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Several thousands GPS/GNSS permanent stations, managed by both The number of continuos GNSS stations operating in the Euro-Mediterranean and African area, and

scientific and cadastral institutions, are now available on the European distributing RINEX data, has significantly increased in the last ten years (Fig.1) thanks also to the de- Wk ot eyt

plate and its boundaries. Data coming from these stations provide un- velopment of new networks realized for cadastrial and topographic applications both at national and

precedented spatial and temporal coverage of time-dependent defor- regional scales. The integration of geophysical and non-geophysical networks in the Euro-Mediterra- s e et s

mation signals essential to understand the fundamental physics that nean region provides an almost uniform coverage of continuous stations in southern Europe (Fig.2). e e ——

govern tectonic deformation and faulting. The National Earthquake Table 1 lists the networks for which we routinely download, archive and analyze raw data. In Italy, all the m S ——— o

Center (Centro Nazionale Terremoti, CNT) of the National Institute of available non-geophysical networks integrate the INGV RING (http://ring.gm.ingv.it) continuous net-

Geophysics and Volcanology (Istituto Nazionale di Geofisica e Vulcano- work, which is the largest GPS network realized for geophysical/tectonic studies in Europe. o oo oum
logia, lNGV) in Italy, is the Italian leader institution for the collection, ponizzo T

management and scientific analysis of Global Positioning Systems  Daga from the RING net- = @ EEe

(GPS) measurements. Distinct analysis centers independently and work are currently distrib- [ o o m e mmees

routinely process and analyze data using high-quality geodetic soft- uted through its web site. |  Euer I

ware (Bernese, Gamit, Gipsy) to measure the movements of >1000 Within this ongoing proj- — Htalpos /PN o | wan

points spanning the Eurasian plate and its boundaries. The goal of this ect, the RING web portal | - | D s el umeasmtinmmpe 1o o o 20 -

pl"OjBCt is to offer high-quality geodetic products, increase their ac- will be the gateway for the '™ GKO Z EEP:d:Pwv Figure 2 - Distributio'n of geophysical (blue symbols), geodetic (green symbols) and topograhic (red symbols)

cessibility to the European scientific community and promote the dissemination of high qual- T 2N OO OO D B DI GPS/GNSS networks in the Euro-Mediterranean area.

Iier-eleepiagy ez awenge Heig & mEEE), weeinlEnely ity data and geodetic A4 S - Sh o m I I Figures 3 and 4 show two screenshots of the new INGY RING network web page

data gateway. These activities will be performed in strict contact with products obtained from . - | o e (http://ring.gm.ingv.it). In particular Fig.3 shows a typical description of site realization

the GNSS Working Group of the EPOS project (http://www.epos- the analysis of all available ™ S - E and data quality monitoring, while Fig.4 shows a section of the RING story-map, re-

eu.org) that is proposing to integrate, archive and distribute data, hetworks in the Euro- 200 - - i ———————————— ——————— R S S | o e e gt porting the description of several network characteristics (e.g., monumet types, te-

metadata and products for available GNSS stations on the European Mediterranean area. ) U I N R s e o e S T S TTF . . lemetry type, sampling rates, etc.). The RING web page will host tools for visualizing and

