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ABSTRACT: The following document presents the analysis of the array ambient vibrations 
acquired at 10 different sites in Greece. H/V analysis, frequency-wavenumber (f-k) processing and 
SPAC analysis were performed using Geopsy tools. The results were inverted in order to get the 
soil profiles for each site (using Dinver software). In this appendix preliminary results for the 
aforementioned sites are presented and discussed.  
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Introduction 
 

To improve and test our knowledge on the shear wave velocity structure and characteristics of 

selected accelerograph stations in Greece, a noise array measurements campaign was realized 

during 2009 and up to April 2010, to 12 accelerometric stations (Fig. a, b). Another two sites will be 

added in the final version of the Report. The delicate step of the inversion was tested with two 

different strategies. The main results are clearly presented in this Report. 

 

The arrays measurements were realised with 11 Guralp CMG 6TD systems with a broadband 

sensor. The typical geometry was a central station and two circles of diameter r and 2*r with a shift 

of the angle, helped by the abacus from Cadet, 2007. The time duration was varying according to 

the aperture. 

 

The analysis was done using the SESARRAY/Geopsy software package. The analysis of array 

measurements may contain different steps according to the methods used. In this study we decided 

to derive the dispersion curve (the velocity of the surface wave according to the frequency traducing 

the dispersion property of the surface wave) and to further calculate a models ensemble that fit the 

dispersion curve. This step is the inverse process. 

 

The techniques used are the H/V technique (Nakamura 1989; SESAME; Bard et al. 2004, Guillier 

et al. 2008; Chatelain et al. 2008 and Haghshenas et al. 2008.) for one point measurement, and the 

conventional frequency-wave-number CVFK method for array measurements (original idea by Aki, 

1957; Lacoss et al., 1969; Capon, 1969). The calculation of the dispersion curve with the CVFK 

technique is done following the recommendations of the SESAME deliverables. The following step 

of inversion was realised with the same software using a conditional neighbouring algorithm 

(originally by Sambridge, 1999 and improved by Whatelet 2008). The inversion step is done 

following the two inversion strategy propositions from Renalier et al. (2009) and Savvaidis et al. 

(2009). 

 

 

 



 
 

Fig a.  Accelerograph stations of the national strong motion network in Greece where ambient noise 

array measurements were carried out (for stations THV1, AMAA and MET1 data are under 

processing). 

 

 

 

 

see Fig. b 



 

 
Fig. b. Accelerograph stations in Mygdonian graben (Euroseistest strong motion array) ambient 

noise array measurements were carried out  [Inset of Fig. 1]. 

 
 

 

1 Methods 

1.1 H/V 

In order to check if the aperture of the array covers an area that can be considered as a one-

dimensional site (hypothesis of the array analysis), all the H/V curves were calculated to observe 

their space variation. For all the sites, the space variation of the H/V is generally really small. The 

variations occur mainly for low frequencies that are out of interest comparing to the frequency band 

of the dispersion curves. For example for the site E01 there is a variation below 0.6 Hz but the 

dispersion curve is derived until 1 Hz. In general the H/V curves show sharp peaks that give us 

confidence for the noise array analysis. Indeed the sharpness of the peak may be due to a high 

impedance contrast favourable for noise array analysis. 

1.2 Dispersion curve 

The dispersion curves are derived for the 8 sites with the conventional frequency-wave-number 

technique (Lacoss et al. 1969; Capon 1969). The curves show common trend except for STC that 

has higher phase velocity value due to its proximity to the bedrock. The limits of the frequency 

band of the dispersion curves between fmin and fmax are gathered in table 1 together with the 

fundamental resonance frequency and the Rayleigh waves velocity VR for fmin and fmax 

STC 
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E03 

E01 

GRA 

GRB 

W01 

W03 



frequency values. These parameters are used in the parameterization space for the inversion 

following the Akaike strategy. 

1.3 Inversion 

The inversion step is done following the two inversion strategy propositions from Renalier et al. 

