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1. Introduction 

Several cases of strong motion data recorded in alluvial basins show very high amplification effects 

that exceed, at medium and long periods, those predicted by empirical relations or included in 

standard reference codes. Among others, we recall here the earthquakes of San Fernando (1972), 

Northridge (1994) (BSSA, 1996) and the Umbria-Marche sequence of 1997, during which the 

shaking recorded in the Gubbio Plain (Pacor et al, 2007) provided strong evidence of the 

phenomenon: extremely high spectral amplification values (higher than reference codes) for 2 < T < 

4 s (see Fig. 4). 

The main reason why these amplifications (“basin effects”) take place lies in the generation, by 

diffraction at the edges of the valley, of long period surface waves that travel horizontally in the 

upper sediments of the valley. While the influence of alluvium filled basins on site response has 

been the subject of substantial research, the resulting modifications on the response spectra at the 

basin surface (especially for T > 1 - 2 s) has not been as thoroughly investigated (see e. g. Chávez e 

Faccioli, 2000) despite its importance in structural design.  

Significant previous studies tried to estimate basin amplification effects through the analysis of 

strong-motion data and most of them quantified basin geometry only in terms of sediment depth 

(Trifunac and Lee, 1978), introducing such term in newly developed attenuation models (Campbell, 

1997; Field, 2000; Lee and Anderson, 2000). Other studies tried to relate basin effects also to the 

relative location of source and site position in the basin (Choi et al., 2005), or to the distance to the 

basin edge (Joyner, 2000). 

In the S5 project, specific parametric studies involved two different types of basins (both typical of 

the Italian Peninsula): “enclosed” basins and “open” basins.  

Results gave great insight of how basin effects amplify seismic motion in connection with the 

geometry of the basin, with the fault mechanism and with the different valley-fault configurations. 

Critical in all analyses is the value of the fundamental 1D vibration period of valley centre, T01D, 

that acts as the theoretical upper limit to 2D basin amplification effects, as stated in Chàvez-García 

and Faccioli (2000). Its calculation appears thus crucial in the study of the seismic response of 

valleys and basins.  

In addition, a detailed study has been devoted to the identification and classification of alluvium 

filled basins in Italy, and particularly to the parameters that the previous analyses highlighted as the 

most critical ones in the modification of response spectra. 
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3. “Open” basins (UR2 INGV-ROMA) 

The contribution of UR-INGV-RM was focused on the effects of large sedimentary basins on DRS. 

Earthquakes at Mw 5.2 and 6.5 were simulated, that strike a 2D sediment-filled basin whose lateral 

extension is assumed to be so large that no significant energy is backscattered from the opposite 

boundary. The sediments were assumed to be horizontally layered. The basin edge is a sloping 

straight-line. Parameters such as the edge slope and input incidence angle are varied. Both SH and 

P-SV waves are modelled, with finite-difference and finite-element techniques, respectively. The 

increase of displacement spectral ordinates is investigated along the basin as a function of the 

parameter variations. 

Basically, the study has been developed following the flow chart of Figure 23. 

 

 

 

 
 

Figure 23 - Flow chart of the parametric study of the 2D seismic response of large basins. 
 

 Step 1. Generate displacement at Rock Site   
(function of Mw and R) 

Step 2. Define a representative 2D basin 
structure 

Step 3. Compute synthetics in the basin for a 
delta-like input 

Step 4. Convolve rock-site displacement by 
basin synthetics 

Step 5. Compute amplifications of 
displacement response spectra in the basin 

Step 6. Change some parameters of the 2D 
model 

Final step. Summarize the results of the 
parameter variations  
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Step 1. Initially, the displacement waveforms computed in Deliverable D13 were used where 

synthetic displacements of a Mw 6.5 strike-slip earthquake characterized by a 14x30 km vertical 

fault were computed in a 10x10 km grid (Figure 24). As an inplane input for the 2D model, we have 

selected the radial displacement computed at a distance of 50 km along the Y direction (X=0) for a 

bilateral rupture. Displacement amplitude is scaled to yield the expected value of D10 at Mw 6.5 and 

R 50 km in the proposed attenuation relation for ground type A. In order to study possible variations 

at a smaller magnitude, we have also used the synthetics of Mw 5.2 earthquakes at epicentral 

distance of 20 km simulated in the previous parametric study (Chap. 2). The modelled focal 

mechanisms at Mw 5.2 are normal, reverse and strike slip. 

