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ectonic Settings in Greece
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18

e From 1995 until 2011 4

* 53538 earthquakes
Ricther (scale)<7

* 146 earthquakes
5<Ricther (scale)<7

Source: http:/ / geophysics.geo.auth.gr

* The most seismically -
active areas in Greece:
* Jonian Islands
* Northern Aegean
36°

* West Hellenic arc

* Central Greece
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GRNET & CGPS data

125 Permanent GPS/GNSS Stations:

» 17 IGS/EPN Stations
* 108 stations at Greece | _
* 6 EPN
* 60 belongs to e _
LEICA SMARTNET-GREECE [ __ N
(METRICA S.A)
* 42 belongs to HEPOS ® -
(KTIMATOLOGIO S.A)
GPS data time span: W
e From 2007 until 2013 aw fl 40
GPS continuous data per station: s % ' %'
* From 2 tO 6 years 0 - " 8 12° 16 20 24 28" 32" '
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GRNET sub-networks

18° 20° 22" 24" 26° : 30°

42°
GRNET was divided
in 4 sub-networks:

* GRNET 2007
(40 stations)

* GRNET 2010
(27 stations)

38°

 GRNET 2011
(34 stations)

« HEPOSNET 26
(49 stations)

7 to 9 joint stations
between sub-nets *
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H&D MOGS software
Hourly and Daily Monitoring Of GNSS Stations:

* created for monitoring of GNSS station position by an automated procedure

» written in Fortran with its interface in Visual Basic.

* software features:

* fully cooperated with:
* BERNESE GPS SOFTWARE v5.0 for data processing
* MATLAB for plotting output files
* GMT for creation of maps

* Analysis of stations position time series
* Estimation of discontinuities magnitude
* Estimation of periodic signals
* Identification of outliers
* Estimation of stations velocities

° runs in:
* Manual mode
* Automatic mode
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H&D MOGS INTERFACE

&. Hourly & Daily Monitoring of GNSS Stations
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Automation in GPS data processing

STATIONS
FILENAME

DOWNLOAD

SP3

PREPARATION
OF BERNESE
v5.0

DATABSE REPORT

BERNESE v5.0
Modified
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CRD COVAR OouT

PLOT DATABASE
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GPS data processing

Strategy of session solution for each one sub-network with BERNESE v.5.0:

* EUREF guidelines

* Software: .I Bernese v5.0 (modified script file RNX2SNX)
* Ambiguities resolution methods: SIGMA <200 km and QIF>200km
* 5° elevation mask
* Dry & Wet Niell mapping function
* One tropospheric parameter every two hours
» Absolute antenna PCO+PCV model: IGS05/1GS08
* Minimum constraint solution: 7-17 IGS stations depending on the sub-net

Daily solutions:

» Stacking of the four sub-networks
* Minimum constraint solution: 17 IGS stations (IGS05/IGS08)
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BERNESE Daily Solutions

Example: Quality parameters for each daily solution
(sub-network GRNET 2007)
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Estimation of Site Velocities
Strategy with H&D MOGS software

* Input data: daily CRD and VAR-COVAR files from BERNESE
* Transformation of geocentric coordinates and its uncertainties into topocentric

» Estimation of site velocities with the linear model
X)) =X+ (E—ty) V

* Estimation of site velocities with an extended displacement model

(linear +annual signals + semi-annual signals + discontinuities)
AX 5

X(t) =X(to) + (t—to)- Vo ‘|‘Z (4X; - kpx: (D) —I—Z([ai sin(w; - 4t) + b; - cos(w; - At)] - kg ; (1))
i—1 i=1
* Definition of possibly discontinuities in the extended model

 Parameter significant tests

* Data Snooping on residual time series

v' The parameters are estimated by least square adjustment
separately for each station and coordinate component.
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Time series analysis with H&D MOGS

Example: NOAT1 station velocities

3) Extended
displacement model

1) Input Data 2) Linear velocity model

DAILY RESIDUALS WITH RESPECT TQ THE ESTIMATED DAILY RESIDUALS WITH RESPECT TO
STATION POSITION AND LINEAR VELOCITY THE EXPANDED DISPLACEMENT MODEL
40 20 . T . r : 70
" : : ; ; ! ! ; ? .
— 0} — '
= = = .
£ £ £
+ o ] — _
£ £ =
220 3. 5
: : : + = T
40 ] i ! i 1 20 1 i 1 i ! : ; ; ; i
2007 2008 2009 2010 201 2012 2013 007 2008 2009 2010 2011 012 2013 ;%%D? 006 008 010 0Tt 012 013
40 .
: ; ts 20 . ! : : :
?5‘20 ........................................... ;.” ' i _ ; é .
i = T — PO
E ol t - o | ,E, E ']D_..’. ........... ‘.‘ ...... e ‘ ......................
_,% = .:. b ,0’ & e * . %, & :
LT 20 el S 1 @ Di’f
w Qﬁ.{*#ﬁﬁ
40 1 i ! i | : . - ; * * e " -
A7 W08 009 W00 00 W12 200% Wy oum e o0 @ 212 2013 : i

