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Measurements of horizontal motion
of the station Simeiz using VLBI

Estimates of the horizontal velocity of the radioastronomical station Simeiz
were obtained using VLBI observations made under geodynamics programs
during the years 1994—2000. The complete set of 3 million VLBI observations
was analyzed, and it was found that the station moves with respect to the
Eurasian tectonic plate, considered as rigid, with a rate of 2.8+0.9 mm/yr in
the north-east direction. Possible local systematic effects were thoroughly
studied and the reliability of the estimate of uncertainty of the results was
evaluated. We investigated stability of the station with respect to local marks
and revealed that an inclination of the azimuthal axis of the telescope
increases with velocity 2.6". The estimate of vertical motion of the station,
2.6=3.0 mm/yr, is not statistically significant.

BHMIPROBAHHS I'OPHU30HTAJIBHOI'O PYXY CTAHI[II CIMEI3 3 BH-
KOPUCTAHHSAIM PHJDB, Hempog J. FO., Boaveau O. E, Hecmepog M. C.
— Ouinku zopuzonmanenoi waeuokocmi padioacmpornomiumnoi cmanyii Cimeis
oyau ompumani 3 eukopucmarvHam PHJ/AB-cnocmepexens 8 pamkax zeoou-
Hamivnux npoepam y 1994—2000 pp. 3 ananizy nosHoi eudipku 3 3 MJIH
PH/b-cnocmepexens 3HAIOEHO, WO CMAHUISL nepemMilyyemovcst GiOHOCHO €6-
PAasiickoi MeKmMOHIMHOL NAUMU, SKAd 88AXACMbCS XKOPCMKOI0, 3i WEUOKICIMIO
2.8+0.9 wmm/pix v nieniuno-cxionomy wnanpsamky. Byau noseuicmio 6uéuerni
MOXKJUGL AOKAJbHI CUCeMamu4ri epexmu i OuiHeHa HadlliHIiCMb pe3yJibmaniie.
Mu docnidunu cmadinericmeb cmaHuti 6IOHOCHO JOKAJIbHUX MIMOK [ NOKA3a1u,
YMO HAXUTL A3UMYMAAbHOL OCE meaeckona 30iabuycmsest 31 weuokicmio 2.0
Ouinka eéepmukanbiozo pyxy cmanuii 2.6+3.0 mm/pixk cmamucmuuno HesHda-
YUMA.

HUBMEPEHHS I'OPHUBOHTAJILHOIO JBHXEHHS CTAHLIHH CHMEHU3
C HCIHOJb30OBAHHEM PCAL, Ilempos JI. KO., Boawsau A. E, Hecme-
poé H. C. — Ouenku zOpuU30HMAIbHOU CKOPOCIU PAOUOACITPOHOMUHECKOI
cmanyuy Cumeus Ovliu HOJYHEHbL ¢ UCNONb308aHuem PCAL-nadaodenuil &
pamkax eceoOuHamuueckux npoepamm @ 1994—2000 ee. H3 ananusza nojaHou
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MEASUREMENTS OF HORIZONTAL MOTION

goroopku u3 3 man PCAL-nabaodenuil HAllOeHO, Ymo CIARYILSL nepemenaemcst
omHuocumesbho Egpasutickoll meKkmoHUHeCKoOl NAUMbL, KOmMopas CHUMAemCcst
KeCcmKoll, ¢o ckopocmuio 2.8+0.9 mm/ 200 6 cesepo-eocmounom HAnPasaeHiu.
Boli noaHOCMbIO U3YUEHbL BO3MOXHbLE JIOKAJIbHbLE cucmemamuyeckue aggex-
msl U OueHena HalexXHocmb pe3yibmamog. Mbel uccaedoganu cmaduibHOCHb
CMAHUUL OMHOCUMEIbHO JOKAAbHBIX MEMOK U NOKA3AIU, YO HAKJOH aA3UMy-
MAIBHOU OCU MeAeCKonda Yéeauuusaemcss co ckopocmero 2.6". OQuenka gepmu-
KanbHozo Osuxenus cmanuui 2.6+3.0 mm/200 cmamucmuyecky He3HauUMA.