 

Step 2. The 2D basin structure was fixed, adopting a constant depth of the sediments (500 m) and 

the vertical velocity profile of the Sismovalp Project is adopted (Figure 24). At each depth, the 

quality factor Q is taken as the velocity value divided by 10.  

 

 

 

 
Fig. 24 - Grid used for the generation of reference site (Class A) displacement and representation of source to 
basin propagation in our model (P-SV case, incidence angle of 30°). The velocity model is also shown (the Q 
structure is taken as velocity divided by 10). 
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Step 3. The transient response of the 2D model is computed in the assumption of plane wave 

incidence. Figure 25 shows two examples for P-SV waves with 10° edge slope for incidence angles 

of 0° and 30°. 

 

Step 4. Synthetics of the delta-like input are convolved by waveforms of the simulated Mw 5.2 and 

6.5 earthquakes. Figure 26 depicts synthetic displacement waveforms resulting from the 

convolution for some representative sites along the basin, for different incidence angles. 

 

 
Fig. 25 – Examples of transient response of the model. The plane wave input is taken as a Gabor function 
shaking the basin in a frequency band up to 3 Hz. 
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Fig. 26 – Displacement response spectra and spectral ratios are computed for representative sites in the basin. 
The displacement time histories are computed by convolving the source input (radial component) by the 
synthetics of figure 25. The examples refer to vertical (top) and 30° oblique incidence (bottom), simulated 
magnitudes are Mw 6.5 (left hand side) and Mw 5.2 (right hand side). The edge slope is 10°. 
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Step 5. The synthetics resulting from the convolution are used to assess the displacement response 

spectra along the profile. Figure 26 also shows the response spectra at the selected sites in the basin. 

The relative amplification of response spectra is computed by dividing the convolved synthetics at 

different sites by spectral ordinates of the Mw 5.2 and 6.5 synthetics at rock site (Class A). 

 

Step 6. The edge slope and/or incidence angle are varied, and Steps 3 to 5 are repeated. Table V 

summarizes the different study cases that have been simulated.  

 

Table V. List of simulated cases (SS, N, and –N means strike slip, normal and reverse mechanism, 
respectively). 

 

 

 

 

 

Using the synthetics of six different 2D models and convolving them by Mw 6.5 and 5.2 

displacements according to Table V, we analyzed in detail a total of 12 simulated cases able to 

describe the variability of results for different source and basin geometry. Several implications can 

be inferred from this analysis for the behaviour of ground displacement in the basin at different 

distances from the edge, with particular attention to the effects on long-period spectral ordinates. In 

addition to the results of Figures 25 and 26, further information comes from the spectral ratios of 

Fourier amplitudes between sites in the basin and an external reference site on rock (figures 27 and 

28). These figures show how different is the pattern of spectral content when source position and 

edge geometry change. The locally generated (diffracted) surface waves are dispersed in their 

propagation along the basin (see Figure 25). The details of the synthetic waveforms (see Figure 29) 

show that, because of dispersion, different order modes are well separated in different time 

windows: this separation in the time domain is controlled by slowness-frequency distribution of the 

Rayleigh modes of the model. Excitation of modes changes for different edge geometry and 

incidence angle. 

To describe displacement variations along the basin, we have selected six representative sites. 

When the edge slope is 10°, their distance from the edge is 2.8, 3.8, 4.8, 8.8, 11.8, and 19.8 km 

(Figures 26, 27 and 28); the value 2.8 km corresponds to the distance D where the basin reaches its 

largest depth (500 m). Since quick variations can occur around D, two of the representative sites are 

selected at 1 and 2 km from D. The other sites have been taken to sample the farther part of the 

basin, up to about 20 km. When the edge slope is 45°, D is 0.5 km (see Figure 28). 

Wave Type Slope of the edge (°) Incidence angle (°) Simulated earthquake 
P-SV 45 0 Mw 6.5 
P-SV 45 30 Mw 6.5 
P-SV 10 30 Mw 5.2 (SS, N, -N);  Mw 6.5 
P-SV 10 15 Mw 6.5 
P-SV 10 0 Mw 5.2 (SS, N, -N);  Mw 6.5 
SH 10 0 Mw 6.5 
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Fig. 27 – The Fourier amplitude 
spectra of synthetics in the basin 
are divided by the bedrock input. 
The panel in the left hand side 
represent spectral ratios at 
representative sites, on the right 
side the contouring of 
amplification is shown. The 
simulated cases are SH and P-SV 
for vertical incidence. 

