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ABSTRACT

Since the early 1970s, geodetic networks became a most important tool to
monitor the present day deformations of the volcanic arc of the Aeolian
Islands. The first benchmarks were installed in this region at Lipari and
Vulcano Islands and the number of GPS benchmarks increased in time
since the early *90s. These networks were periodically surveyed in the
frame of national and international geodynamic projects and for Civil
Protection programs devoted to the mitigation of the volcanic hazard.
The Istituto Nazionale di Geofisica e Vulcanologia (INGV) played a fun-
damental role in the realization and periodical reoccupation of these net-
works, with the goal to investigate the tectonic and volcanic processes,
still active in this crucial area of the central Mediterranean. An updated
GPS velocity map for this region, both for the horizontal and vertical com-
ponent of land motion, with details for Lipari, Vulcano and Panarea Is-
lands, is provided in this paper. The presented GPS velocity field also
includes a set of additional discrete stations located in northern Sicily
and Calabria together with data from the available CGPS networks ac-
tive in southern Italy. Here we show the results from eighteen years of re-
peated GPS surveys performed in this region in the time span 1995-2013
and the open access AINET-GPS data archive, now feely available for the
scientific community. Data will support scientific research and hopefully

improve the assessment of volcanic and seismic hazard in this region.

1. Introduction

GPS surveys represent a key tool to investigate ge-
odynamic processes at the Earth’s surface and estimate
volcanic and seismic strain in active areas, such as along
faults or signals from magmatic injections at surface, oc-
curring inside volcanic reservoirs [Dvorak and Dzurisin
1997, Anzidei et al. 1998, Anzidei et al. 2001, Anzidei et
al. 2005, Serpelloni et al. 2005, Serpelloni et al. 2006,
Anzidei et al. 2008, Tregoning and Rizos 2008, Esposito
et al. 2010, Patané et al. 2013, De Martino et al. 2014,

Ferranti et at. 2014, Baldi et al. 2015]. Surveys style GPS
networks set up in Italy during the last decades, now
have a crucial role to densify the current CGPS net-
works, thus better constraining the velocity field solu-
tions and related strain maps, especially during seismic
cycle and hydrothermal volcanic systems [Anzidei et al.
2009, Devoti et al. 2012, Galvani et al. 2012].

The first pioneering GPS campaigns started in
southern Italy in 1987 in the frame of the Wegener/Med-
las-Calabrian Arc international projects [Kaniuth et al.
1989]. Although these were experimental in nature,
they put the basis for the realization of the first regional
geodetic networks for geophysical applications devoted
to detect the current deformations rates in this active
area of the Mediterranean basin which is placed across
the African and Eurasian tectonic plates [Achilli et al.
1993, Anzidei et al. 1995]. Since then have been estab-
lished more GPS survey style and continuous CGPS
networks in Italy and surrounding regions for geody-
namics, surveying and engineering applications, pro-
viding valuable additional data to detect the ongoing
deformation pattern of this area at different scales [Sel-
vaggi et al. 2006, Avallone et al. 2010, Devoti et al. 2014,
Devoti et al. 2015]. During the last decade, GPS data
provided new insights on the current kinematics and
geodynamic transition across this plate boundary, with
details on tectonic trends and volcanic unrest [Bonac-
corso 2002, Hollenstein et al. 2003, Mattia et al. 2008,
Esposito et al. 2010, Barreca et al. 2014].

