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1. Introduction

During the last months the main activitiesof the National Cadastre and Mapping Agency of
Greece (NCMA S.A)) related to EUREF include:
- Monitoring of the ionospheric activity over Greece
- Study of reference station displacements as a result of the 2014 North Aegean Sea
earthquake.
This national report describes the aforementioned activities.

2. Monitoring of the ionospheric activity over Greece

During 2011 and 2012 intense ionospheric activity seriously affected the performanceof RTK
measurements in Greece, mainly in the southern part of the country. RTK-users had often needed
longer times to obtain fixed solution than in the years before. Sometimes, initialization could hardly
be achieved (Gianniou and Mitropoulou, 2012). On this occasion and knowing that the maximum of
the 24™ Solar Cycle was about to come, NCMA S.A. started in 2012 to monitor the ionospheric
index 195 (Wanninger, 1999) in order to support the HEPOS users in the most efficient way
(Gianniou and Mastoris, 2013). The time-series of 195 of HEPOS describes quite well the
ionospheric activity over Greece in the years around the maximum of the 24" Solar Cycle. Fig. 1
shows the daily maximum of 195 for Crete and for the rest of the HEPOS network (mainland and
islands) for the time period January 2010 to May 2015. As it can be seen, the maximum of the 24"
Solar Cycle did not take place in 2003, as it was initially expected. Actually, the 24™ Solar Cycle
proved to be double-peaked. Furthermore, the second peak was higher than the first one. These facts
had already been observed in 2014 examining the time-series from January 2010 to May 2014
(Gianniou et al., 2014). At the time of writing (May 2015) the sunspot number is already
decreasing. Thus, the extension of the time-series to May 2015 describes better the ionospheric
activity during the maximum of the 24™ Solar Cycle.

A more representative overview of the ionospheric activity can be obtained using mean daily 195
values, instead of daily maximum values. So, starting from 1.1.2010 a mean 195 value (mean daily)
was computed for each day from the 24 hourly values available in HEPOS for every day. Fig. 2
shows the mean daily 195 values (smoothed using a moving average filter with a span of 7 days).
The two peaks of the 24™ Solar Cycle (around November 2011 and March 2014) can clearly been
seen, with the second one being higher.

In order to compare the 195 index (mean daily values) with other measures of the
ionospheric/solar activity time-series of the Total Electron Content (TEC) and the sunspot number
were examined. Fig. 3 shows the TEC values obtained from the Global lonospheric Maps (GIM)
produced by CODE (Centre for Orbit Determination in Europe). More specifically, the TEC values
of Fig. 3 refer to the point with coordinates ¢=37.5°, A=25° and to 12:00 UTC (TEC values are
smoothed using a moving average filter with a span of 7 days). This point is representative for the
main part of the HEPOS network (mainland and islands) and so, the time-series of Fig. 3 is
comparable to the blue line of Fig. 2. As it was expected, the time-series of 195 and TEC are highly
correlated. Of course, there is not a 100% correlation as the vertical TEC refers to the charge of the
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37.5° A= 25°%t 12:00 UTC obtained from CODE’s GIM (values are
smoothed using moving average filtering).
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Fig. 3 TEC values for point ¢




ionosphere over a point, whereas the 195 index describes the gradients of the ionospheric delay in
the area of an RTK network. Fig. 4 shows the time-series of the sunspot number which clearly
indicates that the second peak of the solar activity was higher than the first one.
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Fig. 4 Sunspot number for the last 13 years (source: Royal Observatory of Belgium)

3. Displacements caused by the2014 North Aegean Sea earthquake

On 24.5.2014 a strong earthquake ruptured the North Aegean Trough (NAT). The estimated
magnitude of the main shock is ranging from Mw=6.7 to 6.9 (Saltogianni et al., 2015). Despite its
magnitude, the earthquake produced low accelerations even in the vicinity of the epicentral region.
Damages were reported mainly at the province of Canakkale and the surrounding Greek and
Turkish islands (Erdik et al., 2014). Significant static horizontal displacements up to 5 cm were
reported by Ganas et al. (2014) for nearby GNSS stations in Canakkale and Ipsala in Turkey and on

