.1. IntrodutionThe new MK IV orrelator was installed at theMPIfR in Deember 1999. The orrelator is usedpartly by the MPIfR for astronomial observations and partly by the Bundesamt f�ur Kartographieund Geod�asie (BKG) in ooperation with the Geodeti Institute of the University of Bonn (GIUB)for geodeti appliations. In the �rst months of operations di�erent orrelator sites reported aboutthe teething problems of the new orrelator, whih of ourse had to be expeted with an entirelynew system of suh high omplexity. From July 2001 we had a nine station orrelator apable ofproessing all 36 baselines with 16 traks inluding phaseal.2. Main improvements sine the last yearAt �rst let me explain two of the main software bugs whih were �xed in the �rst months ofMK IV operation. On our last 14th Working Meeting at Castel San Pietro near Bologna (Italy),we reported that we had found inonsistenies between the FOURFIT results of the same datasetproessed with MK III and MK IV.We deteted in some sans with SNR lower than 20 divergenes in some of the proessedfrequently hannels. The reason was that the SNR, whih was alulated from the fringe amplitudeand the total number of AP's, was in ases of 'non detetions' often too high and the quality odeof '9' follows from the high SNR. In some ases FOURFIT an turn a non-detetion into anapparent detetion, or ould inuene the delay estimation. The new plots show us that theupdated FOURFIT version now yields orret delay estimations as ompared to the older MK3FRNGE outputs (see Fig. 1).2.1. Subnetted observations or 'streamlined proessing'Subnetting is a speial observing mode whih is frequently used in geodeti experiments. Due todi�erent visibilities of di�erent partiipating stations, we have to use as muh as possible di�erentsky diretions on di�erent stations.In generating the shedule speial onsiderations has to be given to a number of points:� the most reent soure ux models are used� SNR goals are about 20 at X- and S-band for all baselines� observations are weigthed by their expeted SNR's50 15th European VLBI Meeting Proeedings



Arno M�uskens: Improvements of the Geodesy MK IV Correlation
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Arno M�uskens: Improvements of the Geodesy MK IV Correlation� maximum number of observations in a minimum of time (san)� optimal sky overage� using a large number of soures (50-70) improving the sky overageIn order to ahieve these goals a shedule with subnetted observations or subon�gurated networkshas to be set up. Consequently we will have two or three observations with up to 2 to 3 stationlooking at di�erent soures simultaneously, often with di�erent reording durations. This typiallyresults an observation shedule with a large number of subnetted observations and/or subon�g-ured 'mini' networks.Sine July this year, we have the possibility to orrelate all these subnets and observations simul-taneously in one pass with the MK4 proessor (multiple pass proessing).Consequently the amount of required proessing time ould be signi�antly redued.2.2. Faster synhronisationThe exhange of the more than 15 year old MK III system to the newly developed MK IVhardware and software system allows faster synhronisation on up to 9 playbak stations whihwas in some ase similar to 4 playbak MK III system. Therefore we are able to further reduesan duration times to a minimum during sheduling whih allows up to 10% more observationsfor an entire experiment.3. Throughput redutionAll of the above mentioned improvements allows us to redue the so alled proessing fator(PF) by 20% - 40% depending on the subnetting of the proessed experiment. We an see thatdi�erent experiments have di�erent PF fators, depending on the amount of subnetting. The mainontribution is ahieved by the 'streamlined proessing' :� EUROPE has no more than 10 to 15 % PF redution� CORE-3 yields 15 to 20% PF redution� IRIS-S has around 35% PF redution4. SNR Comparison between MK III and MK IVThe following plot (Fig. 2) ompares the SNR ahieved with the MK III and MK IV systemand displays the di�erene in SNR for all sans (S/X) exluding all FQC of '0'. We an see thatin general MK IV has an inreased SNR of about 3 % ompared to the MK III system.A better and faster synhronisation results in most proessed sans in an inreased number ofAP's (Aumulation Periods) for all baselines and frequenies (S/X). This should be the reasonthat we an see a small but signi�antly higher SNR on all sans. Some sans may di�er on abigger sale depending on many di�erent proessing and reproessing reasons. One example fordi�erent SNR's ould be the observation of a strong soure (60 se. and 4C38.25) whih an bringus a di�erent in SNR by 20 or more. A few data points less or more due to better synhronisationould have a strong impat on the SNR result.5. Proessing goals and outlookDue to the fat that we have a 50/50 perentage of usage time at the Bonn orrelator, fromthe geodesy side we permanent try to redue the proessing time and work to an optimal level for52 15th European VLBI Meeting Proeedings



Arno M�uskens: Improvements of the Geodesy MK IV Correlation
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Figure 2. SNR omparison between MK III and MK IV orrelation.supervision, orrelation analysis and as well as for the whole orrelation proess from logistis tillthe �nal reation of the database version 1.Students are a valuable help for routine operations and night hours proessing, but require moretime and supervision ompared to ontrated and well trained operators. Station problems andobservation faults are one of the most ritial problems we have to deal with on the proessor side,whih ause a higher proessing fator as desired.In the next years, new tehnology improvements like the MK V system will allow even higher datarate reordings and will improve station and orrelator reliability and eÆieny by reduing a hugenumber of possible problems whih is aused at present mainly by the tape reording and tapetehnology. MK V and e-VLBI will redue the time delay between observation and the �nal IVSresults.The permanent veri�ation and improvement of our orrelator operations have to be adjusted tothe future tehnology and develepments. In the future we expet a shift away from the experimentalphase towards a servie oriented routine operation.Referenes[Alef W, Graham D A, Zensus J A, M�uskens A, Shl�uter W (2000)℄ The Bonn MK IV Cor-relator Projet, Proeedings of the First IVS General Meeting, N.R.Vandenberg and K.Baver,Eds., NASA Center for AeroSpae Information, 7121 Standard Drive, Hanover, MD 21076{1320,Publ.No. NASA/CP-2000-209893.; p.210-214[Kingham K A, Martin J O (2000)℄ Early Experienes with the Mark 4 Correlator, Proeedings ofthe First IVS General Meeting, NASA Center for AeroSpae Information, 7121 Standard Drive,Hanover, MD 21076{1320[M�uskens A, et al (2000)℄ Comparison of MK III and MK IV Correlation using a 4-station IRIS-Sexperiment, Proeedings of the 14th Working Meeting on European VLBI for Astronomy andGeodesy, Castel San Pietro Terme / Italy), Edit by : P.Tomasi, F. Mantovani, M. Perez Torres;p.125-13615th European VLBI Meeting Proeedings 53



Arno M�uskens: Improvements of the Geodesy MK IV Correlation[Nothnagel A (2000)℄ VLBI Data Analysis User's Guide, (unpublished)[Nothnagel A (1997)℄ On the E�et of Missing Traks, Proeedings of the 12th Working Meetingon the European VLBI for Geodesy and Astrometry, Edited by Bjorn R. Pettersen, StatensKartverk Geodesidivisjonen, p.66-73
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Zinovy Malkin: On Computation of Combined IVS EOP Series, Proeedings of the 15th Working Meeting onEuropean VLBI for Geodesy and Astrometry, p.55{62http://www.iee.fr.es/hosted/15wmevga/proeedings/malkin1On Computation of Combined IVS EOP SeriesZinovy MalkinInstitute of Applied Astronomy of Russian Aademy of Sienes (IAA)e-mail: malkin�quasar.ipa.nw.ru AbstratThree topis related to omputation of the ombined IVS EOP series are disussed. The �rst oneis the onsisteny of the VLBI EOP series with the IERS referene frames ITRF and ICRF. Not allIVS analysis enters use ITRF/ICRF as referene system for EOP solutions. Some of them realizeglobal solution for simultaneous determination of CRF, TRF and EOP with no-net-rotation onstrainsw.r.t. ITRF/ICRF. Analysis shows that suh a method an hardly provide onsisteny of omputedEOP series with the IERS referene frames with suÆient auray. Diret use of ITRF and ICRF foromputation of EOP series submitted to the IERS seems preferable. Seond problem is the long-timestability of the IVS EOP series. Analysis of yearly biases w.r.t. C04 and NEOS is presented. Apossible ways are proposed to save long time stability of the ombined IVS EOP series. At last, variousstrategies of omputation of weighted mean value are onsidered. It's shown that usual methods usedfor this purpose do not provide satisfatory result for the error of the mean. A new method is proposed.1. IntrodutionThe IVS ombined EOP series omputed at the IVS Analysis Coordinator OÆe loated at theGeodeti Institute of the University of Bonn is available beginning from the end of 2000. Analysisof this series routinely provided by the IERS EOP Produt Center at the Paris Observatory showsthat its auray is better than auray of individual solutions provided by the IVS AnalysisCenters. However, some topis related to the quality of the IVS ombined EOP series seems to beinvestigated more arefully. This paper is intended to onsider the following points:� Consisteny of the VLBI EOP series with the IERS referene frames ITRF and ICRF.� Systemati stability of the VLBI EOP series.� Computation of weighted mean values.2. Consisteny of the IVS EOP series with the IERS referene systemsAording to the IVS Terms of Referene, IVS serves as the VLBI Tehnique Center for IERS. Inturn, the IERS Terms of Referene said that one of the IERS primary objetives is providing Earthorientation parameters (EOP) required to transform between ICRF and ITRF. It is supposed thatafter ompletion of new IERS struture the IERS EOP produt will be omputed ombining severalEOP series delivered by the IERS Tehnique Centers one of whih is the IVS. So, the evident goal ofthe IVS is omputation of the ombined IVS EOP series providing the transformation parametersbetween ITRS and ICRS.However, not all IVS analysis enters use ITRF/ICRF as referene system for EOP solutions.Some of them realize global solution for simultaneous determination of CRF, TRF and EOP. Totie a global solution to IERS referene frames no-net-rotation onstrains w.r.t. ITRF and ICRFare usually applied. The question is an suh a method provide the onsisteny of VLBI EOPseries with ITRF/ICRF with required auray?Usually global VLBI solution is made using all available sessions and appliation of no-net-rotation provides zero translation and rotation of full set of stations and radio soures w.r.t. ITRF15th European VLBI Meeting Proeedings 55



Zinovy Malkin: On Combined IVS EOP Seriesand ICRF. However, ommonly speaking, it is not the ase for the subset of stations partiipatingin a partiular session. Therefore EOP estimate obtained from proessing of a session observationsmay systematially di�er from ITRF/ICRF.Besides, number of observations for stations and soures di�er very muh. Table 1 showsstatistis of observations for stations and soures for all sessions and for NEOS-A ones. One ansee that in fat the NEOS-A EOP series used in the IVS ombined solution is pratially de�nedby subset of 8 stations and 66 radio soures.Table 1. Statistis of observations (Nobs in thousands).NEOS-A All sessionsStations Soures Stations SouresNsta Nobs Nsou Nobs Nsta Nobs Nsou Nobs5 100{200 11 10{30 15 100-700 14 50{2003 50{100 25 5{10 32 10{100 49 10{507 1{6 39 1{5 52 1{10 76 1{106 < 1 95 0.1{1 50 < 1 299 0.1{1177 < 0:1 341 < 0:1Let us see how lose is the tie between di�erent subsets of station and soure atalogs withITRF/ICRF. We use results of the USNO9903 global solution as most fresh publily available one.Tables 2 and 3 present transformation parameters between USNO solution and ITRF(ICRF) for allommon stations (soures), for all stations (soures) partiipating in the NEOS-A program, and formost frequently observing stations (observed soures). These data show that the transformationparameters inluding ones de�ning EOP system are not equal to zero and di�er for various subsetsof stations and soures. This mean that EOP system is not orrespond to ITRF/ICRF and di�erfor various observational programs.Therefore, CRF and TRF realization obtained from a global VLBI solution an hardly provideonsisteny of omputed EOP series with ITRF/ICRF with suÆient auray. Diret use of theITRF and ICRF for omputation of EOP series submitted to the IERS seems preferable.This does not mean indeed that the IVS Analysis enters should not ompute global solutions.The reasonable strategy may be using individual CRF and TRF realizations for improving theIERS referene frames, and further using ICRF and ITRF for regular EOP omputation. Thisstrategy provides onsisteny between VLBI EOP series and the IERS referene frames and makesindividual VLBI EOP series more homogeneos that allows to simplify ombination proedure andimprove quality of the IVS ombined produt.Now the IERS and main spae geodesy servies are in the proess of moving from ITRF97 toITRF2000. What systemati hanges in the VLBI EOP series an we expet? Table 4 shows theresults of omparison between ITRF97 and ITRF2000 for di�erent subsets of VLBI stations.We also ompared the EOP series omputed at the IAA with ITRF97 and ITRF2000. Theresult is shown in Table 4. The omputation was made with three radio soure atalogues ICRF-Ext.1, RSC(IAA)99R02 and RSC(IAA)01R02, and no meaningful systemati di�erenes betweenEOP series omputed with ITRF97 and ITRF2000 was found.Although ITRF2000 was onstruted in suh a way that no rotation w.r.t. ITRF97 was intro-dued, substantial value of rotation angle R2 (whih orresponds to Y pole oordinate) is foundboth in diret omparison of two oordinate systems and in the result of EOP omputation.In onlusion, it's important to mention that errors of inonsisteny between EOP series andterrestrial and elestial referene frames are systemati ones and even their relatively small valuesan be substantial.56 15th European VLBI Meeting Proeedings



Zinovy Malkin: On Combined IVS EOP Series
Table 2. Transformation parameters between theTRF realizations USNO9903 and ITRF97 at epoh1997.0 for di�erent number of stations.N sta 85 20 8T1, mm {0.1 {0.9 {2.2� 0.8 1.6 1.9T2, mm {1.6 {1.4 {1.3� 0.8 1.7 2.0T3, mm {0.6 {0.4 {0.3� 0.8 1.6 1.8D, ppb 1.7 1.5 0.8� 0.1 0.2 0.2R1, mas {0.06 {0.05 {0.03� 0.03 0.07 0.08R2, mas 0.01 0.02 0.08� 0.03 0.05 0.06R3, mas 0.00 0.03 0.00� 0.03 0.05 0.06

Table 3. Transformation parameters between theCRF realizations USNO9903 and ICRF-Ext.1 fordi�erent number of soures.N sou 626 303 66A1, mas 0.029 0.022 0.013� 9 9 7A2, mas 0.027 0.018 0.013� 9 8 7A3, mas {0.018 {0.016 {0.013� 9 9 12D�, mas {0.001 {0.001 0� 0 0 0DÆ, mas 0 0 {0.001� 0 0 0BÆ, mas 0.054 0.042 0.086� 9 10 12
Table 4. Transformation parameters between ITRF97 and ITRF2000 at epoh 1997.0 for di�erent numberof VLBI stations (98, 20, 8), nominal transformation parameters de�ned by the IERS (P0) and systematidi�erenes between EOP series omputed with ITRF97 and ITRF2000 with the OCCAM pakage.N sta 98 20 8 P0 OCCAMT1, mm 6.9 7.8 7.8 6.7� 0.5 0.9 1.4T2, mm 3.9 3.9 3.6 6.1� 0.5 1.0 1.6T3, mm {20.2 {20.1 {21.3 {18.5� 0.5 0.9 1.4D, ppb 1.5 1.3 0.9 1.55� 0.1 0.1 0.2R1, mas {0.17 {0.19 {0.20 0.0 {0.15� 0.02 0.04 0.06 0.02R2, mas 0.01 {0.01 {0.01 0.0 0.09� 0.02 0.03 0.05 0.02R3, mas {0.01 {0.03 {0.03 0.0 {0.07� 0.02 0.02 0.04 0.01_R3, mas/y {0.02 {0.03� 0.02
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Zinovy Malkin: On Combined IVS EOP Series3. Long-time stability of the IVS EOP seriesObviously, one of the main goal of maintenane of the IVS ombined produts is to providesystematially stable IVS EOP series. It is espeially important now beause the new IERSorganization envisages omputation of the IERS ombined EOP series pratially of the threeseries VLBI, GPS and SLR, and importane of eah of them is very large. Several fators makethis task diÆult and in the �rst plae it is instability of individual series. The main reason forthat are:� Using individual periodially updated TRF and CRF realizations. As shown in the previoussetion these realization are not tied to the unique (IERS) referene frames with suÆientauray and, in fat, every VLBI session yields EOP estimates in its own system.� Change in systemati errors of EOP series after modi�ation of models, algorithms andsoftware.� Change of set of ontributed VLBI Analysis Centers. Besides a di�erene in used referenesystems, eah EOP series has its own systemati peuliarities.� Change of network on�guration. This is well established fat, and it is not quite lear howto handle it properly. For instane, we an mention the problem of joining 9-year IRIS-Aand 8-year NEOS-A programs to avoid EOP jump diretly a�eted results of determinationof 18.6-year nutation term.For listed above and other reasons the VLBI EOP series show long-time instability. To inves-tigated this e�et we use �ve VLBI EOP series BKG00001, GSF2000A, IAAO9907, SPU00001,USN99003 over a 7-year interval from May 1993 till April 2000 (NEOS-A data only). The whole7-year interval was split in 7 one-year ones and eah series was ompared with ombined C04 andNEOS series at these one-year intervals. During omputation six parameters of systemati di�er-enes between VLBI and ombined series were estimated for every year. These are: bias, rate,amplitude of sine and osine of annual term and semiannual terms. In suh a way we obtainedseven values for eah of six parameters of model of systemati errors for eah VLBI series. The �nalstep of this analysis was the omputation of RMS values from seven epohs. Suh a approah toinvestigation of long-time stability is analogous to a method used at the Paris observatory duringomputation of the IERS ombined produts. Result of analysis of yearly biases is presented inTable 5.Obviously, this analysis annot be fully objetive beause it depends on details of ombinationproedure (systemati orretions, weights, et.) used during omputation of C04 and NEOSseries. One an see that di�erenes between the left and the right parts of Table 5 is sometimesquite large, espeially for UT1-UTC. Maybe using IVS ombined EOP series for suh a analysiswould be preferable when it will have suÆient time span.The results of analysis presented here and in the previous setion on�rm well known fat thateah EOP series has own systemati errors and these errors are not stable at the required levelof auray. Therefore it seems very important to develop appropriate strategy for omputationof the IVS ombined produt to provide make its systemati stability. We would like to proposefor disussion a possible strategy to keep long-time systemati stability of the IVS EOP ombinedseries. This strategy inludes the following steps.1. Computation of the \referene" EOP series EOP0 as the mean of existing long-time NEOS-A series �xed at epoh of omputation with weights depending on long-time stability. Inputseries should be transformed to uniform TRF/CRF (preferably the IERS ones) as aurateas possible.58 15th European VLBI Meeting Proeedings



Zinovy Malkin: On Combined IVS EOP SeriesTable 5. Long-time stability of IVS EOP series (NEOS-A): statistis of yearly bias relative to the IERSC04 and NEOS ombined series (7 years 1993.3{2000.3): bias, rate - result of approximation of yearly biasseries by linear trend, rms - rms of residuals after removing trend.C04 NEOSEOP BKG GSF IAA SPU USN BKG GSF IAA SPU USNX bias 0:064 �0:088 �0:126 �0:074 �0:096 0:080 �0:071 �0:111 �0:058 �0:081mas rate 0:011 0:015 �0:002 0:002 0:009 0:034 0:037 0:021 0:024 0:032rms 0:025 0:026 0:025 0:027 0:023 0:034 0:028 0:041 0:034 0:036Y bias �0:249 0:015 �0:065 �0:030 �0:034 �0:269 �0:004 �0:078 �0:043 �0:048mas rate 0:064 �0:003 0:052 0:049 0:043 0:064 �0:002 0:056 0:052 0:046rms 0:040 0:031 0:049 0:043 0:044 0:052 0:041 0:054 0:050 0:051UT1 bias 0:101 �0:020 �0:037 �0:232 �0:041 0:163 0:038 0:025 �0:170 0:0240.1 ms rate 0:018 �0:056 �0:014 0:018 �0:003 0:010 �0:062 �0:016 0:014 �0:008rms 0:026 0:020 0:022 0:018 0:019 0:044 0:048 0:055 0:062 0:050dPsi bias �0:066 �0:049 �0:061 0:030 0:080 0:066 0:087 0:072 0:165 0:212mas rate �0:028 �0:014 0:013 0:002 �0:025 �0:009 0:006 0:027 0:016 �0:009rms 0:087 0:083 0:031 0:054 0:060 0:056 0:040 0:049 0:055 0:031dEps bias 0:001 �0:008 0:047 �0:021 �0:043 0:037 0:027 0:085 0:021 �0:002mas rate 0:006 �0:005 0:007 �0:012 �0:009 0:013 0:002 0:015 �0:003 �0:001rms 0:020 0:009 0:031 0:031 0:016 0:027 0:016 0:039 0:042 0:0222. Using systemati orretions to individual seriesdEOPi = EOP0 �EOPiderived from omparison with the referene series in further omputations.3. When an ACi updates EOP series new systemati orretion an be omputed as(EOPi;old �EOPi;new) + dEOPi :4. When a new EOP series of a new AC is to be inluded in the IVS ombination systematiorretion to that series will be dEOPj = EOP0 �EOPj :5. Periodial update of the referene series, e.g. when new ITRF or ICRF realization is aepted.Evidenly, in suh a ase appropriate are of areful tie between the new and the old refereneseries must be taken.A separate problem is the transformation of EOP obtained on di�erent networks to the refereneseries. However, hopefully improvement of ITRF and models of VLBI observations will eliminatethis problem in the future.
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Zinovy Malkin: On Combined IVS EOP Series4. Computation of weighted meanComputation of the weighted mean of several estimates is usually the �nal step in eah EOP(and all others) ombining proedure. Let we have n values xi with assoiated errors si, i = 1 : : : n.Then we have a well known statistis [1, 2℄pi = 1s2i ; p = nXi=1 pi ; x = nXi=1 pixip ;H = nXi=1 pi(xi � x)2 = nXi=1 �(xi � x)si �2 ; �2=dof = Hn� 1 ;where x is a estimate of the mean value. The question is how to estimate error � of the mean?Two lassial approahes are:Maximum likelihood approah if �i are onsidered as absolute magnitudes of errors in xi:�1 = 1pp :Least squares approah if �i are onsidered as relative values of errors in xi and error of unitweight must be estimated from data itself:�2 =vuuuut nXi=1 pi(xi � x)2p (n� 1) = s Hp (n� 1) = �1s Hn� 1 :It is easy to see that �1 depends only on a priori errors in averaged values xi and �1 dependsonly on the satter of xi. Theoretially, solution of problem of hoie between �1 and �2 depend onwhether the satter of xi is a result of random errors or there are systemati di�erenes betweenestimates xi. Obviously, both e�et are present in most of pratial appliations.That is a known problem in data proessing and no rigorous solution is proposed. Howeversome pratial ways to handle it were onsidered in literature. Evidently, the most statistiallysubstantial approah was made in [1, 3℄. Aording to this approah hi-square riteria is used todeide if the satter of xi is result of random errors, and error of the mean x is omputed as�3 = ( �1; if H � �2(Q;n� 1) ;�2; if H > �2(Q;n� 1) ;where Q is a �diation probability. Some other pratial algorithms of hoie between �1 and �2were proposed too.However, in pratie values of �1 and �2 may di�er by several times. It leads to instability of� estimate. Table 6 shows some numerial examples of omputation of weighted mean of two datapoints and its error (to ompute �3 we use Q=99% whih orresponds �2(0.99,1)=6.63). One ansee that no one value of �1, �2, �3 provides a satisfatory estimate of �. Moreover, value of �3depends not only on data sample fxi; sig but also on subjetive hoie of Q.After many experiments with test data we deided in favor of simple formula�4 = q�21 + �22 = s1p �1 + Hn� 1� ;whih an be alled \ombined" approah. The last olumn of Table 6 shows that suh a approahan provide stable and realisti estimate of error of the mean.More detailed onsideration of this topi is given in [4℄.60 15th European VLBI Meeting Proeedings



Zinovy Malkin: On Combined IVS EOP SeriesTable 6. Numerial examples of omputation of weighted mean (see explanation in text).No x1 x2 s1;2 x H �1 �2 �3 �41 1.0 1.0 0.5 1.0 0.00 0.354 0.000 0.354 0.3542 1.0 2.0 0.1 1.5 50.00 0.071 0.500 0.500 0.5053 0.2 12.50 0.141 0.500 0.500 0.5204 0.3 5.56 0.212 0.500 0.212 0.5435 0.5 2.00 0.354 0.500 0.354 0.6126 1.0 0.50 0.707 0.500 0.707 0.8667 2.0 0.12 1.414 0.500 1.414 1.5008 10.0 20.0 0.1 15.0 5000.00 0.071 5.000 5.000 5.0009 0.5 200.00 0.354 5.000 5.000 5.01210 1.0 50.00 0.707 5.000 5.000 5.05011 2.0 12.50 1.414 5.000 5.000 5.19612 3.0 5.56 2.121 5.000 2.121 5.43113 5.0 2.00 3.536 5.000 3.536 6.12414 10.0 0.50 7.071 5.000 7.071 8.66015 20.0 0.12 14.142 5.000 14.142 15.00016 10.0 10.0 1.0 10.0 0.00 0.707 0.000 0.707 0.70717 10.0 11.0 10.5 0.50 0.707 0.500 0.707 0.86618 10.0 12.0 11.0 2.00 0.707 1.000 0.707 1.22519 10.0 13.0 11.5 4.50 0.707 1.500 0.707 1.65820 10.0 14.0 12.0 8.00 0.707 2.000 2.000 2.12121 10.0 15.0 12.5 12.50 0.707 2.500 2.500 2.59822 10.0 16.0 13.0 18.00 0.707 3.000 3.000 3.08223 10.0 17.0 13.5 24.50 0.707 3.500 3.500 3.5715. ConlusionsResults of this study allow to make the following onlusions:� Proedure of omputation of the IVS ombined EOP series must be \absolute", i.e. inde-pendent on any referene, e.g. IERS, series. Otherwise details of ombination proedureused during omputation of \external" referene series (systemati orretions, weights) willa�et the results of analysis.� It seems preferable to use ITRF and ICRF by the all IVS Analysis Centers for omputationof VLBI EOP series submitted to the IVS and IERS. Using individual TRF/CRF leadto diÆulties in interpretation of results. Usual proedure of determination of systematidi�erenes between EOP series provides orretion only for \global" orientation betweenTRF/CRF. But, as it was shown above transformation parameters between individual TRF(CRF) realizations depend on sub-set of stations (soures) used for omparison. This meansthat ommonly speaking every session produe EOP in its own system, whih makes itdiÆult to transform an individual EOP series to ITRF/ICRF with suÆient auray.� A referene EOP series based on IVS ombined solution for �xed set of individual solutionsan be used to save the long-time stability. Also, it is important to develop appropriate15th European VLBI Meeting Proeedings 61



Zinovy Malkin: On Combined IVS EOP Seriesstrategy to inlude new or updated solutions in the IVS ombination, e.g. using strategyproposed in this paper.� Weighting of individual series depending on their long-time stability seems useful for im-provement of long-time stability of the IVS ombined EOP series.� Proposed method of omputation of weighted mean EOP an be used to aount for bothformal error and satter.Referenes[1℄ Brandt S. Statistial and Computational Methods in Data Analysis. 1970.[2℄ Bevington P. R. Data redution and error analysis for the physial sienes. MGraw{Hill Book Com-pany, USA, 1969.[3℄ Rosenfeld A. H., Barbero-Galtieri A., Podolski W. J., Prie L. R., Soding P., Wohl C. G. Data onPartiles and Resonant States. Rev. Mod. Phys., 1967, 39, No 1, 1{51.[4℄ Malkin Z. M. On Computation of Weighted Mean. Comm. IAA, 2001, No 137. (in Russian)
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J. Campbell and B. Rihter: Towards a stable European vertial veloity referene system using VLBI, GPS andabsolute gravity measurements, Proeedings of the 15th Working Meeting on European VLBI for Geodesy andAstrometry, p.65{74http://www.iee.fr.es/hosted/15wmevga/proeedings/ampbell2Towards a stable European vertial veloity referene systemusing VLBI, GPS and absolute gravity measurementsJ. Campbell 1, B. Rihter 21) Geodeti Institute of the University of Bonn2) Federal Ageny for Cartography and GeodesyContat author: J. Campbell, e-mail: ampbell�sn-geod-1.geod.uni-bonn.deAbstratThe European VLBI-network has now been operational for a deade and is able to provide long termsite motions in a stable inertial referene frame. More reently, GPS permanent stations in Europehave olleted daily data and thus reated time series of high density and quality that allow thedetermination of relative site motions. A omparison of vertial motions obtained independently fromboth tehniques shows that there are ommon trends indiating the presene of 'real' motion in distintareas. It is possible to de�ne a referene site or a group of sites in entral Europe with similar motionto form a vertial veloity platform whih serves to desribe the motion in other parts of the Europeanontinent. As an independent tehnique to verify vertial motion absolute gravity measurements an beemployed. After the redution of tidal and environmental mass e�ets (air pressure and groundwater)the long term trends in gravity time series from Wettzell, Germany and Mediina, Italy are used toderive �rst estimates of vertial motion at these sites.1. IntrodutionReferring to vertial land motion implies some sort of stable referene, against whih thismotion is measured. Traditionally Mean Sea Level is used, hiey beause lassial terrestrialmeasurement tehniques, suh as spirit levelling are referred to this surfae. However, if smallmotions on the order a few mm/yr are onsidered, the intrinsi temporal and spaial hanges ofthe sea level have to be taken into aount (Woodworth et al. 1999). Dynami satellite methodsas well as satellite altimetry have helped to determine and onsiderably improve our knowledgeof the geoid, but the auray of absolute heights referred to a global geoid is still limited to thedeimetre level (Rummel and Teunissen 1988, Ihde and Augath 2000).A di�erent situation arises if instead of absolute vertial motions only relative vertial motionsare determined. The onept of relative vertial ontrol has been in use for national height systems.One partiular benhmark or a set of reliable benhmarks in a geologially stable area form thebasis of the national height referene frame. A similar vertial motion frame an be realized byde�ning the seular vertial motion of the seleted set of points to represent zero motion.In the present paper, we propose to apply the relative approah to the entire European areaand onsider one site, or alternatively a seleted set of sites, in entral Europe to represent astable platform of zero vertial motion. The seletion will be arried out in several steps, startingwith the �xing of one European site equipped with as many as possible of the available spae andterrestrial tehniques, loated in a geologially stable area. The seond step will inlude more sitesin entral Europe with reliable observational reords of at least one spae tehnique to form asuitably weighted mean.2. Ongoing geodeti observing programsThe available terrestrial and spae tehniques to measure and reord vertial hanges are subjetto systemati error soures whih beome ritial when vertial rates at the level of a few millimetres15th European VLBI Meeting Proeedings 65



J. Campbell and B. Rihter: European vertial veloity referene systemper year or less are to be determined. In this situation it is imperative to use as many independentmethods as possible. Then, the omparison of the individual results provides an estimate of thereliability of the �nal results.In the European ontext there is a number of oordinated observing programs that are on-erned with the improvement of vertial ontrol and the time variant dimension of height.To apply geodeti spae tehniques in geodynami researh, the WEGENER Group (Workinggroup of European Geosientists for the Establishment of Networks for Earth-Siene Researh) hasbeen established as an interdisiplinary group to enourage and failitate the interation betweenmembers of the geodeti and geophysial ommunities (Wilson 1998, Plag et al. 1998).For terrestrial tehniques (preise levelling) the UELN (United European Levelling Network)has been designed to onnet the national networks in Europe and to reate a ommon vertialdatum. Its primary task is to provide a time invariant the height system (its de�nition as a'dynami' system should not be mistaken: the realization is in potential di�erenes instead ofmetri, whih requires gravity measurements along the levelling lines). The latest realizationUELN-95/98 has an auray of about 10 m or better over distanes � 2000 km. The auray ofthe levelling networks approahes or is better than the auray of relative height determinationby the spae tehniques at distanes below �300 km. Therefore, in smaller areas the repeatedlevellings are of great value for the detetion of vertial hange on shorter ranges.The reation of a ombined vertial system that inludes all available geodeti and other teh-niques was initiated in 1995 in the IAG Sub-Commission for Europe (EUREF) leading to theformation of a ommission within EUREF responsible for the European Vertial Referene System(Ihde, Augath 2000). The EVRS is planned as a kinemati vertial network inluding the esti-mation of vertial rates from repeated levellings, GPS permanent observations and other relevantdata. The existing networks and organisations listed below are enouraged to ooperate in thise�ort (Plag et al. 1998):EUREF (EPN, EUREF Permanent GPS Network)WEGENER-MEDLAS and related projets (SLR)EUROPEAN VLBI (Working Group on European VLBI for Geodesy and Astrometry)(geodeti VLBI)In addition, tidal reords on European oastlines are olleted and analysed at many nationaloeanographi entres and at the Permanent Servie of Mean Sea Level (PSMSL) of the ProudmanOeanographi Servie (Woodworth et al. 1999). More reently, European tide gauge data havebeome an important omponent to establish the EUVN (W�oppelmann et al. 2000).3. Geodeti onstraints on vertial motion from regional ampaignsIn ontrast to horizontal rustal motions, vertial rustal motions are in most areas muhsmaller and rarely exeed the 1 mm/year level. In fat, even the vertial motions assoiatedwith the young alpine orogeny are not expeted to rise above 2 mm/year. Repeated levellings inSwitserland have shown the present-day vertial rates to remain within these bounds (Shneideret al. 2000, p. 320).Vertial rustal motion is also found outside the orogeni belts, for example in the ase ofold massifs subjet to reent plateau uplift. A good example is the Rhenish Massif whih hasexperiened an average uplift of 200 meters in the past 800.000 years, amounting to an averageannual vertial rate of +0.25 mm/y (Fuhs et al. 1983). Of ourse, this average rate annot beseen as a true image of the uplifting proess. The geologial evidene rather points to a suessionof relatively quiet phases interrupted by phases of aelerated motion. In ative phases, the rateould have reahed up to 1 mm/y (Ahorner 1975). The analysis of repeated levellings in theRhenish Massif and adjaent areas seems to indiate that the present-day uplift of about 1 mm/y66 15th European VLBI Meeting Proeedings



J. Campbell and B. Rihter: European vertial veloity referene systemw.r.t. surrounding areas reets an ative phase (Fuhs et al. 1983). Reent GPS ampaigns appearto on�rm this trend (Campbell et al. 2001).Another example has reently beome available by the analysis of the repeated lowlands lev-ellings in the Netherlands (Kooi et al. 1998). Here, a signi�ant subsidene of the oastal areasan be seen at the level of -1 mm/yr. In geologial terms this is learly too high by an order ofmagnitude and an only be explained by fairly reent (man-indued?) developments on oastalareas.Among the vertial motions seen in the present time, there is only one phenomenon thatprodues vertial hange of more than 10 mm/y over wide areas of ontinental size, i.e. the well-known e�et of postglaial rebound in areas one overed by important ie and snow masses.Present-day geodeti measurements of di�erent type have established beyond doubt that the upliftis ontinuing at the expeted rate. Reent results of intensi�ed GPS measurements are used todisriminate between di�erent geophysial models of the underlying proess (Shernek et al. 2000).Without having to expand this rather ursory list of examples of vertial rustal motion, wemay summarize that within the European region there are distintly di�erent regimes of vertialmotion, that have been examined losely at the smaller and medium sales (Gueguen et al. thisvolume). Apart from the massive bulge of the Fennosandian uplift, we may expet only minorvertial rustal deformation of up to 1 to 2 mm/y, exept for more loal e�ets of volani origin(e.g. at Pozzuoli near Naples, Italy (Plag et al. 1998) ).4. Observed vertial motions by VLBI and GPSAlthough preise levelling has been the prime tehnique for the determination of vertial mo-tions this method has its de�it on larger distanes (Ihde and Augath 2000). Spae tehniques,on the other hand, have laked the resolution in the millimetre range. It is only very reentlythat time series with dense data over long enough time spans have beome available. These haveshown that the lak of resolution an be overome (at least partially) by the sheer volume of data.Another preondition is of ourse that the tehnique itself provides a stable large sale refereneframe.VLBI has the advantage of being diretly onneted to the inertial system and providing verystrong geometri ties between the verties of a spatial network. The entire network is free tobe translated within in ertain bounds, but it annot be rotated beause its orientation is givenby the Earth Orientation Parameters (EOP), whih are a produt of the global spae geodetinetworks. The residual errors of the globally determined orientation may be estimated to remainbelow 0.3 mas (milliseonds of ar) for both short and long periods of time. This leads to maximumtilt errors of 3 mm at a distane of 2000 km from the entral �xed point. In a 10 year time series,this amount shrinks to an average veloity error of merely 0.3 mm/y.Vertial rates for most of the stations partiipating in the European VLBI ampaigns are nowavailable from data overing a time span of around ten years. Several solutions based on di�erentstrategies have been produed by the groups involved in the European VLBI projet (Campbell andNothnagel 2000), enabling to see the inuene of di�erent approahes on the �nal results. In short,there are di�erenes in the amount of data used (only the EUROP-sessions, the EUROP-sessionsplus those global VLBI sessions ontaining at least 3 European stations and �nally all availableobservations exept some sub-standard sessions), and in the way the solutions are designed (timeseries solutions or ombined oordinate and site veloity vetor solutions).In table 1 the vertial veloities are listed for both the OSO 2000 and the CNR 2000 solutionsto obviate the degree of agreement between independent VLBI solutions. Details of the analysisbakground an be found in Campbell and Nothnagel 2000 and Gueguen et al. 2001. Exept forthe stations with muh less data than average (E�elsberg, Yebes and Crimea) the agreement isbetter than 1 mm/y.15th European VLBI Meeting Proeedings 67



J. Campbell and B. Rihter: European vertial veloity referene systemTable 1. Comparison of vertial site veloities for the European VLBI stations and olloated permanentGPS. The two olumns for GPS represent the JPL series translated to GPS zero veloity at Wettzell usinga) ombined rate for WETB and WTZR: �1:97 mm/y and b) rate for WTZR only: �1:03 mm/y.Vertial veloities with respet to Wettzell �xed (mm/y)VLBI VLBI GPS GPS Di�.(OSO) (CNR) (JPL.a) (JPL.b)Ny �Alesund +5:9�1:8 +6:4�0:3 +7:16�1:8 +6:22�1:8 +0:76Onsala +1:8�0:7 +2:9�0:3 +2:24�0:1 +1:30�0:1 �0:66E�elsberg +1:0�2:6 �0:8�0:8 { { {Wettzell +0:0 +0:0 +0:0 +0:0 +0:00Madrid (DSN) +2:0�0:8 +2:8�0:3 +2:75�0:3 +1:81�0:3 �0:05Villafrana { { �0:43�0:2 �1:37�0:2 {Yebes { { { { {Mediina �2:7�0:9 �1:2�0:3 �1:13�0:3 �2:07�0:3 +0:07Matera +0:2�0:6 +1:0�0:3 +0:40�0:3 �0:54�0:3 �0:60Noto �0:5�0:7 �1:2�0:3 �1:26�0:3 �2:20�0:3 �0:06Crimea �0:8�4:5 +4:3�1:1 { { {GPS provides strong geometri ties between stations although its frame ritially depends onthe quality of GPS orbit determination. In reent years the number of permanent GPS stationsaround the world has inreased in a way that the resulting realizations of the terrestrial refer-ene frame have beome almost as stable as the VLBI frame, onverging to a level of �0:3 mas(Rothaher 2000).In this paper, we onentrate on the GPS solution provided by JPL in its 'sideshow', availablein the web (http://sideshow.jpl.nasa.gov/mbh/). This solution has several features whih areimportant in the omparison with VLBI:� most of the data available globally have been used� the longest data spans are used in the solutions (by omparison with other series)� small rotations due to suessive realizations of the ITRF have been taken are ofSome problems remain due to the lak (or misinterpretation) of station information. In orderto avoid ritial ases, we have only used those time series that ould be heked with diretinformation from the sites, in partiular those being olloated GPS sites of the VLBI stations.In the quality assessment of GPS positional time series the loal e�ets are dominant:� hanges in the antenna setup (antenna type used, mounting, with or without radome et)� multipath environment, hanges in the near �eld of the antenna� ground ondition (humidity, snow overage)� variations in the groundwater tableThe time series plots of the JPL sideshow are less well suited to examine the subtle periodiand quasi-periodi e�ets beause of the redued sale of the plots and the overlaid error bars. Amuh loser look at the ourse and shape of the time series is provided by the Central Bureau ofthe EUREF permanent GPS network (http://www.epnb.oma.be), whih o�ers an enlarged salewithout error bars. The EUREF time series show the weekly solutions starting in 1996, whenthe ITRF94 ame into e�et (ITRF96 is the referene used in the multi-year solutions). These68 15th European VLBI Meeting Proeedings



J. Campbell and B. Rihter: European vertial veloity referene system

Figure 1. Weekly solutions for the vertial omponent of position of Wettzell (WTZR) from the BKG-CODE-ontribution to EUREF (Beker et al. 2000).solutions are onstrained to a set of European stations with reliable performane (BOGO, GLSV,GRAZ, KOSG, MATE, ONSA, PENC, POTS, VILL, WARE, WTZR, ZECK and ZIMM).An example for the vertial omponent of a GPS-time series is shown in Fig. 1. At Wettzell,the seasonal variations have an amplitide of about 4 mm (8 mm peak-to-peak). This has to beunderstood as a signal relative to the mean established by the set of onstrained stations. Thewrms satter of �3:2 mm is typial for weekly solutions, orresponding to a �9 mm daily satter(see Tab. 2). The negligible slope on�rms that the vertial motion of WTZR is onsistent withthe average motion of the above set of referene stations (in the period 1996 to 2000).From the EUREF time series veloities are being derived by di�erent analysis entres. De�nitiveveloity solutions are imminent and will be used in the present work of de�ning a stable veloityreferene in Europe. However, onsidering the large amount of annual and quasi-periodi signalsin the time series it will be ruial to avail oneself with a long enough uninterrupted data span,preferably more than 5 years, before any �rm onlusions on real tetoni vertial motions an bedrawn. Therefore, in the omparison of table 1 only the JPL time series have been onsidered forthe time being.5. A entral European veloity platformEven before seleting a on�ned set of entral European stations whih ould serve to forma platform of �rmly established vertial veloity, it is useful to onsider one partiular site thatomes lose to the required spei�ations, suh as:� well de�ned antenna set up15th European VLBI Meeting Proeedings 69



J. Campbell and B. Rihter: European vertial veloity referene system� low multipath environment� free horizon down to 10Æ elevation� stable support struture� solid tie to loal bedrok� well doumented groundwater situation� preise survey ties to ground markers and footprint network� olloated site (with other spae tehniques)� absolute and ryogeni gravity measurementsThe fundamental station of Wettzell ombines most of these requirements to a high degreeof perfetion and has no alternative in entral Europe if a VLBI faility is to be inluded. Theonly problem at this station onerns a disontinuity in the GPS time series: the total time spanfrom July 1991 to 2000 is disonneted by the fat that IGS observations have been transferredfrom the initial Rogue SNR-800 reeiver with its hoke ring antenna (WETT) to a new RogueSNR-8000 with a new hoke ring antenna (WTZR) on the same tower but on a di�erent mount(�s � 3 m). Hene, there are in fat two time series with slightly di�erent multipath environment.A onnetion using individual antenna alibrations has not yet been attempted, so that both serieshave to be treated either independently (yielding two di�erent slopes) or in onjuntion with avertial o�set, yielding one mean slope.In the JPL analysis (as of Marh 2001), the two series have been treated independently yieldinga vertial rate of �2:91 mm/y in the �rst period of 5 years and �1:25 mm/y in the seond period(Tab. 2.).The rather large rate di�erene of 1:66 mm/y between the two data sets has to be attributedmainly to the hange in the ITRF's due to the small number of stations available globally duringthe early phase of the IGS (Tregoning et al. 1998).Table 2. Vertial rates from the JPL analysis of permanent GPS observations at Wettzell for two suessiveoupations: WETT (erroneously given as WETB in the JPL sideshow) from 1992.3 until 1997.1 and WTZRfrom 1995.1 until 2000.3.Site Vertial rate (mm/y) Time span (yrs) Repeatability (mm)WETT �2:91�0:32 4.8 �9:0WTZR �1:25�0:29 5.2 �9:1A loser look at the time series of the other VLBI/GPS stations reveals disontinuities inmost of the series. Due to the repair of the wheel-and-trak bearing of the radiotelesopes atMediina, E�elsberg and Madrid, vertial o�sets arose that had to be determined by loal geodetimeasurements. Before the de�nitive results of the surveys are available o�sets are introdued inthe analysis of the VLBI data (Campbell and Nothnagel 2000). A similar proedure is used inthe GPS analysis. Among the olloated GPS sites Madrid (8 jumps) and Matera (2 jumps) area�eted. It is quite lear that the estimation of the rates deteriorates with the number and positionof breaks that have to be introdued in the proessing. Therefore, e�orts to 'repair' the time serieswith reliable survey results should have a high priority.The ompilation in table 1 of results of vertial site veloities from VLBI (two di�erent so-lutions) and GPS (JPL-solution referred to two di�erent referene veloities at Wettzell) showsan unexpeted degree of agreement between the two nearly independent tehniques. The meandi�erene GPS-VLBI for ase a) yields �0:54 mm/y. The di�erenes are all below 1 mm/y (lastolumn of Tab. 1), the rms di�erene being �0:21 mm/y. This result shows that there is a learonvergene of VLBI and GPS in the vertial veloities and raises hopes that a set of reliablereferene stations for the de�nition of a European veloity platform an indeed be found.70 15th European VLBI Meeting Proeedings



J. Campbell and B. Rihter: European vertial veloity referene system6. Prospets for the use of gravity measurementsAording to the well-known law of Newton, the gravitational fore is a funtion of the massand distane between the attrating bodies. Variations in the height hange the geometrialrelation between the test mass and the attrating bodies and therefore gravity. But also massredistribution within the attrating bodies leads to equivalent e�ets. Therefore, both absolute(AG) and superonduting (ryogeni) (SG) gravity measurements have reently been onsideredto verify vertial rustal motions (Zerbini et al. 2001).Absolute gravity measurements are based on the priniple of free fall. The aeleration of afree falling body is alulated by measuring the travel time between the rossing of interferometerfringes in an evauated tube. Beause the quantities time and distane are derived in-situ fromabsolute standards one de�nes these lasses of measurements as absolute ones. They are, bytheir inherent stability, well suited for the study of long term gravity hanges. Superondutinggravity meters are also very sensitive to gravity hanges although they lak the absolute standard.In turn, they provide a high temporal resolution and are perfetly suited to interpolate gravitybetween absolute gravity measurements (Plag et al. 2000, p. 184, 186). The two types of gravityobservations omplement eah other. In fat, the ombination of both makes use of the sub-�Galresolution of the SG and the long-term stability of the AG.If we want to infer pure geometri height variations from the gravity data it is neessary todetermine the gravity �eld of mass variations independently, e.g. by additional external informationand modelling. The e�ets that have to be taken into aount are:1. solid Earth and oean tides2. attration of oean tides3. attration of atmospheri tides4. polar motion and hanges in LOD5. hanges in the loal groundwater table6. loal soil moistureIn the routine redution of absolute (and superonduting) gravity measurements the e�ets 1to 4 are normally aounted for, while there is inadequate information available on item 5 and 6.How important these e�ets are, an be shown by a reent analysis of absolute gravity mea-surements taken at Wettzell using information on the variations of the loal groundwater table.The reordings at a well near the site of the gravity measurements over a period from Otober1998 to August 2000 and display variations of up to 3 meters (Fig. 2).Applying empirial orretions based on a orrelation analysis between the groundwater reord-ings and the gravimetri data redues the wrms satter about the mean value from �4 nms�2 to�8 nms�2 (Fig. 2). The 'orreted' time series produes a gravity hange of �5�10 nms�2/yr,whih, using the onversion fator of �3:06 nms�2=mm, results in a height hange of �1:5 mm/yr�3 mm/yr (Fig. 3).As an additional example the gravity series in Mediina/Italy is displayed in Fig. 4. To interpretthe gravity variation, the step between July 97 and Otober should be ignored beause its originis not yet understood. After Otober 97 gravity has inreased by about 15 nms�2/yr. This wouldorrespond to a subsidene of the rust of approximately �5 mm/yr.To orretly model the hydrologial redution, detailed information on the spatial and temporaldistribution of the groundwater is required (K�umpel et al. 2001). Even if this level of modelling isstill far ahead, the results do show that at good sites the monitoring of vertial hange by gravitymeasurements will be possible within the 1 mm/y range if time spans of the measurements areextended to 5 years or more.15th European VLBI Meeting Proeedings 71
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Figure 2. Absolute gravity variations observed at Wettzell and the hanges in the groundwater table in theequivalent time frame.

Figure 3. Gravity variation in Wettzell orreted for groundwater e�ets. A linear regression leads to atrend in gravity of about �5�10 nms�2/yr.

