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Abstract The ITRF2020 is provided in the form of
an augmented reference frame. In addition to station
positions, velocities, and Earth Orientation Parameters
(EOPs), parametric functions for both Post-Seismic
Deformation (PSD) for stations subject to major earth-
quakes and seasonal (annual and semi-annual) signals
expressed in the Satellite Laser Ranging (SLR) center-
of-mass and the center-of-figure frames are also pro-
vided to the users. At the time of writing, a full ar-
ticle on ITRF2020 results is under preparation [1].
However, this paper provides an extended summary of
ITRF2020, with a special focus on the IVS/VLBI con-
tribution, in particular the level of the scale agreement
of the four techniques as well as their variations and
behavior over time.
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1 Extended Summary

The reader may refer to the full article on ITRF2020,
which is under preparation by the same authors
[1]. However, we provide here the main features of
ITRF2020, focusing on the contribution of the Inter-
national VLBI Service for Geodesy and Astrometry
[2, 3]. The ITRF2020 is characterized by the following
key points:

• The input data to the ITRF2020 are in the form
of the time series of station positions and EOPs,
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provided by the four technique services of the In-
ternational Association of Geodesy: weekly solu-
tions for IDS/DORIS and ILRS/SLR, daily solu-
tions for IGS/GNSS, and session-wise solutions for
IVS/VLBI.

• 253 local tie vectors between GNSS and the three
other technique reference points were used: 77 for
VLBI, 53 for SLR, and 123 for DORIS. These tie
vectors were actually used in the form of station
coordinates provided in SINEX format with full
variance-covariance information.

• An innovative and new analysis strategy was
adopted for the ITRF2020 computation, that is,
rigorously accumulating the full time series of
the four techniques all together and adding local
ties and co-motion constraints at co-location sites
(equating station velocities and seasonal signals).

• The Post-Seismic Deformation (PSD) parametric
models for sites subject to major earthquakes were
refined using the ITRF2020 extended data. As an
example, Figure 1 exhibits the trajectory of the
VLBI station at Concepcion, Chile, before and after
the 2010 mega earthquake where the PSD paramet-
ric model determined by IGS/GNSS data fits per-
fectly the VLBI station position time series.

• The number of the IVS/VLBI session-wise solu-
tions included in the final ITRF2020 combination
is 6,178, spanning in total 41 years of observa-
tions, involving 154 stations at 117 sites, with only
14 sites in the southern hemisphere. The majority
(86%) includes a small number of stations, ranging
between three to nine stations. 842 (13%) sessions
involve ten to 19 stations; eight sessions have 20
stations, while one session exceptionally includes
31 stations. In addition to station positions, the so-
lutions include the full set of EOPs.
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• The scale of the ITRF2020 long-term frame is de-
termined using internal constraints in such a way
that there are zero scale and scale rate between
ITRF2020 and the scale and scale rate averages
of VLBI selected sessions up to 2013.75 and SLR
weekly solutions covering the time-span 1997.7–
2021.0, as depicted in Figure 2. This is the first
time in ITRF history where the intrinsic SLR and
VLBI scales agree at the level of 0.15 ppb at epoch
2015.0 (equivalent to 1 mm at the equator), with
zero drift. The reasons for the scale offset before
1997.7 for SLR and the scale drift after 2013.75
for VLBI are unknown to the authors and are un-
der investigation by the ILRS and IVS. The noisy
and scattered scale before 1993.0 for SLR are due
to the weak observation of the LAGEOS I satellite.
Figure 2 (bottom panel) illustrates the IDS/DORIS
and IGS/GNSS scale time series that exhibit signif-
icant offsets and drifts with respect to ITRF2020:
≃1.4 and ≃0.7 ppb at epoch 2015.0 and ≃0.03 and
≃0.02 ppb/yr for IDS/DORIS and IGS/GNSS, re-
spectively.
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Spatiales (CNES), under the TOSCA grant. We are
indebted to all Analysis and Combination Centers of
the Technique Services who constantly provide data
for ITRF solutions which would not exist without their
valuable contributions.

References

1. Z. Altamimi, P. Rebischung, X. Collilieux, L. Métivier, K.
Chanard, ITRF2020: An augmented reference frame refin-
ing the modeling of nonlinear station motions, article under
preparation, 2022.

2. Hellmers, H., Modiri, S., Bachmann, S., Thaller, D.,
Bloßfeld, M., Seitz, M., Gipson, J.: Combined IVS contribu-
tion to the ITRF2020, International Association of Geodesy
Symposia series, 2022 (under review)

3. Nothnagel, A., T. Artz, D. Behrend and Z. Malkin, ”Inter-
national VLBI Service for Geodesy and Astrometry - Deliv-
ering high-quality products and embarking on observations
of the next generation”, Journal of Geodesy, Vol. 91(7), pp.
711–721, DOI 10.1007/s00190-016-0950-5, 2017.

−40
−35
−30
−25
−20
−15
−10

−5
0
5

10
15
20
25

N
or

th
 (

cm
)

2000 2002 2004 2006 2008 2010 2012 2014 2016

7640_41719S001 trajectory

−180
−160
−140
−120
−100

−80
−60
−40
−20

0
20
40
60
80

100
120

E
as

t (
cm

)

2000 2002 2004 2006 2008 2010 2012 2014 2016

−10
−8
−6
−4
−2

0
2
4
6
8

10
12

U
p 

(c
m

)

Trajectory: Blue: Raw, Green: Linear, Red: PSD model
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Fig. 1 Trajectory of TIGOCONC station in ITRF2020.
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Fig. 2 SLR and VLBI scale time series with respect to ITRF2020
(top), adding DORIS and GNSS (bottom), in mm. Light blue
and orange: all SLR and VLBI time series; dark blue and red:
selected series whose average defines the ITRF2020 scale; black:
DORIS; and green: GNSS.
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