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Abstract. With the aim of evaluating the seismic hazard and vulnerability of villages with 
valuable historical monuments in Central Italy, since the late 80’s ENEA operated an 
accelerometric network at the Cerreto di Spoleto village in the area of Central Apennines. The 
area is characterized by high level instrumental seismicity and seismic hazard. The 
accelerometric network, consisting of one station located at a rock site close to the hill base and 
of two accelerometers located inside a building at the relief top, recorded the Umbria-Marche 
aftershocks of 1997 as well as more recent earthquake sequences. In 2001 a temporary 
seismometric network was deployed at Cerreto di Spoleto village in order to better characterize 
the ground motion spatial variability along the ridge. The accelerometric network, consisting of 
one station located at a rock site close to the hill base and of two accelerometers located inside a 
building at the relief top, recorded the Umbria-Marche aftershocks of 1997 as well as more 
recent earthquake sequences. Analysis of the accelerometric records pointed out broadband 
seismic amplification above 1 Hz at the relief top. In 2001 a temporary seismometric network 
was deployed at Cerreto di Spoleto village in order to better characterize the ground motion 
spatial variability along the ridge. The seismic station were deployed at the ridge base and along 
the crest. To this aim we analyzed waveform in the frequency domain through the Horizontal-to-
vertical spectral ratio method. Except for the trapped waves effect, the results showed no clear 
evidence of ground motion amplification for the stations located on the crest. This evidence 
suggests that the seismic amplification observed on the accelerometric records is not related to 
topographic amplification. 
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4 ACCELEROMETRIC RECORDS 

The accelerometric array of Cerreto di Spoleto [11], since the deployment,  recorded several 
seismic events. Here records obtained during the period 2005-2010 at all the accelerometric 
stations are analyzed. Frequency domain analysis, by means of acceleration Fourier Amplitude 
Spectrum (FAS) of records, were performed. In figure 2 the position of the stations of the 
accelerometric array is shown. In particular, on the ridge,  M is the station of Municipio (the 
building where the City Hall is located), where two digital accelerometers were deployed  (the 
first one at the basement of the building, CMC station; the other at roof, CMS station). Then T is 
the station near a bell-tower named BCT. Events recorded at all stations (BCT, CMC and CMS) 
are listed in Table 1 with date, time origin, epicentral coordinates and magnitude. The maximum 
PGA between the two horizontal components of  the analyzed records are also listed. As shown, 
event magnitudes were small, and ground-motion PGA was ranging between few gals to 0.1 g (at 
CMS station). The first 5 records listed in table 1 were originated in Val Topino (see figure 4a) 
when the others were originated in Val Nerina (see figure 4b). Figure 5a and 5b shows the FAS 
of acceleration (NS and WE components) for the records obtained at the BCT station and figures 
5c and 5d the same for the CMC station. 

a) b) 

Figure 4.    a) Recorded Events in Val Topino; b) Recorded events in Val Nerina. 
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EVENT DATA RECORD DATA 
Date Time Epic. Coord. Magnitude PGA CMC (cm/s2) PGA CMS (cm/s2) PGA BCT (cm/s2) 

15.12.2005 06:00:30 42.748 12.773 Ml=3.3 8.40 31.40 11.75 
15.12.2005 13:28:37 42.738 12.760 Ml=4.2 27.95 71.03 27.81 
16.12.2005 20:12:36 42.735 12.735 Ml=3.4 7.64 29.77 10.76 
18.12.2005 08:06:46 42.738 12.753 Ml=3.5 8.82 20.82 12.87 
05.01.2006 17:30:39 42.744 12.756 Ml=3.6 11.86 35.70 20.18 
08.02.2007 01:32:55 42.820 13.217 Ml=3.8 19.25 43.68 11.47 
06:08.2009 10:23:41 42.793 13.176 Ml=2.3 8.02 27.07 8.60
10.01.2010 08:33:38 43.119 13.445 Ml=4.0 6.77 20.63 6.86
12.01.2010 08:25:14 43.119 13.451 Ml=4.1 7.81 21.58 8.83
12.01.2010 13:35:48 43.135 13.433 Ml=4.2 5.92 14.23 6.74
28.08.2010 07:07:56 42.834 12.654 Ml=4.1 6.54 17.01 6.58
06.12.2010 10:32:04 42.793 13.011 Ml=3.4 19.24 96.10 27.29 

Table 1.     Records from Cerreto di Spoleto strong-motion array (ETNA). 

 a)  b) 

 c) d)  

Figure 5.    FAS of acceleration (NS and WE components) for the records obtained at the BCT (a and b) and CMC (c 
and d) stations.  
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In previous papers [11, 12] was stated, as preliminary result,  that for all the analyzed events the 
FAS of acceleration at the CMC station is larger than the one obtained at BCT station in the 
frequency interval  between 2-8 Hz.  

a) b)

Figure 6.    Cerreto di Spoleto accelerometric array: mean values of FAS of recorded accelerations at BCT and CMC 
stations (a) NS component; (b) WE component. 

To confirm this behaviour a mean of the spectra was computed at both BCT and CMC stations. 
Figure 6a shows the averaged spectra for the NS components and figure 6b  the WE ones: the 
FAS of acceleration in the frequency interval of 2-8 Hz is larger at the CMC.   
Then a spectral ratio between the two horizontal component of acceleration, recorded at CMC 
and BCT, was computed to have a better evidence of the spectral amplification. Figure 7a and 7b 
show a clear amplification in the interval of interest. The averaged records were from the last six 
events listed in table 1.  The results should be interpreted carefully since the standard deviation is 
large. 
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a) 
b) 

 
 
Figure 1.    Mean Ratio between the FAS of acceleration of six events recorded at the BCT and CMC stations of the 

Cerreto di Spoleto accelerometric array: NS component (a), WE component (b). 
 

 

5 CONCLUSIONS  

As already highlighted by [9], the analysis of waveform recorded at the Cerreto di Spoleto hill, 
showed the occurrence of ground motion amplification in the frequency band 6-7 Hz at the ridge 
top in a specific location and related to trapped wave propagation. At other two stations located 
at the ridge top, we did not observed the occurrence of ground motion amplification at 
frequencies consistent with the hill dimension. We observed slight amplification at one station in 
terms of H/V function, above 6 Hz, likely related to the presence of a shallow weathered rock 
layer. The analysis of accelerometric waveforms recorded at the ridge top and base, showed 
ground motion amplification in a broad frequency band between 2 and 8 Hz.  While the 
amplification above 6 Hz at ridge top is consistent with that obtained by the analysis of 
velocimetric records, the 2- 6 Hz amplification was not observed by the 2001 seismic 
experiment. These results, seems to indicate a particular behavior of the Cerreto Torre 
accelerometric station, which may de-amplify the seismic ground motion in the 2-6 Hz frequency 
band.   
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