We focus on the Aeolian volcanic arc, which is a key
geodynamic region of the central Mediterranean basin
and consists in the seven volcanic islands of Alicudi, Fil-
icudi, Salina, Lipari, Vulcano, Panarea and Stromboli
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Figure 1. Tectonic setting of the Aeolian Islands.

and some minor islets and seamounts. This region is
crucial to understand the transition processes from
oceanic subduction to continental collision and back-
arc extensional basin formation in the general context
of Africa-Eurasia convergence that characterizes the
Mediterranean area [Malinverno and Ryan 1986, Fac-
cenna et al. 2001]. These islands, which are lying in an
area extending for about 80 km E-W and 60 km N-S,
along the margin of the southern Tyrrhenian Sea, close
to the Calabrian-Peloritan mountain chain to the east
and the abyssal Marsili basin to the west [Barberi et al.
1973, Beccaluva et al. 1985], fall within the back-arc
Tyrrhenian basin. The latter is related to the NW-di-
rected subduction of the Ionian slab below Calabria
(Figure 1). This region is characterized by intermediate
and deep seismicity that fairly well identify the Wadati-
Benioff zone beneath the Calabrian arc [Neri et al.
2003, Chiarabba et al. 2008]. The Aeolian volcanic arc
can be divided into (i) a central portion (Vulcano, Li-
pari and Salina Islands), about NW oriented; (ii) an east-
ern arc (Stromboli and Panerea Islands), NE-SW
trending, and (iii) a western arc (Alicudi and Filicudi Is-
lands), WSW-ESE trending (Figure 1). Volcanism
started between 1.3 Ma in the western arc and from 0.8
Ma to present in the eastern-central arc [De Astis et al.
2003, and references therein], with documented coeval
unrests, such as in 2002-2003 (degassing at Panarea and
effusive eruption at Stromboli).

Geodetic data discussed in the last years for the
central Mediterranean and southern Italy have been
crucial to outline the central Aeolian Islands as the area
of transition between the active N-S compression in the
northwestern part of the archipelago and the NW-SE
trending extension in the eastern part of Aeolian arc,

eastern Sicily and Calabria [Anzidei et al. 2001, Hollen-
stein et al. 2003, D’Agostino and Selvaggi 2004, Serpel-
loni et al. 2005, Serpelloni et al. 2007, Mattia et al. 2008,
Devoti et al. 2010, Serpelloni et al. 2010, Devoti et al.
2011, Barreca et al. 2014, Mastrolembo Ventura et al.
2014]. In particular, the transition from compressional
to extensional regime occurs through an area with
transtensional deformation along the NNW-trending
Tindari-Letojanni fault system, across the central Aeo-
lian Islands [Pondrelli et al. 2004, Argnani et al. 2007,
Esposito et al. 2010, Serpelloni et al. 2010].

In this paper we provide, for the first time, an open
data archive available to the scientific community. Our
archive contains GPS data collected during repeated
surveys for a timespan 18 years long between 1995 and
2013. RINEX data and metadata (station log files), col-
lected on 28 benchmarks of the survey style GPS net-
works operating in this area can be retrieved via ftp.
The analysis of the GPS data and estimates of the co-
ordinate time series and site velocities in a fixed refer-
ence frame relative to a Eurasia are presented. Finally,
an updated horizontal and vertical GPS velocity field
derived from the joint analysis of GPS and CGPS net-
works for this region, is shown.

2. GPS networks and campaigns

The first geodetic monitoring in the Aeolian Is-
lands was implemented across the Lipari-Vulcano vol-
canic system in the early '70s of the past century
[Bonaccorso 2002, Alparone et al. 2014]. At the begin-
ning this network was surveyed by terrestrial tech-
niques using optical instruments (theodolites) or EDM
(Electro-optical Distance Meters) and only after the end
of the '80s by GPS. The beginning of the first experi-
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mental regional GPS campaigns in the Aeolian Islands
is marked by The Wegener/Medlas-Calabrian Arc proj-
ect in 1987, using single frequency GPS receivers [Ka-
niuth et al. 1989].

Further regional campaigns were performed with
this equipment until 1990, using different brand of re-
ceivers. These first surveys were considered experi-
mental in nature because the GPS system was still in
progress and not yet fully operational and data were
mainly used to understand and check the validity of
GPS for geodynamic applications in the Mediterranean
region [Achilli et al. 1993, Anzidei et al. 1995]. These
former data suffered from a still too poor satellite con-
stellation (sometimes less than four were simultane-
ously observed, preventing the collection of valid
geodetic data), the use of single frequency receivers (L1
carrier) and too short daily sessions of observation du-
ration (4 to 8 hours).

