Report of AWG Meeting, Eagbourne, UK, October 2, 2005

Note: since (the discussion of) some of the agenda items were movedto the QAnalysisOsession on
Monday October 3, a brief summary of the outcome and reaulting action itens are attached at the end of
thes minutes

Ad 1. Opening

The ILRS AWG members met during Sunday October 2, 2005, preced ng the ILRS Workshop. The
meetng beganat 10.00 hrs. The agenda and list of attendancearegivenin Tabes1 and 2, repecively.
Noomenwelcomedthe participarts.

Ad 2. Announcements

On behalf of the CB, PearImanalso welcomedthe participans.

Noomenmade aremark about two ILRS papersduring the |AG meeting in Cairns, August 2005: a paper
by Pauis on the status of the ILRS contributions to anew | TRF product, and agereral ILRS poster by
Pearman Noll, Gurtner and Noomen In addition, MYller, Willliams Turyshev and Shelus had a paper
on lunar science capahlities

Ad 3. Pilot project " positioning + eart h ori entation”
This agendaitem took most of the day.

Ad 3.1. Operational product

Noomenmacdk a brief introduction on the currert ILRS acivitieson this apect WeeHly products on
station coordinatesand EOPs(1-day resolution) are generaedby 6 individual aralysis certers(ASI,

BKG, DGFI, GFZ, JCET and NSGF), based on SLR datatakenon LAGEOS-1 and £2 and Etalon-1 and B
2. The current procedure is effecively working since Novemler 2003, and offi cial since June 2004.
Official ILRS combination solutions arebeing produced by ASI (official primary) and DGFI (official
backup) and are available on Wedhegday of eachweek

Mareyen mace specifi c remarks about the harmonizaion of the Ops+egpOreaults, ard would like to see
more teging and evaluations of the scale and weighting agpects. Action item Mareyen make a proposal
for this.

Mareyen also brought up the apparert diffi culty in obtaining the relevart informaton for the benchmark
solutions and the operational Os+egpOsol utions. Action itemPavlis: update decription of benchmark
solutions and give better visibility. Action item Noomen: update decription of Ops+egpOproducts ard
proceduresand give better visibility. Both: send reault and suggegionsto Torrence.

Mareyen thereis serious concernabout a so-called Sunday-effect the relatively small number of
(aceped NPsavailabe on thisday. In particular, the situation is such thatit results in poor solutions for
the EOPson that day (accompanied by large standard deviations), but thatit also (potertially) affects the
overal solution (including station coordinatesand other EOP solutions). Thisis claimedto occur about
once per month. Clearly, area®nalde amount of NPsis also required for the Sundays. Another issue
appearsto be the geametry of the (scarce) NPs Pauis showed plots of coverage of the globe from anorth



pole and south pole perspective, which clearly shows the poor orbital coverage afforded by the network
and of course exacerbated by significart numbers of stations not working 24/7 shifts.

KSnig reportedthat this effect doesnot play arole for Champand GRACE, since GPSis the main
tracking tecmique here. Torrence mertionedthat GFO and TOPEX/Paseidon would possibly be affected
by this Sunday effect aswell, since SLR is the main technique. However, so far there have beenno signs
of any (Sunday) dropoff. KSnig mertionedthat the situation for ERS-2 is similarto that of GFO and T/P.
Action item Noomen check out the situation for other satellites(status of tracking, requiremerts on SLR).
Action item Noomen convey this concem to the ILRS GB.

Ad 3.2. ITRF2004: status|L RS 1993-2003

As anintroduction and representative for our customer IERS, Altamimi gave a presertation on our
Oms+egpOreaults (both on the operational product and on the backwards solutions, covering the time-
frame 1993-2003). He emphaszedthat IERSisinteresedin getting the bed from SLR, and that SLR
providesa unique contribution for the TRF origin and scale (scale sharedwith VLBI). Also, SLRisa
unique contributor for providing informaton on the vertical position (and mations). The proposal for
ITRF2004 isto convertthe time-seriesof weekly combination solutions for station coordinatesinto a
linearmodel for position and velocity, for eachindividual tecmique indeperdently. Asthe next (final)
step, the pos+vel models coming from the various techniqueswill be combined. The EOP informatonis
also to be usedfor the combination.