(2009) and Savvaidis et al. (2009). The inversion strategy proposed by Renalier et al. (2009) 

consists roughly to start with a simple parameterization space (uniform layers over a half space) and 

continue with more complicated parameterizations using some constrains. Whereas the inversion 

strategy proposed by Savvaidis et al. (2009) uses the Akaike criteria. This strategy tests different 

parameterization presented in the following table: 

 
Table 1: Parameterization description 

Parameterization 

name 

Number 

of layer 

over a 

half space 

Velocity behaviour of the 1
st
 layer 

Velocity 

behaviour of 

the 2
nd

 to last 

layers 

Depth progression 

p1-1 1 uniform uniform No constrain 

p1-2 2 uniform uniform No constrain 

p1-3 3 uniform uniform No constrain 

p1-4 4 uniform uniform No constrain 

p1-5 5 uniform uniform No constrain 

p2-1 1 linear increase (5 sub-layers) uniform No constrain 

p2-2 2 linear increase (5 sub-layers) uniform No constrain 

p2-3 3 linear increase (5 sub-layers) uniform No constrain 

p2-4 4 linear increase (5 sub-layers) uniform No constrain 

p2-5 5 linear increase (5 sub-layers) uniform No constrain 

p3-1 1 power-law increase (5 sub-layers) uniform No constrain 

p3-2 2 power-law increase (5 sub-layers) uniform No constrain 

p3-3 3 power-law increase (5 sub-layers) uniform No constrain 

p3-4 4 power-law increase (5 sub-layers) uniform No constrain 

p3-5 5 power-law increase (5 sub-layers) uniform No constrain 

p4-1 1 uniform uniform geometrical progression 

p4-2 2 uniform uniform geometrical progression 

p4-3 3 uniform uniform geometrical progression 

p4-4 4 uniform uniform geometrical progression 

p4-5 5 uniform uniform geometrical progression 

 

 

 

2 Preliminary Results of the Array Measurements site by site 

2.1 BUT 

The accelerometric site is located near the main road crossing the village of Stivos. Three arrays 

were implemented. The 2 first ones with 8 sensors (one in the center and the other in a circle of 

radius 8 and 16 meters respectively). The last one was composed of 11 sensors with one in the 

middle, 5 in a circle of 30 m and the last 5 in a bigger circle of 60 m radius. The last array was not 

two perfect circles because of the neighboured houses. The recording durations were 30 minutes for 

both smaller arrays and 1 hour for the larger one.  



 
Figure 1: H/V curves from the array measurement with a radius of 16m near BUT station 

2.1.1 FK 

The 3 arrays allow to describe a dispersion curve from about 2.8 to 35.5 Hz. 

2.1.2 SPAC 

The autocorrelation curves are not clear enough to make an easy selection of the valid area. 

 
Figure 2: BUT: Proposition of selection of validity area for the SPAC curves. b) the added curve is the dispersion 

DC from CVFK. 

2.1.3 Akaike strategy 

 
Figure 3: BUT: Akaike number and misfit behavior according to the degree of freedom 

 



The best model is chosen with the parameterisation having the lowest Akaike number, it is three 

uniform layers over a half-space. The models with a misfit lower than 1 show velocity jumps 

around 6m, 25m and 55m. 

 
Figure 4: BUT: Resulting models of the best parameterization (three uniform layers over a half-space) 

 

The time averaged velocities from these models are (in m/s): Vs30 =  252 m/s Vs20 = 226 m/s Vs10 

=  215 m/s and Vs05 =  197 m/s 

 

2.2 E01 

 

The accelerometric site is located in the field in the middle of the valley. Three arrays were 

implemented. They were composed of 11 sensors with one in the middle, 5 in a circle of r1 radius 

and the last 5 in a larger circle of r2 radius. For the small, medium and large array r1=12, 50 and 

200 m respectively; and r2= 25, 100 and 400 m respectively. The recording durations were 30 

minutes for smaller array, 1 hour for the medium and 1 hour for the larger one.  

 

2.2.1 H/V ratio 

A first check of the H/V ratio is also done to confirm the 1D hypothesis and improve the definition 

of the fundamental resonance frequency. The resonance frequency for the 3 arrays is around 0.9 to 1 

Hz +/- 0.1 Hz, but the peak is not clearly defined for all the stations of the larger array. Still the 1D 

hypothesis is confirmed and the array analysis is thus even more relevant. 

 
Figure 5: E01, H/V results from the medium (50-100m) and large (200-400m) arrays 

2.2.2 FK 

 



The 3 arrays allow to describe a dispersion curve from about 1 to 25 Hz. We suspected the presence 

of the first higher mode than can be described from 3 to 20 Hz. 

