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Context and objectives

Noise-based es�ma�on of local seismic amplifica�on in an
industrialized area of the French Rhone Valley
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CONTEXT
Shallow sedimentary layers have a strong impact on seismic mo�on. These so-called site effects may 
be responsible for drama�c ground mo�on amplifica�on and increase the dura�on of shaking when 
an earthquake occurs. The quan�fica�on of such amplifica�on effects for specific sites might be 
challenging to carry out in low-to-moderate seismicity regions where moderate to large earthquakes 
have long return periods. Therefore, methods based on background ambient noise might be of great 
interest for these areas. In this study, we inves�gate the poten�al of ambient noise in ground mo�on 
amplifica�on assessment through SSRn (noise-based Standard Spectral Ra�o) and SSRh (hybrid 
Standard Spectral Ra�o, Perron et al., 2018) computa�on.
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 590 0 295DATA AND ACQUISITION
We con�nuously recorded ambient noise from February to March 2020 on a 400-sensor 
seismic array covering an area of about 10 x 10 km in the Tricas�n industrial region (French 
Rhone Valley) where cri�cal facili�es are located. This area is located on a very elongated 
valley, filled with Pliocene sediments (sands and clays), that was dug during the Messinian 
Salinity Crisis in Cretaceous sandstones and limestones. The strong lithological contrast 
between the sedimentary filling and the bedrock, as well as the valley's incised geometry, is 
prone to generate strong and complicated site effects.

Fig. 1 shows at each sensor, the median over the FAS computed on the base of 10 min long 
segments, averaging between different frequency bands, for the East-West component. At 
low frequency (a), the noise amplitude is well correlated to the geology, with higher 
amplitudes on top of the sedimentary filling and deep parts of the valley. For higher
frequencies (b), the ambient noise contains the signature of the main local 
anthropic sources. Taking nigh�me recordings helps mi�ga�ng their 
influence on the West and center part of the array, but not on the 
East part where they are permanent.  
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PROPOSED WORKFLOW RESULTS

CONCLUSION AND PERSPECTIVES
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Fig. 1 : (a) Average noise amplitude between 0.25 and 0.75 Hz at each sensor for the East-West component.  
  (b) Same as (a) for different frequency bands and separa�ng day�me and nigh�me recordings.

Array characterisi�cs
 Sensors : all-in-one 3-components Geospace GSX nodes
 Intersta�on distance : ~800 m, ~250 m in the very dense part 
 6 nodes outside the 10 km x 10 km area

ROUVIERE FAULT
(LE TEIL)

Fig. 2 : (a) and (b) FAS rela�ve density for respec�vely 10 min and 1 min long 
�me windows. (c) Mean devia�on from the FAS median depending on the �me 
window and the frequency. (d) Comparison between all the 1 min long FAS (in 
green) and the FAS selected by the DBSCAN clustering algorithm (in grey). 

Fig. 5 : (a), (b) and (c) Wavefront crossing the array at respec�vely 8.56 sec, 11.28 sec and 15.68 sec for the TT component. The wavefront is 
generated by noise cross-correla�on between all sensors and a sensor located on the Rouvière fault, playing the role of a distant virtual source.
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�me windows. (c) Mean devia�on from the FAS median depending on the �me 
window and the frequency. (d) Comparison between all the 1 min long FAS (in 
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Fig. 5 : (a), (b) and (c) Wavefront crossing the array at respec�vely 8.56 sec, 11.28 sec and 15.68 sec for the TT component. The wavefront is 
generated by noise cross-correla�on between all sensors and a sensor located on the Rouvière fault, playing the role of a distant virtual source.
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Model 4: Fully heterogeneous tomography 
(ANSWT, Sisprobe/EGIS).

Models Wavefield snapshots 
(free surface)

• Software: EFISPEC (De Martin, 2011), spectral-element method (SEM), visco-elastic scheme. 
• Seismic properties: VS from ANSWT (~500-3000 m/s), VP from time-depth calibration of active 

seismic sections vs. borehole data (~2000-4500 m/s), density derived from VP (Gardner et al., 
1974), QS estimated by Q-SPAC analysis (~60-220), QP derived from QS. 

• Simulations: vertically-incident SH planewave with N-S polarization (PWY), fmax = 5 Hz. 
• Amplification: computed wrt theoretical free-surface response over a homogeneous halfspace.

Model 1: Two homogeneous units (low-velocity 
canyon sediments vs. high-velocity limestone 
bedrock), derived from the interpretation of 
active seismic profiles (Bagayoko, 2021).