Later, after the improvement of the GPS satellite
constellation and the implementation of the new L2
carrier, this space based geodetic technique become to
provide robust data for geodesy and geophysics. There-
fore, the number of the geodetic benchmarks increased
dramatically thanks to the realization of new local
densely distributed networks. Presently, 28 geodetic
benchmarks have been established across the Aeolian
Islands: 6 of these are located at Lipari, 9 at Vulcano
and 9 at Panarea, while the remaining are placed at
Alicudi, Filicudi, Salina and Stromboli Islands.

The former benchmarks of the EDM networks
were upgraded and then re-occupied using GPS re-
ceivers and included in the new networks. In particu-
lar, the two networks named “Lipari-Vulcano” and
“Vulcano North” where fully converted to GPS since
1996 [Bonaccorso 2002]. Meanwhile, in 1995 started the
realization of a new network of continuous monitoring
GPS stations (CGPS) by the former Istituto Inter-
nazionale di Vulcanologia (that in 2001 was included in
the Istituto Nazionale di Geofisica e Vulcanologia -
INGV) and in 2001 by INGV [Anzidei et al. 2004]. In
the following years this network was developed and

Type of benchmark location

now consists in 7 operational GPS stations located in
the Lipari-Vulcano area. Additional CGPS stations have
been deployed in time in the remaining islands (1 in
Alicudi, 1 in Filicudi, 3 in Panarea, 4 in Stromboli and 2
in Salina). Therefore, the spatial distribution and typol-
ogy of the GPS and CGPS benchmarks and stations in
the Aeolian Islands is not homogeneous due to the dif-
ferent history of these networks, the aims that driven
the realization of the individual benchmarks and sta-
tions and the timing of their installation (see Bonforte
and Guglielmino [2008], for the history of the network
at Lipari and Vulcano). These discrete networks can be
classified from the typologies of their benchmarks, site
location and antenna mount set up, as shown in Tables
1 and 2 and Figure 2, besides the monuments of the
continuous monitoring CGPS stations. Further details
are reported in Anzidei et al. [1995], Anzidei and Es-
posito [2003], Bonforte and Guglielmino [2008], Bonac-
corso et al. [2010], Pesci et al. [2013], Surace [1997] and
Kaniuth et al. [1989].

We recall here that the geodetic networks in this
region have been installed in time for geodynamics ap-
plications or to monitor volcanic activity, especially dur-
ing volcanic crisis, like at Panarea, Lipari, Vulcano and
Stromboli. Therefore the realization of the individual
benchmarks was driven by technical or scientific goals.
Because the GPS technique does not require the inter-
visibility between observation points, some bench-
marks formerly located in uncomfortable and remote
places (such as the top of hills) have been replaced with
new benchmarks of easier access to facilitate GPS sur-
veys [Bonforte and Guglielmino 2008].

3. GPS data

Although the early GPS campaigns in the Aeolian
Islands started in 1987, we have considered as valid data
suitable for geodynamic applications only those col-
lected in time span 1995-2013. These were acquired in
the frame of research and monitoring projects such as
the Wegener/Medlas - Calabrian Arc [Kaniuth et al.
1989], Tyrgeonet [Achilli et al. 1993, Anzidei et al. 1995,

Type of benchmark Antenna set up mode

Rocky outcrops Roof of stable buildings

3D (iron made) constrained 3D INGV type

Hungarian (bronze made) constrained 3D Hungarian type
IGM marker Tripod, Wild base, 2D IGM type
Spike (iron made) Tripod, Wild base, 2D IGM type
Pillars with thread on top constrained 2D IGM type

