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OUTLINE

 Introduction:
— ITRF2020 Construction
— Combination model

e ITRF2020:
— Network & colocations

— An augmented parametric reference frame

e Nonlinear station motions: Periodic signals and Post-Seismic Deformation

— Scale of ITRF2020?
— Some preliminary results ==> ITRF2020P
— Next steps
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Input data: Time series:

DORIS/IDS weekly
GNSS/IGS daily
SLR/ILRS weekly
VLBI/IVS: Session-wise

Local ties

Additional constraints at colocation
sites: Equality constraints for

Station velocities
Station seasonal signals

A\

ITRF2020 Construction

/

Time series analysis & stacking of the 4
technique time series altogether +
Modeling of nonlinear station motions:
e Periodic signals

* Post-Seismic Deformation

ITRF2020 Specifications:

Origin: SLR

Scale: SLR & VLBI

Orientation: Alignment to ITRF2014
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Y

ITRF2020

X, X, Xpgp, , Seasonal Signals and EOPs
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ITRF Combination model

Station positions, velocities, transfo parameters & periodic terms
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Earth Orientation Parameters
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PSD: applied as a correction model before stacking
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IGH

Periodic Signals : General Equations

Sine & Cosine Function

ny
AXy = Zai cos(wit) + b’ sin(w;t)

1=1

-6 parameters per station & per frequency: (a , b)
following the three axis X, Y, Z

—->With respect to a secular (ITRF) frame we can write:

N\

X(t)s — 6X(Opsp = X(t0)itrf + Xigrp - (t — to) + T(2) + (AXf(t))

N
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Co-motion constraints

Equating velocities of multiple points at the same site:

Xj—Xi:O (O')

Similar equation for periodic signals

(o) is chosen as a function of technique agreement at colocation sites
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ITRF2020: Expected Sites

> ~1200 sites
» ~1100 GNSS sites
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ITRF2020: Expected Colocation Sites
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Colocated with GNSS
ICGN

Colloque G2, 22 Novembre, 2021 — Hybride




MNorth (cm)

ITRF2020: Augmented Parametric Reference Frame

TSKB_ 217305005 trajectory
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Regularized position
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X(t) = X(ty) + X.(t—tg) + 8X(t) pgp + X ()
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Y. Post-Seismic Deformations (PSD)
Parametric models will be refined

1992
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Up (cm)
W sl S L) R e e BRI OLD & DR

. Seasonal Signals

will be provided in
the CM-SLR frame

] Trajectory: Blue: Raw, Green: Linear, Red: PSD model

Vertical gray lines represent discontinuities

1G:~

But there are discrepancies in the
annual signal between techniques at
some colocation sites.
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IGS Repro3 Residual Periodogram

10 Frequencies were estimated: Annual, semi-annual + 8 GPS draconitic harmonics

’ GPS draconitic harmonics

Up (periodic terms included)
e [T North  (periodic terms included)

1072 4 el - e East/10 (periodic terms included) |
— Up (periodic terms removed)

—— North (periodic terms removed) -
. —— East/10 (periodic terms removed)

1073 1+

=
@
IS

power [m?]

107 T annual harmonics
10°

16!

107
frequency [cpy]

Colloque G2, 22 Novembre, 2021 — Hybride



(Ny-Alesund): Annual frequency residual

o = 0.0001 NYAL_10317M001 GNSS NYAL_10317M001 GNSS o=0.001
NYAL 10317M001 VLBI , NYAL 10317/M001 VLEI | ,
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SLLR CM Frame: Up annual signal

January ) SLR CM Frame: Up Comp
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Arequipa & Tsukuba trajectories
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Tsukuba trajectories : GNSS & VLBI
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Trajectory: Blue: Raw, Green: Linear, Red: PSD model
Vertical gray lines represent discontinuities

Colloque G2, 22 Novembre, 2021 — Hybride

Trajectory: Blue: Raw, Green: Linear, Red: PSD model
Vertical gray lines represent discontinuities




ITRF2020: Preliminary horizontal velocity field

ITRF2020 Preliminary velocity field
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ITRF2020: Preliminary vertical velocity field

I

° ITRF2020P vertical velocities Zubeir Altamimi ¥
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Scale of ITRF2020?

e This is the first time of ITRF history where we have 4 independent
and competitive scales stemming from the 4 techniques (DORIS,
GNSS, SLR and VLBI)

e IGS / GNSS scale is based on z-PCOs for Galileo Satellites, using 3.7
yrs of Galileo data

 Improved ILRS / SLR scale determination with enhanced handling
of range biases
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DORIS, SLR & VLBI scales wrt ITRF2014

Scale factors of SLR and VLBI solutions
selected to define ITRF2014 scale

Scale ffj[:ﬁ_ﬂrﬂ {mmYWRT ITRF2014 fs,eas_ﬂnal signals removed) ITRF2014 scgle: average of selcted VLBl and SLR scales (Seagonal signals removed) |

Full time series of scale factors
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ILRSA 2020 origin & Scale wrt ITRF2014

ILRSA origin and scale wrt ITRF2014
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ITRF2020 Preliminary: Relative scales

Scales (mm) WRT ITRF2020P

* Red: Selected VLBI Sessions ig_
* Light blue: all SLR time series 40 -
* Dark blue: Selected SLR time series 35 -
* Green: IGS/Repro3 30
e Black: DORIS 25+
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Scale offset SLR to VLBI (at 2015.0) = ~0.22 ppb (~1.4 mm)
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ITRF2020 Preliminary: Relative scales

Scales (mm) WRT ITRF2020P

* Red: Selected VLBI Sessions f:;_

e Light blue: all SLR time series 40 -
e Dark blue: Selected SLR time series 35 -
* Green: IGS/Repro3 307
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ITRF2020 Preliminary: Relative scales

Scales (mm) WRT ITRF2020P

* Red: Selected VLBI Sessions 50 ' ' ' '
« Light blue: all SLR time series 457
* Dark blue: Selected SLR time series :2
* Green: IGS/Repro3 30 -
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Conclusion

- ITRF2020: an augmented parametric frame

« ITRF2020 Scale:
— Expected scale difference between SLR & VLBI:

~ 0.22 ppb (~1.4 mm), versus 1.37 ppb (~8.2 mm) in ITRF2014
— The ITRF2020 scale will be determined using inner/internal constraints
— Average of SLR (1997.7 — 2021.0) and VLBI (selected session up to 2014.0)

* ITRF2020P (Preliminary) Solution expected to be ready
soon, will be submitted to the techniques for evaluation
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