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Abstract. At the western tip of the Eurasian plate, the European continent is besieged by thrusting and receding
neighbour plates causing deformations and ruptures of the Earth’s crust evidenced by earthquakes and volcanic
outbursts. Measuring the extent and progress of crustal deformation has become one of the primary tasks of
geodesists and geophysicists. Realizing that Europe enjoys one of the densest networks of radio telescopes especially
equipped for high precision, geodetic VLBI has provided the incentive to organise a campaign of regular geodetic
VLBI observations in the European network of fixed radio telescopes. The measurements have been carried out
since the late eighties at an average rate of six sessions per year. From these data, site coordinates, baseline length
changes and station velocity vectors have been derived with steadily increasing accuracy. The overall picture of the
observed present-day site motions emulates quite well the pattern of tectonic motions inferred from the geotectonic
setting of central Europe and the western Mediterranean. Interesting details are emerging for horizontal motions
of the three stations in Italy, which are strongly affected by the complex interactions between the different tectonic
regimes in this area. The accuracy of the vertical components is also improving with increasing length of the
observational record, allowing to detect significant trends among the relative vertical motions of the sites.
The geodetic VLBI network operations have received supportive funding by the European Union under the 2nd
and 4th Framework Programmes.
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1. Introduction

In 1980, a first Working Meeting on European VLBI for
Geodesy and Astrometry was held in Madrid, Spain, to
explore the possibilities for precise geodetic VLBI observa-
tions in the European region using the information and ex-
perience of the already existing European VLBI Network
(EVN) for astronomy and astrophysics. In this way, the
EVN may be said to have been at the back of the creation
of its geodetic counterpart.

With the introduction of the newly developed MkIII
VLBI system in 1979, a standard for high precision as-
trometric and geodetic VLBI was established that formed
the basis of the ensuing efforts in setting up an operational
geodetic VLBI network in Europe. The standard included
a wide bandwidth synthesis recording mode for high group
delay resolution, dual S/X band receiving capability, and a
hydrogen maser frequency standard. These rather costly
requirements did not match perfectly with the needs of
the astronomy VLBI community, a problem which caused
a protracted deployment of the geodetic VLBI instrumen-
tation at the European radio astronomy observatories. In
Germany and in Italy special dedicated geodetic VLBI
observatories were built in the mid-eighties to satisfy the
need for an increased rate of observing sessions per year
and for collocated observations with other geodetic space
techniques.

A programme of regular geodetic VLBI observations
that included European VLBI stations was started in the
late eighties under NASA’s Crustal Dynamics Project
(CDP) and was expanded by European initiative to
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Fig. 1. European VLBI Network, year of first participation in
pure European geodetic VLBI sessions in parentheses

become a network of its own in 1990. Subsequently,
funding for network operations could be secured from
the European Commission in the so-called Framework
Programmes to support the growth of human resources
for research and development in the EU Member States.
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The primary scientific objectives were focused on the mea-
surement of crustal motion in the area defined by the
network of existing European VLBI stations (Campbell
1988). In the first funding phase (1993-1996) the empha-
sis was placed on the determination of horizontal crustal
motions, whereas the second phase (1997-2001) was con-
centrated on the measurement of vertical motions.

2. Current Status of the European Geodetic VLBI

Network

Presently, the European Network consists of 10 stations
(Fig. 1), six of which have an observing record longer than
twelve years. All observing sessions are set up following
the same principles, covering a period of one complete
revolution of the Earth, i.e. 24 hours. With the automatic
scheduling program SKED the observations of the par-
ticipating telescopes are arranged in a way to satisfy all
conditions regarding telescope slewing speeds and limits,
tape recorder operations, integration time, and an opti-
mised homogeneous sky distribution of the observed radio
sources.

The recorded data from the observatories are sent for
processing to the European VLBI Correlator Centre at the
Max-Planck-Institute for Radioastronomy in Bonn, where
the correlation and the subsequent processing stages in
the MkIII (and now MkIV) data flow are performed. At
the new 9-station MkIV correlator a 24h geodetic observ-
ing session with 8 stations produces on the average three
thousand delay (and delay rate) observations. Between
January 1990 and June 2002 a total of 56 observing ses-
sions with up to 9 stations in slightly varying configura-
tions have taken place.

