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3

SENSOR FOR NAMMU OBS TILT ESTIMATION

In this study, we used two different types of OBS: 8 LOBSTER and 1 NAMMU. Their electronic
and measuring components are the same (e.g. seismometer, hydrophone, recorder), while they have
different frames, size and aspect ratio between vertical and horizontal dimensions. The base of the
LOBSTER is larger than its height and the device is stable while descending in the water column
and settling on the lake floor, providing almost no chance for instrument overturning. At the same
time, the height of the NAMMU is larger than its horizontal dimensions (bell-like shape) and
poses a risk for overturning while descent or settling (see Figs 1a and 1b for instrument photos).
This would trigger the failure of the levelling system and no useful data would be recorded. To
overcome this issue, we created a tilt- and orientation-tracking device to determine the OBS tilt
and the direction of maximum tilt immediately after the deployment. Below we shortly describe
the developed tool and its components.
The device consists of an Arduino-controlled absolute orientation sensor (Bosch BNO080),
real-time clock (DS3231), battery pack, microSD card for data storage, waterproof casing and
metal frame for the attachment to the NAMMU (Figs 2 and 3),
The autonomous clock DS3231 is a low-cost, extremely accurate I2C real-time clock (RTC),
with an integrated temperature-compensated crystal oscillator (TCXO). It is connected to a separate battery input (LIR2032). The main power source for the complete device is a Li-ion battery
(NCR18650B) with capacity of 3300-3400 mAh and a voltage of 3.7 V. As waterproof casing, we
use the one from RBR duo, which is appropriate for pressures up to 10 bar (the equivalent of 100
m water depth). The metal frame for the attachment to the NAMMU is a self-made construction
which consists of two pieces made of metal plates, metal wire, spring and rope (one piece is permanently mounted on the OBS during the full deployment phase, another one is recovered with
the sensor 5-10 min after deployment).
The Bosch BNO080 sensor contains a triaxial 16-bit gyroscope, a triaxial 14-bit accelerometer, a geomagnetic sensor and a 32-bit cortex M0+ micro-controller running the Bosch Sensortec
sensor fusion software. It is controlled by an Arduino MCU using open-access libraries via the
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(a)

(b)

Figure 1. Photos of a) NAMMU and b) LOBSTER OBS.

I2C protocol. As an output, it can provide acceleration, the magnetic field and the geomagnetic
rotation vector expressed as a quaternion (Kuipers 2000) referenced to the magnetic north and the
gravity orientation (see Table 1 for the measurement units and expected precision for different
parameters). Based on this data, we can define the tilt of the sensor (and consequently of the OBS
frame) on the lake floor and the orientation of the maximum tilt direction which should correspond
to the direction of the east component of the seismometer when the seismometer’s tilt is more than
5◦ .
Before using the device in the field and to clarify the correct mounting of the sensor, the

Figure 2. Basic building blocks of the electronic part of the device.
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Table 1. Used measurement units for different data outputs.
Data type

Units

Precision

Acceleration

[m/s2 ]

0.3-0.35 m/s2

Magnetometer

[µ T]

1.4 µ T

Gyroscope

[◦ /s] or [rad/s]

3.1 ◦ /s
4.5◦ dynamic◦ static error.

Rotation vector

[◦ ]

In practice, the geomagnetic rotation
vector can be accurate to 10◦ .

orientation sensor should be calibrated: the mapping scheme is checked for different rotations of
the right-handed coordinate system (Hillcrest Laboratories, Inc. 2017b).
The sensor is also calibrated to remove zero-offset and the effect of possible distortions (Hillcrest Laboratories, Inc. 2017c,a).
While the vertical tilt can be calculated from the accelerometer data during the static positioning, the orientation with respect to the north is more complicated to measure from the magnetic
sensor, as it requires a precise calibration and taking into account the magnetic field deformation
from the surrounding media. The advantage of the BNO080 is that such a calibration is implemented in the hardware of the sensor. Thus the output data of the sensor indicates the absolute
position in space as a quaternion 4d vector that already merges the data from the accelerometer,
magnetometer and gyroscope.
The deployment procedure for the device is the following: the sensor is switched on, fixed in
the waterproof casing and mounted on the OBS before the OBS deployment (Fig. 3). During the
OBS deployment, the waterproof casing with a part of the metal frame is attached to the rope. After
ca. 10 min on the lake floor, the rope is pulled up and the sensor is recovered with a subsequent
data check.
Based on the recorded data we can check the quality of the measurement, the tilt of the OBS
and approximate direction of the maximum tilt of the OBS. The gyroscope data is used only for
the internal calculations of the quaternion and, for the sake of faster data writing, it is not included
in the final output. The quality of the measurement is indicated as a number between 0 and 3,
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(a)

(b)

(c)

Figure 3. Internal structure and mounting of the tilt-measuring device on the NAMMU: (a) The electronic
part of the device: 1 – micro-SD card for data storage; 2 – power switch; 3 – Arduino board to control the
BNO080 sensor; 4 – autonomous clock with battery; 5 – BNO080 sensor; 6 – the power source for the
device is located on the other side of the board; (b) Waterproof casing fixed to the removable part of the
metal frame; (c) Complete device mounted in the metal frame on the NAMMU.

