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Abstract The calculation of spatial derivatives of the lithosphere surface velocity field
has become a routine task in geosciences. It provides a continuous description of strain rates
characteristics (dilation, rotation, strain rate intensity, etc) and facilitates the comparison between
observed strain and theoretical strain computed from rigid or viscous lithospheric deformation models.
However, this derivation is highly non-unique and standard methods may fail at correctly computing
the strain rate tensor. This is especially the case in regions with strong spatial heterogeneities in
strain rates like the Balkans, significantly limiting the understanding of their geodynamics. We
tackle this issue in the peri-Adriatic and western Aegean region, using the bayesian transdimensional
approach implemented in the B-Strain code, successfully applied in California. We show that our
results, providing reliable probabilistic estimates of strain rates all over the region, are less prone to
interpolation artifact than those produced from standard techniques, opening new perspectives for
modeling and understanding the forces at play in this seismically active region of Europe.

1 Introduction
The tectonics of the Eastern Mediterranean is dominated
by the convergence between the Eurasian, Nubian
and Anatolian plates (Figure 1) and characterized
by the highest seismic hazard in Europe. Some of
the boundaries between the colliding plates are well
defined, such as the Hellenic subduction zone (where
Nubia/Anatolia converge at a rate of ∼4 cm/yr; Floyd
et al., 2010; Nocquet, 2012) or the North Anatolian Fault
(NAF, accommodating the Eurasia/Anatolia relative
motion at a rate of 2.5 cm/yr; Nocquet, 2012), associated
with clear seismic style (thrusting and dextral slip,
respectively, Figure 1). In contrast, the junction between
Nubia and Eurasia near the northwestern end of the
Hellenic subduction trench remains poorly documented,
while the connection zone between the western end of
the NAF and normal faults in the Corinth Gulf appears
broad with more distributed deformation (Armijo et al.,
1996; Jolivet et al., 2013). GNSS measurements carried
out in the last decades over the Italian Peninsula show
that the Adriatic promontory has a slightly different
motion from that of the Nubian plate. It is well described
by the motion of two rigid blocks, Adria and Apulia
(which boundaries remain unclear, Ap and Ad in Figure

∗� marianne.metois@univ-lyon1.fr

1a), pushing as indenters into the Alps and the Dinarides
with a velocity of 2 to 4 mm/yr towards the north-east
(D’Agostino et al., 2008; Serpelloni et al., 2005; Nocquet,
2012).

The Balkan region located between the Alps and the
highly straining Aegean domain has long been considered
a stable part of the Eurasian plate (e.g. Jolivet et al.,
2013), experiencing negligible straining. As a result,
most rigid block models proposed to explain GNSS
surface velocities encompass the inner Balkans, north of
the Rhodopes and Hellenides ranges (R and H in Figure
1a), within a single large and stable Eurasian block
(Reilinger et al., 2010; Floyd et al., 2010; Vernant et al.,
2014; Briole et al., 2021; Ergintav et al., 2023). However,
recent GNSS measurements published by Metois et al.
(2015); d’Agostino et al. (2020); Piña-Valdés et al.
(2022); Serpelloni et al. (2022) show that the entire
peninsula is subject to significant deformation. Non-zero
and spatially varying horizontal velocities can indeed
be resolved resulting in a clockwise rotation towards
the Aegean domain, extending up to central Serbia (see
Figure 1b in an Eurasia-fixed reference frame). In this
context, Albania appears as a NS-trending shear zone
acting as the pivot region of this rotation, affecting the
Dinarides to the north, the Albanides (both separated

82 | https://doi.org/10.55575/tektonika2025.3.1.99 TEKTONIKA | volume 3.1 | 2025

https://orcid.org/0000-0002-1489-0513
https://orcid.org/0000-0002-0582-0775
https://orcid.org/0009-0006-6690-2244
https://orcid.org/0000-0002-9151-196X
https://orcid.org/0000-0002-7393-6112
https://doi.org/10.55575/tektonika2025.3.1.99


TEKTONIKA | RESEARCH ARTICLE | Métois et al., Bayesian Estimation of Surface Strain Rates from GNSS Velocities

Figure 1 – Seismotectonic context of the studied
Balkans and Aegean region. a - Tectonic context:
active faults from the European Fault-Source Model
EFSM20 project (Basili et al., 2022) are plotted as
black curves, faults in bold are those discussed in this
study. Rigid plates are Nubia (Nu), Eurasia (Eu),
Thyrrenian (Ty), Apulia (Ap), Adria (Ad), Anatolia
(An). Dotted and plain gray lines stand for major plate
boundaries: North Anatolian Fault (NAF), Kefalonia
Fault (KF), Eastern Alpine Front (EAF), Hellenic
subduction backstop (HB), Calabrian subduction
(CB). Other major structures are indicated: Corinth
Gulf (cg), Scutari Peck lineament (sp), Pannonian
Basin (pb), Moesian platform (mp), together with
major mountain belts as the Alpine Arc (AA),
Dinarides (D), Balkans range (BR), Rhodopes (R),
Albanides (A), and Hellenides (H). Profile lines studied
in detail in Figures 6 and 7 are plotted as dashed and
dotted gray lines. b - Current day kinematics. White
and purple arrows: cleaned combined GNSS velocity
field from Piña-Valdés et al. (2022) in the Eurasia-fixed
reference frame. c - Focal mechanisms and instrumental
seismicity from Global CMT (Harvard) and USGS
catalogues (Mw2.5+; USGS , 2025) over the 1997-2024
and 1990-2024 time spans, respectively. Current
political boundaries are plotted as thin black curves.
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by the NE-SW-trending Scutari-Peck lineament), and
the Hellenides to the south (Figure 1a). The style,
amount, and shape of the distributed deformation over
the Dinarides and Albanides are still poorly constrained
due to the lack of dense GNSS interseismic measurements
and the low strain rates expected there.

Despite these limitations, several authors have
proposed to map and analyze the strain rate tensor, ε̇,
over this broad area based on combinations of GNSS
velocity fields measured at a set of discrete locations (e.g.
Metois et al., 2015; d’Agostino et al., 2020; Briole et al.,
2021; Piña-Valdés et al., 2022; Serpelloni et al., 2022).
The goal is to decipher the balance of forces acting on the
lithosphere and to better estimate the seismic hazard in
the area. The inversion of ε̇ from discrete measurements
of horizontal velocities (Veast and Vnorth) is known to
be highly non unique: most commonly used inversion
techniques are prone to biases, and generate artifacts
(Baxter et al., 2011). The solution often depends
on user-defined parameters, which prevents uncertainty
assessment, thus hindering further interpretation, in
particular where strain rates are low (Pagani et al.,
2021).

