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Abstract
We describe an innovatiνe regional GΡS project ιhat
makes υse of the same array of instruments to address a
wide range of scientific problems. The primary
application οf the array is the precise, conιinuous
monitoring of regiοnal deformation in the area of
western Crete, Greece. At the same time the forιuitous
coincidence of one island site wiιh a sub-satellite cross-
over poinι of the ToPΕX/ΡoSΕΙDoN and JΑSON-l
missions makes that site an excellent candidate for an
altimeter calibration for both missions. as well as many
other aιtimetric missions (ERS-2' GFo, ΕNVΙSΑT).
our contribution describes the present staιus of ιhe
array, first resuΙts from precise connections oΓ the GΡS
sites with existing ιide-gauges and our future plans.

1. Introduction
Εastern Mediterranean Sea' an area with inιense
tectonic acιiνiτy, is of greaι interesι for iιs regional
ιectonics and oceanography. This is reflecιed in ιhe
large number of mulιi_national research projecιs in the
area. our project was initiaιed oνer t\rr'o years ago and
since then iι has gro\νn to incorporaιe several
οbjectiνes. Αlthough these objectiveS are oΓ a multi-
disciplinary nature, they can be easily addressed
simulιaneously with the proper deploymenι oΓ a

regional GPS array, and they are:

. Εsιablish a permanenι, continuous-ιracking GΡS
aπay with (minimum) one ΙGS-class site

. Connection to local ιide_gauges wiιh cοnιinuous
monitoring

. Develop & test aΙgoriιhms Γor automatic, real-time
detection of motion associated with seismic risk

. Deploymenι of the array So ιhat iι complements
locaΙ seismic networks

. Collect deformation daιa ιo teSι Ηellenic
subduetiοn zone models for ιhe area

. Provide fiducial sites wiιh precise geodetic
pοsitions for future and on_going projecιs
(mapping, navigaιion, eιc.) in the framework of
WEGENER and EUROGLOSS.

. Establish one perTnanent siιe on the isle of Gavdos
as an altimeιer calibraιion site'

2, Project description
As part of a permanent GΡS array ιhaι we are curΤently
depΙoying oνer the west and central part of the island
of Creιe, we also plan to occupy the two ιide__εauge
sites at Souda Bay and HerakΙion. The firsι one was
positioned with GΡS in the pasι and more recently' by
our group aS part of the CRΕTE projecι (Creιe
REgional Τectonic Experiment). Ιntense seismicity in
this area and large geοdynamic moιions require that
characterization of the deformation needs to be done
wiιh dense locaΙ networks, preferably perτnanent and
continuously operating ones. Continuous moniιoring aι
tide-gauge sites has gained importance Ιaιely since (a)
ιectonics contaminate the infeπed sea-leveΙ variaιions.
and (b) a global network of tide-gauges wirh long
historical recοrds can be used effectively as satellite
alιimeter calibration sites for currenι and Γuιure
missions (e.g. ToΡΕVΡoSΕΙDoN. GFo, JASON-l'
ΕΝvΙSΑΤ). Τhis effοrt is a jointly sanctioned acιivity
by ΙoC' GLOSS' and ΙGS, already underway [Baker et
aΙ.' |997 Mitchum, 1997]. The island of Crete hosts
two of the oldest tide-gauges in the area with plans ro
soon upgrade these insιruments with Sιate_oΓ-ιhe-art
equipmenι and further expand the netwοrk to the South
of the island with a new site on the isΙe of Gavdos.
Τhis isle is siιuated under a groundtrack crossing poinι
of ιhe Τ/Ρ and JΑSON orbits. Ιts location makes iι an
ideal caΙibraιion site if the tectonic motions are
monitored precisely and continuousΙy. Ιn addition ιo
the cΡS receiver and ιhe ιide_gauge, we are also
exploring pοssibiΙities for addiιionaΙ ancillary
instrumenιaιion aι ιhis site, such as a DORΙS beacon,
aIιimeter ιransponders. gτaνimeιers. eιc'.
We presenι here the first posiιioning results of ιhe base
site aι ιhe Τechnical University of Creιe (TUc),
Deparιmenι of Mineral Resources Engineering
(MRED)' and the resulιs from our Souda Bay
campaign during one week in December of 1997.