 
Figure 6: E01, FK result in the frequency-Rayleigh wave domain for the array with 50 to 100m radius. The right 

figure shows the fundamental mode selection (build-up with the 3 arrays) and our suspicion about the presence 

of the first higher mode (picked with the 50-100m array and the 25-12 array) 

 

SPAC 

 
Figure 7: Proposition of selection of validity area for the SPAC curves. b) the added curve is 

the dispersion DC from CVFK. 

 

2.2.3 Inversion of the dispersion curve 

 

The maximum visible distance is the third of VRmax/fmin = 1335/1, lmax = 441 m. The minimum 

visible distance is the third of VRmin/fmax = 173/25, lmin=2.3 m. 



 
Figure 8: E01, results of the inversion of the dispersion curve in terms of Akaike number and misfit according to 

the initial parameterization space 

 

2.2.4 Results 

The best model is chosen with the parameterisation having the lowest Akaike number, it is two 

layers over a half-space with a power law gradient progression of the velocity Vs of the first layer. 

The models with a misfit lower than 1 (Figure 9) shows a significant velocity jumps around 120 m 

and around 440m. This second jump is considered to be an artefact due to the parameterization 

limits. 

 
Figure 9: E01. Velocity models with a misfit less than 1, from the inversion using the p3-2 parameterization  

 
Figure 10: E01, mean Vs profiles from 1000 velocity models with a misfit less than 1, from the inversion using the 

p3-2 parameterization 

 



From the Vs models with a misfit less than 1, from the inversion using the p3-2 parameterization 

the Vsz are computed and an average over 1000 models is done for each Vsz: Vs30 = 262 m/s  

Vs20 = 236 m/s Vs10 = 201 m/s and  Vs05 = 178 m/s  

 

2.3 E03 

The accelerometric site is located in the field in the middle of the valley. Three arrays were 

implemented. They were composed of 11 sensors with one in the middle, 5 in a circle of r1 radius 

and the last 5 in a larger circle of r2 radius. For the small, medium and large array r1=12, 50 and 

200 m respectively; and r2= 25, 100 and 400 m respectively. The recording durations were 30 

minutes for smaller array, 1 hour for the medium and 1 hour and half for the larger one.  

 

 

2.3.1 H/V ratio 

A first check of the H/V ratio is done to confirm the 1D hypothesis and improve the definition of 

the fundamental resonance frequency. The resonance frequency for the 3 arrays is around 0.7 +/- 

0.5Hz, but the peak is not clearly defined for all the stations of the larger array and we can noticed a 

second peak around1.2Hz. The 1D hypothesis is still confirmed and the array analysis is thus 

relevant. 

 
Figure 11: E03, H/V results from the medium (50-100m) and large (200-400m) arrays 

 

2.3.2 FK 

The 3 arrays allow to describe a dispersion curve from about 0.78 to 27 Hz. We suspected the 

presence of the first higher mode than can be described from 2.3 to 8.6 Hz. 

 

2.3.3 SPAC 

 
Figure 12: E03, proposition of selection of validity area for the SPAC curves. b) the added curve is the dispersion 

DC from CVFK. 

 



2.3.4 Inversion of the dispersion curve 

The inversion is made following the Savvaidis et al. (2009) proposition. 

The maximum and minimum wave lengths visible by the data are λmax = (Vmax / fmin)/3 = 

(1012.5 / 0.78) /3 = 435 m and λmin = (Vmin / fmax)/3 = (27.005/ 142.4) /3 = 0.06 m. 

2.3.5 Results 

 
Figure 13: E03, results of the inversion of the dispersion curve in terms of Akaike number and misfit according 

to the initial parameterization space 

 

The best model is chosen with the parameterisation having the lowest Akaike number, it is four 

uniform layers over a half-space. A close Akaike number corresponds to a parameterization with 

four layers with a linear gradient progression of the velocity Vs of the first layer. The models with a 

misfit lower than 1 shows a significant velocity jumps around 120 m. 

 
Figure 14: E03. Velocity models with a misfit less than 1, from the inversion using the p1-4 parameterization  



 
Figure 15: E03, mean Vs profiles from 1000 velocity models with a misfit less than 1, from the inversion using the 

p1-4 parameterization 

 

From the Vs models with a misfit less than 1, from the inversion using the p1-4 parameterization 

the Vsz are computed and an average over 1000 models is done for each Vsz: Vs30 = 214 m/s  

Vs20 = 200 m/s Vs10 = 186 m/s and  Vs05 = 164 m/s. 

