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Abstract Zuheir Altamimi o�cially introduced the
ITRF����-u���� at the AGU�� conference in Wash-
ington DC on Monday, � December ����. This marked
the �rst update of ITRF����, which showcases a
novel approach to annual updates of the Interna�onal
Terrestrial Reference Frames (ITRF) without requiring
global reprocessing from the four combina�on centers
of space-geode�c technique that contribute to ITRF.
The update integrates the original ITRF���� combined
solu�on, which includes data up to December ����,
with an addi�onal three years of observa�ons (January
���� to December ����) for the inter-technique com-
bina�on. For VLBI speci�cally, the IVS Combina�on
Center supplied the ITRS Center with three years of
new data, derived from the combined contribu�ons of
�� IVS Analysis Centers using seven di�erent analysis
packages. This involved the analysis of nearly ���
sessions. In par�cular, the three years of data were
analyzed independently by the respec�ve Analysis
Centers, separate from the longer-term contribu�on
to the ITRF����, which spans ���� to December ����.
Regarding the VLBI scale in the IVS contribu�on to
ITRF����-u����, the scale dri� exhibited dis�nct
behavior over di�erent periods. The dri� from ����.��
to ����.�� di�ers signi�cantly from the dri� observed
between ����.�� and ����.��. Although modeling
the upli� of NYALES�� and accoun�ng for sta�on
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den

events improved the posi�ve dri� during the earlier
period, it had no e�ect on the dri� observed over
the past three years. To understand these di�erences,
the contribu�on of the IVS Combina�on Center to
ITRF����-u���� was carefully compared with the
ini�al contribu�on of ITRF����. The primary objec-
�ve of this study was to assess the strengths and
limita�ons of this innova�ve approach to upda�ng
the ITRF, as well as to develop a strategy to update
uniformly within all IVS Analysis Centers and the IVS
Combina�on Center.
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� Introduc�on

In ����, the ITRS Center, responsible for the mainte-
nance of the Interna�onal Terrestrial Reference Sys-
tem (ITRS) and its realiza�on, the Interna�onal Ter-
restrial Reference Frame (ITRF), reported a signi�cant
change in the temporal behavior of the VLBI scale start-
ing in ����.�� (Altamimi et al., ����).

To address this issue, the IVS established a Task
Force tasked with iden�fying the cause of this enig-
ma�c change in behavior on the scale. The Task Force
group concluded thatmost of the dri� observed on the
ITRF���� VLBI scale a�er ����.�� could be a�ributed
to a combina�on of factors, including di�erent defor-
ma�on modeling approaches and the various changes
in VLBI equipment at several sta�ons within the IVS
network. However, a de�ni�ve explana�on for the dri�
remained elusive. The Task Force group was transi-
�oned to the IVS Working Group � (IVS WG�) in Oc-
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tober ����, and the search for a complete explana�on
is s�ll ongoing.

In parallel, the ITRS Center team is now willing to
submit more frequent solu�ons of the realiza�on of
the ITRF in the form of updates of a few years at the
�me. The �rst update, ITRF����-u����, was submit-
ted in ���� and is an extension of the ini�al ITRF����
by three more years for the four space-geode�c tech-
niques. Another update, ITRF����-u����, adding one
year of observa�ons, is currently in prepara�on. In this
work, we examine the VLBI ITRF����-u���� update
and evaluate whether a scale dri� persists.

This study focuses on the IVS contribu�on (IVS
contribu�ons to ITRF���� and its update ITRF����-
u����) presented in Sec�on �. We describe the
modi�ca�ons we bring to discon�nuity �les used by
the CATREF so�ware in Sec�on �, incorpora�ng the
�ndings of the IVS Task Force and the IVS WG� (Le Bail
et al., ����, Ishigaki et al., ����), paying par�cular
a�en�on to the cases of the VLBI sta�on NYALES��
and four other sta�ons in the northern hemisphere
legacy S/X network. The results are presented in
Sec�on �.

� Method

We used SINEX �les from the IVS combined contribu-
�ons to ITRF realiza�ons from the IVS Combina�on
Center (Hellmers et al., ����, Bachmann et al., ����).
The ITRF���� contained data from ����.� to ����.�. Its
update, ITRF����-u����, comprises data from ����.�
to ����.�.

To compute the �me series of scale factors, we fol-
lowed the strategy used by the ITRS Center to generate
ITRF���� and its update, using the CATREF so�ware
(Altamimi et al., ����). Our approach focuses on a
single-technique solu�on by limi�ng the combina�on
process to the IVS combined solu�on. Using CATREF,
we applied minimal constraints based on the SINEX
�les from the IVS contribu�ons and performed the
combina�on by es�ma�ng sta�on posi�ons and ve-
loci�es, seasonal components, and post-seismic defor-
ma�on models where necessary. This process yielded
an intrinsic IVS VLBI solu�on. For each VLBI session-
wise solu�on, we then es�mated the seven transfor-
ma�on parameters rela�ve to this intrinsic IVS VLBI so-
lu�on, using the terrestrial reference frame de�ned by

the core network sta�ons (i.e., those included in the
datum) of the session. Among these parameters, the
scale factor is one of the key quan��es derived.

