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Abstract

In this work, we study the Earth Orientation Parameters (EOP) estimated from the continuous
VLBI campaign CONT17. This campaign consisted of two station networks observing in parallel for 15
days, allowing for interesting comparison of the results. We find that the WRMS differences between the
EOP estimated from the two networks are in the range 40—-70 uas. Similar agreement is found with the
polar motion estimated from GNSS. We also investigate the high frequency EOP variations and confirm
earlier findings that the current IERS model for high frequency EOP variations needs to be updated.
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1 Introduction

Normally, only two to four 24-hour VLBI (Very Long Baseline Interferometry)
sessions are observed every week, and the participating stations change between the
sessions. Occasionally, however, special efforts are made to have continuous VLBI ob-
servations over two weeks using a single station network; the so called CONT cam-
paigns. The data from the CONT campaigns have been used for many different inves-
tigations, like studying the Earth Orientation Parameters (EOP) (e.g. MacMillan,
2017; Karbon et al., 2017) or the tropospheric parameters (e.g. Teke et al., 2013;
Heinkelmann et al., 2016).

The most recent CONT campaign was the CONT17 campaign, which was ob-
served from 28 November until 12 December, 2017 (Behrend et al., 2017). An inter-
esting feature in this CONT campaign, compared to the previous ones, was that there
were two station networks observing in parallel (see Fig. 1). The first network (here-
inafter the IVS network) consisted of 14 globally distributed IVS (International VLBI
Service for Geodesy and Astrometry) stations, while the other network (the VLBA
network) contained nine stations from the Very Long Baseline Array (VLBA) in the
USA augmented by four IVS stations to improve the global coverage. In addition, for
five days of the campaign a third network was also observing, consisting of six new
VGOS (VLBI Geodetic Observing System) antennas. The data from this third network
are, however, not used in this work.
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In this work we investigate the EOP estimated from the CONT17 campaign. We
compare the results obtained from the two networks. We also compare with the esti-
mates from GNSS (Global Navigation Satellite Systems) provided by IGS (Interna-
tional GNSS Service), and study potential improvements stemming from a combination
of the two networks. Finally, we investigate the high frequency (sub-diurnal) varia-
tions in polar motion and universal time (UT1-UTC).
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Fig. 1. The CONTI17 networks. Blue diamonds and red stars denote the stations of IVS and VLBA net-
works, respectively

2 Data analysis

The CONT17 data were analyzed with the VieVS@GFZ software (Nilsson et al.,
2015). In a first step, the data from each of the 30 24-hour sessions (15 for each net-
work) were analyzed individually. The a priori modeling basically followed the IERS
(International Earth Rotation and Reference System Service) Conventions (Petit and
Luzum, 2010), except that we also corrected for non-tidal geophysical loading due to the
atmosphere, oceans, and hydrology!. We estimated station coordinates, radio source co-
ordinates, EOP (polar motion, UT1-UTC, and celestial pole offsets), clock parameters,
zenith tropospheric delays, and tropospheric gradients. After this first step, also a sec-
ond analysis step was performed. In this step, all sessions from each network were com-
bined in a global solution, estimating one set of station and radio source coordinates val-
id for the whole CONT17 campaign, as well as continuous EOP time series. Further-
more, we also calculated a global solution where the two networks were combined. For
all cases we calculated two different solutions. In the first one, all EOP were estimated
with daily resolution. In the second solution polar motion and UT1-UTC were estimated
with hourly resolution and the celestial pole offsets were fixed to their a priori values
from the USNO (U.S. Naval Observatory) final solution. This was done to avoid prob-

I https://isdc.gfz-potsdam.de/esmdata/loading/
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lems related to the high correlation between polar motion and celestial pole offsets
which exist when estimating these parameters with sub-daily temporal resolution.

3 Results

3.1 Earth Orientation Parameters, daily resolution

Figure 2 shows the WRMS (Weighted Root Mean Square) differences between
the EOP estimated from the two networks, as well as the WRMS differences between
the combined solution and the single-network solutions. We can see that the WRMS dif-
ferences between EOP from the two networks are about 40-70 pas. When comparing
with the combined solution, we find the best agreement with the IVS solution, where the
WRMS differences are less than 20 uas for all EOP except UT1-UTC. This is because
the IVS network has the highest impact on the EOP of the combined solution. The rea-
son for this is that the IVS network has a better sensitivity to the EOP due to its better
global distribution of the stations. In particular, the VLBA network has shorter baselines
in the north-south direction (e.g., there is only one station in the southern hemisphere),
what reduces the sensitivity in particular to polar motion. For UTI-UTC the impact of
the VLBA network on the combined solution is higher because it contains several long
east-west baselines, what is needed for a good sensitivity t o UTI-UTC.
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Fig. 2. WRMS differences between the EOP obtained from the two networks, as well as w.r.t the
combined solution using both.