With the parameterization p2-4 the Vsz are really close we have Vs30 = 209 m/s Vs20 = 194 m/s 

Vs10 = 176 m/s and Vs05 = 164 m/s. 

 
Figure 16: SH response of the selected models (parameterization p1-4) (black) and H/V curve (red) 

 
Figure 17: Rayleigh ellipticity of the selected models from parameterization p1-4 (coloured) compared to the H/V 

(black curve) 

 

2.4 GRA 

The accelerometric site is located in the field in the middle of the valley.  

Three arrays were implemented. The 2 first ones with 8 sensors (one in the center and the other in a 

circle of radius 8 and 15 meters respectively). The last one was composed of 11 sensors with one in 

the middle, 5 in a circle of 25 m and the last 5 in a bigger circle of 50 m radius. The first 3 noise 

arrays were considered to far from the GRA accelerometric station, in the H.I.s geological 

formation not in the Pt.t3.I geological formation as the accelerometric station itself. Thus an other 

array was realized closer to the accelerometric station, this array is complementary to the large array 



previously realized by SESAME project. This array is composed of 11 sensors one in the middle, 5 

in a circle of 15 m and the last 5 in a bigger circle of 30 m radius, with one hour recording duration.  

 

 
Figure 18: Implementation of the arrays: Purple in 2002, Green september 2009 and black center of the small 

array November 2009 

 

2.4.1 H/V ratio 

The resonance frequency for the 3 arrays is around 1.25 Hz +/- 0.05Hz. So the 1D hypothesis is 

confirmed and the array analysis is thus even more relevant. 

 
Figure 19: GRA H/V ratios for the small, medium and large arrays respectively from the top to the bottom and 

left to right (NB: for the large array the station 6704 is completely out of the trend without clear explanation) 

 

2.4.2 FK technique 

 

The 3 arrays allow to describe a dispersion curve from about 2.5 to 35 Hz. 



 
Figure 20: Dispersion curve defined with the 3 arrays realized on September 2009, near by GRA (but in the H.I.s 

geological formation not in the Pt.t3.I geological formation as the accelerometric station itself)  

 

We suspected the presence of the first higher mode from 6.6 to 15 Hz. 

 
Figure 21: GRA, FK result in the frequency-Rayleigh wave domain for the array with 15m radius. The right 

figure shows our suspicion about the presence of the first higher mode. 

 

The 2 arrays closer to the accelerometric station, in the Pt.t3.I geological formation, provide a 

dispersion curve from 2 to 20 Hz. 

 

 
Figure 22: Dispersion curve defined with 2 arrays, near by GRA (in the Pt.t3.I geological formation as the 

accelerometric station itself) 



2.4.3 SPAC 

 
Figure 23: GRA. Proposition of selection of validity area for the SPAC curves. b) the added 

curve is the dispersion DC from CVFK. 

 

2.4.4 Results 

 
Figure 24: Akaike and misfit distribution according to the degree of freedom and the kind of parameterization 

 

The best model is chosen with the parameterisation having the lowest Akaike number, it is four 

uniform layers over a half-space. The models with a misfit lower than 1 (figure below) shows a 

significant velocity jump between 55 m and 70 m. 



 
Figure 25: GRA. Velocity models with a misfit less than 1, from the inversion using the p1-4 parameterization  

 
Figure 26: GRA mean Vs profiles from 1000 velocity models with a misfit less than 1, from the inversion using 

the p1-4 parameterization 

 

From the Vs models with a misfit less than 1, from the inversion using the p1-4 parameterization 

the Vsz are computed and an average over 10000 models is done for each Vsz: Vs30 = 236 m/s  

Vs20 = 206 m/s Vs10 = 166 m/s and Vs05 = 143 m/s . 

 
Figure 27: GRA. SH response of the selected models (parameterization p1-4) (black) and H/V curve (red) 

 



 
Figure 28: GRA. Rayleigh ellipticity of the selected models (parameterization p1-4) 

 

2.5 GRB 

The accelerometric site is located in the field in the middle of the valley. Three arrays were 

implemented. They were composed of 11 sensors with one in the middle, 5 in a circle of r1 radius 

and the last 5 in a larger circle of r2 radius. For the small, medium and large array r1=10, 40 and 

150 m respectively; and r2= 20, 80 and 300 m respectively. The recording durations were 30 

minutes for smaller array, 1 hour for the medium and larger ones. 