Wild base

Table 1. Type of benchmark location, type of benchmark and mode of antenna set up used for the GPS discrete networks in the Aeolian Islands.
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Island Station Lon Lat Ht v East ovE vNorth ovN vUp ovUp Benchmark type and Date of time additional
ID (m) mm/yr mm/yr mm/yr mm/yr mm/yr mm/yr antenna set up construction span (years) data
Alicudi ALCD 14356 38.531 51.1 -1.2 0.1 4.5 0.1 -1.2 0.4 3DB, 3D 1996 1996-2013
Filicudi FILI 14578 38.563 173.2 0.8 0.3 3.5 0.3 -2.9 1.1 3DB, 3D 1996 1996-2013
Lipari LCAP 14954 38.444 228.7 -3.6 11 5.4 0.8 -7.4 33 P,TH 1974 1996-2009
LFAL 14.945 38.444 256.1 -0.1 0.6 5.4 0.6 -7.0 26 P,TH 1974 1996-2009
LGUA 14946 38.455 409.3 -1.1 0.6 5.1 0.6 -10.0 21 P,TH 1974 1996-2009
LMAZ 14906 38.483 366.4 11 0.5 3.9 0.5 -11.6 19 P,TH 1974 1996-2009
LROS 14977 38.483 2821 -3.9 0.6 34 0.6 -5.5 24 P,TH 1974 1996-2009
LSAN 14934 38.485 580.2 0.1 0.6 3.7 0.6 -11.8 20 P,TH 1974 1996-2009
Panarea PA3D 15.074 38.633 1454 -1.3 0.1 2.0 0.1 2.8 0.6 3DB, 3D 2003 2003-2013
PANA 15.074 38.633 145.1 -1.3 0.3 2.0 0.5 2.8 0.9 S, Trip 1987 1996-2013 1995
PC3D 15.064 38.639 4629 0.2 0.4 14 0.6 -7.7 1.3 3DB,3D 2013 2013
PCOR 15.064 38.639 465.3 0.2 0.4 14 0.7 -7.7 2.2 IGM MR, Trip 1970 2003-2013
Basiluzzo BA3D 15.116 38.662 96.4 -2.2 16 0.8 1.7 -7.0 6.9 3DB, 3D 2003 2003-2013
Bottaro BOTT 15.111 38.638 54 -1.7 0.2 2.8 0.2 -5.2 0.9 3DB,3D 2003 2003-2006
Lisca Bianca LiBI 15.113 38.639 755 -2.2 1.7 5.1 0.9 0.0 4.2 IGM MR, BS or Trip 2003 2003-2013 1997
Lisca Nera LINE 15.107 38.635 46.9 -1.4 0.3 2.7 0.3 -4.1 1.2 3DB,3D 2003 2003-2013
Panarelli PNRL 15.100 38.642 473 -1.3 0.4 2.8 0.8 -3.5 1.5 3DB,3D 2003 2003-2013
Salina SALI 14.872 38.559 62.7 15 0.1 1.7 0.2 -3.6 0.4 3DB, 3D 1996 1996-2013 1995
Stromboli STRO 15.242 38.801 50 0.5 0.4 2.9 0.7 0.1 1.3 S,WorlGMBS 1987 1996-2005 1994
Vulcano VCRA 14965 38.403 435.2 -0.5 1.6 10.8 2.8 -7.7 58 P,TH 1974 1996-2009
VLEN 14946 38.408 231.2 0.7 0.6 8.8 0.9 -8.0 19 P,TH 1974 1996-2009
VMOL 14986 38.396 4241 -1.0 0.9 89 1.2 -5.8 26 P,TH 1974 1996-2009
VPLI 14956 38.430 68.6 -0.4 0.9 6.6 1.5 -10.6 32 P,TH 1974 1996-2009
VROS 14974 38395 369.1 0.6 11 9.0 21 -6.8 42 P,TH 1974 1996-2009
VSAR 14961 38.390 525.7 -1.3 11 9.8 1.6 -7.5 3.2 P,TH 1974 1996-2009
VSER 14985 38.378 513.5 -1.3 0.4 8.2 0.8 -2.3 1.7 IGMP,IGM BS & TH 1970 1996-2009 1995
VUCA 14952 38.417 50.6 0.1 0.6 7.0 1.0 -5.8 2.0 3DB,3DM 1996 1996-2009
VVUL 14963 38.426 1524 -0.4 0.9 6.1 1.0 9.7 23 P,TH 1974 1996-2009