10 1 i
2007 2002 2003 20310

Up [rnm]

50 1 i 1 ; 1
2007 2008 2009 2010 201 2012 2013
Year

i | i ]
2009 2010 2011 2012 2013
Year

-40 i
007 2008

40 1 i ! i 1
2007 2008 2009 2010 2011 2012 2013
Y'ear

® EUREF Symposium, 29-31 May 2013, Budapest, Hungary 12/26




Discontinuities in GRNET
using the extended model

Histogram of discontinuities due to switch from
IGS05 to IGS08
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On June 2008 an earthquake (6.4 Rich.) occurred near station RLSO (Achaia)
Magnitude of discont.: North: 6+0.17 mm, East: -2+0.15 mm, Up: 8.940.43 mm

Residuals of RLSO
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&JLinear velocity model versus time span

RMS differences between velocity estimations using the linear model for a
time series of a given length and the final estimation of velocities using the
extended model with the total time span (subnet GRNET 2007).
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Linear velocity model versus
extended displacement model

RMS differences between velocity estimations using the linear and the
extended model for a time series of a given length (subnet GRNET 2007).
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Linear and extended displacement model
versus time span

RMS differences of velocities between linear and extended model relative to the
final estimation (subnet GRNET 2007)
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Correlation between
velocity and annual signals

* The correlation between velocity and annual sine - cosine amplitudes is
reduced to 30-40% after 18 months and 20% after 30 months.

Correlation between V (linear velocity) and a (sine annual signal) variables

* The correlation between velocity and 1 o
annual amplitudes still exists after 60 / \ East

months (10-20%). / \j/ \ NN~
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correlation factor

Correlation between velocity

and semi-annual signals

* The correlation between velocity and
semi-annual sine - cosine amplitudes is

reduced to 20% after 15 months.

* The correlation between semi-annual
sine and cosine amplitudes is almost
vanished after 15 months.

Correlatin between V (linear velocity) and b (cosine semi-annual sgnal) variables
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Depends on:

X 10° North Component
* The repeatability rms of the station position = e Ay
g 0.8 !Q “ip BRUS ||
: 2L
* The mathematical model

* The observation time span

Standard Deviaton (m,

* The coordinates component
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Comparing Velocities
between H&D MOGS and BERNESE v5.0

The differences of the velocity estimation (IGS08) between
BERNESE v5.0 and H&D MOGS (extended model)

North (mm/yr) East (mm/yr) . Up (mm/yr)
RMS differences: 1.1 0.6 RMS differences: 1.8
Differences: (0-3.2) (0-1.7) Differences: (0.1-6.6)

Time span < 4 years: significant differ., > 4 years negligible differ. (< 0.6 mm/yr)
due to the inclusion of periodic terms and discontinuities in H&D MOGS

® EUREF Symposium, 29-31 May 2013, Budapest, Hungary 22/26



IGS08 velocities
of EPN stations by
H&D MOGS
using the extended
displacement model
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42"
IGSO08 velocities
of Greek stations by
H&D MOGS
using the extended
displacement model

40°

38
* Crust in Central and
Northern Greece is moving
eastern and northeastern
36°
* Crust in Southern Greece is
moving southeastern.

34°

20° 22 24°

28°
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Velocities in ETRF2000
S Stability of ETRS89 in Greece

ETRF2000 velocities . 20 24 26 2
in Greece 201E0) -

* Inhomogeneous velocities

* Horizontal velocities 40
from 1.7 mm/yr (DUTH)
to 37.4 mm/yr (PYLO)

e Unstable reference franh

for Greece (?) 38'

* Application of the estimated
velocity model in Greece:

transformation of -

SMARTNET-GREECE in the

reference epoch (2007.5) of

Hellenic Terrestrial Reference
System 2007 (realization of a4
ETRS89 in Greece ) '
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Summary

A new estimation of the velocity field in Greece has been derived using
continuous GPS data and a rigorous process via an automatic

procedure.
The velocity field estimation confirms the tectonic behavior of Greece.

The used extended displacement model produced more accurate

results than the linear model for a time period of 2 to 4 years.

Comparing velocity estimations by H&D MOGS and BERNESE v.5.0

shows rms differences smaller than 1 mm/yr.
Velocities have been estimated in IGS08 and ETRF2000.

A permanent GNSS network in Greece has to take into account the
velocity field in order to be stable in the reference epoch of HIRS07.
This demand has been successfully applied to SMARTNET-GREECE.
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