 

2.5.1 H/V ratio 

 

The resonance frequency for the 3 arrays is around 0.9 Hz +/- 0.1 Hz. So the 1D hypothesis is 

confirmed and the array analysis is thus even more relevant. 

 
Figure  29: GRB, H/V ratios for medium and large arrays 

 

2.5.2 FK 

The 3 arrays allow to describe a dispersion curve from about 1.2 to 25 Hz. There is no evidence of 

the presence of higher modes. 

 



Figure 30: Dispersion curve defined with the 3 arrays realized near GRB 

2.5.3 SPAC 

 
Figure 31: GRB. Proposition of selection of validity area for the SPAC curves. b) the added curve is 

the dispersion DC from CVFK. 

2.5.4 Inversion of the dispersion curve 

The maximum visible distance is the third of VRmax/fmin = 824/1.2, lmax = 227 m. The minimum 

visible distance is the third of VRmin/fmax = 140/25, lmin=5.7 m. 

The different parameterizations presented in the method were tested. Four other parameterizations 

were added: 

- p1-6: 6 layers (over a half space) with uniform velocity  

- p3-21: two layers (over a half space) with a power law gradient progression  of the velocity  

on both Vs and Vp. 

- p4-21: 3 layers with a geometrical progression of the thickness, with a power law gradient 

progression  of the velocity  for the first layer. 

- p4-31: 4 layers with a geometrical progression of the thickness, with a power law gradient 

progression  of the velocity  for the first layer. 

 
Figure 32: GRB, results of the inversion of the dispersion curve in terms of Akaike number and misfit according 

to the initial parameterization space 

2.5.5 Results 

 

The best model is chosen with the parameterisation having the lowest Akaike number, it is three 

layers over a half-space with a power law gradient progression of the velocity Vs of the first layer. 



The models with a misfit lower than 1 (Figure 33) shows a significant velocity jump between 120 m 

and 150m. 

 

 
Figure 33: GRB. Velocity models with a misfit less than 1, from the inversion using the p3-3 parameterization  

 
Figure 34: GRB. Vs profiles with a misfit less than 1, from the inversion using the p3-3 parameterization, 

compared to the proposition from N. Theodulidis (personal communication) 

 

 
Figure 35: GRB mean Vs profiles from 1000 velocity models with a misfit less than 1, from the inversion using 

the p3-3 parameterization 

 



From the Vs models with a misfit less than 1, from the inversion using the p3-3 parameterization 

the Vsz are computed and an average over 1000 models is done for each Vsz: Vs30 = 218 m/s  

Vs20 = 191 m/s Vs10 = 166 m/s and Vs05 = 148 m/s 

 
Figure 36: Rayleigh ellipticity of the selected models (parameterization p3-3) 

 
Figure 37: GRB. SH response of the selected models (parameterization p3-3) (colored) and H/V curve (black) 

 

2.6 STC 

The accelerometric site is located in the town-hall of Stivos. In that area there is a slight slope that 

we will not consider in our analysis because it is less than a few degree for the larger array aperture. 

Three arrays were implemented. The 2 first ones with 8 sensors (one in the center and the others in 

a circle of 8 and 16 meters radius respectively). The last one was composed of 11 sensors with one 

in the middle, 5 in a circle of 25 m and the last 5 in a bigger circle of 50 m radius. The last array 

was not two perfect circles because of the neighboured houses. The recording durations were 30 

minutes for both smaller arrays and 1 hour for the larger one. 

 

2.6.1 H/V ratio 

The resonance frequency for the 3 arrays is around 3 Hz. So the 1D hypothesis is confirmed and the 

array analysis is thus even more relevant. 



  
Figure 38: STC, H/V ratios for the array with 16m radius 

 

2.6.2 FK 

The 3 arrays allow to describe a dispersion curve from about 3 to 30 Hz. The dispersion curve was 

determined twice for a double-checking procedure.  

 
Figure 39: Dispersion curves defined for STC with two days of in between the two analyzes. DC1 in red, DC2 in 

blue 

2.6.3 SPAC 

The autocorrelation curves are not clear enough to make a easy selection of the valid area. But we 

choose to use the selected part (Figure 40) for the inversion. 