For each of the published ITRF, a VLBI sta�on posi-
�on and velocity discon�nuity �les is given in a SINEX
format. In this work, we used the discon�nuity �les
from both ITRF���� and ITRF����-u����. These were
thenmodi�ed to incorporate addi�onal discon�nui�es
iden��ed during our inves�ga�ons (see Sec�on �). We
then studied the scale factor �me series and in par�c-
ular the scale dri�s over the period ����.��–����.��
and ����.��–����.�� of the series.

� Sta�on events

In this sec�on, we describe how we iden��ed and ex-
tracted sta�on events that we suspect may impact the
VLBI scale.

�.� VLBI sta�on NYALES�� in Svalbard,
Norway

Numerous studies have highlighted the impact of
present-day ice mel�ng on geode�c sites worldwide.
For example, Kierulf et al. (����) examinedNy-Ålesund
and suggested modeling the ver�cal component of
NYALES�� using a piecewise linear model.

Since the VLBI antenna NYALES�� was collocated
with several GNSS sta�ons at the geode�c site in
Ny-Ålesund, we inves�gated how GNSS was modeled
in the ITRF���� realiza�on. The collocated GNSS sta-
�on NYA� was modeled with two di�erent veloci�es,
whereas the VLBI sta�on NYALES�� was given a single
constant velocity over the en�re observa�on period.
These two velocity changes correspond to the epochs
day of year ��� in ���� and day of year ��� in ����.
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Table � Signi�cant repairs in the northern hemisphere legacy
S/X network

TSUKUB�� ��/���� Rail replacement (height reference
point changed by +��.�mm)

��/��/���� Antenna base repair (gaps that could
cause subsidence of the antenna)

MATERA ��/��/���� Abnormal rail movement observed
��/��/���� Complete rail replacement

WETTZELL ��/��/���� Repair of the eleva�on bearings

ZELENCHK ��/��/���� Par�al antenna sub re�ector
replacement

��/��/���� Heavy repairs (rail track and founda�on,
height ref. changed by � to �mm)

�.� Signi�cant repairs in the northern
hemisphere legacy S/X network

� Results

We calculated scale factor �me series with CATREF us-
ing the original contribu�on of the IVS Combina�on
Center’s contribu�on to ITRF���� as well as the IVS
contribu�on to ITRF����-u����, covering the period
���� to the end of ����. Each of the �ve cases listed
below corresponds to the use of various sets of dis-
con�nui�es (see Sec�on �) in the CATREF combina�on
process:

�. Case �: Original – The discon�nuity �le as well as
the datum are the same as for the ITRF����.

�. Case �: Original+Ny� – We introduce the same
two discon�nui�es found for NYA� in ITRF���� for
NYALES�� in the ITRF���� discon�nuity �le and
remove NYALES�� from the datum de�ni�on.

�. Case �: Original+Ny�+Oth� – In addi�on to adding
the twodiscon�nui�es forNYALES��, we also intro-
duce the seven discon�nui�es men�oned in Sec-
�on �.� in the discon�nuity �le of ITRF����.

�. Case �: u���� – Instead of the ITRF���� discon�-
nuity �le, we use the discon�nuity �le of ITRF����-
u����.

�. Case �: u����+Oth� – We introduce the seven dis-
con�nui�esmen�oned in Sec�on �.� in the discon-
�nuity �le of ITRF����-u����.

Fig. � Scale factor�me series over the�me span ����.�–����.�.
Cumul ITRF���� and ITRF����-u����. CATREF analysis using
(from top to bo�om) the original ITRF���� discon�nuity list
(case �), the original ITRF���� discon�nuity list plus two discon-
�nui�es added for NYALES�� as described in Sec�on �.� (case
�), and the original ITRF���� discon�nuity list plus two discon�-
nui�es added for NYALES�� and seven discon�nui�es as deter-
mined in Sec�on �.� (case �).

Table � gives the numerical values of the dri�s of
the scale factor �me series over the period ����.��–
����.�� and ����.��-����.�� for each of these �ve
cases, while Figures � and � show the plots of the
scale factor �me series, along with the es�mated
dri� for each period (����.��–����.�� in red and
����.��–����.�� in green).