Fig. 28 - The Fourier amplitude 
spectra of synthetics in the basin 
are divided by the bedrock input. 
The panel in the left hand side 
represent spectral ratios at 
representative sites, on the right 
side the contouring of amplification 
is shown. The simulated cases are 
relative to obliquely incident P-SV 
waves and the edge slope is 10° 
(top panels) and 45° (bottom 
panels). The incidence angle (30°) 
has been intentionally taken as 
intermediate between the two slope 
angles. 
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Fig. 29 – Mode excitation of edge-generated surface waves in the 2D basin model (P-SV case, 30° incidence 
angle, 10° edge slope). The dispersion curves obtained through a f-k analysis from synthetics in different 
time windows (indicated in the left-hand side) are compared to the theoretical Rayleigh curves of the model 
(right-hand side). The predominant modes are thus identified. 
 

 

 

In general, the most important features that emerge from the numerical modelling study are:  

 

i) The largest effects of amplification (about a factor of 10) are found for P-SV waves 

favored by the large number of conversions at the layer interfaces. This is evident in 

Figure 27 where amplification of SH waves do not exceed a factor of 4. In the vertical 

incidence for the SH case, the 2D basin response is not significantly different from the 

1D response: the amplification occurs at a fundamental frequency with a number of 

regular higher modes. The typical pattern with sharply peaked frequencies persists along 

the basin for vertical incidence of P-SV waves; however, the excited frequencies differ 

from the SH case, reflecting the difference in resonance modes of Love and Rayleigh 

waves. The amplification pattern in the basin changes completely when plane-wane 

incidence is oblique (Figure 28). In this case, there are not persistent frequency peaks 
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along the basin: P-SV waves diffracted for 30° incidence angle show a strong role of 

constructive and destructive interferences, which produce quick variations of the spectral 

content within small distances along the basin. Amplifications are larger when the edge 

is gently sloping and incidence angle is larger. 

 

ii) At long-period (T > 2 s), the Fourier amplitude spectral ratios do not show significant 

amplification in the basin at distances 0 < d < D. However, amplifications can be large at 

high frequency even for d < D when incidence is vertical (Figure 27). 

 

iii) In terms of displacement response spectra, there is a significant difference in 

amplification as a function of magnitude, mostly at short periods (T < 1 s) and long (T > 

5 s) periods (Figure 26). The result at short periods is controlled by the occurrence of 

high frequency amplification close to the edge. This affects ground displacement at 

smaller magnitudes much more than at larger magnitudes. At long periods, the parameter 

controlling the level of spectral ordinates is peak ground displacement (dmax). As shown 

in the examples of Figure 26, the basin amplification affects dmax much more at smaller 

than at larger magnitude. As a consequence, the asymptotic value of the ratio of the 

displacement response spectra tends to a value close to 1 in the simulation of the Mw 6.5 

earthquake whereas it does not decrease below 5 for Mw 5.2. This reflects the dmax 

amplification by a factor of 5 at Mw 5.2 whereas it is about 1.5 at Mw 6.5 (Figure 26). 

 

iv) The intermediate periods (2-5 s) correspond to the frequency band of the fundamental 

resonance of the basin. In this period range, there is no significant variation between Mw 

5.2 and 6.5 (Figure 26). In contrast, results of different magnitude can vary with 

incidence angle. For oblique incidence, the DRS ratios indicate no amplification at sites 

close to the edge (up to d∼D) whereas a relative amplification up to 8 is reached in the 

middle of the basin. For vertical incidence, an increase of spectral ordinates is observed 

for sites near the edge (d∼D) with a maximum amplification of about 6.  
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Fig. 30 – Effects of sediment amplification on DRS (Mw 6.5, R 50 km). The dashed curve is DRS of the input 
earthquake (at rock); the pinked shaded band is the ±1 s.d. interval of regression for Class A. The thick curve 
is the average DRS computed over the simulated displacement ensamble for different portions of the 2D 
basin (close and far from the edge, left and right hand side, respectively). Thin curves are ±1 s.d. of the 
ensamble average: they fall inside the ±1 s.d. interval of regression (blu shaded band). 
 