3. The central site of the array
Τhrough an initiaΙ seed funding of the Greek Ministry
fοr Research and Technοlogy, TUC/ΤνΙRED purchased
two GΡS receivers as a first installment in the
development of CRETE. After carefuΙ scrutiny of ιhe



aνailable οptiοns and pncing, ιhe Universiιy picked ιhe
Ashtech CCRS Z-12 model. Their decision was also in
part based on the evaluaιion of research-quality
equipmenι by UNAVCO. The equipment was tested
and verified aι ΤUc. one οf, the two receivers was then
insιalied peπnanently at TUc' Τhis site is referred to as
TUC1. Τhe anιenna Γor ιhis base site was installed οn
the rooΓ of ιhe building housing MRΕD. Several areas
οf the roof were examined for multipaιh contaminaιion
of ιhe signals and interference Γrom other, nearby
instrumentaιion. The souιhινesι corner of the buiIding
was f,ound ιo be ιhe mosι appropΓiaιe.

Figure l. The anιenna at the main site ΤUC 1.

Τhe antenna mοunt }vas Ιοcally rΓιanufacιured based on
specs thaι were drawn from sinrilar consιΓucιions
availab}e frοrn U]ιΙAVCO's document arehive. The
result is shown in Fig. 1. The receiver iιSelΓ is housed
wiιhin ιhe building in the area of the MRΕD laboratory
and iι is connected to an uninteΠupted power supply
line and a local ΡC. This particular receiνer is running
the "BASE'' version of the Αshtech oS, while the
sΘcond receiver can be used optionally as "BASΕ'' or
"RovER''' depending on whether the equipmenι is
used in a staιic, peΓmanent installation or a kinemaιic
survey. one of the fuιure applicaιions of ιhe array is ιhe
ιransmission of DGΡS corTections fοr local users. Τhe
receiveΓ pair can communicate in real ιime via ιwo
radio transceivers (Motorola GM 300) equipped wiιh
GRM 530 modems for Base-Rover ReaΙ-Τime
Κinemaιic (RΤK) applications with cm-level accuracy.
The second receiver is intended for permanent
installaιion at the Souda Bay tide-gauge site. Τhis is
pending negotiations between ΤUC and ιhe Hellenic
Navy. An MOU that was recently signed between TUC
and the Hellenic Naνy Ηydrographic Service will pave
ιhe way in the finalizaιion οf ιhis phase'

4. Operations at TUC
Daιa archiνal facility at TUC is based on ιhe CDDΙS
design. Αlthough the data is cuπentΙy downΙoaded from

the receiνer on a daily basis' eνenιually iι wilΙ be
collected in hourly intervals, qualiιy-checked.
RΙNEΧed and archived. The quality checking process
makes use oΓ UΝΑVCo's TΕQC sυiιe. We are
conιemplaιing using UNAVCO/UΝΙDAΤΑ's tDM
s/w fοr local daιa mana_gement and disseminaιion
when the array becomes operational. Aι this point
howeνer, daιa from the dedicaιed ΤUC archival
platform is accessible onΙy via ftp. For ιhe precise
analysis of ιhe regional GΡS daιa seι and Γuιure global
solutions. we have insιalled at ΤUC' NASA Goddard's
GEODYN/SOLVE suite of programs. The main
package and a number oΓ support utiΙiιies are presently
operatiοnal on a dedicated Sun Ulιra l0.
The collected data is cυrrently anaΙyzed as daily
soluιions for the position of TUC1. These daily
solutions are done (post-facto) in point-pos.iιioning
mode using the precise ΙGS orbiιs. EventualΙy, the
ensemble of data from the entire array will be analyzed
in weekly Soluιions using additional GΡS daba tiom
selected near-by sites. In the future, monthly and
annual Soluιions rνill be also developed based on
definitive ΙGS products. Τhese solutions will provide
ιhe most precise connection of the array to the global
ΙTRF. Finally, the analysis of data from the Γirsι few
years oΓ operaιion of ιhe array will be used Γor ιhe
determination of mοtion νectors aι the array sites'