INTRODUCTION

The fundamental geodynamics station “Simeiz-Katsively” is situated on the
coast of the Black Sea near the village Simeiz, approximately 20 km west of the
city Yalta, in Ukraine. It consists of two satellite laser ranging stations, a
permanent GPS receiver, a sea level gauge and the radiotelescope RT-22 all
located within 3 km [1, 22]. The 22-m radiotelescope owned by the Crimean
Astrophysical Observatory participated in the very first intercontinental very
long baseline interferometric (VLBI) observations in September 1969 under
astrophysical programs [2]. The early narrow-band VLBI observations provided
decameter accuracy [10] and were not useful for geodynamics applications. The
telescope was upgraded in 1994, A Mark 3A data acquisition terminal [4] and
a dual-frequency horn were loaned by NASA/GSFC, dual band S/X receivers
were supplied by the Institute of Applied Astronomy in Saint-Petersburg,
Russia, a CH-70 hydrogen maser was supplied by the Institute of Space
Research in Moscow. Interferometric fringes were obtained in the first test
carried out on June 20, 1994. This upgrade enabled the station to join
international observing campaigns for both astrophysical and geodynamics
programs [3, 16].

Regular VLBI observations of extragalactic sources under geodynamics
programs are a part of common efforts to maintain the terrestrial and celestial
reference frames and to monitor Earth orientation parameters. These activities
are coordinated by the International VLBI Service for Geodesy and Astrometry
(IVS) [7]. Analysis of these observations allows us to obtain the estimates of
the parameters of models of geophysics [21], astrometry [23] and gravitational
theory [17].

In this paper we present our study for determination of position and rate
of change of the VLBI station Simeiz using the full set of observations since
1994. The method of VLBI proposed by Matveenko [9] allows us to reach a
precision better than 0.2 mm for station position determination [5]. However,
the actual accuracy is substantially worse since there are factors which
systematically affect results of the measurements. These includes instrumental
errors caused by an instability of the radioelectronics and by spurious signals
of various origin, deficiencies of the geophysical models used in reduction of the
observations, displacements of the antenna’s reference point with respect to
local marks due to deformations.

Investigation of systematic errors allows us to obtain more accurate
estimates of the targeted parameters and to get more realistic estimates of their
uncertainties. General analysis of the VLBI systematic errors is beyond the
scope of the this paper and can be found in [8, 15, 18, 21]. We consider here
only specific local effects, which were discovered during our study. The purpose
of our paper is to derive the velocity of the VLBI station Simeiz with respect to
other VLBI stations located on the Eurasian plate and to obtain the reliable
estimate of its accuracy.
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CHARACTERISTICS OF THE VLBI NETWORK STATION SIMEIZ

The radiotelescope RT-22 has a steering parabolic mirror with diameter 22 m
and focal length 9 525 mm. The surface has a root mean square accuracy
0.25 mm and effective area 210 m* which does not depend on elevation angle.
The antenna has an azimuth-clevation mounting with axis offset —1.8+0.2 mm.
Working range in azimuth is [-210°, 210°] and in elevation [-1°, 85°]. The
maximum slewing rate is 1.5 °/s. The control system of the telescope provides
accuracy of pointing at the 10” level.

The foundation pit of the telescope is 9 m deep. It has 3 m of crushed
stones and a 6 m concrete foundation. The height of the elevation axis above
the foundation is 14.998 m. The telescope is located 80 m from the edge of the
Black sea. The reference point of the radiotelescope has IVS name: CRIMEA,
ITRF name: “Simeis”, IERS dome number 123375008 and CDP number 7332.

Low noise receivers at X (3.6 cm) and S (13 cm) bands with a
dual-frequency feed have been installed at the prime focus of the antenna. The
feed illuminates the main dish of the antenna over the angle of 140° at the level
—10 dB. The feed may receive both left and right circular polarizations at X
band and either left or right circular polarization at S band, although only one
polarization can be recorded during observations.