 

Figure 30 summarizes the estimate of the spectral ordinate amplification as inferred from 2D 

numerical modelling of the large basin response. It has been assessed through an ensemble average 

over different situations for P-SV simulations (incidence of 0° and 30°, edge of 10° and 45°). The 

average DRS (thick black curves) are computed for different distance intervals (2-5 km and 8-20 km 

from the edge) and their statistical dispersion is compared with the ±1 s.d. interval derived from the 

proposed attenuation relation (deliverable D2) for Class C. Close to the edge (0 < d < 2 D), we find 

a smaller amplification effect than at larger distances. However, the scatter is larger: up to a factor 

of 4 at the resonance period (T1D ~ 3 s) whereas it is less than a factor of 2 at larger distance (d > 2 

D). The variability by a factor of 4 close to the edge is due to the large amplification for vertical 

incidence and the small effect for obliquely incident input (Figure 26). Therefore, the standard 

deviation is large and the averaging yields intermediate values. At larger distances in the basin, the 

dependence of spectral ordinates on incidence angle and edge slope is weaker and standard 

deviation is smaller. However, both at close and farther distances, the dispersion of numerically 

simulated spectral ordinates lies inside the ±1 s.d. interval of the proposed attenuation relation. 
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4. Location and characterization of sedimentary basins in the Italian Peninsula  

(UR3 INGV-MI) 

GIS analyses have been performed using a DEM (Digital Elevation Model) and geological data to 

identify and classify the areas of the Italian Peninsula with potential “basin effects”. Basins with a 

minimum dimension of about 500 m are identified assuming that both the conditions of flat zone 

and soil presence are simultaneously verified. In Figure 31 the flow chart illustrates the adopted 

criteria.  

The DEM has a 7.4” resolution and it has been developed from free data distributed by NASA 

(SRTM) and Geological Survey’s EROS Data Center; the geological map at 1:500.000 scale has 

been made available by Servizio Geologico Nazionale (1978). In addition to a widespread analysis 

at National scale, tests have been performed in selected areas with higher resolution (DEM 3” and 

geological data at 1:100.000) to verify the assumpations and the accuracy of available data.  

 

 
Figure 31 – Flow chart of the basin identification process. 

 

4.1 Classification of the geological map 

The 128 geological formations of the 1:500.000 geological map have been grouped into 3 classes: 

R, S and Bs, with the same criteria adopted in EC8 (CEN, 2003) where ground categories are 

defined using the average shear wave velocity VS30. Table VI shows the correlation between the EC8 

ground classification and the proposed “basin effect” classes: the A group corresponds to the R 

class, the B one to the S class, and the C and D groups concur in the definition of Bs. 

Comparing with a previous classification, proposed within the GNDT (2000 – 2002) Project 

(“Probable earthquakes in Italy from year 2000 to 2030: guidelines for determining priorities in 

seismic risk mitigation”, Amato and Selvaggi coord.), some slight modifications have been 

DEM 

Slope 
evaluation 

Basin 
definition

Geological 
classification Geometric 

considerations 
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introduced herein. In fact, some level ground areas, previously recognized as basins and 

characterized by stiff soil (class B), are no longer detected as basins in this study, as they do not 

satisfy the conditions proposed in our method. Assuming the EC8 classes of Table VI, the former 

classification of the 1:500.000 geological formations was revised. 
 

Table VI. Ground types according to EC8 (CEN, 2003) and adopted classification for basin effects analysis. 

EC8 class Description of stratigraphic profile VS30 [m/s] “basin effect” class 

A Rock or other rock-like geological formation, including at most 5 
m of weaker material at the surface. > 800 R 

B 
Deposits of very dense sand, gravel, or very stiff clay, at least 
several tens of metres in thickness, characterised by a gradual 
increase of mechanical properties with depth. 

360 – 800 S 

C Deep deposits of dense or medium dense sand, gravel or stiff clay 
with thickness from several tens to many hundreds of metres 180 – 360 Bs 

D 
Deposits of loose-to-medium cohesionless soil (with or without 
some soft cohesive layers), or of predominantly soft-to-firm 
cohesive soil. 

< 180 Bs 

E 
A soil profile consisting of a surface alluvium layer with Vs values 
of type C or D and thickness varying between about 5 m and 20 m, 
underlain by stiffer material with Vs > 800 m/s. 

