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Method (Twardzik et al., 2014, enhanced )

Outline
We perform dynamic finite-extent source
inversion to study the source processes of the
earthquake that occurred close to Amatrice,
Italy, in August 2016. The event had a moment
magnitudes of 6.2 and resulted in more than
300 fatalities. The distribution and evolution of
slip calculated from physical parameters
(stress drop, frictional properties) obtained
from the dynamic inversion are compared with
results of kinematic inversions. To estimate
model uncertainties, the parallel tempering
method is employed.

Questions
ź What are the dynamic parameters controlling

the rupture and its propagation?
ź What parameters can be uniquely
constrained? Are there interesting trade-oﬀs?
ź How does the optimal model from the
dynamic inversion compare with a kinematic
one?

ź We assume the linear slip-weakening friction law.
ź We use the 3D fourth-order staggered-grid ﬁnite-diﬀerence code by

Madariaga et al. (1998) to obtain rupture history on the fault.
ź Synthetic seismograms are calculated using the slip-rate histories
and full wave-ﬁeld Green’s functions obtained by Axitra (Cotton and
Coutant,1997) considering a 1-D layered isotropic velocity model.
ź We use data from the 19 nearest stations around the hypocenter,
ﬁltered by fourth-order causal Butterworth ﬁlter in range of 0.05 Hz
– 0.5 Hz.
ź We use the Neighbourhood algorithm by Sambridge (1999) to
search through the parameter space and ﬁnd plausible models in
terms of the L2 norm between observed and synthetic data.
ź To estimate the uncertainties around the best found model, we use
the parallel tempering algorithm with random walk to sample a
2
posterior pdf of the forem p(M)=k exp(-0.5∙S(M)/σ ), where k is a
normalizing constant, M is a 13-dimensional vector of model
parameters (see Table 1), S(M) its L2 misﬁt and σ = 3.5 cm. The
parameter space is assumed to be Cartesian and a homogeneous
prior distribution is used.
ź The initial stress is constant outside a single ellipse (whose
geometry is inverted for) and is assumed to vary with position x as
2
T0 exp(-β(N(x)) ) inside the ellipse (β is one of the inverted
parameters and N(x) is an elliptic distance from the ellipse’s
center). The yield stress is very high outside the ellipse (the barrier
model).
ź The slip is started from a ﬁnite circular nucleation zone.
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Figure 1: The linear
slip-weakening friction
law
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Figure 2: Geographical distribution of the stations
whose data were used for the dynamic inversion.
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Figure 6: Histogram of the parameters sampled with the parallel
tempering algorithm (with total area normalized to 1). The green line
shows the mean, the red lines are one standard deviation (std) away
from the mean. The bottom right panel shows the distribution of
variance reduction. The total number of samples is 47 000.

Figure 3: Slip and slip rates for best-ﬁtting models
obtained by the Nearest Neighbour dynamic inversion
(top) and a kinematic inversion (Pizzi et al. 2017)
(bottom)

a (length of the semi-major axis)

13.9 km

b (length of the semi-minor axis)

4.1 km

Angle of the semi-major axis

1°

rd (relative elliptic distance from the ellipse’s center to
the hypocenter). On the ellipse itself, rd=1.

0.17 (2.4 km)

ra (rotation of the ellipse’s center with respect to the
hypocenter)

7°

Hypocenter location along strike

20.9 km

Tu (upper yield stress)
Ra (radius of the nucleation zone)
α (The ratio between prestress and Tu in the nucl. zone)

S=(Tu-T0)/T0
DC (characteristic slip-weakening distance)
β (the higher the value of β, the faster the decay of T0 from the ellipse’s
center. T0 = const inside the ellipse for β=0).
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Figure 8: Synthetic seismograms calculated
for models with VR between 0.58 and 0.62.
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Figure 4: The evolution of rupture of the
best ﬁtting dynamic (left) and kinematic
(right) models.
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Outlooks
ź More soﬁsticated ways of ﬁnding and

Figure 7: The ellipses and nucleation zones corresponding to models with
variance reduction between 0.58 and 0.62 (i.e. the maximal one found).
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Table 1: The parameters for the dynamic model
35 s
with the highest value of variance reduction
Figure 5: Comparison of the observed (black) and
(0.62). The model produces a (slip-weighted)
stress drop of 2.5 MPa and a moment magnitude synthetic seismograms from the dynamic (red)
and kinematic (green) inversions.
of 6.1.

sampling the posterior pdf: finding an
appropriate metric for the parameter
space, estimating the modelling error,
using a heterogeneous prior distribution
ź Inversion for the other large earthquakes
of the 2016 Amatrice sequence.
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Figure 9: Two dimensional histograms
of chosen parameters (the higher the
density, the darker the color). p is the
value of the Pearson correlation
coeﬃcient. We note that bilinear
interpolation was used, the original
number of boxes was 15x15 for each
histogram.
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