S and X band receivers are constructed using a superheterodyne scheme
with FET high frequency amplifiers. A fronted directional coupler and FET
amplifiers are cooled to 20 K by a micro-cryogenic, closed cycle system in order
to reduce thermal noise. Focusing the system and measurements of the system
equivalent flux density (SEFD) are made by measuring the power pattern of
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Fig. 1. System temperature versus elevation angle
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the antenna from observations of the strongest radio sources Taurus-A,
Virgo-A, Cas-A and Cygnus-A before and after each observing session. Typical
values of SEFD are 800 Jy at X-band and 1200 Jy at S-band. System
temperature is measured before each observation for diagnostic purposes and
for scaling the amplitude of the phase calibration signal. Elevation dependence
of the system temperature measured during an experiment is shown in Fig. 1.
Increasing system temperature at the elevations lower than 30° above the
horizon is caused by increasing atmospheric depth.

OBSERVATIONS

Data flow follows this scheme:

Schedule —| Observing Correlation | Analysis — Data
center Stations center centers centers

A schedule center prepares an experiment and sends control files to the
observing stations by e-mail. The control files define the equipment setup and
a timetable of observations of each source. The sequence of the observations is
optimized in accordance with the primary objective of the observing session.

The observing station runs a control program “Field system” [6] which
interprets the schedule control file and operates the antenna and the data
acquisition terminal. The system is designed to run in automatic mode with
minimal human interference. The observing station executes a sequence of two
main operations: a) slewing antenna on the source; b) tracking the source and
recording the signal at 14 channels with bandwidth 2 MHz in two bands:
8.2—8.6 GHz and 2.2—2.3 MHz during scanning time (typically 60—300 s).
Upon completion of observing one source the telescope immediately slews to the
next source. Usually 30—100 sources, which are more or less uniformly
distributed over the sky, are observed. These sources are compact and have flux
densities of 0.1—10 Jy. Roughly speaking the antenna spends half of the time
slewing and half of the time recording the signal. An observing session lasts for
24 hours without interruption, each station makes 200—3500 scans and collects
2—5 Terabits of data, which are recorded on magnetic tapes. The tapes are
sent to one of the correlation centers: Max-Plank Institute for Radioastronomy
in Bonn, Haystack observatory in Westford, Massachusetts, or US Naval
Observatory in Washington D.C., USA.

The correlation center plays back the tapes from all stations that
participated in the session on a specially dedicated supercomputer called a
“correlator”. The correlator computes the cross-correlation function of the
recorded signal. Then for each scan, for each baseline, for each band five basic
quantities are calculated: single-band group delay, multiband group delay,
delay rate, amplitude and phase of the coherence function and their formal
uncertainties. The ionosphere free linear combination of group delays at X and
S bands on a baseline referred to a fiducial epoch within a scan is a basic
observable which is thereupon referred to as observation. The output from the
correlator and post-correlation analysis is sent to the IVS Data Center center
via Internet. The data become accessible on-line to public, without restrictions,
within minutes after completion of correlation.

The analysis center carries out preliminary processing. This includes
resolving group delay ambiguities, rejecting outliers, determining clock model,
re-weighting the observations, applying external calibrations and archiving the
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data. Parameters of a simplified model, including station positions, clock
function, atmosphere path delay are obtained by least squares (LSQ). Station
performance is evaluated and discovered problems are reported. Then the
archived data and the results of the analysis are automatically transmitted to
an IVS Data Center. This normally occurs within 24 hours after completion of
correlation and within 7—90 days after observations.

DATA ANALYSIS

All available dual-band geodetic Mark 3 VLBI observations for 21 years, from
1979.59 through 2000.72, were used in this analysis. There were 3 058 sessions,
3 005 651 observations including 36 successful sessions with participation of the
station Simeiz. These 36 sessions were from 1994.48 through 2000.36 and
contained 19 631 good measurements of group delays.

We used the software CALC/SOLVE for data analysis. Theoretical values
of group delay as well as partial derivatives of delay with respect to parameters
of the model were computed [20] and small differences between the observed
and calculated values of time delay were formed. Adjustments to parameters of
the model were obtained in a single weighted LSQ solution.

The 756 sources and 127 stations participated in the observations were split
onto two categories: primary and secondary.

Estimated parameters belong to one of the three groups:

— global (over the entire data set): positions and velocities of 43 primary
stations; positions of 392 primary sources.

