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Abstract. Analysis of the officiad EPN (European
reference GPS network) weekly solution series re-
veds ome jumps and systematic seasonal errors
caused by fiducial processng strategy and periodi-
cd changes in the reference ®ordinate system,
which make it imposshble to use official EPN solu-
tion for geodynamicd investigations. In the present
investigation an attempt to compute ahomogeneous
EPN coordinate time series for al participated sta-
tions for period of observations beginning from
GPS week 834 is made. Comparison o this sries
with other EPN solutions is performed including
comparison with ou previous two-yea solution for
seleded EPN stations obtained from re-processng
of the original observations. Results of comparison
show that solution based on non-fiducial strategy is
most likely free of seasonal errors. It is planned to
compute anew EPN combined solution starting
with individua solutions submitted by the EPN
Anaysis Centers.
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1 Introduction

GPS observations colleded from the European
permanent GPS network (EPN) provide unique
opportunity for investigation of crustal deforma-
tions in Europe. However, analysis of the official
EPN weekly solution series reveds some jumps and
systematic seasonal errors, espedally in the height
component. We susped that the standard fiducial
processng strategy used in EPN processing causes
these arors due to distortion of coordinate system
caused by errors in modeling of movement of fidu-
cial stationsif more than one fiducia stationis used
with tight constraint. Errors in coordinates of fidu-
cial stations, peauliar station motion, locd dis-
placements, equipment change, etc. may result in
errors distributed over the whole processed net-
work. This distortion will incresse towards the
edges of the network, espedally if fiducia stations
are oncentrated nea the ceiter of the network.
Besides periodicd changes in the set of fiducia

stations make it impossble to use the official EPN
solution for investigation of station movement for
the whole period d observations, see eg. Lanctte &
a. (1999.

The EPN CB computes another solution that pro-
vides a much more stable mordinate time series
suitable for geodynamicd reseaches. Unfortu-
nately, it is not distributed in SINEX files, but only
in graphicd form at the EPN CB web site. This
makes it impossible to use this lutionin scientific
investigations.

In the present investigation, an attempt to compute
a homogeneous EPN coordinate time series for al
participated stations for whole period of observa-
tions beginning from GPS week 834 (epoch 1996.0)
using nonHfiducial strategy is made.

Obtained coordinate time series was compared
with ather EPN solutionsincluding comparisonwith
our previous two-yea solution for seleded EPN
stations obtained from re-processng of the origina
observations. Results of comparison show that solu-
tion based on nonfiducia strategy is most likely
freeof seasond errors.

2 Project overview

A spedal projed of re-processng the EPN observa
tions with goal to compute an independent coordi-
nate time series for all participating stations for the
whole period o observations has been running at
the Institute of Applied Astronomy during last two
yeas.

The basis of this projed is using non-fiducial (free
network) strategy for computation o station coordi-
nates. This drategy has ssme evident advantages:

1. Such a solution dees nat cause adistortion o
the network.

2. More stations can be used for orientation d a
network which makes fina orientation of the solu-
tion more reliable and dependant to a lesser degree
on unmodelled errors in coordinates of fiducial sta-
tions.

3. Such asolution can be eaily transformed to any
reference system and re-transformed to ancther one
using a much simpler procedure than that needed for
removing constraints.

Basic theoreticd background d using non-fiducial
approach to processng GPS networks can be found



in Blewitt et al. (1992), Heflin et a. (1992), Zum-
berge ¢ a. (1997), Dong et d. (1998, Makin and
Voinov (2001). This strategy was successully
tested during processing o the Baltic Sea Level
1993 and 1997GPS campaigns (Springer and Mal-
kin (1995), Voinov and Makin, (1999).

At the first stage of the projed we re-processed
original GPS observations for seleded EPN sub-
network. That processng was made in threesteps:

1. Computation d a daily free network solution
based onthe IGS fina orbits and EOP.

2. Computation of aweekly freenetwork solution
by averaging of the daily solutions after Helmert
transformation to ore of the cmbined days.

3. Transformation of weekly free network solu-
tion to ITRF97. (Two modes were explored here:
using nine fiducia stations, or using all stations
present in the weekly solution. A preliminary con-
clusionisthat the latter strategy provides more sta-
bleresult.)

The results presented in Voinov and Malkin
(199) showed that non-fiducial strategy provides
more stable results in sense of randam and system-
atic erors. Hereafter this ries is referred to as
“117.

Unfortunately, this way of computation d coor-
dinate time series requires too much resources and
it is very difficult to re-process al EPN observa-
tionsin such away. Besides, we facal a problem of
obtaining original observations. For these reasons
we ae trying another way to compute aordinate
time series based onreprocessng of existing EPN
individual and combined solutions.

