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Abstract The sensitivity of Very Long Baseline In-
terferometry (VLBI) measurements toward single
Earth orientation parameters (EOP) and the resulting
accuracy strongly depends on the network extension.
We can expect high-quality estimates from sessions
with a well-distributed observation network designed
for EOP determination, such as the R1and R4 sessions.
The 24-h sessions observed within the Australian
mixed-mode program (AUA/AUM) do not provide
a globally extended network of stations. Still, they
involve the future potential to deliver results with a
short latency. Under this aspect, we investigate the
possibilities to determine different sets of or single
EOP from the AUA and AUM sessions observed since
2020. By fixing source and station positions and
estimating the EOP as one offset each, we can derive
all EOP from most of the examined AUA/AUM sessions
with acceptable quality. A subset of the telescopes
have been or are involved in observing the so-called
Southern Intensive sessions since 2020. In addition
to the results of the 24-h sessions, we present the
UT1—UTC estimates derived from the latest Southern
Intensives, now designated IVS-INT-S (IVS: Interna-
tional VLBI Service for Geodesy and Astrometry).
Our assessment shows an accuracy of the IVS-INT-S
comparable to that of other IVS Intensive sessions.
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1 Introduction

We can determine all five Earth orientation parameters
(EOP) within the adjustment process of geodetic very
long baseline interferometry (VLBI) data, provided that
there is a sufficient number and spatial and temporal
distribution of observations. These parameters are the
celestial pole offsets (CPO), the polar motion parame-
ters, and the difference of universal time 1 to coordi-
nated universal time, from now on referred to as dX,
dY, xPol, yPol, and UT1—UTC.

In this study, we challenge the Australian mixed-
mode sessions AUA/AUM (McCallum et al., 2022) re-
garding EOP determination. Due to their limited net-
work extension, these sessions are not optimal for de-
riving EOP. Hence, we test different strategies imposing
variable constraints.

Furthermore, we explore the UT1—UTC quality
of the recent Southern Intensive sessions IVS-INT-S
(Bohm et al., 2022).

2 Data and analysis

The considered periods are 2020-2023 for the
AUA/AUM sessions and 2022-2023 for the IVS-INT-S.
For both session types, the parameter estimation is
carried out with the VLBI module of the Vienna VLBI
and Satellite Software VieVS (Bohm et al., 2018).
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2.1 Australian mixed-mode sessions

To evaluate the AUA/AUM EOP performance, we
selected 84 AUA/AUM sessions from January 2020
to March 2023 and 91 R1 and R4 sessions close to
the AUA/AUM sessions. The stations participating in
the sessions in different constellations are shown in
Fig. 1. Since the R1/R4 sessions are specially designed
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Fig. 1 Possible network stations of the AUA/AUM (black) and
R1/R4 (red) sessions from 2020-2023.

for EOP determination, we regard the derived EOP
results as the standard and investigate different
processing strategies for the AUA/AUM to get EOP of
comparable quality. For the R1/R4 sessions, we use
our standard parameterization for EOP determination.
We fix sources given in the International Celestial
Reference Frame, ICRF3 (Charlot et al., 2020) and
estimate non-ICRF sources. The coordinates of the
stations are calculated, imposing no-net-rotation
and no-net-translation conditions on the positions
of the ITRF2020 catalog (International Terrestrial
Reference Frame 2020, Altamimi et al., 2023). The
parameters xPol, yPol, and UT1—UTC are estimated as
piece-wise linear offsets at mid-nights, while dX and
dY are estimated as offsets, referring to the middle
of the sessions. Because of the spatial limitations of
the AUA/AUM session networks, we did not apply
the standard approach but fixed ICRF3 and ITRF2020
source and site positions. For EOP, we test three
scenarios: estimation of all five parameters as offsets
(EOP), fixing of CPO and estimation of polar motion
and UT1—UTC as offsets (ERP: Earth rotation parame-
ters), and an intensive-like setting with only UT1—UTC
estimated (UT1).

2.2 Southern Intensive sessions

The IVS-INT-S are a series of Intensive sessions ob-
served on baselines in the southern hemisphere. The
results of the sessions from the years 2020 and 2021
are discussed in detail in Bohm et al. (2022). Here,
we present the UT1—UTC results of 50 IVS-INT-S from
January 2022 to April 2023 compared to 50 IVS-INT-
1/3/00 observed close to the INT-S epochs. Fig. 2 shows
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Fig. 2 Stations and baselines of the INT-S (light blue) and INT-1,
INT-3, and INT-00 (purple) sessions from 2022-2023.

the networks of the different types of Intensive ses-
sions analyzed here. As for the AUA/AUM sessions, the
coordinates of stations and sources are fixed to the
ITRF2020 and ICRF3 positions.