Figure 4. Gravity time series at Mediina registered by the superonduting gravimeter SG-023 togetherwith sporadi absolute measurements performed with absolute gravimeters type FG-5.72 15th European VLBI Meeting Proeedings



J. Campbell and B. Rihter: European vertial veloity referene system7. ConlusionsThe determination of vertial motions on larger sales by geodeti means is diÆult beause themotions are usually distintly smaller than horizontal motions. Exeptions exist on loal sales,where vertial motions an be sometimes even larger than horizontal motions. We realize thatspae tehniques have proven superior to terrestrial tehniques on large sales (� 300 km), butthe fat remains that observational errors have a stronger inuene on vertial than horizontalposition.The present status of time series analysis for both VLBI and GPS is haraterised by thefollowing auraies:wrms of linear �t: �7 to �15 mm (24h-sessions)rms of estimated slope: �0:3 to �2:5 mm/y (10 years down to 4 years time span)Problems do persist, beause most of the time series show periodi and quasi-periodi variations(mainly seasonal). Most of these seasonal e�ets an be explained by loading e�ets initiated byseasonal mass hanges in the atmosphere, oean and hydrosphere (Zerbini et al. 2001)Time series of absolute gravity measurements, if suessfully orreted for loal groundwaterand soil moisture e�ets an provide vertial motion on the 1 mm/yr level (time span � 5 y).The omparison between VLBI and GPS time series for the major olloated European stationshas shown that a stable entral European vertial veloity platform an be found. The fundamentalstation of Wettzell would be a god andidate onsidering most of the relevant site parameters.Further work has to onentrate on the omparison of results with geophysial models, suhas postglaial rebound, and omparisons with results from external data suh as absolute gravityand tide gauge reords. Areas of major onern persist and require full attention:� loal site parameters, suh as{ multipath environment{ monument stability{ loal geology{ loal hydrologial e�ets (i.e. groundwater ow)� other seasonal e�ets.Referenes[1℄ Ahorner, L.: Present-day stress �eld and seismotetoni blok movements along major fault zones inCentral Europe. Tetonophysis, Vol. 29, p. 233{249, 1975[2℄ Beker, M., J. Campbell, A. Nothnagel, Ch. Steinforth: Comparison and Combination of ReentEuropean VLBI- and GPS-Solutions. Pro. of the 14th Working Meeting on European VLBI for Geodesyand Astrometry at Castel S. Pietro Terme, 8{9 Sept. 2000, Tomasi, Mantovani, Perez-Torres (eds.),p. 35{40, 2000[3℄ Campbell, J., A. Nothnagel: Comparison of European VLBI solutions from di�erent Analysis Centers.Pro. of the 14th Working Meeting on European VLBI for Geodesy and Astrometry at Castel S. PietroTerme, 8{9 Sept. 2000, Tomasi, Mantovani, Perez-Torres (eds.), p. 3{6, 2000[4℄ Campbell, J., H.-J. K�umpel, M. Fabian, B. G�orres, Ch. J. Keysers, D. Fisher, and K. Lehmann:Reent movement pattern of the Lower Rhine Basin from tilt, gravity and GPS data. Aepted forNJG (Netherlands Journal of Geosienes/Geologie en Mijnbouw), Vol. 80, 2001[5℄ Fuhs, K., K. v. Gehlen, H. M�alzer, H. Murawski, and A. Semmel (eds.): Plateau uplift - The RhenishShield - A Case History, 411 p., Springer Verlag 198315th European VLBI Meeting Proeedings 73
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W. Shwegmann: Automati VLBI Data Analysis using Cal/Solve and a Knowledge-Based System, Proeedings ofthe 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.75{82http://www.iee.fr.es/hosted/15wmevga/proeedings/shwegmannAutomati VLBI Data Analysis using Cal/Solve and aKnowledge-Based SystemW. ShwegmannGeodeti Institute of the University of Bonne-mail: shwegma�hagall.geod.uni-bonn.deAbstratAn important ontribution to the aeleration of the VLBI proedure is a faster and semiauto-mati data analysis, in partiular in view of the inreasing amount of geodeti observing sessions to beexpeted in the future. A system for automati VLBI data analysis is being developed. Its main om-ponents are a Knowledge-Based System (KBS) and the Mark-4 VLBI Analysis Software Cal/Solvewhih are onneted by an interfae in order to be able to transfer data and information between thetwo systems. The knowledge needed for the VLBI data analysis is modelled within the KBS and an beapplied to automate the data analysis within the existing analysis software and to support the analystduring the analysis. The onept of the KBS and the interfae to the Mark-4 software is desribed andit is shown how the knowledge about the VLBI data analysis proedure an be modelled and appliedto automate the data analysis.1. IntrodutionThe VLBI data analysis is a very omplex proess and needs a lot of manual interations. Itis very time onsuming and a partial automation would be very useful to aelerate the VLBIproedure, in partiular with regard to the inreasing number of geodeti observing sessions to beexpeted in the future. Most tasks of the geodeti VLBI data analysis require a omprehensiveknowledge of the whole proedure of the data analysis and the analyst needs a lot of experieneand knowledge for solving the omplex problems within the data analysis.Knowledge-Based Systems (KBS) an be used to administer, store and evaluate spei� know-ledge needed for the VLBI data analysis, to provide targeted informations for the user and to solvethe omplex tasks within the data analysis automatially. A KBS is less suseptible to errors,allows to onserve the knowledge of several analysts and to hek the deisions of the analyst.Moreover, it an be used to guide and support the analyst during the data analysis, to evaluatesituations, to solve problems and to analyse and hek the data and the results. The KBS an beused as teahing system for less experiened analysts and to exonerate the analyst in his work.Investigations of the Mark-4 data analysis system, a widely used VLBI software system (Ryan etal., 1980), have shown that almost all steps of the data analysis an be supported by a KBS (Shweg-mann and Shuh, 1999). A KBS alled Iada (Intelligent Assistent for VLBI Data Analysis) isbeing developed to automate to a high degree the VLBI data analysis proedure. It is an impor-tant omponent of a general onept for VLBI in near real-time (Shuh and Shwegmann, 2000).Iada an be used to support the analyst in his deisions, to guide him through the data analysisor to automate the data analysis. The KBS ontains the knowledge about the VLBI data analysisproedure and an be applied for solving the omplex problems within the data analysis automat-ially by proessing this knowledge with respet to spei� rules and instrutions. An interfaehas been developed to manage the transfer of data and information between Iada and the Mark-4software.
15th European VLBI Meeting Proeedings 75



W. Shwegmann: Automati VLBI Data Analysis2. A Knowledge-Based System for the VLBI Data Analysis2.1. Knowledge-Based SystemsKnowledge-Based Systems are software sys-tems in whih the knowledge about a problemdomain is isolated and stored in a so-alledKnowledge Base (KB) and is proessed andevaluated by a domain-independent problem-solving omponent (Fig. 1; Sundermeyer,1991). Modi�ations of the KB as well asits extensions do not inuene the problem-solving omponent. Only the KB has to bemodi�ed to adapt the KBS to new situationsor tasks. Knowledge Base
Static

Problem Solving Component

Knowledge Base
DynamicFigure 1. Basi arhiteture of a KBS.The most important and even ritial task when developing a KBS is to build the KB, themain omponent of a KBS, beause its eÆieny depends on the qualitiy of the KB, whih shouldbe modular, exible and extensible. The KB onsists of a stati and a dynami part. The �rst oneontains general knowledge about the VLBI data analysis whih does not depend on the urrentexperiment, e.g. it does not hange during the analysis of a VLBI experiment. The dynami partstores knowledge depending on the urrent experiment and the status of the analysis. Additionally,it ontains the results ahieved by investigating the data by the problem-solving omponent of theKBS. Detailed information about KBS an be found in Shnupp et al. (1989).2.2. Development of IadaTo build a KBS, the knowledge needed for the problem domain must be olleted, struturedand organized �rst (Knowledge Aquisition). Then, it has to be formally represented and stored inthe Knowledge Base (Knowledge Representation). The main aspets of the knowledge aquisitionand representation that have been taken into aount during the generation of Iada are summarizedin the following. A detailed explanation an be found in Shwegmann (2000).Within the sope of the knowledge aquisition a so-alled onept of the VLBI data analysishas been set up to ollet the knowledge about its general proedure. The onept is divided intothree main parts: the so-alled analysis steps, analysis substeps and substep desriptions. Theanalysis steps de�ne the global frame of the VLBI data analysis proedure. They are performedone by one in the standard data analysis and are subdivided into analysis substeps to desribethe tasks of the data analysis in more detail (see Tab. 1). The KBS an be applied to automatethe whole proess of the data analysis or to perform single steps or substeps, in partiular withrespet to investigate spei� problems. Eah substep is haraterized in the substep desriptionsto de�ne the parameterizations and alibrations that should be used during this stage of the dataanalysis. By omparing these spei�ations to the urrent settings within the analysis software thesystem is able to hek all ations done by the analyst or to set up the orret parameter settingsautomatially. The spei�ation of so-alled evaluation riteria within the substep desriptionsallow to evaluate the results of eah substep. Additionally, problem handling methods an bedesignated to overome problems, for example if the results do not meet the evaluation riteria.An example for a substep desription of a spei� step and substep is given in table 2.
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W. Shwegmann: Automati VLBI Data AnalysisTable 1. Steps and substeps of theonept of the VLBI data analysis.ANALYSIS ANALYSISSTEPS SUBSTEPSData Loading -Apriori ClokInitial Solution Ambiguity SolutionEvaluate ResultsIntermediary Outlier EliminationSolution Evaluate ResultsOutlier EliminationExamine SolutionFinal OutlierFinal Solution EliminationChek Cable CalEvaluate ResultsDatabaseUpdate -

Table 2. A substep desription for a spei� step and substep of theVLBI data analysis proedure.STEP: Intermediary SolutionSUBSTEP: Evaluate ResultsParameter estimate station positionsestimate baseline dependent loksestimate atmosphere path delayestimate lok parametersEvaluation solution is good if total wrms is less than 100 pseCriteria and more than 80% of observations are in solutionsolution is poor if total wrms is between 100 and250 pse and between 50% and 80% ofobservations are in solutionsolution is unsatisfatory if wrms is greater than 250 pseand/or less than 50% of observations are in solutionProblem solution=poor: hek alibrations and hek for outlierHandling solution=bad: hek ambiguity solution andhek for lok breaks and strong outlier
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Figure 2. Instane WETTZELL offrame VLBIStationFrame.

Table 3. A rule-set to evaluate preliminary results of the dataanalysis.STEP: Intermediary SolutionSUBSTEP: Evaluate ResultsIF total wrms < 100 pse AND ObsInSol > 80%1 THEN solution = GOODIF total wrms >= 100 pse AND <= 250 pse2 AND ObsInSol >= 50% AND <= 80%THEN solution = POORIF total wrms > 250 pse OR ObsInSol < 50%3 THEN solution = BADIF solution = POOR4 THEN hek alibrationshek for outlierIF solution = BADTHEN hek ambiguity solution5 hek for lok breakshek for strong outlierThe onept of the VLBI data analysis proedure has been transformed and stored in theKnowledge Base of Iada. Several knowledge representation tehniques have been applied to for-malize the knowledge. Among these, the most important formalisms are Frames and Rules.Frames are used to represent knowledge about objets, for example a VLBI station. Theyonsist of several slots to desribe the attributes of an objet. A so-alled instane of suh ageneral objet desription is generated by speifying values for the attributes of the objet (Fig. 2).Frames an represent both dynami knowledge, e.g. to desribe the urrent parameterization, andstati knowledge, suh as the a-priori oordinates or the lok behavior at a VLBI station. Whilethe stati knowledge is a 'stable' part of the KB the dynami knowledge depends on the urrentexperiment and the status of the analysis. Thus, the dynami knowledge has to be olleted fromthe analysis software and to be transferred into the KB at the beginning of eah step of the dataanalysis.Rules are suited to model knowledge whih depends on onditions. They are applied to hekwhether the urrent parameterization is orret (e.g. with respet to rank de�ienies), to examine15th European VLBI Meeting Proeedings 77



W. Shwegmann: Automati VLBI Data Analysisthe results of the analysis, et. Rules are organized in so-alled rule-sets. Eah rule-set ombinesrules that are responsible for a spei� task. When evaluating rules the problem-solving omponenthas to verify the arguments within the ondition part of a rule. These arguments are usuallyattribute values of a spei� instane whih an be aessed and read by the problem-solvingomponent.Depending on the step of the data analysis spei� rule-sets will be applied. For example, rulesfor the evaluation of preliminary results of the data analysis are listed in table 3. The rules 1, 2,and 3 determine whether the results are satisfatory. The arguments within the ondition partsare read from the instane CurrentSolution of the frame SolutionFrame, whih ontains severalarguments to haraterize the results of the data analysis. Depending on the value of the argumentsolution (GOOD, POOR, or BAD) rule 4 (solution=POOR) or rule 5 (solution=BAD) will be appliedin order to investigate the reasons for an unsatisfatory solution by evaluating the funtions withinthe ation part of the respetive rule.The substep desriptions are an important part of the KB, beause they ontain the knowledgeneeded to perform the tasks within all substeps of the data analysis and to investigate its results. Infat, the rules in table 3 are generated with respet to the information within the �elds evaluationriteria and problem handling in table 2. If the analyst hanges the numerial values within these�elds the above rules will be updated automatially. Thus, the knowledge within the substepdesriptions is onsidered to be dynami, beause it depends on the respetive step and substep ofthe data analysis and beause the analyst is able to modify it. These information, that are usedwithin the substep desriptions, are stored in external �les and have to be loaded into the KB beforethe analysis within the KBS starts. The �les an be modi�ed easily without profound knowledgeof the knowledge representation tehniques. Hene, the KBS an be adapted to a spei� analysisprogram without modifying the KB, beause the general proedure of the VLBI data analysis isvery similiar in all programs. It just has to be spei�ed whih analysis steps and substeps andwhih parameterizations and alibrations are supported by the spei� software.3. The Mark-4 Data Analysis System and the interfae to Iada3.1. The Mark-4 Data Analysis SystemThe Mark-4 data analysis system is being developed sine the middle 70-s and is maintained bythe NASA Goddard Spae Flight Center. The Mark-4 software is one of the most powerful VLBIdata analysis software pakages and is widely used around the world. Although the developedKBS an be adopted to di�erent VLBI software pakages, it has been designed for an optimalooperation with the Mark-4 data analysis system.Most of the steps during the data analysis with the Mark-4 software have to be performedmanually. Although almost all steps an be supported by a KBS, not all steps have to be supportedby suh a system, beause some tasks an be automated easily by extensions to the existingsoftware. Figure 3 shows the dataow within the Mark-4 data analysis system and its mostimportant programs. The programs surrounded by a dashed box have been developed to automatethe data analysis proedure and will be desribed later. The Mark-4 data analysis system an bedivided into two main parts. The programs shown in the left part in Fig. 3 are used to preparea database for the parameter estimation within the Solve software pakage, whih is displayedin the right part in Fig. 3. These programs are Dbedit to generate a database or to add aprioriinformation to a database, Cal to alulate theoretial delays, and partial derivatives, Pwxb toextrat alibration data from the station log-�les and Dbal to put these data into the database.All programs require onsiderable manual interations, whih are time onsuming, and their resultshave to be heked by the analyst.The new programs Get Db, Xal and Xlog allow an automati data analysis up to the78 15th European VLBI Meeting Proeedings
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Figure 3. Dataow within the Mark-4 data analysis system.reation of a new version of a database using the program Dbal. They perform the followingtasks:� Get Db: automati download of databases from an IVS data enter; import of databasesinto the loal atalogue.1� Xal: build the ontrol �le for Cal; hek all input data; start Cal; hek results.� Xlog: download all input �les from an IVS data enter; extrat alibration data from log-�les; hek extrated data; save alibration �les; start program Dbal; hek results. (Xlogsubstitutes the old program Pwxb.)The seond group of programs within the Mark-4 data analysis system is formed by the Solvesoftware pakage. It is used to get the estimates of targeted parameters, suh as station positionsand veloities, soure oordinates, Earth orientation parameters, Love numbers and many others.Solve onsists of several programs whih an be aessed from the program Optin. Iada hasbeen developed to automate the tasks performed by Solve, beause the analysis proedure withinSolve requires a lot of knowledge and experiene. Thus, the program IadaO ('Iada OptionsMenu') has been developed in order to be able to all Iada by using an interfae.3.2. The Interfae between Iada and SolveTo apply Iada during the VLBI data analysis an interfae has been developed to manage thedataow between Iada and the Mark-4 software pakage Solve. The interfae is part of Solveand has to perfom the following tasks:1. Extrat data and information needed by Iada to ontrol and automate the data analysis.2. Transfer data and information to Iada and reeive the results from Iada.3. Proess the results reeived from Iada.The program IadaO is used to speify the information needed for the appliation of Iada,e.g. analysis step and substep, and to start Iada by alling the interfae (Fig. 4). The funtionality1Dbedit has to be used instead of Get Db if the analyst wants to reate the �rst version of the database.15th European VLBI Meeting Proeedings 79



W. Shwegmann: Automati VLBI Data Analysisof the interfae is shown in Fig. 5. When the analyst alls the KBS from within IadaO the interfaeextrats all data and information needed by Iada from so-alled srath-�les2 with respet to theurrent analysis step and substep and writes them into a data-�le. This �le is proessed by Iadaand the results of the KBS are written into a result-�le, whih is read by the interfae in order toapply the results and to modify the srath-�les, if neessary. Then the analyst is able to proeedwith the next step of the data analysis or to go bak to program Optin.

Figure 4. IadaO - Menu to speify options for theappliation of Iada.
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I  A  D  AFigure 5. The interfae between Iada and Solve.4. ExamplesTwo examples for the appliation of Iada to automate the VLBI data analysis within theMark-4 data analysis system are given. They desribe the detetion of lok breaks at a VLBIstation and the detetion of a wrong ambiguity solution at a baseline.In general, the results of eah analysis step are heked by Iada by applying the evaluationriteria, that are stored in the substep desriptions, with respet to the urrent status of the dataanalysis. This is arried out in two steps, starting with a hek of the 'overall' results to determinewhether they are satisfatory. If neessary, Iada tries to �nd in a seond step the reasons for anunsatisfatory solution by using the methods spei�ed in the problem handling part of the substepdesriptions. The system investigates the distribution of the residuals at every baseline looking forpatterns that are typial for a spei� problem. Figure 6 shows suh a typial residuals plot for abaseline ontaining a station with a lok break. The station that is a�eted by the lok breakwill show a similar pattern in all baselines ontaining that station. Suh baselines an be detetedby their onsiderable higher wrms ompared to the other baselines. If a 'suspiious' station ouldbe deteted the loalization of the lok break with respet to time will be done within Solve.The messages given by the interfae during the ourse of this proedure are displayed in Fig. 7.The interfae starts by running a least sqaures solution in order to update the results with respetto the urrent parameterization whih has already been heked by Iada. All information neededby Iada are extrated from the srath-�les, the interfae alls Iada and waits for the results. Inthis ase, Iada proposes to look for a lok break at station ALGOPARK. Thus, the interfae allsthe proper subroutine to investigate this station for a lok break and the results are displayedand applied. Finally, the analyst is able to ontinue with the next step of the data analysis or togo bak to program Optin.2In Solve all information and data related to the urrent experiment is stored within a set of srath-�les.80 15th European VLBI Meeting Proeedings
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Figure 6. A harateristi residuals plot of abaseline with a lok break. Figure 7. Messages of the interfae when detetingthe lok break shown in Fig. 6.In the seond example Iada detets an un-satisfatory solution by evaluating the rule-set shown in table 3. Further investigationslead to the presumption that there might bea wrong ambiguity solution at the baselineFORTLEZA-KOKEE. The system asks theuser to hek the spei� baseline manually,beause it does not have use of a method toverify this presumption. The messages givenby the interfae during the ourse of this pro-edure are displayed in Fig. 8. Figure 8. Messages of the interfae when detetinga wrong ambiguity solution at a baseline.5. Conlusions and OutlookThe appliation of knowledge-based tehniques for the automation of the VLBI data analysisyields many bene�ts, beause they allow an expliit modelling of the multifaeted knowledge neededfor these tasks. Thus, the knowledge of several analysts an be onserved and applied by the KBSto solve the omplex tasks within the data analysis automatially or to support the analyst duringthe data analysis and to hek his deisions. Moreover, the system an be used to teah lessexperiened analysts. The very general onept of Iada allows to adapt the system to di�erentVLBI software pakages without modifying its Knowledge Base. The interfae between the VLBIdata analysis software pakage Solve and Iada allows to exhange data and information betweenthese two systems to ontrol and to automate by the KBS the regular analysis done in Solve.When applying Iada in ooperation with the desribed extensions to the Mark-4 data analysissystem some VLBI experiments ould already be analyzed automatially without requiring manualinteration. However, the Knowledge Base of Iada does only over a small subset of problems thatmight appear during the ourse of the geodeti VLBI data analysis. Thus, it has to be extendedin order to be able to use Iada in the routine data analysis.
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Volker Tesmer et al.: Reassessment of Highly Resolved EOP Determined with VLBI, Proeedings of the 15th WorkingMeeting on European VLBI for Geodesy and Astrometry, p.83{90http://www.iee.fr.es/hosted/15wmevga/proeedings/tesmerReassessment of Highly Resolved EOP Determined with VLBIVolker Tesmer 1, Hansj�org Kutterer 1, Burghard Rihter 1, Harald Shuh 21) Deutshes Geodaetishes Forshungsinstitut, DGFI2) Institute of Geodesy and Geophysis, Vienna University of TehnologyContat author: Volker Tesmer, e-mail: tesmer�dgfi.badw.deAbstratVLBI is the only geodeti spae tehnique whih diretly links the terrestrial and the elestial refereneframe. Sine nearly all observing networks are of global nature, VLBI is partiularly suitable to deduethe Earth orientation parameters (EOP). In this paper, investigations are presented whih were arriedout to assess highly resolved EOP determined by means of VLBI. A theoretial onsideration showsthat an attempt to estimate simultaneously daily nutation parameters and subdaily pole oordinateswould lead to high orrelations between these parameters so that they are pratially not separable.Furthermore, the relation between the observing geometry and highly resolved EOP was investigatedusing typial NEOS-A, CORE-A and IRIS-S sessions. Systemati orrelation shemes were detetedbetween highly resolved EOP and also very weakly determined EOP in single time intervals were found.Amplitudes of the eight diurnal and semidiurnal main tides in �UT1 were dedued from one-hourlyestimates of 52 simultaneous NEOS-A and CORE-A sessions. The results were ompared with resultsof other geodeti spae tehniques as well as the model for daily and subdaily oean tidal variationsin the Earth's rotation by Ray (IERS Conventions, 1996). The omputations were done with theOCCAM 5.0 software using a least-squares approah in the Gauss-Markov model.
1. Theoretial separability of daily nutation parameters and subdaily EOPThe Earth's orientation in spae an be desribed by the rotation matrix R transforming betweena elestial referene frame (CRF), whih is de�ned by the oordinates of radio soures, and aterrestrial referene frame (TRF), whih is de�ned by the station oordinates of the observingnetwork.
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SPrinipally, a transformation between two referene frames an always be performed using threeangles only, whereas the matrix R onsists of �ve parameters. This is why dependenes betweensome parameters in R are to be expeted under ertain irumstanes.Let the rotation matrix R or, after dedution of the preession matrix P and the nutation matrixN, the remaining matrix M be given from observations for a ertain instant. Its elements an beused to estimate the orientation parameters. Most interesting is the question to what extent thenutation orretions � , �" and the pole oordinates X, Y , whih both desribe the diretion ofthe elestial ephemeris pole (CEP) in di�erent referene systems, an independently be estimated.The �fth parameter � (equivalent to �UT1) is independent from the others and is exluded byonsidering only four elements.15th European VLBI Meeting Proeedings 83
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                    M = W

T
 l S l ∆N

M1, 3 =  -cosθ l sinε l ∆ψ - sinθ l ∆ε + X

M2, 3 =  sinθ l sinε l ∆ψ - cosθ l ∆ε - Y

M3, 1 =  sinε l ∆ψ - cosθ l X - sinθ l Y

M3, 2 =  ∆ε - sinθ l X + cosθ l Y

Coefficients of M specifying ∆ψ, ∆ε, X, Y:

These four equations (only two of whih are linearly independent) de�ne the funtional modelwhih leads to the Jaobian matrix presented in Figure 1 for one day of observation. The nutationorretions � , �" are assumed as onstant during the whole day while the pole oordinates X,Y are estimated for n time intervals over the day.
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Volker Tesmer et al.: Highly Resolved EOP with VLBIFigure 2 shows six orrelation senarios
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Figure 2. Correlations between � , �", X , Ydetermined by a theoretial approah

derived from the oeÆients of the rota-tion matrix M. The olumn on the left(`nutation estimated') represents an ap-proah where pole oordinates were es-timated in time intervals of 24 hours,4 hours and 1 hour together with dailyorretions to the nutation model. Thematries in the right olumn (`nutation�xed') are obtained without estimatingorretions to the nutation model.If both pole oordinates and orretions tothe nutation angles are estimated togetherin a 24-hour interval, there are no orre-lations (Figure 2, upper row). Pole o-ordinates estimated in high temporal res-olution are highly orrelated with dailyorretions to the nutation angles if es-timated simultaneously (Figure 2, lowerrow). As a onsequene, the nutation an-gles must be �xed to best known a-priorivalues of the model MBH proposed by thenew IERS Conventions (2000).
2. Relation between the observing geometry and highly resolved EOPIn this setion, real observation data from representative VLBI sessions are analysed using theOCCAM 5.0 software using a least-squares approah in the Gauss-Markov model (see [4℄ Titovet al., 2001). The stations were �xed to ITRF2000 oordinates and the observed radio souresto the ICRF-Extension 1. A usual parameterisation was arried out exept for the EOP, whihwere solved in intervals of 1 hour (Set. 2.1) and 15 minutes (Set. 2.2), respetively. Nutationparameters were �xed to the values of the MBH model. Some evidenes onerning the relationbetween the referene frames and highly resolved EOP are given and disussed.2.1. Systemati orrelations of EOP due to network on�gurations and shedulingThe upper row of Figure 3 displays the network on�guration of three typial VLBI networks,NEOS-A, CORE-A and IRIS-S. All these 24h-sessions onsist of 1200 to 1600 observations, involv-ing 5 or 6 stations and 50 to 60 radio soures. The lower row illustrates the orrelations betweenone-hour EOP estimates of these sessions. The X, Y and �UT1 parameters are almost indepen-dent, but there are two kinds of minor systemati orrelations between highly resolved EOP dueto network on�gurations and observation sheduling:
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Volker Tesmer et al.: Highly Resolved EOP with VLBI� Systemati orrelations between temporally onseutive parameters of one typeThe one-hour X estimates of the IRIS-S session (see Figure 3, right) show a distint bandof orrelation with a width of up to three hours. The values between temporally onse-utive parameters are on average +0.6, and an reah +0.9 and more for ontiguous timeintervals. The one-hour X estimates of the NEOS-A session (see Figure 3, left) show lesssigni�antly the same. The reason for the relatively high orrelations is a slowly varyingobserving geometry in onseutive intervals. A high number of well-distributed stations anredue this e�et. The CORE-A session in Figure 3 (enter), e.g., ontaining six observingstations has the smallest orrelations between the EOP. Besides this, a lose look into theVLBI observation shedule has to be arried out beause both the number and the geometridistribution of the observed soures also play important roles for the orrelations betweentemporally onseutive parameters of one type.� Systemati orrelations between di�erent EOP within the same time intervalNEOS-A X and �UT1 estimates show a lear orrelation struture for parameters within thesame time interval. This is in agreement with a previous investigation: usual 24-hour EOPestimates of 52 NEOS-A sessions in 1999 showed highly orrelated X and �UT1 estimates,too. Their average orrelation of �0:67 has the same order of magnitude as the orrelationof the NEOS-A one-hour EOP estimates shown in Figure 3 (between �0:4 and �0:8). Thefat that these similar orrelations appear between the 24-hour estimates as well as betweenone-hour estimates is a lear hint that the geometry of the observing network is deisivefor systemati orrelations of di�erent EOP within the same time interval. The NEOS-Aon�gurations usually over only a quarter of the Earth, what is not suÆient for an optimalseparability of the EOP. The highly resolved EOP estimates derived from the IRIS-S sessionwhih are presented in Figure 3 (between �0:3 and �0:5) show less distintly the same.
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Figure 3. Network on�gurations and orrelations between one-hour EOP estimates of typial VLBI sessions
86 15th European VLBI Meeting Proeedings



Volker Tesmer et al.: Highly Resolved EOP with VLBI2.2. Observing geometry in short intervalsHighly resolved EOP are of interest for geodesists, as orretions to their measurements, and forgeophysiists who want to understand the harateristis of the Earth's body like its resonanefrequenies whih are expeted to have periods of one hour or even less. Currently, the tehniallimit of time resolution of VLBI-determined EOP is supposed to be about 15 minutes. This isbeause eah slewing of the telesope and eah observation take several minutes and beause usuallyseveral temporally subsequent observations are neessary to determine the EOP. The upper plotsof Figure 4 show one-hour and 15-minute estimates of �UT1 and their formal errors from a typialCORE-A session of 24 hours. The �UT1 values were orreted for daily and subdaily oean tidalvariations by Ray (IERS Conventions (1996), [2℄ MCarthy, 1996). In the series of one-hour �UT1estimates shown in the left upper plot, the formal errors are in the order of magnitude of 8�s.There is one irregular value at 21 h whih is distintly di�erent from the neighbouring values. Itsformal error of 13�s is muh larger, too. Sine the formal errors do not represent the inauraysituation ompletely, the variane-ovariane matrix was further investigated. One eigenvalue isequal to 180�s2, all the others are below 110�s2. The oordinates of the normalized eigenvetorwhih belongs to the maximum eigenvalue are shown in the lower left plot of Figure 4. All of themare approximately zero, exept the oordinate at 21 h whih is equal to �1. So the semi-majoraxis of the error hyperellipsoid has the diretion orresponding to the �UT1 parameter at 21 h.That means that the large eigenvalue is exlusively assigned to this partiular parameter whihan therefore be regarded as independent of the others.The 15-minute estimates
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of �UT1 shown in the up-per right plot are muhmore irregular than theone-hour estimates in theupper left plot. Also theirformal errors, ranging from20�s to 45�s, are twoto four times larger thanthose of the one-hour es-timates. This is not sur-prising beause the num-ber of observations on-tributing to the estima-tion of one parameter isnow smaller by a fator offour on avarage. In this high temporal resolution, the irregularity deteted previously at the one-hour interval from 20:5 h until 21:5 h appears to be muh more pointed: its temporal loation isspei�ed to the quarter hour from 20:375 h to 20:625 h, whereas the immediately neighbouringparameters are quite regular, and the deviations of both the estimated parameter and its formalerror (125�s) are muh larger than in the former ase. This is also reeted in the eigenvaluesof the variane-ovariane matrix: all but one are smaller than 3500�s2; only one eigenvalue isequal to 16300�s2. Again, the oordinates of the normalized eigenvetor belonging to the largesteigenvalue in the lower right plot of Figure 4 reveals that the large inauray is solely attributedto the one parameter estimation at 20:5 h.
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Volker Tesmer et al.: Highly Resolved EOP with VLBI Quite generally, one an state that the un-
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Figure 5. Partiular 15 min interval between 20.375 and20.625 h (CORE-A 14.12.1999)

ertainty superposing the EOP signal isthe larger, the smaller the time intervals ofEOP estimation are. This unertainty isaused by inavoidable observation errorsand imperfet models in onnetion withan unfavourable arrangement of observa-tions. Espeially the inuene of (ran-dom) observation errors is redued by ex-tending the time intervals of EOP esti-mation beause of the levelling e�et of alarger number of observations ontribut-ing to the estimation of one parameter.The poor �UT1 estimation in the 15-min-ute interval between 20:375 h and 20:625 hgave oasion to srutinize the observingsituation during this time interval. Theupper piture of Figure 5 illustrates thestation on�guration in this interval. Itshows a typial well-distributed stationnetwork.But there were only four radio soures ob-served, whih were not well distributedover the whole sky (middle piture of Fig-ure 5). Only nine observations were per-formed during the 15-minute interval. Sixof them were direted to one radio soure,and the other three soures were observedfrom only one baseline eah. Two ofthese observations, both from the baselineMediina {HartRao, have very large for-mal errors as indiated by the error bars.This is de�nitely not a good arrangementof observations for determining the instan-taneous orientation of the terrestrial ref-erene frame with respet to the elestialone.As illustrated in the lower piture of Fig-ure 5, the poor observing geometry leadsto very high orrelations between the es-timated EOP in this interval, what meansthat the rotation angles annot well beseparated from eah other (see [1℄ Kut-terer, 2001).
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Volker Tesmer et al.: Highly Resolved EOP with VLBI3. Preliminary results: validation of oean tidal amplitudes in �UT1 derivedusing OCCAMThe apability of the upgraded VLBI software pakage OCCAM 5.0 LSM (least-squares methodin the Gauss-Markov model) for subdiurnal EOP resolution was assessed keeping the results ofthe previous setions in mind. For this purpose the four diurnal and the four semidiurnal oeanimain tide responses in �UT1 were derived by means of a weighted least-squares adjustment fromhourly estimated values of 52 representative simultaneous CORE-A and NEOS-A sessions betweenJanuary 1997 and April 2000. As the observations of the parallel sessions are mostly independent,they are a good basis for an assessment of the software in use. External omparisons were arriedout using most reent high-resolution results of other groups based on geodeti spae tehniques(VLBI, GPS) and the model for daily and subdaily oean tidal variations in the Earth's rotationby Ray (IERS Conventions, 1996).The signal amplitudes obtained using the OCCAM software (Figure 6, A, B, C) show a goodagreement among eah other. They are quite onsistent with the values by Ray (D), whih arebased on a TOPEX-POSEIDON onstrained oean tide model. Small di�erenes aused by otherexitations are to be expeted. In addition, the results �t quite well to values derived by othersientists whih are based on VLBI data (E: C. Ma and M. Rothaher) and GPS data (F: M.Rothaher) ([3℄ Rothaher, 2001). The small di�erenes may be due to the number and time spanof the data taken into aount and needs to be subjet of further investigations.
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Volker Tesmer et al.: Highly Resolved EOP with VLBI4. General remarks and onlusionsHighly resolved EOP an be determined very well by means of VLBI using the OCCAM 5.0software with its least-squares approah in the Gauss-Markov model. When inreasing the EOPresolution to less than 24h, the nutation angles have to be �xed to best-known model values.Signi�ant orrelations between highly resolved EOP and lok as well as tropospheri parameterswere not found. Today's observing shedules generally allow to obtain reliable EOP with a one-hourresolution. A higher resolution is possible if by dediated observing shedules high orrelationsbetween EOP ould be mitigated. But for tehnologial reasons, urrently the time intervals annotbe shorter than about 15 minutes.There are mainly two kinds of systemati orrelation between highly resolved EOP due to networkon�gurations and sheduling of observations. Firstly, orrelations between temporally onseutiveparameters of the same type our beause the observing geometry varies too slowly. They aresigni�ant within a time span up to three hours and an take on positive values up to +0.8, de-pending on the length of the time intervals. Seondly, there are orrelations between di�erent EOPwithin the same time interval. They result from an anisotropy of the auray of the orientationof the Earth, whih is due to the instantaneous observation geometry and to the orientation of theterrestrial referene axes of the parameters X, Y , �UT1 within the Earth. (The orrelations wouldvanish if the axes of the terrestrial referene frame oinided with the prinipal axes of the errorellipsoid). Depending on the network, these orrelations of the seond kind from the investigatedsessions are nearly zero or take on values between �0:4 and �0:8.The observation geometry onsists of three fators, namely the on�guration of the terrestrialstation network, the distribution of the observed radio soures on the elestial sphere, and thesheduling of observations onneting radio soures and stations. They all inuene the aurayof EOP estimation. Existing programs for generating observation shedules do not ensure a goodobservation geometry in eah time interval with regard to a high resolution of EOP. A poor obser-vation geometry during one time interval an lead to orrelations between EOP estimates of 0.9and more. Additionally, if there are very few observations only, both errors in the funtional andstohasti models and the tehnial limitation of the observation auray an lead to unreliableestimates and huge formal errors. For further analysis and interpretation it is generally reom-mended to take the full variane-ovariane matrix of the highly resolved EOP into aount. Inase of resolution shorter than one hour, negleting the full variane-ovariane matrix an ausesubstantial errors.Referenes[1℄ Kutterer, H., Tesmer, V.: Subdiurnal Earth Orientation Parameters from VLBI { Determinability andSigni�ane. Proeedings of the IAG Sienti� Assembly, Budapest 2001, to be published.[2℄ MCarthy, D.D. (ed.): IERS Conventions (1996), IERS Tehnial Note 21. Observatoire de Paris, 1996.[3℄ Rothaher, M.: Private Communiation, 2001.[4℄ Titov, O., Tesmer, V., Boehm, J.: OCCAM 5.0 Users Guide. AUSLIG Tehnial Reports 7, AUSLIG,Canberra, 2001.
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Yasuhiro Koyama et al.: Internet VLBI system and 1 Gbps VLBI System Based on the VSI, Proeedings of the 15thWorking Meeting on European VLBI for Geodesy and Astrometry, p.91{98http://www.iee.fr.es/hosted/15wmevga/proeedings/koyamaInternet VLBI system and 1 Gbps VLBI System Based on theVSIYasuhiro Koyama, Tetsuro Kondo, Junihi Nakajima, Mamoru Sekido, Moritaka KimuraCommuniations Researh LaboratoryContat author: Yasuhiro Koyama, e-mail: koyama�rl.go.jpAbstratReent tehnologial developments at the Communiations Researh Laboratory are mainly aimingfor improvements of the sensitivity by expanding the observation frequeny bandwidth and establishreal-time apabilities of the VLBI observations and data proessing. For these purposes, Giga-bit VLBIsystem and the IP-based real-time VLBI system are urrently under developments. Among of theseresearh and developments, reent ahievements and future plans will be reported.1. IntrodutionAs the tehnology development enter of the International VLBI Servie for Geodesy andAstrometry, Communiations Researh Laboratory (CRL) has been developing and performingresearhes in various �elds of VLBI, inluding tehnologial developments of data aquisition anddata proessing systems. The reently established Key Stone Projet (KSP) VLBI network is anintegration of the researhes and developments at CRL. For the KSP VLBI Network system, alot of tehnologial hallenges were made and realized. Among of all, the real-time VLBI systemwas realized by using high speed data transmission system over the Asynhronous Transfer Modenetwork whih onnets the four observation sites at Kashima, Koganei, Miura, and Tateyama. Theobservation and data proessing systems were also fully automated. As the results, frequent VLBIexperiments beame possible and the results of an experiment beame available immediately aftereah observation session. The usefulness and the power of the automated real-time VLBI systemwas learly demonstrated by the dense measurements during the dramati rustal deformationevent assoiated with volani ativities of the Miyake-jima volano started in June 2000. Figure 1shows the horizontal site oordinates of the Tateyama site measured by the KSP VLBI network.As learly seen in the �gure, the north-eastward motion of the site starting the end of June 2000was observed. The motion ontinued for a few months and the aumulated motion reahed about5m. Similar large site motions were observed at other sites by VLBI and GPS tehniques asshown in the Figure 2. These site motions an be explained with the theoretial model assuminga ombination of a strike slip fault and a dyke as illustrated in the Figure 3. Suh a irregular sitemotions were �rst studied by the VLBI tehnique and it was made possible by the real-time andautomated features of the KSP VLBI Network.This real-time VLBI tehnique is also used to onnet a 64-m antenna at Usuda Deep SpaeCenter of the Institute of Spae and Astronautial Siene (ISAS) and a 34-m antenna at KashimaSpae Researh Center of CRL to realize a real-time VLBI baseline of a length of 208 km under theollaboration of CRL, ISAS, National Astronomial Observatory (NAO), and Nippon Telegraphand Telephone Corporation (NTT). Test observations were suessfully arried out in Deember1998 at the data rate of 256 Mbps and this projet was named GALAXY sine then. The obser-vation sessions of the GALAXY projet have been performed one every several months. Afterdeveloping Giga-bit VLBI systems and ATM network interfaes, test observations were arried outat the date rate of 1024 Mbps on June 23, 2001. The test observations were suessful and theimproved sensitivity of the observations with the extended bandwidth was demonstrated. E�orts15th European VLBI Meeting Proeedings 91



Yasuhiro Koyama et al.: Internet and 1 Gbps VLBI System
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Figure 1. Horizontal site oordinates of Tateyama determined from KSP VLBI observations. Error barsare the estimated one-sigma formal error unertainties of the oordinates. In eah plot, a least square �tfor the data before June 2000 is shown by a slanted line.
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Yasuhiro Koyama et al.: Internet and 1 Gbps VLBI Systemare ontinuing to make it possible to use most of the network speed of 2.4 Gbps by realizing 2048Mbps real-time VLBI observations. We are expeting to perform test observations at the data rateof 2048 Mbps in early 2002.After the realization of the KSP VLBI systems, CRL has been onentrating its e�orts intwo major diretions. One of the diretions is to realize real-time VLBI system over the Internetby using IP protool. The other diretion is to enhane the sensitivity of the VLBI system byinreasing the data rate of the data aquisition system. The urrent status of these developmentswill be desribed in this report.2. Giga-bit VLBI SystemThe developments of the giga-bit VLBI system began in 1996 and the �rst suessful observa-tions were performed on Otober 19, 1999. The system is onsisted by a sampler system, a datareording system, and a data orrelation system. The sampler system was initially developed bymodifying a ommerially available digital osillosope unit so that the observed data are sampledat the data rate of 1024 Msps and only one bit data stream out of 4 sampling bits is extrated.The data reording system was developed by modifying ommerially available high de�nitionbroadasting reorder system so that it an reord at the data rate of 1024 Mbps. The orrelatorsystem was initially developed as the real-time orrelator for the Nobeyama Millimeter Array ofNAO. These systems onstitute the initial version of the Giga-bit VLBI system and were used ina series of geodeti and astronomial VLBI sessions sine the year 1999.The developments of the seond generation Giga-bit VLBI system have began to adapt thehardware spei�ations of the VLBI Standard Interfae (VSI) of whih the �rst version was agreedin August 2000. All the systems were re-designed to meet the spei�ations. The Figure 4 showsthe new data reorder unit whih is apable to reord digital data stream at the data rate of1024 Mbps. Multiple data reorder units an be synhronized so that multiple hannels an bereorded simultaneously by using two or more units. The Figure 5 shows the new sampler unitwhih uses high speed digital sampling hip and it is apable to sample 1 hannel data at 1024Mbps 1 bit/sample.

Figure 4. The VSI based Giga-bit data reorder unit.15th European VLBI Meeting Proeedings 95
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Figure 5. The VSI based Giga-bit data sampler unit.The new data orrelator unit is apable to orrelate two data streams at the data rate of1024 Mbps. The unit an be used to orrelate two data hannels for single baseline or one datahannel for two baselines simultaneously by synhronizing the data reorder units. All these newsystems are interfaed with eah other based on the VSI spei�ations. Therefore, these systemsan be onneted with other VLBI systems as far as the other systems are also based on the VSIspei�ations.3. Internet VLBI SystemIn the KSP real-time VLBI system, data are transmitted through the high-speed ATM network.However, the ost of the ATM network is still expensive and onnetion sites are extremely limited,and hene the ATM-VLBI is not yet well generalized. Therefore, We started developments of thenew real-time VLBI system using IP (Internet protool) tehnology expeting we an redue theost of the network and to expand onneted sites for the real-time VLBI observations. We allthis system Internet VLBI system, and started the development in late 1999. We have beendeveloping the PC-based Internet VLBI system onsisting of a PCI-bus sampler board (Figure 6)and softwares to make real-time data transmission and reeption. We also intend to arry outthe real-time orrelation on a PC system. One sampler board an have four video signal inputsand is designed to be able to sample analog signal with a frequeny of up to 16 MHz for one bitsampling level. The sampler board has been evaluated by using atual signals from radio soures.Real-time harateristis have been evaluated by using the Loal Area Network at Kashima SpaeResearh Center. So far, we on�rmed the suÆient performane of oherent sampling up to 16MHz sampling. Regarding the real-time orrelation proessing by using a PC system, we anproess 4 MHz sampling data in real-time at present. Improvements on the software algorithm tomake orrelation proessing faster are in progress.
96 15th European VLBI Meeting Proeedings
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Figure 6. The sampler board for the Internet VLBI. The board has three BNC onnetors to reeive observeddata, 10 MHz referene signal, and 1 PPS (pulse-per-seond) signal. The board is expandable to samplefour input data hannels.