So, the seand stage of our work is re-processng
of available ambined EPN solutions. Results of
this computation are presented below.

The third stage of the projed is planned for the
neaest months. We plan to compute anew inde-
pendent EPN combined solution based on threestep
approach:

1. Removing the Analysis Center spedfic oon-
straints when necessary.

2. Computation of aweekly freenetwork solution
by averaging of the transformed individua solu-
tions after a 7-parameter Helmert transformation to
ITRF2000.

3. Fina orientation of the weekly solution w.r.t.
ITRF2000.

3 Processing strategy

In the present investigation we used weekly EPN
solutions computed at the Bundesamt fur Karto-
graphie und Geodésie, Germany (ealy at the Center
for Orbit Determination in Europe, Astronomica
Institute of the University of Bern, Switzerland) and

distributed as SINEX files. Heredter this lutionis
referredtoas“E”.

Our processng was made in two steps. At thefirst
one EUR solutions given in SINEX format were de-
constrained using algorithms described in Brock-
mann (1996). Interesting investigation of accuracy
of this procedure was made in Mareyen and Bedker
(2000. After this dep we obtained coordinate time
series of weekly nonfiducial solutions nealy freeof
distortion caused by tight constraints.

Next step was to transform freenetwork solutions
to ITRF200Q Two solutions were computed: with 6
and 7-parameter Helmert transformation. Time se-
ries of transformation parameters are shown in Fig-
ures 1 and 2 Solution oltained with 6-parameter
transformation is heredter referred to as “12”, solu-
tion oltained with 7-parameter transformation is
referred toas“13".

4 Comparison and conclusions

Comparison of three IAA coordinate time series is
shown in Figures 3-6 and Table 1. One can seethat
all series provide determination o main details in
behavior of station position. They are similar to
EPN CB solution computed for geodynamicd inves-
tigations.

Table 1 contains results of determination o week-
to-week repedability (Allan variance) interpreted as
random error and amplitude of seasona term in
variation of station coordinates in locd ENU sys
tem. Comparison shows that 13 solution obtained
using 7-parameter Helmert transformation from free
weekly solutions to ITRF2000 provides minimum
randam error and seasonal variations. Of course, the
latter may mean merely loss of geophysicd signal,
but comparison with EPN CB series (available & the
EPN Web site) and globa solutions sows that that
most likely seasonal terms observed in the EPN so-
lution is caused by systematic erors induced by
errorsin modeling of position of fiducia stations.

Evidently, more thorough consideration shoud be
made to make a hoice between using 6 or 7-para-
meter Helmert transformation of free network solu-
tion to ITRF. The first impresson s that it is more
reasonable to apply 6-parameter transformation to a
global network, whereas 7-parameter transformation
is more alequate to regional data. This problem will
be investigated in more detail after computation o
the solution based on rew combination d individual
solutions provided by the EPN analysis centers.

EPN coordinate time series described in this work
is used in comparison of variations of baselengths
obtained with GPSand VLBI (Makin et a. (2001)),
which showed a good agreement between two tech-
niques.
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Fig. 1 Time series of transformation parameters between free
weekly solutions and ITRF2000for 6-parameter transforma-
tion (R —rotation parameters, T — translation parameters).

Fig. 2 Time series of parameters for 7-parameter transforma-
tion between freeweekly solutions and ITRF2000(R — rota-
tion parameters, T — translation parameters, D—scde parame-
ter).
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HERS, East component, E solution
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Fig. 3 Comparison d four solutionsfor HERS.

WTZR, Up component, E solution
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Fig. 4 Comparison d four solutions for WTZR.

ZECK, Up component, E solution
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Fig. 5 Comparison d four solutions for ZECK.

ZWEN, Up component, E solution
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Fig. 6 Comparison d four solutions for ZWEN.



Table 1. Statistics for 10 nonfiducia stations common for
all compared solutions.

Station Allan variance, mm Annual term, mm
E 11 12 13 E 11 12 13

GLsv de 12 12 20 16 10 06 57 12

JOZE dE 09 09 10 18 07 09 15 05
LAMA dE 12 11 11 15 04 04 23 04
MDVO dE 15 14 22 25 03 06 52 02
MEDI dE 18 17 20 32 19 18 16 18
METS dE 11 13 14 18 22 03 28 05
NOTO dE 12 14 11 21 11 08 14 09
SVTL dE 13 17 18 19 11 11 42 07
WSRT dE 06 09 08 13 04 06 09 01

ZECK dE 14 15 26 21 21 06 78 24

Mean dE 13 16 16 20 16 12 33 09
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