Altamimi presentedtime-seriesof the solutions (individual and combination) of station coordinates
Issuesaddressed were outlier rejecion and the correlation with the edimaton of tropospherebiasesand
range biases(whichis not allowedfor the core stations). A range biasproblem with the Graz data (1993-
October 1996) provedto cauwse unreaistic solutions for the vertical velocity; whenarange biasfor this
station is edimated the jump disappearsarnd the verticd velocity for Grazimproves but the quality of the
vertical solutions becaneswealer and the consistercy of the global scale edimatesbecomesworse.
Altamimi suggegedthat range biasesare not edimated.

Heis particularly interesedin receiving anoffi cial ILRS contribution for the ITRF2004 model, with the
end of October asdeadine. He macde 3 suggedionsto do so: (1) re-analyse 1993-2005 data, with a
consistert strategy (now) for treating range biases (2) redo the combinations only, with more strict outlier
rejecion; and (3) adopt the current v3 product asthe ILRS contribution, and have ITRFIERS do their
edting attheir own liking. He also suggededto document instantaneous station position shiftsin a
solution/discontinuity elemert in the SINEX files

Bianco gave a seriesof presntations, also on behalf of Luceri and Sciarreta. The v2 combination product
wasaffected by weak tracking data during the Christmas weeks, ard errars in some of the contributions (5
JCET solutions with duplicatons of siteids, 2 DGFI solutions with too long EOP periods). The v3
combination solution, based on input from ASI, DGFI, GFZ, JCET and NSGF, wasderived after rigorous
edting (all parametersotherthan pos and EOPsweredeleted) and a5! edting in the combination
process. Consistency checks were done for both the individual solutions and for the combination product;
they all yieldedthe presence of yealy signals.

In asecand presentation, discontinuitiesin the time-serieswere addressed Angermam (DGFI) had
reported jumps in the station coordinatesfor Grazand Riga, and Appleby had done someted
computations solving for RB for Graz ASI found that this affected more stations. 1864, 1868, 1884,

7210, 7237, 7403, 7811, 7835, 7839 and 8834. The problemwasaggravated by differencesin treamert
by the various analysis certers Bianco concludedthat a more coherert treamert is needed

Next, ASI performedanew combination using different outlier-edting procedures individual solutions
were eliminatedif (1) the egimate wastoo weak statistically; (2) there weretoo large differencesw.r.t. a



reliabe reference (I TRF2000) (how to handle stations that arenot (good enough) in I TRF2000 wasnot
addressed); (3) ab! outlieredting. In thereailt (v3.1), all problemsthat werereported by IGN werenow
capuredand eliminated at the combination stepalready, suggeging thatthisis a better way to do the
combination.

Finally, someideasabout the further developmert of the pos+eagp product wereaired (10 re-analyse
1993-2003 (also until 20057?) with a more consistent treatmert among amalysts regarding RB; (2) also
include other contributions; (3) apply the v3.1 procedures (4) use a 2-digit verdon number (to allow
more variations in the combination steps).

Pauis gave anoverview of the JCET procedure to obtain individual pos+ep solutions. He elaboratedon
the on-line monitoring of translation, scale, variance and observation statistics, that heis routinely
gereraing from the ILRSA (i.e. ASI combination) solutions. This should be availalde asan openresurce
for anyone interesed Action item Pavlis. make this availale (asalink) through CDDIS.

The solutions for the geocerter showed evidence of El Ni—o. Sdutions for J, showed agood agreement
between SLR and GRACE (asdetemrminedby CSR). To take the aralysis backto 1976, Pauis suggesed
thattheinclusion of other satellites(Starlette and Ajisaj) is esertial (LAGEOS-1 data aresparsely
availabe; no LAGEOS-2 or any of the Etalons, prior to 1989).