Figure 7. The oarse searh funtion whih indiate suessful detetion of a fringe for the baseline between26-m antenna and 34-m antenna at Kashima Spae Researh Center. The orrelation proessing was per-formed on a PC system after the sampled data were loally stored on a disk and then transfered to a PCfor orrelation proessing.15th European VLBI Meeting Proeedings 97
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Figure 8. A onept of multiple hannel observations and real-time orrelation proessing for geodeti VLBIobservations.4. Conlusions and Future PerspetivesThe researhes and developments of the Giga-bit VLBI system and Internet VLBI system weredesribed. Both systems are in developments and we are expeting to omplete these systems in2002. The Giga-bit VLBI system will enable us to perform sensitive VLBI observations at 1024Mbps, or muh faster data rates if we use multiple data reording system. The Internet VLBIsystem, on the other hand, will enable us to perform real-time VLBI observations with more sitesother than the urrently onneted sites. In the future, our vision is to establish variety of theVLBI data aquisition systems based on the VSI spei�ations so that users an selet the systemaording to the neessity of the observations. Real-time VLBI observation apability betweeninter-ontinental baselines, we will be able to improve the timeliness of the VLBI observationresults.
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Erwan Gueguen et al.: Reent Crustal Movements: Geologial Meaning of European Geodeti VLBI NetworkObservations, Proeedings of the 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.99{107http://www.iee.fr.es/hosted/15wmevga/proeedings/gueguenReent Crustal Movements: Geologial Meaning of EuropeanGeodeti VLBI Network ObservationsErwan Gueguen 1, Paolo Tomasi 2, Hans-Georg Shernek 3, R�udiger Haas 3,James Campbell 41) ITIS-CNR2) ITIS-CNR and IRA-CNR3) Onsala Spae Observatory (OSO), Chalmers University of Tehnology4) Geodeti Institute of the University of Bonn (GIUB)Contat author: Erwan Gueguen, e-mail: gueguen�itis.mt.nr.itAbstratThe European geodeti VLBI network has been operating for 11 years and has demonstrated thatspae geodesy tehniques now represent a powerful tool for understanding present-day geodynamis.In the last years researh has been stressed on the improvement of auray and preision of VLBIobservations and analysis in partiular regarding the height omponent. In this paper we onfrontthe results of both Italian CNR-2000 and Swedish OSO-2000 solutions with geologial and geophysialdata over Europe. In partiular we fous on post-glaial rebound phenomena in northern Europe andon the present-day geodynami evolution of the entral Mediterranean domain. Whereas for horizontalmotions there is a good agreement between the di�erent methods and tehniques, for vertial movementsthe spae geodeti results show some disrepanies w.r.t. geologial data and geophysial models.1. IntrodutionThe European geodeti VLBI network has been operating for 11 years now and has demon-strated that spae geodesy tehniques represent a powerful tool for understanding present-daygeodynamis (e.g. [38℄, [41℄) even in area where the movements are slower than those observedin \fast" areas like the Pai� region. In the last years a speial e�ort has been dediated to theimprovement of their auray in partiular onerning the height omponent. Sine 1996 thishas been supported by EU fundings in the frame of the `Training and Mobility of Researhers'programme. In this paper we onfront the results of the Italian CNR-2000 and Swedish OSO-2000solutions with geologial and geophysial data. The European network is partiularly interest-ing beause it extends over di�erent geodynami situations and allows us to investigate bothpost-glaial rebound in the Sandinavian area and ative orogeni proesses in the Mediterraneanregion.2. VLBI analysisBoth the CNR-2000 and the OSO-2000 solutions are based on the Euro-VLBI network ob-servations and are using the CALC/SOLVE software pakage [24℄. Nevertheless, there are someimportant di�erenes in the analysis strategies that will enlighted in the following. The horizontaland vertial veloities shown later in the paper are relative to Wettzell, whih is assumed to moveaording to the NUVEL-1A-NNR model [14℄.The CNR-2000 solution is a global solution using not only Euro-VLBI sessions but all 24 hoursVLBI databases that inlude at least 3 European VLBI stations plus all datbases inluding Ny-�Alesund, in total 198 databases. The analysis has been performed as so-alled `vetor-solution'onsidering the position and the veloity of the European stations as global parameters. Solutionsof this type determine the station veloities in one step from least-squares of a large number of15th European VLBI Meeting Proeedings 99
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Figure 1. Left: Map of the European VLBI Network with the main geologial strutures in Europe. Right:Map and main geologial strutures of the most northern part of the European VLBI network, Svalbard.observations. Thus the formal errors are quite small and have to be multiplied by a fator of atleast 1:5 to represent realisti values [25℄.In ontrast to that, the OSO-2000 solution is a so-alled `baseline-solution'. From this typeof solution in a �rst step time-series of station positions are determined and following that in aseond step the station veloities are estimated from least-squares �ts to the time-series. Beausetime-series of station positions are determined, this solution type gives a very good insight in therepeatability of the VLBI measurements. On the other hand, due to the two-step approah toestimate the station veloities, the formal errors are larger than in a `vetor-solution' and thusrepresent upper bounds. In the OSO-2000 solution a reent oean loading model, orretions foratmospheri loading and a model for thermal expansion of the telesopes have been applied. Forfurther details on the two di�erent solutions the reader is referred to [20℄, [22℄.3. Sandinavian upliftThe northern part of the Euro-VLBI network overs the Fennosandian shield and the Svalbardarhipelago, see Fig 1. This region is usually onsidered as stable from the plate tetonis stand-point. But if this is true for ontinental Sandinavia the situation of Svalbard is quite di�erent.The western Svalbard fold-and-thrust belt has a omplex tetoni history linked to the opening ofthe Northern Atlanti Oean. This area is loated lose to the Hornsund Fault Zone, one of themajor ative fault zones during the separation of the NE Greenland and Svalbard-Barents shelves.The last reognised important tetoni event in this area is dated from the Tertiary [7℄. But inreent time, high heat ow anomalies and a light seismi ativity have been reorded o�shore west-100 15th European VLBI Meeting Proeedings



Erwan Gueguen et al.: Geologial Meaning of European VLBI ObservationsTable 1. Horizontal and vertial motions with respet to Wettzell (Veloities in mm/yr).CNR-2000 OSO-2000Station East North Vertial East North VertialMadrid +0:6� 0:1 �0:2� 0:1 +2:8� 0:3 +0:6� 0:2 �0:0� 0:3 +2:0� 0:8E�elsberg +1:2� 0:2 �1:1� 0:2 �0:8� 0:9 +0:3� 0:3 �1:1� 0:4 +1:0� 2:6Matera +1:5� 0:1 +4:1� 0:1 +1:0� 0:4 +1:6� 0:1 +4:1� 0:2 +0:2� 0:6Mediina +2:3� 0:1 +1:4� 0:1 �1:2� 0:3 +2:1� 0:2 +1:7� 0:3 �2:7� 0:9Noto �0:4� 0:1 +4:4� 0:1 �1:2� 0:4 �0:1� 0:2 +4:5� 0:2 �0:5� 0:7Onsala �0:9� 0:1 �0:7� 0:1 +2:9� 0:3 �1:1� 0:2 �0:8� 0:2 +1:8� 0:7Ny-�Alesund �2:2� 0:1 �0:5� 0:1 +6:4� 0:3 �2:1� 0:4 �0:6� 0:7 +5:9� 1:8Crimea +0:5� 0:3 +1:6� 0:3 +4:4� 1:1 +1:4� 1:1 +1:4� 1:1 �0:8� 4:5ern Svalbard, whih is loated only 150 km from the Knipovih oeani ridge (Fig. 1), showingthat the area is still tetonially ative. During Pleistoene time this area was overed by a thikie sheet. The entire region is now a�eted by a post-glaial rebound due to isostati responseto the melting of the ie shield about 10,000 years ago. This phenomenon indues an obviousvertial motion but also a tangential deformation with horizontal displaement in partiular at thetransition between the entral dome and the fore-bulge area.The horizontal motions of Ny-�Alesund and Onsala (Table 1; Fig. 2a) relative to Wettzell are inquite good agreement with the predited horizontal motion due to post-glaial rebound of 1.0mm/yr with azimuth 271.5Æ for Ny-�Alesund and 0.9 mm/yr with azimuth 193.9Æ for Onsala withrespet to Wettzell. These post-glaial rebound preditions were alulated using the ie modelICE-3G by Tushingham and Peltier [36℄ and applying the formalism by Mitrovia et al. [26℄ witha lithospheri thikness of 120 km, elastiity and desinity following the PREM model [16℄, andvisosities of 2:0�1021 Pas and 1:0�1021 Pas for the lower mantle and the upper mantle, respetively.The sea-level equations have been solved aording to the suggestions by Mitrovia and Peltier[27℄, however using mobile oastlines, whih were iterated at eah time step (1Kyr) by onstrainingthe available oeani water.In the northernmost part of the network there is a disrepany between geodeti results (Fig. 2)for Ny-�Alesund with an uplift ranging from 6:4 � 0:4 mm/yr (CNR-2000) to 5:9 � 1:8 mm/yr(OSO-2000) and the predited values from glaial isostati adjustment models that range from+1:3 mm/yr aording to the post-glaial rebound model as desribed before, to +1:8 mm/yraording to the ICE-4G model [34℄. This di�erene might be explained by the tetoni ativitydue to the viinity of Knipovih Ridge. The inuene of other loal geologial proesses like higherosion rates during and after the glaiation events might also take part to this high uplift rate,even if to a lesser degree. Onsala also shows a large vertial movement of +2:9 � 0:3 mm/yr(CNR-2000) to +1:8� 0:7 mm/yr (OSO-2000) with repet to Wettzell. For this station, these twoobserved values are a little larger than the +0:98 mm/yr uplift predited by a post-glaial reboundmodel as desribed above.
15th European VLBI Meeting Proeedings 101
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VLBI vertical velocity 2 mm/yrFigure 2. Left: Horizontal veloities w.r.t. Wettzell. Right: Vertial veloities w.r.t. Wettzell. Shown arethe results from the two solutions CNR-2000 (blue) and OSO-2000 (red) together with their formal errors.4. Cenozoi rift zone in entral EuropeCentral Europe is usually onsidered as stable even if it is a�eted by some important strutures(i.e. Rhine Graben and Rhone Graben). But the movements are so small that they are within theerror of the Spae Geodesy measurements. This poses the problem of the detetion of intraplatedeformations. The E�elsberg station is the only Euro-VLBI station available in this area as theWettzell station is used as referene in the Euro-VLBI analysis. However as the telesope ofE�elsberg is mainly used for radio-astronomy, the number of Euro geodeti experiments inludingthis station is rather small and the results are not so reliable. Nevertheless the motion of E�elsbergwith respet to Wettzell (Table 1) may be related to the light ative tetonis in the Rhine Graben,evidened by reent eartquakes [37℄, [9℄.5. Central and western Mediterranean5.1. Geologial settingThe Mediterranean region (Fig. 1a, Fig. 3) is mainly a�eted by horizontal tetonis. TheNeogene and Quaternary evolution of the western Mediterranean geodynamis was apparentlydominated by the 'eastward' migration of the Apennini ar and extension propagated eastwardin the hangingwall of the retreating West dipping subdution zone [29℄, [19℄. Even if this pointis still under debate (i.e. slab break-o�, [40℄) the evidenes for the Apennini subdution have102 15th European VLBI Meeting Proeedings



Erwan Gueguen et al.: Geologial Meaning of European VLBI Observations

2020°

50°

45°

40°

35°
10°E 15°E

Wettzell

Matera

Noto

Marsili

Vavilov

TYRHENIAN

SEA

Eolie

Gargano P.

1

2

Medicina

Salento

Murge

Thin Adriatic domain

Thick Adriatic domain (Puglia Platform)

Hyblean Plateau

Apenninic domain

Adriatic subduction

Apenninic front

Apenninic thrusts (inactive)

Normal faults (active)

Pantelleria rift sytem

3

5

7

LIGURIAN

SEA

ALGERIAN

BASIN

Cosenza

 Lampedusa

Bathymetry

6

4

Tremiti L.
Corsica

Sardegna

P a n n o n i a n  B a s i n

E a s t e r n  A l p s

A f r i c a

KAL

UEL

SICILY CHANNEL

Dinarides

Apennines

VLBI residual from Eurasian Nuvel 2 mm/yr

2020°

50°

45°

40°

35°
10°E 15°E

Wettzell

Matera

Noto

Marsili

Vavilov

TYRHENIAN

SEA

Eolie

Gargano P.

1

2

Medicina

Salento

Murge

Thin Adriatic domain

Thick Adriatic domain (Puglia Platform)

Hyblean Plateau

Apenninic domain

Adriatic subduction

Apenninic front

Apenninic thrusts (inactive)

Normal faults (active)

Pantelleria rift sytem

3

5

7

LIGURIAN

SEA

ALGERIAN

BASIN

Cosenza

 Lampedusa

Bathymetry

6

4

Tremiti L.
Corsica

Sardegna

P a n n o n i a n  B a s i n

E a s t e r n  A l p s

A f r i c a

KAL

UEL

SICILY CHANNEL

Dinarides

Apennines

VLBI vertical velocity 2 mm/yrFigure 3. Geologial map of entral Mediterranean area. Left: with Horizontal veloities w.r.t. Wettzell.Right: with Vertial veloities w.r.t. Wettzell. Shown are the results from the two solutions CNR-2000(blue) and OSO-2000 (red) together with their formal errors.been deeply reinfored in the last deade by geophysial and volanologial data that indiateW-direted subdution of the Adriati plate underneath Italy, see e.g. [28℄, [39℄, [2℄, [32℄, [3℄,[2℄. The di�erenes in seismiity and tomography between northern and southern Apennines anbe explained by the di�erent migration rate of the slab [18℄ and by the di�erent nature of thesubduting lithosphere, i.e. ontinental below the entral-northern Apennines and oeani belowthe southern Apennines and Calabria. However during in the last 5 Ma, the interferene of thesubdution zone with the thiker ontinental rust of the Puglia platform slightly modi�ed thegeodynamis settings of the Apennini system. Due to the presene of the Ionian oeani rustthe Calabrian ar ontinued to rollbak quikly, whereas in the Southern Apennines segment themigration of the hinge slowed down by a fator of 6 in 10 Ma [18℄. Coevally Afria slowly movingtowards Eurasia deforms the southernmost segment of the subdution zone [1℄, [18℄.As a onsequene of this evolution, we an divide the Mediterranean Region in three main domainsharaterised by their tetoni regime:The �rst one orresponds to the bak-ar basins of the Apennini subdution (see Fig. 3) and thisentire domain is under a tensional stress �eld [6℄. It is important to note that the ages of the basinare younger eastward. Nowadays only the basins lose to the Italian oast are ative.The seond domain orresponds to the Apennines hain itself, see Fig. 3. It represents a Neogeneroughly E-verging thrust system, whih is now a�eted by a Plio-Quaternary extensional tetonis.All the major ompressive features are disloated by normal faults. For these faults, the seismo-logial data suggests a high angle geometry up to 10{12 km. The ompressive tetonis is nowloated along a very narrow band along the Apennini front. The ative thrusts are usually visibleonly on seismi pro�les (e.g. CROP3 pro�le [5℄) and are blind-thrusts. This is also on�rmed by15th European VLBI Meeting Proeedings 103



Erwan Gueguen et al.: Geologial Meaning of European VLBI Observationsseismologial data [31℄. The major part of the Apennines is now under an extensional regime.During Lower-Middle Pleistoene the extensional tetonis began to be very ative leading to theformation of laustrine basins.The third domain is the Adriati plate (Fig. 3). The lithospheri thikness of Italy [8℄ shows thatthis domain has to be divided in two sub-plates, separated by the so-alled Tremiti Line whih is aroughly E-W trending ative shear, lying o�shore northward of the Gargano Promontory. On thebasis of seismiity and geophysial data this struture is interpreted as a lithospheri boundarybetween two Adriati subplates, allowing a major rollbak of the subdution hinge of the northernAdriati blok haraterised by a thinner lithosphere (70 km). Puglia represents the foreland ofboth the Apennini and Dinari orogens. This foreland is weakly deformed and onsists of anemerged domain in southern Italy and of a submerged area in the Adriati and Ionian seas. It isformed by a thik ontinental lithosphere (100 km). Like in the Apennini domain the Quaternarytetonis ativity is haraterised by tensional and transtensional faults assoiated with a horst-and-graben system. But the origin of this tetonis is ompletely di�erent. In fat it is due to thebukling of the thik Adriati lithosphere. The northern boundary of the Adriati plate is formedby the foredeep of the Southern Alps, whih are the bakthrust belt of the Alps. It slowly migratessouthwards between Late Cretaeous and Plioene. It is now nearly stopped and aording tosediment thikness the subsidene rate is very low (0.3 mm/yr).5.2. Geodeti results (see Table 1 and Fig. 3a,b)Madrid: The small horizontal vetor of Madrid on�rms that the Iberian Peninsula is quitestable with respet to the main European blok. Regarding the vertial motion, Madrid seemsto uplift at a rate of 2:8 � 0:3 mm/yr (CNR-2000) to +2:0 � 0:8 mm/yr (OSO-2000), but so farthere is no tetoni explanation for suh an uplift in the entral part of the Iberian peninsula, soit might be due to loal phenomena.Mediina: The Mediina station is loated in the Adriati foredeep basin at the footwall ofthe Apennines in a omplex geologial setting haraterised by the buried ative thrusts of theApennini front as shown on the Neotetoni map of Italy [12℄. Its NE-ward horizontal motion isin good agreement with the diretion of transport of these buried thrusts. This area underwentstrong subsidene during the last 5 Ma and reord up to 1:6 mm/yr subsidene rate [15℄. Thissituation is also ompliated by the e�ets of subsidene due to anthropi ativities in this area,mainly ground water pumping [35℄ even if these e�ets have been redued in the reent years[42℄. The observed vertial veloity of Mediina in the range of �1:2� 0:4 mm/yr (CNR-2000) to�2:7�0:9 mm/yr (OSO-2000) is thus in good agreement with the loal geologial ontext and anbe explained by tetoni proess ombined with anthropi ativity.Matera: The Matera station towards NNE is representative for the displaement of the Adri-ati miroplate. Both Euro-VLBI solutions show a horizontal motion of Matera towards NNEby about 4:5 mm/yr. This result is in good agreement with the tetoni strutures along theboundaries of the Adriati plate (Fig. 3) and with the earthquake data showing that the Adriais surrounded by earthquakes along all the Balkan oasts, the southern Alps, and the Apennines[4℄, [33℄. The uplift rate in the range of +1:0 � 0:3 mm/yr (CNR-2000) to +0:2 � 0:6 mm/yr(OSO-2000) is in good agreement with geologial data as testi�ed by the presene of numerousuplifted paleo-shorelines and marine terraed deposits, overlying the older units [11℄. Aordingto late Pleistoene geohronologial and stratigraphi data, long-term uplift rates are in the orderof 0:2� 0:5 mm/yr [13℄, [10℄.Noto: Noto moves roughly northward with a light westward omponent with respet toWettzell. This is in good agreement with the reent evolution of the Southern Tyrrhenian basin,see [23℄, [30℄, [19℄, and with the motion of the Afrian plate with respet to the European plate[14℄, even if the Siily Channel and the Pelagian shelf are a�eted by ative extensional tetonis104 15th European VLBI Meeting Proeedings
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Mahiel Simon Bos and R�udiger Haas: Observing Long-period Tides in Gravity and VLBI Observations at Ny-�Alesund (Svalbard) { A Progress Report, Proeedings of the 15th Working Meeting on European VLBI for Geodesyand Astrometry, p.108{115http://www.iee.fr.es/hosted/15wmevga/proeedings/bosObserving Long-period Tides in Gravity and VLBI Observationsat Ny-�Alesund (Svalbard) { A Progress ReportMahiel Simon Bos 1;2, R�udiger Haas 11) Onsala Spae Observatory (OSO), Chalmers University of Tehnology2) now at: Delft Institute for Earth-Oriented Spae Researh (DEOS), Delft University of Tehnologye-mail: m.s.bos�itg.tudelft.nl and haas�oso.halmers.seAbstratTheMf body tide is studied from gravity and spae geodesy observations performed at Ny-�Alesund(Svalbard). Observations with a superonduting gravimeter are analysed and gravimetri fators for13 tidal harmonis are determined. The observed gravimetri fator of the Mf tide deviates fromtheoretial values within two times the formal error. Global Very Long Baseline Interferometry datainluding Ny-�Alesund are analysed in two ways, with and without modelling of the Mf tide in theapriori body tide model. TheMf tide is learly visible in the spetrum of the time series of topoentriup-omponent when the tide is not inluded in the apriori modelling of the VLBI analysis.1. IntrodutionThe motivation for this study is to investigate the Earth's elasti properties by observing theamplitude and phase lag of the solid body tide. For a ompletely rigid Earth this amplitude iszero and any non-zero value an diretly be related to the elastiity, any phase lag to inelastiity.Several theoretial body tide models have been published in the past, di�ering in assuming someor no inelastiity of the Earth. So far the observation auray of gravimetri methods has beentoo low to disriminate between the di�erent body tide models [2℄.In this report we fous on the tidal harmoni Mf beause at this period (13.66 days) thee�et due to inelastiity is supposed to be relatively large. The inelastiity e�et is even larger forlonger periods but then the larger disturbing inuene of the atmosphere ompliates an aurateobservation of the body tide with gravimetri tehniques. Next, this tidal harmoni lies betweenthe periods of the Chandler wobble and the semi-diurnal tides. At both these periods estimates ofthe inelastiity have been made using Earth rotation and satellite traking observations, see e.g.[15℄, [12℄. StudyingMf an add important information on how inelastiity hanges with frequeny.We will measure the solid Earth tide e�ets observed with a superonduting gravimeter (SG)and Very Long Baseline Interferometry (VLBI). In reent years superonduting gravimetry hasbeome more and more advaned to study geophysial e�ets and spae geodesy tehniques havebeen more and more suessful in studying tidal e�ets, for reent reviews see e.g. [10℄, [4℄. Thus,a ombined approah of investigation using both, superonduting gravimetry and spae geodetitehniques promises to give more insight into tidal phenomena and the Earth's elasti properties.2. Gravimetri fators, Love and Shida numbersThe body tide is generated by the gravitational attration of the solar system bodies, primarilyby the Moon and the Sun. This attration an onveniently be desribed by a tidal potentialwhih is related to the tidal fores observed with gravimeters via the so-alled tidal gravimetrifator Æ. Equation 1 shows the relation in a simpli�ed form for a non-rotating, spherial and elastiEarth. In this relation ~atides desribes the tidal fores observed by a gravimeter, Wnm(tide) is theontribution of a tide of degree n and order m to the tide generating potential, r depits the radial108 15th European VLBI Meeting Proeedings



Mahiel Simon Bos and R�udiger Haas: Long-period Tides in Gravity and VLBI at Ny-�Alesunddiretion and Ænm(tide) is the gravimetri fator of a tide of degree n and order m.~atides = nmaxXn=1 nXm=0Xtides Ænm(tide)�Wnm(tide)�r (1)The three dimensional site displaements due to Earth tides whih an be observed with spaegeodeti tehniques like VLBI are related to the tide generating potential via the so-alled Love andShida numbers h and l. Equations 2 to 4 show the relations, again in a simpli�ed form for a non-rotating, spherial and elasti Earth. Here, �U , �E and �N are the topoentri displaementsin up, east and north diretion, � and � are the site's longitude and latitude, respetively, g0 isthe gravity at the equator and hnm(tide) and lnm(tide) are the Love and Shida numbers of a tideof degree n and order m.�U = nmaxXn=1 nXm=0Xtides hnm(tide)Wnm(tide)g0 (2)�E = nmaxXn=1 nXm=0Xtides lnm(tide)�Wnm(tide)=��g0 os(�) (3)�N = nmaxXn=1 nXm=0Xtides lnm(tide)�Wnm(tide)=��g0 (4)For the simpli�ed ase of a non-rotating, spherial and elasti Earth the gravimetri fators,Love and Shida numbers do not vary for di�erent tidal harmonis. The relations shown in equations1 to 4 beome more ompliated for a more realisti Earth. The Earth's elliptiity and rotationintrodue a oupling between spheroidal displaements of degree n and toroidal displaements ofdegree n � 1 and n + 1 and spheroidal displaements of degree n � 2 and n + 2. The existeneof a uid Earth ore results in a free ore nutation (FCN) and auses the gravimetri fatorsand Love and Shida numbers of the seond degree diurnal tides to be very frequeny dependent.Inelastiity of the Earth's mantle auses dissipation. The amount of dissipation is indiated by thefration 1=Q where Q is the quality fator. When the value of Q is low the dissipation is high. Anassoiated e�et is a phase lag between the tidal potential exitation and the Earth deformation.Its mathematial desription requires omplex Love and Shida numbers, see e.g. [18℄. In thisreport we will only talk about the modulus or length of these omplex numbers. It is ustomto model the quality fator Q with a frequeny power � model [1℄. The result is an inrease ofinelastiity with inreasing tidal period. More details on the alulation of body tide models anbe found for example in [17℄, [7℄, [8℄ and [3℄.The inuene of inelastiity on the Love and Shida numbers and gravimetri fators are listedin Table 1, based on results given in [3℄. The hanges in perentage for the Love and Shida numbersand gravimetri fators inrease by a fator of more than two omparing the semi-diurnal tide M2and the long-period tide Ssa. M2 is a seond degree setorial tide reahing maximal e�ets atthe equator, while Mf and Ssa are seond degree zonal tides that reah maximal e�ets in polarregions. Thus, the long-period tides with maximal e�ets in polar regions are the most interestingto study inelastiity.Nevertheless, the auray requirements are very high even in the long-period tidal band sinethe analysis of the observations has to give results with standard deviations that are several timessmaller than the hanges due to inelastiity. Though the internal preision of superondutinggravimeters is well below these requirements, the alibration auray is the ritial point. Extraompliations arise due to the masking e�ets of oean tide and atmospheri loading that have tobe removed. Thus, this study is a hallenging investigation.15th European VLBI Meeting Proeedings 109



Mahiel Simon Bos and R�udiger Haas: Long-period Tides in Gravity and VLBI at Ny-�AlesundTable 1. Changes in perentage for Love and Shida numbers and gravimetri fators when assuming anelasti or an inelasti Earth model, based on [11℄.tidal band tide type tide �h [%℄ �l [%℄ �Æ [%℄semi-diurnal setorial M2 1.4 2.5 0.1diurnal tesseral O1 1.5 2.9 0.1long-period zonal Mf 2.4 4.2 0.2long-period zonal Ssa 3.5 5.9 0.33. Observations at the Ny-�Alesund Geodeti ObservatoryThe Ny-�Alesund Geodeti Observatory is equipped with several olloated geodeti tehniques,among those VLBI and a superonduting gravimeter (SG) (see Fig. 1). Geodeti VLBI is per-formed with the 20 m telesope at Ny-�Alesund sine 1994. In autumn 1999 the Japanese su-peronduting gravimeter group installed the SG instrument #CT039 at Ny-�Alesund [13℄. Bothtehniques are olloated within a 100 m distane at the observatory. Due to the loation at 78.9degrees northern latitude, geodeti observations taken at Ny-�Alesund present an exellent oppor-tunity to investigate whether the required observational auray an be ahieved with gravimetryand spae geodesy in order to study long-period tides and the Earth's inelastiity.

Figure 1. Colloated geodeti tehniques at Ny-�Alesund: Left: The 20 m radio telesope used for geodetiVLBI. Right: The Japanese superonduting gravimeter #CT039.4. Analysis of the SG observationsProf. Tadahiro Sato from the National Astronomial Observatory (NAO), Mizusawa, Japan,kindly provided the tidal gravity observations performed with the Japanese superondutinggravimeter. The SG instrument is desribed in [13℄ and appears to have a very low drift ratewhih should help to observe long-period signals. The alibration auray of this instrument is0.5% [13℄. Fortunately, a new alibration has reently been performed (Sato, personal ommuni-ation 2001). The results of this alibration are at this moment of writing still unknown but thereis hope that the alibration auray will be inreased.The original 1 seond data were already sampled to 1 hour and over the time span of September110 15th European VLBI Meeting Proeedings



Mahiel Simon Bos and R�udiger Haas: Long-period Tides in Gravity and VLBI at Ny-�Alesund20, 1999 to November 30, 2000. The data proessing was performed using the ETERNA softwarepakage [19℄. The atmospheri pressure orretion was done using the loal air pressure reordedat Ny-�Alesund and the neessary instumental alibrations were applied.Di�erent signal proessing strategies were performed to obtain the spetrum of the SG data:Fast Fourier Transform (FFT), Maximum Entropy Method (MEM) and Lomb periodogram (LP).The latter allows for unevenly sampled input data. For the spetrum omputed with the FFTthe data was broken up into segments to redue the variane and a Welh window funtion wasapplied. Figure 2 shows the spetra obtained with the three di�erent methods. All three methodslearly identify the long-period, diurnal and semi-diurnal tidal e�ets measured with the SG andindiate that a good estimation of the Mf body tide amplitude should be possible.
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Figure 3. Gravimetri fators for the SG at Ny-�Alesund. The results are orreted for oean tide loadingand are shown with their 1-� formal errors together with predited values for an elasti Earth model (solidlines) and an inelasti Earth model (dashed lines) aording to [11℄.produed by the eletrial hiller for the SG inuened the observations. Therefore this hiller hasbeen moved to another building on May 26, 2000. Thus, there is hope that observations performedafter this date will produe a lower formal error.The two semi-diurnal tidals S2 and K2 give gravimetri fators that do not agree with themodel preditions. These deviations are probably due to unmodelled e�ets of atmospheri andthermal origin. Further investigations have to be performed to explain these disrepanies.5. Analysis of VLBI observationsA data set of more than 200 VLBI data bases involving Ny-�Alesund, overing the time spanOtober 1994 to Deember 2000, was analysed in a so-alled 'ar-solution' approah, i.e. determin-ing station oordinates for all stations in a VLBI session exept a referene station. From this typeof solution result time series of station oordinates. Earth rotation parameters were kept �xed onapriori values from a global VLBI solution, preession was modelled aording to the IAU 1976model [6℄, and nutation o�sets were estimated with respet to the IAU 1980 nutation model [14℄.Radio soure positions were kept �xed on their apriori values. A no-net-translation onstraint wasused to stabilise the network of observing sites. Atmospheri zenith wet path delays, horizontalgradients and lok-parameters were estimated as piee-wise linear funtions. The Niell mappingfuntions [11℄ were used and the elevation uto� was set to 5 degrees.In a �rst solution the solid Earth tides were modelled omplex, frequeny and latitude depen-dent using the harmoni expansion of the tide generating potential by Tamura [16℄, inluding 1214partial tides. Figure 4 shows the orresponding LP spetra from the de-trended time series oftopoentri station omponents of Ny-�Alesund.In a seond solution, the apriori solid Earth tide modelling was modi�ed slightly and the apriori112 15th European VLBI Meeting Proeedings



Mahiel Simon Bos and R�udiger Haas: Long-period Tides in Gravity and VLBI at Ny-�Alesundontribution of the Mf tide was set to zero. The rest of the modelling was idential to the �rstsolution. Figure 5 shows the orresponding LP spetra of the de-trended time series of topoentristation omponents of Ny-�Alesund obtained from solution two.As to be expeted, there are no signi�ant peaks to be deteted for the tide Mf in the spetrafor the vertial station positions (Fig. 4a) and for the horizontal station positions (Fig. 4b) fromthe �rst type of VLBI solution. On the other hand, there is a signi�ant peak for the Mf tidein the spetrum for the up-omponent of the seond VLBI solution (Fig. 5a). But even here thespetra of the horizontal omponents do not show peaks for the Mf tide (Fig. 5b).

Figure 4. Lomb periodogram spetra of the de-trended time series of a) vertial and b) horizontal stationomponents of Ny-�Alesund from VLBI analysis with a omplete apriori modelling of the solid Earth tides,i.e. inluding the Mf tide. The spetrum of the north-omponents is o�set for visibility reasons. Thefrequeny of the Mf tide is marked on the top frame.

Figure 5. Lomb periodogram spetra of the de-trended time series of a) vertial and b) horizontal stationomponents of Ny-�Alesund from VLBI analysis when omitting the Mf tide in the apriori modelling of thesolid Earth tides. The spetrum of the north-omponents is o�set for visibility reasons. The frequeny ofthe Mf tide is marked on the top frame.This proves that using this time series approah the VLBI observations sense the tidal defor-mation at tide Mf in partiular for the up-omponent. On the other hand, with this time series15th European VLBI Meeting Proeedings 113



Mahiel Simon Bos and R�udiger Haas: Long-period Tides in Gravity and VLBI at Ny-�Alesundapproah the Mf tidal deformation e�et is not sensed signi�antly for the horizontal stationomponents. This is not too muh surprising sine the tidal deformation e�et for the horizontalstation omponents is smaller than the one for the up-omponent by a fator of a 7.5. Thus, thedetetion of theMf signal in the measurement noise of the horizontal omponents is more diÆult.6. Disussion and outlookThe analysis of 15 months of SG observations at Ny-�Alesund shows that the observed gravi-metri fator for the Mf tide deviates from the theoretial values for an elasti and an inelastiEarth model. Nevertheless, the disrepany is within two times the formal error and therefore theauray of the SG results is not yet high enough to distinguish between the theoretial models.Sine long-period noise due to a hiller problem at the SG site is redued sine spring 2000, alonger time series of SG data will redue the formal errors of the analysis and allow inreasedmeasurement auray. There is also hope that the reently performed alibration will result in aninreased auray. Thus, we are looking forward to analyse a longer time series of SG data fromNy-�Alesund in order to investigate Mf and eventually other long-period tides, e.g. Ssa.The analysis of the VLBI data so far onentrated on to study whether the Mf tide an bediretly deteted from time series of VLBI station positions. This study was suessful and weould identify Mf in the spetra of the topoentri up-omponent for Ny-�Alesund when this tidewas not modelled in the apriori solid Earth tide model of the VLBI data analysis software. Thetide ould learly be deteted, although the sampling of VLBI data at Ny-�Alesund, often with 14days, is not ideal to study a tide with a period 13.66 solar days. We ould not identify a peak inthe spetrum for the horizontal station omponents from our time series approah. As the nextstep we plan to diretly determine the orresponding Love and Shida numbers for Ny-�Alesundfrom a di�erent type of VLBI analysis without involving time series of station positions.AknowledgementsR�udiger Haas is supported by the European Union under ontrat FMRX-CT960071. MahielBos stayed at the Onsala Spae Observatory during February to August 2001 holding a sholarshipby the the European Union under ontrat FMRX-CT960071. We thank Prof. Tadahiro Sato forproviding the data observed with the Japanese superonduting gravimeter at Ny-�Alesund. Wethank the VLBI data and analysis enter at the Bundesamt f�ur Kartographie und Geod�asie (BKG)Leipzig for aess to the BKG's omputer failities.Referenes[1℄ Anderson, D.L. and Minster, J.B., \The frequeny dependene of Q in the Earth and impliations formantle rheology and Chandler wobble", Geophy. J. R. Astron. So., 58, 431{440, 1979.[2℄ Baker, T.F., Curtis, D.J. and Dodson, A.H., \A new test of Earth tide models in entral Europe",Geophys. Res. Lett., 23(24) 3559-3562, 1996.[3℄ Dehant, V., Defraigne, P., and J.M. Wahr, \Tides for a onvetive Earth", J. Geophys. Res., 104(B1),1035{1058, 1999.[4℄ Haas, R., \Tidal E�ets and Spae Geodeti Tehniques", J. Geod. So. Japan, 47(1), 161{168, 2001.[5℄ Lef�evre, F., Lyard, F.H., and Le Provost, C., \FES98: A new global tide �nite element solutionindependent of altimetry", Geophys. Res. Lett., 27(17) 2717{2720, 2000.[6℄ Lieske, J.H., T. Lederle, W. Frike, and B. Morando, \Expressions for the Preession Quantities Basedupon the IAU (976) System of Astronomial Constants", Astron. Astrophys., 58, 1{16, 1977.114 15th European VLBI Meeting Proeedings
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Zinovy Malkin et al.: Length Variations of European Baselines Derived from VLBI and GPS Observations, Proeed-ings of the 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.116{123http://www.iee.fr.es/hosted/15wmevga/proeedings/malkin2Length Variations of European Baselines Derived from VLBI andGPS ObservationsZinovy Malkin, Natalia Pana�dina, Elena SkurikhinaInstitute of Applied Astronomy of Russian Aademy of Sienes (IAA)Contat author: Zinovy Malkin, e-mail: malkin�quasar.ipa.nw.ruAbstratResults of VLBI and GPS observations were analyzed with goal to investigate di�erenes in observedbaseline length derived from both tehniques. VLBI oordinates for european stations were obtainedfrom proessing of all available observations olleted on european and global VLBI network. Advanedmodel for antenna thermal deformation was applied to aount for hange of horizontal omponent ofbaseline length. GPS data were obtained from re-proessing of the weekly EPN (European PermanentGPS Network) solutions. Systemati di�erenes between results obtained with two tehniques inludinglinear drift and seasonal e�ets are determined.1. IntrodutionEuropean region is one of the most intensively studied areas of the Earth from the point of viewof regional geodynamis. There are more than 100 permanently operating GPS reeivers, about10 permanent VLBI stations and more than 10 permanent SLR stations. Lately muh attentionhas been devoted to omparison and ombination of results obtained using di�erent spae geodesytehniques. This work is devoted to omparison of baselength variations derived from GPS andVLBI observations, ontinuing the yle of works on this problem, see e.g. [1{5, 7, 11, 13℄. Itshould be mentioned here that observed hanges of the baselength on the one hand are resulted byinsuÆient orretions for observational e�ets suh as thermal deformations of VLBI antennas, forexample, or errors in modeling of tropospheri refration, but on the other hand they are subjetedto a number of insuÆiently studied or not taken into aount properly geophysial e�ets that anresult in the real hanges of the baselength, these e�ets may be atmospheri and snow loading,tides, postglaial rebound, and so on. It is important that the majority of these e�ets has bothseasonal and seular omponents.In this study we have analyzed VLBI and GPS observations at 6 european stations arryingout both VLBI and GPS regular observations and having long enough observational history.2. Data used2.1. VLBI observationsVLBI baselengths were omputed with the OCCAM pakage using all available 24h sessionsfor the period of 1983.9{2001.5. Details of the method used an be found in [9℄.Linear trend in the baselengths was omputed for the whole period of observations and, formore aurate omparison with GPS data, for the period of 1996.0-2001.0. Only later resultsare presented in this study. In [5℄ we ompared linear trend in variations of baselength derivedfrom the observations over the period 1996.0{2001.0 with ones omputed using all available VLBIsessions over a period 1990.0{2001.4. Di�erenes of estimated rates are inside one sigma intervalfor all baselines analyzed here.For more strit aount for variation in baselengths due to thermal antenna deformations weused advaned model of this e�et [10℄ whih allow to orret observed station position not only116 15th European VLBI Meeting Proeedings



Zinovy Malkin et al.: European Baselines from VLBI and GPSfor vertial but also for horizontal displaement. At this stage of the researh we used zero timedelay between hange of air and telesope onstrution temperature, beause of lak of suh a datafor most of antennas. However, this mismodelling will e�et only intra-day displaement of thetelesope referene point, but not seasonal variations.It should be mentioned here that aount for horizontal displaement is espeially important forproessing regional networks, whereas vertial displaement due to thermal deformations prevailsin variations of global baselines length. In partiular, errors in modelling of this e�et may be apossible reason of seasonal baselength variations found e.g. in [12℄.Variation of baseline lengths obtained from VLBI data are shown in Figure 1. Unfortunately,stations Crimea and Yebes are not equipped with GPS reeiver.2.2. GPS observationsFor omputation of baseline lengths between european GPS stations we used weekly EPNsolutions distributed in SINEX �les. However, this solutions are not suitable for immediate use ingeodynamial analysis beause they annot provide homogeneous long-time oordinate time seriesdue to periodi hanges in referene oordinate system and set of �duial stations. For this reason,diret use of the EUREF solutions shows jumps in baselength variations [4℄. Besides, methodof omputation of station oordinates used in EPN is based on using tight onstrains to �duialstations whih ause a distortion of the network, i.e. �tive variations in baselengths (see e.g. [6℄).So, variations of baseline lengths from GPS data were obtained from analysis of oordinatetime series for EPN stations omputed by the method desribed in [8℄. This omputation isbased on de-onstraining of the oÆial EPN solutions with further transformation to ITRF2000.For this study we used 6-parameter Helmert transformation to avoid loss of seasonal geophysialsignal in baselength. Using our independent oordinate time series allows us to obtain realististation displaement pratially free of network distortion for all EPN stations over the period1996.0{2001.0.Variation of baseline lengths obtained from GPS data are shown in Figure 2. Unfortunately,MADR oordinate time series is too short (less than two years) that does not allow to get reliableresults. It should be mentioned that errors in GPS baselength signi�antly derease during a periodunder investigation. E.g., one an see abnormal trend in MATE displaement in 1996. However,that does not inuene result very muh due to relatively small weight of these data.2.3. Atmospheri loadingOne of the most important fator a�eting variations of station oordinates derived from spaegeodesy observations is atmospheri loading. We investigated inuene of this e�et using 3-dimensional atmospheri loading time series provided by H.-G. Shernek [14℄. The data wereaveraged over a week interval orresponding to every GPS week and variations of baselengthswere omputed from these weekly values. Variation of baseline lengths obtained from analysis ofatmospheri data are shown in Figure 3.It is interesting that baselength variations ontain not only seasonal but also seular omponent,even for short baselines, espeially for ontinental-oastal ones, in partiular baselines inludingWettzell stations whih are often used in studies on european geodynamis, e.g. [2{4, 13℄. Thereason of that may be long-periodi or progressive weather and limate hanges, but period of ourinvestigation is too short to separate them.Sine variations in height omponent of station displaement due to atmospheri loading prevail,this e�et is espeially signi�ant for global baselines. For regional networks horizontal displae-ments yield main ontribution to variation of baselengths.15th European VLBI Meeting Proeedings 117
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Figure 1. Variation of VLBI baselengths, mm.
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Zinovy Malkin et al.: European Baselines from VLBI and GPS3. Results and onlusionsResults of omputation of variations in baseline lengths are presented in Table 1. One ansee that values of rates obtained from VLBI and GPS observations are in good agreement formost baselines. Unfortunately, it is not the ase for seasonal variations. Obviously, interval ofinvestigation is too short and number of used VLBI observations is too small for many baselines.Indeed, it would be important to verify our results using data obtained from other spae geodesytehniques, but only MATE and WETT stations are equipped with SLR units, and only NYALstation is equipped with DORIS beaon (whih is explained by diÆulties in olloation of DORISbeaon and VLBI antenna due to radio frequeny interferene).It is also remarkable that inuene of atmospheri loading on baseline length rate is signi�-ant for many baselines. Evidently, this e�et must be investigated more arefully and properlyaounted during geodynamial analysis.Figure 4 shows dependene of error in baselength rate on length of baseline. It is interestingthat for GPS data error is pratially the same for all baselines unlike VLBI data.
0.5
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0 1000 2000 3000 4000 5000Figure 4. Dependene of error in rate (mm) on baselength (km) for VLBI (�lled irles) and GPS (lightirles) data.Further steps of our work will inlude new re-omputation of EPN oordinate time series basedon new ombination of individual EPN Analysis Center solutions, reproessing of VLBI datawith new version of software, and more omplete analysis of various fators e�eted variations ofbaselengths. Analysis of variations in vertial omponent of station displaement is also planned.AknowledgementsThis researh was partially supported by a grant of the St. Petersburg Sienti� Center of theRussian Aademy of Sienes.
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Table 1. Results of analysis of variation of baselengths: baseline length (L), km, number of epohs (N)proessed and found in the IVS data base, linear trend (Rate), mm, amplitude of annual term (As), mm,amplitude of semiannual term (Asa), mm.Base L VLBI GPS Atmospheri loadingN Rate Aa Asa N Rate Aa Asa Rate Aa AsaMATE 597 31 {1.78 0.37 2.23 224 {0.97 3.42 1.26 {0.05 0.16 0.05MEDI 35 �0:63 �0:99 �1:12 �0:21 �0:43 �0:36 �0:01 �0:03 �0:03MATE 444 20 +0.62 3.21 2.17 212 +1.57 0.51 0.35 +0.06 0.06 0.02NOTO 23 �0:71 �1:16 �1:29 �0:10 �0:19 �0:16 �0:01 �0:01 �0:01MATE 4190 21 +0.27 6.57 3.35 192 +0.16 0.70 0.53 {0.20 0.27 0.15NYAL 24 �1:74 �2:28 �2:49 �0:21 �0:37 �0:30 �0:05 �0:11 �0:11MATE 1886 26 {3.86 2.64 1.19 229 {2.69 0.89 0.74 {0.09 0.32 0.17ONSA 29 �0:51 �1:13 �1:04 �0:13 �0:25 �0:20 �0:05 �0:10 �0:10MATE 990 36 {2.51 1.83 1.46 229 {2.25 1.47 0.46 {0.29 0.25 0.10WETT 42 �0:40 �0:82 �0:71 �0:10 �0:19 �0:17 �0:03 �0:05 �0:05MEDI 893 15 {1.22 3.39 4.14 221 {2.37 3.90 1.33 {0.01 0.23 0.03NOTO 19 �0:94 �1:62 �2:40 �0:17 �0:33 �0:28 �0:02 �0:03 �0:02MEDI 3776 28 {0.55 3.13 3.31 201 {0.73 1.61 1.15 {0.28 0.41 0.08NYAL 34 �1:13 �1:87 �1:92 �0:23 �0:38 �0:34 �0:06 �0:11 �0:11MEDI 1429 20 {3.13 2.76 1.15 238 {2.48 1.87 1.43 {0.16 0.17 0.19ONSA 25 �0:76 �1:75 �1:68 �0:13 �0:26 �0:22 �0:05 �0:09 �0:09MEDI 522 20 {2.14 2.56 1.25 238 {2.41 1.55 0.88 {0.31 0.06 0.10WETT 22 �0:49 �1:15 �1:11 �0:13 �0:26 �0:22 �0:02 �0:04 �0:04NOTO 4580 23 {1.62 6.02 3.73 189 {0.05 0.39 0.44 +0.02 0.36 0.24NYAL 27 �1:30 �2:34 �2:32 �0:22 �0:31 �0:32 �0:09 �0:11 �0:10NOTO 2280 19 {4.10 3.61 2.26 226 {3.52 1.11 0.81 {0.09 0.26 0.10ONSA 24 �0:91 �1:85 �1:73 �0:11 �0:20 �0:18 �0:10 �0:12 �0:11NOTO 1371 21 {3.39 2.51 1.66 226 {2.98 1.81 0.92 {0.21 0.21 0.12WETT 22 �0:61 �1:14 �1:20 �0:11 �0:22 �0:19 �0:05 �0:06 �0:06NYAL 2387 31 +2.17 4.03 1.56 206 +1.44 1.28 0.50 +0.22 0.63 0.25ONSA 31 �0:86 �1:47 �1:52 �0:15 �0:25 �0:22 �0:06 �0:12 �0:12NYAL 3283 162 +1.67 2.49 2.06 206 +1.03 1.41 0.24 +0.24 0.42 0.10WETT 174 �0:25 �0:49 �0:52 �0:14 �0:22 �0:21 �0:06 �0:12 �0:12ONSA 919 36 {0.75 3.42 1.15 243 {0.23 0.57 0.46 +0.19 0.13 0.14WETT 37 �0:49 �0:93 �0:96 �0:08 �0:13 �0:13 �0:04 �0:07 �0:07
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Elena Skurikhina: On Computation of Antenna Thermal Deformation in VLBI Data Proessing, Proeedings of the15th Working Meeting on European VLBI for Geodesy and Astrometry, p.124{130http://www.iee.fr.es/hosted/15wmevga/proeedings/skurikhinaOn Computation of Antenna Thermal Deformation in VLBI DataProessingElena SkurikhinaInstitute of Applied Astronomy of Russian Aademy of Sienes (IAA)e-mail: sea�quasar.ipa.nw.ru AbstratFor more aurate VLBI delay modeling, thermal deformations of the VLBI anntennas are to beaounted for. The size of these e�ets is about several millimeters. The model is supplemented forall types of antenna mounts. Inuene the new model of thermal deformation aount to the baselinelength is under onsideration.1. IntrodutionDue to the large VLBI antenna dimensions hanging line sizes ones an reah several millimeterswhat is several pioseonds in delay value. Aount of this e�et is more important for the biggestantennas and for onsiderable temperature variations (diurnal and seasonal). IERS Conventions2000 (as in the Explanatory Supplement to the IERS Conventions (1996) Chapters 6 and 7 (Shuh,1999)) note that most VLBI telesopes are of Cassegrain type with alt-azimuth or polar mount andseondary fous and ontain formulas for thermal deformations aount for these antenna typesonly. Changes in antenna height and axis o�set due to temperature hanges an be present bysimple way as a line dependene with onstant oeÆient. If V is the antenna height and A is theaxis o�set hanges due to temperature will be given by the next:dV = k � V � (T � T0) ; dA = k0 � A � (T � T0) ;where dV, dA are hanges line sizes due to temperature, k and k' are oeÆients of thermalexpansion (are estimated for every material, typially they are of the order of 10�5 1/ÆC). Thermalexpansion oeÆientsfor steel (insulated or no insulated) equal 1:2 � 10�5 1/ÆC,for aluminium 2:31 � 10�5 1/ÆC,for onrete 1:0 � 10�5 1/ÆC;T0 is the referene temperature e.g. 20ÆC (whih is the usual referene temperature used whendesigning and onstruting buildings), T is the temperature of antenna.Di�erent types of antennas require relevant models. A time lag between external environment andthe orresponding expansion of antennas an be taken into aount. It depends on material ofantenna struture.124 15th European VLBI Meeting Proeedings



Elena Skurikhina: Computation of VLBI Antenna Thermal DeformationThe total e�et on measured delay on the baseline between two telesopes (with signal from radiosoure arriving �rst at site 1) is: ��baseline = ��1 ���2 (1)2. Model for thermal deformation of VLBI antennas2.1. Alt-azimuthal and polar mountIERS Conventions 2000 inludes formulas for the most often used alt-azimuthal mount withoutaxis o�set (see Figure 1) and polar types of mount (see Figure 2).
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Elena Skurikhina: Computation of VLBI Antenna Thermal Deformationlets design the fator 0.9 for prime fous antennas and the fator 1:8 for seondary fous antennasin (IERS Conventions 2000 (27), (28)) as F;T is the temperature of the telesope struture, If the atual temperature of the telesope strutureis not available, whih might be the ase at most VLBI sites, the surrounding air temperature anbe taken instead;T0 is a referene temperature, e.g. 20ÆC;�tf is the time delay between the hange in the surrounding air temperature and the expansionof the telesope struture for the foundation part;�ta - for the antenna part and depend strongly on the material of the telesope. Measurementsyielded values of �ta=2 hours for a steel telesope struture (Nothnagel et al., 1995) and of �tf=6hours for a onrete telesope struture (Elgered and Carlsson, 1995); but lets put this values aszero in later;" is the elevation of the observed radio soure,Æ is the delination of the observed radio soure;and hf , hp, hv, hs and hd are the dimensions of the telesopes in m:hf is the height of foundation above Earth's surfae;hp is the height of pillar, either from trak to elevation axis in the ase of polar mounts fromground to VLBI referene point;hv is the height of vertex above delination or elevation axis;hd is the height of delination axis above hour angle axis (the delination shaft) only appliablefor polar mounts, otherwise 0.0;hs is the height of subreetor above vertex of paraboloid.Dimensions and expansion oeÆients of frequently used geodeti VLBI telesopes an be foundat http://miro.geod.uni-bonn.de/vlbi/IVS-AC/antenna dimensions for thermal expansion studies.Table 1 ontains the thermal variation �� of the VLBI delay observable based on equations (1),(2). Temperature variation (T � T0) of 10ÆC and radio soure elevations between 5Æ and 90Æ wereentered, time lags �tf and �ta were assumed to be zero.2.2. Thermal deformation aount for the other mount typesUsually antennas with other mount types take part in VLBI observations rather often too and someantennas with alt-azimuth mounth have an axis o�set. The above formulas an be generalized forthe other antena types so they di�er the only item whih is desribing axis o�set (axis shift inproetion to the radio soure diretion orreted for refration and aberration). We an assign theommon part in both formulas and design it as ��0 ( it is �� in (2) ). Lets write�� = ��0 + 1 � a � (T (t��ta)� T0) � AX OFF (4)126 15th European VLBI Meeting Proeedings