— local (over each session): pole coordinates, UT1, UTI1 rate, nutation angles;
positions of secondary stations and sources, atmosphere gradients for all
stations and their rate, station-dependent clocks modeled by 2nd order
polynomials, baseline-dependent clock offsets.

— segmented (over 0.5—1.0 hours): coefficients of a linear spline for clocks (1 h
segment) and for atmospheric path delay (0.5 h segment) for each station.

Since the resulting normal matrix is a matrix of incomplete rank, the
following constraints on global parameters were imposed in order to resolve
singularity: no-net-rotation constraints on global station positions, station
velocities, source coordinates; no-net-translation constraints on station positions
and velocities. In total, 15 equations of constraint on global parameters were
used. The rate of change of atmosphere path delay and clock function between
two adjacent segments was constrained to zero with weights reciprocal to
40 ps/h and 2-107" s/s respectively.

Special fast algorithms which exploit sparseness of the normal matrix and
regularity of its portrait were used for direct solving of the LSQ problem with
1.1 million unknowns.

The station Simeiz was treated as a primary station in solution 1 and
therefore its position and velocity was estimated using all data. The overall
weighted root mean square (WRMS) of postfit residuals of the solution was
25.2 ps with y*/ndg = 1.03, the WRMS of the postfit residuals of the
observations with station Simeiz was 40.8 ps.

EVALUATION OF STABILITY OF THE REFERENCE POINT

The reference point of the antenna is the point of projection of the azimuthal
axis on the elevation axis. The coordinates of just this point are determined in
analysis of the observations. However, this point may move with respect to the
local area where the radiotelescope is located. In order to exclude local motion
of the antenna, the coordinates of the reference point with respect to a set of
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local marks around the telescope were determined by measuring the position of
the antenna axes. Two methods were used: analysis of a set of corrections to
pointing to the radiosources and direct measurements of the deviation of the
azimuthal axis from the local plumb line with a theodolite. The first method
was used routinely.

Compact strong sources were observed at the frequencies 22 and 36 GHz
with coordinates known with precision better than 1” [12]. The position of the
antenna which gives the maximum registered power was found and small
differences between the computed elevation and azimuth angles and the angles
measured by sensors were determined. These differences were approximated as

AA = —a;SinHcoSA + a,SinHsinA + a;sinH +
+ a,cosH + ascosHsinA + agcosHcosA + ay,

AH = h;sinA + hycosA + hzsinH + hycosH + A

D

where A is azimuth, H is elevation. Coefficients a;, #; were found by solving the
system of equations (1) for azimuth and elevation independently using LSQ.
Parameters a;, h;, a,, h, describe the inclination of the azimuthal axis.

The position of the azimuthal axis was episodically determined with a
theodolite during 1966—1999. The theodolite was fixed on a moving part of the
antenna’s mounting and the antenna was repeatedly pointed to a sequence of
different azimuths in increments 10—20°. Level readings of the vertical circle
of the theodolite holding a fixed position of the tube were approximated to a
sinusoid by LSQ.

Positions of both horizontal and azimuthal axis were also carefully
measured with 2” precision during a special survey campaign in 1995 [19]. One
of the conclusions of the surveying campaign was that “a more detailed study
of the complete dataset gives us grounds to believe that the azimuthal axis draws
a cone in space and has smooth random wobbles when the antenna moves in
azimuth. Nevertheless, the total effect does not exceed *1 mm”. We can
consider this estimate as the upper limit of the short-term stability of the
antenna’s reference point.

The time series of the deviation of the azimuthal axis with respect to the
local plumb line as a function of time is presented in Fig. 2. The inclination
angle is increasing with a rate of 2.6"/yr in the direction of azimuth 116°, and
we believe the antenna is leaning like the tower of Pisa. We model the antenna’s
motion as a rotation with respect to the center of its gravity. Velocity of the
antenna’s reference point due to the Pisa-effect is —0.1 mm/yr in the north
direction and 0.2 mm/yr in the east direction.

dA, arc sec
100 +

50 -

Fig. 2. Deviation of azimuthal '++
axis of the radiotelescope with 0 ] ]

respect 1o the local plumb line (in 1970 1980 1990 2000
arc seconds) at different epochs Epoch
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EVALUATION OF STATION PERFORMANCE

Performance of the station did not remain constant during the campaign of
observations. It was noticed in 1995 that the estimates of the clock function
showed random fluctuations on the level of 300—1000 ps, which is one order
of magnitude larger than expected. It was found that the H-maser, which should
generate a stable harmonic signal with frequency 5 MHz for all components of
the data acquisition system, had unsatisfactory stability. Eventually, the old
maser was replaced and a new maser started to operate on February 1, 1998.
The estimates of the clock function using the old and new H-maser are shown
in Fig. 3.

