Preparation for the ITRF2013

IG' N Zuheir Altamimi
Xavier Collilieux

€ CInPaRsATIO! Laurent Métivier

IGN, France

CEOCGRAPHIQUE

NSTITUT MATICN AL
DE LINFORMATION
GEOGRAPHIQUE
T FOR ERE

EUREF Symposium, Budapest, May, 2013




Outline

Introduction

Solicited solutions

Analysis Strategy

Preparation for the ITRF2013: Combination tests

— Analysis of solutions submitted w/o NT-ATML
corrections

— Velocity and tie discrepancies
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ITRF2013

* To be ready in mid 2014
— CfP Published March 2013
— All techniques to submit solutions by Jan-Feb, 2014

» Expected Improvements & Developments:
— Reprocessed solutions from 4 techniques;

— Reuvisiting the weighting of Local Ties and Space
Geodesy solutions included in the ITRF combination;

— Improving the process of detection of discontinuities in
the time series;

— Modelling the post-seismic & non-linear station motions.
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Solicited solutions

Solutions with removable constraints;
L_oosely constrained solutions

(constraint level: ¢ > 1 m);

Free singular normal equations.

NO loading corrections should be applied

Should cover full history of observations of each
technique
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Outline of ITRF2013 analysis strategy

Remove original constraints (if any);

Apply non-tidal atmospheric (and possibly other
loading) effects corrections;

Perform per-technique combinations (TRF +
EOP) of each individual time series;

Combine the per-techniqgue combinations adding
local ties in co-location sites.
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I TRF Construction

Long-term Solutions
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Impact of NT-ATML model corrections on
an I TRF-like combination

Use three solutions per technique:
« Standard (no correction at all)
« Corrected a priori (at the obs. level)

* Corrected a posteriori, before multi-technique
combination

==> Combine long-term solutions with local ties

Results: the three test combinations are equivalent,
except up velocities for stations with time-span < 3
years
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NT-ATML test campaign: analyzed solutions

EPOSOC GFzZ R. Koenig GGFC Solution
06.69

VLBI  CALC/ GSFC D. MacMillan GGFC Solution +
SOLVE NEQ

DORIS Geodyn/  GSFC F. Lemoine GGFC NEQ
Solve

GPS Bernese =~ CODE R. Dach GGFC NEQ
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Horizontal Velocity differences btw standard and load
corrected (a posteriori) solutions
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Vertical velocity differences btw standard and load
corrected (a priori) solutions
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Horizontal Velocity differences btw standard and load
corrected (a posteriori) solutions
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Vertical velocity diffs btw load corrected a priori and
a posteriori solutions (sites with time-span > 3 years)
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New combination tests to I1solate
velocity and tie discrepancies
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GNSS & VLBI vertical velocity discrepancies
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GNSS & SLR vertical velocity discrepancies

Formal error £ 0.3 mm/yr
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VLBI & SLR vertical velocity discrepancies
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GNSS & DORIS vertical velocity discrepancies

Formal error £ 0.3 mm/yr
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GNSS & DORIS vertical velocity discrepancies
< 3mm/yr

Formal error £ 0.3 mm/yr
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GNSS & VLBI horizontal velocity discrepancies

Formal error £ 0.2 mm/yr
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GNSS & SLR horizontal velocity discrepancies
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VLBI & SLR horizontal velocity discrepancies
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GNSS & DORIS horizontal velocity discrepancies

Formal error £ 0.2 mm/yr \
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GNSS & DORIS horizontal velocity discrepancies

Formal error £ 0.2 mm/yr
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Tie Discrepancies

Differences between Terrestrial Tie and
Space Geodesy estimates
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GEOGRAPHIQUE

Possible causes of tie discrepancies:
Local Survey &/or technigue systematic errors

Precision of local survey:
e probably not better that 3 mm
I 4
SLR/LLR }
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LLocal Ties Usage in ITRF Combination

» Ties are used as observations with proper weighting

— SINEX with variance-covariance information, treated
as a space geodesy solution

— Three translation components are estimated to account
for Reference Frame differences

* Local Ties available & used in ITRF combinations:
— ~90 co-location sites
— All are in SINEX with known measurement epoch
— ~65 % with full variance-covariance information
— Others are with unknown variance, but computed as:

[ 2, 2 _
Ocomputed = \/ 07 + 07, O — 3mm

7= 1076 x \/(A) + () + (A
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Weighting steps?
1. The var-cov matrices of the individual technique

long-term solutions obtained by stacking of the
time series are normalized by the global variance

factor — Zf v! Py
f

2. Combination of velocity fields ==> obtain a VF
per technique solution, to be fixed in 3" step;

3. Global Combination (Pos & Vel) + Local Tie (LT)
SNX files
— VF per LT SNX with a floor sigma of 3mm

— lterate as necessary until convergence, i.e. VF per LT
SNX close to 1.
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1.0

15 combination tests
Scale factors wrt ITRF2008
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Iscrepancies

GNSS & VLBI Tie D

GPS-VLEI| Tie Residuals

North
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Iscrepancies

GNSS & SLR Tie D
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pancies

GPS-DORIS Tie Residuals

GNSS & DORIS Tie Discre
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Impact of discontinuities on site velocities

Yarragadee GPS up component

208
1998 2000 2002 2004 2008 2008 2010

Up velocity =-0.18 £ 0.07 mm/yr (with 2 discontinuities)
=-0.29 £ 0.05 mm/yr (with 2 disc. + ann & semi-ann)

If we consider a 3rd discontinuity:
Up velocity = 0.73 £ 0.12 mm/yr (with 3 discontinuities)
=0.33 £ 0.12 mm/yr (with 3 disc. + ann & semi-ann)
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I TRF and tectonic motion: Co-seismic deformation

. o i
- Magnitude : sub-mm to meters. Co-seismic models *

« Difficult to detect when the amplitude o | PVHS |
is small: f ’

»Same discontinuity list for co-located &= = == = = =
sites (identical epochs!) R VRS
> Discard observations at the time of the § |2 7 -
Earthquake, or/and
»>Estimate two positions: before and after 7. scws
the event : .;v-__ ‘.-x~_-l % P s T

How to detect co-seismic offsets?

» Co-seismic models R To

* PPP solutions e ﬂ 1:

« Web service with deformation maps e A

|CN More than 50 thousand EQs since 1980, according to USGS database
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Modeling post-selsmlc deformatlons
Parametric model msr( r) ITRF £ )+ Z A X

Z D({_teqk]

—t

D(t—t <2 )

or

qklogfl+

egk )

OR |Use Geophysical models, e.g.
(1—o ™) Trubienko et al., (2013)

D“_Eeqk.) eqk

Kreemer et al., (2005)
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EPN in ITRF2008

145 sites

300°320° 3400 0° 20° 40° &0° 80" 1007 120
i £ '._ b '- LY

i ]

-,_:;:"E 3 &
P =
o o o -"‘F

IGN
INSTITU TIOH AL
DE LM ATION
GED 1IQUE
T FC IERE

EUREF Symposium, Budapest, May, 2013

36




I TRFyy to ETRFyy
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Conclusion

« EXxpect ITRF2013 to be more accurate than
I TRF2008
— Reprocessed solutions from 4 technigques

— Reduced number of or/and improved discontinuity
detection

— Non-tidal atmospheric (+) loading effect will be applied
— ==> Improve site velocities for sites with short time-
span
« Consequences for ITRS89/ETRF2000
— Benefit from an improved solution
— 14 transformation parameters
ITRF2013 ==> ETRF2000
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