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Contribution of Space Geodesy to the M easur ement
of Recent Deformation in the Central Mediterranean Area

C. FERRARO!, R. DEVOTIY, E. GUEGUEN?, V. LUCERIY, C. SCIARRETTAY, G. BIANCO?, F. VESPE?

1. Introduction

Atthe M ateraSpace Geodesy Centre” G.Colombo” GPS,
SLRandVLBI geodetic solutionsareregularly produced
intotheframework of differentinternational commitments.
Thisactivity isnow consolidated and these solutionsare
sufficiently strong and stable to allow the realisation of
areliablevelocity field especialy inthecentral Mediterra-
nean areawhereadense GPS network hasbeen established
just along the Italian peninsula. Moreover, in Italy the
number of GPS permanent stationsiscontinuoudy increas-
ingandinfew yearsitwill permit afurther better definition
of thevelocity field and the deformationratein thisarea,
which is atectonically active region, where plate boun-
dariesarestill not well defined and theinteractionamong
tectonic platesis still poorly constrained.
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2. Features of the geodetic solutions

At Matera Space Geodesy Centre we produce GPS, SLR
and VLBI geodetic solutions on a regular basis. Taking
advantage from this opportunity, we thought to combine
different and independent solutionsto obtain morereliable
results. Asafirst step, we combined two solutions. one GPS
regiona solution and one SLR global solution.

TheGPSregional solution (fig.1) coversabout sevenyears
(1995-2002) of continuousobservations, involving 35 Euro-
peantracking stations. Stationsvel ocity hasbeen calculated
asalinear fit over daily station positions, taking into account
any jump due to antenna change, variations of the radome
or anything el secould have affected thepositiontime series.
Daily coordinate solutionshavebeen obtainedwitha” quasi-
free network” approach, estimating on each day the coor-
dinates of al the stationsin the network, besides nuisance
parameters such as tropospheric zenith delays and
ambiguities.
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Fig.1: GPSnetwork
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After this, each daily solution has been trandlated into the
I TRF2000 reference frame, estimating the Helmert para-
meters using positions of five anchor stations: Matera,
Cagliari, Noto, Villafrancaand Wettzell. The SLR solution
(fig.2) isbased on LAGEOS-1 and LAGEOS-2 datacovering
theperiod from 1984 to 2001, involving 84 tracking stations

al over theworld. Vel ocity field and coordinateshave been
calculated directly into the reduction data run and the
constraint to the ITRF2000 has been realised by fixing
coordinatesand vel ocity of Greenbelt and Herstmonceaux.

Fig.2: SLR network

3. Combination of the geodetic solutions

Thetwo geodetic sol utions have been constrained into the
sameterrestrial referenceframe: the I TRF2000. However,
each single-technique solution can dtill be affected by
unknownrigidroto-trand ationsdriftingintime, depending
on how the reference frame has been realised in theregion
of interest. For thisreason, the GPS vel ocity solution and
the regional segment of the SLR global velocity solution
together with their associated covariance matrix haveto be
re-transformed i nto the common reference frame by estimat-
ing trandlation drifts, scale and rotations (DevoTI at a.,
2002a). Once each velocity field was expressed in the
commonreference system, thecombined 3-D velocity field
hasbeen estimated in aleast squares sense, minimizing the
velocity residuals. The corresponding weight matrix hasbeen
built up using the solution covariance matrices. Therefore
the combined solution is by definition estimated in the
ITRF2000 reference frame.

4. The Eurasian eulerian pole

Thevelocity field obtained after the combination hasbeen
evaluated in terms of residual motion with respect to the
Eurasian plate. The residual velocities with respect to the
Eurasian block can be computed by subtracting the rigid
motion of Eurasia expressed in the ITRF2000 reference
frame. To estimate the corresponding eulerian vector we
minimized thevel ocity residual swithrespecttoarigid plate
motion of selected 22 ITRF2000 sites (fig.3) located in
central Europe. This pole was then used to predict and
remove the Eurasian velocity at each considered site.

The estimated eulerian pole (-93.8+0.6/W, 59.6+1.2/N)
differs significantly from the NUVEL-1A pole (-112/W,
50/N) and the estimated rotation rate is also significantly
higher (0.27+0.01//My estimated; 0.23//My Nuvel1A).
However these differencescould be explained by systematic
differences between the ITRF and the NUVEL reference
systems; what i simportant for usisto subtract arigid motion
for the Eurasian plate expressed in the same terrestria
referenceframeasour velocity solution and thisisassured
by thevery small residua s(very closetoitsownerror) found
at the European sites after subtracting the eulerian pole

(fig.3).

5. Vdocity fieldand strainratein theM editer -
ranean area

Theve ocity fieldintheMediterranean areaaround theltalian
peninsula has been evaluated as residuals with respect to
theEurasian plate(fig.4) considered asarigid plateor with
negligible intra-plate motions. But residual horizontal
velocitiesat somesitesintheinteresting areahavebeenaso
used for eval uating ongoing deformations. Considering sites
asverticesof convex polygonwecaneva uatethestrainrate
tensor at the barycenter of the polygon by symmetrization
of the velocity differenced pair-wise. It is assumed, as
approximation, alinear variation of the horizontal velocity
pair differenceswithrespect tothesitesdistance. Choosing
triangles as polygons the problem is simplified; we can
evaluate the velocity gradient tensor at the barycenter by
solving exactly thesystem of equationsrel ating theunknown
tensor components with the known residua velocity
differences. This quantity, related to the strain rates, tells
us about the ongoing deformation in that area.
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Fig.3 ITRF2000 sites used for calculating the Eurasian eulerian pole: velocity vectors and
sigmashown at sitesaretheresidual safter subtracting the Eurasian eulerian pole estimated.
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Fig.4 Velocity residuals w.r.t. Eurasian eulerian pole I TRF2000.

6. Results

Largeresidua motionsw.r.t. Eurasianrigid plateare present
intheltalian region, according to an active tectonic and an
ongoingdeformation (DevOTI et al., 2002b); thelarge com-
pression (fig.5) near thenorthern Africanmarginiscompa-

tible with the convergence between African and Eurasian
plate; very preliminary resultscanbeshowna sointhecentra
Appenines chain, where the station close to the foredeep
(Camerino) seemsto moveaway fromthehinterland (Elba),
confirmingan ongoing compressontowardsAdriaticforeland
in this zone of the chain.



128 EUREF Permanent Network: Developments and applications

In the Adriatic region a compression regime seems to be
confirmed by thestrainrate calculated inthetriangle Aquila-
Matera-Sargjevo; a main extensiona regime is present
between Cagliari and M ateraand between Materaand Noto,
according to geological evidences of active extensional
tectonicsintheCalabrianarc (fig.5). The Alpineregionstill
suffersof anactive compressional regimeasshowninfig.6.
The Iberian peninsula seems to be stable, showing strain
rate values generally within or very closeto its error.

7. Conclusions

The space geodesy confirms more and more to be avery
important tool for studying the ongoing geodynamics, mainly
for complex areas, such as the Mediterranean one, which
is an active plate boundary zone.

Just for thispurpose geodetic network of permanent stations,
mainly GPS, in this areais continously densifying and an
increasing number of sitesisgetting stableresultsinterms
of absolute velocity.

Inorder to make astronger solution, acombinationof SLR
and GPS geodetic solutions has been performed. Results
show movementsin fine agreement with geol ogical models
(DevorT et d., 2002b).
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Strain rate in the Western Mediterranean Area
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Fig. 5 Srain rate in the W-Mediterranean area
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Strain rate in the Alpine region
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Fig. 6 Srain rate in the Alpsregion