At, psec
5001

(=)

-500 -

-1000 -
Fig. 3. Estimates of the clock func-

tion during a 24-hours experiment:
-1500 L1 1 1 1 1 1 a) Experiment 97MAY14XA,
b) Experiment 9BAUG17XA

500 b
0 WW
-500 -
-1000 |-
-1500 LL L 1 1 L |
0 5 10 15 20 t, hours

It was found that the model of estimation of clock function was not
adequate for the processing of experiments when the stability the of H-maser
was especially poor. Unaccounted variations of clocks resulted in spurious
variation in the estimates of atmosphere path delay. The rate of changes of the
estimates of the atmosphere path delay during two experiments 96MAR 13XA
and 97SEP03XA exceeded 150 ps/h while even severe meteorological conditions
do not cause variations in the path delay greater than 50 ps/h. These two
experiments were excluded from the final solution.

We investigated the amplitudes of the phase calibration signal injected into
the feed horn and found a presence of coherent spurious signals, induced by
others parts of equipment. The procedure of correction of phase calibration,
described in [15], was applied, but it resulted in only a marginal change in the
station position estimates.

The position of the station Simeiz was estimated for each session
independently in solution 2. Series plots of vertical, east and north station
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Fig. 4. Evolution of topocentric

coordinate of Simeiz: o, mm

2001 a
Component ji;?r lerls ’ %2/ ndg *

a, Vertical 2.4%2.6 27.0 6.5 100

b, East 1.5+0.6 5.8 5.8 } \ h

¢, North 2.6x0.6 5.2 4.5 L

s b y
-100 |- \

coordinates with respect to
the position obtained in that _,p,
solution are shown in Fig. 4.
An error bar is the one- b
sigma formal uncertainty. 50|
Fig. 4 shows that the F
estimates of the station co-
ordinates have scatter larger + +
than predicted in accordance F}i +
with the formal errors of the E ¢
observations obtained on the + +
basis of the signal to noise
ratio of fringe phases and
baseline-dependent varian-
ces. These variances were , | | . | | | |
added quadratically to the
raw formal uncertainties of
the observables in order to gg|
keep the ratio of the
weighted sum of the squares
of the post-fit residuals to its
mathematical expectation
close to unity. The spread of
the adjustments of station
coordinates is larger for the
first part of the dataset when
the old H-maser was used,

especially for the vertical 0 I . . . . . . |
coordinate. 1994 1996 1998 2000
The position of the Epoch

station at the reference

epoch 1997.0 and its rate of

change were obtained by a

weighted LSQ fit from the time series of the estimates. Correlations between
the estimates at different epochs were neglected. A chi-square test was made in
order to evaluate the correspondence of the linear parametric model of the
station motion and the stochastic model which describes statistical charac-
teristics of the noise. The ratio of the weighted sum of the squares of the postfit
residuals to its mathematical expectation, denoted as x*/ndg, appears to be
significantly higher than 1. This indicates the presence of excessive noise which
our parametric and stochastic models do not properly take into account. A
reweighting procedure was applied: the formal uncertainties of the station
positions were modified by quadratically adding a variance v, such that: o2 =
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= g% + v* in order to make the ratio of the weighted sum of the squares of the
postfit residuals to its mathematical expectation close to unity. Here the index
“0” denotes the old formal error and the index “n” denotes the new formal
error. Variance v is considered a constant before and after the H-maser
replacement and it has a discontinuity at that moment. A pair of values of
variances were found independently for each component of the coordinates. The
algorithm used is described by Petrov [13]. This caused some changes in the
estimates of the station velocities and their formal uncertainties.