5. Ιnitial positioningexperiments
Τhe first time ΤUCl operaιed under ιhe present
configuration was in August of 1997. Data were
continuously cοllected unιil the end of ιhe year with
the exception of t\νo short breaks to participaιe in ιwο
regional RTΚ campaigns. During the third week of
December, GΡS week 936, the Ηellenic Navy granted
us a permission to occupy ιhe Souda Bay tide-gauge
and collect GΡS daιa. The Souda Bay (SBΤG) site is
locaιed wiιhin the proper of a Νaval Base and it is οnly
a short disιance (-6 km) from the base siιe ΤUCl.
Both sites were occupied simultaneously for one week.
our poinι positioning soluιions use ιhe precise ΙGS
orbits (ρosrlacro), but nοι the ΙGS satelΙite clocks. We
use instead the data from a small number of regionaΙ
ΙGS siιes ιo create a Set of biased doubly differenced
ranges (DDR) from phase observations. Based on these
DDRs we solve for the array sites' coordinates. The
gτoup of suπounding region ΙGS sites that we selected
to uSe for this preliminary regional anaΙysis are:
ANKR' GRAZ' KΕRG' ΚΙTAB' KoSG' MΑDR'
MASΡ' MΑTE' METS' ΡoΤs' vΙLA, and WTZR' Νot
all sites are needed, but since Sοme of them haνe no
data on certain dates. we decided to use redundanι siιes
to account for ιhe missing ones. ΑdditionaΙly, the
larger set dilutes the effect of these changes in the
geometry of the "reference-frame-defining" network.



For the dai1y solutions. all οf ιhe ΙGS sites haνe their
coordιnaιes held Γixed at ιhe vaιues consisιent wiιh the
ΙTRF96 Sιandard seι (accounιing Γοr tectonic moιions).
Αs a result. ιhe soluιiοns obtained Γor TUCl and SBTG
are eSsenιially (in principle) also consisιent with the
ΙTRF96 sιandard. The leνel at which ιhis has been
achieved is dependent oΓ course on the quality and
distribution oΓ ιhe tracking data and ιhe level at which
the selecιed regional network realized the ΙTRF96
frame. one oΓ ιhe drawbacks in the design of this
parιicular neιwοrk is ιhe lack oΓ regional ΙGS siιes ιo
the south of the CRETE array. This however may be
adequately resolved in the future, as more North
African counιries join the ΙGS network.

ξ--.-...-ι......-----i...-----.:.:....;....i:-.'...----i-----.-...

220 240 260 280 300 320 340 360

DOY 1997

Figure 2. Time series of latiιude, longiιude and height
variaιions forTUCl daily solutions during 1997.

The results fοr TUC1 from the reduction of the l997
data are displayed in terms oΓ their daily discrepancies
from the mean esιimate of the geodetic coordinaιes
Φ, Λ and h in Figure 2. SimilarΙy, in F'igure 3 we have
the coπesponding variations for the data collecιed aι
SBΤG during the short occupation of the tide-gauge
site in December of 1997.Τhe typical Scatter for these
estimaιes is 4 and 5 mm for Ιatitude and longitude, and
10 mm for height. The twice as high scatter for the
height is expected, although a slight improvemenι may
be expected in that coordinate 'μ/hen better mοdeΙing of
the local ocean loading is applied. For the shorι ιime
period that both siιes were simultaneously tracking in
December |99"7, νle also have estimates of ιhe daily
νariaιions in the baseline between the two sites. Same-
day variations at the two sites are highly correlated due
to the exιremely shoπ distance SepaΙating them and ιhe
computation of the baseline removes these common-
mode errors. Ιt is not suφrising then ιhat the variaιiοns
exhibited by this baseΙine length (Fig.4) are reduced by
an order of magnitude when compared to those

exhibiιed by the coordinates of ιhe ιwo siιes (Figs.
and 3).
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Figure 3. Time series of latitude. Ιongiιude and height
variations for SBTG daily soluιions in December l997.
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Figure 4. Time series of ιhe TUCΙ - sBTc baseline
variaιions fordaily soluιions in December l997.