  

 

The main changes concern the formations “Debris, terraced alluvium, fluvio-lacustrine and fluvio-

glacial deposits (Pleistocene)” and “Aeolian deposits (Olocene, Pleistocenici pro-parte) that moved 

from class B to class Bs with VS30 in the range 180 – 360 m/s. 

From a practical point of view, according to the current Italian seismic code, the classes B or C 

produce “comparable” increments of ground shaking parameters. On the other hand, only the class 

Bs concurs in the identification of basins. The proposed modification is not negligible, as illustrated 

in Figure 32. 
 

                  
Figure 32 – Proposed geological classification according to EC8: (left) previous GNDT one and (right) new 
revised version aimed at basin identification for NW Italy. 
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Figure 33 – New classification of the geological 1:500.000 map compatible with the EC8 ground categories. 
Dots are the locations of the sites with measured VS30 values. 
 
Some VS measured profiles have been located to verify the new proposed classification: they came 
from recent investigations collected or carried out within the S3 Project (in the Molise and Gubbio 
areas) or distributed by the Next Generation Attenuation (NGA) Project 
(http://peer.berkeley.edu/nga, 29 sites). The locations of the soil profiles are shown in Figure 33. 
The data for the Codroipo (VS30 = 274.50 m/s) and Buia (VS30 = 338.60 m/s) sites confirm the 
assumptions of the two re-classified formations.. 
 

4.2 Basin classification  

An initial operational classification is proposed depending on the shape of the basin and the angle 

of the adjacent slopes. On the basis of these criteria, the following different types of basin have 

been identified (see Figure 34):  

• Alpine basins, with a long and narrow shape. The ratio between length and width is typically 

3, and the slope, in the closest 500 m around the basin, ranges between 15° - 20° degree. 

• Apennine basins, having more regular shape and length/width ratio ranging between 1 and 3. 

The slopes of the 500 m area buffer are about 5° degree (if the basin is symmetrical) or 

varying between 5° and 10° (if asymmetrical). 
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Figure 34 – Morphological classification of the basin (on the left) and slope maps (degree) for the Alpine 
region (top) and Central Italy (bottom). 
 

• Complex basins, resulting from the aggregation of adjacent basins. Some of them are close 

(surrounded by slopes), others are open like the coastal ones. The latter are generally narrow 

(in the perpendicular direction to the shore) on the East side (Adriatic sea), while on the West 

side, facing the Tyrrhenian sea, they are larger. Open basins are examined in the previous 

chapter. 

It is noteworthy that flat areas are not constrained by a null slope value (=0): the discriminating 

value is small and varying from zone to zone. For instance, in Alpine regions, with a 7.4” DEM, the 

flat areas are characterized by slope angle in the range 0° - 5° (and even 0° - 10°); lower values are 

instead found for the Apennine zone. This geographical influence is shown also in Wald and Allen 

(2007), even if their slope values are hardly comparable with those herein illustrated, because of the 

different scale of analysis. 

 

4.2.1 Features of Alpine basins 

The Alpine basins have been thoroughly investigated. Geometrical and morphological analysis 

allows distinction into three main groups. The first group includes large valleys, with relative low 

angle of the adjacent slopes; due to their long extension, the transversal dimension can not be 

assumed invariable, but it changes according to the different geological formation. Usually they are 
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locally densely populated. The other two groups of valleys are characterized by medium to high 

values of slope angles: their extension is more restricted and their shape is more regular. Figure 35 

shows the classification for the Central Alps; flat areas not related to any soil class (such as lakes) 

are also shown in the map and they represent about 15% of the total identified valleys. 

 

 
Figure 35 – Alpine basins classification according to geometrical parameters (dimensions) and slope 

 

 

Table VII. Alpine valley classification, according to parametric analysis 
Description # A/P * Lmax/Lmin * 
Typical Alpine valley, narrow and 
steeply sloping 

28 377 
[253, 808] 

9.6 
[1.2, 32] 

Valley with medium to high angle of 
encircled slop  

107 439 
[183, 906] 

8.5 
1.2, 71] 

Big valley with low-angle slopes  23 706 
[345, 1220] 

24 
[1.4, 207] 

Soil, not flat area 27 309 
[155, 459] 

4.9 
[1.4, 16.7] 

(*) average values and [range] 

 

 

Table VII shows the number of polygons (valleys) for each class, the ratio between the area (A) and 

the perimeter (P) and the ratio between the average length (Lmax) and the average width (Lmin). A 

correlation between the morphological indicators (A/P and Lmax/Lmin) and the steepness of the 

slope can be found: A/P increases as the slope decreases, while Lmax/Lmin tends to decrease. 
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4.3 Definition of basins with amplifying potential  

According to Chávez-García and Faccioli (2000) (Figure 36) the basins susceptible of significant 

amplification are those having a realistic sediment/bedrock velocity contrast, typically < 5, and a 

shape ratio h/a ≤ 0.25 ÷ 0.3 (where a is the valley half-width, and h its maximum depth). 