Elena Skurikhina: Computation of VLBI Antenna Thermal DeformationTable 1. Thermal variations �� in pse of the VLBI delay observable for frequently used geodeti VLBItelesopes with alt-azimuth mount for a temperature variation of 10ÆC and di�erent radio soure elevations.Telesope (T � T0)=10ÆCElevation "5Æ 30Æ 60Æ 90Æ�� �� �� ��pse pse pse pseALGOPARK �3:4 0:0 3:0 4:1CRIMEA �3:1 �0:6 1:7 2:5DSS15 �6:0 �2:8 0:0 1:0DSS45 �6:0 �2:8 0:0 1:0DSS65 �6:0 �2:8 0:0 1:0EFLSBERG �15:0 �6:8 0:6 3:2FORTLEZA �0:7 0:6 1:7 2:1GGAO7108 0:1 0:8 1:5 1:7HAYSTACK �7:3 �3:7 �0:5 0:6KASHIM11 �1:6 �0:4 0:7 1:1KASHIM34 �5:8 �3:0 �0:6 0:3KASHIMA 0:6 3:5 6:1 7:0KOGANEI �1:5 0:5 2:3 2:9KWAJAL26 0:5 2:6 4:5 5:2MATERA �2:1 0:0 1:9 2:6MIURA �1:6 �0:4 0:7 1:1MOJ 7288 �4:0 �1:7 0:4 1:2OHIGGINS 0:2 1:4 2:4 2:8ONSALA60 �2:2 �0:1 1:7 2:3SESHAN25 �5:7 �1:2 2:8 4:3TATEYAMA �1:6 �0:4 0:7 1:1TSUKUB32 �5:4 �2:3 0:5 1:5URUMQI �6:3 �2:2 1:5 2:8WETTZELL �3:8 �2:1 �0:5 0:1YEBES 0:2 1:8 3:1 3:6Term AX OFF orresponds to mount types. Lets design axis o�set as OFFS1.its proetion to the south position diretion is �OFFS1 �q1� (�!S � �!l )�!S - soure position diretion, �!l - seond axis rotation (�xed relative to the Earth) diretion.For alt-azimuthal mounts without axis o�set: OFFS1 = 0For alt-azimuthal mounts with axis o�set: AX OFF = �OFFS1 � os("),For polar mounts (OFFS1 = hd): AX OFF = �OFFS1 � os(Æ),For horizontal X YN mount: AX OFF = �OFFS1 �p1� (os(") � os(Az)2,For horizontal X YE mount: AX OFF = �OFFS1 �p1� (os(") � sin(Az))215th European VLBI Meeting Proeedings 127



Elena Skurikhina: Computation of VLBI Antenna Thermal DeformationFor Rihmond mount AX OFF = �(OFFS1 � SQRT (1D0 � (sin(") � sin(0:6817256D0) + os(") �os(0:6817256D0) � (os(Az) � os(0:0020944D0) � sin(Az) � sin(0:0020944D0)))2))All values are orreted for refration.Table 2 ontains the thermal variation �� of the VLBI delay observable based on equations (3).For every station �rst line give the ommon part (��0) and the seond line give omplete orretionfor thermal deformation �� . Two last olumn are the mount type and axis o�set. Temperaturevariation (T � T0) of 10ÆC and radio soure elevations between 5Æ and 90Æ were entered, time lags�tf and �ta were assumed to be zero.Table 2: Thermal variations �� in pse of the VLBI delay observable for frequentlyused geodeti VLBI telesopes temperature variation of 10ÆC and di�erent radio soureelevations. Telesope (T � T0)=10ÆCElevation "5Æ 30Æ 60Æ 90Æ MOUNT OFFS1�� �� �� ��pse pse pse pse mBR-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135BR-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135FD-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135FD-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135GILCREEK �5:6 �3:5 �1:7 �1:0 X � Y N 7:285GILCREEK �3:1 �0:9 1:1 1:9 X � Y N 7:285HARTRAO �7:7 �5:7 �4:0 �3:4 EQUA 6:695HARTRAO �5:4 �3:3 �1:4 �0:8 EQUA 6:695HATCREEK �2:4 0:3 2:7 3:6 EQUA 0:000HATCREEK �2:4 0:3 2:7 3:6 EQUA 0:000HN-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135HN-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135HOBART26 �11:2 �8:9 �7:1 �6:5 X � Y E 8:190HOBART26 �9:6 �6:7 �4:2 �3:2 X � Y E 8:190HRAS 085 �7:9 �6:4 �5:2 �4:8 EQUA 6:707HRAS 085 �5:5 �4:0 �2:6 �2:1 EQUA 6:707KAUAI �2:0 �0:7 0:3 0:7 X � Y N 2:438KAUAI �1:1 0:1 1:3 1:7 X � Y N 2:438KOKEE �1:8 0:5 2:5 3:4 AZEL 0:508KOKEE �1:6 0:6 2:7 3:4 AZEL 0:508KP-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135KP-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135LA-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135LA-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135MEDICINA �1:5 1:5 4:3 5:6 AZEL 1:830MEDICINA �0:8 2:1 4:7 5:6 AZEL 1:830MK-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135MK-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135MOJAVE12 2:2 3:3 4:2 4:6 X � Y N 0:000MOJAVE12 2:2 3:3 4:2 4:6 X � Y N 0:000128 15th European VLBI Meeting Proeedings



Elena Skurikhina: Computation of VLBI Antenna Thermal DeformationNL-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135NL-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135NOTO �2:0 1:0 3:8 5:1 AZEL 1:830NOTO �1:3 1:6 4:2 5:1 AZEL 1:830NRAO85 3 �4:9 �2:8 �1:0 �0:3 EQUA 6:703NRAO85 3 �2:6 �0:4 1:6 2:4 EQUA 6:703NRAO85 1 �4:9 �2:8 �1:0 �0:3 EQUA 6:703NRAO85 1 �2:6 �0:4 1:6 2:4 EQUA 6:703NRAO20 �1:8 0:5 2:5 3:4 AZEL 0:508NRAO20 �1:6 0:6 2:7 3:4 AZEL 0:508NRAO 140 �18:5 �9:7 �2:3 0:3 EQUA1 4:928NRAO 140 �8:6 0:6 8:8 11:8 EQUA1 4:928NYALES20 �1:9 �0:1 1:6 2:2 AZEL 0:508NYALES20 �1:7 0:1 1:7 2:2 AZEL 0:508OV-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135OV-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135PIETOWN �4:9 �2:4 0:0 1:2 AZEL 2:135PIETOWN �4:0 �1:7 0:4 1:2 AZEL 2:135RICHMOND �7:3 �4:9 �2:8 �2:4 RICH 5:179RICHMOND �5:4 �3:3 �1:4 �0:8 RICH 5:179SANTIA12 2:2 3:2 4:1 4:4 X � Y N 0:000SANTIA12 2:2 3:2 4:1 4:4 X � Y N 0:000SC-VLBA �4:9 �2:4 0:0 1:2 AZEL 2:135SC-VLBA �4:0 �1:7 0:4 1:2 AZEL 2:135WESTFORD �1:0 1:7 4:1 5:0 AZEL 0:318WESTFORD �0:8 1:8 4:2 5:0 AZEL 0:318As we an see from Table 2 di�erenes between the models are bigger for antennas with large axiso�set. And di�erenes in results will be more lear for baselines with these stations.3. Comparison new and old model appliationFor example lets see in what way new model appears in baseline lengths. It is lear that di�erenesan be on baselengths with the stations with axis o�sets and the mounts not inluded in IERSConventions 2000 model only. The baseline lengths were omputed with the old and the new modelfor the thermal deformations. As one an see from Figure 3, di�erenes between baseline lengthshave a seasonal omponent with an amplitude of the order of 1.5 mm for the bases with Gilreekstation. Di�erenes in the baseline HartRAO-Hobart do not have a lear seasonal omponent soboth station loated in the southern hemisphere with no big di�erenes of seasonal temperatures.Baseline Gilreek-NRAO85 di�erenes do not have periodial omponent probably so these stationsare loated not very far from eah other and their environment is not very di�erent.
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Elena Skurikhina: Computation of VLBI Antenna Thermal Deformation
-4

-2

0

2

4

1992 1994 1996 1998 2000 2002

Gilcreek-Wettzell

-4

-2

0

2

4

1988 1990 1992 1994 1996 1998 2000 2002

Gilcreek-Fortaleza

-4

-2

0

2

4

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

Gilcreek-Kauai

-4

-2

0

2

4

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

Gilcreek-Kokee

-4

-2

0

2

4

1989 1990 1991 1992 1993 1994 1995 1996 1997

Gilcreek-NRAO85

-4

-2

0

2

4

1988 1990 1992 1994 1996 1998 2000 2002

HartRAO-Hobart

Figure 3. Di�erenes in baseline length.130 15th European VLBI Meeting Proeedings



Session 3Atmospheri Modelling



132



Arthur E. Niell: An a priori Hydrostati Gradient Model for Atmospheri Delay, Proeedings of the 15th WorkingMeeting on European VLBI for Geodesy and Astrometry, p.133{136http://www.iee.fr.es/hosted/15wmevga/proeedings/niellAn a priori Hydrostati Gradient Model for Atmospheri DelayArthur E. NiellMIT Haystak Observatorye-mail: aniell�haystak.mit.edu AbstratThe di�erent mean heights of the hydrostati and wet omponents of the atmosphere result insigni�antly di�erent mapping funtions for the azimuthally symmetri distributions. Similarly, theazimuthally asymmetri distributions, approximated as simple gradients over the �eld of view of a VLBIor GPS antenna, require di�erent funtional dependenes if the highest auray is to be obtained ingeodeti appliations. A method has been developed to determine the a priori hydrostati gradientfuntion from the output of a numerial weather model. A more aurate model for the wet gradientan then be used for estimating the remaining gradient omponent.1. IntrodutionThe importane to geodeti VLBI analysis of using separate mapping funtions for the az-imuthally symmetri distribution of the hydrostati and wet omponents of the atmosphere delayhas been amply demonstrated (for example, see [5℄). The di�erene is due to the larger meanheight of the hydrostati omponent, resulting in a smaller inrease in delay with dereasing ele-vation than for the wet omponent. Separation of the two in the data analysis is possible beausethe hydrostati zenith delay an be aurately alulated from the surfae pressure and the lineof sight delay removed from the observable. The wet zenith delay an then be estimated from theobserved delays, along with other geodeti parameters, by using the wet mapping funtion as thepartial derivative.Similarly, the importane of estimating a gradient in the atmosphere delay has been reognizedfor almost a deade ([3℄). The funtional form for a simple gradient model was derived by Chenand Herring ([1℄), and they obtained average parameters for the hydrostati and wet gradientsby using three dimensional raytraing of a Numerial Weather Model. However, in ontrast tothe azimuthally symmetri hydrostati delay, there is no simple measurement or meteorologialparameter that an be determined at the surfae to provide an aurate input for the alulationof the hydrostati gradient delay, whih is the produt of the gradient mapping funtion and thezenith gradient delay. As a onsequene a single gradient mapping funtion has been used up to nowand only a ombined gradient omponent estimated. Chen and Herring [1℄ used the hydrostatimapping funtion in their evaluation. Other analysts ([4℄; [6℄) have used an even simpler mode! lobtained by Gardner [2℄ that has no parameters to allow for di�erenes in vertial distributions ofthe refrating material.Use of the wet gradient mapping funtion of [1℄ instead the hydrostati amounts to about 30mm of additional delay at 5Æ elevation for a typial gradient delay of 1 mm. The onsequene ofthis in the estimation proedure is a di�erene of about 4 mm in the horizontal omponent of siteposition.By analogy with the azimuthally symmetri mapping funtions, a more aurate use of separategradient mapping funtions would be to apply an apriori hydrostati orretion and use a betterwet funtion to estimate the remainder. This is pratial beause the hydrostati atmosphere hasa muh larger sale length and a muh longer temporal sale, both of whih an be reasonablysampled by numerial weather models.Several advantages are ahieved by separating the hydrostati and wet gradients:15th European VLBI Meeting Proeedings 133



Arthur E. Niell: a priori Hydrostati Gradient Model� removal of an aurate apriori model provides more aurate observables to be used for theestimation� a more aurate mapping funtion for the remaining pre-�t residuals gives a better partialderivative for the estimation� the estimated exess wet delay an be ompared diretly and more aurately with othermeasurements of water vapor distribution, for example that of a water vapor radiometer.As proposed for use with the Isobari Mapping Funtion (IMF, [7℄) a Numerial Weather Modelprovides information on the neutral atmosphere on a regularly spaed grid at many pressure levels(heights above the surfae) several times per day. For IMF, the geopotential height of the 200 hPalevel (approximately 10 km) was found to serve as a proxy for the hydrostati mapping funtion.As an extension I propose to use the 'tilt' of the 200 hPa level over a site to desribe the gradientof the hydrostati atmosphere. However, rather than determine a separate hydrostati gradientmapping funtion, I propose to diretly adjust the apparent zenith diretion to be the diretionnormal to the 200 hPa isobar above the site. The impliations are desribed below.2. Hydrostati gradient mapping funtionThe tilt of the hydrostati atmosphere is obtained as the diretion of the normal to the surfaede�ned by the geopotential heights of the 200 hPa surfae at the four nearest grid points. Thetesting has been done using the Re-analysis of the Data Assimilation OÆe of the Goddard SpaeFlight Center ([9℄). The horizontal grid spaing is 2:5Æ in longitude and 2:0Æ in latitude, and thevalues are given every six hours beginning at 00 UT.I ompared the variation of the exess delay with elevation with that of the hydrostati form( = 0.0032) of ([1℄, hereafter CHh). For a given tilt, obtained from the NWP, there is a value ofthe delay gradient that gives the same exess delay to within 1 mm down to 4Æ elevation. On theother hand, for the funtional form used by [4℄, if the exess delay is mathed at an elevation of5Æ, the di�erene is up to 6 mm at 7Æ and hanges sign to give a di�erene of 14 mm at 4Æ. It isdiÆult to determine the e�et of these di�erenes sine a single funtion is used for the ombinede�et of the hydrostati and wet, but a omparison will be made as part of the evaluation of theproposed gradient mapping funtion (not reported here).The form of the hydrostati gradient mapping funtion (GMFh) is:GMFh ("s; �g; zg) = MFh ("s � zg � os(�g)) (1)whereGMFh = hydrostati gradient mapping funtionMFh = azimuthally symmetri hydrostati mapping funtion"s = elevation of observation�g = gradient azimuth from North to Eastzg = gradient zenith angleAny symmetri mapping funtion an be used. The apriori total line of sight hydrostati delayis the produt of the zenith hydrostati delay (preferably alulated from surfae pressure usingthe relation by [8℄) and GMFh.The best determined wet gradient mapping funtion is that of [1℄ with their value of  = 0.0010(hereafter referred to as CHw) derived from similar data as used for IMF.A di�erene from previous usage is that the apriori hydrostati line of sight delay is not largestat the zenith. However for observed hydrostati gradients obtained from the 200 hPa data, thedi�erene between the alulated hydrostati line of sight delay in the zenith diretion and the134 15th European VLBI Meeting Proeedings
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1994 JanuaryFigure 1. Elevation and azimuth of hydrostati gradient tilt at Westford for 1994 January from geopotentialheights of 200 hPa isobars.apriori zenith hydrostati delay is less than 0.5 mm. The CH wet mapping funtion has thetraditional symmetry.As an example, the azimuth and elevation angles of the hydrostati gradient mapping funtionderived as desribed above are shown in Figure 1 for the Westford site (Massahusetts, USA) for1994 January. Although the average tilt in the northern hemisphere is expeted to be to the north,the azimuths shown in Figure 1 agree well with those alulated by [1℄ for the same site and timeperiod.3. UnertaintiesUnertainties in estimated atmosphere parameters and in geodeti results arise from severalsoures, suh as: auray of gradient mapping funtion as a desription of the non-azimuthallysymmetri distribution, auray of the isotropi mapping funtion, distribution of the obser-vations on the sky, and haraterization of time variability of both azimuthally symmetri andnon-symmetri distributions, e.g. linear vs. stohasti, and if stohasti, the value of the varianeper time.The unertainty in the alulated value of the tilt due to the unertainties in the geopotentialheights is negligible. There might also be a better pressure level to represent the gradient value,but for IMF, the 200 hPa level was found to be the best. Additional error in the estimation will beintrodued by using the wet mapping funtion to estimate any hydrostati omponent not properlyremoved as apriori, and by any error in the wet mapping funtion.15th European VLBI Meeting Proeedings 135



Arthur E. Niell: a priori Hydrostati Gradient Model4. ImplementationNWP �les have been obtained from DAO ([9℄) for the years 1984 through 1996. Next themapping funtion parameters must be extrated from these �les on the same grid. (These �lesprovide global information and ould be made available as a servie, similar to EOP and AAM.)For eah experiment the parameters are then interpolated to the time of observation at the loationof eah site. The mapping funtion ould then be either alulated ahead of time and stored oralulated at the time of estimation.NWP data are yet to be obtained for 1997 through the present, and a servie must be establishedto update the information daily.5. StatusThe global auray of using the tilt as a representation of the hydrostati gradient is yet tobe assessed. This will be done by omparing with 3-D raytraing, as done by [1℄. Improvement ofthe wet gradient mapping funtion will be attempted using NWP data on a �ner grid.AknowledgmentsI thank M. Karki for data, and J. Tang for help with analysis.Referenes[1℄ Chen, G., and Herring, T. A., \E�ets of atmospheri azimuthal asymmetry on the analysis of spaegeodeti data", J. Geophys. Res., 99(B1), 637-651, 1994.[2℄ Gardner, C. S.,\E�ets of horizontal refrativity gradients on the auray of laser ranging to satellites",Rad. Si., 11, 1037-1044, 1976.[3℄ Herring, T. A., \Modelling atmospheri delays in the analysis of spae geodeti data", in Sympo-sium on Refration of Transatmospheri Signals in Geodesy, J. C. DeMunk and T. A. Spoelstra, eds.,Netherlands Geodeti Commission Series No. 36, 157-164, 1992.[4℄ MaMillan, D. S., \Atmospheri gradients from very long baseline interferometry observations", Geo-phys. Res. Lett., 22, 1041-1044, 1995.[5℄ MaMillan, D. S., and C. Ma, \Evaluation of very long baseline interferometry atmospheri modelingimprovements", J. Geophys. Res., 99, 637-651, 1994.[6℄ MaMillan, D. S., and C. Ma, \Atmospheri gradients and the VLBI terrestrial and elestial refereneframes ", Geophys. Res. Lett., 24, 453-456, 1997.[7℄ Niell, A. E., \Improved atmospheri mapping funtions for VLBI and GPS", Earth Planets Spae, 52,699-702, 2000.[8℄ Saastamoinen, J., \Atmospheri orretion for the troposphere and stratosphere in radio ranging ofsatellites", in The Use of Arti�ial Satellites for Geodesy, Geophys. Monogr. Ser., vol. 15, edited by S.W. Henriksen, A. Manini, and B. H. Chovitz, pp. 247-251, AGU, Washington, D.C., 1972.[9℄ Shubert, S. D., J. Pjaendtner, and R. Rood, \An assimilated data set for Earth siene appliations",B. A. M. S., 74, 2331-2342, 1993.
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Axel Nothnagel: On the E�ets of Solution Types on Clok and Atmosphere Parameters, Proeedings of the 15thWorking Meeting on European VLBI for Geodesy and Astrometry, p.137{142http://www.iee.fr.es/hosted/15wmevga/proeedings/nothnagel1On the E�ets of Solution Types on Clok and AtmosphereParametersAxel NothnagelGeodeti Institute of the University of Bonne-mail: nothnagel�uni-bonn.de AbstratWhen omparing VLBI derived earth orientation parameters (EOP) with those of the IERS C04series, signi�ant di�erenes are disernible in the period between 1984 and 1989. In an attemptto unravel the reasons of the apparently systemati behaviour of the EOP, we investigate possibledi�erenes in atmosphere and lok parameters estimated in a so-alled TRF solution and in a solutionwhere station oordinates are adjusted in eah session independently. The di�erenes between the twosolutions learly show an inreased satter in both the lok and the atmosphere parameters before thelate 1980's deminishing abruptly at about August 1989. Further investigations of possible auses forthese di�erenes have so far not produed any results.An analysis of data from 1990 onwards averaged over the individual months of year does not produeany onlusive evidene for seasonal dependenies.1. MotivationOne of the tasks of the Analysis Coordinator of the International VLBI Servie for Geodesyand Astrometry (IVS) is the monitoring of the earth orientation parameter (EOP) submissionsof the individual IVS Analysis Centers to the IVS Data Centers and to the International EarthRotation Servie (IERS). In the proess of interomparisons between the individual EOP seriessubmitted in early 2001 and the IERS C04 series (IERS 2001) signi�ant deviations have beendeteted.

Figure 1. Di�erenes in X pole omponent between GSFC solution 2001b and the IERS C04 series inmiroarseonds.As an example Fig. 1 depits the di�erenes between the X pole omponent of the GSFC 2001b(Goddard Spae Flight Center) solution and the IERS C04 series. It is learly disernible that abump-like deviation is present in the period between early 1984 and late 1986 with a similar bumpin the Y pole omponent. Comparisons show that the same behaviour is present in submissions of15th European VLBI Meeting Proeedings 137



Axel Nothnagel: E�ets of Solution Typesother IVS Analysis Centers using di�erent analysis software pakages learly indiating that thisis not a software related problem.2. Data analysisIn an attempt to �nd out possible reasons for these deviations we have investigated the be-haviour of the lok and atmosphere parameters in the least squares adjustment for the deter-mination of the EOP. In general, two types of VLBI solutions of long VLBI observing series areoften applied: a) the so-alled \TRF" (terrestrial referene frame) solutions and b) the solutionsin whih station oordinates are estimated for eah session independently. In the \TRF" solutionsmost of the stations are parametrized with X,Y,Z oordinates at a referene epoh plus three timederivatives dx/dt, dy/dt, dz/dt whih represent the 3D station veloities or drift rates. This basiparametrization is often used for estimating global station parameters and EOP for eah session.A seond type of solution assumes that EOP are well known and an be introdued externally.In this ase in eah session the oordinates of all stations exept of a referene station an beestimated independently. Analogous to the solution of a single satellite ar these solutions mayalso be alled \ar" solutions. It should be mentioned that in this type of solution the numberof degrees of freedom is signi�antly smaller than in \TRF" solutions if the parametrization ofthe other parameters, e.g. lok and atmosphere parameters inluding gradients, is kept identialin the two solutions. Interomparisons of idential parameters estimated in these two types ofsolutions should provide some insight into possible systemati di�erenes and their origins.The basis for the following interomparisons is a data set with almost all VLBI sessions observedbetween January 1984 and Deember 2000 exept of data of mobile VLBI antennas. Two solutions,an \ar" and a \TRF" solution, were omputed with idential setups exept for the parametrizationof the station oordinates and EOP as desribed above.In a �rst step the weighted root mean squared (WRMS) residual delay of the two solutions wasinterompared. The WRMS residual delay is the best indiator of the quality of the �t of eahsession. The number of degrees of freedom of the \TRF" solution is signi�antly higher and itmay be expeted that possible systemati e�ets re-distribute in the larger number of parametersin the \ar" solution reduing the WRMS residual delay. However, both solutions show almostidential satter in the residuals di�ering only at the level of 1 { 2 ps (pioseonds).For the interomparisons of estimated parameters some preparational work has to be arriedout. In the absene of lok jumps, normally the least squares adjustment of VLBI sessions isbased on seond order polynomials plus a number of ontinuous piee-wise linear segments ofertain lengths, e.g. 60 minutes, (alled piee-wise linear funtions) for the lok parameters.Piee-wise linear funtions alone are similarly used to parametrize the atmospheri zenith pathdelays. While lok o�set parameters of idential epohs from the two solutions an be ompareddiretly, the atmosphere parameters have to be averaged over a 24-hour session in order to produea representative value for eah session. After these preparatory steps di�erenes are omputed foreah session and stored for eah station independently.3. ResultsThe results of the interomparisons ome somewhat as a surprise. Figures 2 and 3 displaythe di�erenes of the estimated atmospheri zenith path delays between the \ar" and the \TRF"solutions for eah session for stations Wettzell and Westford. It is learly disernible that thesatter is muh larger prior to 1990 than after 1990. Wettzell and Westford are seleted herebeause they have a long and rather ontinuous observing history. However, the di�erenes ofother stations show an almost idential behaviour independent of their observing history learlyemphasizing a hange in the level of satter at the same epoh. A similar e�et is also obvious138 15th European VLBI Meeting Proeedings



Axel Nothnagel: E�ets of Solution Typesfor the lok o�sets (Fig. 4 and 5) and for the atmosphere gradients although less signi�ant (notshown here).
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Figure 2. Di�erenes of estimated zenith pathdelays (TRF - ar solution) for stationWestford -100
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Figure 3. Di�erenes of estimated zenith pathdelays (TRF - ar solution) for station Wettzell
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Figure 4. Di�erenes of estimated lok o�sets(TRF - ar solution) for station Westford -0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

C
lo

ck
 o

ffs
et

 d
iff

er
en

ce
s 

in
 n

se
c

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

Year

Wettzell

Figure 5. Di�erenes of estimated lok o�sets(TRF - ar solution) for station WettzellIdeally, the time series of di�erenes should only show some noise-like behaviour whih is of thesame level during the whole observing period. However, this is not the ase omparing these twotypes of solutions. Only the time series after 1990.0 seems to behave aording to our expetations.If we onsider a single session analysed in an \ar" solution we an assume that the leastsquares adjustment distributes any possible errors in the observations into the parameters as bestas possible without any external onstraints. This means that all estimated station oordinatesmay freely adjust themselves to positions whih best math the observations. In the \TRF"solution, however, eah session is onstrained by other sessions in that the station oordinateshave to �t into the overall position and rate parameters estimated by the entire set of sessions.It is, thus, muh more onstrained than the individual \ar" solutions and de�its either in theobservations or in the general setup may inrease the satter of the residuals or dissipate into theother parameters like lok and atmosphere unknowns. As was stated already above the satter isnot a�eted by the di�erent types of solutions. Therefore, the reason for the disrepanies has tobe looked for in the sessions themselves or in the general setup of the \TRF" solution.4. InvestigationsFrom the plots above an exat epoh of where the satter diminishes is not disernable. There-fore, monthly averages were omputed for most of the parameters and stored again independently15th European VLBI Meeting Proeedings 139



Axel Nothnagel: E�ets of Solution Typesfor eah station. In �gures 6 to 9 the same data for Westford and Wettzell as above is displayedas monthly averages.
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Figure 6. Monthly averages of di�erenes of es-timated zenith path delays (TRF - ar solution)for station Westford -40
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Figure 7. Monthly averages of di�erenes of es-timated zenith path delays (TRF - ar solution)for station Wettzell
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Figure 8. Monthly averages of di�erenes of esti-mated lok o�sets (TRF - ar solution) for sta-tion Westford -0.2
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Figure 9. Monthly averages of di�erenes of esti-mated lok o�sets (TRF - ar solution) for sta-tion WettzellHere, the piture beomes muh learer and the epoh of the transition an be identi�ed to bethe month of August in 1989. It has to be emphasized that the same epoh has been found in thedi�erene series of other stations as well.In order to �gure out possible auses for the abrupt hange in behaviour of the di�erenes, welooked at the history of stations and their �rst and last session in whih they partiipated. Fig.10 depits the partiipation history of the major stations over the ourse of the last 17 years.We found that around this time stations Maryland Point and Fort Davis (HRAS085) terminatedtheir partiipation (last sessions August 24, 1989 and Otober 29, 1989, respetively) while Hobartstarted its operation (�rst session September 26, 1989). Several test omputations exluding thesestations were, therefore, arried out in order to �gure out what inuene the partiipation of thesestations may have on the solutions. The preliminary result is that no onlusive evidene wasfound whih permits to attribute the abrupt transition to a spei� station.5. Analysis of data after 1990.0Another interesting aspet of the di�erenes in the atmospheri zenith path delay parametersare possible systemati e�ets with an annual signature. In order to eliminate any unwantede�ets by the earlier sessions, only data after 1990.0 was used in the following investigation. Here,140 15th European VLBI Meeting Proeedings
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Figure 10. Partiipation history of major stations between Jan. 1984 (Session 1) and De. 2001 (Session2380).averages of the di�erenes were omputed with respet to the months of year, e.g. averages overall sessions observed in the months of January between 1990 and 2001. Figures 11 and 12 depitthe average di�erenes for a few seleted sites separated by hemispheres.Looking at �gure 11 one may �nd systemati negative values for the months of July to Septem-ber (7 { 9) as ompared to the other months. Something similar but with an inverse signaturemay be supposed in �gure 12 for the southern hemisphere. Computing further averages over allstations of the northern and the southern hemispheres separately did not shed more light onto thisissue espeially sine other stations do not have suh a long and dense time series. Although theresults in the northern hemisphere are less noisy the satter still dominates. In addition, the e�ethas a magnitude of only up to 1 or 2 pioseonds, whih is equivalent to 0.3 to 0.6 mm, and is,15th European VLBI Meeting Proeedings 141
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Figure 11. Averages w.r.t. months of year (1 =January, ... 12 = Deember) for seleted stationsin the northern hemisphere -8
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Figure 12. Averages w.r.t. months of year (1 =January, ... 12 = Deember) for seleted stationsin the southern hemispherethus, muh too small to have any meaning in this ontext.6. ConlusionsThe parameters estimated in the least squares adjustment of a large number of VLBI observingsessions like zenith path delays and lok o�sets are heavily a�eted by the type of solution prior toAugust 1989. So far, the auses for this annot be traed bak to a single observing site. Furtherinvestigations are underway studying possible seondary parameters like elevation ut-o� in thesheduling of the sessions. With respet to possible annual variations in the di�erenes it an bestated that no immediate onlusions an be drawn from the results reported above.AknowledgementsWe are partiularly thankful to Gerald Engelhard and Volkmar Thorandt, Bundesamt f�ur Kar-tographie und Geod�asie, Leipzig, who arried out all the global solutions used in this investigation.ReferenesIERS (2001) IERS 2000 Annual Report, in press, Frankfurt a.M.

142 15th European VLBI Meeting Proeedings



Johannes B�ohm and Harald Shuh: Spherial Harmonis as a Supplement to Global Tropospheri Mapping Funtionsand Horizontal Gradients, Proeedings of the 15th Working Meeting on European VLBI for Geodesy and Astrometry,p.143{148http://www.iee.fr.es/hosted/15wmevga/proeedings/boehmSpherial Harmonis as a Supplement to Global TropospheriMapping Funtions and Horizontal GradientsJohannes B�ohm, Harald ShuhInstitute of Geodesy and Geophysis, University of Tehnology, ViennaContat author: Johannes B�ohm, e-mail: jboehm�luna.tuwien.a.atAbstratGlobal mapping funtions are used to map the tropospheri zenith path delays down to the pathdelays at ertain elevations. Reently, horizontal tropospheri gradients have also been applied toaount for azimuthal asymmetries of the path delays. Anyway, there are still de�ienies when om-bining the elevation-dependent mapping funtions and horizontal gradients to model the tropospheripath delays. Spherial Harmonis to desribe those de�ienies are tested by solving for the respetiveoeÆients. Tests show that some ombinations of Spherial Harmonis yield slightly better resultsthan applying the standard approah of global mapping funtion plus gradient.1. Introdution1.1. Spherial HarmonisAs Spherial Harmonis are solutions of the Laplae equation in spherial oordinates (radiusr, polar distane � and longitude �) �V (r; �; �) = 0 (1)they are widely used for modeling the gravity �eld of the Earth (Ref. [2℄, Heiskanen, W.A. andMoritz H.,1967). Additionally, many other appliations in geodesy have been found for thesespeial funtions, e.g. they are used for mapping the ionosphere or for desribing GPS phaseenter variations. Setting the radius r to unity, the Spherial Harmonis SHnm of degree n andorder m on the surfae are:SHnm(�; �) = Pnm(os(�)) � [anmos(m�) + bnmsin(m�)℄ (2)The Pnm(os(�)) are the so-alled Legendre funtions of degree n and order m with the polardistane � being de�ned from 0 to �. The longitude � is de�ned from 0 to 2� and the anm andbnm are the oeÆients of the Spherial Harmonis.1.2. Tropospheri modelingIn VLBI and GPS global mapping funtions are used to map the tropospheri zenith pathdelays down to the path delays at ertain elevations. In priniple, all mapping funtionsmf(�) arebased on ontinued fration forms in terms of 1=sin(�) with the elevation angle �:mf(�) = 1sin(�) + asin(�)+ b::: (3)Additionally, horizontal tropospheri gradients are also applied in standard data analyses to a-ount for azimuthal asymmetries of the tropospheri path delays (Ref. [1℄, Davis, J.L., Elgered,G., Niell, A.E. and Kuehn, 1993). Therefore ombining global mapping funtions and horizontal15th European VLBI Meeting Proeedings 143



Johannes B�ohm and Harald Shuh: Spherial Harmonis Tropospheri Gradientsgradients yields eq. (4), whih is the standard approah to model tropospheri path delays forobservations at elevation � and azimuth �.�L(�; �) = mf(�) � Lz +mf(�) � ot(�) � [�nos(�) + �esin(�)℄ (4)The produt of the zenith path delay Lz and the mapping funtion mf(�) orresponds to the pathdelay, that is due to the spherially symmetri part of refrativity. The seond term of the righthand side of eq. (4) is the so-alled gradient term. The ot(�) fator aounts for the inrease inhorizontal hange of refrativity along the signal path when the elevation dereases. �n and �e arethe north and east gradients, respetively, with the units [mm℄. A gradient of 1 mm orrespondsto a path delay of 3 m at an elevation of 10Æ.2. Appliation of Spherial HarmonisTo be able to model additional deviations from the standard approah that is desribed in eq.(4), Spherial Harmonis are introdued:�L(�; �) = mf(�) � Lz +mf(�) � ot(�) � SHnm(z; �) (5)The zenith distane z orresponds to the polar distane � of eq. (2) and the azimuth � to thelongitude �. Only observations at elevations above the horizon an be used to determine the o-eÆients of the Spherial Harmonis. The appliation of the double zenith distane would overnearly all of the de�nition area of Spherial Harmonis, e.g. values would range from 0Æ to 166Æwhen using a 7Æ uto� elevation angle.The ases m = 0,1,2 are dealt with in partiular to illustrate the possibilities of the newapproah.2.1. Zonal Legendre funtions m = 0Using zonal (order m = 0) Legendre funtions yields the following expression for the tropo-spheri path delays: �L(�) = mf(�) � Lz +mf(�) � ot(�) � Pn(z) � an (6)There is no azimuthal variation of the path delays with this approah. Solving for the an oeÆientsorresponds to estimation of a supplement to the global mapping funtions. In priniple, this issimilar to estimating a ombination of the a, b .. oeÆients in eq. (3), in addition to the appliedmapping funtion: �L(�) = Lz � [mf(�) + mf(�) � ot(�) � Pnm(z; �) � anLz ℄ (7)The term in brakets orresponds to the new loal mapping funtion, beause the oeÆients areestimated for eah station.2.2. Legendre funtions m = 1Similarly to the standard model for GPS and VLBI (global mapping funtion plus gradientterm), one azimuthal maximum for the tropospheri path delays is estimated, and the north andeast gradients in eq. (4) are losely related to an1 and bn1. The only di�erene to the standardmodel is that the gradient term is multiplied by Legendre funtions of the order m = 1.�L(�; �) = mf(�) � Lz +mf(�) � ot(�) � Pn1(z) � [an1os(�) + bn1sin(�)℄ (8)144 15th European VLBI Meeting Proeedings



Johannes B�ohm and Harald Shuh: Spherial Harmonis Tropospheri GradientsFigure 1 shows the path delays for the appliation of di�erent Legendre funtions of the order m= 1. To be able to ompare them properly, all path delays are �xed at 3 m path delay for 10Æelevation (z = 80Æ), what orresponds to a horizontal gradient of 1 mm. It is shown that someLegendre funtions of the order m = 1 are able to absorb longer path delays at higher elevations(P21) whereas other Legendre funtions orrespond to longer delays at low elevations (P31).
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Johannes B�ohm and Harald Shuh: Spherial Harmonis Tropospheri Gradients2.3. Legendre funtions m = 2These funtions orrespond to two azimuthal maxima of the tropospheri path delays. Addi-tionally, they are able to aount for partiular de�ienes of the mapping funtions.�L(�; �) = mf(�) � Lz +mf(�) � ot(�) � Pn2(z) � [an2os(2�) + bn1sin(2�)℄ (9)3. Test of the new approahSo far, only the repeatabilities of VLBI station heights, derived from all NEOS-A experimentsin 1999 and 2000, were determined to test the new models. A modi�ed version of the OCCAM5.0 software pakage (Ref. [4℄, Titov, O., Tesmer V. and Boehm J., 2001) was applied for theVLBI analyses. As far as the standard tropospheri modeling was onerned, the Niell mappingfuntions (Ref. [3℄, Niell, A.E., 1996) were used, and pieewise linear funtions were estimated forthe wet zenith path delays (2 hours time intervals, 15 mm/sqrt(hour) onstraints).In addition to the Spherial Harmonis themselves, the following properties of gradients and Spher-ial Harmonis were varied to hek their impat on station height repeatabilities:� time interval: 12 and 6 hours� elevation uto� angles: 7Æ and 5Æ� onstraints: 0.1, 0.3, 0.5, and 0.7 mmAs far as the Spherial Harmonis were onerned, 13 di�erent ombinations were tested (table1). Legendre funtions of the order m = 2 were disarded in advane, beause preliminary testsshowed that they did not yield better results in terms of VLBI station height repeatabilites.Table 1. Repeatabilities of station heights in [m℄ from NEOS-A (1999-2000) for di�erent solutions(1) (2) (3) (4) (5)station no gradients best gradient solution best SH solution improvement(no. of sessions) no SH (uto�/time/onstr.) (uto�/time/onstr.) from (3) to (4) in %Fortaleza 2.006 1.892 1.890 0.1(97) (7/06/0.3) SH[00+11℄ � (7/06/0.3)Kokee Park 1.546 1.362 1.303 4.5(102) (7/06/0.7) SH[00+31℄ � (7/06/0.5)Wettzell 1.236 1.190 1.155 3.0(101) (5/12/0.5) SH[00+11℄ � (5/12/0.3)Gilreek 0.997 0.827 0.795 4.0(50) (7/06/0.5) SH[00+31℄ � (7/06/0.7)Algopark 1.421 1.294 1.212 6.8(41) (7/06/0.1) SH[00+10℄ � (7/06/0.7)Ny-Alesund 1.749 1.408 1.399 0.6(49) (7/12/0.1) SH[31℄ � (7/12/0.1)At �rst, station height repeatabilities were determined for all stations that were taking part inat least 40 NEOS-A sessions in 1999 and 2000. Neither gradients nor Spherial Harmonis wereapplied. These values are shown in the seond olumn of table 1.The third olumn shows the best repeatabilities that ould be ahieved by applying gradients andvarying the parameters desribed above. For most stations the best results were obtained usinga 7Æ uto� elevation angle and a 12 hours time interval for the pieewise linear funtions for thewet zenith path delay. The station height repeatabilities improved on the average by about 2 mmwhen applying gradients.146 15th European VLBI Meeting Proeedings



Johannes B�ohm and Harald Shuh: Spherial Harmonis Tropospheri GradientsThe fourth olumn shows the best repeatabilities for the solutions with Spherial Harmonis. Sim-ilarly to the gradient approah, the best result were ahieved with a 7Æ uto� elevation angle anda 12 hours time interval. Out of the 13 ombinations of Spherial Harmonis, the estimation ofoeÆients for the Spherial Harmonis [P00 plus P11℄ or [P00 plus P31℄ yielded the best repeata-bilities. These solutions orrespond to estimating a supplement to the global mapping funtionand an azimuthal asymmetry with one maximum. Only for the station Algopark, the best resultswere ahieved by using the zonal Legendre funtions [P00 plus P10℄. There, the repeatability wasimproved by almost 1 mm. In the �fth olumn the improvement from the best gradient solutionto the best SH solution is given in %. It an be seen that for the stations treated in the tests theSH solutions yielded slightly better results in terms of height repeatability.Additional investigations showed that there were no signi�ant shifts of the mean of the stationheights when applying the Spherial Harmoni models.Table 2 shows the di�erenes of the repeatabilities derived by the Spherial Harmoni modelsfrom the standard model (horizontal gradients, seond olumn in table 1). The �rst olumnspei�es the ombination of Spherial Harmonis and the last olumn simply shows the meanvalue of eah row. If this value is positive, the respetive SH ombination generally yielded betterresults than the gradient approah (as far as station height repeatability is onerned). [P00 +P11℄, [P00 + P21℄ and [P00 + P31℄ are those ombinations that yielded better repeatabilities. Asmentioned before, additional tests showed that the appliation of Spherial Harmoni models asmapping funtions did not ause shifts of the mean station heights.Table 2. Di�erenes of station height repeatabilities the SH solutions and the best gradient solution in[mm℄; positive values orrespond to improved resultsFortaleza Kokee Wettzell Gilreek Algopark Ny- meanPark Alesund per rowSH 00 -0,88 -0,77 0,12 -0,45 0,74 -0,14 -0,23SH 10 -1,10 -1,75 -0,34 -1,69 0,41 -0,11 -0,76SH 11 -0,13 0,00 -0,07 0,03 -0,03 -0,03 -0,04SH 20 -0,81 -0,77 0,05 -0,61 0,46 -0,14 -0,30SH 21 -0,51 -0,85 -0,29 -0,25 0,08 -0,10 -0,32SH 30 -1,13 -1,60 -0,34 -1,69 0,42 -0,07 -0,74SH 31 -0,66 0,21 -0,08 0,04 0,04 0,09 -0,06SH 00 11 0,02 0,51 0,35 0,32 0,23 -0,09 0,22SH 00 21 -0,23 -0,08 0,23 0,26 0,37 -0,14 0,07SH 00 31 -0,42 0,59 0,00 0,32 0,09 0,05 0,10SH 00 10 -0,85 -0,75 0,13 -0,42 0,82 -0,14 -0,20SH 00 10 20 -0,90 -0,73 0,14 -0,55 0,69 -0,16 -0,25SH 00 10 20 30 -0,86 -0,73 0,14 -0,53 0,73 -0,15 -0,244. Conlusion and outlookIn the tests done so far, there was only a very small improvement of the station height re-peatabilities when using Spherial Harmonis to model the tropospheri path delays. Anyway,onsidering these �rst results, it seems reasonable to apply station-dependent ombinations ofSpherial Harmonis to aount for site-spei� variations of the path delays.Future work should deal with the determination of oeÆients of the Spherial Harmonis fromnumerial weather models in order to obtain a model that is based on real tropospheri proper-ties. Otherwise the Spherial Harmonis are likely to absorb other e�ets that are not related totropospheri path delays.15th European VLBI Meeting Proeedings 147



Johannes B�ohm and Harald Shuh: Spherial Harmonis Tropospheri GradientsReferenes[1℄ Davis, J.L., Elgered, G., Niell, A.E. and Kuehn, C.E., Ground-based measurements of gradients in the"wet" radio refrativity of air, Radio Siene, 28 (6), pp. 1003-1018, 1993.[2℄ Heiskanen, W.A. and Moritz H., Physial Geodesy, W.H. Freeman and Company San Franiso, 1967.[3℄ Niell, A.E., Global Mapping Funtions for the Atmospheri Delay at Radio Wavelengths, J. Geophys.Res., 101 (B2), pp. 3227-3246, 1996.[4℄ Titov, O., Tesmer V. and Boehm J., OCCAM Version 5.0 software. User Guide, AUSLIG TehnialReports 7, AUSLIG, Canberra, 2001.
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Mar��a J. Rioja et al.: External tropospheri alibration for VLBI observations, Proeedings of the 15th WorkingMeeting on European VLBI for Geodesy and Astrometry, p.149{153http://www.iee.fr.es/hosted/15wmevga/proeedings/riojaExternal tropospheri alibration for VLBI observationsMar��a J. Rioja 1, Paolo Tomasi 21) Observatorio Astron�omio Naional2) Istituto di RadioastronomiaContat author: Mar��a J. Rioja, e-mail: rioja�oan.esAbstratWe are investigating the potential of new routes of analysis, in partiular ombining produts fromdi�erent geodeti tehniques, to improve the auray of VLBI geodeti estimates. We present om-parative results from the standard route of analysis of VLBI data and a novel route whih implementsexternal GPS tropospheri estimates, with the CALC/SOLVE software pakage. We have performedrepeatability tests on the estimates of both routes of analysis with very interesting results. A satis-fatory interpretation of the observed improvement of the performane of the network with the novelroute in terms of preision or auray is at present a main onern.1. IntrodutionThe geodeti VLBI observations with a network of antennas at the Earth are a�eted by thepropagation medium, mainly the ionosphere and the troposphere. The ionospheri ontributionis exatly alibrated with simultaneous observations at 8.4 and 2.3 GHz. However, given thelose funtional dependene of the tropospheri and geometri ontributions in the mathematialformulation of the group delay, unknown variations in the distribution of the water vapor ontentin the troposphere (usually alled \wet omponent") orrupt the least squares adjustment of thevertial omponent of the site position. Nowadays, unertainties in the tropospheri modelling areone of the main error soures in the geodeti measurements with VLBI.The observational strategy implemented in VLBI observations to sample the atmosphere on-sists of a rapid swithing of the antennas to over the whole sky, inluding radio soures at lowelevation angles. Instead, a GPS antenna ollets the radio signals from simultaneous observationsof a number of satellites at di�erent diretions, a favourable on�guration to estimate unknownspatial and temporal irregularities of the wet omponent in the troposphere. For sites with bothGPS and VLBI tehniques, one ould use the GPS tropospheri estimates in the analysis of VLBIobservations. Previous attempts to ombine produts of this two di�erent geodeti tehniques havebeen arried out by other authors too with no onlusive results (Ref. [1℄).2. Analysis of the data and resultsA detailed desription of the data analysis path and tools used for omparison of results fromdi�erent analysis strategies an be found elsewhere (Ref. [1℄; Ref. [2℄). Briey, our working databaseonsists of:� The six 24-hours long Europe ampaigns of VLBI observations in 1998, separated by about2 months.� Simultaneous GPS tropospheri estimates from the analysis of IGS data from Berna Uni-versity (Markus Rothaher, priv. omm.), for stations with VLBI and GPS tehniques,whenever available.Table 1 lists the partiipating antennas, indiating the availability of GPS tropospheri esti-mates, for eah epoh of VLBI observations.15th European VLBI Meeting Proeedings 149



Mar��a J. Rioja et al.: Combined geodeti tehniquesName/Date Ny{�Alesund Onsala Wettzell Tigo Mediina Crimea Madrid Matera NotoEUROP41 NO YES YES YES NO NO NO YES YES(Feb'98)EUROP42 YES YES NO NO YES YES(Apr'98)EUROP43 YES YES YES YES NO YES YES(Jun'98)EUROP44 YES YES YES YES NO NO YES(Aug'98)EUROP45 YES YES YES NO NO NO YES NO(Ot'98)EUROP46 YES YES YES NO NO NO YES YES(De'98)Table 1: Desription of our working database: Epoh of observations, partiipating antennas andavailability of GPS tropospheri estimates for eah of the six Europe ampaigns of VLBI observa-tions in 1998. At eah epoh, the entries YES or NO refer to the availability of GPS tropospheridata for the station. A blank entry in the table indiates that this station did not partiipate inthe VLBI observations at that epoh.The VLBI observations were proessed with the least squares estimation program SOLVE,and using two di�erent approahes to alibrate the wet zenith path delay ontribution to theobservables: 1) in the so alled standard route (SR) the wet zenith path delays at all sites wereestimated from the data themselves, using ontinuous pieewise linear funtions in segments of 60minutes; 2) in the novel route, hybrid route (HR) from now on, we fed external GPS tropospheriestimates from simultaneous observations, wherever available, into the VLBI analysis without anyfurther adjustment.We have omputed the baseline length repeatabilities from the analysis of the 6 epohs ofobservations in 1998 and used them to quantify the errors in the baseline length estimates, forboth the standard route and the hybrid route. Figure 1 displays the baseline length wrms (i.e.baseline length repeatabilities) as a funtion of baseline length, along with the best �t of a straightline. The omparison of the slopes of the best linear �ts in Figure 1, orresponding to the standardand the hybrid routes (0:58ppb and 0:34ppb, respetively) indiates an improvement in the overallperformane of the VLBI solution using the hybrid route.Figure 2 displays the di�erene between the baseline length repeatability values in Figure 1,omputed for the hybrid and standard routes, as a funtion of baseline length. This o�ers anequivalent tool to ompare the results from the two routes of analysis. In eah plot the solid line isthe best linear �t, whose slope is proportional to the relative impat of elevation dependent errorsin both routes of analysis. The upper plot in Figure 2 displays only the values for baselines withGPS tropospheri entries in both ends; instead, the lower plot inludes all the baselines.The agreement between the tropospheri estimates from VLBI and GPS is good, however thereis a mean bias of the order of some millimeters whih is always present. This bias is site/epohdependent, i.e. varies from one station to another and from epoh to epoh. Suh a di�erenepropagates into hanges in the estimated values for the station oordinates in the HR and SRanalysis; the U,N, and E omponents of the individual station oordinates are a�eted in dereasingorder. This is likely to be related to the dominant distribution of the network along the North-South diretion.Figure 3 displays di�erenes between geometri estimates (�U , �E, �N) in the HR and SRanalysis versus mean bias between GPS and VLBI tropospheri estimates (�z), for 4 stations andat multiple epohs. The stations seleted for this representation are: Ny{�Alesund, Onsala, Materaand Noto, with symbols \a", \x", \b" and \t", respetively, in the plots in Figure 3.150 15th European VLBI Meeting Proeedings