It was found that the poor performance of the H-maser affected the
estimates of the vertical coordinates greater than the estimates of the horizontal
coordinates. The horizontal components of position and velocity of the station
Simeiz were treated as global parameters, while the vertical coordinate was
estimated for each session independently in solution 3. Finally, the vector of
the estimates of the station velocity was formed in the following procedure: a)
the horizontal components are the estimates from solution 3; b) the vertical
component of the velocity vector is obtained by adjusting the rate of the time
series of the estimates from solution 3 with reweighting applied; ¢) the
covariance matrix was scaled as Cov,(x;, x;) = s5Cov,(x;, x;) where s, =
= Un/0x. These manipulations enable us to obtain more reliable adjustments of
the station position and velocity and the estimates of their accuracy.

TRANSFORMATIONS OF THE VELOCITY FIELD

However, we should be aware that the position and velocity of a single station
are senseless unless the coordinate frame has been defined. VLBI observables
are invariant with respect to the group of 15-parametric linear transformations
which include a rotation and translation of station positions and velocities,
rotation of source positions, applies a shift and a linear drift to a series of Earth
orientation parameters [14]. This means that the velocity field is defined only
up to an arbitrary translation and rotation. Constraints which have been applied
in solving equations of condition forced the obtained velocity field to have no
net rotation and no net translation with respect to the a priori velocity field. In
order to compare the catalogue of station positions and velocities with models
and other catalogues a linear transformation which satisfies the explicitly
specified boundary conditions should be applied.

We consider two problems. First, what is the residual velocity of the station
Simeiz with respect to the Eurasian tectonic plate?

Nine permanent VLBI stations with a history of observations more than 3
years are located on the Eurasian plate: SIMEIZ, DSS65, EFLSBERG,
MATERA, MEDICINA, NYALES20, ONSALA60, SESHAN25 and
WETTZELL. In order to determine the residual velocity of each station with
respect to the rigid motion of the plate, we first split the set of stations onto
two groups: defining stations and free stations. Rigid motion means that the
plate as a whole has a translational and rotational motion only. Defining
stations are assumed to move in accordance with the motion of the plate, while
free stations are assumed to have an arbitrary velocity with respect to the plate.
Transformation of the velocity field is of the form

v,=v, + T+ QXxr 2)

where v, is the old velocity vector, T is the vector of the translational velocity,
Q is the vector of the angular velocity, r is the vector of the station position.
This equation may be re-written in the form

V,=V,+M-s &)
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where
TI
1 00 0 r —r ;2
M=0 1 0 -, O o, s= QS €]
0o o1 »r, -r O QI
2
Q,

Eq. 3 is transformed to a local topocentric reference frame by multiplying
it by the rotation matrix P:
PMs=u — Pyv, 5)

where u is the vector of the station velocity in a topocentric reference frame
after the transformation. We can find vector s in Eq. 5 if we define u, according
to the model of rigid motion. We set vector u, = 0 for the defining stations in
our solution. Four stations, DSS65, EFLSBERG, NYALES20 and WETTZELL,
were selected as defining, while the equations for the vertical component of
stations DSS65, EFLSBERG, NYALES20 were down-weighted and therefore
these stations were allowed to have an arbitrary vertical motion. Equations were
solved by LSQ with a full weights matrix W:

W =D(P,Cov(u, v"), P] + A)™'

where P, is a block-diagonal matrix formed from matrices P;,, A is a diagonal
reweighting matrix with an additive correction to weights, D is a diagonal
matrix which consist of elements 1 and 107°. The latter value effectively
down-weights the equation. Values (0.4 mm/yr)* for both horizontal and
vertical components of velocities were used in the matrix A in our solution.

Transformation 3 and the rotation to the local topocentric frame were
applied to both defining and free stations. The covariance matrix was computed
as:

Cov(v,, v,) = P,Cov(u,, v )P, + P,MCov(s, s" ) M'P,,

Cov(v,, vp) = P,Cov(v,, v,)P, + P,MCov(s, s M'P; +
+P,Cov(s, s" YMWCov(v,, v})P, + P,Cov(v,, vl )WM' Cov(s, s")P,

The upper expression was used for the free stations and the lower
expression was used for the defining stations. The latter expression takes into
account statistical dependence of the old velocity v, and the vector s.