In this study, we invert for the strain rate tensor over
Italy, the Balkans and continental Greece. We use (i)
the recently published combined GNSS velocity field by
Piña-Valdés et al. (2022), that offers the best coverage to
date, in particular in Croatia and Bosnia-Herzegovina,
and (ii) the B-Strain code published by Pagani et al.
(2021), that allows a bayesian inversion of the strain
rate tensor using a transdimensional approach. We
provide probabilistic continuous maps of the strain rate
tensor invariants (e.g. second invariant, dilatation),
vorticity, and interpolated horizontal velocities. We
examine the statistical indicators of their probability
density functions (PDF), and make the results widely
accessible to all on an online webtool and an archived
repository.

These results open the door to detailed tectonic and
geodynamic analysis of the area based on a refined
knowledge of surface deformation. To highlight their
valuability for further geodynamical interpretations, we
discuss some key characteristics of our surface strain rate
maps along representative profiles.

2 Data and Method
2.1 GNSS horizontal interseismic

velocity field
The interseismic velocity fields published so far in the
western and central Balkans still suffer from the lack of
publicly available raw GNSS data, despite the existence
of private permanent GNSS networks with geodetic
standards (e.g. Metois et al., 2015; d’Agostino et al.,
2020; Piña-Valdés et al., 2022). Here, we chose to
use the horizontal GNSS velocity field published by
Piña-Valdés et al. (2022) in our area of interest, ranging
from the western Alpine front to the Black sea and from
the Hellenic backstop to northern Carpathians (Figure
1-b). This velocity field comes from a combination of

several independent velocity fields, rotated in a common
Eurasia-fixed reference frame. It has been cleaned
from low quality data (see Piña-Valdés et al., 2022, for
further details on their preferred filtered and smoothed
velocity field, that we use here). 1867 horizontal
velocities computed over variable time-spans over the
1996-2020 period are encompassed in our study area,
with associated rescaled uncertainties, of 0.2 mm/yr
on average on the East and North components. For
comparative tests, we also use the raw unfiltered data set
(including the outliers) combined by Piña-Valdés et al.
(2022); their corresponding analysis is provided in the
Supporting Information.

Since vertical velocities are often associated with
large uncertainties due to several processing issues and
non-tectonic deformation, and since it is still unclear how
to properly incorporate these velocities in pseudo-3D
strain rate tensor calculation (see for instance Mazzotti
et al., 2005; Piña-Valdés et al., 2022), we discard here the
vertical data set provided by Piña-Valdés et al. (2022).

2.2 Strain rate calculation using
B-Strain

Our study area is the most seismically active region in
Europe (Figure 1), but the seismic style and expected
strain rates are spatially very heterogeneous: the
relatively slowly straining Balkans peninsula contrasts
with surrounding regions with major active structures,
slipping at rates ranging from several millimeters per
year (in the Apennines and Corinth Gulf) to a few
centimeters per year (along the NAF and the Hellenic
trench). Because of these large variations in strain rates,
standard interpolation methods of measured GNSS
velocity fields would tend to fail to correctly recover both
the spatial pattern and the amplitude of the expected
strain tensor components. A well-known drawback is
that the level of smoothing for interpolating velocities
measured at stations needs to be defined by the user. The
amplitude of the spatial derivatives (i.e. the components
of the estimated strain rates) therefore depends directly
on this chosen level of smoothing (see Pagani et al., 2021,
and the discussion therein). If the smoothing is chosen
to be large, regions of high strain rates will be overall
correctly recovered and no signal will be visible in low
deformation areas; whereas if the smoothing is low, the
results will be highly sensitive to outliers and will appear
artificially patchy. Some refined interpolation and
inversion methods, such as VISR developed by Shen et al.
(2015) and discussed further in this study, invert for a
spatially varying smoothing parameter to get around this
problem. Wavelets decompositions (Tape et al., 2009;
Serpelloni et al., 2022) are other approaches to manage
varying smoothing but they remain highly dependent on
the network density and regularization choices. Another
issue is that such standard interpolation techniques tend
to generate interpolation artifacts when crossing areas
with high velocity gradients, depending on the network
geometry (Baxter et al., 2011).

Here, we use the B-Strain code presented in Pagani
et al. (2021) and successfully tested in California
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to address these methodological pitfalls and generate
probabilistic maps of the strain rate tensor over our
study area. B-Strain is made publicly available via a
Gitlab repository and associated documentation. With
B-Strain, we estimate four types of continuous fields from
our discrete dataset of surface velocities measured at
GNSS stations, namely:

• the horizontal velocities veast and vnorth

• the vorticity ω = 1
2 (∂yvx − ∂xvy), with positive

values for counterclockwise rotation,

• the divergence d defined as d = ε̇xx + ε̇yy with ε̇ij =
1
2 (∂jvi+∂ivj), here positive when dilation dominates
while negative values represent compression,

• the second invariant of ε̇ defined as I2 =√
ε̇2

xx + ε̇2
yy + 2ε̇2

xy, which is a convenient way to
estimate the strain rate intensity.

We sample the probability density functions (PDF)
associated with each component of the velocity
field, strain rate tensor, and its invariants, by a
reversible-jump Monte-Carlo Markov chain algorithm.
The continuous horizontal velocity field to invert for
is parameterized with a Delaunay triangulation with a
variable number of nodes that do not have to be at the
observation locations (Pagani et al., 2021). In this way,
the complexity of the solution is not imposed by the
user but retrieved by the inversion. B-Strain generates
a large ensemble of 2D models which distribution can
be used to approximate the probabilistic solution. Since
each individual model has a different parametrization,
the statistics on the ensemble provide continuous maps.
We also jointly invert for a hyperparameter that scales all
data uncertainties, which is equivalent to estimating the
level of data fitting required by the data. As in California
where we used the MIDAS data set to invert for strain
rates (Pagani et al., 2021), we parametrize B-Strain so
that the formal uncertainties given by Piña-Valdés et al.
(2022) are allowed to be increased by up to 10%. This
a priori bound reflects our degree of confidence in the
velocity field, in average.