Table 2. Velocities and uncertainties (in mm/yr!) of the GPS benchmarks.

Station name and ID; coordinates; ITRF2008 velocities with re-

spect to Eurasia at 10 confidence level; benchmark type and antenna set up mode; date of construction of the benchmark; time span of GPS
data reported in the open access archive; additional GPS data. See text for further details.

Anzidei et al. 2001], Department of Civil Protection
[Esposito et al. 2010] and other monitoring programs
[Mattia et al. 2008, Alparone et al. 2014]. Occupation
duration was typically performed during about five to
seven days for each campaign, providing corresponding
observation data files. Surveys were repeated about
yearly of every two or three years, but with more fre-
quent reoccupations of the geodetic benchmarks dur-
ing volcanic crisis.

The AINET-GPS open data archive (Aeolian Islands
NETwork - Global Positioning System) is organized in
18 main folders and 275 subfolders, containing 1353 file
of observations data collected at 30 seconds sampling
rate at the benchmarks of the GPS networks located in
the Aeolian Islands. In addition are included CGPS data
for a set of continuous monitoring, stations consisting
in 9160 file, organized in 2963 folders. Raw data are
stored into the Receiver Independent Exchange format
(RINEX) and compressed in the Hatanaka format. Data
can be retrieved via anonymous FTP from the follow-
ing link: ftp:/ /ftp.ingv.it/ pub/ainet-gpsdata. Data qual-
ity has been tested before archiving using TEQC software
(www.unavco.org) and files with poor observation
quality were discarded.

The archive contains also some auxiliary files and
metadata (logs and station info files) to detail the employed
instruments and antenna heights (the latter always re-

ferred to the top of the benchmark, that represents the
reference plane) at each benchmark for the individual
campaigns.

4. GPS data analysis and velocity field estimation

The GPS data analysis follows a procedure that can
be summarized in 3 main steps: (i) daily processing of
the GPS networks; (ii) combination of daily solutions
and (iii) definition of the reference frame, time series
analysis and velocity field estimation.

4.1. Daily processing of the Aeolian GPS network

The analyzed dataset consists in GPS data col-
lected in the time span 1996-2013 on 28 survey-style
benchmarks located in the area of Aeolian Islands
(Table 2), together with additional GPS and CGPS data
from stations located in southern Italy. We also in-
cluded in our analysis 9 European IGS sites, used as “an-
chor” stations to combine the obtained daily solutions
with those of a globally distributed network of IGS sta-
tions, which is a preliminary step for the transforma-
tion into the I'TRF2008 reference frame.

We process data using the Bernese GNSS software
5.0 [Dach et al. 2007], following the EUREF Guidelines
for EPN Analysis Centers (http:/ /www.epncb.oma.be/
_documentation/guidelines/).

The GPS orbits and the Earth’s orientation pa-
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Figure 2. Typology of the GPS benchmarks: (a) iron spike fixed in rock outcrop, requiring tripod for antenna set up; (b) 3D iron made
benchmark fixed in rocky outcrop. Antenna set up is constrained by the 3D monument (INGV type, Anzidei and Esposito [2003]); (c) Hun-
garian type bronze made pole installed on benchmark fixed in rocky outcrop. Antenna set up is 3D constrained (used by INGV Catania and
the former International Institute of Volcanology); (d) pillar built on rocky outcrop, with thread on top; (e) iron spike fixed on stable build-
ing; (f) IGM marker fixed in rocky outcrop, with IGM base; (g) 3D benchmark on roof of stable building; (h) CGPS station (Lisca Bianca with