Fig. 5 Epicentre of the May 24, 2014 earthquake (blue star).
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Lemnos Island in Greece (Fig. 5). As a first step towards the estimation of the static displacements
of HEPQOS stations, data from the station 018B on the island of Samothrace were processed. For the
processing the Precise Point Positioning (PPP) method (Zumberge et al. 1997; Héroux and Kouba,
2001) was chosen rather than geodetic relative positioning. This was decided in order to avoid
biased displacement estimation as a result of eventual displacements of the nearby stations that
would be used as reference in the formation of the baselines. The PPP computations were made
using GrafNav ver. 8.40 software. GrafNav computes kinematic baselines and PPP solutions using
Kalman filter algorithms and taking advantage of precise orbits, satellites clock errors and DCB
(differential code biases) information (Novatel, 2011). Dual frequency phase observations were
used together with CODE final precise orbits (sp3 files) and clocks (RINEX clock files) (Kouba,

2003).

3.1 Static displacements

In order to check for static displacements daily RINEX files were processed in static mode using
PPP. An interval of 6 weeks (3 weeks before and 3 weeks after the earthquake) was processed. Fig.
6-7 give the time-series of the estimated Easting and Northing coordinates of station 018B. The
changes in Easting and Northing are obvious and amount 97 mm and 32 mm, respectively. These
coordinate changes correspond to a horizontal displacement of 10.2 cm at an azimuth of 72° as
shown in Fig. 8. This result is generally consistent with the morphology of the NAT. The estimated
displacement of the station 018B is twice as big as the displacement reported by Ganas et al. (2014)
for the station LEMN on Lemnos Island. The difference in the norm of the two displacement
vectors can be explained by the fact that Samothrace is much closer to the NAT and to the epicenter
of the earthquake than Lemnos (see Fig. 5).

The above mentioned displacement of station 018B exceeds by far any other previously recorded
earthquake-induced displacement of a HEPOS station since its start of operation in 2007 (Gianniou,

2011).

Easting (HEPOS station 018B)
629020.70
629020.69
629020.68 %T@Av&
629020.67 /MV '
629020.66 /
. 629020.65
£ 629020.64 |
£ 629020.63 ”
2 629020.62 |
™ 629020.61 |
629020.60 |
629020.59 41—/
629020.58 M—AD%
629020.57
629020.56 T T T T T T T T T T T T T 1
5 5 5 ® ®& & ® ® ® ® 5 5 5 5 5
=== 3=3=33323 33333
moe o 8 9 38 7§ 3 K 8 AR

Fig. 6 Time-series of Easting of station 018B.
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Northing (HEPOS station 018B)
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Fig. 7 Time-series of Northing of station 018B.
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Fig. 8 Estimated static horizontal displacement of station 018B. The epicentre of the earthquake is marked by blue star.

3.2 Dynamic displacements

In addition to the estimation of static displacements described above, dynamic displacements of
station 018B were also estimated. For this purpose 1-Hz data were processed in kinematic mode
using PPP. Fig. 9 depicts the resulted variations in the Easting and Northing coordinates of station
018B with respect to mean values of Easting and Northing computed over the time period from
9:24:30 to 9:25:15. Clearly, the earthquake caused a progressive shift to the East that reaches almost
12 cm before it stabilizes to about 9cm. The shift to the North is a bit smaller (almost 8 cm) but it
takes place in a much shorter time (7 seconds). Moreover, unlike the shift to the East, most of the
northward dynamic displacement is temporal and the station stabilizes to about 3 cm. These
apparent final shifts are in good agreement with the estimated static displacement (97 mm to the
East and 32 mm to the North) described in section 3.1. A seismological interpretation of the
revealed dynamic displacements is beyond the scope of this report, but it could be useful for the
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study of the 2014 NAT earthquake, an event characterized by two distinct rupture segments, the
second one associated with supershear velocity (Evangelidis, 2014).
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Fig.9 Variations of the coordinates of station 018B shortly before, during and after the earthquake (the vertical dashed
line at 09:25:17 GPS time indicates the moment the EQ stroke).
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