To ensure good convergence and sampling of the
model space, we run the inversion on 96 parallel
processors for 1 million iterations (a 2D Delaunay model
is collected at each iteration), resulting in a full day of
calculation on the PSMN mesocenter facilities in Lyon.
Figure 2-a shows that the inversion converges toward
models containing around 380 triangles, and that the
inversion process requires the uncertainties associated
with horizontal velocities to be 10% higher than the
initial values (thus reaching the maximum allowed value
that we impose on the inverted hyperparameter). We
verify that the nodes location is mostly controlled by the
level of information contained in the dataset (here the
velocity gradients) rather than by the stations density.
Indeed, the highest node density shown in Figure 2-b is
not correlated with the most densely instrumented areas
(the Po plain and the Appenines in northern and central
Italy, for instance). We run B-Strain on a 200×200 pixels
grid, after projecting the GNSS stations coordinates

onto a cartesian grid in the UTM 34N, resulting in a
pixel size of about 10 km. The full description of the
parametrization used for this computation, including a
priori bounds on each parameter, is available in the
archive repository hosting our results (file parameters.in,
see Data Availability section).

3 Results
3.1 Vizualisation of the results
Because the outputs from the B-Strain inversion are
Probability Density Functions (PDFs) associated with
the invariants or principal directions of the strain rate
tensor (divergence, second invariant), the vorticity and
velocity components, at each grid point of the inverted
fields, their visualization is challenging. Our results
can be explored online, dynamically, using the dedicated
web tool B-Strain Plotter and associated documentation.
Maps of the statistical indicators associated with the
PDFs (e.g. mean, median, maximum mode) can be
downloaded as geotiffs, and the full PDFs are available
in the associated archived repository. The PDFs can
be represented as full distributions for each single pixel,
or along profile lines. We developed this web tool to
make our results reusable and allow their exploration
and exploitation by people interested in studying strain
rates over a specific area or profile. In this study, we
present only a limited set of figures that will hopefully
help the reader to get a general idea of the main findings
associated with our computation. However, many other
insights can be derived from the B-Strain outputs and
will serve as a basis for future work.

We plot in Figure S1 (in Supporting Information)
the residuals between the interpolated velocity field
(median) and the observations, and in Figure S2 we
provide full map views of the PDF’s median value for
the east and north components. In Figure 3, we show
maps of three different statistical modes of the PDF
(median, average, and maximum mode of probability)
for the divergence, second invariant and vorticity of the
velocity field (see definitions in Section 2). To facilitate
their interpretation, we mark the contour line where
the standard deviation of the PDF associated with the
horizontal velocity is higher than 3 mm/yr (green line
on Figure 3), our chosen threshold to mask areas (in all
inverted fields) with poorly constrained results (see also
Figures 2-c and 4-right). We could have chosen to mask
each inverted field independently based on the standard
deviations of their own PDF. However, we prefer using a
single masking strategy for all the quantities we plot, for
clarity. It is worth noting that large standard deviations
in horizontal velocities are observed in the Marmara
sea in northwestern Turkey and Aegean sea in Greece,
where GNSS observations are sparse, but also where
expected gradients and velocities are large. The chosen
mask may therefore be too restrictive there. Overall,
maps of median, average, or maximum mode show
consistent patterns in well-constrained areas, regardless
of the quantity considered. However, maximum mode
maps are systematically rougher, with triangular shapes
due to our parametrization remaining visible in some
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Figure 2 – a- Top and center: Evolution of the
number of Delaunay triangles and of the scaling
parameter of measurement uncertainties during the
iterations. The so-called burnin period corresponds
to the first set of iterations (here 400k) that are
discarded in the final results. Bottom: histogram of
the number of models as a function of the number
of triangles used. The x-axes boundaries are the a
priori bounds used as B-Strain input. b- Map of the
density of nodes (i.e. triangle submits) for each pixel
at the end of the convergence. The density is the
highest where expected gradients of deformation are
the highest (NAF, Apennines, Corinth Gulf), and not
where the GNSS station density is the highest. c- Map
of the standard deviation (in mm/yr) computed for the
horizontal velocity based on the standard deviation of
the PDF obtained for interpolated VEast and VNorth,
with contours every 3 mm/yr. In the following, areas
above this ∼3 mm/yr value, either offshore or where
data are lacking, are masked as unresolved areas.
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Figure 3 – Maps of the divergence (top, positive stands for extension), second invariant (middle) and vorticity (bottom,
positive in counter-clockwise) of the interseismic velocity field in the study area, extracted from the B-Strain outputs. Three
statistical indicators of the PDFs are shown, namely the median (left), average (central) and maximum probability mode (right).
The green line represents the 3 mm/yr standard deviation value we use as a quality threshold (see corresponding low quality /
masked areas on Figures 2 and 4).

places (see Discussion section). This drawback has also
been observed in California and recall that maps of
statistical indicators are not equivalent to consistent
physical models. These remnants of the Delaunay
triangulation tend to fade out in median and average
maps, making them more suitable for geophysical
interpretation. However, we consider median maps to
be more reliable than average maps, as the average of
an asymmetric distribution may be significantly different
from the median and maximum mode values. This is
strikingly the case in the Adriatic sea (an area considered
to be poorly constrained, i.e. with horizontal velocities
above the quality threshold), where the average values
of the second invariant are unrealistically high compared
to the median values (see Figure 3 middle center). In
this area, some models presenting unrealistically high
values of the second invariant were retained during the
inversion process, due to the lack of strong constraints
on the velocity values, thus biasing the average value.
These discrepancies between average and median maps
arise in all areas masked based on our quality criteria.

We therefore recommend not to interpret the strain rates
characteristics in these areas.

Note that the offshore areas with poor data coverage
depict the highest strain rates. This is because we
parametrize and invert for velocities rather than their
spatial derivatives (i.e. strain). In the regions where no
data is available, the posterior probability distribution
on velocities is similar to the prior. The Delaunay
nodes then take completely random velocity values
between Vmin and Vmax, without any spatial consistency,
resulting in a white noise on velocity and producing
extreme spatial derivatives, and thus high strain levels.