3D monument fixed on rocky outcrop).

rameters are fixed to the combined IGS products and
an a priori loose constraint of 10 m is assigned to all site
coordinates. The elevation-dependent phase center cor-
rections and absolute phase center calibrations are ap-
plied. The troposphere modeling consists in an a priori

dry-Niell model fulfilled by the estimation of zenith
delay corrections at 1-hour intervals at each site using
the wet-Niell mapping function; in addition one hori-
zontal gradient parameter per day at each site is esti-
mated. The ionosphere is not modeled a priori, but it is
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removed by applying the ionosphere-free linear combi-
nation of L1 and L2 carriers. The ambiguity resolution
is based on the QIF baseline-wise analysis. The final net-
work solution is solved with back-substituted ambigu-
ities, if integer; otherwise ambiguities are considered
as real valued measurement biases.

Thus the daily GPS solutions are not estimated in
a given a priori reference frame but computed in a loosely
constrained reference frame. The coordinates are ran-
domly translated or rotated from day-to-day and their
covariance matrices have large errors (on the order of
meters) as a consequence of the loose constraints ap-
plied to the a priori parameters.

4.2. Combination of daily solutions and reference frame
definition

The daily “loose” coordinate solutions, with their
complete covariance matrices, saved as SINEX files,
are day by day merged with daily loose SINEX files
of a global network of 60 IGS stations. Basically, the
two sets of solutions share 9 common sites allowing
the combination into a unique solution using a clas-
sical least-squares approach where the coordinates are
both observations and estimated parameters [Devoti
2012].

After these combinations, to express the daily co-
ordinates of the overall network in a unique reference
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Figure 4. Geodetic vertical velocity for the Aeolian Islands from the CGPS network.
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frame and to compute the real covariance matrix, we
perform two main transformations. First the loose co-
variance matrix is projected into a well-defined refer-
ence frame imposing tight internal constraints (at the
millimeter level), and then coordinates are transformed
into the I'TRF2008 [Altamimi et al. 2007] by a 4-para-
meter Helmert transformation (translations plus scale
factor); the proper set of constraints is driven by the
rank deficiency of the normal matrices, a comprehen-
sive discussion of the rank deficiency of our solutions
is given in Devoti et al. [2010].

4.3. Time series analysis and velocity field estimation

Site velocities are estimated fitting simultaneously
a linear drift, episodic offsets and annual sinusoids to all
the coordinate time series. Offsets are estimated when-
ever a change in the GPS equipment induces a signifi-
cant transient in the time series, whereas seasonal
oscillations are accounted for by annual sinusoids. Out-
liers are rejected whenever the weighted residual ex-
ceeds three times the global chi square (y?).

At this stage we combine the obtained network ve-
locity solution, expressed in the ITRF2008 reference
frame, with an independent velocity solution of 171
GPS permanent sites in southern Italy in the time span

38.5 —

384 7 = CONTINUOUS

=3 SURVEY

5 mmiyr

14.9° 15°

Vertical velocity (mm/yr)

Velocity projecton along a-a' (mm/yr)

1998 to 2013 [Devoti et al. 2014]. Also this latter veloc-
ity field is referred to I'TRF2008 frame and is derived
from data of permanent GPS stations belonging to the
RING network of INGV [Avallone et al. 2010], includ-
ing also CGPS stations in the Aeolian Islands, and to
other different networks in Italy.

The velocity combination procedure consists of a
linear least-squares approach [Devoti 2012, Galvani et
al. 2012, Devoti et al. 2015]. The normal matrix is
formed from the two independent velocity solutions,
and then it is inverted to estimate the unified velocity
field of the entire network. As the covariance matrix is
usually known separately from a constant multiplier,
we also estimate a solution-scale factor together with
the combined velocity solution. This ensures that the
individual y? of each velocity solution is equally bal-
anced (individual solutions do not prevail in the com-
bination process) and the total ¥ is close to unity
(realistic errors). The combined solution represents a
weighted velocity average that takes into account the
correlation matrices of the two solutions.

