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Abstract This report briefly summarizes the activities
of the IVS Analysis Center at the Onsala Space Obser-
vatory during 2021–2022 and gives examples of results
of ongoing work.

1 General Information

We concentrate on research topics that are relevant for
space geodesy and geosciences. These research topics
are related to data observed with geodetic VLBI and
complementing techniques.

2 Activities during the Past Two Years

We worked primarily on the following topics:

• Short-baseline interferometry
• Radio source flux-density monitoring
• Combination on the observation level
• Maintenance of IVS products
• Contribution to ITRF2020
• Investigating the VLBI scale drift
• Analysis of VGOS sessions
• Scheduling IVS R&D sessions
• Atmospheric delays in space geodesy
• Coastal GNSS interferometric reflectometry
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• Gravimetry
• Ocean tide loading

3 Short-baseline Interferometry

We extended the ONTIE series [1] of local interferom-
etry observations with the three geodetic stations of the
Onsala telescope cluster, i.e., the 20-m radio telescope
(On) and the Onsala twin telescopes (Oe, Ow), equal-
ing 20 new sessions during 2021 and 2022. The goal is
to monitor the local baselines and their stability and to
investigate potential seasonal phenomena due to, e.g.,
thermal deformation of the radio telescopes [2].

4 Radio Source Flux-density Monitoring

We used data of the so-called VGOS-B2 series, i.e.,
VGOS Intensives involving the Onsala twin telescopes
(OTT) and the VGOS station Ishioka (Japan), to moni-
tor the flux-densities of radio sources [3]. Furthermore,
we used the OTT as a standalone instrument in a series
of dedicated flux monitoring sessions [4].

5 Combination on the Observation Level

We explored the impact of combination on the obser-
vation level (COL) for the analysis of space geodetic
data of several different techniques as follows.

The first study was done for the CONT17 cam-
paign [5]. VLBI and GPS data were combined in inter-
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and intra-technique solutions for the determination of
the terrestrial reference frame (TRF) as well as Earth
Orientation Parameter (EOP) products [6]. Combining
data from different techniques at co-located sites, i.e.,
VLBI and GPS, addressed the inter-technique aspect.
Common tropospheric parameters for the co-located
stations were estimated, which led to an improvement
in the determination of VLBI station positions and
baseline repeatability by up to 25%. By combining data
of two different and simultaneously operating VLBI
networks, i.e., the so-called L1 and L2 networks during
CONT17, the intra-technique aspect was addressed.
The estimation of a common set of EOP for both net-
works resulted in an improvement in the precision of
the derived polar motion and UT1 values by 20% to
30% when comparing to independently derived GPS-
based estimates.

The second study addressed using COL for VLBI
Intensive sessions [7]. Data from co-located GNSS sta-
tions were used to provide consistent troposphere in-
formation for Intensive VLBI data. This was done by
combining three hours of encapsulating GNSS data for
a one-hour Intensive VLBI session. This new strategy
was used for both legacy S/X and VGOS Intensives
[8] and was shown to increase the UT1-UTC preci-
sion by 15%. The agreement of the two types of simul-
taneous VLBI sessions improved by 65% when using
COL and estimating gradients with a three-hour tempo-
ral resolution. Higher temporal resolution for the gra-
dients improved the agreement even more. Comparing
length-of-day with independently derived results from
GNSS shows that the COL approach leads to 55% bet-
ter agreement than individual analyses.

6 Maintenance of IVS Products

We provide and maintain the IVS Source Name
Translation Table, available on CDDIS at the url:
https://cddis.nasa.gov/archive/vlbi/
gsfc/ancillary/solve_apriori/IVS_
SrcNamesTable.txt.

7 Contribution to ITRF2020

We used the VLBI data analysis software ASCOT [9]
and analyzed the full set of vgosDb from 1979 through
2020. The resulting SINEX files of these sessions were
submitted to the IVS Combination Center to be in-
cluded in the official IVS combination solution for the
ITRF2020 [10]. Our solution is unique in the sense
that it is the only one out of the 11 submissions to the
IVS Combination Center that used the ASCOT soft-
ware. The IVS Combination Center used these 11 sub-
missions to produce the final IVS contribution to the
ITRF2020 [11].

8 Investigating the VLBI Scale Drift

The new realization of the International Terrestrial
Reference System, the ITRF2020 [11], became avail-
able in April 2022. It shows a significant change,
after 2013.175, in the behavior of the scale defined
by VLBI. We investigated possible reasons for such
a change by studying the impact of geophysical mis-
modeling, observation network non-homogeneity, and
including data from stations with technical problems.
The scale drift seems to be affected by a combination
of these factors. This work is still ongoing.

9 Analysis of VGOS Sessions

We investigated the performance of the 24-hour VGOS
sessions observed during 2019–2021 [14]. Station po-
sitions and the EOP were compared with correspond-
ing results from legacy S/X VLBI sessions. This study
showed that the VGOS station position repeatabili-
ties are significantly better than those obtained from
the legacy S/X VLBI sessions. On the other hand, the
VGOS-derived EOP were less accurate than those from
the legacy S/X sessions. The reason for this is probably
the small number of operational VGOS stations and the
poor global coverage of the VGOS network.
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10 Scheduling IVS R&D Sessions