Mar��a J. Rioja et al.: Combined geodeti tehniques

Figure 1. Baseline Length repeatabilities vs. baseline length, orresponding to estimates from standard(Upper plot) and hybrid (Lower plot) routes of analysis (see text). In eah plot, the solid line is the bestlinear �t; the slope is proportional to the magnitude of elevation dependent errors present in the analysis.
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Figure 2. Di�erened Baseline Length repeatabilities vs. baseline length, orresponding to estimates fromhybrid minus standard routes of analysis (see text), for baselines with GPS entries on both ends (Upperplot) and for all baselines (Lower plot). The solid line is the best linear �t; the slope is proportional to therelative magnitude of elevation dependent errors present in the analysis.15th European VLBI Meeting Proeedings 151



Mar��a J. Rioja et al.: Combined geodeti tehniques
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Figure 3. Representation of di�erenes between estimates of U, N and E omponents of 4 stations in theHR and SR analysis versus the mean bias between GPS and VLBI tropospheri estimates for eah station,at multiple epohs. The stations are Ny Alesund (\a"), Onsala (\x"), Matera (\b") and Noto (\t"). Thesolid lines in the plots orrespond to best linear �ts; the best orrelation orresponds to the plot with thesum of hanges in the N and U omponents, versus mean bias of GPS and VLBI tropospheri estimates.For the 4 stations, the di�erenes are largest for the U omponents, and follow a lose lineardependene with the mean bias between GPS and VLBI tropospheri estimates at eah epoh andat eah station. The di�erenes between the N omponents are smaller, only notieable for faraway stations. There is no signi�ant di�erene between the estimates for E omponents for anyof the 4 stations in the HR and SR analysis. The solid lines in the plots in Figure 3 orrespond tobest linear �ts; in all 4 stations, the best orrelation orresponds to the representation of the sumof hanges in the N and U omponents (�U +�N) versus the mean bias between GPS and VLBItropospheri estimates, at eah epoh.3. ConlusionsThe working report presented in this ontribution orresponds to the analysis of 6 epohsof VLBI observations spanned over 1-year with the CALC/SOLVE software pakage. We haveperformed parallel idential analysis, exept for the implementation of the tropospheri alibration.The so-alled standard route (SR) uses an auto-alibration algorithm and derives the tropospheriontribution to the VLBI observables from the data themselves; instead, the hybrid route (HR)feeds external simultaneous GPS tropospheri estimates in the VLBI analysis, whenever available,without further adjustment. The number of partiipating stations at eah of the six epohs in ourworking database is in the range from 6 to 9, and in all ases at least half of them had external GPS152 15th European VLBI Meeting Proeedings



Mar��a J. Rioja et al.: Combined geodeti tehniquestropospheri alibration in the HR analysis. We have alulated the baseline length repeatabilityvalues from the individual analysis of eah epoh of observations, for both routes of analysis. Arepresentation of the baseline length repeatabilities versus the baseline length has been used fora omparative study of the presene of elevation dependent errors in the HR and SR analysis.Aording to that, the results from our analysis are very enouraging for the potential of thisnew route of analysis, and support a better performane of the VLBI network in the HR. Aninterpretation of the results is still in progress: the issue of whether the observed improvement inthe baseline length repeatabilities in the HR orresponds to a real improvement of the auray ofthe geometri estimates with VLBI is an open question.Referenes[1℄ Carlsson, T.R., Elgered, G. & Johansson, J.M. 1995 Pro. 10th Working Meeting on European VLBIfor Geodesy and Astrometry, p. 148[2℄ Rioja, M.J., Tomasi, P., Sarti, P. & P�erez-Torres, M.A. 2000 Pro. 14th Working Meeting on EuropeanVLBI for Geodesy and Astrometry, p. 23

15th European VLBI Meeting Proeedings 153



Alexander A. Stotskii and Irina M. Stotskaya: Struture Analysis of Wet Path Delays in IRIS-S Experiments,Proeedings of the 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.154{158http://www.iee.fr.es/hosted/15wmevga/proeedings/stotskiiStruture Analysis of Wet Path Delays in IRIS-S ExperimentsAlexander A. Stotskii, Irina M. StotskayaInstitute of Applied Astronomy, Russian Aademy of SienesContat author: Alexander A. Stotskii, e-mail: stotskii�ipa.rssi.ruAbstratThe stohasti properties of wet path delay values obtained at one in proessing the data of VLBIobservations in IRIS-S experiments were analyzed.On the base of the Bonn VLBI group solutions for these observations the temporal struture fun-tions of wet path delay were onstruted. They appeared lose to power funtions with the slopessubstantially di�erent from the slopes of the struture funtions following from diret measurementsof path delays with WVR, radiosonds and interferometers and from the theory ("power law of 2/3").The most probable ause of noted di�erene is using in proessing the algorithm (LSQ with linearspline of the troposphere delays) that orresponds the stohasti model not adequate the real tropo-sphere utuations. Therefore the found values of the path delay for every station in eah partiulartime moment to a high degree represent the property of this model but not real values of the pathdelay.For improving the auray of alulation the troposphere orretions it should be used not formalapproximations and mathematis models but the adequate model of utuations orresponding thephysial properties of the atmosphere.1. IntrodutionPath delay utuations in the Earth atmosphere, partiularly troposphere wet delay utua-tions, are the prinipal natural soure of errors that limits the auray of VLBI measurements.There are three ways to determine the wet troposphere delay.The �rst way is alulation based on the ground level meteorologial data during the observa-tions. For the wet delays this method is not enough aurate.The seond way is to measure wet delay using any independent from VLBI speial methodsuh as the Water Vapor Radiometry (WVR) or another one and to use the obtained data fororretion the data of VLBI observations.The third one is to obtain troposphere delay values at one in proessing the data of VLBIobservations and to get the solution with aounting of troposphere orretion.The last method seems very onvenient and is usually used, as it does not require any additionalequipment and measurements. The problem is that the value of troposphere delay is the randomproess. So for get the solution it is neessary to use the additional information or a stohastimodel of troposphere path delay utuations.In this paper we ompare the statistial harateristis of wet troposphere path delay obtainedat one in proessing IRIS-S VLBI experiment and the harateristis of wet delays obtained inindependent measurements and from the theory.2. DatabaseWe analyzed the wet path delays obtained by the Bonn VLBI group in solutions of IRIS-S experiments performed in 1999-2000 years (IRIS-S 135-146) [1℄. There are twelve 24-hourlysessions arried out at di�erent months. So the data was distributed equally in daytime andseasons.154 15th European VLBI Meeting Proeedings



Alexander A. Stotskii and Irina M. Stotskaya: Struture Analysis of Wet Path DelaysTable 1. Stations partiipated in IRIS-S 135-146 experimentsStation Loation SessionsFortleza South Ameria 135-146Gilreek Alaska 135-146HartRAO South Afria 135-146Westford North Ameria 135-146Wettzell Europe 135-146Hobart Australia 144O'Higgins Antarti 144Table 2. Parameters of struture funtions in IRIS-S solutions and the Turbulent ModelPower low StrutureStation slope oeÆient� C (m.hr��=2)Fortleza 0.95 0.91Gilreek 1.05 0.60HartRAO 1.06 0.78Westford 1.4 1.17Wettzell 1.1 0.74Average for all stations 1.2 0.86Turbulent Model 0.67 1.23The observations were made at 5 stations loated in di�erent limate zones. In the IRIS-S 144session two more stations were added (Table 1).Thus the database represents the path delays for di�erent weather and limate onditions.As a result of solutions the Bonn VLBI group gave values of zenith wet path delays for theeah station with 1-hour interval. The set of these values is the soure data for our analysis.3. Struture FuntionsAs a statistial harateristi of path delays we used the temporal struture funtion.D(�) =< [l(t+ �)� l(t)℄2 >where l is the path delay, t is the time, � is the time interval and <> denotes the expetany value.Based on path delay data the struture funtions for every session for all stations were on-struted (Fig. 1). One an see that there is no any regular dependene on season or stationloation.The struture funtions for �ve stations averaging on all sessions during a year are shown inFig. 2. These struture funtions lose to power funtionsD(�) = C2��Parameters of these funtions, slopes � and struture oeÆients C (de�ned from the smallinterval region of the funtions where statisti is more reah), are presented in Table 2.The average struture funtion for all stations was also alulated. It has a power law slope of1.2. This value as well as the slope values for separate stations is substantially more than slopevalues obtained in diret measurements of troposphere path delay. The numerous observations15th European VLBI Meeting Proeedings 155



Alexander A. Stotskii and Irina M. Stotskaya: Struture Analysis of Wet Path Delayswith WVR, radiosondes and interferometers [2-6 and others℄ give the values of power law slopefor this time interval lose to 2/3 that follows from the theory of turbulene [7-9℄. The averagestruture funtion of the IRIS-S solutions and the Turbulent Model of path delay [8℄ togetherwith the examples of struture funtions onstruted on the data of WVR [3℄ and radiosondes [5℄observations are shown in Fig. 3.
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Figure 1. Zenith wet path delay struture funtions from IRIS-S experiments156 15th European VLBI Meeting Proeedings



Alexander A. Stotskii and Irina M. Stotskaya: Struture Analysis of Wet Path Delays
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Alexander A. Stotskii and Irina M. Stotskaya: Struture Analysis of Wet Path Delaysthe used proessing algorithm.The IRIS-S proessing based on a least square analysis with modeling the atmosphere pathdelays by a linear spline with some onstrains. In this algorithm the troposphere properties arerepresented by the stohasti model not adequate the real stohasti struture of troposphere pathdelay utuations. Therefore the found values of the path delay for every station in eah partiulartime moment to a high degree present the property of this model but not real values of path delays.The results of arried out omparison show that when proessing the VLBI experiments itis neessary to use not formal mathematis methods for exlude the troposphere errors but themethods based on more adequate stohasti model that represents the real physial properties ofthe troposphere. This an allow to ahive improving the auray of de�ning the orretions forthe troposphere.Referenes[1℄ Geodeti VLBI experiment IRIS-S: http//giub.geod.uni-bonn.de/vlbi/experiments/experiments html.[2℄ Hogg D.C., F.O.Guiraud, and W.B.Sweezy. The Short-Term Temporal Spetrum of Preipitable WaterVapor. Siene, 213, 1112-113, 1981.[3℄ G.Elgered et al. Data of WVR measurements in OSO, Onsala, April 1994.[4℄ Stotskii A.A., K.G. Elgered, and I.M. Stotskaya. Strutere Analysis of Path Delay Variations in theNeutral Atmosphere. Astr. and Astroph. Trans., 17, 59-68, 1998.[5℄ Stotskii A.A. and I.M. Stotskaya. Searh of Correlation between Wet and Dry Components of PathDelay in the Troposphere. Commun. Inst. of Appl. Astron., 56, St.Petersburg, 1993.[6℄ Srame R.A. Atmospheri Phase Stabiliity at the VLA. In: J.E.Baldwin and Wang Shougan (Eds.):Pro. of URSI/IAU Symp. on Radio Astronomial Seeing, Beijing 15-19 May, 21-30, 1989.[7℄ Stotskii A.A. On Flutuation Charateristis of the Earth Troposphere. Izvestia VUZ (Radio�zika),16, 5, 806-809, 1973.[8℄ Stotskii A.A. Path Length Flutuations through the Earth Troposphere: Turbulent Model and Dataof Observations. In: J.C. De Munk and T.H.Th. Spoelstra (Eds.): Pro. of the Symp. on Refration ofTransatmospheri Signals in Geodesy. The Hague, The Netherlands, 19-22 May, 179-182, 1992.[9℄ Treuhaft R.N., and G.E. Lannyi. The E�et of the Dynami Wet Troposphere in Radio InterferometriMeasurements. Radio Siene, 22, 2, 251-265, 1987.
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Lua Vittuari et al.: 2001 GPS and Classial Survey at Mediina Observatory: Loal Tie and VLBI Antenna'sReferene Point Determination, Proeedings of the 15th Working Meeting on European VLBI for Geodesy andAstrometry, p.161{167http://www.iee.fr.es/hosted/15wmevga/proeedings/vittuari2001 GPS and Classial Survey at Mediina Observatory: LoalTie and VLBI Antenna's Referene Point DeterminationLua Vittuari 1, Pierguido Sarti 2, Paolo Tomasi 31) University of Bologna DISTART - Topogra�a e Geodesia2) Consiglio Nazionale delle Rierhe, Istituto di Tenologia Informatia Spaziale3) Consiglio Nazionale delle Rierhe, Istituto di RadioastronomiaContat author: Pierguido Sarti, e-mail: pierguido.sarti�itis.mt.nr.itAbstratDuring a 6 days ampaign in June 2001, we have performed a loal survey at Mediina Observatoryusing lassial geodesy and GPS tehniques in order to determine the e�ets of an undergone trakrepair. We have determined the position of the referene point P within a loal and ITRF2000 (epoh1997.0) referene frames using trilateration and triangulation:Plas2001lo = (21:580 � 0:001; 45:536 � 0:001; 17:699 � 0:001)Plas1997:0ITRF2000 = (4461369:982 � 0:001; 919596:818 � 0:001; 4449559:207 � 0:001)Kinemati GPS has also given interesting results:PGPS 2001lo = (21:575 � 0:005; 45:536 � 0:003; 17:713 � 0:012)PGPS 1997:0ITRF2000 = (4461369:988 � 0:005; 919596:819 � 0:003; 4449559:220 � 0:013)In order to roto-translate the estimated oordinates from the loal frame to ITRF2000, thus having thepossibility to ompare results of both measurement approahes, we have omputed a 4+1 parametrestransformation (see setion 5) using a triangol surveyed with both methods. Comparing results givenabove with the values obtained making use of the position and veloities given by IERS for Mediinain ITRF2000 the agreement is striking espeially for the lassial tehnique.A omplete tie between the 3-D fored entered loal ground ontrol network (materialised in May 2000)and the widely used older network (whih is now experiening some problems due to the disgregationof the onrete where bolts are situated) has also been realised. This will allow inter-omparison ofresults obtained by the di�erent ampaigns that have been arried out in the last deade. Finally,the position of the ASI-GPS permanent station has been estimated within the loal ground ontrolnetwork. Thus, using lassial methodology, a preise determination of the VLBI-GPS ex-entre vetorhas been possible.1. IntrodutionMonitoring the stability of the VLBI antenna referene point within a loal ground ontrolnetwork is, nowadays, an important task that must be regularly sheduled. Major intervention(e.g.: trak substitution, onrete repair) fore observatories to organise ad ho ampaigns fordeteting movements that might be originated by these maintainane operations. In July 2000the trak of the VLBI antenna has been removed in order to rebuild the onrete underneath itsslots. The position of the VLBI referene point has been monitored before (Ref. [4℄) and afterthe intervention using two di�erent approahes: the �rst and more preise is based on a lassialgeodesy survey while the seond on Kinemati GPS.2. GPS survey2.1. KGPS measurementsOn 20 June 2001, a KGPS survey has been performed using a total of six GPS antennae andreeivers: three Trimble 4000SSE on pillars P1, P3 and G7 (see �gure 1) of the ground ontrol15th European VLBI Meeting Proeedings 161
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Figure 1. GPS ground ontrol network and roving antennae.network, two roving Trimble 4000SSI on the VLBI antenna and the ASI-GPS permanent station(MEDI).Reeiver on pillar P1 has experiened a major hardware failure that has aused a omplete lossof data, thus reduing to three the ontrol points of the ground network. Roving GPS antennaehave been plaed on the VLBI dish using a L-shaped devie (see �gure 2) that keeps the GPSantenna horizontal and the phase entre �xed with respet to the struture of the dish itself whileVLBI antenna moves. On the base of the experiene done in May 2000 (Ref. [4℄), when a �rstKGPS survey of the antenna has been performed, we have optimised the surveying methodologywriting a shedule that has ontrolled VLBI antenna movements during KGPS aquisition.Starting from 5 deg elevation and 275 deg azimuth in w setor, the antenna has movedin azimuth desribing irles of 530 deg at eight �xed elevations in steps of 15 deg. In a similarmanner, eah GPS antenna has moved in elevation desribing ars of irle of 110 deg at 17 di�erentazimuth positions of the VLBI antenna. Data have been aquired every seond for more then threehours.2.2. GPS data analysisPositions of ground ontrol pillars have been determined using a stati approah and proessingwith GeoGenius 2000 a three hours dataset of observations with 1 seond sampling rate. Table 1shows positions and formal errors obtained for pillars G7, P3 and MED using L1 frequeny andpreise IGS ephemerides. KGPS survey resulted in a huge amount of data that have been analyzedusing di�erent software and di�erent methodologies. Eah �xed antenna on the ground pillars oulddetermine roving antennae's positions thus produing a large set of results that have been post-proessed with the approah desribed in setion 4. In partiular, we have used GeoGenius 2000and Geotraer V.2.29 software pakages using L1 and L1&L2, preise and broadast ephemeridesand �xing ambiguites OTF in order to validate the results by ross-heking positions obtainedfrom di�erent referene antennae and with di�erent proessing approahes. For a few azimuthirles, oordinates transformed (using parameters shown in table 3) into the loal referene frame162 15th European VLBI Meeting Proeedings
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Figure 2. Devie used for roving GPS antennae mounting on VLBI antenna dish.have shown evidently wrong values of the height omponent. This is most probably related with afailure of the OTF proedure in �xing the ambiguites and thus resulting in preise but not aurateestimates of the roving antenna positions. Those irles showing remarkable height di�erenes fromthe expeted value have therefore been eliminated and their positions have not been used for the3-D least squares approah estimate of the VLBI referene point (see setion 4).Point ID X (m) Y (m) Z (m)G7 4461402:1354 � 0:0005 919568:8217 � 0:0002 4449507:6618 � 0:0005MED 4461400:8110 919593:5120 4449504:7200P3 4461356:9649 � 0:0005 919545:7506 � 0:0002 4449560:2637 � 0:0005Table 1. Positions of the pillars of the ground ontrol network. Results expressed in ITRF2000, epoh 20June 2001. MEDI (ASI-GPS) has been �xed to the values obtained applying the ITRF2000 veloities tothe orresponding oordinates at referene epoh.Roving antennae positions have also been seleted using a more stringent riteria, often usedin aerial photogrammetry. The mean reiproal distane of the two di�erent roving antenna (see�gure 3) has been used as �lter for rejeting those ouples of positions (alulated from di�erentreferene pillars at the same epoh) that determined distanes showing absolute di�erenes fromthe mean value higher then 5 m.This has onsiderably dereased the number of points available for the post-proessing, thusreating a smaller dataset that has also been analysed but has given less satisfatory results.Results presented in setion 4 are based on the omplete set of positions determined with KGPSexept for those that have been wrongly estimated beause of OTF failures.15th European VLBI Meeting Proeedings 163
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Distance and slope check between the coordinates of the rover antennae at the

same GPS epoch, obtained by different reference stations

REF 1

REF 2Figure 3. Outlier rejetion proedure on roving antenna positions.3. Classial survey3.1. Terrestrial measurementsClassial geodesy data have been aquired during a 4 days ampaign using two Leia totalstations (a TC2003 and a TDA5005) and high preision tribrahs for standing on the new 3-D fored entre markers of the ground pillars. The old markers on the pillars have also beensurveyed. A omplete tie between the old, widely used ground network (Ref. [1℄, [2℄, [3℄) and thenew 3-D ground ontrol network has been realized within the same adjustment proedure.Eight points on the VLBI antenna have been materialized using retro-reeting prisms and thenetwork has been extended in the north and east diretions using daily positioned tripods. VLBIantenna has been moved in 6 di�erent azimuth positions at �xed elevation and 7 stepwise rotationsof 15 deg at a �xed azimuth position. For eah position all visible prisms on the antenna have beenmeasured from the ground network (see �gure 4). MEDI (GPS-ASI antenna point) is not shownin �gure 4 beause it has been surveyed and estimated separately within a smaller network.More then 2000 ollimations have been performed for ompleting the 3 strata planned formeasuring the network.3.2. Terrestrial data analysisWe have used triangulation and trilateration ending up with 838 indipendent observations ofangles and distanes that have been used in STAR*NET Starplus software In. least squaresadjustment programme for solving the network. Height origin has been �xed in G7, a foredentering GPS benhmark plaed on the laser pad, the planimetri origin in P3 and a �xed bearingfrom pillar P3 to P1. Adjustment has produed station oordinates error ellipses with axes equalor less then 1 mm on the 95% on�dene level.4. Post-ProessingPost-proessing proedure is based on two f77 programmes that use a 3-D analitial geometryleast squares approah for determining the best �t surfaes that, interseting, uniquely de�nethe referene point. This approah developes and re�nes the post-proessing proedure that hasalready been suessfully used in similar surveys (Ref. [5℄).164 15th European VLBI Meeting Proeedings
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Figure 4. Classial ontrol network and ollimations lines.VLBI referene point has been determined independently with KGPS and with terrestrial geodesy.For both survey proedures, VLBI antenna movements in azimuth (at �xed elevations) determineprisms or GPS antenna positions that ideally belong to a irle entered on the azimuth axis. Ina similar manner, irles' enters desribed by movements in elevation at �xed azimuth positions,belong to the elevation axis. Developing this basi onept it is possible to determine the referenepoint on a purely analitial omputation. The huge population de�ned by KGPS observationsbalanes the lower auray and the greater satter that is assoiated with the positions used inthe least squares proedure. Nevertheless, as we expeted, referene point estimate is less preisethen using lassial methodology. The latter determines a referene point that is statistiallyonsistent with the one obtained with KGPS but its preision is muh higher.5. ResultsClassial survey methodology has been used for surveying the markers that identify the oldand the new permanent ground ontrol network. In table 2 the estimated oordinates expressedin the loal referene frame are listed for the new and the old markers.A omparison between the di�erent sets of positions obtained with the two survey tehniqueshas been possible performing transformation from the loal to the ITRF2000 referene frames (andbakwards). Table 3 ontains the Gaussian-Loal transformation parameters estimated using theground triangle MEDI-P3-G7 (the �rst transformation ITRF2000-Gauss is straightforward onethe referene ellipsoid is given).VLBI referene oordinates obtained using KGPS and transforming the ITRF2000 oordinates(epoh 20 June 2001) into the loal frame are:PGPS 2001lo = (21:575 � 0:005; 45:536 � 0:003; 17:713 � 0:012) (1)15th European VLBI Meeting Proeedings 165



Lua Vittuari et al.: 2001 GPS and Classial Survey at MediinaPoint ID X (m) Y (m) Z (m)P1 42:6586 � 0:0002 0:0000 2:0772 � 0:0003P2 26:2885 � 0:0008 11:6391 � 0:0009 2:076 � 0:001P3 0:0000 0:0000 2:0195 � 0:0003V1 42:800 � 0:001 �0:033 � 0:001 2:103 � 0:001V2 26:2989 � 0:0003 11:5167 � 0:0002 2:1132 � 0:0005V3 0:0682 � 0:0006 �0:1008 � 0:0005 2:0267 � 0:0007Table 2. Positions of the pillars of the ground ontrol network. Results expressed in the loal refereneframe. Pillars V represent the markers of the old network.Sale 0:999834107 � 0:000045620Rotation (82:321244 � 0:002614) degTras. N (�1362865:1578 � 227:3679) mTras. E (4793167:4943 � 227:3679) mShift in H (�49:4638 � 0:0005) mTable 3. Transformation parameters estimated using the ground triangol MEDI-G7-P3 between the loaland the Gaussian oordinate systems.while those obtained using triangulation and trilateration are:Plas2001lo = (21:580 � 0:001; 45:536 � 0:001; 17:699 � 0:001) (2)The same oordinates expressed in ITRF2000 but on epoh 1997.0 are:PGPS 1997:0ITRF2000 = (4461369:988 � 0:005; 919596:819 � 0:003; 4449559:220 � 0:013) (3)Plas1997:0ITRF2000 = (4461369:982 � 0:001; 919596:818 � 0:001; 4449559:207 � 0:001) (4)Comparing (1) and (2) with those obtained using triangulation and trilateration in May 2000(Ref. [4℄) before the intervention on the onrete:Plas2000lo = (21:581 � 0:001; 45:534 � 0:001; 17:699 � 0:001) (5)di�erenes are statistially not signi�ant on the 1� level.A striking agreement exists when onsidering Mediina VLBI ITRF2000 (1997.0) oordinates givenby IERS (e.g.: http://lareg.ensg.ign.fr/ITRF/ITRF2000/results/ITRF2000 VLBI.SSC):PVLBI 1997:0ITRF2000 = (4461369:985 � 0:002; 919596:819 � 0:001; 4449559:208 � 0:002) (6)and omparing these oordinates with (4).6. ConlusionsA omparison between the referene point oordinates estimated in May 2000 and in June 2001does not point out any signi�ant motion within the loal ground ontrol network.It is worth remark that oordinates (4) represent ITRF2000 VLBI referene point (epoh 1997.0)that have been estimated using trilateration and triangulation only (i.e. terrestrial tehnique). Indetail, oordinates (4) have been obtained applying the parameters of table 3 to the oordinates(2) and bringing bakwards their values using the VLBI veloities estimated by IERS. On the other166 15th European VLBI Meeting Proeedings



Lua Vittuari et al.: 2001 GPS and Classial Survey at Mediinahand, the oordinates (6) are obtained using uniquely spae geodesy tehniques (i.e. a ompletelydi�erent survey methodology). The agreement that an be observed omparing oordinates (4)and (6) is striking and points out the reliabilty of the Mediina veloities omputed by IERS. Italso on�rms the high auray and preision obtainable in surveying small networks using lassi-al geodesy, for whih, data analysis proedures are well standardized.At last, KGPS estimates of roving antennae positions are far too optimisti. Their preisions donot reet the unertainties related to the estimation proess, espeially onerning the biasesintrodued by OTF proedure's failure. The post-proessing least squares approah, as we ex-peted, takes great advantage from the large number of positions that onstitute the populationsused for omputing the VLBI referene point. Nevertheless, we onsider the �nal auray of theoordinates estimated with KGPS quite good but not satisfatory for this appliations. Furtheroptimization of the analitial least squares approah (introduing a best �t to a thorus) and useof high quality sienti� KGPS analysis software (e.g.: GIPSY-OASIS II) might inrease the �nalauray of the VLBI referene point estimate.A �nal remark regards the stati GPS network survey: it is stritly neessary to allow the ompu-tation of the transformation parameters from loal to ITRF systems.Referenes[1℄ Ceni, A., Viomanni, G., Biano, G., \Determination of the invariant point and of the axes o�set forthe VLBI antenna at Mediina", Telespazio, Roma, 1988[2℄ Del Rosso, D., and Ambrio, F., \Survey of the Mediina site - September 1995", Nuova Telespazio,Roma, 1995[3℄ Nothnagel, A. and Binnenbruk, B., \Determination of the 1996 displaement of the Mediina radiotelesope by loal surveys", in Pro. of the XIV Working Meeting on European VLBI for Geodesy andAstrometry, 61{66, Castel S. Pietro Terme (BO), Italy, 2000[4℄ Sarti, P., Vittuari, L., Tomasi, P., \GPS and Classial Survey of the VLBI Antenna in Mediina:Invariant Point Determination", in Pro. of the XIV Working Meeting on European VLBI for Geodesyand Astrometry, 67{72, Castel S. Pietro Terme (BO), Italy, 2000[5℄ Tomasi, P., Sarti, P., Rioja, M.J., \The determination of the invariant point of the VLBI antenna inNy Aalesund", in Memoirs of National Institute of Polar Researh, Speial Issue, No. 54, 319{330,Tokyo, Japan, 2001
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Axel Nothnagel et al.: Results of the 2000 Ny-�Alesund Loal Survey, Proeedings of the 15th Working Meeting onEuropean VLBI for Geodesy and Astrometry, p.168{176http://www.iee.fr.es/hosted/15wmevga/proeedings/nothnagel2Results of the 2000 Ny-�Alesund Loal SurveyAxel Nothnagel 1, Christoph Steinforth 1, Bernd Binnenbruk 1, Lars Bokmann 2,Leif Grimstveit 21) Geodeti Institute of the University of Bonn2) Norwegian Mapping AuthorityContat author: Axel Nothnagel, e-mail: nothnagel�uni-bonn.deAbstratIn August 2000 a loal survey ampaign was arried out for the determination of the tie betweenthe VLBI and the GPS referene points at the Ny-�Alesund Geodeti Observatory. By determiningthe oordinates of the IGS GPS antennas NYAL and NYA1 relative to a loal ontrol network andmeasuring the VLBI referene point in the frame of the same network the tie between the referenepoints was omputed. The results of the geoentri vetors between the GPS and the VLBI referenepoints as determined in this survey ampaign very losely mathes the vetors omputed from ITRF2000oordinate di�erenes whih are based on spae geodeti measurements alone.1. IntrodutionIn geodeti VLBI all parameters estimated in the data adjustments are referred to the so-alledVLBI referene point. In the ase of an azimuth-elevation mount the referene point is either thepoint where both axis interset or, if they do not interset as in the ase of the Ny-�Alesund telesope(Fig. 1), it is the point of the azimuth axis where the distane to the elevation axis is minimal (e.g.Ma 1978; Nothnagel et al. 1995). This point should be invariant to any antenna movementsneessary for the observations.

Figure 1. Ny-�Alesund 20 m VLBI Telesope.The long term stability of radio telesope referene points is one of the great advantages whihgeodeti VLBI has upon other spae geodeti tehniques. Unlike GPS antennas, the phase enterof a VLBI antenna always has a well determined geometri position relative to the referene orinvariant point. Unfortunately, the long term stability of the VLBI referene point generally does168 15th European VLBI Meeting Proeedings



Axel Nothnagel et al.: Ny-�Alesund Loal Surveynot last inde�nitely and various reasons may ause a loal displaement of the invariant point ona deadal time sale.For example man-made hanges in the 3-dimensional position of the referene point or loalmovements of the underground may ause disontinuities in the time series measured with geodetiVLBI. Therefore, these displaements have to be determined within a loal ontrol network in orderto permit a orretion of the VLBI time series.Another reason for loal ontrol networks and related surveys is the neessity for diret linksbetween sensors of di�erent spae geodeti tehniques olloated at observing sites. At Ny-�Alesundtwo permanent GPS units (NYAL and NYA1) whih are part of the IGS (International GPSServie) network are loated near the VLBI telesope. Both tehniques ontribute importantinformation to the International Terrestrial Referene Frame (ITRF). Therefore, the exentriityvetors in a geoentri X,Y,Z system (e.g. the International Terrestrial Referene System ITRS)are important parameters for global investigations.
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Figure 2. Layout of Ny-�Alesund ontrol network.In order to establish a high auray �rst epoh de�nition of the VLBI referene point relativeto a number of survey pillars (Fig. 2) and to determine the vetors between the VLBI and theGPS referene points, a loal survey has been arried out in August 2000. The survey ampaignonsisted of three di�erent parts:1. GPS survey of seleted points2. onventional survey of GPS antennas relative to ground points3. onventional survey of VLBI referene point relative to ground points2. Survey Setups2.1. Survey of GPS AntennasThe survey network at the Ny-�Alesund geodeti observatory onsists of eight onrete surveyingpillars with Wild 5/8" srews and brass height referene bolts ereted along the ridge on whihthe telesope is situated (Fig. 3).A 5-day GPS ampaign was arried out oupying two of the pillars of the ontrol network(points #92 and #97) with Ashteh Z-Surveyor GPS reeivers. Together with the data of thetwo permanently reording GPS systems of the IGS stations NYAL and NYA1 (TurboRogue andTrimble 4000SSE), all employing hoke-ring antennas, a four-station GPS network was realized.15th European VLBI Meeting Proeedings 169
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Figure 3. Surveying pillar at Ny-�Alesund.The analysis of the GPS data arried out in the preise point positioning mode (Zumberge etal. 1997) produed geoentri X,Y,Z oordinates for the 4 points in the ITRF97 referene frame.In a onventional survey with a Wild T2 theodolite, a Kern Mekometer ME5000 and a ZeissDiNi12 levelling instrument diretions, distanes and heights were determined for omputing theoordinates of the remaining pillars in a geoentri X,Y,Z system (ITRF97). In the least squaresadjustment of the observations, the oordinates determined in the GPS ampaign were introduedas observations. Table 1. Geoentri Coordinates of Pillars and GPS AntennasPoint X Sigma Y Sigma Z Sigma# [m℄ [m℄ [m℄ [m℄ [m℄ [m℄91 1202487.289 0.002 252723.785 �0.002 6237751.305 �0.00292 1202340.673 0.002 252387.081 �0.002 6237790.209 �0.00293 1202420.581 0.002 252636.129 �0.002 6237768.862 �0.00294 1202455.474 0.002 252722.383 �0.002 6237758.028 �0.00295 1202448.114 0.002 252734.284 �0.002 6237758.040 �0.00296 1202454.517 0.002 252752.691 �0.002 6237755.763 �0.00297 1202503.039 0.002 252890.632 �0.002 6237738.901 �0.00298 1202474.916 0.002 252746.733 �0.002 6237752.830 �0.002NYAL 1202430.594 0.002 252626.676 �0.002 6237767.539 �0.002NYA1 1202433.912 0.002 252632.261 �0.002 6237772.530 �0.0022.2. Survey of VLBI Referene PointDue to the fat that VLBI referene point annot be materialized diretly a more ompliatedsurvey setup had to be hosen in order to determine its oordinates in the frame of the surroundingpillars. For an alt-azimuth antenna the VLBI referene point is the intersetion of azimuth andelevation axis. When rotating in azimuth eah end point of the elevation axis ideally desribes airle about the VLBI referene point. The average height of the two end points represents theheight of the VLBI referene point. In order to determine the referene point at Ny-�Alesund, theend points of the elevation axis were materialized by small pop rivets whih were plaed in theentri bores of the elevation bearings (Fig. 4). Determining the 3D positions of these markers at170 15th European VLBI Meeting Proeedings



Axel Nothnagel et al.: Ny-�Alesund Loal Surveydi�erent positions subsequently permits the omputation of the VLBI referene point as the enterof the irles.
<

Figure 4. Target at end point of elevation axis.In order to provide suÆient redundany it was planned to rotate the antenna in azimuth angleinrements of about 20Æ measuring eah position by forward intersets, For full visibility overageof the targets at the antenna end points three auxiliary temporary survey points on tripods, #1001,#1002 and #1003, were established augmenting the existing survey monuments (Fig. 2).The whole network of existing pillars and auxiliary tripods was then observed with Wild T2theodolites in all possible ombinations using fored entering. Only very few of the lines were notobserved sine the ontrol building or the base of the telesope bloked the view. The sale andthe heights of the network were taken over from the measurements reported in 2.1.The analysis of the observations was arried out with the least squares adjustment programPANDA (GeoTe 1998). The UTM oordinates of point #96 and one omponent of point #93were �xed in the least squares adjustment resulting in topoentri oordinates for all points used(Tab. 2). Table 2. Topoentri Coordinates of pillarsPoint East Sigma North Sigma Up Sigma# [m℄ [m℄ [m℄ [m℄ [m℄ [m℄91 432911.0120 | 8763837.3288 �0.0002 77.0250 �0.000593 432843.6420 | 8763926.2180 | 78.2580 �0.000595 432931.2995 �0.0001 8763873.0857 �0.0002 76.6890 �0.000596 432947.4168 �0.0001 8763861.8989 �0.0002 76.3830 �0.000598 432936.3844 �0.0002 8763843.5153 �0.0002 77.1030 �0.00051001 432901.8911 �0.0002 8763870.6188 �0.0002 78.0078 �0.00061002 432942.8141 �0.0001 8763883.8476 �0.0003 72.1718 �0.00061003 432959.7062 �0.0002 8763837.0868 �0.0003 76.6655 �0.0006For the determination of the VLBI referene point relative to the ontrol network the methodof hoie was a onventional three dimensional triangulation of the end points of the elevationaxis in di�erent azimuth positions of the telesope. There are two advantages of this method asompared to a trilateration:� In order to have deent visibility of the targets the network around the antenna has to bevery small and distane measurement unertainties would produe adverse error propagation.� By rotating the telesope by 360Æ about its azimuth axis the least squares adjustment of theobservations produes a solution with almost no orrelations between the target parameters15th European VLBI Meeting Proeedings 171



Axel Nothnagel et al.: Ny-�Alesund Loal Surveywhih, in this ase, are the radii and the enter points of the irles desribed by the endpoints of the axis.� The height of the antenna referene point is de�ned by multiple trigonometri height deter-minations of the elevation axis providing an ideal and simple way of redundany.On the ground, pillars #91 together with the temporary points #1001, #1002 and #1003were then oupied pairwise with two Wild T2 theodolites for trigonometri intersetion andtrigonometri levelling. For the determination of the end points of the elevation axis at di�erentazimuth positions of the telesope, the antenna was driven in azimuth into positions where thepairs of instruments ould aim at the markers. Often the markers were obstruted by metal beamsand the telesope had to be moved in inremental steps until the markers beame visible. In allpositions, horizontal diretions and zenith distanes were observed with both theodolites togetherwith referene diretions relative to one or two points in the network depending on the distanefrom the urrent instrument position. All measurements were arried out in double-sighting inorder to eliminate ollimation errors and errors of the transverse axes of the theodolites. Over aperiod of two days 18 azimuth positions of the telesope were observed for eah marker at the endsof the elevation axis.In the analysis the trigonometri intersets provided horizontal oordinates in the frame of theloal oordinate system. The auray of the points were omputed with the error propagationlaw resulting in errors in the horizontal oordinate omponents of the axis end points of < 1 mmRMS (Fig. 5). The height was transferred to the tripods by trigonometri levelling with � 1 mm(RMS) auray.
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Figure 5. Error ellipses of targets in di�erent positions.Under the assumption that the telesope rotates around a entral azimuth axis, the end pointsof the elevation axis should desribe irles around this axis. The radii of these irles need notneessarily be idential sine they depend on the loation where the target markers were mounted.Taking the oordinates of the end points at di�erent azimuth positions as inputs, two least squaresadjustments an be performed solving for the oordinates of the enters and the radii of theirles. Table 3 lists the oordinates and radii of the targets at the left (TL) and at the rightend of the elevation axis (TR). The weighted averages of the two materializations are taken as172 15th European VLBI Meeting Proeedings



Axel Nothnagel et al.: Ny-�Alesund Loal Surveythe �nal oordinates of the VLBI referene point in the loal system. In addition, for eah ofthe horizontal positions the trigonometri levelling yielded height values. Averages of these wereformed to determine the average heights of the target marks. The heights of target TL and targetTR may di�er slightly due to inauraies of the onstrution of the telesope but are still at thesub-millimeter level.The good quality of the measurements is on�rmed by the behaviour of the residuals (Fig. 6and 7).
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degreesFigure 7. Residuals of radiiTable 3. Parameters of the irles �tted to the series of positions with their formal errors and the �naloordinates in the loal systemTarget East Sigma North Sigma Radius Sigma Height Sigma[m℄ [m℄ [m℄ [m℄ [m℄ [m℄ [m℄ [m℄TL 432927.7704 �0.0002 8763860.7527 �0.0002 2.4915 �0.0001 87.2936 �0.0006TR 432927.7704 �0.0003 8763860.7525 �0.0003 2.5277 �0.0002 87.2930 �0.0006W. Avg. 432927.7704 �0.0002 8763860.7526 �0.0002 87.2933 �0.0004Looking at the standard deviations of the individual points at di�erent azimuth angles it anbe stated that the measurements were arried out with extreme preision. In addition, the leastsquares �ts of the irles on the one hand and of the average of the individual height determinationson the other hand also provide external quality heks. Owing to the minimal satter and the 18individual positions ontributing to the �nal results the errors of the resulting parameters (enteroordinates in 3D and radii) beome even smaller. Sine the oordinates of eah antenna positionare often determined from di�erent pairs of ground positions the resulting formal errors are also agood indiator of the absolute auray of the network.One of the environmental fators whih has to be onsidered in addition to the purely geomet-rial irumstanes is thermal expansion. The metal struture up to the elevation axis is 10.87 mhigh. During the measurements the ambient temperature varied only between 2.5Æ C in the morn-ing to 3.5Æ C in the afternoon. Assuming a time lag of 2 hours whih are needed for the ambienttemperature to migrate into the metal and atually ausing the expansion (Nothnagel et al.1995) the average temperature for the time of the measurements was 3.0Æ C. With an expansionoeÆient for steel of 1:2 � 10�5 a one degree C inrease auses a height inrease of 0.12 mm. Atthe referene temperature of 0Æ C the height of the telesope had to be orreted by -0.39 mmresulting in a �nal height of 87.2929 m.15th European VLBI Meeting Proeedings 173



Axel Nothnagel et al.: Ny-�Alesund Loal SurveyTable 4. Topoentri Coordinates of VLBI referene point at epoh 2000.08.30East [m℄ Sigma [m℄ North [m℄ Sigma [m℄ Height [m℄ Sigma [m℄432927.7704 �0.0002 8763860.7526 �0.0002 87.2929 �0.00043. VLBI Antenna Axis O�setThe oordinates of the end points of the elevation axis when the teleope is turned in di�erentdiretions o�ered the opportunity for a omputation of the VLBI antenna axis o�set. This o�setis the distane between the azimuth and the elevation axis and is a major alibrating value ingeodeti VLBI data analysis. Provided that both ends of the elevation axis are determined whenthe antenna points at an idential azimuth, the VLBI referene point and the target marks establisha triangle where the distane of the VLBI referene point from the vetor onneting the targetmarks, i.e. the elevation axis represents the axis o�set (Fig. 8).
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Figure 8. Axis geometry, o = axis o�set, d = length of elevation axis.With the oordinates of the three points known, the axis o�set an be omputed fromo = sb2 � �d2 � a2 + b22d �2 (1)Using this formula, di�erent distanes of the two target marks from the azimuth axis are not ofany onern as long as the targets are mounted in the elongation of the elevation axis.The measurements produed eleven pairs of oordinates of the target marks produing redun-dant elements and permitting a proper error estimate. The resulting axis o�set and its formalerror are 0.5245 � 0.0003 mwhih is about 16 mm larger than the value of 0.5080 m given by the manufaturer. One ofthe reasons for suh a big disrepany may be the fat that the VLBI referene point annot bematerialized and that the manufaturer determined this value just by trying to measure it withthe help of a CAD program.4. Exentriities between Spae Geodeti Referene PointsVetors between di�erent observing tehniques to be used as exentriities in the omputationsof the ITRF are normally given in geoentri X,Y,Z oordinate di�erenes. Having the oordinatesof the survey pillars in both systems, i.e. in X,Y,Z and in topoentri oordinates, it is now possibleto transform one system into another by a simple 7-parameter transformation. This yields the174 15th European VLBI Meeting Proeedings



Axel Nothnagel et al.: Ny-�Alesund Loal SurveyVLBI referene point in X,Y,Z oordinates (Tab. 5) and, as an independent hek, the GPS pointsin topoentri oordinates.Table 5. Geoentri Coordinates of VLBI referene point from transformationX [m℄ Sigma [m℄ Y [m℄ Sigma [m℄ Z [m℄ Sigma [m℄1202462.7053 �0.0003 252734.4285 �0.0003 6237766.0468 �0.0004The di�erenes between the geoentri oordinates of the VLBI and the GPS referene pointsyield the exentriities needed in the omputation of the ITRF realizations (Tab. 6). In parenthesisare the oordinate di�erenes listed whih result from a di�erening of the ITRF2000 oordinates(Altamimi 2001). The latter are purely determined within the ITRF omputations sine exen-triies have not been determined loally so far.Table 6. Geoentri Coordinate Di�erenes relative to NYA1 determined in this measurement ampaignand, in parenthesis, from di�erening ITRF2000 oordinates.to � X Sigma � Y Sigma � Z Sigma Distane Sigmapoint [m℄ [m℄ [m℄ [m℄ [m℄ [m℄ [m℄ [m℄NYAL -3.319 �0.0020 -5.590 �0.0020 -4.990 �0.0020 8.195 �0.0030(-3.317) (�0.0014) (-5.583) (�0.0014) (-4.980) (�0.0050) (8.184) (�0.0050)VLBI 28.794 �0.0020 102.162 �0.0020 -6.470 �0.0020 106.339 �0.0030(28.794) (�0.0014) (102.166) (�0.0014) (-6.475) (�0.0050) (106.343) (�0.0050)5. ConlusionsThe loal surveys arried out at Ny-�Alesund in summer 2000 have produed a �rst epoh tiefor the GPS and the VLBI referene points relative to a loal ontrol network of onrete pillars.Future measurements of this type will help to monitor the stability of the spae geodeti sensorsand to separate loal sensor movements from tetoni e�ets.The loal determination of geoentri oordinate di�erenes between spae geodeti sensors wasarried out in a two step method using a loal GPS ampaign for the determination of geoentriX,Y,Z oordinates of some points of the ontrol network. By this method a diret transformationof the loal topoentri oordinates into geoentri ones an be performed without the use ofadditional measurements like astronomial azimuth determinations and plumb line deetion whihmay introdue additional unertainties. For this reason the proedure reported on here may serveas a good example for loal surveys to be arried out at other spae geodeti observatories.AknowledgementsThe researh arried out at Ny-�Alesund Geodeti Observatory was funded by the European Com-munity (EC) - Aess to Researh Infrastruture - Improving Human Potential Programme and theLarge Sale Faility Programme (LSF) under grant NMA-22/2000. We are partiularly thankfulto Helge Digre and Tom Pettersen of the Norwegian Mapping Authority and to the sta� of KingsBay AS who supported us in every aspet reating the basis for the suess of this projet.ReferenesAltamimi Z. (2001) ITRF2000, Available eletronially via http://lareg.ensg.ign.fr/ITRF/ITRF2000Geote (1998) Panda f�ur Windows, Version 2.12, Systemhandbuh, GeoTe GmbH, Laatzen15th European VLBI Meeting Proeedings 175
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R�udiger Haas and Mihael Kirhner: Loal survey ativities at the Onsala Spae Observatory 1999{2001, Proeedingsof the 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.177{184http://www.iee.fr.es/hosted/15wmevga/proeedings/haas2Loal survey ativities at the Onsala Spae Observatory1999{2001R�udiger Haas 1, Mihael Kirhner 1; 21) Onsala Spae Observatory (OSO), Chalmers University of Tehnology2) now bak at: Dresden University of Tehnology (DUT)Contat author: R�udiger Haas, e-mail: haas�oso.halmers.seAbstratWe desribe the loal survey ativities at the Onsala Spae Observatory during 1999{2001. In thesummer of 1999 we installed one GPS antenna behind the sub-reetor of the 20 m VLBI telesope anda seond one lose to the vertex of the paraboloid. They are denoted APEX and VTEX, respetively.Sine then we perform ampaign type tie-measurements between the referene monuments for the In-ternational VLBI Servie for Geodesy and Astrometry (IVS) and the International GPS Servie (IGS),using these two GPS antennas on the VLBI telesope. So far, the repeatabilities of the determinedtopoentri up, east and north omponents are 2.3, 0.8 and 1.0 millimetres for APEX, and 2.8, 0.4 and1.9 millimetres for VTEX. In spring 2001 we performed a ombined loal and regional GPS ampaignat the observatory and the surrounding region. The ampaign lasted for 38 days and inluded in total12 stations. Repeatabilities of 1{2 millimetres for the horizontal omponents and 2{3 millimetres forthe vertial omponent were ahieved. Helmert transformation of the 2001 results for the markers atthe observatory with respet to results from earlier lassial geodeti survey and GPS measurementsgave residuals on the level of 2{7 millimetres.1. IntrodutionThe Onsala Spae Observatory was founded mid of last entury primarily as radio-astronomialobservatory. Geodeti appliations and geodeti researh were not of �rst priority. Nevertheless,Onsala partiipated already 1968 in the �rst Mark-I geodeti VLBI experiment [9℄. In those daysthe 25 m radio telesope at the observatory was used for VLBI. The 20 m telesope was build inthe mid seventies and the �rst geodeti Mark-III VLBI experiment at Onsala was observed in 1979.Geodeti researh beame an aspet of inreasing importane at the Onsala Spae Observatory[8℄, [2℄. Today the 20 m radio telesope at Onsala is a network station for the InternationalVLBI Servie for Geodesy and Astrometry (IVS) and ontributes regularly to geodeti researhby partiipating in European and International VLBI sessions [4℄.A loal geodeti survey has been performed in the seventies to onnet the two radio-telesopesand the Swedish triangulation point on the observatory site. Later, also the referene marker forDoppler measurements was onneted using a lassial geodeti survey. A loal geodeti ontrolnetwork of referene points and observing pillars has not been onstruted, though. A partiulardiÆulty with the 20 m radio-telesope is, that the telesope is enlosed by a radome. Thus, diretobservations of its geodeti referene point are impossible from any outside ontrol network.Equipment for the Global Positioning System was installed late in 1987 at the observatory at adistane of approximately 80 m from the 20 m radio-telesope. Onsala started then to partiipatein the CIGNET network and soon the GPS station at Onsala beame an important ontributorto national and international GPS networks. Today Onsala is an important observing site forthe International GPS Servie (IGS). A ouple of geodeti markers have been established in thebedrok around the GPS monument and lassial geodeti survey has been performed betweenthe GPS monument and the VLBI telesope in the beginning of the nineties [3℄. Also loal andregional GPS ampaigns have been observed in the beginning of the nineties [3℄ and in 1992 therewas a short-baseline VLBI experiment with the mobile VLBI station MV-2 [7℄.15th European VLBI Meeting Proeedings 177



R�udiger Haas and Mihael Kirhner: Loal survey at OSO 1999{2001With the inreasing importane of geodeti researh at the observatory and the availabilityof olloated spae geodeti tehniques, loal geodeti survey beomes more and more important.For both spae geodeti tehniques, VLBI and GPS, it is of interest to monitor the position of thereferene monuments and their referene points with respet to loal, regional and global referenesystems. The IVS and IGS referene points are the intersetion of the azimuth and elevationaxis of the VLBI telesope and the phase entre of the hoke-ring GPS antenna, respetively. Inorder to use results from both tehniques for the establishment and maintenane of internationaloordinate systems, as for example the International Terrestrial Referene Frame (ITRF), a preiseand aurate knowledge of the loal tie between the referene points is of great importane.Figure 1 gives an overview on all referene points and geodeti markers at the observatory.