Kelm reported about new featuresin the DGFI combination software and metod. Some highlights: (1) A
new rigorous variance componernt edimaion techique is used, which will idertify problemswith the
solutions of some of the (pos, EOP) parameter solutions; asa reallt, these parameter solutions are
typically edtedout. (2) A comparison of ILRSA and ILRSB reaults (coordinates EOPs Helmert
parametery; agood consistercy betweenlLRSA and ILRSisobserved (3) It isrecanmendedthat Graz
becanesa core station only from October 1996 onwards. (4) Do not solve range biasesfor the core
stations. (5) Include the solutions from GeasciencesAustralia. (6) Creat anopendirectory for arbitrary
usersin which most recert ILRS solutions arestored without verson number (to avoid confusion). Action
itemKelm: rather thanincluding the differencesw.r.t. ITRF2000 in the ILRSB SINEX files statisticson
the differencesw.r.t. somerepresenative average isto beincluded

On behalf of Eanes Shelus gave anoverview of recert poste reallts at CSR. Earesgets post-fit rms
valuesof about 5 mm (probaly on a subset of stations). Shelus report about biasreaults for a number of
stations. SHO, Maui, Zimmerwald, Changchun, Riyach and Y arracacee

After this, alengthy discussion ensuedon how to proceedfurther. In summary:

The operatonal product will continue, albeit with more strict procedures For the core stations (currertly,
these are Graz, Greerbelt, Hartebeeshoek, Herdmonceux, McDonald, Monumert Peak Mt Stromlo,
Riyadh, Wettzel, Y arragadee and Zimmemwald, asdetermined during the 2002 AWG meeingin
Larham). No biaswill be modeled and/or edimaited, but time-seriesfrom these stations will be kept under
review in orderto identify potertial problems. For the non-core stations, aninventory will be made for
which station biasesareneeded ard for which stations they are not. Action itemNoomenand Bianco: do
this on the bags of statisticsfrom the ILRSA combination solutions (1992-2005). Level of significarce
for biasjumps/ height shifts: 15 mm. All analysts have to do their re-analysis accading to this standard.
Action item AWG: re-assess the choicefor AWG core stations (at next AWG workshaop).

Backwards analysis (1993-2003): similarapproach, similaraction itemby similar pegple. Problemshave
beenidertifiedfor the core stations Grazand Wettzell. Action item Noomert obtain realstic edimatesfor
the bias(jumps) from station represertatives

Combination products. Action itemASl, DGFI: apply their new criteria and techniques



Troposphere: for the time being (thatis: the ITRF2004 contribution), we stick to the Marini-Murray
model (cf. agendaitem 3.4).

Deadinesfor various actions. October 15 for the reporting of the biasvaluesfor Grazand Wettzel, as
well asfor the assessmert of non-core stations with a necesity to use biasesand those without. October
31 for individual analysts to provide their new solutions (action itemACs). November 7 for the
combination solutions (action itemCCy).

The aralysis of pre-1993 data (input for ITRF2004) is not within practcal reachatthis momert, but is left
for the future (cf. agendaitem 3.5).

Satllitesotherthanthe LAGEOS and Etalons are not includedin the 1993-2005 re-analysis.

Labkeling: action itemNoomen ask Noll and SeemYler to gererae 1 directory thatis opento arkitrary
userswhere the maost recert ILRS solutions (individual and combination) will be stored Without a
verdgon number in the name (it is presert, direcly or indirecty, in the conterts description). Other
solutions areto be storedin a separate, secluded sub-direciory (with lakel numbers). This mears there will
be a one-on-one copy in 2 subdirectories

Ad 3.3. Implementation station/satellite signature
Considering the time, thisitemis deferredto the more gereraldiscussion on Wedegday Oct 5.

Ad 3.4. Implementation new troposphere model

A discussion ersued about the value of the Mendesmodel ascomparedto the older Marini-Murray
model. Thelatter hasthe drawbackthatit hasabiasof about 1 mm at zerith, whereasthe Mendesmodel
ismast likely better suitedto deal with the infraredfrequenciesof the MLRO system Initial teds (4
weeks) have shown that the Mendesmodel would reault in slightly larger valuesfor the rms-of-fit, which
ismost likely due to the fact that other elemerts of the computation model areunadusted, in particular,
GM should have to be increased from .4415 to .4416 km®/s” (fraction givenhereonly). After some
discussion, it wasdecidedto stay with the use of the Marini-Murray model for the time being.