In the auxiliary material are included the plots of
the time series for the north, east and up component of
the motion for each benchmark obtained from our
analyses.
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5. Results

The horizontal GPS velocity field at the regional
scale of the Aeolian Islands, expressed with respect to
a fixed Eurasian plate, shows a pattern characterized by
lithospheric shortening from SE to NW, gradually de-
creasing from S to N (Figure 3, Table 2).

The CGPS stations provide horizontal velocities
up to about 6 mm/yr! (VCSP and IVCR, at Vulcano)
(Figure 3), while vertical velocities show a diffuse sub-
sidence up to about —9 mm/yr? (LOSV at Lipari and
VCSP at Vulcano) (Figure 4).

GPS velocities estimated at the benchmarks of the
discrete networks are up to 10.8 mm/yr! (VCRA, at
Vulcano) along the horizontal (Figure 3) and up to
—11.8 mm/yr! (LSAN benchmark at Lipari) along the
vertical, respectively (Figure 4).

The local GPS network of Lipari-Vulcano shows
an overall northward trending of the ground motion
with tiny rotations between NNE to NNW (Figure
5a,b). An active about N-S shortening with a maximum
between la Fossa Caldera and Vulcanello is currently
acting, as also reported in Bonforte and Guglielmino
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[2008]. Subsidence is up to 12 mm/yr? with a gradient
of 0.4 mmyr'km™, occurring in a narrow zone be-
tween Lipari and Vulcano (Figure 5¢). It is worth noting
that the increasing N-S subsidence is occurring with in-
creasing N-S contraction. Maximum values have been
estimated within the island of Vulcano.

The local GPS network of Panarea shows an over-
all shortening mainly located between the Islets (Lisca
Bianca, Lisca Nera, Bottaro and I Panarelli) and the SE
portion of Panarea Island and the NW sector of island
along the structural lineaments NE-SW trending [E-
sposito et al. 2010] (Figure 6a,b). A general subsiding
trend affects the Panarea network with values between
—3 and —9 mm/year (Figure 6¢), while a shortening at
rates of 10°year” has been estimated in the area sur-
rounding the Islets.

6. Discussion and conclusion

We archived and analyzed GPS data collected in
Aeolian archipelago in the last eighteen years from 1995
to 2013, focusing on the discrete networks.

Although the CGPS networks provide continuous
data to study the kinematics of this region, the dense
local scale survey style GPS networks detail the defor-
mation of local scale areas in such a complex and tran-
sitional region, at low costs and with high accuracy.
Indeed, both data sets provide consistent values of hor-
izontal and vertical velocities and are in agreement to
show a subsiding behavior of this region.

The joint analysis of the regional and local net-
works, allowed estimating the velocity field at different
spatial scales in this region. Results are in agreement
with previous studies, highlighting and detailing the
kinematics of local active areas, thanks to the high
number of GPS benchmarks located in this region.
Mainly, how the central Aeolian Island is the area of
transition between the active N-S compression in the
northwestern part of the archipelago and the NW-SE
trending extension recognized in the eastern part of
Aeolian arc, eastern Sicily and Calabria. In addition, the
local networks analyzed in this paper, with their bench-
marks distributed over a few km? of land and closely
spaced (even less than 1 km), evidenced that the ground
velocity field is affected by local disturbances and high
gradient of deformations, related to the combination
and superimposition of volcanic and tectonic signals
within this region. Finally, our GPS data archive is freely
accessible by anonymous ftp, to give new opportunities
to the scientific community. We believe that data min-
ing for this data set, even in combination with other in-
dependent data, can support further studies for the
assessment of tectonic and volcanic hazard of this still
active region.
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