The antenna location at SBTG ιιΙ/as noι ιhe optimal one
and the installaιion was only temporary. one would
therefore expect better and more consistent results
when these issues are resolved. The coordinates of ιhe
two sites in the ΙΤRF96 frame are given in Table l.

Table l. Τhe coordinates of TUCI and SBTG sites in ιhe
ΙTRF96 frame' based on ιhe l997 daιa set.

Base Site TUC1:

4744 660.921 m 2 119 381.932 m 3686 155.160 m

+8 mm +6 mm +8 mm

Souda Bay Tide Gaυge Site SBTG:

4 746 691.167 m 2 12't 560.400 m 3 682 052.994 m
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6. Tectonics of the area

Locaιions oΓ Γuιure sites for τhe CRΕΤE array are
shown in Figure 5. This area is ιecιonically very active
and there is strοng evidence Γrom recent seismic
experiments IGiunchi eι al. l996] as well as from
sιudies oΓ historical and geological daιa ILambeck,
l995] thaι there is a -5 mm/y uplift associaιed with ιhe
South_westeΓn tip of the island. In fact ιhe Ιaιe οΓ uplift
gradually declines aS one proceeds in a norιheasterly
direction, unιil we reach a "quiet'' area aι abouι the
middle oΓ ιhe island.
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Figure 5. Locaιion of TUCl and some possible fuιure siιes
for CRΕTE in wesιern Creιe. Greece.

Ιι is ιhereiore reasonabΙe ιο Say that the island is tilting
upwards abouι an axis that lies near the middle of ιhe
island and has NW-SE direction. Tecιonics of the area
are associated with several, frequent, iarge and shallow
earthquakes ιhaι cause a lot of material damages and
pose a significant hazard to the islanders and visiιors.
Τhese consιituιe the issues that the "tectonic''
cοrnponenι of ιhis project addresses.

7. Altimeter caΙibration at Gavdos

one of the newest addiιions ιo the utilities of CRΕΤE is
the establishment of a peΓmanent altimeιeΓ calibration
site in the area. The small isle of Gavdοs lies some 60-
km off the souιhwest coast of ιhe main island. one of
the crossover points of the TOPEX/ΡOSEΙDOΝ
satelliιe altimeter groundtrack coincides with that isle.
Τhe fact that the isle is raιher isolated, the
Mediιeπanean is much quieter ιhan the open ocean, the
ιides are small and easily observable with regional tide_
gauges, and the \peather is clear nearly year-round,
makes this site a νery good candidate.
Considering thaι ιhe T/Ρ follοw-on missiοn' JΑSoN-1'
will follow the same groundιrack, this site can be used
to cross-calibrate the two missiοns as well as any other
alιimeter in space. The cross-calibration of such
SySιems is one of the moSι imporιanι 'isSues in
connection with the sea-level studies on a global basis.

Ι 0σl ΣΦ! ysΕ Ιl,!

Figure 6. The isle of Gaνdos in soυιhwestem Crete' Greece.
and ιhe TOPEΧ/POSEΙDoN and JΑsoΝ- l groundtracks.

8. Conclusion

We presenιed here ιhe firsι resulιs from a r.egional
permanent GPS array ιhat \νe are in ιhe process of
esιabΙishing in southwesιern Crete, Greece. Ιn addiιion
to the primary application oΓ monitoring local
deformation, the aπay will cover a number of other
applications essential in the creation of an Ιntegrated
Global Geodetic observing System. SuccessΓul
contributions from CRETE ιo ιhe areas discussed
herein will make this aπay a truly multidisciplinary
project ιo obserνe the Earth sysιem in an integraιed
\i/ay.
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