Numerical simulations (1) : Two end-member models

(Pour la Science, june 2021)

EFFET DE SITE AU TRICASTIN
Le site du Tricastin repose sur un ancien canyon où 
se sont déposés plusieurs centaines de mètres de 
sable et d’argile. Une onde sismique qui pénètre dans 
ces sédiments y reste piégée : les mouvements qu’elle 
provoque s’en trouvent amplifiés et durent plus long-
temps. On le voit ici sur des sismogrammes enregistrés 
le 30 octobre 2016 par les instruments installés au 
Tricastin : ces ondes ont été émises par un séisme de 
magnitude 6,5 survenu à Norcia, en Italie, à environ 700 kilo-
mètres de là. Les mouvements horizontaux mesurés à 

 sont beaucoup plus importants que 
. Sur ces signaux, dont les fré-

quences sont comprises entre 0,4 et 10 hertz, les amplitudes des 
mouvements sont jusqu’à 6 fois plus grandes.

0

Onde sismiqueIncident seismic wave

• Context: DARE project (Dense ARray for seismic site effect Estimation), 
PIs: Bérénice Froment (IRSN, France), Matthias Ohrnberger (Univ. Potsdam, Germany). 

• Objectives: assess the potential of using ambient noise to estimate seismic 
 site effects in low-seismicity areas via empirical and numerical approaches. 

• Case study: Tricastin basin (Rhône valley, South of France), 
located above a paleo-canyon created during the Messinian salinity crisis 
and host of a nuclear plant (Tricastin Nuclear Site, TNS). 

Data and models
Construction of 3D seismic models based on data from: 
• Two seismic arrays (Pilz et al., 2021; Froment et al., 2022, 2023) 

• 400 3C nodes over 1 month: seismic noise recordings 
   —> 1D VS and QS profiles via Q-SPAC analysis 
   —> 3D VS model via ambient noise surface wave tomography (ANSWT) 

• 50 broadband stations over 6 months: earthquake recordings 
   —> computation of Standard Spectral Ratios (SSR) 

• Active seismic profiles 
   —> interpretation of geological horizons (Do Couto et al., in rev.) 

• Geotechnical surveys (Moiriat, 2019) 
   —> VP, VS, and density in the first 30 meters

Noise-based estimation of local seismic amplification in an industrialized area of the 
French Rhone Valley

L. Gisselbrecht, B. Froment, P. Boué, F. Lavoué, E.M. Cushing, C. Gélis, S. Beauprêtre, G. Bouzat, E. Chaljub, F. Cotton, A. Haendel, K. Hannemann, 
L. Hillmann, O. Magnin, L. Métral, A. Mordret, M. Ohrnberger, M. Pilz, L. Stehly, A. Tourette, C. Zhu

2. Ambient noise recordings on a 400-sensor seismic array

3. Clustering method to select the FAS 

4. Noise cross-correlation as a possible way of assessing local amplification

1. Context

Aim of the study : investigate the potential of ambient noise in ground
motion amplification assessment

2. We continuously recorded ambient noise on a 400-sensor seismic array
in the Tricastin’s Valley (prone to generate strong site effects)

3. We introduced an approach to mitigate the influence of strong local
sources in amplification assessment

4. We will apply noise cross-correlation method to try to improve
amplification results and estimate the lengthening of the signal duration

François Lavoué1,2,*, Céline Gélis1, Emmanuel Chaljub2, Florent De Martin3, 
Loïc Gisselbrecht1,2, Laurent Stehly2, Pierre Boué2, Marco Pilz4, Sophie Beauprêtre5, 
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Numerical simulations for site effect estimation in a complex sedimentary basin:  
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(seismic interpretation) (ANSWT)

Background color: ANSWT model based on Rayleigh and Love fundamental modes between 0.2 and 6 Hz.

Colored lines: geological horizons interpreted on active seismic sections, including the Messinian Erosion Surface (MES).
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Fig. 1: Comparison of ANSWT model and geological horizons interpreted from an active seismic profile.

Fig. 3: VS and QS values inferred 
from Q-SPAC analysis (blue dots). 
These values are used to derive a 
site-specific relationship between 
Vs and Qs (black curve).

Fig. 2: 3D VS model obtained by ANSWT, 
depicting the large-scale geometry of 

the paleo-canyon.
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Future workConclusions
• In blocky models (1,2,3), derived from seismic interpretation, waves are trapped in a well-delimited 

basin, resulting in a broadband amplification due to 3D propagation effects (esp. laterally-propagating 
surface waves generated at basin edges) that well explains the observations in the center of the basin. 