plate. g § & & § & & § & & & & § & & 5 e download high quality geodetic products (time-series, velocities, etc).
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Multi-software Processing
Raw data from GPS sites shown in Fig. 2 are routinely analyzed by three different analy- The ITRF cartesian velocities are combined in a least squares sense, treating reference frame differences
sis centers, using different software and methods to estimate 3D velocities. (rotations and scale) as stochastic biases, generalizing the loosely constraints approach proposed by Heflin et al.,
(GRL, 1992) and Davies & Blewitt (JGR, 2000). In principle loosely constrained solutions can be combined regard-
BERNESE - The Bernese software ver. 5.0 is used following the Guidelines for EUREF Analysis Centres (http://www.epncb.oma.be). L ) ) ) ) .
Daily solutions of different sub-networks are obtained by means of lonosphere Free linear combinations and solving for the tropo- less of the datum definition of each Contr'bUtlng SOIUtIOI‘I, Since large errors associated to reference frame trans-
sphere biases and phase ambiguities using the Quasi lonosphere Free approach. The GPS orbits and the Earth’s orientation param- formations allow to treat the systematic errors as stochastic variables without the need to 3xplici-|;ly estimate
eters are fixed to the combined IGS products and an apriori loose constraint of 10 m is assigned to all site coordinates. The esti- the scale and rotation parameters. Th mbination pr ss foresees three main steps: 1) riance loosening of
mated daily coordinates are thus estimated in a loosely constrained reference frame. In order to express the GPS time series in a escalea otation parameters. 1he co Ination proce oresee ee mai eps: covariance looséening o
unique reference frame, the daily solutions are first projected imposing tight internal constraints (at millimeter level), and thenthe | the input solutions, rotations and scale are "loosely constrained”, 2) least squares estimation of the velocities
coordinates are transformed into the ITRF20086 reference frame by a 4-parameter Helmert transformation (translations and only, each solution is weighted accor'ding to its owh chi-square in order to balance the relative weighting factor (566
scale factor). The regional reference frame transformation uses 45 anchor sites located in central Europe. To get rid of common ] ) ) ) ) . ,
translations of the entire network, the time series are readjusted through a common mode filtering procedure similar to that pro- €.9. Devoti et al., VIl Hotine-Marussi Symposlums 201 2)3 3) reference frame ahgnment and minimal inner con-
posed by Wdowinski et al. (JGR, 1997). Velocities at GPS stations are estimated fitting simultaneously a linear drift, episodic off- straints of the covariance matrix to get the final solution.
sets and annual sinusoids to the network coordinate time series. ‘ ‘ . -
Pros: 1) Noneed to estimate solution-dependent parameters, all parameters needed to build velocities are solved
GAMIT - The GAMIT/GLOBK (10.5) software is used to estimate site position, adjustments to satellite orbital parameters and , 4 | L consistently by each analysis center; 2) no need to combine day-by-day coordinate solutions, taking into account
. . . . . . . . . . . . / / \ A cm/yr mm/yr . . . . . . . ,
time-variable piecewise linear zenith a.nd hOl"lZOh'Fal gradient tr.oposphemc delay.parameters, applying loo.se constr'au?ts to .geodfetlc B B | \v% o : \ - %ij — = = eccentricities at each station:; 5) computatlonally B'FﬁCIBFIt, Iarge VB'OCIty fields can be rapldly updated, 4_) vV e -
parameters. Each GPS network (as in Table1) is processed independently, with larger networks (n. site > 50) discretized into — DS SE soltion \ fmp NN e | , ,
smaller sub-networks, sharing some high quality tie-sites. Phase data are weighted according to an elevation-angle-dependent 30" A T - gfhjl\;soltlﬂlon \\s\\\ \ \{ B X '00115)' covariances are fu"y PrOPagated-
0 0 . . 0 0 0 :J/ —_—> ti A% \ B L L 0 0 ) ) ) 0o g 0