Ad 3.5.1TR2004: plans|L RS 1983-1992

Proceduresarnd parametersweresuggeded during the AWG meetng in Vierma. However, considering
the time at the current meeing and the large amount of work neededto be done for the 1992-2005 re-
aralysis and the expecied complicatons for handling this historic data, it wasdecidedto leawe this
interval to another round in the ITRF solutions. Altamimi ageed

Ad 3.6. New products
No new dewvelopmerts on this agect

Ad 3.7. Other issues
Nothing is reported here.

Ad 4. Benchmark project status



BKG haspassedthe blind tes in the middle of 2005, and hasbeenaccefted asan offi cial ILRS aralysis
Opst+egpOcontributor. GA and GRGS arein the process of doing this blind ted, and are expectedto hard
in their reaults to Pavlis by the end of October. Action itemGovind, Exettier, Pavlis.

Ad 5. Miscelaneaus
Various brief agenda items

Ad 5.1. Status SL R tracking network

The currert situation with the NASA stations working only five-day shifts wasparticularly detrimertal to
the products of the AWG and all efforts should be made to rectify the situation and return to full 24/7
operatons. NASA isin the proces of bringing TLRS-4 to Mau. TLRS-3 is being brought back into
operatonal status at Arequipa. The Frerch system 7835 hasoffi cially stoppedits operaions. The lunar
system 7845 is being redesgnedat this momert, and will not be able to track anything (operaionally) for
the coming 1-2 yeas (report Exertier). To fill inthe gap in the LLR tracking, MLRO (Matera) is
requegedto concertrate more on lunar tracking thanon the low-flying satellites Action item Noomen
conveythistothe ILRS GB.

Ad 5.2. Consistency QC reports
Thisisleft to the opendiscussion on Monday Oct 3.

Ad 5.3. Analysis center categori zation
Recanizing the activitiesof a number of institutesto pass the benchmark teq, thisissueis deferredto a
next meeting.

Ad 5.4. Procedur e for assessing quality of new SLR system

In the AWG meetng in Viermna (2005), DGFI volunteeredto do thistak. A secondary agpectis the
gereraion of station coordinates which canbe usedfor QC evaluations. These should be consistert
within the ITRF2000 frame. If possible, use should be macke of ITRF2000 information on relatedsites
(eg. GPS occupations), or acommaon and reliale solution should be egimated otherwise (including
position and velocity). This solution isto be used (and kept fixed) by the QC certers

Ad 5.5. Station performance card
Thisisacontinuing activity atILRS CB. It is usedasinput for the evaluations of the stations for AWG-
Core status evaluations.

Ad 5.6. Analysis documentation

Driven by financing from the INDIGO project, CDDI S hasbeenaskedto documert the various amalysis
standards (and approaches?) of the various individual post+ep contributors. The choiceis between
something that comesout directly of our SINEX files(the description block), and the use of the format
thatisinuse by IGS and IDS alread/. The formerhasthe advantage of being a minimum effort; the latter
providesconsisterncy all overthe geadetic services(it is mainly aimedat external users that are not



familiar with any of the techniques. It wasdecidedto go for the latter option, sincethisis (in principle) a
one-time effort. Action item Noomernt complete the empy standard formatasmuch aspossible,and serd
this to the amalysis certerscontributing. Action itemACs: complete and send to Noll. Action item ACs.
keepup-to-date. Thisis not relevart for the combination product, CCs

Ad 5.7. |ERS EOP Prediction Compari son Campaign

Thiswasinitiated by the IERS. Same peple have expressedtheir doubts about the proceduresproposed
for this project Thereis no offi cial ILRSinvolvemert here,although individual amalysis certersare
encouragedto getinvolved

Ad 5.8. CONT'05 Campaign

This IERS projectevolvedform anlVS project It bascally aimsatintensified SLR tracking of
radonavigation satellitesand satellitesthat areequipped with multiple tracking techniques Essertially,
thisisto be donefor the period Sepember 1-28. No further offi cial aralysis involvemeri of ILRS
(individual groups maydo their analysis, of course).

