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The ANR project SASHA relies on the strong collaboration between three 
SNOs: RAP (strong-motion data), ISDeform (processing of space radar 
imagery for ground deformation measurements) and BCSF-Rénass 
(seismicity, macroseismic intensities and ShakeMaps in France). 

Interpreted map of the outliers

By excluding extreme values from the correlations with Hbed and T0 that 
we interpret as outliers, we improve the R2 value. We explore the origins of 
those potential outliers. Their location in the Grenoble basin is not 
aleatory and they tend to group into clusters.

Possible origins for the outliers (labels on the map below):
1. Location close to the edges of the basin.
2. Area with heavy buildings [6].
3. Irregular or complex bedrock geometry at depth.
4. Area corresponding to strong and variable gravimetric anomalies [4].
5. The distance between the site-effect parameter and the closest InSAR 
point is too large (> 200 m).

Improving the correlations 
We apply a spatial 
averaging 
(smoothing) of the
subsidence rates at 
different wavelengths 
to mitigate the 
effects of isolated 
extreme values. A 
particular length (870 
m) allows to reach a 
R2 maximum in all 
tested correlations.

Correlation with subsidence rates 
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The misfits between the amplification factors 
obtained with this method and from the 
bedrock depth model are shown on the right. 
The largest misfits are located on the 
edges of the basin, where the depth of 
the basin is less well constrained.

The amplification factors are available only 
at 7 RAP stations (black triangles on the 
right), using the standard spectral ratios (SSR) 
from an earthquake and ground-motion 
catalog [5]. To estimate the amplification in 
all of the Grenoble basin, we use the 
observed link between the 
amplifications at low frequency and 
the bedrock depths at the stations to 
extrapolate these values. The subsidence 
rate is used to retrieve the bedrock depth at 
a fine spatial scale, using the correlation 
found, hence we finaly map at high resolution 
the amplification factor (see right).

We investigate the correlation between the 
subsidence rates of the sediments and 5 
parameters of the site response: VS10, f0, 
T0, log10(f0) and Hbed [2, 3, 4]. The best 
linear fits are obtained with the bedrock 
depth (R²=0.67) and the resonance period 
(R²=0.53) (shown below).
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Outliers 
values of the 
correlations 
(red circled 
dots above) 
are mapped 
in the basin 
with some 
possible 
origins 
(right).

Abstract: In the urbanized valley of Grenoble, a well-known sedimentary basin prone to complex 3D site amplifications of seismic waves, multiple geophysical and 
seismological data from previous temporary campaigns and from permanent networks are gathered to characterize the basin response to earthquakes. Our goal is to find 
physical correlations between the parameters available at the highest spatial resolutions and the seismic response that is recorded by seismological stations only at a few 
sparse points in the basin. If such correlations exist, it would allow us to map the seismic response at a finer spatial scale [1]. We process InSAR data to retrieve the subsidence 
rate of the sediments at millimetric precision and at 354291 points in the basin. We then test multiple correlations between the subsidence rates and all the available site-
effect parameters (as for example the depth of the bedrock below the sediments and the fundamental resonance period), in order to determine a model of aggravation of 
the ground motion based on the subsidence rates. The obtained model can be applied at a fine spatial scale to predict the Grenoble basin response to earthquakes in high 
resolution. The modeled response can in turn be used as an input to the ShakeMaps, or to predict earthquake-damage potential at building scale.

3:EOST, Strasbourg, France2:ITES, Strasbourg, France1:ISTerre, Grenoble, France

Valentin Schindelholz1, Aya Cheaib1, Emeline Maufroy1, Cécile Cornou1, Erwan Pathier1, Antoine Schlupp2, Léna Pellorce3, 
Véronique Mendel3, Marc Grunberg3 

Combined InSAR-geophysical-seismological data for high-resolution site-
effect modeling and ShakeMap generation, case study of Grenoble, France

Contact: schindev@univ-grenoble-alpes.fr

Grant n°ANR-22-CE04-0013