• However, if over-simplified (homogeneous properties or missing units), these blocky models hardly 
reproduce the observations in other parts. In particular, it is important to distinguish the hard Urgonian 
bedrock from lower-velocity Cretaceous units within the substratum embedding the sedimentary basin. 

• In contrast, Model 4, derived from ANSWT, produces a pseudo-1D amplification within the basin with less 
pronounced 3D effects, mostly due to a lack of lateral basin boundaries. 

• On the other hand, this tomographic model seems effective in characterizing the deep subsurface 
velocity structure, including in complex areas where intermediate Cretaceous units are present.

• Design a new ANSWT model specifically for numerical 
site effect estimation (sharper basin edges: need for 
prior information in the tomographic process). 

• Take shallow Quaternary alluvions into account (< 20 m, 
expected effect above 2 Hz). 

• Systematically study the sensitivity of the site response 
to model parameters (geometry of units and interfaces, 
seismic properties), and to seismic sources (location, 
mechanisms).
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We con�nuously recorded ambient noise from February to March 2020 on a 400-sensor 
seismic array covering an area of about 10 x 10 km in the Tricas�n industrial region (French 
Rhone Valley) where cri�cal facili�es are located. This area is located on a very elongated 
valley, filled with Pliocene sediments (sands and clays), that was dug during the Messinian 
Salinity Crisis in Cretaceous sandstones and limestones. The strong lithological contrast 
between the sedimentary filling and the bedrock, as well as the valley's incised geometry, is 
prone to generate strong and complicated site effects.

Fig. 1 shows at each sensor, the median over the FAS computed on the base of 10 min long 
segments, averaging between different frequency bands, for the East-West component. At 
low frequency (a), the noise amplitude is well correlated to the geology, with higher 
amplitudes on top of the sedimentary filling and deep parts of the valley. For higher
frequencies (b), the ambient noise contains the signature of the main local 
anthropic sources. Taking nigh�me recordings helps mi�ga�ng their 
influence on the West and center part of the array, but not on the 
East part where they are permanent.  
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Fig. 1 : (a) Average noise amplitude between 0.25 and 0.75 Hz at each sensor for the East-West component.  
  (b) Same as (a) for different frequency bands and separa�ng day�me and nigh�me recordings.

Array characterisi�cs
 Sensors : all-in-one 3-components Geospace GSX nodes
 Intersta�on distance : ~800 m, ~250 m in the very dense part 
 6 nodes outside the 10 km x 10 km area
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Fig. 2 : (a) and (b) FAS rela�ve density for respec�vely 10 min and 1 min long 
�me windows. (c) Mean devia�on from the FAS median depending on the �me 
window and the frequency. (d) Comparison between all the 1 min long FAS (in 
green) and the FAS selected by the DBSCAN clustering algorithm (in grey). 

Fig. 5 : (a), (b) and (c) Wavefront crossing the array at respec�vely 8.56 sec, 11.28 sec and 15.68 sec for the TT component. The wavefront is 
generated by noise cross-correla�on between all sensors and a sensor located on the Rouvière fault, playing the role of a distant virtual source.
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CONTEXT
Shallow sedimentary layers have a strong impact on seismic mo�on. These so-called site effects may 
be responsible for drama�c ground mo�on amplifica�on and increase the dura�on of shaking when 
an earthquake occurs. The quan�fica�on of such amplifica�on effects for specific sites might be 
challenging to carry out in low-to-moderate seismicity regions where moderate to large earthquakes 
have long return periods. Therefore, methods based on background ambient noise might be of great 
interest for these areas. In this study, we inves�gate the poten�al of ambient noise in ground mo�on 
amplifica�on assessment through SSRn (noise-based Standard Spectral Ra�o) and SSRh (hybrid 
Standard Spectral Ra�o, Perron et al., 2018) computa�on.

4.604 4.629 4.654 4.679 4.704 4.729 4.754 4.779
LON [°E]

44.296

44.314

44.332

44.350

44.368

44.386

44.404

LA
T 

[°
N

]

PIERRELATTE

BOLLENE

Daytime Nighttime(b)(a)

< 2.5-3 >

< 5.5-6 >

< 8.5-9 >

< 11.5-12 >

Frequency [Hz]

< 0.25-0.75 > Hz

−68 −56 −52−64 −60
10*log10(FA) [m/s] Depth [m]

TNS

N
ADHE

BOLL

PAUL

N7
Legend

Roads :
Departmental

National

Dam

TNS zone

Waterway

Railroads

Highway

10 km

 590 0 295DATA AND ACQUISITION
We con�nuously recorded ambient noise from February to March 2020 on a 400-sensor 
seismic array covering an area of about 10 x 10 km in the Tricas�n industrial region (French 
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valley, filled with Pliocene sediments (sands and clays), that was dug during the Messinian 
Salinity Crisis in Cretaceous sandstones and limestones. The strong lithological contrast 
between the sedimentary filling and the bedrock, as well as the valley's incised geometry, is 
prone to generate strong and complicated site effects.