3.2 Strain rate maps analysis and
comparison with previous work

We compare our maps of the PDFs median to the
ones published by Piña-Valdés et al. (2022) using
the exact same dataset but a different method for
strain rate inversion, the VISR3D method, one of the
most commonly used method based on an adaptative
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Figure 4 – Maps of the divergence (top), second invariant (middle) and vorticity (bottom) of the velocity field in the study
area, obtained using the VISR3D interpolation method (left; Piña-Valdés et al., 2022) or the B-Strain inversion method (center,
median of the PDF from this study). Right column shows the shaded topography, active faults from SHARE project and
the B-Strain outputs to allow a better location of major features. Dashed black lines: -2 nstrain/yr contour for divergence, 5
nstrain/yr for I2, zero contour for rotational. Arrows point toward significant features discussed in the main text.

smoothing strategy to obtain an interpolated velocity
field, fully described in Shen et al. (2015). The algorithm
has been modified by Piña-Valdés et al. (2022) to
calculate a pseudo-3D second invariant, assuming a
fully elastic lithosphere, resulting in a slightly different
formula for I3D

2 :

I3D
2 =

√
ε̇2

xx + ε̇2
yy + 2ε̇2

xy + (−2µ0(εxx + εyy)
λ + 2µ0

)2

with λ and µ0 the Lame coefficients for the Earth’s crust.
Part of the differences observed between our I2 estimates
and I3D

2 obtained by Piña-Valdés et al. (2022) could
therefore be associated with this pseudo-3D assumption.
These differences remain negligible at first order and for
the λ and µ0 values characteristic of the crust.

Indeed, results of the two methods are overall in
good agreement, with a correlation close to 1 for the
divergence, second invariant and vorticity (see Figures
S3 and S4 in Supporting Information).

Both methods show the following consistent patterns,
that also arise from other calculations made on slightly

different GNSS velocity fields (Metois et al., 2015;
Serpelloni et al., 2022, see also Figure S5 in Supporting
Information):

• Dilatation (positive values of divergence) dominates
in western Turkey, in the Apennines down
to southern Italy and northeastern Sicily,
Greece, Macedonia and the inner Albanides,
while compression dominates in the Dinarides
(and possibly in the Adriatic although poorly
constrained), the Po plain and the eastern Alpine
front. A sharp transition between dilational and
compressive domains (dashed contour in the right
panel of Figure 4) can be followed along the
Northern Apennines front (Label 1 on central panel
of Figure 4) and along the coast of Albania (Label
2 on central panel of Figure 4);

• The second invariant is maximal (>100 nstrain/yr)
along the North Anatolian fault in Turkey and the
Corinth Gulf in Greece, where a clear decrease in
both I2 amplitude and width of the deformation
zone from the western to the eastern part of
the gulf is observed. High values are also
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observed in northeastern Sicily and along the
Apennines range with two localized maxima in the
Northern (Norcia-L’Aquila) and Southern (Irpinia)
Apennines;

• A clockwise rotation is recovered over Greece
and western Macedonia, along the NAF, as
well as over the so-called Apulia microplate
encompassing Albania, Montenegro, the italian
Puglia region and south of the Adriatic platform
(see Figure 1 for microplates location). A
counterclockwise rotation is observed in the Po
plain, in the western Alps and in the northeastern
Adriatic, resembling the previously described Adria
microplate (D’Agostino et al., 2008; Serpelloni et al.,
2005). A counterclockwise rotation is also observed
in southwestern Anatolia and as patches in central
and southwestern Italy.

However, significant differences emerge in the results
of the two approaches. The B-Strain maps appear
much less patchy than those derived from VISR3D
(and from the wavelet-based method used by Serpelloni
et al. (2022) in the area, see Figure S5 in Supporting
Information), especially in areas of low strain rates (e.g.
the inner Balkans and the Alpine arc), highlighting
structures that were previously difficult to detect.
In particular, the NS-trending limit between the
compressive and extensive domains in the Balkans,
although seen on both the VISR3D and B-Strain
solutions as mentionned above, can be drawn with much
more confidence (as outlined by the dashed contour in
Figure 4 right panel and label 2 on its central panel).
In the continuity to the South, offshore the western
coast of Greece, B-Strain also recovers, despite the low
confidence, the limit between compression and extension
associated with the Hellenic trench along the entire
Hellenic arc, unlike VISR3D (label 4 in Figure 4). Such
a deformation contrast is expected offshore but is usually
imposed in strain rates maps by using information
coming from focal mechanisms or by locally imposing
a specific rheology of the lithosphere (Perouse et al.,
2012; Metois et al., 2015; Kreemer and Chamot-Rooke,
2004; Kreemer et al., 2004; d’Agostino et al., 2020).
In the north of our study area, the northern limit of
the compressive domain in the eastern Alps and the
Dinarides also appears clearly both in the divergence
and second invariant maps, as an arc-shaped limit (label
3 in central panel of Figure 4). North of this limit
(∼47◦N), strain rates are uniformly low with divergence
and second invariant values lower than 10 nstrain/yr.
Other interesting features arise clearly in the B-Strain
results from the analysis of the vorticity map. In
particular we observe an abrupt change in the direction
of the rotation along a ∼N-S-trending structure crossing
Eastern Macedonia and Eastern Greece near longitude
23◦E, roughly following the Vardar suture zone (label 5
in Figure, 4 Jolivet et al., 2013). The eastern Alpine
compressive front and the NW-SE, mainly right-lateral,
Dinaric fault system in the continuity (Moulin et al.,
2014), are also associated with an abrupt change in the
sense of rotation (label 6 in Figure 4).

To further compare the results of the B-Strain code
(this study) and the VISR3D method (Piña-Valdés
et al., 2022), we draw several profile lines crossing
major active structures (see their location in Figures
1-a and 7) presented in Figures 6 (for roughly N-S
profiles), and 7 (E-W profiles). The variation of the
East and North components of the interpolated velocity
along these profiles is also shown on Figures S6 and
S7 Supporting Information. These profiles present the
full PDF, normalized by its area, and the median,
average and maximum modes (Figure S8, in Supporting
Information, presents an alternative view of these profiles
normalized based on the PDF maximum value). Where
strain rates are high, for instance across the North
Anatolian Fault (NAF, profile 1 on Figure 6 left), or the
Corinth Gulf (cg, profile 2 on Figure 6 center), B-Strain
recovers higher amplitudes than VISR3D, with more
than 100 nstrain/yr difference in the second invariant
locally (see Figure S4, in Supporting Information, for
map view of the residuals between the two approaches).
In areas of low strain rates, the B-Strain-derived profiles
are smoother with lower amplitudes in average: a large
dispersion is observed in the divergence, second invariant
or vorticity values obtained with VISR3D where B-Strain
gives nearly zeros (see spreaded VISR3D values at zero
B-Strain values in Figure S3 in Supporting Information).
For instance, going from Bucarest (44.33◦N,26.03◦E) to
Izmir (38.41◦N,27.13◦E) along profile 1 (see Figures 6
and 5), the median of the second invariant given by
B-Strain increases from nearly zero to 20 nstrain/yr
over a 150 km distance, from the Balkans range to the
Thrace basin, then jumps abruptly to 220 nstrain/yr
where crossing the NAF and the Marmara sea, before
decreasing abruptly back to 50 nstrain/yr and remaining
stable up to the Bergama graben (BG), where it increases
again and reaches ∼75 nstrain/yr. Along the same
profile 1 line, the VISR3D method retrieves a smooth
increase of the second invariant, centered on the NAF,
but reaching 120 nstrain/yr only, while missing the
increase in strain rate associated with the Anatolian
grabens (EFZ, BG) - also compare in map view Figure
4. Similarly, the B-Strain code correctly recovers the
strong variation in the divergence expected across the
NAF left-lateral fault, contrary to the VISR3D retrieving
a smoother increase. The two methods differ significantly
in the amplitude (by nearly 100 nstrain/yr) and width
(from simple to double) of the negative vorticity anomaly
observed across the NAF. Overall, the results from the
VISR3D method provide values that are often reasonable
given the local PDF, i.e. are amongst the most probable
ones. However, in some places, the values are out from
the 90% probability envelope, and are therefore unlikely
values.