 
Figure 40: Proposition of selection of validity area for the SPAC curves. b) the added curve is the dispersion DC2 

from CVFK. 



2.6.4 Analyze with Akaike strategy for the inversion 

 
Figure 41: STC, results of the inversion of the dispersion curve in terms of Akaike number and misfit according 

to the initial parameterization space 

 

The best parameterization is one layer with a linear increase over a bedrock. 

 
Figure 42: Results from the Akaike strategy compared to the best model from the results of the constrained 

strategy (black curve) 



 
Figure 43: STC, Akaike strategy, ellipticity and SH response of the models with a misfit lower than 1 and 

comparison with the H/V curve 

 

From the Vs models with a misfit less than 1, from the inversion using the p2-1 parameterization 

the Vsz are computed and an average over 1000 models is done for each Vsz: Vs30 = 342 m/s  

Vs20 = 302 m/s Vs10 = 276 m/s and Vs05 = 245 m/s. 

 

2.7 W01 

The accelerometric site is located in the field in the middle of the valley. Three arrays were 

implemented. They were composed of 11 sensors with one in the middle, 5 in a circle of r1 radius 

and the last 5 in a larger circle of r2 radius. For the small, medium and large array r1=12, 50 and 

200 m respectively; and r2= 25, 100 and 400 m respectively.  The recording durations were 30 

minutes for smaller array, 1 hour for the medium and 1 hour and half for the larger one.  

 

 
Figure 44: W01: Green dot position of the station, black dot: position of the center station of the small array and 

purple points: location of the medium and large arrays. Yellow and orange background: geological units 

 

2.7.1 H/V ratio 

The resonance frequency for the 3 arrays is between 0.7 to1 Hz. 

 
Figure 45: H/V results from the small (25-12m) and medium (50-100m) arrays 



2.7.2 FK 

The 3 arrays (with the same center) allow to describe a dispersion curve from about 0.8 to 17 Hz.  

 

2.7.3 Results 

The best model is chosen with the parameterisation having the lowest Akaike number of -98.4, it is 

three layers over a half-space with a power-law gradient progression of the velocity Vs of the first 

layer. The models with a misfit lower than 1 shows a significant velocity jumps around 180 m and 

500 m, this last one is an artefact due to parameterization. The parameterisation of 4 uniform layers 

over a half space also has a low Akaike about -97. 

 
Figure 46: W01. Velocity models with a misfit less than 1, from the inversion using the p3-3 parameterization  

 
Figure 47: W01, mean Vs profiles from 1000 velocity models with a misfit less than 1, from the inversion using 

the p3-3 parameterization 

 

 
Figure 48: W01. Velocity models with a misfit less than 1, from the inversion using the p1-4 parameterization  



 
Figure 49: W01, mean Vs profiles from 1000 velocity models with a misfit less than 1, from the inversion using 

the p1-4 parameterization 

 

From the Vs models with a misfit less than 1, from the inversion using the p3-3 parameterization 

the Vsz are computed and an average over 1000 models is done for each Vsz: Vs30 = 211 m/s Vs20 

= 185 m/s Vs10 = 151 m/s and Vs05 = 128 m/s. 

 

The parameterization p1-5 provides close Vsz values even if the profiles are slightly different: Vs30 

= 222 m/s Vs20 = 195 m/s Vs10 = 160 m/s and Vs05 = 143 m/s. 

 
Figure 50: SH response of the selected models (parameterization p3-3) (black) and H/V curve (red 

 
Figure 51: Rayleigh ellipticity of the selected models from parameterization p3-3 (coloured) compared to the H/V 

(black curve) 

2.8 W03 

The accelerometric site is located in the field in the middle of the valley. Four arrays were 

implemented. Three of them were composed of 11 sensors with one in the middle, 5 in a circle of r1 

radius and the last 5 in a larger circle of r2 radius. For the medium, large and very large array 

r1=20, 75 and 300 m respectively; and r2= 40, 150 and 600 m respectively. The small array is 

composed of 8 sensors (one in the center and the other in a circle of 10 meters radius). The 



recording durations were 30 minutes for smaller array, 1 hour for the medium and 1 hour and half 

for the larger and very large ones. 