3. Data Analysis

In the frame of the European VLBI Project the data are
being analysed by several of the participating groups and
the results are compared and discussed at regular inter-
vals. Most of the groups are using the CALC/SOLVE ana-
lysis software developed at NASA GSFC (Ma et al. 1994),
but solutions with the independent software OCCAM
(Titov 1999) are also available.

The setup of a solution depends on the amount of data
used:

a) global solutions using the entire global VLBI data set
or a large part of it (> 90%). These solutions allow
the simultaneous determination of source coordinates
(CRF), Earth orientation parameters (EOP) and site
coordinates as well as site velocities (Ma et al. 1994).

b) regional solutions using only the data of the EUROPE
experiments. These solutions require the a priori input
of the CRF and the EOP (Haas et al. 2000).

The solutions of category a) are normally referred to
the NUVEL-1A frame of global no-net-rotation (Argus
and Gordon 1991), while the results presented here be-
long to group b) and are referred to the Eurasian plate

(or to one station on this plate, e.g. Wettzell). The use of
only the data from the EUROPE sessions bears the ben-
efit that no inconsistencies are introduced by baselines to
non-European stations. By subtracting the NUVEL mo-
tion of the Eurasian plate, we obtain the velocities with
respect to the Eurasian plate. The vertical motions are
referred to an arbitrarily chosen zero motion of any one
fixed station (e.g. Wettzell).

One of the preferred analysis strategies for the
European Network, which has the benefit of showing the
baseline and site coordinate evolution with time, is to run
a combined adjustment of all sessions, but estimate sta-
tion coordinates for all epochs in relation to one station
fixed (for more details see e.g. Nothnagel and Campbell
1993). In this case, of course, the Earth orientation pa-
rameters have to be taken from an external source, e.g.
from a global VLBI solution such as the NASA Goddard
Space Flight Center solution 1102g, (August 1998) used
here. In this case, we are using the inherent stability of
the global solution to orient our regional network in space
(the translations are inhibited by fixing one station, e.g.
Wettzell). With a conservative estimate for the orienta-
tional stability of 0.3 mas (1 cm at one Earth radius) over
short as well as longer time scales we may assume the in-
fluence of the reference system on a baseline vector of 1000
km length to remain below 1.5 mm (Ma et al. 1993).

The baseline length repeatability obtained from the
time series has proved to be the best indicator for
the inherent accuracy of VLBI because it is essentially
free from orientational errors of the reference system.
For the European baselines we obtain a WRMS of
±(2.0 mm + 0.8 mm·b), where b is the baseline length
in units of 1000 km (Haas et al. 2000). The horizontal co-
ordinate WRMS repeatabilities range from ±1.5 to ±5.7
(Ny Ålesund north) whereas the values for the vertical
are about three times larger, i.e. ±8.0 to ±14.4 mm. In
spite of these larger uncertainties, several of the vertical
rates are showing significant trends, such as Medicina in
particular with a subsidence of 4.8 ± 1.1 mm/yr.

Fixing the motion of Wettzell to its value in the
NUVEL-1A-NNR frame, we were also able to estimate ve-
locity vectors from the time evolution of the coordinates
of each station with respect to Wettzell (Haas et al. 2000).
The results are shown in Fig. 2 and 3. To first order it is
assumed that the displacements are linear with time and
express the motion of the crustal portions supporting the
telescopes, and that these crustal portions represent con-
siderable units of the lithosphere, involving spacial scales
comparable to the inter-station distances.