3.3 Principal directions and tectonic
style

We derive the principal components of the strain rate
tensor ε1 and ε2 for each pixel, and represent the
mode of maximal probability of their PDF in Figure
5-left on a decimated grid, since the visualization of
the full PDF is particularly difficult for these quantities
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Figure 5 – Left: active faults from the EFMS project (Basili et al., 2022) together with principal directions of strain rate
plotted on top of the median divergence. Dashed green line stand for the masking contour based on the 3 mm/yr standard
deviation of the horizontal velocity. Right: tectonic style categorized based on the s = 3

4 + 1
π

tan−1(ε2/ε1) criteria, The active
faults are color-coded based on their assumed principal motion based on Basili et al. (2022) (red: reverse, green: strike slip,
blue: normal). Profile lines 1 to 5 are plotted for reference (see Figures 6 and 7).

(Pagani et al., 2021). Windroses of the principal
components’ PDF can be vizualised for each pixel with
the B-Strain Plotter webtool. We propose in Figure
5-right to plot the dominant tectonic style as expected
from GNSS velocities based on the commonly used
ad-hoc criteria s = 3

4 + 1
π tan−1(ε2/ε1) (s > 0.5 stands

for extension, s = 0.5 for pure strike-slip, s < 0.5 for
compression, see Houseman and England (1986); Gordon
and Houseman (2015)). These representations allow for
an easier comparison with the tectonic style given by
focal mechanisms and tectonic studies in the area.

Based on this criteria, most of the Italian peninsula
appears to experience normal faulting with a ∼N45
extension direction, roughly perpendicular to the
Apennines belt. In the large extensive domain covering
Greece and Macedonia, extension is dominantly N-S,
with localized rotation of this maximum direction of
extension in particular in the Albanides where it strikes
N100, and in northwestern Greece around Ioaninna
(20.9◦E, 39.6◦N) where it strikes N120. Compression
is ∼N15 to N20 across the northern Apennines front
and Dinarides, while the principal compressive direction
strikes roughly NS across the Eastern Alpine front.
A restricted compressive zone is observed above the
central Hellenic subduction zone in Crete, with a
N20 dominant direction, in agreement with previous
findings of Serpelloni et al. (2022) (see also Figure
S5 in Supporting Information). Narrow areas are
outlined as prone to dominant strike-slip motion, in
particular along the NAF up to the Evia gulf in its
western continuation (∼24◦E,40◦N) as well as in the
northern Balkans (southern Serbia, Bosnia Herzegovina,
and western Croatia). Finally, the Western Alps,
where strain rates are very low and therefore more
uncertain, are characterized by larges zones of extension
and strike-slip with limited patches of compression, in

agreement with previous studies (Walpersdorf et al.,
2018; Mathey et al., 2021; Grosset et al., 2023).

4 Discussion
4.1 Benefits and limitations of the

B-Strain method
The application of the B-Strain inversion method to
the GNSS velocity field of Piña-Valdés et al. (2022)
over the Balkans confirms its efficiency for computing
velocity gradients over regions of highly contrasted strain
rates. The maps of the median of standard strain rates
indicators presented in Figures 3, 4 and 5 show little
variations in low strain stable areas, together with sharp
and significant jumps where crossing major tectonic
features (NAF, Corinth Gulf, etc), as expected.

The method therefore correctly retrieves smooth
variations and abrupt gradients using a single
parametrization. In particular, we get rid of patchy
oscillations, often present in previous strain maps in the
inner Balkans area (Metois et al., 2015; Piña-Valdés
et al., 2022) but associated with interpolation issues that
prevent the interpretation of small gradients (Baxter
et al., 2011). We are therefore confident that we can use
our results to go further in the tectonic interpretation
of strain rates, and encourage the community to use the
B-Strain Plotter tool to do so.

However, the transdimensional inversion method
applied in the B-Strain code presents some limitations
that must be underlined. In particular, we would
like to recall that, even if we claim getting rid of
the subjective choice of smoothing parameters, the
a posteriori probabilistic solution depends on both
the parametrization and on the a priori distribution,
as developed below. Furthermore, for visualization
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Figure 6 – Normalized PDFs associated with divergence (top), second invariant (center) and vorticity (bottom) along three
∼NS profile lines numbered in Figure 5 from 1 to 3. From left to right: from Budapest to Izmir crossing the North Anatolian
Fault (NAF, left column), from Belgrade to southern Peloponnese crossing the Corinth Gulf (central), from Verone to Calabria
along the Apennines belt (right). Y axis is in 10−7 or 10−8 strain/yr, as indicated in the upper left corner. Normalized PDF
is color coded, while median, average and maximum mode evolution are represented as solid lines. Dashed blue lines stand for
the same quantities extracted from the VISR3D results from Piña-Valdés et al. (2022). The top panel shows topography and
major geographic or tectonic features. Gray shaded areas stand for badly resolved zones based on our quality criteria (standard
deviation of the horizontal velocity PDF is higher than 3 mm/yr). Some of the main tectonic features crossed by the profiles
are indicated as vertical dotted grey lines (Basili et al., 2022; Ganas et al., 2018).

purposes, our ensemble of sampled models representing
the posterior solution is depicted with histograms whose
bounds and number of bins need to be chosen by the user.
For example, in our study area, we expect the second
invariant to range from 0 to 1000 nstrain/yr (expected
values in stable Eurasian plate and highly straining NAF,
respectively), and we only plot the posterior distribution
within these limits. Of course, increasing the limits
and the number of bins leads to larger files to store as
outputs. Similarly, the spatial resolution of our outputs
could be increased and may provide a more detailed view

of the strain rates’ spatial variations, but it would result
in large files.

