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Using Cascais GPS Permanent Station for Geodynamic purposes

H. RIBEIRO, J. T. PINTO!

Summary

Cascais GPS station, the first Portuguese Reference Station,
isoperating since March 1997. In September 1998 wasaccepted
asan EUREF station (n° 13909S001). Between October 1999
and January 2000, three new GPS stations were installed in
Portugal: oneinthe Azoresldands—S. Miguel, another in Gaia,
near Porto, onthe Northwest coast of Portugal and thethird one
in Lagos, on the South coast. Thislast station isinstalled near
aTideGauge, Lagos, andit could beveryimportant for sealevel

control. The behaviour of these stations should be very useful

for deducing or testing geodynamic models for the area, in
particular the Acorean station as it is located near the triple
junction zone of the American, African and Eurasian plates.

InCascais, afiveyearstime seriesof observations (24ha30s),
isgiving us sometimeto deduce apattern of behaviour for the
station relatively to some other permanent stations. We have
ourselveslimited this study to two stationsin Central Europe
(Brusselsand Zimmerwald) and to Maspal omas (African Plate)
and S. Fernando (in Iberian Peninsul ). Processing 2 dayseach
two months, fromMay 1997 to April 2002, wewill try to deduce
therelative movements of Cascaiswithinthat period. Wealso
introducein thisstudy, someof thenew Portuguese GPS stations,
especidlytheonein Azores. The observation periodisdtill very
short, about 2 years, to draw strong conclusions, but will be
enough to shows up eventual existing tendencies.

Our strategy will bedlightly different fromthe usual onesbased
uponthevariation of thecoordinates. Wewill monitor, instead,
the variation of the distances in order to set us free of the
referential constraints.

1. Introduction

Thefirst Portuguese GPS Reference Station (CASC) was
installed in Cascais, in May 1997, near the Cascais Tide
Gauge. About 5 years of high quality datafor that station
are now available. This study is based upon the results of
processing 2 consecutive daysof GPSdata, at 30s, eachtwo
months, connecting Cascai sto someother EUREF stations
(fig.1) chosen in the African and Eurasian plates. We will
try to deducerel ative movementsbetween Cascai sand those
stations, withinthat period. By theend of 1999, our Ingtitute
installed 3 new Reference Stations, in Lagos (LAGO), in
Ponta Delgada (PDEL), Acores, and in Gaia (GAIA) near
Porto. Weintroduce, al so, inthisstudy, thefirst 2 yearsdata
from data stations. From a geodynamic point of view the
PDEL station isthe most important, because islocated in
the confluence of three tectonic plates, African, Eurasian
and American. Althoughtheobservationperiodisstill very
short, about 2 years, to draw strong conclusions. Maybe,

will be enough to test the agreement with the accepted
models for the area.
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Fig.1- Distribution of the chosen stations

Our magjor concernwill be, not deducing the displacement
vectors, from the changesin the coordinates, but thevaria-
tions of the distances. Accordingly our strategy will be
dightly different fromtheusual ones. Wewill computethe
distances, instead of controlling the variation of the coor-
dinates. Thedistances should beindependent of thegeodetic
frameused, and sowewill avoid some perturbing problems
related to the change of the reference frame during that
period.

2. Data and Epochs

The processed data consist in the GPS Rinex files (24h a
30s), two consecutive days, each two months. A two con-
secutive days period will cover adouble full cycle on the
most important parametersthat causesthe GPSobservable
to change. Each day wascomputedindependently. Theepoch
valueisthemean of thistwo days. An epoch eachtwo month
will provide, for the analysed time interval (97.05 to
2002.04), enough epochs.

3. Processing strategy

The GPS data was processed with Bernese 4.0 and 4.2
software, using preciseorbitsand the QI F (Quasi-lonosphere
Free) strategy for the ambiguity resolution.

For each epoch, the network was adjusted in Cartesian tri-
dimensional coordinates in the ITRF96 reference frame.
Brussels coordinates, afiducial station of the EUREF net-
work, werekept constraint to their ITRF96 values. Firstly,
adaily solutionfor all the network wascal cul ated obtaining
normal equationsthat were combinedtogether, year by year,
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by ADDNEQ subroutine, giving usthe so called combined
solution for these years.

Thedistancesbetween Cascai sand the othersstationswere
computed fromthese coordinates sol utionsfor each epoch.

4. Network

Figurelillustratesthedistribution of thestationsused. The
network isbuiltinastar form, consistingintheconnections
between Cascais to the other stations.

Brusselsand Zimmerwal d were chosen dueto thefact that
are fiducial EUREF stations and are supposed to bein a
stable part of the Eurasian plate, mainly Brussels. S.
Fernando because is near the African plate boundary and
isoperating sincemany years. Maspalomas, onthe African
plate was an imperative choice, aswell as Ponta Delgada,
in Acores. This last location is very important indeed,
because the detailed geodynamic behaviour of the triple
junction zoneisnot yet well known. Several theoriesgives
Ponta Delgadain the African plate, othersin the Eurasian
plate, there is no agreement.