4. European Crustal Motion - Geophysical Results

The European area is broadly characterised by three dis-
tinct geotectonic provinces (Gueguen in Campbell et al.
2002, p. 133-139), i.e. the north which is represented by the
relatively uniform Fennoscandian massif (craton) and its
pronounced upward motion due to postglacial rebound,
the more or less stable central European part and the
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Fig. 2. Horizontal station motions with respect to Wettzell.

south dominated by the seismically active Mediterranean
including the alpine systems (orogenic belt). The latter
form part of the complex Eurasian plate boundary zone, a
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Fig. 3. Vertical station motions with respect to Wettzell.

result of the collision of the northward-thrusting African
plate. Due to the anti-clockwise rotation of the African
plate with respect to Eurasia, the (geological) velocities
of convergence in the Mediterranean tend to decrease
from east to west, from about 2 cm/yr in the Eastern
Mediterranean to about 1 cm/yr in the western part. The
resulting motions in the boundary zone are expected to
be less, because much of the African motion is consumed
by the subducting Mediterranean sea floor (Mueller and
Kahle 1993). The most prominent horizontal motions are
concentrated in the Italian peninsula with the effect of the
northward moving African plate on the Adriatic plate be-
ing obvious at Matera and partly also at Medicina, while
Noto is probably even directly affected by the African mo-
tion (Fig. 2).

On the basis of the assumption ’no local site motion’
the observed vertical motions tend to agree quite well with
the expected geotectonic motions at the sites. Considering
central Europe to represent a stable reference for the dis-
cussion of motions in the northern and southern parts of
Europe, we obtain a realistic scenario for most of the sites
(the rates shown in Fig. 3 are given in relation to Wettzell
fixed, i.e. its rate is set to zero). The 1-sigma uncertainties
of the vertical rates are at the level of ± 0.5 to 2 mm/yr,
except for those stations with significantly less observa-
tions:

- the sites of Onsala and Ny Ålesund are rising at rates of
2 and 6 mm/yr respectively, due to postglacial rebound
(Ny Ålesund probably has an additional effect from the
nearby North Atlantic Rift System)

- the subsidence of Medicina of about 2 mm/yr can be
explained by the tectonic setting at the northern foot-
wall of the Apennines, where geological rates of sub-
sidence of up to 1.6 mm/yr during the past 5 Million
years have been found. In addition, the influence of
ground water and natural gas withdrawal in the Po-
plain may also play a significant role.

- the uplift of the station of Madrid (located at Robledo,
40 km to the west of Madrid) of almost 3 mm/yr has
no tectonic explanation at present.

- the measured vertical motions of Matera (south-
eastern Italy) and Noto (south-eastern Sicily) are be-
low the present level of significance (+1 mm/yr and
-1 mm/yr respectively). Both sites are located in the
stable parts of larger crustal blocks and are not ex-
pected to show pronounced vertical motion.

Extensive comparisons with the results from the collo-
cated permanent GPS-stations yield a good agreement for
both the horizontal as well as the vertical velocities, al-
though some of the GPS-time series have been degraded
due to changes in the local antenna setup.

The comparison with other types of data which give
information about vertical crustal motion, such as mean
sea level records from tidal stations and absolute gravity
measurements, constitutes an important subject for fur-
ther studies of vertical change in Europe. In the present
project, initial steps have been made using the data from
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the Permanent Service of Mean Sea Level for the European
coastlines. Assuming a 1 to 1.5 mm/yr eustatic sea level
rise, the first comparison with the measured vertical mo-
tions on the European land masses shows a general agree-
ment of today’s motions with the 100-yr trends from the
sea level records within bounds of ±1 mm/yr (Campbell
and Nothnagel in Campbell et al. 2002, p. 110-124).

5. Outlook

Plans are to continue to operate the European geodetic
VLBI network at a rate of at least four 24h-sessions per
year. The numerous problems besetting the permanent
GPS stations have shown that an independent standard
of measurements is indispensable to distinguish between
true motion and artefacts from all sorts of external influ-
ences. The strength of GPS has to be seen in the dense
coverage provided by the large number of stations in the
field and the continuous data collection which ensures a
high temporal resolution of the observed phenomena.

The scale and the long term stability of the European
reference frame (coordinates and velocities) can only
be guaranteed by continuing geodetic VLBI observations.
We would very much welcome further augmentation by
the numerous radio telescopes in Europe which some-
times only need minor additional hardware to become
compatible with the geodetic MkIV standard. In this re-
spect we look forward to the completion of two new VLBI
telescopes in the Mediterranean, i.e. the 40 m antenna
at Yebes (presently under construction) and the planned
telescope near Cagliari/Sardinia.
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