Figure 1. Map of the Onsala Spae Observatory and the available geodeti markers: Point 131 and point 301are the IVS and IGS referene point, respetively. Point 501 is the referene marker for mobile VLBI, point1001 the referene point for Doppler observations, and point 761331 is the Swedish triangulation marker.All other markers are ontrol markers in bedrok for lassial survey and GPS measurements.2. Monitoring of the loal VLBI-GPS tieIn the summer of 1999 we installed a hoke-ring GPS antenna permanently on top of the VLBItelesope behind the sub-reetor lose to its Apex position. An additional GPS antenna lose tothe Vertex position of the main reetor has been mounted sporadially. The idea is to monitorthe loal tie between the IVS and IGS referene monuments on regular intervals. During breaks inthe usual astronomial or geodeti observing shedule, the radio telesope is oriented to its zenithposition and GPS observations are performed. The installation of the two antennas APEX andVTEX and the neessary equipment, and �rst results of the analysis of the observations have been178 15th European VLBI Meeting Proeedings



R�udiger Haas and Mihael Kirhner: Loal survey at OSO 1999{2001desribed for example in [1℄.During the tie-measurement ampaigns GPS data are reorded every 30 seonds with the GPSreeivers onneted to the APEX and VTEX antennas. The data are analysed together with GPSdata of the IGS station OSO301 in a small network using the Bernese GPS analysis software pakageVersion 4.2 [5℄. The daily positions for APEX and VTEX relative to OSO301 are determined from24 h of observational data. Figure 2 shows the residuals of the individual daily solutions withrespet to a ombined solution for APEX and VTEX.
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R�udiger Haas and Mihael Kirhner: Loal survey at OSO 1999{2001mm, 0.4 mm and 1.9 mm for VTEX, respetively, see Table 1. If one does not separate APEX intothe three individual sites APEX 1999{2000, APEX 2001a and APEX 2001b, the repeatabilitieshange to 2.4 mm, 0.5 mm and 7.0 mm for the up, east, and north omponent. This indiateslearly, that only the north omponent has a problem, whih, as desribed above, ould be relatedto inonsistent elevation of the telesope for the di�erent observation ampaigns.3. The spring 2001 footprint measurementsIn spring 2001 we performed a loal and regional GPS ampaign at the observatory and thesurrounding region in west-Sweden. The seven geodeti markers OSO302, OSO304, OSO761331,OSO401, OSO501, OSO601 and OSO1001 at the observatory itself (see Fig.1) and additionallythree sites outside the observatory area have been oupied with hoke-ring GPS antennas andequipped with GPS reeivers of Turbo Rogue or Ashteh Z12 type. Additionally, for the dataanalysis we inluded data observed with the IGS permanent station OSO301 at Onsala and thethree losest SWEPOS sites H�assleholm, Bor�as and V�anersborg. Figure 3 gives an overview of allsites involved in the ampaign.Sine we did not have the neessary number of antenna/reeivers ombinations to oupyall sites simultaneously, we had to move some GPS equipment from the inner network at theobservatory itself to the outer network after some time. The equipment at OSO304 was moved toBua vattentorn and the equipment at OSO302 was moved to Tjol�oholm Slott after approximatelytwo weeks. Unfortunately, the site Tjol�oholm Slott does not have any power supply and the batterydriven GPS reeiver reorded only data for less than 48 hours. Failing power supply at the siteOSO761331 redued the amount of usable data for this marker to 10 days only. The equipment wasthen moved to Landvetter Flygplats, but here the reeiver failed ompletely after only 12 hours,so this site later has been exluded from the data analysis.The data were analysed using the Bernese GPS software pakage Version 4.2 [5℄, determiningoordinates of all partiipating sites with respet to OSO301, the IGS site at Onsala. Figure 4 showsdaily residuals for the three dimensional station positions with respet to the ombined solution.The repeatabilities for the sites are given in Table 2. For nearly all stations the repeatabilities areon the level of 1{2 millimetres for the horizontal omponents and 2{3 millimetres for the vertialomponent. The exeptions are the two sites Bua Vattentorn and Tjol�oholm slott. Bua Vattentornis a�eted by disturbanes due to lose by transmitters for mobile telephone, and Tjol�oholm slottreorded data for less than 48 hours, thus explaining the low performane.Table 2. Repeatabilites in millimetres during the spring 2001 footprint ampaign.Station Up East North Station Up East NorthBor�as 2.4 0.8 0.7 OSO302 2.2 0.4 0.9V�anersborg 2.9 0.6 1.5 OSO304 3.5 0.9 1.3H�assleholm 3.0 1.2 2.3 OSO401 2.4 0.4 0.7Bua vattentorn 10.4 1.1 1.3 OSO501 2.7 0.3 0.8Tjol�oholm slott 5.5 0.1 0.6 OSO601 2.2 0.3 0.5OSO761331 2.8 0.4 1.6 OSO1001 2.3 0.4 0.6Coordinates in ITRF90 for markers at the observatory, based on EUREF GPS observations andloal geodeti survey, have been presented in [3℄. Thus, oordinates for those sites are available fortwo epohs. We performed a seven parameter Helmert transformation regarding both oordinatesets as random variables [6℄ and determined the transformation parameters. We deteted that thesite Bua vattentorn was not the same marker in the two measurements ampaigns. The earliermeasurements had been taken at a di�erent marker in approximately eight metre distane to the180 15th European VLBI Meeting Proeedings



R�udiger Haas and Mihael Kirhner: Loal survey at OSO 1999{2001
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Figure 3. The network of the spring 2001 footprint measurements.
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Figure 4. Time series of the residuals of daily solutions for the topoentri up (U), east (E) and north (N)station omponents in millimetres with respet to the ombined solution.
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R�udiger Haas and Mihael Kirhner: Loal survey at OSO 1999{2001marker we used for the spring 2001 ampaign. Figure 5 shows the residuals for the oordinate setsof the six remaining idential points after estimation of the transformation parameters.
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Figure 5. Residuals for markers at the observatory between two the epohs after estimation of the parametersof a 7 parameter Helmert transformation.The two markers OSO761331 and OSO1001 show large residuals for the horizontal omponents.These markers are holes in the bedrok and thus the exat positioning of the GPS antennas atthese markers is extremely diÆult. Furthermore, point OSO761331 was only observed for 10 days.The residuals on the level of several millimetres in the horizontal omponents an be explainedby these diÆulties. Also the marker OSO302 shows onsiderably large residuals. Here we do nothave a plausible explanation. We do not suspet a real hange in the position, but rather suspetalso here a problem in exat positioning of the GPS antenna. Repeated measurements have to beperformed to larify this disrepany. Regarding the ahieved repeatabilities during our ampaign,none of the markers an be regarded as being signi�antly displaed. The observatory site appearsto be stable on the level of auray of ampaign type GPS measurements.4. Disussion and outlookThe analysis of the GPS-VLBI tie-measurements using APEX and VTEX indiates the impor-tane of regular measurements under same onditions. The deteted shift in the north omponentof APEX between the 1999{2000 and 2001 ampaigns is most probable due to non-idential eleva-tion of the radio-telesope during the di�erent ampaigns, maybe due to the usage of di�erent orno pointing models. This problem has to be investigated and further measurement ampaigns onmore regular intervals have to be and will be performed. With optimised setup of the ampaigns,the measurements should allow the monitoring of the three-dimensional tie on a millimetre level.The spring 2001 footprint measurements show that the loal network at the observatory isstable on the auray of ampaign type GPS measurements. No obvious displaement of anymarker has been deteted from the omparison of measurements taken in the late eighties / earlynineties and spring 2001. Re-measurement of the loal and regional footprint at the observatoryusing GPS is planned to be performed on regular intervals of about two to three years.For spring 2002 we plan a lassial geodeti survey at the observatory fousing on the deter-mination of the IVS referene point in a loal and a global referene frame. The survey work willinlude the installation of a network of survey pillars on the foundation of the radome.Referenes[1℄ Bergstrand, S., Haas, R., and Johansson, J.M., \A new GPS-VLBI Tie at the Onsala Spae Observa-tory", In: N.R. Vandenberg and K.D. Baver (eds.): Pro. of the First IVS General Meeting, 128{132,NASA/CP-2000-209893, Goddard Spae Flight Center, Greenbelt, MD 20771 USA, 2000.[2℄ Elgered, G. and Haas, R., \VLBI in the Servie of Geodesy 1968{2000: An Onsala perspetive", In:15th European VLBI Meeting Proeedings 183



R�udiger Haas and Mihael Kirhner: Loal survey at OSO 1999{2001J.E. Conway, A.G. Polatidis, R.S. Booth, and Y. Pihlstr�om (eds.): Pro. of the 5'th European VLBINetwork Symposium, 209{216, Chalmers University of Tehnology, Onsala Spae Observatory, 2000.[3℄ Johansson, J.M., Elgered, G., and R�onn�ang, B.O., \The Spae Geodeti Laboratory at the OnsalaObservatory: Site Information", In: Johansson, J.M., A Study of Preise Position MeasurementsUsing Spae Geodeti Systems, Ph.D. Thesis, paper A, A1{A16, Chalmers University of Tehnology,Tehn. Rep., 229, 1992.[4℄ Haas R., Elgered G., and Shernek, H.-G., \Onsala Spae Observatory - IVS Network Station", In:N.R. Vandenberg (ed.): International VLBI Servie for Geodesy and Astrometry, 1999 Annual Report,90{93, NASA/TP-1999-209243, Goddard Spae Flight Center, Greenbelt, MD 20771 USA, 1999.[5℄ Hugentobler, U., Shaer, S., Fridez, P., (eds.), \Bernese GPS Software Version 4.2", 515 pp., Astro-nomial Institute University of Berne, 2001.[6℄ Koh, K.R., Fr�ohlih, H., and B�oker, G., \Transformation r�aumliher variabler Koordinaten", Allge-meine Vermessungs-Nahrihten, 107, 293{295, 2000.[7℄ Potash, R., \Aurate VLBI Geodeti Tie from Onsala VLBI Referene Point to Ground", Report,Interferometris/GSFC, Nov. 31, 1992.[8℄ Shernek, H.-G., Elgered, G., Johansson, J.M, and R�onn�ang, B.O., \Spae Geodeti Ativities atthe Onsala Spae Observatory: 25 years in Servie of Plate Tetonis", Phys. Chem. Earth, 23(7{9),811{823, 1998.[9℄ Whitney, A.,R., \Preision Geodesy and Astrometry via Very Long Baseline Interferometry", Ph.D.thesis, Dept. of Eletrial Engineering, MIT, Cambridge, MA, 1974.
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Chopo Ma: Extension of the ICRF, Proeedings of the 15th Working Meeting on European VLBI for Geodesy andAstrometry, p.187{193http://www.iee.fr.es/hosted/15wmevga/proeedings/maExtension of the ICRFChopo MaNASA Goddard Spae Flight Centere-mail: ma�virgo.gsf.nasa.gov AbstratThe ICRF is the urrent de�ning elestial referene frame and is a atalog of positions of extragala-ti objets measured with VLBI. It was derived in 1995 and ame into e�et on 1 January 1998. Sinethen two additional atalogs have been produed. ICRF-Ext.1 inludes additional data through April1999 with 59 new soures. The VLBA Calibrator Survey, arried out 1994-1997, has an additionalatalog of 1298 dual-frequeny and 34 X-band only positions. Beause of the atypial observing pro�le,the analysis of the VLBA survey was di�erent from ICRF and ICRF-Ext.1, and unique systematierrors may be present. Observing and analysis ativities to support the extension and re�nement ofthe ICRF are ontinuing.1. International Celestial Referene Frame (ICRF)The ICRF beame the de�ning elestial referene frame on 1 January 1998. It di�ers fromthe previous realization FK5 in several fundamental ways, most importantly in using extragalatiradio soures and by assigning the pole and right asension origin independently of the equator andelipti. To provide ontinuity, however, the pole and origin of the ICRF agree with FK5 withinthe errors of the latter. There are some small quirks arising from the method used to de�ne theorigin and orientation of the predeessor IERS atalog that are seen in the ICRF beause of themuh smaller errors ahieved by modern astrometri measurements. The mean pole modeled bythe urrent IAU 1980 nutation theory is not exatly aligned with the ICRF pole at the refereneepoh J2000.0 but is separated by a rotation of �5 mas about the ICRF x-axis and a rotationof �17 mas about the ICRF y-axis. The pole position modeled by the new IAU 2000 nutationtheory will inlude these o�sets to give orret pole values with respet to the ICRF. Similarlythe dynamial equinox of J2000.0 is eastward from the x-axis or origin of the ICRF by �80mas. Future fundamental elestial referene frames, whether radio or optial, will also rely onextragalati objets. The orientation of suessive frames will be maintained by a statistial no-net-rotation ondition of objets in ommon. The motion of the equator, elipti and equinoxare then measured quantities relative to a �xed, quasi-inertial frame urrently spei�ed by themeasured positions of 212 ICRF de�ning objets.The positions of the ICRF objets were derived from dual-frequeny VLBI observations andanalyzed with state-of-the-art models and estimation methods as of mid 1995. The temporaldistribution of data is shown in Fig. 1. It an be seen that substantially more observations weremade in the later time intervals. It should also be noted that the soures were observed verynonuniformly. As an be seen in Fig. 2, most soures were observed infrequently while �100have the bulk of the observations. This disparity arises from the fat that 95% of the data werefrom geodeti sessions, whih used the strongest ompat soures available. Figures 3-7 showthe soures in the time intervals in whih they were �rst observed. The fainter dots show theumulative soures up to the partiular period. The ICRF analysis determined the positionsof 608 extragalati soures using � 1:6 million observations from 2549 sessions, most of 24-hrduration. The auray of individual positions is estimated to be 0.25 mas and the orientation ofthe oordinate axes is good at the 0.020 mas level. Details of the analysis and results are given inMa et al. (1998) [1℄.15th European VLBI Meeting Proeedings 187
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Figure 1. Temporal distribution of observations.
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Chopo Ma: Extension of the ICRF
Initial CRF Sources (1979 to 1983)

46 sourcesFigure 3. Soures �rst observed in 1979-83.

CRF Source Additions from 1984 to 1986

19 new sourcesFigure 4. Soures �rst observed in 1984-86.
CRF Source Additions from 1987 to 1989

210 new sourcesFigure 5. Soures �rst observed in 1987-89.

CRF Source Additions from 1990 to 1992

180 new sourcesFigure 6. Soures �rst observed in 1990-92.
CRF Source Additions from 1993 to 1995.5

41 new sourcesFigure 7. Soures �rst observed in 1993-95.5.15th European VLBI Meeting Proeedings 189



Chopo Ma: Extension of the ICRF2. ICRF-Ext.1VLBI data ontinued to aumulate for both geodeti and astrometri purposes, and the �rstextension of the ICRF was assembled in 1999. This extension inluded data from August 1995through April 1999, �600k observations in 461 sessions, and added 59 new soures, shown in Figure8. The guiding priniple of analysis in extending the ICRF is to maintain onsisteny within theoriginally stated errors. Thus some limited improvements in analysis were applied but hangesthat would have introdued systemati di�erenes in the positions of non-de�ning soures wereset aside. The ICRF is de�ned formally by the positions of the 212 de�ning soures, so thesepositions and errors are not hanged in the atalog of ICRF-Ext.1. The analysis di�erenes areshown in Table 1. The solution inluded both the original ICRF observations as well as the latersessions. In passing, it should be mentioned that not all data in the 1995-1999 interval were used.Sessions that inluded the VLBA and other, mostly geodeti stations were withheld beause ofsome indiation of systemati di�erenes with non-VLBA data. These sessions were proessedat the VLBA orrelator and fringed with AIPS, while the vast majority of the ICRF data wereproessed at Mark III orrelators and fringed with FOURFIT. Considerable progress has beenmade in understanding the di�erenes, and these sessions most likely will be inluded in the nextICRF extension.
New Sources in ICRF Ext.-1

59 sourcesFigure 8. Soures added in ICRF-Ext.1.Table 1. Comparison of ICRF and ICRF-Ext.1.Di�erenes: ICRF ICRF-Ext.1troposphere interval 60 min 20 minhigh frequeny EOP 27 UT1, 36 PM 41 UT1, 57 PMaxis o�sets global by sessiontroposphere mapping funtion MTT NMF
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Chopo Ma: Extension of the ICRF3. VLBA Calibrator SurveyA group led by A. Beasley arried out a very di�erent astrometri program to provide betterpositions of radio soures for phase referening. In eah of ten dual-frequeny sessions between1994-1997 a partiular delination belt was sanned as shown in Table 2. Other soures wereobserved at intervals of �1 hr to provide lok and troposphere alibration. In total there were�150k good observations of the 1811 soures attempted. Most target soures were observed in oneor two sans. The astrometri analysis was done by the Goddard VLBI group.Table 2. VLBA Calibrator Surveysdelinationsession south northlimit limit1 $94AUG12XW 50 622 $95APR19XW 60 803 $95JUL15XW 0 134 $96MAR13XW 12 255 $96MAY15XW 24 356 $96JUN07XW 34 457 $96AUG10XW 43 528 $97MAY07XW -15 09 $97JUL02XW -27 -1410 $97AUG27XW -29 -17The observing geometry of the alibrator survey was quite di�erent from usual geodeti andastrometri sessions. Geodeti sessions attempt to observe uniformly the entire mutually visiblesky as well as the loal sky at eah station. In the alibrator sessions these onditions were not met,and it is possible that the systemati errors are rather di�erent. For this reason the astrometrianalysis of the alibrator survey was somewhat modi�ed from ICRF-Ext.1. The positions of soureswith small errors in ICRF-Ext.1 were held �xed. Soures not in ICRF-Ext.1 and soures with largeerrors in ICRF-Ext.1 were adjusted. The time interval for troposphere parameters was extendedto one hour. To provide the most omplete information for phase referening, a seond solutionusing only X-band data was made to estimate positions of 34 soures that had no suessful S-band observations. In addition there were three lose pairs whose data were not usable beausethe fringe proessing loked onto di�erent entroids at di�erent observing geometries. The newsoures (1298 dual-frequeny and 34 only X-band) are shown in Figure 9. The distribution of thesemi-major axes of the position error ellipses is given in Figure 10. Figure 11 shows the density ofthe new alibrator soures. The grey sale indiates the number of soures in a disk of 5 degreesradius.4. ICRF ativitiesOngoing ICRF ativities inlude both observation programs and analysis. The urrent weaknessof the ICRF in the Southern Hemisphere is being ameliorated by a mapping and astrometriprogram using Australian and Asia-Pai� stations. The mapping program observes with S2equipment at X-band while the astrometry program reords standard dual-frequeny using MarkIV. In the north 50 new soures have been suessfully observed using the EVN to �ll spei�gaps, and another 100 soures are planned. A small portion of ertain geodeti sessions is used toobserve ICRF soures so that eah ICRF soure, exept in the far south, is observed reurrently.15th European VLBI Meeting Proeedings 191



Chopo Ma: Extension of the ICRF
VLBA Calibrator Survey 

1332 sourcesFigure 9. Soures with new positions from the VLBA Calibrator Survey.
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Figure 10. Distribution of errors of new VLBA Calibrator Survey positions. The error is the semi-majoraxis of the position error ellipse.The urrent analysis e�orts are direted both to further extensions of the ICRF and alsoto hanges that will ause the next ICRF realization to be substantially better. These hangesinlude modeling, partiularly for the troposphere, editing and data weighting. The e�et of sourestruture on astrometri stability is being studied although its general appliation in the ICRFis unertain. An overall goal of VLBI analysis is to integrate the generation of TRF, CRF andEOP results in a single solution with minimal di�erenes with results from solutions optimizedseparately for eah type of output.192 15th European VLBI Meeting Proeedings



Chopo Ma: Extension of the ICRF

Figure 11. Density of soures in the VLBA Calibrator Survey. Grey sale shows the number of soureswithin a disk of 5 degrees radius.Referenes[1℄ Ma, C, Arias, E.F., Eubanks, T.M., Fey, A.L., Gontier, A.-M., Jaobs, C.S., Arhinal, B.A., andCharlot, P., \The International Celestial Referene Frame as Realized by Very Long Baseline Interfer-ometry", Astron. J., 116, 516-546, 1998.
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Patrik Charlot et al.: ITRF2000 Positions of Non-geodeti Telesopes in the European VLBI Network, Proeedingsof the 15th Working Meeting on European VLBI for Geodesy and Astrometry, p.194{200http://www.iee.fr.es/hosted/15wmevga/proeedings/harlotITRF2000 Positions of Non-geodeti Telesopes in the EuropeanVLBI NetworkPatrik Charlot 1, Robert Campbell 2, Walter Alef 3, Kazimierz Borkowski 4,John Conway 5, Anthony Foley 6, Simon Garrington 7, Alexander Kraus 3,Axel Nothnagel 8,Ojars Sovers 9,Corrado Trigilio 10,Tiziana Venturi 11,Huang Xinyong 121) Observatoire de Bordeaux { CNRS/UMR 58042) Joint Institute for VLBI in Europe3) Max-Plank-Institut f�ur Radioastronomie4) Niolaus Copernius University, Torun Centre for Astronomy5) Onsala Spae Observatory6) Netherlands Foundation for Researh in Astronomy7) MERLIN/VLBI National Faility, Jodrell Bank Observatory8) Geodeti Institute of the University of Bonn9) Remote Sensing Analysis Systems, In. { Jet Propulsion Laboratory10) Instituto di Radioastronomia, Stazione VLBI Noto11) Instituto di Radioastronomia, CNR12) Shanghai Observatory, Chinese Aademy of SienesContat author: Patrik Charlot, e-mail: harlot�observ.u-bordeaux.frAbstratThe European VLBI Network (EVN) has onduted a dediated non-standard geodeti VLBI exper-iment in November 2000 with the goal of improving the positions of three non-geodeti EVN telesopes(Jodrell Bank, Torun, Westerbork). The positions of these telesopes were previously known to a fewmeters only, whih is not suÆient for aurate proessing of VLBI experiments onduted in phase-referening mode. The observing frequeny was 5 GHz, the highest ommon frequeny available at alltelesopes. Observations and data analysis are disussed with speial emphasis on the e�ets of theionosphere, the dominating error soure in this single-frequeny experiment. Assessment of the qualityof the results indiates that the new estimated telesope positions are aurate to about 5 m.1. IntrodutionThe European VLBI Network (EVN) is an array of radio telesopes1 spread throughout Europeand Asia, whih onduts VLBI observations of radio soures, generally for astrophysial purposes.Some of these telesopes also partiipate regularly in dual-frequeny (S- and X-band) geodetiampaigns [1℄, and thus have highly-aurate geodeti positions. By ontrast, some other EVNtelesopes, not equipped with S/X radio reeivers, have poorly known positions beause they havenever partiipated in suh ampaigns. The major telesopes in the latter ategory are loated atJodrell Bank (United Kingdom), Torun (Poland) and Westerbork (Netherlands).Inauray in the terrestrial oordinates of the above antennas has been a major limitationfor EVN observations with the phase-referening tehnique. This tehnique, now ommonly usedfor imaging weak radio soures, alternates observations between a target soure and a nearbyalibrator, and requires aurate knowledge of the VLBI geometrial model to be suessful [2℄.To overome this situation, a dediated geodeti VLBI experiment was arried out by the EVN inNovember 2000, with the aim of improving those poorly known telesope positions. The followingsetions present the design of this non-standard geodeti experiment, the data analysis sheme,1see the list of telesopes at http://www.jive.nl/jive/evn/network/network.html194 15th European VLBI Meeting Proeedings



Patrik Charlot et al.: EVN Telesope Positionsand the results of these observations. The auray of the new estimated telesope positions isdisussed in Setion 5.2. Experiment design and observationsObservations were arried out during a 24-hour period starting at 9:30 UT on November 23,2000, with a network onsisting of four geodeti telesopes (E�elsberg, Mediina, Noto, Shanghai)and �ve non-geodeti telesopes loated at Cambridge, Jodrell Bank, Onsala, Torun, and West-erbork. An additional geodeti antenna (Urumqi) was sheduled but ould not observe beauseof tehnial problems. At Jodrell Bank, the Mk2 telesope was used, while at Onsala, the 25 mantenna (Onsala85) was employed. The option of observing with a single telesope (antenna 7)at Westerbork was preferred to using the phased-array beause the e�etive phase entre of thearray (and therefore the geodeti position) might vary when the array on�guration is hanged,for example if some antennas are swithed in or out of the array.Unlike standard dual-frequeny geodeti observations, this experiment was arried out at thesingle frequeny of 5 GHz, the highest frequeny available at all observing telesopes. A spe-i� bandwidth synthesis sheme reording 8 frequeny hannels, eah 8 MHz-wide, spread over108 MHz was designed for this experiment. This bandwidth was hosen based on the ommonfrequeny range between telesope reeivers whih was about 120 MHz. The individual hannelfrequenies were 4906.99, 4909.99, 4918.99, 4936.99, 4969.99, 4993.99, 5008.99 and 5014.99 MHz.Data from the MERLIN telesope at Cambridge were reorded at Jodrell Bank via a 200-km 28-MHz mirowave link and thus had only a limited bandwidth. Due to this mode of transmission,path length variations between Cambridge and Jodrell Bank ould not be measured and removedfrom the VLBI data in the standard automati way.Sheduling was arried out with the NASA SKED program in order to optimize the sky overageat eah telesope as in standard geodeti experiments. A total of 20 strong soures seleted fromthe International Celestial Referene frame (ICRF) atalog [3℄, well spread in right asension andbetween �25Æ and 80Æ delination, was observed for this purpose with generally 5 to 15 sans oneah of them. Integration times ranged from 1 to 6 min and were set to obtain signal to noiseratios larger than 100. Low elevation observations (< 10Æ) were avoided to limit systemati errorsaused by the ionosphere.3. Data analysis and modelingThe raw data bits were orrelated with the Mark IV data proessor in Bonn, Germany, andexported through a geodeti data base �le. Further analysis of the bandwidth synthesis delayand delay rate was onduted with the MODEST software [4℄ after onverting the data into NGSformat. The overall analysis strategy aimed at �xing all \known" parameters of the VLBI modelto limit possible biases and systemati errors aused by improper knowledge of the ionosphere,whih is the dominant error at this relatively low observing frequeny.Following this sheme, the oordinates of all extragalati soures were held �xed at their ICRFvalues. Similarly, the oordinates of the geodeti telesopes were held �xed at their values in theInternational Terrestrial Referene Frame, namely the ITRF20002. The oordinates of the non-geodeti antenna Onsala85 were derived from those of the nearby geodeti antenna Onsala60 usinga loal tie measured with X-band VLBI in the early 1980's [5℄ and were also held �xed. The Earthorientation parameters were adopted from the IERS ombined series C043, whih is onsistent atthe sub-entimeter level with the above terrestrial and elestial referene frames. In all, only loks2ITRF2000 oordinates are available at http://lareg.ensg.ign.fr/ITRF/3IERS ombined Earth orientation parameters are available at http://hpiers.obspm.fr/eop-p/15th European VLBI Meeting Proeedings 195



Patrik Charlot et al.: EVN Telesope Positions(using a time-linear model with breaks when needed), tropospheri zenith delays (see below), andthe oordinates of the non-geodeti telesopes (exept Onsala85) were estimated.

Figure 1. Global ionospheri map showing the vertial TEC alulated by PIM at 14:30 UT on November 23,2000, with olor sale in TEC units (1 TECU=1016eletrons/m2). The thik vertial line indiates thelongitude of the Sun, while the line orientated East-West represents the magneti equator. \Cirles" aroundseleted stations show intersetions of onstant-elevation lines of sight (0Æ for white irles, 30Æ for redirles) with an altitude of 500 km, representing a maximal value for the height of the F2-layer peak.The troposphere was modeled using the Niell mapping funtion [6℄, estimating one zenithtropospheri delay per station for the whole 24-hour period with a priori values derived frommeteorologial measurements. This sheme di�ers from that used in standard geodeti experimentswhere new zenith troposperi delays are estimated at muh shorter time intervals, but was preferredfor this spei� dataset to limit the number of estimated parameters. The ionosphere was modeledusing the Parameterized Ionospheri Model (PIM), whih is a theoretial model of ionospherilimatology developed at USAF Phillips Laboratory [7℄ and freely available. This model determinesthe eletron density at a given point of the ionosphere (de�ned by latitude, longitude and height)as a funtion of loal time, latitude, season, solar ativity, geomagneti ativity, and interplanetarymagneti-�eld diretion. Integration along a given diretion then provides the total eletron ontent(TEC), whih serves as the basis to alulate the ionospheri delay. For our analysis, ionospheridelays were determined diretly along the lines of sight between the stations/observed souresusing a spei� version of PIM developed for appliation to VLBI astrometry [8℄, and addedafterwards to the ionospheri-free VLBI model implemented in MODEST. Figure 1 shows a globalmap of vertial TEC, representative of the ionospheri morphology at 14:30 UT on the day of ourobservations. Examination of similar maps at various times during the experiment revealed thatthe ionosphere was relatively stable over Europe on that day, but was signi�antly disturbed overthe eastern part of China where the Shanghai telesope is loated (see Fig. 1).196 15th European VLBI Meeting Proeedings



Patrik Charlot et al.: EVN Telesope Positions4. New telesope positionsBased on the above analysis and modeling, the post-�t rms residuals were 292 ps for delay with a�2 per degree of freedom of 1.03, and 230 fs/s for delay rate with a �2 per degree of freedom of 1.05.The data from two telesopes, Shanghai and Cambridge, have not been used in the analysis. Allbaselines to Shanghai showed larger residuals, most probably aused by ionospheri disturbanesimproperly modeled by PIM (see above). It was also deided to disard the observations fromCambridge beause this telesope had usable data in only one frequeny hannel. This was,however, not a major inonveniene for the projet, sine the oordinates of Cambridge ould bederived from those of Jodrell Bank by using estimates of the Cambridge-Jodrell Bank baseline,measured to a few entimeter auray from MERLIN observations of soure pairs. Figure 2shows the rms delay residuals as a funtion of baseline length with a least-squares linear �t tothe data. There is a statistially-signi�ant trend indiating an inrease of the residuals withbaseline length, whih is expeted if the ionosphere is the dominating error in the model. Forshort baselines, mismodeling is attenuated beause ionospheri variations are orrelated at nearbystations and partially anel out when alulating the di�erential delay ontribution.

Figure 2. Rms delay residuals (in ps) as a funtion of baseline length (exluding baselines to Shanghai).The estimated geodeti positions of Jodrell Bank, Torun, and Westerbork derived from thisanalysis, are given in Table 1 together with the shifts to the original oordinates (as previouslyavailable from the station atalog of the SCHED sheduling software). These shifts are listed foreah telesope on the line immediately following its estimated oordinates. For ompleteness, theoordinates and shifts of the non-geodeti antenna Onsala85 are also listed, although these werenot estimated in the analysis (see above). One notes that the orretions to the original oordinatesof the four telesopes are as large as several meters. Unertainties in the individual oordinates(one-sigma error derived from the least-squares �t) range from 1 to 3 m, whih is relatively smallfor suh single-frequeny observations. To determine whether these are realisti, alternate analysesestimating \known" parameters have been arried out, as desribed below.
15th European VLBI Meeting Proeedings 197



Patrik Charlot et al.: EVN Telesope PositionsTable 1. Coordinates of four EVN telesopes in ITRF2000 (epoh 1997.0) and shifts to original values.Telesope X (m) Y (m) Z (m)Jodrell Bank 3822846:76 � 0:02 �153802:28 � 0:01 5086285:90 � 0:024:10 � 0:02 �2:15 � 0:01 �1:32� 0:02Torun 3638558:51 � 0:02 1221969:72 � 0:01 5077036:76 � 0:030:51 � 0:02 2:72 � 0:01 �4:24� 0:03Westerbork 3828651:29 � 0:02 443447:48 � 0:01 5064921:57 � 0:024:11 � 0:02 �2:54 � 0:01 �1:51� 0:02Onsala85 3370966:126 { 711465:954 { 5349664:023 {�2:055 { 1:037 { �0:090 {5. Assessment of aurayValidation of our analysis and results was �rst onsidered by estimating the oordinates ofthe geodeti telesopes. For this purpose, four alternate analyses, eah estimating in turn theoordinates of one of the geodeti telesopes (inluding Onsala85) in addition to those of the non-geodeti telesopes, have been arried out. Results are given in Table 2 in terms of orretionsto ITRF2000 oordinates. Sine these oordinates are known to sub-entimeter auray, anysigni�ant orretion would have to be attributed to de�ienies of our analysis. Table 2 showsthat this is not the ase sine all estimated orretions are within one-sigma error. This is anindiation that our derived unertainties, although relatively small, are probably realisti.Table 2. Estimated orretions to ITRF2000 oordinates of EVN telesopes at geodeti sites.Telesope �X (m) �Y (m) �Z (m)E�elsberg 0:00 � 0:02 0:00 � 0:01 �0:01 � 0:03Mediina �0:02 � 0:03 0:01 � 0:01 0:03 � 0:03Noto �0:01 � 0:03 0:00 � 0:01 �0:02 � 0:02Onsala85 0:00 � 0:02 �0:01� 0:01 �0:03 � 0:03An additional test onsisted in estimating the telesope axis o�sets. Again, these should beknown to entimeter auray and no signi�ant deviations should be found. For this test, a singleanalysis estimating the axis o�sets of all telesopes together with the oordinates of the non-geodeti telesopes, was performed. The axis o�set orretions derived from this analysis are givenin Table 3, also inluding antenna types and a priori values for ompleteness. The results in Table 3show that the estimated orretions are not signi�ant for six of the telesopes, on�rming theprevious indiation that parameter unertainties derived from our analysis appears to be realisti.For Jodrell Bank, however, a orretion signi�ant at the 3-sigma level (�0:19� 0:06 m) is found.It is not yet understood whether this orretion might be real or whether it is an artefat from ourdata. When estimating this parameter, the X and Z oordinates of Jodrell Bank shift by 15 to20 m, whih is larger than the unertainties given in Table 1. These oordinates are thus subjetto aution (at suh a level of auray) until the origin of the axis o�set orretion is understood.Finally, a qualitative evaluation of our results was aomplished by omparing phase-referenedmaps made with the original and newly-derived telesope oordinates. For this omparison, we useddata from a 6-m phase-referene test experiment onsisting of 1-hour of interleaved observationson the lose pair 3C345/J1635+380 (separation of 2:25Æ). Figure 3 shows the maps of J1635+3808198 15th European VLBI Meeting Proeedings



Patrik Charlot et al.: EVN Telesope PositionsTable 3. Antenna types, a priori axis o�sets and estimated orretions.Telesope Antenna Axis o�set Corretiontype (m) (m)E�elsberg AZEL 0.00 0:01 � 0:02Jodrell Bank AZEL 0.458 �0:19 � 0:06Mediina AZEL 1.83 �0:01 � 0:03Noto AZEL 1.83 0:00 � 0:02Onsala85 EQU 2.15 0:01 � 0:01Torun AZEL 0.00 �0:02 � 0:06Westerbork EQU 4.95 0:02 � 0:02AZEL = azimuth-elevation mount, EQU = equatorial mount

AIPS User  617 AIPS User  617Figure 3. Phase-referened maps of J1635+380 using 3C345 as phase alibrator. Left: image made usingthe original telesope oordinates. Peak ux is 0.49 Jy/beam. Right: image made using the newly-derivedtelesope oordinates in Table 1. Peak ux is 1.55 Jy/beam. Both images are plotted with the same olorsale, ranging from �0:1 to 0.9 Jy/beam.for the two ases. The problems with the phase-referene map using the original telesope positionsare evident, as is the improvement in fousing the ux into the soure and the redution of theo�-soure noise when the newly-derived positions are used. This deisive test validates de�nitivelyour estimated telesope positions, and alternately demonstrates that phase-referening an onlybe suessful if an aurate geometrial VLBI model is available.15th European VLBI Meeting Proeedings 199



Patrik Charlot et al.: EVN Telesope Positions6. ConlusionBased on a non-standard 5 GHz geodeti experiment onduted in November 2000, improvedoordinates of three non-geodeti EVN telesopes have been obtained. These newly-derived posi-tions are aurate to about 5 m, a fator of 100 improvement over previous values. Suh improvedoordinates will be largely of bene�t to VLBI observations with the EVN, espeially those on-duted with the phase-referening tehnique. The new telesope positions, and others derivedfrom these via loal ties, have been made available to the EVN users4 and VLBI orrelators thatregularly proess data from EVN telesopes. Further investigation will ontinue, in partiular todetermine the as-yet-unidenti�ed origin of the Jodrell Bank axis o�set orretion, but also moregenerally to evaluate the inuene of the ionosphere, troposphere and lok modeling on theseresults.AknowledgementsWe are indebted to a number of people who have indiretly ontributed to the suess of this projet.Nany Vandenberg provided us with a version of SKED that an deal with single-frequeny setups andmade useful suggestions regarding the design of this experiment. Chris Jaobs, Chopo Ma and Dave Sha�eralso helped in the initial stages of the experiment design, while Ed Himwih answered last-minute ritialquestions. The data were exported to a geodeti data base �le with help from Arno M�uskens and IzabelaRottmann. Speial thanks are due to Rihard Poras for stimulating disussions and to Huib Jan vanLangevelde for ontinued interest in this projet. The observations and analysis presented in this reportwere arried out for the bene�t of the EVN with support from the European Commission's IHP programmeAess to Researh Infrastrutures under ontrat No. HPRI-CT-1999-00045.Referenes[1℄ Campbell, J., Nothnagel, A.: 2000, European VLBI for Crustal Dynamis, J. of Geodynamis, Vol. 30,p. 321.[2℄ Beasley, A. J., Conway, J. E.: 1995, VLBI Phase-Referening, Very Long baseline Interferometry andthe VLBA, J. A. Zensus, P. J. Diamond, and P. J. Napier (eds.), ASP Conf. Ser., Vol. 82, p. 327.[3℄ Ma, C., Arias, E. F., Eubanks, T. M., Fey, A. L., Gontier, A.-M., Jaobs, C. S., Sovers, O. J., Arhinal,B. A., Charlot, P.: 1998, The International Celestial Referene Frame as Realized by Very Long BaselineInterferometry, AJ, 116, 516.[4℄ Sovers, O. J., Jaobs, C. S.: 1996, Observation Model and Parameter Partials for the JPL VLBIParameter Estimation Software \MODEST"{1996, JPL Publiation 83-39, Rev. 6, August 1996.[5℄ Lundqvist, G.: 1982, Preision Surveying at the 1-mm level using radio interferometry, Proeedings ofSymposium No. 5{IAG, NOAA Tehnial Report NOS 95 NGS 24, p. 99.[6℄ Niell, A. E.: 1996, Global mapping funtions for the atmosphere delay at radio wavelengths, JGR, 101,3227.[7℄ Daniell, R. E., Brown, L. D., Anderson, D. N., Fox, M. W., Doherty, P. H., Deker, D. T., Sojka, J. J.,Shunk, R. W.: 1995, Parameterized ionospheri model: A global ionospheri parameterization basedon �rst priniples models, Radio Si, 30, 1499.[8℄ Campbell, R. M.: 1999, Ionospheri orretions via PIM and real-time data, New Astronomy Reviews,43, 617.
4a reipe for inorporating station oordinate improvements into AIPS analysis of already-orrelated data is alsoavailable at http://www.jive.nl/jive/evn/user guide/stapos.html200 15th European VLBI Meeting Proeedings



Rihard W. Poras: Finding astrometri referene soures using the NVSS Survey, Proeedings of the 15th WorkingMeeting on European VLBI for Geodesy and Astrometry, p.201{207http://www.iee.fr.es/hosted/15wmevga/proeedings/poras2Finding astrometri referene soures using the NVSS SurveyRihard W. PorasMax-Plank-Institut fuer Radioastronomiee-mail: poras�mpifr-bonn.mpg.de AbstratThe tehnique of phase-referene mapping an be used both for mapping faint radio soures andfor relative astrometry measurements. One astrophysially interesting appliation of the latter is theregistration of soure maps made at di�erent frequenies; for this the "referene" soure should itselfbe ahromati. Here I desribe a ase study where the "target" soure (the gravitational lens systemB0218+357) is strong, so that phase-referene maps of the ahromati referene soures an be made,using the target soure phase. This permits the use of relatively weak referene soures. I desribethe seletion of suitable soures from the NVSS survey, and MERLIN and EVN investigations of theirompatness.1. IntrodutionStudies of the frequeny-dependene of radio soure strutures an play an important role inastrophysial investigations. However, the use of VLBI hybrid maps, whih are made using phaseself-alibration, limits suh studies beause the strutures at di�erene frequenies an only beregistered using intelligent guess-work. The \standard" solution is to make phase-referene mapsinstead, whih preserve the relative astrometry with respet to a phase alibrator, whose strutureis assumed ahromati (see Poras and Rioja, 1996). This assumption may be wrong, espeiallysine many ompat radio soures have asymmetri, and frequeny-dependent, ore-jet struturesat the mas-level (see Poras and Patnaik, 1995; Poras and Rioja, 1997).The astrometri registration of weak soures requires the referene soure to be strong, sineit must at as a phase, as well as an astrometri, referene. If the soure being studied is strong,however, the target and referene roles an be reversed for the phase-referening; phases are de-termined on the strong soure, allowing a phase-referene map of the astrometri referene to bemade. This proedure permits use of weak referene soures, with a number of attendant advan-tages: (a) There are many more weak soures than strong ones, allowing hoie of a referenemuh loser to the target, and thus reduing errors in the relative phase arising from de�ieniesin the orrelator model. (b) It easily aommodates use of multiple referene soures, reduingthe impat of any frequeny-dependent strutures whih they may have. () Weaker soures maywell be smaller and less ative, resulting in strutures whih may have less frequeny and temporaldependene.The gravitational lens system B0218+357 is a relatively strong radio soure whose frequeny-dependent properties are of onsiderable astrophysial interest (Poras and Patnaik, 1995). Inpreparation for a multi-frequeny VLBI investigation, therefore, I have been searhing the lists ofknown, weak radio soures, in order to selet suitable astrometri referene andidates. Desireableproperties are ompatness, a at radio spetrum, and loseness on the sky to B0218+357. Inthe following setions I desribe the soure seletion proess and follow-up MERLIN and EVNinvestigations of their ompatness.
15th European VLBI Meeting Proeedings 201



Rihard W. Poras: NVSS Astrometri Referenes2. Seleting the andidatesThe basis for the referene soure searh was the NRAO VLA Sky Survey(NVSS; Condon etal, 1998) whih lists 2 million soures north of delination {40Æ stronger than 2.5 mJy at 1.4 GHz.Within 2Æ of 0218+357 there are 122 soures stronger than 15 mJy, of whih 68 are unresolvedby the 45" NVSS beam. The Westerbork Northern Sky Survey (WENSS: Rengelink et al, 1997),whih lists soures stronger than 18 mJy at 325 MHz, was then used to selet out those soureswith spetral indies atter than {0.47, resulting in a preliminary list of 14 soures. Additionalux densities were obtained at 5 GHz from the NRAO GB6 survey (Gregory et al, 1996) and at8.4 GHz from the CLASS gravitational lens searh projet (Browne et al, 2001). On the basisof these, 3 of the 14 soures were exluded from further onsideration. The remaining andidatereferene soures are listed in Table 1, together with positions from the NVSS (auray a. 1arse), angular separation from B0218+357, ux densities and WWW survey referenes.Table 1. Candidate referene soure list from the NVSS Survey------------------------------------------------------------------SOURCE RA (2000) DEC (2000) SEP FLUX DENSITIES (mJy)(1950) deg 0.3 1.4 5.0 8.4 (GHz)-------- ----------- ----------- ---- ------------------------0210+366 02 13 48.24 +36 52 34.8 1.74 56 32 41 1310212+344 02 15 49.41 +34 43 04.6 1.62 213 151 114 1200213+340 02 16 12.47 +34 18 15.5 1.91 20 190215+364 02 18 50.04 +36 40 42.8 .87 156 129 102 890216+357 02 19 42.31 +35 37 43.9 .42 48 42 190219+372 02 22 15.48 +37 31 16.0 1.60 144 109 121 900220+371 02 23 34.77 +37 20 46.7 1.49 23 190222+369 02 25 27.29 +37 10 27.9 1.52 373 196 137 1700223+361 02 26 49.02 +36 22 56.7 1.24 24 35 42 360224+359 02 27 48.89 +36 11 28.1 1.38 61 46 45 380224+343 02 27 59.90 +34 32 41.2 1.98 50 41 40------------------------------------------------------------------Flux density referenes:0.3 GHz WENSS http://www.strw.LeidenUniv.nl/%7Edpf/wenss/1.4 GHz NVSS http://www.v.nrao.edu/nvss/5.0 GHz GB6 http://www.v.nrao.edu/~jondon/gb6ftp.html8.4 GHz CLASS http://www.jb.man.a.uk/~njj/glens/lass.html3. MERLIN observationsObservations were made at 5 GHz with the 6-station MERLIN array on 29 April 2001. Eahof the 11 andidate referene soures (and 0218+357) was observed for 11 sans, eah nominally4 mins, and the phase-referene soure 0233+359 was observed for 2 mins every 6. Visibilityamplitudes were alibrated with respet to 3C286, assuming a ux density of 7.09 Jy (whih takesaount of 3 perent resolution by MERLIN).Phase-referene maps of all andidates were made using the AIPS pakage, with uniform weight-ing, a pixel size of 10 mas, and a irular CLEAN restoring beam of 40 mas. These are presentedin Fig. 1. All soures are essentially point-like to MERLIN; the maps indiate the errors in theNVSS positions. Hybrid maps of all soures (using a few iterations of phase self-alibration) werealso made, where possible; these reover typially a further 5 - 10 perent of ux. Both 0218+357and the alibrator 0233+359 are resolved; hybrid maps of these are also shown in Fig 1.202 15th European VLBI Meeting Proeedings
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Rihard W. Poras: NVSS Astrometri ReferenesTable 2. Soure parameters from MERLIN 5 GHz observations----------------------------------------------------------------------------------------SOURCE RA(1950) DEC(1950) FLUX (P.Ref) FLUX (SELF-Cal) MAJxMIN,PA SP.I(1950) Peak Int. Peak Int. err 1.4/5hh mm ss dd '' "" (mJy/b) (mJy) (mJy/b) (mJy) (mJy) (mas, deg) (GHz)-------- ------------- ------------ ------------ ----------------- ----------------0210+366 02 10 47.2059 36 38 34.306 98.6 107.8 122.3 128.9 1.0 < 20 +1.090212+344 02 12 50.1874 34 29 09.991 125.5 131.9 160.6 169.7 1.1 < 20 +0.090213+340 02 13 13.6165 34 04 21.906 10.1 11.3 ( 12.2 .6) < 20 -0.350215+364 02 15 48.3462 36 26 55.068 82.0 89.2 90.5 97.6 .8 < 20 -0.220216+357 02 16 41.5185 35 23 59.052 15.2 16.3 ( 17.5 .7) < 20 -0.690219+372 02 19 12.2714 37 17 36.589 77.5 82.8 85.1 90.6 .6 < 20 -0.150220+371 02 20 31.4653 37 07 10.210 8.0 8.6 ( 9.2 .5) < 20 -0.570222+369 02 22 23.9316 36 56 56.865 156.6 174.3 171.2 190.2 1.4 < 20 -0.020223+361 02 23 46.1806 36 09 29.277 28.5 30.3 30.5 31.7 .4 < 20 -0.080224+359 02 24 46.0985 35 58 03.041 31.7 35.0 33.7 37.3 .5 < 20 -0.160224+343 02 24 58.7584 34 19 15.771 24.5 25.2 34.0 34.8 .5 < 20 -0.130233+359 02 33 34.0175 35 59 39.046 162.6 212.5 .5 32x9,1230218+357A 02 18 04.1290 35 42 31.833 570.2 619.4 658.1 707.7 4.6 < 200218+357B 02 18 04.1545 35 42 31.965 143.6 206.4 195.9 240.8 5.0 21x18,153----------------------------------------------------------------------------------------
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-10Figure 5. EVN hybrid maps:Top: Candidate soures: 0210+366, 0212+344, 0215+364, 0219+372, 0222+369Bottom: Candidate soures: 0223+361, 0224+359, 0224+343, alibrators 0233+359, 0234+285Table 3. Soure parameters from 5 GHz EVN observations------------------------------------------------------------------------SOURCE S-EW S-ES EW/PK. ES/EW PEAK INT. MAJ x MIN PA SEP PA(1950) mJy mJy MERLIN mJy mJy mas x mas deg mas deg-------- ---- ---- ---- ---- ---- ---- -------------- ---------0210+366 127 85 1.04 0.66 96 112 0.5 x 0.2 930212+344 144 62 0.90 0.42 74 109 1.0 x 0.4 670215+364 140 86 1.55 0.61 100 118 0.6 x 0.3 970219+372 85 51 1.00 0.60 56 71 0.7 x 0.3 470222+369 151 91 0.88 0.61 103 129 0.7 x 0.3 1170223+361 31 12 1.02 0.39 15 22 0.9 x 0.4 1230224+359 34 6 1.01 0.18 19 30 1.1 x 0.4 1070224+343 32 8 0.94 0.26 14 25 1.3 x 0.5 740233+359 161 13 0.99 0.08 SE 27 57 1.7 x 0.4 93NW 36 91 1.8 x 0.7 114 26.8 1220234+285 2059 957 0.46 1129 1586 0.9 x 0.4 132------------------------------------------------------------------------funtion to the soure response in the map. The peak and integrated ux densities are also givenin Table 3, along with estimates of the major and minor axis sizes and PA. Beause of the pooramplitude alibration, however, these size estimates must be onsidered unreliable. For 0233+359,two omponents were �tted.5. ConlusionsUsing the NVSS survey as a starting point, and the WENSS survey and other lists to providespetral data, 11 andidate referene soures within 2 Æ of the strong gravitational lens B0218+357were found, with ux densities above 15 mJy and at spetra. Observations with MERLIN es-tablished that all these soures were ompat on intermediate baselines, although the 3 weakestsoures were eliminated as unsuitable. The 4-hour observation with the EVN on�rmed that the206 15th European VLBI Meeting Proeedings