In the transdimensional inversion method developed
by Bodin and Sambridge (2009); Sambridge et al.
(2013), the level of noise in the data can be treated
as an unknown parameter to be inverted for. In
the B-Strain code, this is done through the inversion
of a hyperparameter that scales the GNSS velocities
uncertainties and that is allowed to vary from zero (when
uncertainties are much larger than the real errors) to
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Figure 7 – Same than for Figure 6 but for roughly EW profiles (profiles 4, 5 and 6 in Figure 5) ranging from Grosseto to
Budapest crossing the Apennines and the Dinarides (left), and from Bari to the Black sea crossing the Albanides and Rhodopes
ranges (right). Profile 6 (Figures 1 and 5) crosses Eolian islands and Sicily from North to South. Some of the main tectonic
features crossed by the profiles are indicated as vertical dotted gray lines.

1.1 (when uncertainties have to be increased by 10% to
better resemble the expected level of noise; this appears
to be the case in our study, as shown in Figure 2).
However, the observed velocity field inverted here comes
from a refined combination of various heterogeneous
data sets (see Piña-Valdés et al., 2022, for full details)
which have their own processing strategy and method
to estimate velocity uncertainties. It is therefore rather
unlikely that a single scaling parameter can capture alone
the true level of noise and uncertainties associated to the
measurements. This, amongst many other reasons, is
in favor of making all raw data from GNSS networks
available to ensure a self consistent processing and
correct estimates of uncertainties. Many networks, in
central Balkans in particular, do not freely distribute

these raw data to date.

Finally, to emphasize the resistance of our method
to outliers, we run B-Strain with the exact same
parametrization on the raw velocity field provided by
Piña-Valdés et al. (2022), i.e. with outliers. The results
provided in Figure S9 (in Supporting Information) are
very consistent at the first order and for median values
with the ones obtained with the cleaned velocity field.
Local discrepancies arise in the amplitude and shape
of highly straining zones, in particular in northern
Apennines and across the Corinth Gulf when looking at
divergence and vorticity. The second invariant appears
much less sensitive to outliers.
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4.2 Current strain rates and active
tectonics: validation and new
findings

4.2.1 GNSS versus seismotectonic
observations

Our strain rates computation allows for a detailed
confrontation of the current surface strain rate patterns
observed by GNSS with the active tectonics knowledge
of the region, derived from instrumental and historical
seismicity and neotectonic studies.

Where significant earthquakes have been recorded
since 1990 and associated with a focal mechanism, the
tectonic style predicted by GNSS based on the s =
3
4 + 1

π tan−1(ε2/ε1) criteria is consistent at the first order
with the one observed through seismicity. The Figure
S10, in Supporting Information, shows that earthquakes
occurring in areas where s is lower than 0.7 are mostly
reverse, mostly normal where s is higher than 1.3, and
strike-slip for intermediate values of s. However, all
seismic styles are observed whatever the value of this
s criteria, which has therefore to be seen as a first
order indicator of the current seismic style. This can
partly be explained by the structural inheritance of
the lithosphere, i.e. the fact that the occurrence of a
rupture depends jointly on (i) the stress state resulting
from the residual crustal stress accumulated over the
successive seismic cycles and lithosphere history and the
current-day stress; and (ii) the orientation of pre-existing
faults.

The EFSM data-base of active faults (European
Fault-Source Model; Basili et al., 2022) assigns a
dominant tectonic style to each documented fault, that
we also compare with our ad-hoc criteria s on Figure 5.
The agreement is overall very good, with some notable
exceptions. For instance, the complex transpressive zone
in the slovenian and croatian Dinarides (∼39-42◦N) is
categorized as a nearly purely strike-slip area based
on our simplified categorization, while thrust faults
exist.Similarly, although a thrust style is expected based
on our strain rates in the Pannonian basin, strike-slip
faults are mapped. Of course, in Romania, the deep
thrust-type seismicity associated with the old slab
break-off under Carpathian is not reflected by the surface
strain style, dominantly extensive.

We analyze the relationship between strain rates and
known active faults along six profile lines shown in
Figures 6 and 7. Based on the elastic loading theory,
we expect the second invariant I2 to be maximal in the
vicinity of active locked faults, at distances from the
fault trace that depend on the geometry and indepth
extent of the seismogenically locked zone (Okada, 1985).
The norm of the divergence is supposed to be maximal
near normal and thrust faults, and at the extremities of
locked strike-slip finite faults or segments. An abrupt
change in the divergence’s sign should also be observed
when crossing a major strike slip fault (see Pagani et al.,
2021, for instance). Vorticity may vary from one side
of the fault to the other if the fault accommodates high
velocity gradients. Amongst the numerous active faults
described over our study area, some are associated with

well resolved discontinuities in the strain rate and we list
in the following some of the main interesting features
contained in our results, either refining previous studies
or bringing new information.

4.2.2 Strain rates highlight along-strike
segmentation of the Apennines

Strain rates are far from uniform along and across the
Apennines mountain belt as previously discussed in the
literature (e.g. D’Agostino, 2014; Serpelloni et al., 2022;
Nucci et al., 2023). Profile 3 (Figure 6 right panel)
helps better quantifying the along-strike variations of
invariants from the Po Plain to Calabria, with a 22
nstrain/yr jump in I2 distributed among the Ferrara
thrust system and the other North Apennines thrusts.
Significant variations in divergence and vorticity are
observed in between these systems, with dominant
compression and counter clockwise rotation in the Po
Plain, which appears consistent with the expected
deformation of an accretional prism. The belt itself
is dilating down to Potenza (40◦N) and experiencing
very low rotation rates, consistently with the dominant
normal-faulting earthquakes striking Italy, with an
overall decrease in I2 and dilatation rates toward
South. A clear decrease in I2 and dilatation rates
is observed in between the Northern and Southern
Apennines where crossing the Tremiti and Mattinata
NW-SE strike slip faults, and between the Southern
Apennines and Calabria where crossing the Potenza and
Pollino faults, confirming a segmentation of the belt in
terms of current-day straining. The Pollino fault is also
marked by a sharp jump in vorticity, suggesting that this
fault zone is a major active feature.