 

 
Figure 52: W03: Green dot position of the station, black dot: position of the center station of the small and 

medium arrays and purple points: location of the large and very large arrays. Yellow and orange background: 

geological units 

 

2.8.1 H/V ratio 

The resonance frequency for the 3 arrays is around 0.4 +/- 0.05 Hz, the 1D hypothesis is confirmed 

and the array analysis is thus even more relevant. 

 

 
Figure 53: H/V results from the medium (75-150) and large (300-600m) arrays 

 

2.8.2 FK 

The 3 arrays allow to describe a dispersion curve from about 0.6 to 45 Hz. We suspected the 

presence of the first higher mode than can be described from 6.4 to 10.7 Hz.  

 
Figure 54: W03, FK result in the frequency-Rayleigh wave domain for the array with 20 to 40 m radius. The 

right figure shows the fundamental mode selection (for this array) and our suspicion about the presence of the 

first higher mode 

The small array with an other center closer to the accelerometric station shows a higher velocity that 

we suspect to be the 1st higher mode. For that reason a 2nd small array with the same geometry was 



realized with the same center of the large arrays. The CVFK results may confirm our suspicion of 

higher mode for the small array close the to accelerometric station. 

 

 
Figure 55:  The left graph shows the CVFK result of the small array (November 2009) with the same center of 

the large arrays. In this figure a 2nd dispersion curve with higher velocity can be identified. In the center graph 

the dispersion curve found with the small array (with a different center, October 2009) follows the trend of this 

higher mode. The left graph shows the CVFK result of the small array (different center, October 2009). 

 

2.8.3 Results 

 

Figure 56: W03, results of the inversion of the dispersion curve in terms of Akaike number and misfit according 

to the initial parameterization space 
 

The best model is chosen with the parameterisation having the lowest Akaike number, it is four 

layers over a half-space with a power law gradient progression of the velocity Vs of the first two 

layers, with a geometrical progression of the layers thickness. The models with a misfit lower than 1 

shows a significant velocity jumps around 50 m, 170 m and 700 m. The last jump is an artefact due 

to parametrization limits. 

 

The Vp profile is poorly constrain. A more pertinent model (jumps around 90m and 280m without 

artefact, i.e. the profiles are “blocked” by a parameterization limit) is defined by the p2-4 

parametrization (4 layers over a half space with a linear gradient for the 1
st
 layer) but anyway this 

parametrization provides the same Vsz. 



 
Figure 57: W03. Velocity models with a misfit less than 1, from the inversion using the p4-42 parameterization  

 

From the Vs models with a misfit less than 1, from the inversion using the p4-42 parameterization 

the Vsz are computed and an average over 1000 models is done for each Vsz: Vs30 = 233 m/s   

Vs20 = 220 m/s Vs10 = 198 m/s and Vs05 = 177 m/s  

 

 
Figure 58: SH response of the selected models (parameterization p4-42) (black) and H/V curve (red) 

 

 
Figure 59: Rayleigh ellipticity of the selected models from parameterization p4-42 (coloured) compared to the 

H/V (black curve)



 

2.9 SARTI (SAR1) 

 

The arrays were realized within November 2009. The radiuses were 10m and 20m for the small 

array and 40 m and 80 meters for the large array.  

 

The H/V curves show peaks between 3 and 5 Hz (Figure 60). There is a variation of these curves for 

each sensors of the small (and even more for the large) array. This space variation is not promising 

for a successful array analysis. 

 

The CVFK method was applied to both arrays. The lager one does not provide any clear 

information from what a dispersion curve can be extracted. The small array allows to describe a 

dispersion curve from 4.3 Hz to 21 Hz. For the inversion of this dispersion curve, the Savvaidis et 

al. (2009) strategy was applied testing 26 parameters spaces. The parameters space providing the 

lowest Akaike number is one layer with a power law velocity for both Vp and Vs, over a half-space 

(Figure 61). 

 

The models of this inversion provide a Vs profile with a jump of velocity around 12 meters (Figure 

62) that can be coherent with a resonance frequency around 4 Hz. The SH response of the models 

with a misfit lower than 1 fits well is the majority of the H/V curves from noise measurements 

(Figure 63). The time-averaged values of the first 5, 10, 20 and 30 meters are computed for the 

models with a misfit less than 1. A geometric mean is done for these four parameters: 

 

Vs30 = 293 m/s (on the log10 values);   

Vs20 = 243 /s ; 

Vs10 =178 m/s ; 

 Vs05 =150 m/s  

 

As the main velocity contrast occurs at 12 meters, both Vs30 and Vs20 will not be taken into 

account for the assessment of the site effect using the ASAF proposition. 