Ad5.9. Galileo

The ILRSwill introduce the tracking of the two Galileoted bedsatellites(GSTB-V2/A and BV2/B) in the
tracking schemes These are due for launchin Decanber 2005 and February 2006. In the future, it may
very well be possiblethat ILRSis akedto range on the full constellation of some 30 operational Galileo
satellites

Ad 6. Next meeting

A new verue in connecfion with the AGU meetng in SanFrancisco wasproposed, but it turns out that we
have avery limitedrepresertation of ILRS amalysts. Instead it wasdecidedto organize a (full-day) AWG
meetng in conjunction with the next EGU meeting in Viema, April 3-7, 2006.

Ad 7. Action items
SeeTale 3. Standing action itemsfrom the meeing in Vierma 2005 are not addressed

Ad 8. Closure
The meeing adournedat 18.30 hrs. The chairmantharkedthe participarts for their input in presentations
and discussions.

Analysis session | L RS Workshop, October 3: relevant aspects

Stations, whengoing after financial arrangemerts with funding agercies canask the ILRS (CB,
chairman, amalysis coordinator) and/or |ERS (chairman, Altamimi, Noomern) for aletter of support. They
canalso use the science material thatis availabe on the ILRS webpages Pealmannotedthat an
overview paper on the value of SLR, givenfor GA maragersin August 2005, waswell received and
would be similarly useful for OgllingOSLR to others.



In adiscussion about the contribution of SLR to the TRF (introduction Pauis), Pavis emphaszedthe
needfor implemertation of atmospheric pressure load ng. Altamimi stressed not to do thisfor the ILRS
ITRF2004 contribution.

It wasremarked by various peple that the ILRS (analysts) should be more aggressive in highlighting
problems so thatexternal people areaware of the importance of activitiesand products. Full operaions
(02-70)by the global network is a good examde, ard should be strongly recanmerdedto the stations.
After introductions on the errar budget of SLR observations (Schllak) and the modeling of tropospheric
carrecions (Rief), along discussion on the latter ersued The importance of two-caolor ranging was
recagnized The value of truly diff erertial observations, using a streak camera, is of utmost importance.
SinceMLRO isthe only systemcurrertly capable to obtain such measiremerts, this station was
encouragedto range on those LEO satelliteswith a unique and unambiguous CCR signature: CHAMP,
GRACE-A and GRACE-B (i.e. single-refl ector satellites). More studiesshould be done on various
agects of the tropospheric delay (gradents, wavelength deperdercies etc.).

Next the subjectchangedto the semi reattime quality control acivitiesof anumber of aralysis certers
(introduction Noomen), the results and the interpretation of that Range biasesasOdservedOby diff erert
aralysis certersmay show remarkalle differences This may be due to a number of agects, of which
station coordinatesis areputedone. To improve upon this, (1) these centersshould all use I TRF2000 for
now; (2) stations either not included or poorly-determinedin I TRF2000 should be aralysedwith a
consistent and common (new) position/velocity solution; (3) the developmernt of ITRF2004 will of course
also reault in anew, SLR-only position+velocity model for use by these QC centers(consistert with
current reference frame); updatesshould be macke with afrequerncy of e.g. once peryea, to also include
new stations (but with a consistent reference frame) (recommerdation Altamimi). As agereral advice,
stations areadvisedto ignore (alsolute) reported biasessmaller thanabout 30 mm.

Gurtner gave a brief presertation of arecernt maroewre of GPS-35, which wasobserved by station
Herstmoncew and aralysed by the CODE group.

October 28, 2005
R.Noomen G. Appleby, P.J. Shelus



Table 1: Agenda
(Note: ordering slightly adaptedw.r.t. original agenda)

1. opening
2. amouncemerts
3. pilot project"positioning + eath orientation”
3.1. operational product
3.2. ITRF2004: status ILRS 1993-2003
3.3. implementation station/satellite signature
3.4. implemertation new tropospheremodel
3.5. ITRF204: plars ILRS 1983-1992
3.6. new products
3.7. other issues
4. benchmark project status
5. miscellareaus
5.1. status SLR tracking network
5.2. consistercy QC reports
5.3. amalysis certer categorization
5.4. procedure for assessing quality of new SLR system
5.5. station performance card
5.6. amalysis documertation
5.7. IERS EOP Predction Comparison Campaign
5.8. CONT'05 Campaign
5.9. Galileo
. next meeting
. action items
. Closure
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Table 2: Attendance