We further explore the relationship between strain
rates and active normal faults in the Apennines by
looking at an EW profile crossing the belt in Northern
Apennines, at the latitude of Grosseto and Budapest
(47◦N, profile 4 in Figure 7). The location of two major
normal faults systems crossed by the profile (the Alto
Tiberina and Umbria faults) correlates with the highest
values of I2 and divergence (∼35 nstrain/yr). A sharp
decrease in both quantities is observed just East of the
Umbria fault, 20 km west of the main Apennine thrust’s
front.

4.2.3 Contrasted tectonic styles between
the Nubian and Tyrrhenian domains
in Sicily

Our strain rate maps also highlight key features affecting
the island of Sicily in southern Italy, a strongly deforming
region, as attested by the occurrence of major historical
earthquakes along the eastern sicilian coast (e.g. Noto
earthquake in 1693, Mw ∼ 7.4, Messina earthquake
in 1908, Mw ∼ 7.1) and Calabria (e.g. Calabrian
earthquakes in 1783, Mw 5 to 7). Thanks to GNSS
measurements on the Eolian islands, ∼ 50 km north
from the sicilian northern coastline, the B-Strain derived
deformation field is reliable and can be interpreted not
only onshore but also offshore Sicily, in the southeastern
Tyrrhenian Sea. Note that the activity of Mount Etna
volcano is associated with high strain rates (I2 ∼ 80
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nstrain/yr) in eastern Sicily that are not directly related
with the regional tectonic setting.

The divergence velocity field (Figure 4 and profile 6
on Figure 7) shows clear compression (50 nstrain/yr) at
∼ 38.6◦N along the E-W trending thrust fault systems
of the Ustica and Eolian islands, accommodating the
slow convergence between Nubia and the Tyrrhenian
Sea (Figure 1; Ventura et al., 2014; Palano et al.,
2012). Southward in onshore NE Sicily, the extension
dominates and reaches up to 60 nstrain/yr within the
Nebrodi range and across the Messina strait, together
with a net clockwise rotation that may be associated
with the SE retreat of the Ionian slab (Figure 1; Ventura
et al., 2014). We also note that the maximum I2 (70
nstrain/yr) in that region is located in the vicinity of
the so-called Cefalù-Etna seismic zone consistently with
recent InSAR-based velocity fields (Henriquet et al.,
2022a). Significant extensional strain continues toward
the east across the Messina strait and within Calabria
up to the southern Apennines. At ∼ 37.5◦N in
Central Sicily, subtle compression around 10 nstrain/yr
is evidenced when crossing the front of the Sicilian
chain (Gela Thrust Front, profile 6 on Figure 7),
consistently with previous estimates of 20 nstrain/yr of
N-S compression in the Catania plain (Mattia et al.,
2012). South of this front, in the Hyblean foreland
a slight counterclockwise rotation is well evidenced
for the first time and rises questions regarding the
present-day geodynamics at the western edge of the
Ionian subduction (Figure 1).

4.2.4 Alpine and Dinaric compression
One striking feature on the divergence map is an
arc-shaped compressive limit, roughly parallel to the
eastern Alps front, but located 50 km north of the front’s
surface trace (see Figures 4 and 5). This compressive
limit -or zero divergence line- (label 3 in Figure 4)
continues eastward in Slovenia and Croatia where it
rotates toward a ∼N120 direction, and roughly follows
the topographic step bounding the Panonnian basin
(Bada et al., 2007)(Drava through in profile 4 on Figure
7). To the south in Serbia and Kosovo, this nearly zero
divergence contour joins the sharp compressive/dilation
limit on the western front of the Albanides (label 2 in
Figure 4).

The overall compressive domain including the Po
plain, the eastern Alps and the Dinarides does not
form a consistent block since tectonic styles strongly
vary within it. In particular, the locations of the Rasa
strike slip fault in Slovenia and of the N135 Dinarides
thrusts along the croatian coast correlate with a very
sharp change in rotation direction from anticlockwise
to the west to clockwise to the East (see profile 4 in
Figure 7 and Figure 4). This confirms the existence of
a major plate boundary between the Adria microplate
and Eurasia. Along the Grosseto-Budapest profile
5 (Figure 7), I2 slightly increases from the western
Dinarides to the longitude of Zagreb and Petrinja, where
major earthquakes have occurred recently (Baize et al.,
2022; Henriquet et al., 2022b; Herak and Herak, 2023),

while divergence is very low. This area is therefore
characterized by a strike-slip tectonic style (Figure 5),
consistently with the main active faults (Basili et al.,
2022) and observed focal mechanisms. Interestingly, the
recent Petrinja earthquake (45.4306◦N, 16.2473◦E) that
happened at the eastern limit of this zone was nearly
purely strike-slip while a more composite mechanism was
expected (Figure 5). Compression increases again up to
10 nstrain/yr in between the Petrinja fault zone and the
Drava through; reverse faulting is promoted there with
a N15 compressive principal direction (Figure 5).

4.2.5 Spatial extent of the South Balkans
Extension Region and major features

Our strain rates calculations allow for better defining
the contours of the so-called South Balkans Extension
Region (SBER; Burchfiel et al., 2000, 2006), i.e. the wide
extensional area where velocities are mostly directed
towards the Hellenic subduction zone (with respect to
stable Eurasia) and where multiple active faults are
reported (Figures 1b and 4). We do constrain the
northern limit of the SBER at ∼42.5◦N by looking at
the near zero contour of divergence (Figure 4) and at the
map of the tectonic style (Figure 5). However, the SBER
extends up to 44◦N locally in western Serbia, while it
goes only up to 42.5◦N in Kosovo, with low extensional
values observed down to 41.5◦N in central Macedonia.
To the East, the Balkans range is included in the SBER,
with low dilatation rates observed in the Moesian plain.
The Carpathian are also in extension with rates lower
than 5 nstrain/yr.

