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The top Figs. show the ampliﬁcation at TST (measured by the SSR between the surface and downhole [-197 m] TST receivers) for various source depths and epicentral distances. Each subﬁgure displays the SSR for azimuths gathered in 45 deg. bins. The SSR are quite stable, although some azimuthal variability is observed in the frequency range dominated by surface waves (around 1 Hz, between the fundamental and ﬁrst harmonic resonance frequencies). Note that this variability does not decrease with distance.
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Varying the locations of real events
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Note that the deviation of PGA clearly increases with distance for the shallow sources (depth < 5 km). Note also that the duration of ground motion seems to be controlled by the local basin response rather than by the distance to the source.
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Sigma-PGA The left Figs. show the evolution with epicentral distance of the median (and of the deviation from it) of PGA and duration computed for the 980 sources. The curves are gathered by source depth values.
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We designed a spectral element mesh of the Mygdonian basin which is reﬁned both horizontally and vertically (see Figs. a and b). The mesh includes surface topography and the size of the elements is adapted to the S wavelengths in the basin (see Fig. c). The size of the computational domain is 47 km x 64 km in EW and NS directions, and 30 km in the vertical direction. The mesh is made of 4.7 millions elements and contains 314 millions gridpoints. The velocity model in the basin is deﬁned by two linear gradients, one between the surface and the premygdonian-mygdonian limit and the second one down to the sediment-bedrock interface. The surface S wave velocity is 137 m/s and the grid allows accurate calculations for frequencies up to 4 Hz. .
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We computed the response at the TST station (red triangle) due to 980 sources located at epicentral distances D=2.5, 5, 10, 15, 20, 30 and 40 km and depths (relative to sea level) 1, 2.5, 5, 10 and 15 km. The source is a vertical strike-slip which is rotated such that the TST station is in the maximum of the S-radiation pattern. We computed the median PGA and duration for each circle of sources. Figs a and c show the deviation from the median of PGA and duration for shallow sources (1 km). Fig. b shows the time series of ground acceleration at TST for 2 sources with diﬀerent backazimuths. Note the slight anti-correlation of PGA and duration caused by the diﬀerent arrival times of surface waves diﬀracted oﬀ the Northern basin edge.



We computed the response of the basin to ﬁve real events, which occured in the last years. The source parameters are given in the table above and are represented as beachballs on the situation map shown on the left. These events were well recorded by the Euroseistest accelerometric array which is centered on the TST station (red triangle). The circular crosses indicate the positions of the sources that were considered in reciprocity-based calculations. The maps of peak ground velocity are shown for the ﬁve events (S1 to S5). Note the diﬀerences in the distribution of PGV following the position of the sources. In particular, the events located to the South cause a localized band of large values close to the basin edge. Note also the distortion of the distribution of peak values outside the basin, due to surface topography.
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We present results showing (1) the sensitivity of ground motion parameters to the location of the ﬁve real seismic sources; and (2) the variability of the ampliﬁcation caused by site eﬀects, as measured by standard spectral ratios, to the source characteristics
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Two kinds of simulations are performed: (1) direct simulations of the surface ground motion for real regional events having various back azimuth with respect to the center of the basin; (2) reciprocity-based calculations where the ground motion due to 980 diﬀerent seismic sources is computed at a few stations in the basin. In the reciprocity-based calculations, we consider epicentral distances varying from 2.5 km to 40 km, source depths from 1 km to 15 km and we span the range of possible back-azimuths with a 10 degree bin.



Spectral Element calculations
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Understanding the origin of the variability of earthquake ground motion is critical for seismic hazard assessment. Here we present the results of a numerical analysis of the sensitivity of earthquake ground motion to seismic source parameters, focusing on the Mygdonian basin near Thessaloniki (Greece). We use an extended model of the basin (65 km [EW] x 50 km [NS]) which has been elaborated during the Euroseistest Veriﬁcation and Validation Project. The numerical simulations are performed with two independent codes, both implementing the Spectral Element Method. They rely on a robust, semi-automated, mesh design strategy together with a simple homogenization procedure to deﬁne a smooth velocity model of the basin. Our simulations are accurate up to 4 Hz, and include the eﬀects of surface topography and of intrinsic attenuation.
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The central Fig. b shows the ampliﬁcation curves for the 980 sources. The solid black line is the median and the dotted lines are the 16th and 84th percentiles (corresponding to median+/- 1 sigma for a normal or lognormal distribution). The green line is the theoretical 1D ampliﬁcation for a vertically incident SH wave. Note the larger variability in the frequency range between the resonance frequencies, which is caused by local surface waves. Fig. a shows the median (and median +/- 1 sigma) observed SSR ratios measured at TST for a set of more than 20 real events with even azimuthal coverage. The larger variability around 1 Hz is clearly present. Fig. c displays the group velocity of the fundamental and ﬁrst higher mode of Rayleigh and Love modes at TST (based upon the model used in the calculations). The larger variability in the synthetic SSR seems to coincide with a Airy phase of the ﬁrst harmonic of Rayleigh waves.
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For each of the 5 real events, we computed the basin response at TST (GL and GL-197m) for 125 sources which hypocenter was shifted by +/- 1 km or +/- 2 km in the X,Y,Z directions. The variability of the acceleration spectra (top) and of the ampliﬁcation measured by Standard Spectral Ratio (between TST[GL] and TST[GL-197] is shown for the most energetic horizontal component. Colors indicate source depth from blue (deep) to red (shallow). Note the large variability for the shallow distant source (S1) and the deep close source (S5).
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