Between 2013 and 2020 and following the acceptance
of the proposal [12], 55 IVS R&D sessions were ded-
icated to the observation of 195 ICRF2-Gaia transfer
sources selected by the Bordeaux Observatory: a set of
ICRF2 sources that were observed in the optical realm
by the Gaia instrument. The primary goal of these
observations is the alignment of the ICRF with the
Gaia Celestial Reference Frame (GCRF). In 2021 and
2022, we scheduled 20 IVS R&D sessions (RD2101–
RD2110 and RD2201–RD2210) using the scheduling
software sked, with the same goal of strengthening the
observations of a core set of sources observed both by
geodetic VLBI and Gaia. Due to the adoption of the
ICRF3 [13] by the IAU, the extension of the Gaia mis-
sion with the expected release of position time series
and the IVS R&D session network, the source selection
strategy was revised in November 2020 by K. Le Bail,
P. Charlot, and C. Gattano. The source list is now vari-
able: the goal is to build a regular observation history
for these sources. This will allow for a comprehensive
comparison of the source position time series of the
ICRF and the GCRF.

11 Atmospheric Delays in Space Geodesy

We continued our research efforts concerning atmo-
spheric delay effects in space geodesy as follows.

We used GNSS observations at the Onsala Space
Observatory from 2019 to estimate linear horizon-
tal gradients in the wet propagation delay, and we
compared these to the corresponding ones from
a co-located microwave radiometer [15]. Various
different temporal resolutions and elevation cutoff
angles were tested. Using multi-GNSS data increased
the correlation w.r.t. radiometer results by 11% and
20% for the east and north gradients, respectively. The
highest correlation was achieved for the east and north
gradients with a temporal resolution of two hours
and six hours, respectively. Using weak constraints
in the GNSS analyses helps to track large short lived
gradients.

Using local interferometric observations at Onsala
[1] we studied differential zenith wet delays and com-
pared these to linear horizontal gradients derived from
the co-located microwave radiometer [16]. The gradi-

ents derived from the radiometer were projected on the
local baseline between the telescopes. Correlation co-
efficients in the range of 0 to 0.2 were obtained, which
agrees with results based on simulations.

Data of the VGOS R&D VR2101 were analyzed
with a five-minute temporal resolution for zenith wet
delay and horizontal gradients [17]. This high temporal
resolution is equivalent to what is used in standard
GNSS processing and the analysis of microwave
radiometer data and thus allows comparisons without
need of interpolation. The zenith total delays from
VGOS and GNSS revealed correlation coefficients
larger than 0.9 for all but one of the participating
sites in the VR2021 session. The horizontal gradients
from VGOS and GNSS had correlation coefficients
between 0.2–0.5 for the east components and 0.4–0.7
for the north components. For Onsala, the only site
participating in VR2101 that was equipped with a
co-located microwave radiometer, the correlation
between VGOS and the microwave radiometer was
0.96 for the zenith total delays. The corresponding
horizontal gradients showed correlation coefficients of
about 0.2 and 0.5 for the east and the north component,
respectively.

12 Coastal GNSS Interferometric
Reflectometry

We continued our research in GNSS interferometric re-
flectometry (GNSS-IR). One topic was to derive an im-
proved model for the tropospheric error in GNSS-IR.
Another topic was to investigate the impact of differ-
ent GNSS antenna models on the retrieval of sea level
results with GNSS-IR. Both topics are under further
investigation. Figure 1 depicts a temporary installation
of several different GNSS antennas directly at the sea
next to the permanent GNSS-R installation at Onsala.

13 Gravimetry

During seven weeks in the summer of 2022, Onsala
organized an international comparison campaign
for absolute gravimeters. In total, 15 different in-
struments participated, both ballistic (FG5X, FG5,
A10) and quantum (AQG) absolute gravimeters. The
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Fig. 1 Several different GNSS antenna types mounted close to
the sea next to the permanent GNSS-R installation at Onsala
(right).

superconducting gravimeter (SG) located at Onsala
continuously kept track of local gravity variations,
especially due to hydrological effects. The analysis of
the data set is ongoing.

Degree-3 gravimetric tidal constituents were de-
rived for 16 SGs, based on a hypothesis-free wave
grouping approach [18]. The agreement of the mean
signal amplitude of the derived empirical values was
shown to agree to corresponding modeled constituents
on a level of 63–80%. The latter were derived using a
barotropic, data-unconstrained ocean tide model that is
optimized with respect to a tide-gauge data set.

In 2022, the data of the SG, that are publicly shared
via the International Geodynamics and Earth Tide Ser-
vice of the International Association of Geodesy, were
given a DOI (Digital Object Identifier), which should
be cited [19] when its data are used. Following the
publication of the FAIR Data Principles [20], an in-
creasing number of journals encourage/require authors
to include data citations as part of their reference list.
This should help to enhance the visibility of Onsala’s
gravimeter data and to monitor their usage.

14 Ocean Tide Loading

The Automatic Ocean Tide Loading service was
operated throughout the year. It is heavily used
by the international scientific community. Two
new ocean models, EOT20 and TPXO.9.5a, were

included during the last two years, see http:
//holt.oso.chalmers.se/loading/.

15 Future Plans

The IVS Analysis Center at the Onsala Space Ob-
servatory will continue its efforts to work on specific
topics relevant to space geodesy and geosciences.
We plan to intensify our work in particular concerning
tropospheric parameters sensed by space geodetic
techniques, as well as monitoring radio source flux-
densities with local interferometry. We also plan to
analyze the global VLBI data set on a more regular
basis and to contribute to, e.g., the IVS quarterly
solutions. This work will be done in collaboration with
Lantmäteriet, the Swedish mapping, cadastral, and
land registration authority.
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