As an external reference, we also compared the estimated EOP to those obtained
from GNSS (the IGS final solution). The WRMS differences w.r.t. the IGS solution can
be seen in Fig. 3. Shown are all EOP which can be estimated by GNSS, i.e. polar mo-
tion, polar motion rate, and Length of Day (LOD). We can see that both networks as
well as the combined solution agrees with IGS at approximately the same level for x-
pole and its rate. However, for y-pole, and its rate, the agreement is better for the IVS
network and the combined solution, compared to the VLBA network. This makes sense
since a good sensitivity to y-pole requires baselines with a large extension in the y (or z)
direction. Since most baselines in the VLBA network are in North America and thus
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have a short extension in the y direction, we can expect a smaller sensitivity to y-pole
from this network. For LOD, however, the agreement between the VLBA network and
IGS is better than between the IVS network and IGS. As discussed above, the VLBA
network has some long baselines in east-west direction which provides a high sensitivity
to UTI-UTC and LOD.
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Fig. 3. WRMS differences between the EOP obtained from the two VLBI networks and the combined
solution w.r.t the IGS final solution.

3.2 Earth Orientation Parameters, hourly resolution

To study the high frequency EOP variations, we estimated polar motion and UT1-
UTC with hourly resolution. From the estimated time series we removed the values
from the USNO final solution (daily resolution) to reduce the low-frequency variations,
as well as the IERS model for high frequency (HF) EOP variations (Petit and Luzum,
2010). The IERS HF model describes the variations caused by ocean tides as well as
libration. We then calculated the Fourier spectra for the remaining polar motion and
UT1-UTC residuals. These spectra can be seen in Figs. 4-6.

50 T T T T S S — 5
[—-1-sigma formal error}
45 1 45}

T T
——1-sigma formal error

40t

Power [pas]
n w w
(9] o [#]
w
o

n

[

Power [us]
n

N [4,] w

—y
(4]
T

10

10 20 30 40 0 10 20 30 40
Period [h] Period [h]
Fig. 4. Spectra of the high frequency residual polar motion (p = x, — i yp, left) and UT1-UTC (right) vari-

ations after removing the USNO final solution and the IERS high frequency model. Shown are the results
from the IVS network.
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Fig. 5. Same as in Fig. 4, except shown are the results from the VLBA network.

Should the IERS HF model be error free and the EOP estimates from our VLBI
analysis be systematic-error-free, we would expect to see no significant peak in the re-
sidual spectra. As seen in Figs. 4-6, this is not the case. There are peaks at tidal fre-
quencies, such as 24 h and 12 h. Interesting is also a peak at about +6 h in the polar mo-
tion spectra, where such a strong variation (20-25 uas) is generally not expected and the
IERS HF model does not contain any terms close to this period (it only contains periods
close to 24 h and 12 h). The reason for the peaks at the tidal frequencies could be either
systematic errors in the VLBI solutions, errors in the IERS HF model, or both. Since the
spectra obtained from the IVS and VLBA networks are not in perfect agreement, e.g.
there is a peak at -12 h for the VLBA network which is not present for the IVS network,
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Fig. 6. Same as in Fig. 4, except shown are the results from the combined solution.

systematic errors in the VLBI solutions are probably present. This could for example be
related to the observed radio sources. Since the same radio source tends to be scheduled
to be observed by the same stations at about the same time every day, any errors related
to a radio source could easily produce systematics with a period of about 1 day (or high-
er harmonics) (Nilsson et al., 2012). An indication that this is an issue is the larger EOP
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formal errors for the +24 h period, which is likely due to high correlation between the
EOP and the radio source position estimates. Furthermore, there might be station related
errors with diurnal or sub-diurnal frequencies present. However, since some of the
peaks show up in both networks (and also the combined solution), e.g. at +12 h and
+24 h, it is also likely that the IERS HF model contains errors. This was also found in
many other studies, e.g. Artz et al. (2012) and Karbon et al. (2017). There is an IERS
working group currently making progess on updating the IERS HF EOP model.

4 Conclusions and future work

The fact that the CONT17 campaign used two independent networks allows for
interesting comparisons. As we have seen, the two networks gave similar results. In
general, the precision was slightly better for the IVS network, probably due to the better
geometric distribution of the stations.

In the future we will continue the study of the CONT17 results. In particular, we
will investigate the reasons for the different HF EOP variations obtained from the two
networks. Furthermore, we will study other parameters, like the tropospheric delays. We
will also include the data from the VGOS network in the analysis.
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