 

 

   
Figure 36 – From Chávez-García & Faccioli (2000): the red and blue lines are the limits of the adopted shape 
ratio. The green dot is the case of the Gubbio plain (from Project S3, personal communication). 

 
 

The fundamental 1D period of resonance of the valley can be estiated as:  

T01D = 4h/VS  

where Vs is the average shear velocity of the sediments. Introducing the shape ratio condition 

(h/a≤0.25), the previous equation gives: 

L ≥ 2 ·T01D · VS 

where L=2a is the minimum width of the valley. 

Fixing Vs (e.g. with typical sediment values of 400 - 700 m/s), the valley width depends only on 

T01D. Thus, this parameter characterizes each basin. When T01D exceeds the higher limit of the 

plateau of the proposed spectral amplification envelopes (Figure 37, from deliverable D2), T2, the 

basin is susceptible of high amplifications, not predictable by the recommended factor F(VS30).  

The characteristic width, calculated on the basis of average VS and T2 values, is shown in Table 

VIII: when basins or valleys have larger width than shown in the Table, they may generate 

amplifications that significantly exceed the values predicted by attenuation relationships (accounted 

for the F(VS30) factor), as it happened in the Gubbio Plain (see Par. 2.2).  
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Figure 37 – Envelopes of spectral amplification F(T;VS30) for ground types B (pink shaded band), C-E (green 
band), and D (light blue band). The lower and upper bounds of each band correspond to the highest and 
lowest VS30 values, respectively, for each ground class (from Deliverable D2). 
 

Table VIII. Estimated minimum width values of interest of a valley, as a function of VS and T2. 
Lmin  [m] 

VS   [m/s] 
T2_C = 0.7 s T2_D = 0.7-1.2 s 

400 560 560 – 960 
500 700 700 – 1200 
700 980 980 - 1680 

 

Table IX – Alpine valleys: examples of estimation of h/a and T01D. 
 a [m] h [m] h/a VS  [m/s] T01D = 4h/VS  [s] 
Val di Sole 550-1250 160 0.29-0.128 930 0.689 
Bovec 1.000 566 0.566 1200 1.88 
Pellice B 250-500 100 0.4 -0.2 940 0.42 
Pellice A 500 190 0.38 1100 0.69 
Sismovalp M0 2050 450 0.218 600 3 
Val Argentina 725 300 0.414   

 

 

Table VIII shows as a minimum width the value of 500 m, which is compatible with the adopted 

scale of the GIS analysis. 

For Alpine valleys, detailed data have been collected (Table IX) to validate the proposed 

assumptions. Estimating an accurate value for the width or the depth of the valley is in most cases 

quite hard and sometimes arbitrary. Thus, the shape ratio (a/h) and especially the T01D values are 

affected by large uncertainties. Alpine valleys, narrow shaped and deep, may not satisfy the 

condition of shape ratio < 0.3. 

The basins have been taken all over the Italian Peninsula. Figure 37 shows an example of detection 

in Central Italy. Maps for all Italy and the coverage (Esri shape file) of the identified basins are 
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available on site: http://progettos5.stru.polimi.it/ 

The resolution level of the analysis suggests that this kind of information has to be used at regional 

scale, indicating areas where investigation can be improved. Figure 39 shows the discrepancies 

between data at 1:500.000 and 1:100.000 scale: shaded areas on the right correspond to the basin 

identification at large scale, and they do not match the geological information at smaller scale: 

borders of the “soil” formations have to be estimated again. At local municipalities scale, data with 

better resolution have to be used and geological investigations are strongly recommended to 

constrain the geometrical parameters that control the seismic response of alluvium basins. 

 

 

Figure 38 – Alluvium filled valleys and basins identified in Central Italy. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 39 – Basin identification at 1:500.000 (left) and 1:100.000 (right) scales. 
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