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Outline

• ITRF2013 reanalysis initiated in Sept. 2013

• New ILRS improved models implementation

– New gravity modeling

• New CoM offset correction model

• Modified Mean Pole model of IERS MP series

• SLR network changes: 

– new sites, earthquakes near old sites  new coordinates & velocities

• Station data quality monitoring & systematic error modeling

• ILRS reanalysis delivery to ITRS
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Reanalysis Kick-off (Sept. 2013)

• A reanalysis effort in response to the ITRF2013 
solicitation was planned by the ILRS AWG during 
our Sept. 2013 meeting in Potsdam, Germany

• It was agreed to implement several new models 
and to have them validated before the reanalysis 
for the ITRF submission (discussed at EGU 2013)

• Considerable time and effort required from each 
AC / CC to develop the final ITRF delivery product

• The reanalysis starts with 1983, as with ITRF2008, 
and ends at the end of 2013.
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What’s New in Terms of Modeling - I

• New static gravitational model adopted by all ACs, some of 
which were still using EGM96:  
– GGM05S

• A consistent set of additional terms with significant temporal 
variation, derived using GGM05S as the static part and with 
the same standards from SLR tracking of multiple geodetic 
satellites by Minkang Cheng (CSR/UT):

– C(2,0) & C/S(2,1) from CSR's 15d series, interpolated/evaluated at mid-arc 
epoch of our 15d arcs (1983 - 1992) and our 7d arcs (1993 – 2013)

– The nominal zonal terms' values for degree 3-6 for our use come from CSR's 
GGM05S, their rates however come from Cheng et al., 1997
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C(2,0) Gravitational Modeling
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C(2,0) Interpolation 15d arcs
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C(2,0)



C(2,0) Interpolation 7d arcs
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C(2,0)



C/S(2,1) Interpolation 15d arcs
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C(2,1) 



C/S(2,1) Interpolation 7d arcs
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S(2,1) 



What’s New in Terms of Modeling - II

• ILRS adopted a new model to account for the optical 
response of each target to different systems and 
modes of operation: the so-called “CoM offset”

– It depends on:
• The geometry and optical properties of the LRA on the s/c being 

tracked, 
• The ranging system installed at each site, 
• The data preprocessing parameters, and
• The mode of operation of the system 

• i.e. the application of the “CoM” correction is now 
time-dependent and applied by s/w using look-up 
tables that often need updates for new sites
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Pre-2013 Center of Mass Offset Correction
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Improvements due to the new Satellite CoM Model
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A priori TRF (SLRF2008)

• A final version of SLRF2008 (ILRS version/extension 
of ITRF2008) is used as the starting positions and 
velocities of our tracking sites for the re-analysis

– ASI, DGFI and JCET developed, evaluated and validated 
tailored station solutions for about a dozen sites, some of 
which had suffered major earthquakes in recent years and 
some which had joined the network after the 
development of ITRF2008 and are not present in it.

• The majority of the updates refer to stations that 
were recently introduced in the network and did not 
exist during the development of ITRF2008 and some 
sites that were recently affected by earthquakes.
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Station with Updated Positions in SLRF2008

STATION SLRF2008 ASI Solution DGFI Solution
Altay 1879 X
Arkhyz 1886 X
Baikonur 1887 X
Svetloe 1888 X
Zelenchukskaya 1889 X
Badary 1890 X
Koganei 7308 X
Tanegashima 7358 X
Concepcion 7405 X
San Juan 7406 X
Kunming 7820 X
Shanghai 7821 X
Simosato 7838 X
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Other Modified Models

• The IERS Conventions 2010 have a Mean Pole model in the 
form of a polynomial that was fit to one release of the official 
IERS Mean Pole series (ca. 2012)

• Recent changes (ca. 2005) in the nearly linear MP motion 
require that we are flexible and be able to adapt the “model” 
to such changes as they happen, since extrapolation over 
many years is not adequate

• A daily series of the MP coordinates and their rates based on 
the interpolated/extrapolated IERS MP series was adopted, 
instead of the fixed polynomial version in the IERS 2010 
Conventions
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Rapid ice melting drives Earth's pole to the east

J. L. Chen1, C. R. Wilson1,2, J. C. Ries1, B. D. Tapley1

DOI: 10.1002/grl.50552
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IERS Mean Pole Series
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Realistic Mean Pole Model (IERS EOP Series)



X-Mean Pole Differences: IERS Series 2012 vs 2014
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From Daniel Gambis



Y-Mean Pole Differences: IERS Series 2012 vs 2014
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From Daniel Gambis



Mean Pole Differences: IERS Series 2012 vs 2014
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From Daniel Gambis



Online Systematic Error Monitoring
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Tracking of System Configuration Changes
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Status of ILRS Effort for ITRF2013 Reanalysis

• New models implemented and systematic error adjustment rules 
strictly adhered to by all ACs

• All SLR data in the period 1993 to 2013 re-analyzed under the 
new standards and SINEX submitted by six (6) ACs

• The re-analysis of the 1983 to end of 1992 data set and the 
corresponding SINEX series delivered by fewer ACs

• One AC will deliver their contribution before the end of July

• Test combination series are developed at ASI and JCET to identify 
any issues with individual contributions

• A preliminary product can be delivered to ITRS soon

• Assuming no catastrophic events, final complete delivery should 
be at ITRS by mid-August, 2014
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Summary

• The ILRS AWG implemented new models and data screening

• The adoption of these changes caused some delay at some 
ACs that had to modify their code to implement them

• Deliver a preliminary ILRS combination to ITRS in July and 
discussion of results if any adjustments are required

• ITRS will notify the ILRS AWG of any new “breaks” that they 
deem appropriate in the series and we will reach consensus

• If necessary, ILRS delivers selected new SINEXs from ACs 
and a new combination from the CCs to ITRS for the final 
ITRF2013 development (after we receive feedback from ITRS)
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ILRS Data Handling File
• http://ilrs.dgfi.badw.de/data_handling/ILRS_Data_Handling_File.snx
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ILRS Data Handling File (cont.)
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ILRS Data Handling File (cont.)
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ILRS Data Handling File (cont.)
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