3 Results

The different analysis strategies applied for the
AUA/AUM sessions are compared among each other
and with the EOP results of the R1/R4 sessions using
so-called boxplots. The statistical measures provided
with a boxplot are illustrated in Fig. 3. All EOP results
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Fig. 3 lllustration of the boxplot concept.
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are plotted as differences to the reference EOP time
series JPL EOP2 (Chin et al., 2009). Sessions with
differences to the reference EOP or formal errors
larger than one milliarcsecond are excluded from
the comparison and regarded as unsuitable for EOP
determination. In the case of the R1/R4, this criterion
does not apply to any session. When estimating all
EOP or only ERP from the AUA/AUM sessions, 23
sessions are excluded from the comparison. Many
deselected sessions are observed without the Ht
telescope and, therefore, lack long baselines. If we do
an Intensive-like analysis and estimate only UT1—UTC,
only one session has to be dropped.

EOP residuals with respect to JPL EOP2
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Fig. 4 Boxplots of EOP results (differences to JPL EOP2) from
the 24-h sessions in pas. The number of sessions included in the
comparison is given in parentheses.

The results of the examined 24-h sessions are dis-
played in Fig. 4. With the additional constraints added
to the standard EOP estimation, the results produced
by the different processing scenarios (EOP, ERP, and
UT1) can keep up with those of the R1/R4 sessions.
However, especially in the case of the xPol-component,
the spread of the differences to JPL EOP2 is signifi-
cantly larger. The reason is probably the poor north-
south extension of the AUA/AUM session networks. In-
terestingly, we do not see much difference between
the EOP and ERP scenarios. Not estimating CPO does
not improve the quality of the other EOP results (xPol,
yPol, and UT1—UTC), nor does it lead to the inclusion of
more sessions. By applying the Intensive-like strategy
(UT1), we can keep all but one session in the compari-
son. The quality of the UT1—UTC estimates is similar to
that of the R1/R4 sessions. Yet, with this strategy, we
can derive UT1—UTC only. So, it might be more benefi-
cial to use the EOP strategy for the 61 sessions where

it works and apply the UT1 approach merely to the 22
sessions where the EOP strategy fails.

In Fig. 5, the UT1—UTC results of the different 24-h
sessions and processings are shown together with the
results of the Intensives IVS-INT-S and IVS-INT-1/3/00,
again as differences to the JPL EOP2. The values are
presented in pas like in Fig. 4 for better comparability
with polar motion and celestial pole offsets. The UT1
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Fig. 5 Boxplots of UT1—UTC results (differences to JPL EOP2)
from the 24-h and Intensive sessions in pas. The number of ses-
sions included in the comparison is given in parentheses.

approach is only used for the 22 sessions where the
geometry is insufficient for estimating all EOP. Com-
pared with the performance of the southern Intensives
and the other IVS Intensives shown here, the Intensive-
like analysis yields results with Intensive-like accuracy,
which is still better than not using these 22 sessions at
all.

The differences to JPL EOP2 for the INT-S and the
INT-1/3/00 are presented as individual values and in a

UT1 residuals with respect to JPL EOP2

o

INT-S
L INT-1/3/00 }
» ¥
|

AUT1 [us]

\‘ ‘
“\ “ “1\ h “H(H
\ i

IS
) |

histogram in Fig. 6.

-50

L L L L L A
Jan 2022 Apr 2022 Jul 2022 Oct 2022 Jan 2023 Apr 2023

Fig. 6 UT1—UTC results (differences to JPL EOP2) from the IVS-
INT-S (light blue) and IVS-INT-1/3/00 (purple) sessions with er-
rorbars in ps.
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As can also be read from Tab. 1, the UT1 residu-
als w.r.t. JPL EOP2 are mainly in the range of about
420 us and rarely over 50 s absolutely, for all Inten-
sive types. We see a significant negative bias for the
IVS-INT-1/3/00 sessions that could be due to the choice
of the reference EOP series. The INT-S have a slightly
lower weighted standard deviation w.r.t. JPL EOP2 but
slightly larger formal errors than the other investigated
Intensives during the study period.

Table 1 Statistics of UT1—UTC estimates from Intensive ses-
sions with respect to JPL EOP2.

Statistical quantity [ps] INT-S INT-1/3/00

Weighted standard deviation 16 20
Weighted mean 2 —12
Interquartile range 23 24
Mean formal error 11 7
Median formal error 9 6

4 Conclusions and outlook

Although the AUA/AUM sessions are not designed for
deriving EOP, they can be employed for that if cer-
tain constraints are imposed. Out of 84 AUA/AUM ses-
sions from 2020-2023, 61 can be used to estimate all
five EOP with acceptable accuracy if source and sta-
tion positions are fixed to a priori values. The devia-
tions w.r.t. a reference time series are slightly higher
than those obtained from R1/R4 sessions, especially in
the case of polar motion, xPol. We did not find a signifi-
cant influence on polar motion or UT1—UTC if CPO are
estimated or fixed. Sessions that fail when determin-
ing all EOP can be analyzed in an Intensive-like mode
to retrieve at least UT1—UTC, with the drawback of a
reduced accuracy.

The IVS-INT-S sessions from 2022 to April 2023, also
assessed in this study, deliver stable UT1—UTC results,
able to compete with the results of IVS-INT-1/3/00 In-
tensives from the same period. The Southern Inten-
sives are operated every Monday at 6:30 UTC on the
baseline Ht-Hb (South Africa - Tasmania), as a perma-
nent component of the IVS observing program.
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