The field of residual horizontal velocities is shown in Fig. 5 and table.

The second problem is to define the position and velocity of the station
Simeiz in some well known reference frame. Parameters of transformation 3
were found by minimizing differences in the positions and velocities of the
primary stations with respect to the ITRF97 catalogues. Station positions and
velocities in the ITRF97 catalogue were considered as exactly known while the
estimates of the velocities obtained in solution 3 were treated as stochastic
parameters with the covariance matrix produced in this solution. Elements of
the covariance matrix of the velocity and position components of the station
Simeiz were scaled as mentioned above. We obtained the following position of
the station Simeiz at epoch 1997.0 and its rate of change in the ITRF97 system:

X =3785231.070+0.006 m, X=(6.8+0.3)-10""m/s,
Y =2551207.415+0.004 m, Y = (5.0+0.4)-10"° m/s,
7 =4439796.360+0.008 m, Z=(2.1+0.8)-10"" m/s.
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>

Fig. 5. The field of residual horizontal velocities with respect to the Eurasian plate

DISCUSSION OF RESULTS AND CONCLUSION

The station Simeiz is located in 300 km from the edge of the Eurasian plate.
Tectonic motion in the eastern Mediterranecan is complicated as a result of
interaction of the Eurasian, African and Arabian plates [11]. The boundary of
the tectonic plates is associated with the North Anatolian transform fault. The
Anatolian block moves westward along the fault and in turn is pushed by the
African and Arabian plates northwards, causing deformation in the southern
part of the Eurasian plate. Obtained horizontal velocity with a rate of
2.8+0.9 mm/yr in the direction with azimuth 27° does not contradict this
model.

We would like to emphasize that the residual velocities depend on the
choice of the defining stations. The fact that there exists four stations with
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Residual velocities with respect to the Eurasian plate

. Up, East, North, Hor. Rate, Azimuth,
Station Corr, E-N D
mm/yr mm/yr mm/yr mm/yr deg

DSS65 21x1.5 -0.1+0.2 0.0+0.1 0.86 0.1£0.2 271£51 h
EFLSBERG -0.5+0.8 0.5+0.3 -0.4+0.2 0.03 0.7+£0.2 132+£22 h
MATERA 1.1+0.9 0.9+0.4 4.9+0.4 0.30 5.0£0.5 11+5 f
MEDICINA -3.1+0.8 1.7+0.4 2.0+0.4 0.11 2.6+0.4 40=+8 f
NOTO 0.6x1.0 -1.0%£0.5 5.0+0.4 0.30 5.1+0.4 349+6 f
NYALES20 58=%1.5 0.0=£0.0 0.0+0.0 -0.92 0.0+0.0 35065 h
ONSALA60 3.3+20.6 -1.0+x0.4 -0.8+0.4 -0.11 1.3+0.3 229+17 f
WETTZELL -0.0x0.1 —0.3x0.2 0.4+0.2 -0.04 0.5£0.2 322+25 hv
SIMEIZ 2.7+3.0 1.3+0.7 2.5+0.9 0.07 2.8+0.9 27+15 f

The last column contains status of the station: free (f), defining for horizontal motion (h), defining
for both horizontal and vertical motion (hv).

deviations from rigid motion less than the formal uncertainties of the estimates
of their velocities indicates the validity of the assumption that the obtained
velocities of VLBI stations satisfactory represent tectonic motion. Simulations
showed that the velocity of the station Simeiz is relatively insensitive to
variations in the velocities of the defining stations. Changing the velocities of
the defining stations up to 3 formal uncertainties did not cause changes in the
horizontal velocity of Simeiz greater than 0.9 of the rewcighted formal error.

The Pisa effect contributes to the local velocity of the antenna’s reference
point at the level of 0.2 mm/yr and this has been taken into account. The
station foundation is laid on a solid rock and we do not expect considerable
local motions. The position of the reference point of the antenna with respect
to the local marks was determined with a precision of 1 mm in 1995 and it is
planned to repeat these measurements in the future.
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