We can have a closer look at the tectonic style and
strain rates inside the SBER by looking at two profile
lines ranging from the southern Peloponnese to Belgrade
(nearly NS profile 2, Figure 6) and from Bari to the
Black Sea (nearly EW profile 5, Figure 7). Profile 2 is
dominated by the large extension rates observed across
the Corinth Gulf (up to 160 nstrain/yr) concentrated
along a relatively small area (narrower than 40 km) in
between the Kastania and Maratias normal faults. The
transition from the Peloponese area straining at around
30 nstrain/yr to the Corinth gulf is very sharp, while a
smooth decrease in strain rate is observed along a 75 km
long zone to the North before reaching similar levels of
strain rates in the Thessalia basin. This dissymmetry
could be consistent with the proposed structure of the
Corinth Gulf half-graben, which extension is mainly
controlled by normal faults located on its southern
shoreline (Armijo et al., 1996; Rigo et al., 1996). In
the transition zone between the Corinth Gulf and the
Thessalia basin, several steps with localized changes in
strain rates are observed when crossing the Sperchia,
Mavrommati and Rimnio faults either in I2, in the
vorticity or in both, suggesting that these fault zones all
accommodate part of the current strain accumulation.

Toward North in the Hellenides (profile 2 in Figure
6), I2 remains nearly constant up to the northern end
of the Florina basin (41.5◦N in Macedonia) where it
starts to decrease down to 10 nstrain/yr near Pristhina
and nearly zero when crossing the Prokupje strike slip
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fault in Serbia. Over this northern end of the SBER
zone, the Florina fault zone (D’agostino et al., 2022)
correlates with a reduction of the vorticity, while the
northern end of the Florina basin may be associated
with the eastward prolongation of the Kicevo SW-NE
fault (Burchfiel et al., 2006; Dumurdzanov et al., 2005).
It is to note that the PDF there appear non gaussian
(km 200 to 400), which suggests difficulties in converging
and properly recovering surface velocities. This could
be due to significantly different velocity fields merged in
this region, generating an inconsistent overall description
of the current surface straining. The Tetovo normal
fault, just west of Skopje, is known to be active
(Burchfiel et al., 2006; D’agostino et al., 2022) and
is correlated with a sharp change in vorticity, I2 and
divergence along the EW profile 5 presented in Figure
7. It marks the easternmost extent of the highly
extensive Albanides (30 nstrain/yr), and the start of the
transition from a clockwise rotating domain (Albanides)
to a counterclockwise area to the East. In more
details, vorticity is almost zero from Skopje to the
Macedonia-Bulgaria boundary, just west of the Strouma
valley bounded by numerous active faults (Athanassios
et al., 2005; Meyer et al., 2002). This observation
suggests that this zone, that correlates roughly with
the Vardar suture and is the locus of a significant
change in tectonic style and deformation rates, could be
considered as a boundary between two tectonic domains
moving independently. East of the Strouma valley, I2
decreases under 15 nstrain/yr and reaches finally zero
when crossing the Maritsa fault zone (profile 5, Naydenov
et al., 2013; Dimitrov et al., 2006). The latter is
associated with a ∼10 nstrain/yr decrease in both I2
and vorticity, confirming it as an active structure.

5 Conclusion and perspectives:
toward a better integration of
strain rates in regional
geodynamical models and
seismic hazard assessment

Reliably recovering surface strain rates has major
implications on our understanding of the physical
processes controlling the current deformation since it
provides key constrains on various modeling strategies.

On the one hand, considering that surface deformation
can be modeled at first order by the relative eulerian
motion of rigid and elastic blocks bounded by active
faults (e.g. McCaffrey, 2009), many authors have used
complex block models to describe and recover the surface
deformation around the wide aegean region (Nyst and
Thatcher , 2004; Floyd et al., 2010; Reilinger et al.,
2010; Vernant et al., 2014; Briole et al., 2021; Ergintav
et al., 2023), and derive slip rates on main active
faults. However, a single block was defined north of
the Rhodopes and Hellenides belts, considering the inner
Balkans as part of the stable Eurasian plate and failing
in describing in details fault rates and tectonic style
over this slowly straining region. Our new vorticity
and divergence maps exhibit sharp gradients in tectonic
style and rotation direction there, that could be used

to draw better defined block boundaries. For instance,
the abrupt N-S change in rotation near the Vardar
suture zone is a good candidate for a consistent block
boundary. Clear changes in rotation rates also appear
in central Greece and Peloponese and could serve as
objective criteria to define block boundaries there. Such
modelling work is beyond the scope of this study but
should definitively be conducted in the future.

On the other hand, continuous models of lithospheric
straining considering a thin-sheet of viscous lithosphere,
submitted to forces as the ones resulting from
gravitational potential energy contrasts (GPE),
boundary conditions, mantle drag or slab retreat effects,
highly depend on surface strain rates observations
(Le Pichon and Kreemer , 2010; Perouse et al., 2012;
Metois et al., 2015; England et al., 2016; d’Agostino
et al., 2020; Daout et al., 2023). These modeling
strategies bring constrains on the lithosphere effective
viscosity, the direction and amount of the expected stress
at the major plate boundaries. As an example, along
the North Anatolian Fault, England et al. (2016) chose
their best model and the associated power-law rheology
for the lithosphere based on a direct comparison of the
predicted versus observed width and peak value of the
deformation zone experiencing large values of the second
invariant. We show in profile 1 (Figure 6) crossing the
NAF that B-Strain predicts a width half that of the
VISR3D method, with doubled peak values, which could
come from significantly different rheological laws than
previously modeled.

Finally, we think that this careful mapping and
estimate of strain rates is needed to make the best
use of the long-term GNSS velocities in seismic hazard
calculations. For instance, several recent studies have
focused on using GNSS-derived strain rates estimates
to compute geodetic moment rates, which can then
be compared with effective seismic moment rates
(D’Agostino, 2014; Rong et al., 2016; Jenny et al., 2004;
Donniol Jouve et al., 2024; Beauval et al., 2018). Even if
the Kostrov formulation that allows for geodetic moment
rate calculation mainly depends on the considered area
and assumed seismogenic depth, it also takes into
account the maximum strain rate that has therefore to
be correctly determined (Kostrov, 1974). The B-Strain
method provides in our opinion reliable estimates of
this maximum strain rate, together with a consistent
associated uncertainty (i.e. the standard deviation of
the PDF) which is often poorly propagated in current
interpolation methods. Applied to the most complete
existing GNSS velocity field over the peri Adriatic,
Balkans and Greece area, B-Strain allows us to propose a
novel mapping of current strain rates which uncertainties
are realistically estimated. These results, combined with
other calculations made on the area using different data
sets and methods (e.g. Serpelloni et al., 2022), could
therefore be used with confidence in future probabilistic
seismic hazard assessment calculations in this seismically
very active region of Europe.
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