5. Repeatabilities

For repeatability of astationwemeanther.m.s. error of the
coordinatesobtained for thisstation in each epoch, against
thecombined year solution. The coordinateswerecomputed
in the frame of ITRF96 reference system, using Brussels
asafiducia point.

A repeatability tableisatool for detecting somegrosserrors
ontheprocessed station. Theamplitudesof therepeatabilities

values are due to three main causes: the inner error of the
processed GPSbasdline; theshort period rel ative movements
of the stations and the eventual displacements itself.

Theshort period movementsare caused mainly by earthtides,
ocean and atmospheric loading effects, ionospheric and
tropospheric refraction.

Theprocessing softwareissupposed to model these effects,
but, obviously, not completely.

Analysing these results some conclusions can be drawn:

1. The maximum amplitude of the repeatability value is
about 15 mm for the North and East component and 40
mm for the Up.

2. Cascaisshowsvalueslesser than 10mmfor theNorthand
East component and 20 mm for the up.

3. Maspalomas and S. Fernando have the greatest values,
especialy due to the lack of many observations.

4. This sets our limit of significance, for the distance
variation between each of these stationsand Cascais, on
about 10 mm, i.e., only distance variations greater than
10 mm might have geodynamic meaning.

6. Distancevariations

Inthisextended abstract it isnot possibleto present al the
graphics that illustrates the variation of all the computed
distances, between Cascais and the other stations.

So, we choose three graphics too illustrate the distance
variations, CASC-BRUS(fig.2), CASC-MASI (fig.3) and
CASC-PDEL (fig.4).
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Fig.4 — Distance Casc-PDEL

Thedifferenceswere worked out from each epoch against
thefirst day of epoch one. The straight line in each graph
isthe regression fit line for this data.

Analysing al the graphicswe can draw some conclusions:

1. Theamplitudesof thedistancevariationsrise abovethe
established significant limit in only two cases: Cascais
to Masl and Cascaisto Ponta Delgada. In all the other
cases the distances variations have, according the
repeatabilities, no significance.

2.

Analysing fig.2 we can conclude that there are adight
tendency for decreasing thisdistanceinabout 1,2 mm/year
+ 0.8 mm/year.

. Forthedistance CASC-MAS1 wehaveadecreaseof 2,6

mm/year + 0,5 mm/year this values indicates some
statistical meaning (the value is greater than the RMS)
that confirms the distance variation.

. For CASC-PDEL, Despite the short time interval (2

years), we haveastrong shortening of thedistance CASC-
PDEL, 1,7 mm/year + 2,0 mm/year, although, thisvalue
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isnot very significantly becausethe RM Sishigger than
the distance variation.

5. Statigtically, the distance variation val ues obtained for
the other distances are not significantly.

7. Comparison with NUVEL-1A model

From NUVEL model we deduced a broad model for the
expected annual variation of the distance in order to make
a comparison with the observed values.

1. We deduced the velocities of all the stations, based in
the plate motion of the model.

2. Therelative velocities between CASC and al the other
stations were determined.

So, based inthe model we have the annual variation of the
distancesthat allow usadirect comparisonwiththeobserved
values.

Thetable presents the vel ocities values deduced from the
model.

Stations (A, B) A (mm/year) B (mm/year) Nuvel AV Signal
(projected) (projected) (mmlyear)
CASC-BRUS 22,96 23,44 0,48 (0,4) +(9)
CASC-MAS1 22,54 22,75 0,2 (3,4) -()
CASC-ZIMM 241 24,1 0(0,9) O]
CASC-PDEL 15,79 13,78 2,0 (3,0) +(9)

Our distance variations agrees with the Nuvel 1A model,
although our vel ocitiesaregreater thanthemodel velocities,
except for Casc-Pdel and Casc-Masl.

According to the NUVELL model no significant variation
should be expected for this distance, if it belongs to the
Eurasian plate. If it stays in the African plate we should
expect an expansion, instead of the observed shortening.
Neverthel essthe shortening could be explained, even with
the Africanhypothesi s, according to someloca geodynamic
models, but not the high-observed rate.

Relativeto Casc-Masl our vel ocity ismuch greater thanthe
model velocity, although in the same direction.

8. Geodynamic inter pretation of the results

1. Themost striking result isthe shortening of the CASC-
PDEL distance. Thismust beconfirmedinthenear future,
but, if confirmed, it carriessomeevidencefor the proposed

model of an existing subduction zonea ong the Portuguese
West Atlantic coast (ANTONIORIBEIRO, 1996), assuming
that Ponta Delgadaisin Eurasia.

2. Thetendency for the shortening of Cascais-M aspalomas
distancefit in the known tectonic plate dynamics.

3. Thefact that no significant variationswere observed in
theother distances, showsthat the NW part of theEurasian
plateis stable.
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