error model. The ocean loading and pole-tide correction model FES2004 is used, toghether with the Global Mapping Function (GMF) = | | | SOl llon | | = T T - = N Cons: 1 ) ho time series available, 2) ho check on the hidden Parameters used to estimate velocities (Qteps’ annual
for both hydrostatic and nonhydrostatic components of the tropospheric delay model and the global pressure and temperature _10° 0° 10° 0 30 o @:/g% terms. et
model. The IGS absolute antenna phase center model for both satellite and ground-based antennas is used. Loosely constrained so- ] ‘:;‘%_ £ § O%//j € » ELC. E— 4
lutions, in the form of ASCII GAMIT H-files and SINEX files, are later combined, using the ST_FILTER program of the QOCA software Figure 5 - Individual velocity fields given with rescpet to a common Eurasian-fixed frame. For clarity error ellipses @@OQS C&Z%Z%g%o%log o (a) Surface velocity, mm/yr (b) Dilatation rate, 10 7 (c) Strain rate, 10 w
with IGS solutions from SOPAC (http://sopac.ucsd.edu), while simultaneously realizing a global reference frame by minimizing coor- are not shown. \'éo Ooog 2‘ N ,%Zégf;y s S Figure 9 - Continuous hori- R RPN B SR B E— -
dinates and velocities of the IGS global core stations, estimating a 7-parameter Helmert transformation with respect to the IGS oo elgfoq e pdetpcalen="/ P zontal velocity (a) and F<
realization of the ITRF2008 NNR frame (i.e., IGbO8). GPS velocities are obtained by fitting a linear trend, annual and semi-annual | s> NS J Y 4 strain rate fields (b and c) ”
terms and site specific offsets, assuming a white+flicker (powe-rlaw) noise model. The Common Mode Error in the time-series is es- 4 g2 o8 ;'«-. SN RS — obtained adobting a multi-
timated using a PCA methods, as described in Serpelloni et al. (JGR, 201 3)_ Bernese residuals distribution Gamit residuals distribution Gipsy residuals distribution ooogigg.\o%oogo;"% o P g

>3 WRMS = 0.28 mmiyr | | "% '3D WRMS = 0.25 mmiyr’ ' ' 19%"30 WRMS = 0.79 mmiyr ' ' P 285500 Tok 231'6 ;glgga)'c:l (Tap: et al,

200| | RIES o202l , or the area
GIPSY - The JPL GIPSY-OASIS Il software (ver. 6.2) is used in a Precise Point Positioning mode applied to ionospheric-free carrier 5 122 | 5 s00) ' 5 s00p 00 ng@f,@ CRE where the 3 different geo-
phase and pseudorange data and using JPLs final fiducial-free GPS orbit products (Bertiger et al., J. Geod, 2010). We apply the . | | , | | . | | N ] ggoé‘ f.\ detic solutions (see Fig. 5)
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Global Mapping l.=unc1:|on with .tro!oosphemc wet z.emth delay and hom.zontal gradients .estlma.ted as stochastic r:andom-\./valk par'.am- » 000 1000 | | | | 15 [ : are present. The area char-
eters every 5 min. Ocean loading is computed using the FES2004 tidal model coefficients given by the Ocean Tide Loading provider ol T R acterized by the highest de-
(http://holt.oso.chalmers.sel/loading) and applied as a station motion model. Ambiguity resolution is applied using the wide lane and & g 5| I g s00 //\\% 2 formation rates are: a) the
phase bias method (Bertigeret al., J. Geod., 2010). Station coordinates obtained in the loose frame of JPL fiducial-free GPS orbits , | | . | . | | | | %/ o Apennines belt, b) the
are transformed into the IGSO8 reference frame using daily 7-parameter transformations delivered by JPL. In order to analyse and s =7 oo T s cooo e s = S-2-10123 Flegrean Fields Vulcanic
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interpret station velocities relative to the Eurasia plate and reduce the common mode signal, we have specifically developed a ter- ool w0 30" - = - verearnat Area, ¢) the Etna Vulcano
restrial reference frame (called EU14) suitable for crustal deformation studies in and around that plate following the approach of s 5 500 5 . | T T and a’l) the Aeolian lsland
Blewitt et al. (J. Geod., 201 3). This frame is defined by 6 Cartesian coordinates and velocities of each of 174 stations selected by . | | . | | | . | | i
specific quality criteria. Our eurasian frame is aligned in origin and scale with IGSO&. It is implemented to have no-net rotation with 2T peduals () : ’ 2T T s ° ’ 2T s my ° ’ Figure 7 - Combined horizontal velocities in the Eurasian fixed frame (error ellipses are not
respect to the stable interior of the Eurasian plate, realized by a 69-station core subset. GPS velocities are obtained by fitting a shown for clarity). 14° 16° 18 20
linear trend plus annual and semi-annuals terms and site specific offsets at position time-series, assuming a whte+flicker noise Figure 6 - Histograms of residuals of single velocity solutions with respect to the combined velocity solution. Figure & - Combined vertical velocities (in blue sites going down and in red sites going up).
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