Rihard W. Poras: NVSS Astrometri Referenesremaining 8 soures show a high perentage of their ux in a single ompat omponent, evenon baselines of 140 million wavelengths; unfortunately, the exat fration is unlear, due to poorEVN amplitude alibration. The small satter in the delay deterninations on the longest baselinesindiate that the MERLIN positions are aurate to better than 10 mas.Four of the andidate referene soures with the highest \ompatness" ful�ll the initial aimsof the projet - to selet ompat, hopefully ahromati, astrometri referene points for multi-frequeny, phase-referene observations of B0218+357. The lak of any obvious asymmetry, asindiated by their ompatness and the losure-phase data, suggests that mas-sale jets are notprominent in these soures, and they are therefore unlikely to have a strong frequeny-dependenein their positions. Extrapolation of this "suess rate" suggests that there are about 1000 souresper steradian with equal ompatness, and hene around 13,000 in the whole sky.Of the 4 very-ompat soures, 0215+364 is only 52 armins away from B0218+357. Theevidene of strong variability in this soure is worrying, however, sine suh ativity may ausetemporal \jitter" in its position.AknowledgementsI am grateful to Simon Garrington and Peter Thomasson for granting ad ho MERLIN timeand providing alibrated data, and to Simon Garrington and Rolf Shwartz for granting EVNshort observations. I thank Walter Alef for his assistane at the Bonn MKIV orrelator; he, DaveGraham and Colin Lonsdale deserve speial mention for their ollaborative prodution of the AIPStask MK4IN used during this analysis.Referenes[1℄ Browne, I.W.A. et al, Gravitational lensing: reent progress and future goals, ed. Brainerd andKohanek, ASP Conf. Series 237, p15 (2001)[2℄ Condon, J. J. et al, A.J., 115, 1693 (1998)[3℄ Gregory, P.C. et al, Ap.J.Supp, 103, 427 (1996)[4℄ Poras, R. W. and Patnaik, A.R., Pro. of the 10th Working Meeting on European VLBI for Geodesyand Astrometry, ed. R. Lanotte and G. Biano, Matera, p188 (1995)[5℄ Poras, R.W and Rioja, M. J., Pro. of the 11th Working Meeting on European VLBI for Geodesy andAstrometry, ed. G. Elgered, Goteborg, p209 (1996)[6℄ Poras, R.W and Rioja, M. J., Pro. of the 12th Working Meeting on European VLBI for Geodesy andAstrometry, ed. B. Pettersen, Honefoss, p133 (1997)[7℄ Rengelink, R.B. et al, A+A Supp., 124, 259 (1997)
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Eduardo Ros and Andrei P. Lobanov: Opaity in the Jet of 3C 309.1, Proeedings of the 15th Working Meeting onEuropean VLBI for Geodesy and Astrometry, p.208{215http://www.iee.fr.es/hosted/15wmevga/proeedings/rosOpaity in the Jet of 3C 309.1Eduardo Ros, Andrei P. LobanovMax-Plank-Institut f�ur RadioastronomieContat author: Eduardo Ros, e-mail: ros�mpifr-bonn.mpg.deAbstratThe \ore" of a radio soure is believed to mark the frequeny-dependent loation where the optialdepth to synhrotron self{absorption �s � 1. The frequeny dependene an be used for derive physialonditions of the radio emitting region and the ambient environment near the entral engine of the radiosoure. In order to test and improve the models to derive this information, we made multi-frequenydual-polarization observations of 3C 309.1 in 1998.6, phase-referened to the QSOs S5 1448+76 and4C 72.20 (S5 1520+72) (4Æ260 and 1Æ490 away, respetively). We present here preliminary results fromthese observations: total and polarized intensity maps, spetral information dedued from these images,and the relative position of 3C 309.1 with respet to S5 1448+76 at di�erent frequenies. Finally, wedisuss briey the observed shift of the ore position.1. IntrodutionOpaity in p-sale jets The unresolved \ore" of a ompat extragalati radio soure isbelieved to mark the loation where the optial depth to synhrotron self absorption �s � 1. Thisposition hanges with observing frequeny as Rore / ��1=kr [1℄. The power index kr depends on theshape of the eletron energy spetrum and on the magneti �eld and partile density distributionsin the ultra-ompat jet. Hene, by studying variations at kr as a funtion of frequeny, we maystudy the detailed physial onditions of the radio emitting region and the ambient environment ofthe soure very near the entral engine. Following [2℄ we an estimate basi physial parameters ofthe jet inluding luminosity, maximum brightness temperature, magneti �eld in the jet, partiledensity, and the geometrial properties of the jet (i.e., the ore loation respet to the jet origin).To measure kr a knowledge of the absolute position of the ore (or at least the ore o�setbetween di�erent frequenies) is needed. Hybrid maps in VLBI lak this positional informationdue to the use of losure-phase in the imaging proess. The rigorous alignment of hybrid maps anbe made by astrometri phase-referening (e.g. [3, 4, 5, 6℄). In soures with extended struture,an optially thin omponent an be used to align maps at di�erent frequenies and then estimatethe position of the ore.The QSO 3C309.1 The QSO 3C309.1 (V=16.78, z=0.9051) is one of the most prominentompat steep spetrum (CSS) radio soures [7, 8℄. Many of the CSS soures display polarizedemission at m-wavelengths. The ionized gas surrounding the jet disrupts its ow and is responsibleof the omplexity of the radio strutures seen. There is evidene suggesting that 3C 309.1 is loatedat the enter of a very massive ooling ow with _M > 1000M� yr�1 within a radius of 11.5 h�1 kp[9℄. VLBA observations of 3C 309.1 at 6 frequenies were used for determining the behavior of krbetween 1.6 and 22GHz [2℄. To improve and extend this determination to higher frequenies, weobserved 3C309.1 using the VLBA at eight frequenies with dual polarization. In this ontribution,we present a preliminary analysis of the new observations.1This redshift orresponds to a linear sale of 5.60 h�1 pmas�1 for H0=75h kms�1Mp�1 and q0=0.5.208 15th European VLBI Meeting Proeedings



Eduardo Ros and Andrei P. Lobanov: Opaity in the Jet of 3C 309.12. Mapping analysisVLBA Observations We arried out VLBA multi-frequeny, dual-polarization observations of3C 309.1 on July 19th and 23rd 1998 using all 10 VLBA antennas and observing at 1.5, 1.6, 2.3, 5,8.4, 15, 22, and 43GHz. The data were orrelated at the NRAO2 and proessed using aips3 anddifmap [13℄. difmap was used for mapping the total intensity emission. The polarized intensitymapping and the phase-referening analysis were arried out in aips. The 43GHz data had to bedisarded due to alibration and oherene problems.Total intensity mapping We applied the lean algorithm and self-alibration in difmap toobtain the total intensity maps presented in Fig. 1 and desribed in Table 1. The resulting imagesshow a struture very similar to the reported in earlier works (see [10℄ and referenes therein). Thesoure shows a ore-jet struture �rst oriented southward and turning later to the East at about60mas from the ore.

Figure 1. VLBA total intensity images of 3C 309.1. The synthesized interferometri beams are representedat the bottom left orner of eah image. Contour levels are drawn at p2 intervals. The left image followsthe labelling onvention from [12℄. Map parameters (beam, total ux density, peak of brightness, lowestontour in map) are given in Table 1.Table 1. Total intensity map parameters (Figs. 1 & 4)| 3C309.1 | | 4C72.20 | | S51448+76 |Beam Beam Beam� size P.A. Speak Smin(a) Stot(b) size P.A. Speak Smin(a) Stot(b) size P.A. Speak Smin(a) Stot(b)[Hz℄ [mas℄ [Æ℄ [Jy/b℄ [mJy/b℄ [Jy℄ [mas℄ [Æ℄ [Jy/b℄ [mJy/b℄ [Jy℄ [mas℄ [Æ℄ [Jy/b℄ [mJy/b℄ [Jy℄1.505 5.00�4.60 {7.5 0.972 2.0 3.424 6.47�5.96 {5.5 0.053 0.5 0.055 6.49�6.21 1.7 0.145 0.6 0.1711.675 4.50�4.10 {4.3 0.819 2.0 3.181 5.83�5.34 {4.5 0.050 0.4 0.052 5.77�5.50 {3.3 0.149 0.6 0.1742.270 3.19�2.90 {10.5 0.604 2.0 2.699 4.09�3.68 {8.4 0.083 0.8 0.085 4.11�3.74 {13.8 0.225 0.8 0.2534.987 1.40�1.35 8.5 0.675d 2.0 1.797 1.90�1.82 {13.6 0.053 0.4 0.065 1.88�1.79 {24.8 0.263 0.6 0.3138.420 0.95�0.85 {5.0 0.646d 2.0 1.326 1.08�0.99 {6.7 0.056 0.8 0.057 1.10�1.02 {11.0 0.216 0.8 0.30315.365 0.47�0.45 {17.8 0.492d 3.0 0.921 0.58�0.56 {14.8 0.100 0.8 0.101 0.59�0.58 4.7 0.156 1.1 0.24422.233 0.41�0.33 {14.8 0.430d 3.0 0.712 0.54�0.45 {0.2 0.195 1.5 0.205 0.55�0.45 {6.6 0.211 1.6 0.241a Minimum ontour level in the �gure. b Total ux density reovered in the map model.  Corresponds to the B omponent.d Corresponds to the A omponent.2VLBA orrelator, Array Operations Center, National Radio Astronomy Observatory (NRAO), Soorro, NM.3Astronomial Image Proessing System, developed and maintained by the NRAO.15th European VLBI Meeting Proeedings 209



Eduardo Ros and Andrei P. Lobanov: Opaity in the Jet of 3C 309.1Polarized intensity maps We applied the instrumental polarization alibration from the totalintensity maps using the aips task lpal as desribed in [14℄. We imaged the Stokes Q and Uand produed images of the linearly polarized emission and the eletri vetor position angle. Anexhaustive desription of these results will be published elsewhere. We show an image of the linearpolarization distribution at 1.5 GHz in Fig. 2. The ore is unpolarized as in many QSOs. In theregion South of B the eletri vetor is radial, suggesting a toroidal magneti �eld viewed edge-on.The degree of polarization is higher at the outer parts of the jet.
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Figure 2. Polarized intensity image of 3C309.1 at 1.505GHz (� 21m). Eletri �eld vetors are shown.Spetral analysis The overall spetral index of 3C309.1 is �0:57�0:01. This result is obtainedby adding together emission from all of the radio soure struture whih may have very di�erentphysial properties.To study spetral properties at di�erent parts of the soure, we mapped the radio soure atall frequenies using natural weighting and very strong tapering (Gaussian funtion with halfmaximum at a distane of 33M�). We onvolved the lean omponents with a irular beamof 4mas in size, aligning the images on the peak-of-brightness of omponent A. We show theseimages in Fig. 3 together with the spetra of omponents A and B and the total spetrum of theVLBI emission. The turnover frequeny for A is around 8.4GHz, and is below 1.4GHz for B. Alinear regression to the points for B provides an overall spetral index of �0:67� 0:04.3. Phase-referening analysisThe alibrators We used two position alibrators for 3C 309.1:� 4C 72.20 is a QSO with z=0:799 and V=16:5, 1Æ490 East of the target soure. It is a point-likesoure with an inverted spetrum. The imaging results are presented in Fig. 4.� S5 1448+76 is a at spetrum, ompat radio soure with z=0:899 and V=20:0. It is 4Æ260to the NW of 3C309.1. It shows a faint jet to the NE at the lower frequenies, and it is alsoelongated in the East-West diretion at the higher frequenies. The hybrid maps are shownin Fig. 4.The analysis We arried out the phase-referening analysis in aips. We solved for the phase,delay and phase-rate for 3C 309.1, using the total intensity maps as input (dividing the (u; v)-data210 15th European VLBI Meeting Proeedings
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Figure 3. Maps of 3C309.1 at 4mas resolution, obtained using the natural weighting and Gaussian taperingwith the half maximum at 33M�. The ontour levels are drawn at p3 intervals. The lowest level is of3mJy/beam

Figure 4. Hybrid maps of the position alibrator soures 4C72.20 (top) and S5 1448+76 (bottom). Themap parameters are desribed in Table 1.
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Eduardo Ros and Andrei P. Lobanov: Opaity in the Jet of 3C 309.1by the lean model) and thus removing the e�et of the soure struture. We then interpolatedthe values �tted using the task lal for the fainter phase-referene alibrators, S5 1442+76 and4C72.20 (S5 1520+76).After editing the data, we mapped the radio soures using the aips task imagr with the sameparameters as were used for the hybrid imaging in difmap. The phase-referened maps are shownin Fig. 5 and the orresponding map parameters are given in Table 2. We measured the positionsof the brightness peaks, whose o�sets from the oordinate origin orrespond to the o�sets fromthe nominal position of 3C 309.1 relative to the alibrators. The relative positions dedued fromthis proedure are presented in Table 3.

Figure 5. Phase-referene maps of 4C72.20 and S5 1448+76 obtained using the phase, delay and phase-ratesolutions for 3C 309.1 as desribed in the text. The ontours are 49, 69 and 98% of the peak of brightnessfor eah map. The values of the brightness peaks and their ratio (in perentage) with respet to their peaksin the hybrid maps (Fig. 4) are given in Table 2.Table 2. Phase-referened map parameters for 4C72.20 and S5 1448+76 (Fig. 5)| 4C72.20 | | S5 1448+76 |� S��refmax Shybridmax S��refmaxShybridmax S��refmax Shybridmax S��refmaxShybridmax[GHz℄ [mJy/beam℄ [mJy/beam℄ [%℄ [mJy/beam℄ [mJy/beam℄ [%℄1.505 13.6 53.3 25.5 29.2 145.2 20.11.675 14.8 49.7 29.8 33.3 148.7 22.42.270 30.0 82.3 36.5 82.4 225.3 36.64.987 19.0 52.8 36.0 143.7 263.2 54.68.420 7.1 55.3 12.8 55.3 216.3 25.615.365 4.7 100.4 4.7 22.2 155.8 14.222.233 | 11.9 211.3 5.6Table 3. Relative right asensions and delinations in J2000.0 oordinates of 3C309.1 with respet to4C72.20, and S5 1448+76, obtained via aips phase-referening. Biases have not been orreted.| 4C72.20 | | S5 1448+76 |� [GHz℄ ��(3C 309:1 � 4C 72:20) �Æ(3C 309:1 � 4C 72:20) ��(3C 309:1 � S5 1448+76) �Æ(3C 309:1 � S5 1448+76)1.505 {0h21m40.s0554�0.s0015 {0Æ44045.00712�0.00007 0h10m38.s805 �0.s002 {4Æ20051.00721 �0.000061.675 {0h21m40.s0557�0.s0015 {0Æ44045.00712�0.00007 0h10m38.s8045 �0.s0014 {4Æ20051.00722 �0.000052.270 {0h21m40.s0568�0.s0014 {0Æ44045.00708�0.00006 0h10m38.s8053 �0.s0007 {4Æ20051.00726 �0.000034.987 {0h21m40.s0565�0.s0014 {0Æ44045.00707�0.00006 0h10m30.s80476�0.s00017 {4Æ20051.007313�0.0000068.420 {0h21m40.s0569�0.s0014 {0Æ44045.00706�0.00006 0h10m30.s80482�0.s00009 {4Æ20051.007320�0.00000315.365 {0h21m40.s0568�0.s0014 {0Æ44045.00705�0.00006 0h10m30.s80489�0.s00008 {4Æ20051.007318�0.00000322.233 |(a) |(a) 0h10m30.s80482�0.s00007 {4Æ20051.007315�0.000003a No phase-referening detetion.212 15th European VLBI Meeting Proeedings



Eduardo Ros and Andrei P. Lobanov: Opaity in the Jet of 3C 309.1The atalogue position of 4C 72.20 used at the orrelator in error of +200 in � and {280masin Æ. This translates into an estimated unertainty of �6mas, in our preliminary position deter-mination at eah frequeny, making this fration of the data unusable for our purposes. A properanalysis, orreting for the wrong position of 4C 72.20 will be published elsewhere. No ionosphereorretions have been applied in the data analysis. At frequenies lower than 8.4GHz, the iono-spheri dispersion may severely bias our results. The tropospheri delay, espeially the wet part,a�ets the phase for the highest frequenies, where the size of the water partiles in the atmosphereis omparable to the wavelength.Notie that the ratio between the peaks of brightness of the phase-referened maps and thehybrid maps (4th and 7th olumns in Table 2) is the highest at the intermediate frequenies, wherethe ompromise between the ionospheri and the tropospheri e�ets is found. Even when the apriori position of 4C 72.20 is in error, its ratios are similar to the ones in S5 1448+76, probablybeause the former is �3 times loser to 3C 309.1 than the latter.The error budget in the positions (unertainties in Table 3) inludes the following error terms:a priori oordinates of the soure, determination of peak-of-brightness in the maps, polar motion(estimated error of 1mas), UT1{UTC (10�4s), station oordinates (5 m), troposphere, ionosphere(/ ��2), and problems in the aips phase onnetion. This onstitutes a onservative estimate ofthe unertainty. We onsider thus the phase-referening results with S5 1448+76 at the highestfrequenies as orret (entral panel of Fig. 6).
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Eduardo Ros and Andrei P. Lobanov: Opaity in the Jet of 3C 309.1Table 4. Core shift in delination for 3C309.1 at the higher frequenies (see right panel in Fig. 6).Distane A-B aips phase-Frequenies in maps referening15 { 8.4GHz {130�140 �as 150�430 �as22 { 15GHz 130�140 �as 350�380 �aspositional results from the aips astrometry at 8.4, 15 and 22GHz (but not at 5GHz) suggest thatthe peak-of-brigthness of the maps shifts loser to the jet basis (ore at in�nite frequeny) at higherfrequenies, being this jet basis to the North of the A feature. This would be the expeted opaityshift produed by the synhrotron self-absorption in the jet. Assuming that kr=1 (self-absorbedore, [15℄) at 8.4 GHz and that Rore / ��1=kr , the astrometri results provide values of kr=1.1�0.5at 15GHz and kr=0.9�0.6 at 22GHz. The big unertainties do not permit to draw any onlusionsabout the physial parameters of the jet from kr at the present status of the analysis. A detailedanalysis with the �nal, unbiased astrometri results will be published elsewhere.4. SummaryWe have presented preliminary results from a detailed multi-frequeny study of the QSO3C309.1 based on the VLBA observations made in mid 1998. We �nd a urved jet extendingup to 100mas to the East at low frequenies with two main omponents, A and B. The A om-ponent has a turnover frequeny around 8.4GHz and the B omponent is optially thin. Thepolarized intensity map at 1.5GHz shows that the ore is un polarized. In the region southernto B the eletri �eld has a radial struture. The external parts of the jet have a high degree ofpolarization. A preliminary astrometri analysis provides a determination of the ore position atdi�erent frequenies by phase-referening to a nearby radio soure QSO S5 1448+76. The hangesat the ore position with frequeny suggest high opaity lose to the ore aused by synhrotronself-absorption. Due to the big unertainties we annot make any assert about the value of kr athigh frequenies. An exhaustive analysis inluding ionospheri and tropospheri bias removal andphysial modeling of the soure will be presented in a forthoming paper.AknowledgementsWe aknowledge Dr. Sott E. Aaron for his support during the data olletion and Dr. RihardW. Poras for his ritial reading of the manusript. The National Radio Astronomy Observatory isa faility of the National Siene Foundation operated under ooperative agreement by AssoiatedUniversities, In.Referenes[1℄ K�onigl, A. 1981, AJ 243, 700[2℄ Lobanov, A. P. 1998, A&A 330, 79[3℄ Lebah, D. E., Ransom, R. R., Ratner, M. I., Shapiro, I. I., Bartel, N., Bietenholz, M. F., Lestrade,J.-F., 2001, in "Galaxies and their Constituents at the Highest Angular Resolution", IAU Symp. 205,p. 59[4℄ Brisken, W. F., Benson, J. M., Beasley, A. J., Fomalont, E. B., Goss, W. M., Thorsett, S. E., 2000,ApJ 541, 959[5℄ P�erez-Torres, M. A., Maraide, J. M., Guirado, J. C., Ros, E., Shapiro, I. I., Ratner, M. I., Sard�on, E.,2000, A&A 360, 161214 15th European VLBI Meeting Proeedings
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Harald Shuh et al.: IVS Working Group 2 for Produt Spei�ation and Observing Programs - Final Report (1stof November 2001), Proeedings of the 15th Working Meeting on European VLBI for Geodesy and Astrometry,p.219{247http://www.iee.fr.es/hosted/15wmevga/proeedings/ivs_wg2IVS Working Group 2 for Produt Spei�ation and ObservingPrograms - Final Report (1st of November 2001)Harald Shuh 1, Patrik Charlot 2, Hayo Hase 3, Ed Himwih 4, Kerry Kingham 5,Calvin Klatt 6, Chopo Ma 7, Zinovy Malkin 8, Arthur Niell 9, Axel Nothnagel 10,Wolfgang Shl�uter 3, Kazuhiro Takashima 11, Nany Vandenberg 41) Institute of Geodesy and Geophysis, Vienna University of Tehnology, Vienna, Austria2) Observatoire de Bordeaux, Floira, Frane3) Bundesamt f�ur Kartographie und Geod�asie, Fundamentalstation Wettzell, K�otzting, Germany4) NVI In., Goddard Spae Flight Center, Greenbelt, MD, USA5) U.S. Naval Observatory, EO Department, Washington, D.C., USA6) Geodeti Survey Division, Natural Resoures Canada, Ottawa, Canada7) NASA Goddard Spae Flight Center, Greenbelt, MD, USA8) Institute of Applied Astronomy, St. Petersberg, Russia9) MIT Haystak Observatory, Westford, MA, USA10) Geodeti Institute of the University of Bonn, Bonn, Germany11) Geographial Survey Institute, Tsukuba, JapanContat author: Harald Shuh, e-mail: hshuh�luna.tuwien.a.atAbstratAfter the sienti� rationale is given in the introdution the Terms of Referene and the proeedingof IVS Working Group 2 are presented. Then the present status and future goals of all internationalativities within IVS are desribed. In partiular the urrent produts of IVS are desribed in terms ofauray, reliability, frequeny of observing sessions, temporal resolution of the parameters estimatedby VLBI data analysis, time delay from observing to produt, i.e. time whih has passed after the endof the last session inluded in the VLBI solution till availability of the �nal produts and frequenyof solution (in the ase of \global solutions", when all existing or a high number of VLBI sessions areused to determine so-alled global parameters). All IVS produts and their potential users are overedin the report. This inludes the Earth orientation parameters (EOP), the referene frames (TRF andCRF), geodynamial and geophysial parameters and physial parameters. Measures whih should betaken within IVS to meet the goals de�ned in the �rst steps are presented. As most of the measuresare related to the observing programs, these are the main fous for improving the urrent status of IVSproduts. The report shows that due to various requirements of the di�erent users of IVS produts thefollowing aspets must be aomplished:� signi�ant improvement of the auray of VLBI produts,� shorter time delay from observation to availability of results,� almost ontinuous temporal overage by VLBI sessions.A �rst senario of the IVS observing program for 2002 and 2003 onsiders an inrease of observing timeby about 30%{40% and inludes sessions arried out by S2 and K4 tehnology. The midterm observingprogram for the next 4{5 years seems to be rather ambitious. However, it appears feasible if all e�ortsare onentrated and the neessary resoures are made available.
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Harald Shuh et al.: IVS WG2 Final ReportExeutive SummaryFor all present-day Earth and spae siene, high preision referene frames are an essential pre-requisite. The most important referene frames are the International Celestial Referene Frame(ICRF) realized by some hundreds of extragalati radio soures and the International TerrestrialReferene Frame (ITRF) established by globally distributed observing stations. For the transfor-mation between these two referene frames the Earth orientation parameters (EOP) have to beknown with high preision. Temporal variations of EOP on di�erent time sales allow the investi-gation of interations of omponents of system Earth. All spae tehniques have their partiularstrengths, and VLBI gets its outstanding importane through being the only tehnique for estab-lishing and maintaining the ICRF and the diret tie of the ITRF to the ICRF by monitoring thetime dependent EOP.An important part of the e�orts of IVS is to provide the best ICRF, ITRF, and EOP produts forthe user ommunity and to optimize the use of available global resoures in making these produts.The harter of IVSWorking Group 2 was to review urrent produts, reommend goals, and suggestobserving programs. Users of the IVS produts inlude the International Earth Rotation Servie(IERS) for all produts; individual sientist users for EOP; all geodeti ativities for the TRF; theastrometri and astrophysial ommunity for CRF.Produts an be desribed in terms of auray and reliability, frequeny of observing sessions,temporal resolution of the parameters estimated by the VLBI data analysis, time delay fromobserving to �nal produt, and frequeny of solutions. Presently, the auray of EOP from 24-hour sessions is 5 �se for UT1 and 100{200 miroarse for the pole, observed �3 days per week.The EOP are released with a time delay of one week to several months. A goal of improving theauray by a fator of 2 to 4 should be feasible over the next few years, along with observing 7days per week and a time delay of less than �ve days. Comparable auray in both xp and yp isanother goal. Observing should take plae every day to avoid any jumps, bias, or inonsisteny. Thenetwork o�set problem (o�sets between EOP results obtained by simultaneously observing VLBInetworks) needs a solution beause stritly onsistent referene frames are a strong requirement. Apartiular strength of VLBI is its ontribution to the sale of the ITRF. Present auray is 5{20mm for the TRF time series (single sessions) and 1{4 mm for global solutions. More stations in thesouthern hemisphere are needed. For the CRF, VLBI is the unique tehnique. More analysis entersshould provide solutions, and an improved sky distribution is needed. Besides TRF, CRF, andEOP produts, IVS should provide EOP rates, and regular solutions of geodynamial parameters(solid Earth tides, oean loading, and atmospheri loading) and physial parameters (tropospheriand ionospheri parameters, relativity parameters).Measures that need to be taken to meet these goals depend on new tehnology plus a ommitmentfrom IVS member organizations for strong support of the observing program. Improvementsin auray are expeted based on tehnology improvements, better analysis, better observinggeometry, more observables taken by more stations, and improved station reliability. The timedelay from observing to �nal produt an be redued by assigning high priority to operationalsessions and more automation. Temporal ontinuity and resolution an be improved by denserand longer observing sessions. Redundany requirements emphasize more analysis enters, di�erentsoftware pakages, plus some parallel observing networks.IVS as a servie needs to arry out regular programs, in order to deliver its produts as reliably andpreisely as possible, onsistent with available resoures. The proposed IVS observing programtries to meet the goals by extending and updating existing programs while maintaining ontinuitywith existing time series. Features of the proposed program inlude ombining the requirements of220 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final Reportvarious users, inluding all tehniques and new tehnologies (Mk4/Mk5, K4, S2), inluding R&Dsessions, and improving global overage.The auray goal an be ahieved by the above-mentioned measures that will be supported bystudying results of speial R&D sessions. The timeliness goal an be addressed initially throughsetting up a fast and routine proedure for shipping reorded media to the orrelator, and ulti-mately through support of broadband ommuniation links. The ompetitiveness of VLBI produtswould be signi�antly inreased by ontributing to suh important tasks as:� Support predition of EOP.� Allow reation to episodi events in near real-time.� Support atmospheri and ionospheri investigations.� Guarantee the availability of the results in ase of emergeny.The goal of daily VLBI sessions will rely on gradual augmentation of resoures for station ob-serving time, orrelator apaity, and reording media and data transmission failities. The mainarguments for ontinuous VLBI measurements are:� Contribute to the proposed IAG projet IGGOS.� Provide a permanent omparison and ontrol of results of other tehniques.� Resolve the smaller tidal terms in solid Earth tides, oean loading, and oean tidal exitationof the EOP.� Determine the amplitudes of the many short period nutation terms.� Cath episodi events both on Earth and on extragalati soures.� Inrease the auray of the results by inreasing the number of observations.For 2002 the proposed IVS program inludes two 6-station rapid-turnaround sessions per week,a monthly R&D session, a monthly 9-station TRF session, a 14-day ontinuous session, and fourshort-duration one-baseline sessions per week with at least one of these sessions having independentobserving. The program inludes partiipation by S2 and K4 networks and orrelators. Theproposed years 2003{2005 have a gradual inrease in network size, number of observing days andreording media usage. By 2005 ontinuous observing is possible if the projeted shortfall inresoures an be overome.Geodeti VLBI plays an essential role in geodesy and astrometry due to its uniqueness in observingUT1-UTC and the preession/nutation angles unbiased over a time span longer than a few days.It is also neessary for the ICRF and ontributes to the generation of the ITRF. Due to variousrequirements of di�erent users of IVS produts the following aspets must be aomplished:� Signi�ant improvement of the auray of VLBI produts,� Shorter time delay from observation to availability of results,� Almost ontinuous temporal overage by VLBI sessions.The proposed observing program to aomplish these goals inreases observing time by 30{40% overthe next two years and inludes sessions arried out using S2 and K4 tehnology. This observingprogram is rather ambitious but it is feasible if e�orts of the IVS omponents are onentratedand the neessary resoures beome available.15th European VLBI Meeting Proeedings 221



Harald Shuh et al.: IVS WG2 Final Report1. IntrodutionFor all present-day Earth and spae sienes high-preision referene frames are an essential pre-requisite, e.g. for positioning and navigation on the Earth, Earth observation by satellites andspae navigation. The most important referene frames are in spae the International CelestialReferene Frame (ICRF) realized by several hundred extragalati radio soures and on Earth theInternational Terrestrial Referene Frame (ITRF) established by globally distributed observingstations.For the transformation between those two referene frames the Earth orientation parameters (EOP)have to be known with high preision. Temporal variations of the EOP on di�erent time salesallow us to investigate the interations of the various omponents of system Earth, i.e. between thesolid Earth, the atmosphere, the hydrosphere and the ryosphere. Motions of these geophysialuids also inuene the Earth's gravity �eld, whih an be preisely monitored by the upominggeodynamial satellite missions CHAMP, GRACE, GOCE and others. Both variations of theEOP and of the gravity �eld are an important soure for modeling the Earth's interior and fordetermining the parameters of Earth models.In the last two deades di�erent spae geodeti tehniques have been developed for measuringthe EOP and realizing the above-mentioned referene frames. While eah of the di�erent spaetehniques has its partiular strengths and merits, VLBI earns its outstanding importane frombeing the unique tehnique for the establishment and maintenane of the ICRF and the diret tieof the ITRF to the ICRF by monitoring the time dependent Earth orientation parameters thatrelate the ITRF to the ICRF. In partiular VLBI is unique in observing the UT1-UTC parametersthat orrespond to the rotational speed of the Earth and the diretion of the rotation axis of theEarth in spae expressed by the preession/nutation angles (�", �	). This has been reognizedby the International Astronomial Union (IAU) at its XXIVth General Assembly in Manhesterin Resolutions B1.1 and B1.6 approved in August 2000.The International Assoiation of Geodesy (IAG) whih presented a plan for reorganization at itsreent Sienti� Assembly in Budapest (Sept. 2001) demonstrates the importane of the new spaegeodeti tehniques by assigning the international servies representing these tehniques to thesame level as the four sienti� Commissions (Beutler et al. 2001). In the proposed internationallyorganized long-term projet IGGOS (Integrated Global Geodeti Observing System) the IAG willombine the fundamental areas of geodeti researh into one integrated global observation andanalysis system for Earth sienes. This requires in partiular the ombination of modern spaegeodeti tehniques into a joint system (Rummel et al., 2001). As redundany and independentontrol are the strongest requirements for the IGGOS, an essential aspet of IGGOS is that thedi�erent tehniques observe on all time sales with a global network as dense as possible. The needfor regular and simultaneous observations by all spae geodeti tehniques, as reognized by IAG,alone justi�es the extension of the present international VLBI ativities within IVS: more stationsglobally distributed should arry out ontinuous measurements. Furthermore this will yield resultsof highest relevane for the Earth sienes by monitoring parameters desribing global geodynamisneeded to model e�ets suh as global plate motion, earthquakes or postglaial rebound.An important part of the IVS e�orts is to provide the best produts for the user ommunity andto optimize the use of available global resoures. During the 5th IVS Direting Board meeting onFebruary 15th, 2001 the IVS produts and related programs were disussed with respet to thegeneral goals desribed above. It was deided to set up an IVS Working Group (WG2) for ProdutSpei�ation and Observing Programs. Members of WG2 were hosen among experts in the �eldof geodeti/astrometri VLBI. The Terms of Referene (ToR) of WG2 are to222 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final Report� review the usefulness and appropriateness of the urrent de�nition of IVS produts andsuggest modi�ations,� reommend guidelines for auray, timeliness, and redundany of produts,� review the quality and appropriateness of existing observing programs with respet to thedesired produts,� suggest a realisti set of observing programs whih should result in ahieving the desiredproduts, taking into aount existing ageny programs,� set goals for improvements in IVS produts and suggest how these may possibly be ahievedin the future,� present a written report to the IVS Direting Board at its next meeting.An overview of the ativities of Working Group 2 and the results ahieved are presented in thisreport.2. Proeeding of the Working GroupDuring the �rst weeks after its establishment, the proedure for how to ahieve the Terms ofReferene was thoroughly disussed. It was deided to proeed step by step:Step 1: Desription of the present status of international VLBI ativities withinthe IVSIn partiular the urrent produts of IVS should be desribed in terms of� auray;� temporal resolution of the parameters estimated by the VLBI data analysis;� time delay from observing to produt, i.e. time whih has passed after the end of the lastsession inluded in the VLBI solution until availability of the �nal produts;� frequeny of observing sessions;� frequeny of solution (in the ase of \global solutions", when all existing or a high numberof VLBI sessions are used to determine so-alled global parameters);� reliability of the IVS produts (for details see below).All these features are essential for omparing the produts delivered by IVS to those provided byother spae geodeti tehniques and their international servies. Another very important riterionis the reliability of the IVS produts whih an be assessed by the measures that are taken toindependently hek the IVS results provided to the users. As for the reliability riterion, anyexternal heks, i.e. omparison with other spae geodeti tehniques, were not onsidered herebeause they are beyond the sope overed by IVS. There are also several IVS produts that annoteven be estimated by other tehniques beause VLBI is unique for the respetive parameters. Thereliability was spei�ed by the following rating sheme:1. reliability does not exist, e.g. results were obtained by only one IVS Analysis Center usingone software pakage;15th European VLBI Meeting Proeedings 223



Harald Shuh et al.: IVS WG2 Final Report2. reliability almost does not exist, e.g. results were obtained by di�erent IVS Analysis Centers,but using the same software pakage;3. reliability learly exists, e.g. results were obtained by di�erent Analysis Centers whih useddi�erent software pakages, but only from sessions of one network;4. strongly redundant, same as 3 but results were obtained from sessions of several VLBI net-works, partly running in parallel.In parallel with presenting the IVS produts, their various users were also desribed (see setion4).Step 2: Desription of the goals for future IVS produtsIn this step the requests from the users' point of view should be desribed beause the mostimportant fator for ativities of IVS should be the needs and wishes of the users of theproduts. The goals should be de�ned aording to the same riteria as given above. Forinstane it would not be very useful to inrease the temporal resolution of a partiular pa-rameter down to a ouple of hours when an aepted theory shows that the periodi varia-tions and other temporal hanges of that parameter our on time sales never shorter thanone month. The required auray also strongly depends on the magnitude of the e�et thatis going to be investigated. An important basis for these onsiderations was a memo byBenjamin F. Chao on \Global siene enabled by Earth rotation observations" (Word do-ument vlbiore.do at http://ivs.gsf.nasa.gov/mhonar/orepanel/msg00030.html 2001) anda very thorough examination of the present auray of IVS produts by Rihard S. Gross(http://ivs.gsf.nasa.gov/mhonar/ore-panel/msg00038.html 2001). Sometimes step 2 also in-ludes some \vision" of the VLBI experts, i.e. what ould be done within the IVS without onsid-ering the limited resoures.Step 3: De�nition of future observing programs, tehnologial improvementsand further hangesIn this step the goals de�ned above were mathed to the real world with its limited resouresin funding and manpower and its many organisational restritions. The highest priority shouldbe given to all VLBI produts that are unique ompared to other tehniques. Thus, the taskwas to develop ideas for VLBI observing shemes that allowed ahieving the goals de�ned in theprevious step without onsiderably inreasing the present resoures and e�orts. The di�erentinterests of all users of VLBI produts should be equally onsidered. First, the existing observingprograms arried out by various agenies and organizations within IVS (see tables in setion 4)had to be reviewed with respet to the desired produts. The entral role of VLBI in geodesy andastrometry is learly desribed in a memo by W. Cannon (http://giub.geod.uni-bonn.de/vlbi/IVS-AC/divers/annon.html 2001):� the establishment and maintenane of the International Celestial Referene Frame (ICRF);� the diret tie of the International Terrestrial Referene Frame (ITRF) to the ICRF;� the monitoring of the time dependent Earth orientation parameters (EOP) that relate theITRF to� the ICRF espeially the UT1-UTC and preession/nutation angles (�", �	) whih areuniquely determined by VLBI.224 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final ReportStep 4: Final ReportThe results obtained from the onsiderations desribed above shall be summarized and presentedin a written report to the IVS Direting Board as well as to the international VLBI ommunityand its sponsoring agenies. The reommendations presented in that report should be used forfurther disussions of future observing programs and analysis strategies and should onsequentlybeome the basis for the future of geodeti and astrometri VLBI within IVS in the next �ve toten years.3. Present status and future goalsThe international VLBI ativities within the IVS are omprehensively represented in tables 1a,b,.The left part of tables 1a,b, shows the present status, the right part the future goals. In subsetions3.1-3.5 the tables will be disussed in more details.3.1. Earth orientation parameters (EOP)At present, the Earth orientation parameters are usually observed in three 24h sessions per week(NEOS, CORE, IRIS-S, ...). In addition, so-alled intensive sessions of 60min (INTENSIVE) takeplae on a single baseline with a long east-west extension (Wettzell - Kokee Park) four times perweek. The latter an only be used to determine UT1-UTC. It should be noted that the aurayobtained from the 24h sessions is worse for the xp than for the yp omponent of polar motion (200miroarse versus 100 miroarse), due to the unfavourable geometry of most of the networks.Conerning the time delay from observing to produt of these sessions it should be pointed outthat the results of the NEOS program normally beome available between one and four weeks afterthe session, whereas the data of the other programs are usually not orrelated and analysed beforeone to even four months after the session. This generally too long time delay from observing toprodut is a lear disadvantage with respet to other spae geodeti tehniques. The EOP rates,i.e. dUT1/dt and dxp=dt, dyp=dt, are geophysially very interesting beause they an be diretlyonneted to atmospheri and oeani exitation. Thus, EOP rates will be needed in the futureas another produt of IVS; so far VLBI has obtained only preliminary results.Conerning the goals given on the right hand side of tables 1a,b, a further improvement of theauraies by a fator of 2 to 4 seems feasible, e.g. UT1-UTC should be determined to �2 � 3mirose and the pole position to �25 � 50 miroarse in both omponents. In partiular forthe xp omponent of the pole, this requires an improved network geometry. The same holds forthe preession/nutation angles. All measures for improving the auray of the IVS produts willbe dealt with in setions 5 and 6.2.1. As VLBI is unique for the unambiguous determination ofUT1-UTC and of nutation (with periods as short as 2 days), the VLBI sessions should take plaeevery day, i.e. ontinuously 7 days per week, to avoid any jump, bias or other inonsisteny. Oneof the main problems whih still has to be solved within the IVS are the o�sets and drifts betweenresults obtained by di�erent VLBI networks. Stritly onsistent referene frames are a prerequisitefor solving this problem.Short period variations of the EOP our with periods of a few days, of one day (diurnal variationsdue to oean tides) and of half a day (semidiurnal variations due to oean tides). To resolve the11 main oean tidal terms requires a time resolution of at least 1h whih an already be ahievedwith the presently available VLBI data. In order to get the whole piture of oean tides indued15th European VLBI Meeting Proeedings 225



HaraldShuhetal.:IVSWG2FinalReport
Table 1a: Present status and future goals of geodetic and astrometric VLBI within IVS - single session products (EOP and TRF)

                        Present status                                      Goals

IVS data
products

 accuracy frequency
of session
/ solution

reso-
lution

delay from
observing to
product

reliability
by indep.
checking*

accuracy
(per 24h)
    in 2005

frequency
of session
   in 2005

resolution timeli-
ness **

reliability
by indep.
checking*

UT1 from
24h sessions :

from 60min
intensive ses-
sions :

5 microsec

20microsec

~3d/week

~4d/week

   1d

   1d

NEOS:
1-4 weeks
other 24h ses-
sions:
1-4 months

intensives:
  1 week

24h sessions:
     3

intensives:
     2

2-3
microsec

5-7
microsec

7d/week
(continuous)

 2002

3-4d

2005

1d       4

dUT1/dt (lod)
from 24h ses-
sions

only pre-
liminary
results

~3d/week    -       -      -
0.3-0.5
micro-
sec/day

7d/week

2002

1h

  -

 1h

2005

10
min

  -

10
min

   -   -     4

  xp, yp

for xp: 200
microarcsec
for yp: 100
microarcsec

~3d/week    1d
NEOS:
1-4 weeks
other 24h ses-
sions: 1-4 months

     3
25-50
micro-arc-
sec
(for xp, yp)

7d/week

2002

3-4d

2005

1d      4

dxp/dt, dyp/dt
from 24h ses-
sions

only pre-
liminary
results

~3d/week    -       -      -
8-10
microarc-
sec/day

7d/week

2002

1h

2005

10
min

  -   -      4

  EOP

  ¨ ��¨ 100-400
microarcsec

~3d/week    1d NEOS:
1-4 weeks
other 24h ses-
sions: 1-4 months

     3 25-50
micro-arc-
sec

7d/week     1d 2002

3-4d

2005

1d

      4

time series (one
solution per
session)
x, y, z  (b, h, v ) 5-20 mm ~3d/week     1d   3-4 months       2 2-5 mm 7d/week     1d

2002

3-4d

2005

1d
      3

  TRF
(single
sessions)

episodic events
(also in EOP)

 (10 mm)                             to be investigated 2-3 mm 7d/week     1h

2002

3-4d

2005

1d       4

** timeliness starts at the end of the last session used for the solution
b - baseline length, h - horizontal component, v - vertical component
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HaraldShuhetal.:IVSWG2FinalReport
Table 1b: Present status and future goals of geodetic and astrometric VLBI within IVS multi-session products (TRF and CRF)

                        Present status                                      Goals

IVS data
products

 accuracy freq. of
solution

reso-
lution

delay from
observing to
product

reliability
by indep.
checking*

accuracy

    in 2005

freq. of
solution
    in 2005

resolution timeli-
ness **

reliability
by indep.
checking*

annual solu-
tions (all ses-
sions used)
coordinates:
velocities:

1-4 mm
0.1-1 mm/y

     1y      -  3-6 months     2

improved
distribution
of stations,

1-2 mm
0.1-0.3
mm/y

   1y      -

2002

3m

2005

1m     3
TRF
(multi
sessions)

non-linear
changes
(e.g. periodic
variations or
irregular
changes)

(10 mm)                           to be investigated 2-3 mm     1y

sufficient
sessions per
year to detect
annual and
semiannual
periodic
variations

   3m    3

� , 0.25-3 mas     1y    - 3-6 months      3

0.25 mas
for as many
sources as
possible
    +
improved
sky distri-
bution

   1y       -

2002

3m

2005

1m    4

time series of
��   variable      -     - 3-6 months      1  0.5mas

  2002

  1y

2005

1m    1m

2002

3m

 2005

1m    4

 CRF

   +

astro-
phy-
sics

source
structure

flux density

      -

      -

     2m

irregular

     2m

6h - 6d

  2-3 years

  1-2 years

      1

      1

    -

     -

2002

 2m

7d/w

 2005

1m

7d/w

2002

 2m

  6h

2005

1m

 1h

2002

1y

3-4d

2005

3m

in
real
time

    2

    2

** timeliness starts at the end of the last session used for the solution
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Table 1c: Present status and future goals of geodetic and astrometric VLBI within IVS - geodynamical and physical parameters

                        Present status                                     Goals

IVS data
products

accuracy
or uncer-
tainety

frequency
of solution

resolution delay from
observing
to product

reliability
by indep.
checking*

accuracy
or uncer-
tainety

freq. of
solution

reso-lu-
tion

timeli-
ness

reliability
by indep.
checking*

solid Earth
tides h,l
(frequency
and site de-
pendent)

5-10%    1-3y      -    1year    1-2  0.1%    1y    1y    1m    3

ocean load-
LQJ�$��
(site
dependent)

10-20%    1-3y      -    1year    1  1%    1y    1y    1m    3geodyn-
amical
param-
ters

atmospheric
loading
(site de-
pendent)

30-40%    1-3y      -    1year    1 10%    1y    1y    1m    3

tropospheric
parameters:
zenith delays
gradients

 4-8 mm
 1-2 mm

 ~3d/week
 ~3d/week

   1h
   6h

1w-4m
1w-4m

   1
   1

1-2 mm
.3-0.5mm

7d/week
7d/week

 10min
   2h

  1d
  1d

   3
   3

ionospheric
mapping

1-5
TEC-units  ~3d/week    1h  1w-4m    1

0.5
TEC-units 7d/week    1h    1d    3

physical
parame-
ters

light deflec-
tion para-
meter 

0.3%     1-3y      -    1y    1 0.1%    1y
     all
 sessions
    used

   1m    2

*rating scheme for ‘reliability‘ in tables 1a,b,c

1 - not existing   (only one Analysis Center using one software package)                         (present status) /  not important (required)

2 - almost not existing (different Analysis Centers, but using the same software package)   (   “          “     ) /            desired (     “      )

3 - clearly exists   (different Analysis Centers use different software packages; but only sessions from one network) (   “          “     ) /       important (     “      )