The �rst three cases are based on the use of the
ITRF���� discon�nuity �le. The scale dri� observed
between ����.�� and ����.�� is mi�gated bymodeling
the posi�ons of NYALES�� as equivalent to the GNSS
sta�on NYA�: the scale dri� decreases from 0.567 ±
0.062 mm/yr (case �) to 0.287±0.060 mm/yr (case �).
Accoun�ng for sta�on events in four major structures
of the legacy S/X network further contributes to stabi-
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Table � Dri�s of the scale factor �me series.
Dri� (mm/yr)

Case Discon�nuity �le Added sta�on events ����.��-����.�� ����.��-����.��
�-Original ITRF���� None �.���+/-�.��� -�.���+/-�.���
�-Original+Ny� ITRF���� NYALES�� (�) �.���+/-�.��� -�.���+/-�.���
�-Original+Ny�+Oth� ITRF���� NYALES�� (�) + � STAT (�) �.���+/-�.��� -�.���+/-�.���
�-u���� ITRF����-u���� None �.���+/-�.��� �.���+/-�.���
�-u����+Oth� ITRF����-u���� � STAT (�) �.���+/-�.��� �.���+/-�.���

Fig. � Scale factor �me series over the �me span
����.�–����.�, including ITRF���� and ITRF����-u����.
Top: CATREF analysis using the ITRF����-u���� discon�nuity
list (case �). Bo�om: CATREF analysis using the ITRF����-u����
discon�nuity list and seven discon�nui�es as determined in
Sec�on �.� (case �).

lizing the scale and reduces the scale dri� to 0.153±
0.060 mm/yr (case �).

Considering the newly published discon�nuity �le
of the ITRF����-u����, shows a scale dri� over the
period ����.��–����.�� comparable to case � which
used the discon�nuity �le of the ITRF���� and an ad-
di�onal model of NYALES�� (case �). When compar-
ing the two discon�nuity �les, a few di�erences are
no�ceable. There are new sta�ons and earthquakes
(for example, ZELENCHK - day of year ��� in ����;
KP-VLBA - day of year ��� in ����; FD-VLBA and OV-
VLBA - day of year ��� in ����), a discon�nuity for
non-linearity on day of year ��� of ���� for the sta-
�on HART��M, and for the sta�on NYALES��, two ad-
di�onal discon�nui�es for non-linearity modeled as
for NYA� (GNSS). The latest addi�on to the discon�-

nuity �le corresponds to case � of this study. It shows
that beginning with ITRF����-u����, the ITRS Cen-
ter team considered the non-linear mo�on of sta�ons
at the Ny-Ålesund site and con�rmed the impact of
NYALES�� in the VLBI scale behavior between ����.��
and ����.��. This was ini�ally suggested by Le Bail et
al. (����) and has recently been con�rmed by Kern
et al. (����). When adding the seven sta�on events
men�oned in Sec�on �.�, the scale dri� decreases to
0.149±0.060 mm/yr (case �).

However, the dri� of the VLBI scale a�er ����.��
contradicts the behavior observed between ����.��
and ����.�� in all cases. Using the ITRF���� discon-
�nuity �le (cases � to �) gave a nega�ve scale dri�
of �0.670± 0.232 mm/yr, while using the ITRF����-
u���� discon�nuity �le (cases � and �) gave a posi�ve
scale dri� of 0.620±0.235 mm/yr. The uncertainty of
the scale dri� clearly indicates that three years of data
is not long enough to calculate such a dri�, but this dif-
ference also suggests other underlying issues.

� Conclusions and outlook

Adding discon�nui�es signi�cantly �a�ens the VLBI
scale. It is essen�al to closely monitor the changes
in the VLBI equipment, to analyze the PSD for each
earthquake, and to work with the ITRS Center team to
give feedback on possible sta�on events.

So why does the VLBI scale change behavior in
����.�? This might be explained by the fact that the
�me span considered (����.��–����.��) is too short
for a sta�s�cally signi�cant es�ma�on. In addi�on,
NYALES�� was dismantled in August ����. Finally, the
three years of the IVS contribu�on to ITRF����-u����
contained updated gravita�onal deforma�on models.
The di�erences between using these models and
not using them are most pronounced in the local up
direc�on. According to Krásná (personal communica-
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�on, ����), the es�mated di�erences are: +1 mm for
KOKEE, NYALES��, WETTZ��N, andWETTZ��S;� 1mm
for ONSA��SW and ONSA��NE;�4 mm for WETTZELL.

To help determine the reason for this behavior
change, a possible step would be to test an individual
analysis center solu�on. The coauthors of this ar�cle
planned to collaborate to test the OSO Analysis
Center solu�on, both with and without changes to
the analysis strategy. However, the recommenda�on
to the IVS Analysis Coordinator is to test a uni�ed
strategy for all IVS Analysis Centers in collabora�on
with the IVS Combina�on Center.
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