Zuheir Altamimi
Graham Applehy
Giuseppe Bianco
Christopher Clarke
Ludwig Combrinck
Mark Davis
Howard Donovan
Pierre Exertier
Vladmir Glotov
Rames Govind
Wernrer Gurtner
Julie Horvath
Rainer Kelm

Ralf KSnig
Kazimirs Lapushka
Maria Mareyen
Ron Noomen
Toshi Otsubo
Erricos C. Pauis
Mike Pealman
PetrJ. Shelus
Mark Torrence
Scdt Wetzel

Matt Wilkinson

altamimi @ensg.ign.fr
gapo@nerc.ac.uk

giuseppe bianco@ag.it
christopher clarke@honeywell-tsi.com
ludwig@hartrao.ac.za
mdavis@ssdd.nrl.navy.mil
howard.donovan@honeywell-tsi.com
pierreexertier@obs-azu .fr

vlad mir.glotov@mccrsa.ru
ramesh.govind@gagov.au
gurtner@aiub.unibe ch

julie horvath@honeywell-tsi.com
kelm@dgfi .badw.de
koengr@gfz-potsdam.de
riglas@laret.lv
maria.mareyen@bkg.bund.de
ron.noomen@deocs.tudelft.nl
otsubo@nict.go.jp
epavis@jcetumbc.edu
mpearman@cfa.harvardedu
pjs@adro.asutexasedu
markh.torrence. 1@gsfc.nasagov
scott.wetzel@honeywell-tsi.com
maitwi @nerc.ac.uk




Table 3: action items

(Note: some of these action itemsremain after the AWG meeing in Viema; othersare the reault of the

Eagbourne workshop)

ACs

ACs
ACs CCs
Appleby
ASI
AWG
CCs

DGFI
Exertier
Govind
Gurtner
Kelm
Mareyen

Noomen Gurtner, Shelus
Noomen Peariman Gurtner
Noomen

Noomen

Noomen Bianco

Noomen

Noomen
Noomen
Noomen
Pauis
Pauis
Pauis

Peariman
Peariman

submit new individual pos+egp solutions 1993-2005 (deadine: Oct 31)
complete INDIGO de<ription amalysis and submit to CDDIS and EDC
gererat submit solutions to both CDDIS and EDC

extend table with CoM values

apply new combination approach

re-assess AWG core stations status

gererak new combination pos+eqp solutions 1993-2005 (deadine: Nov
7)

apply new combination approach

submit blind teg benchmark project

submit blind teg benchmark project

develop proposal for orbit product (with Ries MVller, Sciarretta, KSnig)
includeresdualsin ILRSB summay filesw.r.t. combinedsolution
develop proposal for teding and evaluating scale and weighting aspects of
pos+eqo solutions

develop new AC/AAC categorization

homogenizaion of QC reports

update de<cription of pos+egp products and procedures

make inventory of Sunday effectfor diff erert geodetic missions

malke assessmen of biasneedfor core and non-core stations 1993-2005
obtain reaistic edimatesfor biasjumps for Grazand Wettzell (1996)
(deadine Oct 15)

ak Noll and SeenYlerto OreedgnOpos+eap subdirectories plus change
in naming and hardling

complete INDIGO deription amalysis asmuch aspossible and submit to
ACs

make and distribute list for unambiguous station treatment for ITRF2004
contribution

update de<cription of pos+egp products and procedures

make posteqp statisticsfrom ILRSA availal e through CDDISlink
evaluate blind ted benchmark projectresults GA and GRGS

convey MLRO tracking prioritiesto GB (i.e. LAGEOS ard higher)
convey concernon Sunday effectto GB

Actionsitemsafter QAnalysisOsession on October 3:

AWG

AWG
Glotov
MYller
Noomen

make overview of station activities1993-2005, based on eccertricity file
and Ops+eqpQinfo

develop yearly linear SLR-only position model for QC purposes

use I TRF2000 in QC aralyses

use ITRF2000 in QC aralyses

getletter expressing gereral support for ILRS actvitiesfrom IERS
chairman