4 - strongly redundant   (as 3, but several VLBI networks, partly running in parallel)                 (   “          “     ) / very important (     “     )
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Harald Shuh et al.: IVS WG2 Final ReportEOP variations at least several hundreds of smaller terms in the near-by side bands should bedetermined, too. Only then would the full information beome available on resonane e�ets loseto the K1-tide and on the so-alled e�etive load Love number k0. A separation of all the oeantidal terms in the EOP is only possible from VLBI observing sessions whih over at least 18.6years ontinuously using a well adjusted TRF. In that respet it should be mentioned that inthe period range of diurnal and semi-diurnal terms most of the satellite tehniques su�er fromresonanes with the satellite orbital periods, a problem that does not our in VLBI. Thus, GPS isnot able to resolve several of the diurnal periods of the EOP, e.g. K1, S1, and 	1 due to resonaneswith the orbital period.From reent Fourier and wavelet analyses of the EOP observed by GPS, variations with sub-semidiurnal periods (8h, 6h, 4.8h, 4h, ...) were found. It is still an open question whether theseperiods really exist and are due either to higher harmonis of the oean tides or to atmospheritones. Other explanations ould be that they appear in the spetra due to some asymmetry ofa 24h quasi-sinusoidal wave or just that it is a pure artefat aused by resonanes with GPSsatellite orbits. The ratio of the higher harmonis of a solar day plays an important role as forinstane in reordings of various geophysial phenomena the S7 (period 3.43h) is usually strongerthan the S5, S6 and S8. Anyhow, some resonanes or modes of the Earth might a�et Earthrotation on very short time sales, too, and sientists hope to ath episodi events, aused byearthquakes, volanoes or strong typhoons. As these many open questions need to be investigatedfrom independent EOP measurements by VLBI, almost ontinuous VLBI sessions and a temporalresolution of 10min are highly desirable by 2005. This beomes in partiular important if VLBIis required to ontrol not only satellite tehniques (GPS, Glonass, ...) but also new observationtehnologies suh as laser gyros whih are designed to observe the rotation of the Earth almostontinuously.A timeliness of 3 to 4 days (one or two days for tape transport, one day for orrelation, one dayfor data analysis) ould be ahieved with the present VLBI tehnology although this is a ratherhallenging goal. The 1-day timeliness, whih is given as the goal for 2005, an only be ahieved iftape transport is replaed by broadband ommuniation links allowing real-time orrelation of thesignals. Diret onnetion between radiotelesopes and the orrelators have been under disussionfor several years (e.g. Proeedings of the Real-Time VLBI Forum, MIT Haystak Observatory,1998) and were suessfully demonstrated by Japanese VLBI groups within the Key Stone Projet(see various TDC News of the CRL, http://www.rl.go.jp/ka/radioastro/).The reliability of the EOP (whih are one of the most important produts of IVS) is in rating lass3, i.e. there is a redundany beause di�erent analysis enters use di�erent software pakages fordata analysis. However, in the future the redundany should still be improved to rating lass 4 byusing several VLBI networks that partly run in parallel to allow an independent heking of theIVS results.It was already mentioned in setions 1 and 2 that VLBI is a unique tehnique for unbiased monitor-ing of the preession/nutation angles �", �	. New theoretial models were developed in nutationtheory during the last 10 years and also a semi-empirial model was derived reently by Mathewset al. (2001). This model was adopted by the International Astronomial Union (IAU) at itsXXIVth General Assembly in Manhester in Resolution B1.6 approved in August 2000, whih willbe the future standard for many appliations in geodesy and astronomy.Comparing nutation models with VLBI observations is important for various reasons that weredesribed in detail in a omprehensive paper by Dehant et al. (1999) and also by Mathews at al.(2001). The modeling of nutation involves a frequeny-dependent transfer funtion and the rigid15th European VLBI Meeting Proeedings 229



Harald Shuh et al.: IVS WG2 Final ReportEarth nutation amplitudes. The transfer funtion is di�erent for eah nutation term beause ofthe existene of resonanes, beause of the mantle inelastiity and of the oean loading e�ets.The transfer funtions for individual nutation terms deviate from a value omputed from a meanfrequeny-dependent transfer funtion (Mathews et al., 2001). A small error in the transfer funtionan only be seen in the largest nutations. The others are very small and so they are less sensitiveto hanges in the transfer funtion. For instane, for a small nutation amplitude of 1 milliarse,a one perent error in the transfer funtion would give a 1 �arse error in the nutation; while alarge nutation of 100 milliarse would have a 1 milliarse error. So the observation of the 100milliarse nutation, if the rigid nutation is \perfetly" known, at a preision of 20 muarse in theobservation, will provide onstraints on the transfer funtion at the 10�5 level. This is in partiularthe ase for the 13.66 day nutation term with a mean amplitude of 91 milliarse. From the othershort period nutations aording to the new model mentioned above (Mathews et al., 2001) thefollowing terms are of partiular importane for the determination of the transfer funtion (themean amplitudes are in parentheses): 31.81 days (3 milliarse), 27.55 days (15 milliarse), 23.94days (1 milliarse), 14.77 days (1 milliarse), 13.78 days (1 milliarse), 9.56 days (2 milliarse),9.13 days (12 milliarse), 7.10 days (1 milliarse), 6.86 days (1 milliarse).Also the question arises how long do we have to observe by VLBI to monitor the Free CoreNutation (FCN) at about 430 days, the annual and semi-annual nutation terms and the longernutation periods? For obtaining geophysial information from the nutation measurements, it isneessary to observe the following long periods: 386.00 days, 365.26 days, 346.64 days, 182.62 days,121.75 days. In order to be able to separate those terms and the longer periods of 9 years (3399.19days), 18.66 years (6798.38 days), and preession, at least two times the 18.66 year period shouldbe overed by VLBI observations.Based on these requirements, there is a great need for monitoring the preession/nutation anglesregularly. The main arguments are summarized, below:� The amplitude of the retrograde Free Core Nutation (FCN) at � 430 days annot be preditedand is therefore not ontained in the new astronomial nutation models; the attenuation ofthe FCN amplitudes requires a regular and frequent monitoring of the nutation angles byVLBI; the same holds for the prograde Free Inner Core Nutation (FICN) with a preditedperiod of 1025 days whih has not been observed so far.� There are seasonal (annual and semi-annual) inuenes of the atmosphere and the oeans onnutation whih also have to be monitored.� The shortest nutation period whih is of greater interest for astronomers and geophysiistsis at 13.66 days; to reover that period by VLBI needs preise observations at least every 3.4days onsidering the Nyquist frequeny and prograde and retrograde terms. If the period at6.86 days has to be resolved, too, VLBI observations every 1.7 days would be neessary.It should be mentioned here, that the need for regularly monitoring preession/nutation angles byVLBI was expliitly enouraged in the IAU resolution referred to above.3.2. Terrestrial referene frame (TRF)The TRF determined from single session solutions or from a global solution is another very im-portant IVS produt beause this is an essential part for reating the ITRF by the orrespondingIERS Produt Center. A partiular strength of VLBI is its ontribution to the sale of the ITRF.230 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final ReportUsually the TRF is omputed from the same 24h sessions that are dediated to observing theEOP. However, only a few analysis enters provide TRF single session solutions and these arenot released as oÆial IVS produts. In addition, the TRF global solution in the past has beenpublished by only one IVS analysis enter (GSFC) using the Global SOLVE software. Otherglobal solutions exist (by GIUB/BKG and Shanghai Observatory) but all of them were obtainedby program SOLVE. Thus, the TRF reeived a rating of 2 for redundany. A ombined IVS TRFsolution in terms of individual time series and also of global station positions and veloities shouldbe established as soon as possible based on individual solutions of various analysis enters usingdi�erent software. Another important aspet is the distribution of VLBI stations on the Earth,whih should be generally improved. There is a need for having more stations in the southernhemisphere, with at least two stations on eah main tetoni plate. Episodi events and non-linearhanges of the baseline omponents are aspets that are mainly interesting for geophysiists andseismologists. Suh e�ets might be detetable by the still rapidly inreasing auray of spaegeodeti tehniques. Thus, it is important that the temporal ontinuity of VLBI sessions shouldbe suÆient to detet suh e�ets. A suessful detetion of non-linear hanges of baseline rateswas reported in August 2000 by the Japanese Key Stone Projet (KSP) (http://ksp.rl.go.jp/).3.3. Celestial referene frame (CRF)For the ICRF realized by extragalati radio soures VLBI is again the only tehnique. Thus, theICRF an be seen as another very important IVS produt. This has been expliitly reognizedby the International Astronomial Union (IAU) at its XXIVth General Assembly in Manhesterin Resolution B1.1 approved in August 2000. For the ICRF, again, a lak of redundany of theresults an be notied beause the ICRF and its extension were produed only by a single analysisenter of the IVS. (It should be noted, however, that using the results of a single solution wasthe onsensus of the IAU subgroup that generated the ICRF). Additional CRF solutions by otherIVS analysis enters for detailed omparison are highly desirable. The idea of deriving a ombinedIVS CRF solution should be investigated in ooperation with the IAU Working Group on CelestialReferene Systems.Rather than improving the urrent ICRF soure position auray, it is felt that �nding newsoures to improve the overall sky distribution is more important for the immediate future. Ifthe ICRF will be used as a atalog of alibrators for phase-referening VLBI observations (mostof the VLBI experiments with astrophysial goals are of this type now), then a referene soure(alibrator) every few degrees on the sky is needed. For geodesy and astrometry, better observingshedules an be made if there is a more dense distribution of soures available. In this respet,the ICRF su�ers from a de�it of soures with an average of only one soure per 8Æ�8Æ on the sky.Moreover, the distribution of the ICRF soures is found to be largely non-uniform. For example,the distane to the nearest ICRF soure for any randomly-hosen sky loations an be up to 13Æin the northern sky and up to 15Æ in the southern sky. Charlot et al. (2000) showed that adding150 new soures at spei� loation in the northern sky would redue this distane to about 6Æ,and progress is being made towards this goal. An even larger e�ort is required for the southernsky sine most of the soures far in the south have only a limited number of observations beauseof the lak of VLBI stations in the southern hemisphere.The temporal variations of the soure positions should also be investigated by solving for timeseries of soure oordinates sine these may be a�eted by soure struture variations. Maps of thesoure strutures an be derived from geodeti VLBI sessions if the number of observing stationsis large enough, as are total ux density variations. Just reently, Koyama et al. (2001) showed15th European VLBI Meeting Proeedings 231



Harald Shuh et al.: IVS WG2 Final Reportthat ux density variations of ompat radio soures ould be monitored within the Key StoneProjet. The real-time property of that VLBI network even enables on-line monitoring of rapidux density variations. Suh monitoring is neessary to optimize observing shedules but is alsouseful to study soure physis.In the longer term the auray and preision of the ICRF will be improved with the goal ofgenerating re�ned realizations for adoption by the IAU. The IVS will work together with the IERSand the IAU Working Group on Celestial Referene Systems in this matter. The urrent level ofauray is � 0:25 mas. A VLBI frame that is better by at least an order of magnitude is neededto math the projeted preision of some planned astrometri satellite programs. To improve theurrent level requires redution of systemati errors through better modeling and analysis as wellas redution of random errors through further observations of all ICRF soures. Routine non-CRFobserving programs should allot a small portion of the time to yling through the extended ICRFatalog. The ultimate auray of the VLBI referene frame may be set by variations in radiosoure struture or gravitational mirolensing, so these e�ets require study by the IVS analysisenters and other researhers.3.4. Geodynamial parametersIn the last deades VLBI has proved to be a very powerful tehnique for the determination ofvarious geodynamial parameters. These are Love and Shida numbers used in the model of thesolid Earth tides deformations, site-dependent amplitudes and phases of the oean loading models,and site-dependent deformations due to atmospheri pressure variations (atmospheri loading).All the relevant parameters ould be determined with an auray suÆiently high to detet andverify the partiular e�et (Shuh and Haas, 1998; Haas et al., 2001). However, the modelersalso want to use the VLBI results to validate and possibly to improve their models. This isonly possible if the present auraies are inreased by another fator of 5 to 50 and if the VLBIresults are more reliable in terms of onsisteny and redundany. Thus, it is highly reommendedthat the parameters desribed above are determined on a regular basis (e.g. one per year) andpublished as an IVS researh produt. The solutions should be arried out by several IVS analysisenters to inrease the redundany. As a mid-term goal for 2005 the individual results should beombined and be published as the \oÆial" IVS produt. Considering the hundreds of losely-spaed tidal terms whih are ontained in the models for solid Earth tides and for oean loading,an unambiguous and unorrelated determination will only be possible when almost ontinuousobservations over 18.6 years are available. The problem gets even more diÆult when omplexLove numbers orresponding to anelastiity of the Earth's rust and latitude dependent Lovenumbers are to be derived. Again, ontinuous 18.6 years of VLBI observations are needed, bystations distributed all over the Earth.3.5. Physial parametersLately, tropospheri and ionospheri parameters have been determined by IVS analysis entersnot just within the standard EOP or TRF solutions but to spei�ally investigate the troposphereand/or ionosphere. As so far only preliminary results exist, that �eld ould be learly extendedby further investigations. A need in this ontext is a ontinuous monitoring, i.e. 7 days per week,and the availability of the results with a very short time delay. Only then an the IVS results beuseful for omparison with other spae geodeti tehniques and for meteorologial purposes suhas limate studies. The improvement in auray of the tropospheri and ionospheri parameters232 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final Reportresults indiretly from the goals set for the other IVS major produts like EOP. Additional researhin this area is neessary to study the degree of usefulness of suh by-produts.There are other physial parameters whih an be estimated from VLBI data, e.g. the so-alledlight deetion fator  of the theory of general relativity. This parameter was determined forthe Sun several years ago. Regular re-estimates are desirable as well as investigation of otherrelativisti e�ets. These and other ativities should be organized under the umbrella of IVS.Thus, the IVS should be open for new observing sessions dediated to speial researh tasks, e.g.for observing parameters of speial or general relativity or for VLBI observation of spaeraft toinvestigate solar system dynamis.4. Users of VLBI produtsThe users of VLBI produts an be divided into di�erent ategories aording to di�erent IVSproduts (table 2):
Table 2: IVS products and their users

IVS products users and their tasks
operational EOP IERS Rapid Service and Prediction Product Center for

predicting the EOP, other EOP prediction centers
EOP IERS for generating final EOP series;

individual users for precise positioning and navigation
on Earth and in space (by interplanetary spacecrafts)
and for geophysical studies

TRF IERS for determination of ITRF, many users of ITRF
which is a basis for almost all geodetic activities

TRF series individual users for geodynamical studies
ICRF geodesists, astronomers and astrophysicists,

users in space research
source structure and other astrophysical
parameters

astrophysicists

tropospheric and ionospheric parameters meteorologists, climatologists and geodesists
geodynamical parameters scientists in Earth dynamics and geophysics

relativistic parameters physicists, scientists in cosmology and relativity5. Measures to meet the goals for IVS produtsTable 3 gives a short overview of the measures whih should be taken within IVS to meet the goalsde�ned in tables 1a,b,. As most of the measures are related to the observing programs, these arethe main fous for improving the urrent status of IVS produts. Thus, new observing programswill be proposed in the next setion.
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Table 3: Measures to be taken in order to improve important criteria

Improvement of Measures
accuracy - technological improvement (higher data rates,

  digital Mk5 recording systems, …)
- more precise models in data analysis
- more observables taken by more stations with a
  stronger geometry (distribution of stations on
  the Earth and of sources in the sky)
- surveying of local parameters at antennas
- improvements in station performance (better
  reliability, improved sensitivity, faster slewing)

time delay from observing to products - strict organization of observing programs
  (tape or disc transport, correlation ...)
- broadband communication
- acceleration of correlation procedure
- acceleration and automation of data analysis

temporal continuity - denser observing programs
temporal resolution - observing programs (networks, schedules, …)

- improve stochastic model of data analysis
redundancy - data analysis by different analysis centers

- data analysis using different software
- more than one VLBI network in parallel

coverage of Earth by VLBI stations - more stations on southern hemisphere, e.g. by
  use of mobile stations

coverage of sky by radio sources - more sources, especially in the southern sky
regular releases of:
ICRF and TRF,
geodynamical parameters

- release official IVS products once per year with
  timeliness of one month

availability and distribution of:
physical parameters (e.g. tropospheric and iono-
spheric mapping),
source structure and other astrophysical pa-
rameters

- regular release as IVS products

6. Proposed observing programs6.1. Overview of existing programsIVS urrently has no observing program of its own for the generation of IVS produts; onlyexisting observing programs have been used so far. The NEOS, CORE and INTENSIVE programsestablished and oordinated by USNO and/or NASA are the basis for observing the EOP. The sameVLBI sessions are used for determining the TRF. Additional observing programs oordinated byother organizations, e.g. by FGS (German Researh Group on Satellite Geodesy) and GSI (Japan),have been established for spei� researh purposes suh as the EOP and/or the TRF. Only veryfew programs are dediated to observing the CRF. Some extended programs have been organized byNASA for speial R&D requirements. Only NEOS and INTENSIVE sessions are stritly organizedto optimize timeliness, i.e. the time from observation to availability of �nal produts is kept asshort as possible.234 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final ReportThe observing programs for the year 2001 (as of mid August) are summarized in table 4. A totalof 968 observing days per year (\station days") are planned for 2001, approximately equivalent to2.9 observing days per week for the typial network size of 6 stations; this does not inlude theINTENSIVE sessions. The table shows the type of program, the responsible Operation Center(OC) and Correlator (CO), and the average time delay for sessions already orrelated. Table 5lists the number of observing days for eah Network Station (NS) in 2001, plans for 2002 and goalsfor several years in the future.6.2. Requirements and reommendations for new observing programsNow the question arises how the existing observing programs an be extended to math the goalsde�ned in tables 1a,b,. There are three main areas whih need to be improved onsiderably withinIVS:1. auray of results (see 6.2.1),2. time delay from observation to �nal produt (see 6.2.2),3. frequeny of sessions in order to ahieve a more ontinuous time series (see 6.2.3).For the sienti� requirements, the temporal resolution and the auray of the produts have tobe inreased to be able to detet many of the e�ets mentioned in setions 3.1 and 3.2. Individualloal information and loal measurements suh as permanent surveying of the shape of the antennasand in partiular of motions of the VLBI referene point have to be provided additionally.Requirements for extending and upgrading the existing IVS produts are:� improve the overage of the week towards a ontinuous servie,� derease time delay in order to improve timeliness,� improve reliability of IVS produts by independent heking,� inrease the auray and temporal resolution,� develop networks that inrease the auray of xp up to the level of yp.Reommendations for updating existing programs and establishing new ones for the IVS are:� ombine the requirements of various users,� inlude all tehniques (Mk4/Mk5, K4 and S2),� inlude R&D programs to explore and extend the full apaity of geodeti VLBI,� improve global overage of VLBI stations,� inlude CRF observing programs,� maintain ontinuity with the existing time series, mainly NEOS, INTENSIVE, and existingCORE,� inorporate new VLBI tehnologies.
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Table 4: Observing Programs for 2001, OC-Operation Center, CO-Correlator, NS-Network Station

Day
of

Start Dur Type Purpose OC CO Num-
ber/
year

#NS #sta-
tion
days

Tapes/
station

Time
Delay

Week UT hrs days days

Monday
8:00 24 SYOWA TRF JARE Mitaka 5 3 15 90

12:00 24 EUROPE Vertical Bonn Bonn 2 8 16 1 60
14:00 24 C-OHIG TRF Bonn Bonn 2 5 10 1 60
14:00 24 C-IRIS-S EOP Bonn Bonn 12 6 72 1 60
14:00 24 RDV TRF/CRF NASA VLBA 6 20 120 3 45
16:00 24 APSG TRF NASA WACO 2 6 12 1 60
17:30 24 CORE-1 EOP NASA Hays 12 6 72 2 100
17:30 24 CORE-B EOP NASA WACO 4 6 24 1 90
17:30 24 CORE-C EOP NASA WACO 7 6 42 1 90
17:30 24 CONTM EOP NASA WACO 2 6 12 1 80
18:30 1 NEOS-INT UT1 USNO WACO 52 2 4.3 5

    Total Monday 24h sessions 54 (some sessions are actually on Thursday)

Tuesday

18:00 24 NEOS EOP USNO WACO 52 6 312 1 17
18:00 24 CONTM EOP NASA WACO 1 6 6 1 80

    Total Tuesday 24h sessions 53

Wednesday

18:30 24 CONTM EOP NASA WACO 2 6 12 1 80
18:30 24 CRF CRF USNO WACO 4 7 28 1 60
18:30 24 CORE-3 EOP NASA Hays/B

onn
34 6 204 2 100

18:30 1 NEOS-INT UT1 USNO WACO 52 2 4.3 5
    Total Wednesday 24h sess. 40

Thursday

19:00 24 SURVEY 2 3 6 90
18:30 1 NEOS-INT UT1 USNO WACO 52 2 4.3 5

    Total Thursday 24h sessions 1

Friday

18:30 1 NEOS-INT UT1 USNO WACO 52 2 4.3 5
      Total Friday 24h sessions 0

Saturday, Sunday
no programs

Total number of station days 968
Total number of 24-hr sessions 149
Total number of 1-hr sessions 156
Avg days/week covered by 24-hr sessions 2.9
Avg tapes/session 1.3
Avg time
delay
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Table 5: Number of observing days for each network station

Geodetic Station Usage

Station 2001 2002 2005
Name Code Actual Plan Goal

Algonquin Ap 64 76 208
Effelsberg Ef 1 1 1
Fortaleza Ft 79 79 208
Gilmore Creek Gc 101 110 208
GGAO/MV3 Gg 3 4 4
HartRAO Hh 59 52 108
Hobart Ho 23 40 104
Kokee Kk 101 104 208
Kashima Ka 3
Matera Ma 37 104 208
Medicina Mc 26 52 52
Ny Alesund Ny 82 83 208
Noto No 5 5 52
Onsala On 24 26 52
O’Higgins Oh 7 7 12
Seshan Se 16 12 12
Simeiz Sm 6 6 12
Syowa Sy 7 6 6
TIGO Ti 8 52 208
Tsukuba Ts 32 32 208
Urumqi Ur 6 6 12
Westford Wf 72 72 72
Wettzell Wz 112 112 208
Yebes Yb 6 12 12
Yellowknife Ye 13 13 12
DSS15 15 3 15 26
DSS45 45 6 15 26
DSS65 65 6 6 6
VLBA (10
antennas)

Va 60 60 60

Total 968 1162 2517
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Harald Shuh et al.: IVS WG2 Final Report6.2.1. Auray of ResultsAhieving the auraies listed in the goals of table 1 an mainly be ahieved through furthertehnologial improvements, e.g. by extending the observing program to higher data rates, andby improved operational reliability. Also the models used for data analysis an still be improvedfollowing the most reent sienti� researh in various �elds suh as solid Earth tides, atmospheriand oean loading and tropospheri refration. This an be omplemented by inorporating loalsurvey done at the antennas. Speial e�orts should be devoted to use more stations in eah networkand to design new networks to ahieve the best possible EOP and TRF measurement auray.In partiular, networks should be designed so that xp and yp results are of omparable auray.Station performane is ritial to the auray of results, too. Stations should be enouraged toaim for the highest possible standards for high quality, reliable reorded data.Speial R&D sessions should be sheduled depending on sienti� requirements and to furtherdevelop VLBI auray and time resolution. Following the extremely suessful CONT94 andCONT96 sessions, suh speial CONT-type sessions should be arried out one or twie per year,if possible for a ontinuous 14 days to investigate the full apaity of geodeti VLBI. As manystations as ould be orrelated in one orrelator pass (8-12) should partiipate and the higheststandards of tehnial exellene must be used. Suh speial R&D sessions might be less ritialwith respet to timeliness.The o�sets and drifts between EOP series determined by di�erent VLBI networks, demonstrated bythe CORE-A/NEOS sessions, represent the urrent auray of results. Additional R&D sessionsshould be devoted to studies of the o�set problem. To detet and remove the reasons for theproblems desribed above partially onurrent observing sessions are proposed whih overlap by aouple of hours. In addition, at least two idential stations should observe in suessive networks.6.2.2. TimelinessAs long as global transmission of observed data annot be realized via the Internet, magnetitapes or diss will have to be shipped between stations and orrelators. One of the objetives ofthe IVS observing program is to set up a fast and routine proedure to ship the reorded mediaimmediately after the sessions to the orrelator. Assuming that shipping tapes will start instantlyafter eah session, 1 or 2 days will be needed for transportation, 1 day for orrelation and 1 dayfor data analysis and providing the produts. This roughly means a minimum delay of at least 3to 4 days, longer from stations that are not loated near onvenient transportation hubs.Besides faster shipping of tapes to the orrelator, we reommend that the orrelators give priorityto proessing ertain types of sessions, as is the urrent pratie for the NEOS sessions. A seondregular session should reeive similar priority attention so that regular results will be availablewith a short time delay.The researh and development on broadband ommuniation links for geodeti and astrometriVLBI should be strongly supported within IVS, as well as the development of a more rapid dataanalysis by faster proessing and automation. Diret links between the omponents of a VLBIsystem (radio telesopes, orrelators, analysis enters) would not only improve the data ow butis the only hane to onsiderably improve the timeliness of IVS produts beause it will allow theIVS to provide �nal produts in near real-time. In May 1998 a forum on Real-Time VLBI washeld at MIT Haystak Observatory (Proeedings ed. by J. Ray and A.R. Whitney, 1998) where thevarious aspets of diret broadband ommuniation links were disussed. As the data transmission238 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final Reportrates have inreased signi�antly sine 1998 with steadily dereasing osts, real-time VLBI seemsto be feasible and a�ordable in the near future. The K4 system has demonstrated that reliable,sustained daily VLBI operations an be aomplished with minimal time delays of less than oneday, if use is made of near real time data transmission, automated orrelation proedures, andautomated analysis.The ompetitiveness of VLBI produts would be signi�antly inreased by ontributing to suhimportant tasks as:� Support predition of EOP by IERS Rapid Servie and Predition Produt Center and otherEOP predition enters.� Allow reation to episodi events in near real-time (both geophysial phenomena on Earthand astrophysial phenomena on extragalati soures).� Support atmospheri and ionospheri investigations.� Guarantee the availability of the results (in partiular of rapid UT1-UTC) in ase of emer-geny, e.g. if air traÆ is stopped.6.2.3. Frequeny of SessionsThe justi�ation for daily, ontinuous VLBI sessions was given in several setions of the report.The main arguments for ontinuous VLBI measurements are repeated here:� Contribute to the proposed IAG projet IGGOS that an only be realized by regular, ifpossible ontinuous, ontributions of all spae geodeti tehniques; VLBI is essential as itplays a unique role (from those diurnal tidal terms that annot be observed by GPS to shortand long period nutation parameters).� Provide a permanent omparison and ontrol of results of other tehniques, suh as GPS,SLR, absolute gravity and ringlaser systems.� Resolve the smaller tidal terms in solid Earth tides, oean loading, and oean tidal exitationof the EOP.� Determine the amplitudes of the many short period nutation terms; this allows the investiga-tion of the transfer funtions, in partiular how eah term deviates from a mean frequeny-dependent transfer funtion.� Cath episodi events both on Earth and on extragalati soures.� Inrease the auray of the results by inreasing the number of observations.Continuous VLBI sessions an only be ahieved in gradual steps as we augment resoures availablefor the observing programs. It is reommended that we arry on and extend the existing typesof regular observing programs, suh as CORE and NEOS, in order to maintain ontinuity withexisting time series. As a next step we reommend establishment of a regular weekly 24-hour sessionin addition to the weekly NEOS. Also, a regular weekly or monthly session ould be observed byinluding S2 and K4 omponents. In future years, Saturday and Sunday observations should beonsidered. This may be a sta� and budget problem, but it should be onsidered nevertheless. Weshould support development of new tehnologies and ontrol systems that will enable unattendedobserving.15th European VLBI Meeting Proeedings 239



Harald Shuh et al.: IVS WG2 Final ReportA strong demand exists for INTENSIVE type experiments to determine UT1-UTC, one of the mostimportant parameters provided by IVS due to the unique apability of VLBI. Daily INTENSIVEmeasurements with very small delay (3-4 days with tape reording and less than one day in aseof broadband data transmission, see sub-setion 6.2.2) would be desirable in order to providereliable UT1 preditions and a high-frequeny UT1 series for geophysial studies. As many daysas possible should inlude a short-duration one-baseline session optimized for UT1 measurement.Additional independent observations on a seond baseline would be highly desirable in order toprovide independent ontrol and robustness, i.e. if one session should fail there would be anotheravailable.6.3. ResouresA realisti observing program requires areful balaning of available resoures. Within the geodetiVLBI ommunity there are three types of resoures:1. Station observing time,2. Correlator apaity,3. Reording media and data transmission failities.At various times in the past years, eah of these types of resoures has taken its turn as the leastavailable resoure. In reent years orrelator time was in the shortest supply, but now the eÆienyof the Mk4 orrelators is improving rapidly, and the observing programs will probably be limitedby availability of tapes in 2002. If we improve the tape shipping proedures, and if the orrelatoreÆieny ontinues to improve, we may be limited by availability of station observing days by2003. The estimated resoures that will be available for the next few years are shown in table 6.The most-used stations observe up to two or three 24-hour sessions per week on average; manystations observe only one per month. A ontinuous program of 6-station networks will require2190 station days per year, more than double the urrent resoure availability. For 8-stationnetworks, nearly 3000 station days are required annually. Besides additional observing burdens insheer numbers, ontinuous observing also means that stations will be observing on weekends.It is antiipated that the eÆieny of the Mk4 orrelators will ontinue to inrease, doubling their2001 eÆieny so that by 2005 they an proess one day of observing in one day of orrelatortime: a proessing fator of one. The orrelator apaity is shown in the table as the numberof sessions that an be proessed, taking into aount the expeted Mk4 proessing fators. Thealulations assume that the number of supported orrelator operational days for eah of the threeMk4 orrelators remains the same throughout the period (Haystak 50, Washington 200, and Bonn110 days). The antiipated availability of the S2 and K4 orrelators is shown as inreasing overthe next years.The number of required tapes depends on the reording tehnology (Mk4, S2, or K4), the reordingdata rate, and on the average time delay between observing and export of data from the orrelator.Eah reording tehnology uses a di�erent type of tape. The Mk4 tapes are 1-in wide and loadedon 14-in glass reels; tape apaity is � 4:7 Tb. At a reording rate of 128 or 256 Mb/s one stationuses typially two tapes in a 24-hr session. There are 468 Mk4 tapes in the geodesy pool; nofurther purhases are planned beause of the imminent deployment of the dis-based Mk5 reordingsystems. S2 tapes are standard VCR tapes and are ounted in \boxes" of eight assettes eah.The apaity of one box is � 1:8 Tb; a station uses 3-4 boxes for a 24-hr session reorded at 128240 15th European VLBI Meeting Proeedings
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Table 6: Estimated resource availability for the years 2000-2005

2000 2001 2002 2003 2004 2005
Observing Time (station days)

834 968 1162 1500 1800 2517

Correlator Capacity (sessions)
Mk4 103 144 171 180 180 180

S2 12 26 52 52
K4 12 12 12

VLBA 6 6 6 6 6 6
Total 109 150 189 224 250 250

Recording media (equivalent Mk4 tapes)
Mk4 363 468 468 468 468 468

S2 75 100 200 200
K4 50 50 50

Mk5 50 100 200 200
Total 363 468 593 718 918 918Mb/s. Requirements for S2 tapes are expeted to be met from the existing Spae-VLBI/geodesysupply. K4 tapes are D1 type assettes used in the ommerial VCR business. One tape has aapaity of � 0:6 Tb, and typially a station uses 6-7 tapes of the size usually used for VLBI ina 24-hr 64 Mb/s session. Additional K4 tapes would need to be purhased to support a monthlyK4 network session. The Mk5 will reord on a set of 16 100-GB diss for a apaity of � 12:8 Tbper set. One set of diss per station will be needed for a 256 Mb/s 24-hr session. The numbers ofreording media in table 6 are shown in equivalent Mk4 tape apaity, so that the totals an beused in table 7.6.4. Proposed IVS observing programs for 2002-2005IVS as a servie needs to arry out regular programs, in order to deliver its produts as reliablyand preisely as possible with respet to the available resoures. Speial R&D programs will haveto be sheduled, too, to support sienti� researh and improvement of the VLBI tehnique.Table 7 outlines a proposed IVS observing program for the years 2002-2005, inluding 2001 as areferene point. Eah setion of the table shows one year's program in olumns giving the type ofsession, number of stations, number of sessions, number of tapes, and time delay in days. At thebottom various statistis and totals show the resoure usage (station days, orrelator time, tapes),estimated resoure availability for that year (from table 6), and resoure shortfall (or exess, shownas negative numbers). The table shows 24-hr sessions, short INTENSIVE-type sessions, and R&Dsessions. The IVS Coordinating Center will implement the details of the program, table 7 givesthe outline and overview.Highlights of the proposal for eah year are:� 2002: The proposed program moves the urrent NEOS session from Tuesday to Mondaywith the new name IVS-R1, and adds a seond weekly rapid-turnaround session on Thursday15th European VLBI Meeting Proeedings 241
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# # # # # # # # # #

Type stn sess tap delay Type stn sess tap delay Type stn sess tap delay Type stn sess tap delay Type stn sess tap delay
Monday

CORE-1 6 12 38 90 IVS-R1 6 52 88 15 IVS-R1 8 52 87 10 IVS-R1 8 52 89 10 IVS-R1 8 52 94 10
C-IRIS-S 7 12 35 60
INT 2 5
Other 6 30 100 100

Tuesday Other 6 18 54 60 Other 6 12 35 60
IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5

NEOS 6 52 81 17 IVS-T2 7 12 42 60 IVS-T2 7 0 0 30 IVS-T2 7 26 64 30 IVS-T2 8 52 129 20
Wednesday Science 8 12 46 60 Science 8 12 53 60 Science 8 12 61 60

CORE-3 6 34 114 100 R&D 8 12 48 60 R&D 8 26 66 30 R&D 8 26 73 30 R&D 8 26 64 20
IVS-E3 8 12 34 30 IVS-E3 8 26 66 30 IVS-E3 8 26 73 30 IVS-E3 8 26 64 20

INT 2 5 IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5
Other 6 8 27 100 CONT02 8 15 216 90 CONT03 8 15 240 60 CONT04 8 12 53 60 R&D 8 12 61 60

Thursday IVS-CRF 6 4 12 60 IVS-CRF 6 4 12 60 IVS-CRF 6 4 12 60 IVS-CRF 6 4 12 60
CRF 6 4 13 90 IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5
RDV 10 6 45 RDV 10 6 45 RDV 10 6 45 RDV 10 6 45 RDV 10 6 45
INT 2 5 IVS-R4 6 52 88 15 IVS-R4 8 52 87 10 IVS-R4 8 52 89 10 IVS-R4 8 52 94 10

Friday IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5 IVS-INT1 2 5
IVS-INT2 2 5 IVS-INT2 2 5 IVS-C5 6 26 55 30 IVS-C5 8 52 129 20

Saturday
IVS-C6 6 26 48 20 IVS-C6 8 52 129 20

Sunday
IVS-C7 6 26 50 30 IVS-C7 6 52 109 30 IVS-C7 8 52 129 20

3.0 3.5 4.4 6.2 7.7

avg ship to stn (weeks): 8 6 4 3 2.5
avg tapes/session: 1.3 1.8 2 2.5 3

sessions to be correlated: 158 183 231 320 398
station days used: 984 1212 1776 1862 3188
recording media: 407 583 689 718 966

correlatable sessions: 150 215 270 310 430
station days: 968 1162 1500 1800 2313
recording media: 468 468 468 500 500

correlator: 8 -32 -39 10 -32
station days: 16 50 276 62 875
recording media: -61 115 221 218 466

2005

Proposed IVS Observing Program

2001 2002 2003 2004

Resource shortfall

Days/ week observed:

Average Session Parameters (fixed)

Resource usage

Resource availability

242
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Harald Shuh et al.: IVS WG2 Final Reportnamed IVS-R4. This provides ontinuity with the urrent NEOS and onentrates resouresurrently used for CORE sessions into a seond weekly session. (The R in the name standsfor Rapid.) The monthly IVS-E3 will emphasize EOP and will use S2-tehnology. A 14-day ontinuous session named CONT02 is proposed. A monthly R&D session should beused for tehnique improvement studies. The RDV (Researh and Development VLBA)sessions would ontinue to serve as the main soure of data for the CRF; other CRF sessionsare proposed for observing southern soures not visible to the VLBA. The \other", mainlyregional, sessions ontinue. The IRIS-S sessions are renamed IVS-T2 for TRF emphasis.INTENSIVE sessions would be on Tuesday, Wednesday, Thursday and Friday and at leastone of these days would have a seond independent session for robustness and independentontrol, e.g. by K4. Real-time data transfer for the INTENSIVES should be investigated.Testing and initial deployment of Mk5 units should be arefully oordinated.� 2003: The two rapid-turnaround sessions are inreased to 8 stations. A weekend day observ-ing is added on a bi-weekly basis. It will probably take at least all of year 2002 to �gureout how to support weekend observing. A monthly session is available for proposal-basedsienti� experiments. Deployment of additional Mk5 units should be done this year.� 2004: The �rst weekend day is made weekly this year, and a seond bi-weekly session on theweekend is added.� 2005: This year shows the full 7-day observing program. There are serious shortfalls inresoure usage of stations days, orrelator time, and tapes. This program may not be realistiunless we an �nd signi�ant new resoures, but it is shown for ompleteness. It is possiblethat some real-time failities for data transmission might be in plae by this time, but it isdiÆult to estimate either the time sale or resoures needed.7. ReommendationsIt is reommended that IVS omponents devote the resoures neessary to aomplish the observingprogram proposed in the previous setion, with speial emphasis on the following points:� Network stations should ommit to shipping tapes more eÆiently to the orrelators so thatthe time delays in the plan an be aomplished. The orrelators should ommit to assignpriority to ertain sessions.� It is strongly reommended for the suess of the proposed plan that initially the S2 orrelatorsupport one day per month of observations, rising to one day per week in the future. Likewise,it is strongly reommended that the K4 orrelator support one INTENSIVE observing sessionper week, with more days oming in the future.� Unattended operations should be onsidered by eah Network Station during 2002 so thatweekend observing by a network an begin in 2003.� Some R&D sessions should be devoted to studying the network o�set problem.� The 14-day R&D ontinuous sessions will require additional station resoures and planningfor the high tape usage.� The CRF and RDV sessions should be used to expand the soure atalog used for regulargeodeti sessions. Inlusion of new, weaker soures will �ll in gaps in sky overage andfailitate better shedules.15th European VLBI Meeting Proeedings 243



Harald Shuh et al.: IVS WG2 Final Report� A vigorous R&D program should be part of every year's observing program to study methodsfor tehnique improvement, identify and eliminate instrumental e�ets, and study othersystemati error soures.Reommendations onerning the VLBI data analysis within IVS:� Inrease the EOP time resolution to 1h in 2002 with a goal of 10min in 2005.� Determine EOP rates as another IVS produt.� Establish a ombined TRF solution (time series or global solution of station positions andveloities) as an IVS produt on a regular basis.� Enourage additional CRF solutions for detailed omparison.� Investigate the idea of a ombined ICRF solution.� Continue investigation of temporal variations of soure positions and of monitoring sourestrutures and enourage investigation of soure struture delay orretions.� Determine regularly geodynamial parameters suh as solid Earth tides Love numbers andoeani and atmospheri loading oeÆients with learly inreased auray to be publishedas IVS researh produts.� Continue investigation of tropospheri parameters and ionospheri mapping by VLBI.� Inorporate loal surveying results done at the antennas.� Enourage development of partially automated data analysis.� Enourage data analysis by more analysis enters using di�erent software pakages.� Improve models used for data analysis wherever possible.Reommendations on tehnologial upgrades and developments:� All stations that are Mk3 should be upgraded to Mk4 apability as soon as possible so thatthey an partiipate in higher data rate sessions and use Mk4 reording modes.� Deployment of geodeti S2 and K4 systems at more stations is enouraged so that good geode-ti networks an be designed that use these systems and be integrated into the internationalgeodeti observing program.� Additional media equivalent to the apaity of at least 100 Mk4 tapes will be neessary toarry IVS through the proposed program.� Improved tehnologies should be strongly pursued beause higher data rates, advaned datatransmission tehniques, and automated observing and proessing methods lead to inreasedauray, timeliness, reliability, and eÆient use of resoures.Reommendations onerning IVS organization:� IVS should establish and publiize proedures for submitting and reviewing proposals withR&D, tehnique improvement, tehnique validation, and/or sienti� goals.� IVS should establish a permanent Program Committee (PC) to advise the CoordinatingCenter in implementing the observing program. The PC would review proposals, disuss andreommend the observing program, and arry out poliies related to the observing programas determined by the Direting Board.244 15th European VLBI Meeting Proeedings



Harald Shuh et al.: IVS WG2 Final Report8. ConlusionsGeodeti VLBI plays an essential role in geodesy and astrometry due to its uniqueness in observingUT1-UTC and the preession/nutation angles unbiased over a time span longer than a few days.It is also needed for the establishment of the ICRF and ontributes extensively to the generation ofthe ITRF. The report shows that due to various requirements of the di�erent users of IVS produtsthe following aspets must be aomplished:� signi�ant improvement of the auray of VLBI produts,� shorter time delay from observation to availability of results,� almost ontinuous temporal overage by VLBI sessions.A �rst senario of the IVS observing program for 2002 and 2003 onsiders an inrease of observingtime by about 30%-40% and inludes sessions arried out by S2 and K4 tehnology. The midtermobserving program for the next 4-5 years seems to be rather ambitious, although it is feasible if alle�orts are onentrated and the neessary resoures beome available.9. ReferenesBeutler, G. et al., 2001: The IAG-REVIEW 2000-2001 Exeutive Summary. Presented at the IAGSienti� Assembly, Budapest, 2.-6. September 2001.Cannon, W.: Comments on VLBI as a Fundamental Geodeti Positioning Tehnique and IVS Com-bined VLBI Produts. http://giub.geod.uni-bonn.de/vlbi/IVS-AC/divers/annon.html , 2001.Chao, B.F.: Global siene enabled by Earth rotation observations, doument vlbiore.do athttp://ivs.gsf.nasa.gov/mhonar/ore-panel/msg00030.html , 2001.Charlot, P. et al.: A proposed astrometri observing program for densifying the ICRF in thenorthern hemisphere. IVS 2000 General Meeting Proeedings, ed. by N.R. Vandenberg and K.D.Baver, NASA/CP-2000-209893, 168-172, 2000.Dehant, V. et al.: Considerations Conerning the Non-Rigid Earth Nutation Theory. CelestialMehanis and Dynamial Astronomy, No. 72, 245-310, 1999.Gross, R.S.: Auray of VLBI and GPS Polar Motion Measurements, http://ivs.gsf.nasa.gov/-mhonar/ore-panel/msg00038.html , 2001.Haas et al. : Report of the IAG/ETC/WG6/1 (VLBI). Bulletin Mar�ees Terrestres, No. 134,Observatoire Royal de Belgique, Brussels (in press) 2001.IAU resolutions : International Astronomial Union Information Bulletin, No. 88, 15-22, http://-www.iau.org/IAU/Ativities/publiations/bulletin/, 2000.Keystone Projet: http://ksp.rl.go.jp/Koyama, Y., T. Kondo, and N. Kurihara: Mirowave ux density variations of ompat radiosoures monitored by real-time very long baseline interferometry. Radio Siene, Vol. 31, No. 2,223-235, 2001.15th European VLBI Meeting Proeedings 245
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Friday, 7th September 2001Session 1: IVS and Faility ReportsChair: James Campbell09:00{09:30 Welome addresses09:30{09:50 H. SCHUHIVS working group 2 for produt spei�ation and observing programs{ status report of the hairman09:50{10:00 C. STEINFORTH, A. NOTHNAGELCombination of VLBI EOP within the IVS10:00{10:10 V. THORANDT, D. ULLRICH, R. WOJDZIAK, G. ENGELHARDTTehnologial proesses at BKG data and analysis enter10:10{10:25 G. ENGELHARDT, V. THORANDT, D. ULLRICHThe urrent status of the IVS analysis enter at BKG10:25{10:35 C. GARCIA-MIRO, J. GOMEZ, D. BEHREND, A. RIUS, A. AL-BERDI, E. JIMENEZ BAILON, I. DE GREGORIO MONSALORadio astronomy at the NASA Madrid deep spae ommuniations om-plex: status report10:35{10:40 R. PORCASE�elsberg station report10:40{10:50 F. COLOMERAtivities of the IGN/OAN at Yebes10:50{10:55 G. COLUCCI, R. LANOTTEOperational VLBI ativities at Matera10:55{11:25 COFFEE BREAK11:25{11:40 B. CAMPBELLStatus report on the EVN MkIV data proessor at JIVE11:40{11:50 W. ALEFMPIfR/BKG orrelator report11:50{12:00 A. MUESKENSImprovements of the Geodesy MK4 orrelation progress in the last yearSession 2: Data Analysis and New DevelopmentsChair: Harald Shuh
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Programme of the 15th European VLBI Meeting12:00{12:20 A. NOTHNAGEL, O. BROMORZKI, J. CAMPBELL, A. MUESKENS,H. ROTTMANN, I. ROTTMANNComparisons of Mark III and Mark IV orrelation results12:20{12:40 J. CAMPBELL, B. RICHTERTowards a stable European vertial veloity referene system usingVLBI, GPS and absolute gravity measurements12:40{13:00 W. SCHWEGMANNAutomati VLBI data analysis using CALC/Solve and a knowledge-based system13:00{15:00 LUNCH BREAK15:00{15:20 V. TESMER, H. KUTTERER, H. SCHUH, H. SCHMITZ-HUEBSCH,B. RICHTERReassessment of the quality of Earth orientation parameters with highresolution determined by VLBI15:20{15:40 Y. KOYAMA, T. KONDO, J. NAKAJIMA, M. SEKIDO, M. KIMURAInternet VLBI system and 1 Gbps VLBI system based on the VSI15:40{16:00 E. GUEGUEN, P. TOMASI, H.-G. SCHERNECK, R. HAAS, J. CAMP-BELLReent rustal movements: geologial meaning of European geodetiVLBI network observations16:00{16:20 M. BOS, R. HAASObserving the long period tides in gravity and VLBI observations onNy-Alesund, Spitsbergen16:20{16:50 COFFEE BREAKSession 3: Atmospheri ModellingChair: Antonio Rius16:50{17:10 A. NIELLAn apriori hydrostati gradient model17:10{17:30 A. NOTHNAGELOn the e�et of solution types on atmospheri zenith path delay results17:30{17:50 J. BOEHM, H. SCHUHSpherial harmonis as a supplement to global tropospheri mappingfuntions and horizontal gradients17:50{18:10 M.J. RIOJA, P. TOMASICombined geodeti tehniques20:30{23:00 WORKSHOP DINNER
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Programme of the 15th European VLBI MeetingSaturday, 8th September 2001Session 4: Loal SurveysChair: Paolo Tomasi09:00{09:20 L. VITTUARI, P. SARTI, P. TOMASI2001 GPS and lassial survey at Mediina obsevatory: loal tie andVLBI antenna's referene point determination09:20{09:40 A. NOTHNAGEL, C. STEINFORTH, B. BINNENBRUCK, L. GRIM-STVEIT, L. BOCKMANNResults of the 2000 Ny-Alesund Loal Survey09:40{09:50 R. HAAS, M. KIRCHNERThe spring 2001 footprint measurements at the Onsala Spae Observa-torySession 5: Referene Frames and Astrometri ResultsChair: Paolo Tomasi09:50{10:10 C. MAExtension of the ICRF10:10{10:30 P. CHARLOTITRF2000 positions of non-geodeti telesopes in the European VLBInetwork10:30{10:50 R. PORCASFinding phase and astrometri referene soures using the NVSS survey10:50{11:10 E. ROS, A.P. LOBANOVPhase-referening and opaity in the jet of 3C309.111:10{11:40 COFFEE BREAKClosing SessionChairs: James Campbell and Antonio Rius11:40{13:00 General disussion13:00 OFFICIAL END OF MEETING
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Programme of the 15th European VLBI MeetingContributions without PresentationSession 1: IVS and Faility ReportsH. HASE:Status of the TIGO-Projet in Conepi�onZ. MALKIN:On omputation of ombined IVS EOP seriesSession 2: Data Analysis and New DevelopmentsZ. MALKIN, N. PANAFIDINA, E. SKURIKHINA:Length variations of European baselines derived from VLBI and GPS observationsE. SKURIKHINA:On omputation of antenna thermal deformation in VLBI data proessingSession 3: Atmospheri ModellingA.A. STOTSKII, I.M. STOTSKAYA:Struture analysis of wet path delays in IRIS-S experiments
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