Fig. 1 shows at each sensor, the median over the FAS computed on the base of 10 min long 
segments, averaging between different frequency bands, for the East-West component. At 
low frequency (a), the noise amplitude is well correlated to the geology, with higher 
amplitudes on top of the sedimentary filling and deep parts of the valley. For higher
frequencies (b), the ambient noise contains the signature of the main local 
anthropic sources. Taking nigh�me recordings helps mi�ga�ng their 
influence on the West and center part of the array, but not on the 
East part where they are permanent.  
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Fig. 1 : (a) Average noise amplitude between 0.25 and 0.75 Hz at each sensor for the East-West component.  
  (b) Same as (a) for different frequency bands and separa�ng day�me and nigh�me recordings.

Array characterisi�cs
 Sensors : all-in-one 3-components Geospace GSX nodes
 Intersta�on distance : ~800 m, ~250 m in the very dense part 
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Fig. 2 : (a) and (b) FAS rela�ve density for respec�vely 10 min and 1 min long 
�me windows. (c) Mean devia�on from the FAS median depending on the �me 
window and the frequency. (d) Comparison between all the 1 min long FAS (in 
green) and the FAS selected by the DBSCAN clustering algorithm (in grey). 

Fig. 5 : (a), (b) and (c) Wavefront crossing the array at respec�vely 8.56 sec, 11.28 sec and 15.68 sec for the TT component. The wavefront is 
generated by noise cross-correla�on between all sensors and a sensor located on the Rouvière fault, playing the role of a distant virtual source.
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Numerical simulations (2) : Comparison of 4 models of increasing complexity

Numerical simulations for site effect estimation in a complex sedimentary basin

F. Lavoué*, C. Gélis, E. Chaljub, F. De Martin, L. Gisselbrecht, L. Stehly, P. Boué, 
M. Pilz, S. Beauprêtre, N. Bagayoko, D. Do Couto, E. M. Cushing, D. Moiriat, B. Froment

Model 1 
2 homogeneous units 

(Pliocene sediments / Urgonian bedrock) 
VS = 900 / 3000 m/s 
VP = 2200 / 5200 m/s 
 = 2100 / 2600 kg/m3 

QS = 80 - 330 
QP = 315 - 750

ρ

Model 2 
2 units with gradients of properties 

(Pliocene sediments / Urgonian bedrock) 
VS = 500 - 1100 / 1600 - 3100 m/s 
VP = 2000 - 2400 / 3000 - 5300 m/s 
 = 2075 - 2160 / 2280 - 2650 kg/m3 

QS = 20 - 110 / 170 - 340 
QP = 260 - 370 / 425 - 760

ρ

Model 3 
3 units with gradients of properties 
(Plio. seds. / Cretaceous / Urgonian) 
VS = 500 - 1000 / 800 - 2300 / 800 - 3150 m/s 

VP = 2000 - 2300 / 2200 - 4000 / 2200 - 5500 m/s 
 = 2070 - 2150 / 2100 - 2500 / 2100 - 2650 kg/m3 

QS = 30 - 90 / 65 - 260 / 65 - 350 
QP = 345 - 365 /360 - 590 / 360 - 790

ρ

Model 4 
ANSWT model 

VS = 500 - 3100 m/s 
VP = 2000 - 5300 m/s 
 = 2075 - 2650 kg/m3 

QS = 20 - 340 
QP = 260 - 760

ρ

* francois.lavoue@univ-grenoble-alpes.fr

Seismic amplification vs. subsurface geology: 
a few examples

Western margin (A6): the ANSWT model 
does not represent well the Urgonian 

outcrops (hard rock sites).

Central basin (D4, E1): high level of 
broadband amplification, better explained 

by blocky models ; smaller effect of 
intermediate Cretaceous units.

Lapalud island (A0, D0): amplification largely 
controlled by intermediate Cretaceous units. 

(rather well represented in the ANSWT model)

Eastern margin (G3): amplification largely 
controlled by intermediate Cretaceous units. 

(rather well represented in the ANSWT model)

Shallow basin (B3): pseudo-1D response? 
(rather well represented in the ANSWT model)
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