 
Figure 60: H/V curves of the 11 sensors of the array with 10m and 20m radiuses in Sarti 



 
Figure 61: Sarti, Akaike and misfit values according to the degree of freedom for different kind of parameter 

space 

 
Figure 62: Sarti: a) Dispersion curve and b) Vs profiles of the model from parametrization p3-1 with a misfit 

lower than 1. The black dispersion curve is from the array analysis 

 
Figure 63: Sarti: 1D transfer function for the model from parametrization p3-1 with a misfit lower than 1 (black) 

compared to the H/V of the small array measurements (red) 



 
Figure 64: ASAF for the characteristic of Sarti from noise analysis 
 

 

2.10  KENTRIKO (KNT1) 

 

The arrays were realized within March 2010. The radiuses were 10m and 20m for the small array 

and 25 m and 50 meters for the large array.  

 

The H/V curves show a flat curve, typical f a site without any high velocity contrast, probably a 

rock site. There is some variation between the curves from a station to an other (Figure 65). 

 

The CVFK method was applied to both arrays. The smaller one does not provide any clear 

information from what a dispersion curve can be extracted. We suspect the velocity to be too high 

to be seen by such a small array. The larger array allows to describe a dispersion curve from 4.8 Hz 

to 29 Hz.For the inversion of this dispersion curve, the Savvaidis et al. strategy was applied testing 

12 parameters spaces with no more than 3 layers over a bedrock as the site is a rock site. The 

parameters space providing the lowest Akaike number is one uniform layer over a half-space 

(Figure 66). 

 

The models of this inversion provide a Vs profile unclear, without velocity jump  (Figure 67). The 

SH response of the models with a misfit lower than 1 fits well is the majority of the H/V curves 

from noise measurements, that is to say it is flat (Figure 68). The time-averaged values of the first 5, 

10, 20 and 30 meters are computed for the models with a misfit less than 1. A geometric mean is 

done for these four parameters: 

 

Vs30 = 384 m/s; 

 Vs20 = 371 /s; 

 Vs10 =367 m/s;  

Vs05 =367 m/s 

 



The standard deviations are not taken into account because of the non normal distribution of the 

model due to the inversion process that produces a lot of similar models. The velocity values are not 

that high for a rock site. 

 

Because of its unclear frequency peak and its suspiciously low velocity for a rock site, not any 

amplification function is proposed. 

 

 

 
Figure 65: H/V curves of the some sensors of the array with 25m and 50m radiuses in Kentriko 

 

 

 
Figure 66: Kentriko, Akaike and misfit values according to the degree of freedom for different kinds of 

parameter space 



 
Figure 67: Kentriko: a) Dispersion curve and b) Vs profiles of the model from parameterization p1-1 with a 

misfit lower than 1. The black dispersion curve is from the array analysis 

 

 
Figure 68: Kentriko: 1D transfer function for the model from parameterization p1-1 with a misfit lower than 1  

 

2.11  XYLOCASTRO (XYLA) 

The arrays were realized within March 2010. The radiuses were 7.5m, 15m, 30m and 50 m. 

The H/V curves show bump (not a sharp peak) around 1.5 Hz (Figure 69) with a very stable 

behavior for all the arrays. The behavior below 0.4 Hz will not be taken into account. 

 

 
Figure 69: H/V for the arrays with radius 7.5m, 15m, 30m and 50m from left to right and top to bottom. 



 

The CVFK and HRFK methods were applied to all arrays. The combination of the arrays allows to 

describe a dispersion curve from 1.8 Hz to 14.7 Hz. 

 

For the inversion of this dispersion curve, the Savvaidis et al. strategy was applied testing 26 

parameters spaces.  

 

 
Figure 70: XyloCastro, dispersion curve from HRFK (blue) and SPAC (red) 

 

 

2.12 THIVA (THV1) 

 

The arrays were realized within March 2010. The radiuses were 7.5m, 15m, 30m and 50 m. 

 

2.13 AMALIADA (AMAA) 

The arrays are going to be realized within April 2010. 

2.14 METHONI (MET1) 

The arrays are going to be realized within April 2010. 
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