where 0 means the lowest quality and 3 the highest. The tilt and possible overturning of the OBS
is checked based on the sign and values of the components of the acceleration vector.
Figure 4 represents an example of the final output of the sensor.
There are also a few issues which can be faced/improved while working with this device:
• The instrument is mounted in a cylindrical waterproof casing, therefore it requires a very
careful mounting on the metal frame to keep its horizontal plane parallel to the horizontal plane
of the OBS seismometer casing and OBS frame. So far our results were adequate, but this topic
would need further investigation in the future or the casing can be switched to one with more
“stable” shape.
• This device was developed for a shallow water environment and a short-time deployment:

Figure 4. An example of the final output of the sensor after simple processing. The new vector Z represents
the product of the prior vertical vector (0,1,1) and the quaternion.
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we use a rope and simple metal hook to keep a connection to the instrument while the OBS is
descending and settling on the lake floor and to be able to easily release it to the lake surface after
the end of the test; the battery for the data logger lasts for ca. 2 days of continuous work. This
setting is appropriate for our experiment conditions, but in case of deep water tests, the release
system and probably battery type or level of device power consumption should be modified.
• This device and its mounting system were developed for the NAMMU. To attach it to other
types of OBS the mounting system has to be modified.

2

EXAMPLE OF DISTORTED ARRAY GEOMETRY DUE TO THE OBS DRIFT IN
THE WATER COLUMN

The OBS are deployed in the free-fall deployment mode, thus they drift in the water column while
descending to the lake floor. From our experience, this drift can be up to 30 m from the deployment
position. Therefore, the planned array geometry might be quite different from the one reached in
the field (Fig. 5).

Figure 5. Map of array ENA: The blue dots are the OBS locations at deployment; the red dots are the final
locations of the OBS on the lake floor due to the instrument drift in the water column. The water depth for
the stations of this array varies between 30.9 and 41.4 m.
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H/V SPECTRAL RATIOS

Fig. 6 shows the H/V curves for every station of the presented arrays.

(a)
CIA

(b)
ENA

(c)
ENB

(d)
MUA

(e)
NAA

(f )
WED

Figure 6. The H/V curves for every station of the presented arrays.
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SCHOLTE WAVE ELLIPTICITY

Fig. 7 shows the ellipticity curves for every station of the presented arrays.

(a)
CIA

(b)
ENA

(c)
ENB

(d)
MUA

(e)
NAA

(f )
WED

Figure 7. The Scholte wave ellipticity curves for each station of the presented arrays.
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POLARIZATION ANALYSIS

This section shows the polarization analysis results for every station of the presented arrays (Figs
8-13): the parameters of the polarization, i.e. the particle motion ellipticity, the dip and the strike.

5.1

Array CIA
Station CIA01

Station CIA02

Station CIA03

Electronic supplementary information
Station CIA04

Station CIA05

Station CIA06

Station CIA07
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Station CIA08

Station CIA09

Figure 8. Results of the polarization analysis for every station of array CIA: Particle motion ellipticity, Dip
and Strike.

5.2

Array ENA

Station ENA01
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Station ENA03

Station ENA04

Station ENA05
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Station ENA06

Station ENA07

Station ENA08

Station ENA09

Figure 9. Results of the polarization analysis for every station of array ENA: Particle motion ellipticity,
Dip and Strike.
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Array ENB

Station ENB01

Station ENB02

Station ENB03
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Station ENB04

Station ENB05

Station ENB06

Station ENB07
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Station ENB08

Station ENB09

Figure 10. Results of the polarization analysis for every station of array ENB: Particle motion ellipticity,
Dip and Strike.

5.4

Array MUA

Station MUA02
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Station MUA03

Station MUA04

Station MUA05

Station MUA06
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Station MUA07

Station MUA08

Station MUA09

Figure 11. Results of the polarization analysis for every station of array MUA: Particle motion ellipticity,
Dip and Strike.
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5.5

Array NAA

Station NAA01

Station NAA02

Station NAA03
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Station NAA06

Station NAA07
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Station NAA08

Station NAA09

Figure 12. Results of the polarization analysis for every station of array NAA: Particle motion ellipticity,
Dip and Strike.

5.6

Array WED

Station WED01
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Station WED03

Station WED04

Station WED05
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Station WED06

Station WED07

Station WED08

Station WED09

Figure 13. Results of the polarization analysis for every station of array WED: Particle motion ellipticity,
Dip and Strike.
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DISPERSION CURVES FOR ALL ARRAYS

Below we present the outcome of each processing technique applied for the analysis of our array
data and the dispersion curves picked for each of these techniques.

6.1

Array CIA

Scholte and Love wave dispersion curves obtained for the array CIA using 3C-HRFK and WaveDec.

Figure 14. Scholte and Love wave dispersion curves obtained for array CIA by applying different
techniques.

Figure 15. Scholte and Love wave dispersion curves obtained for array CIA by applying 3C-HRFK.
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(a) S0

(b) S1

(d) L0

(c) S2

(e) L1

Figure 16. Scholte and Love wave dispersion curves obtained for array CIA by applying WaveDec.

6.2

Array ENA

Scholte and Love wave dispersion curves obtained for array ENA using 3C-HRFK, WaveDec and
SPAC.

Figure 17. Scholte and Love wave dispersion curves obtained for array ENA by applying different techniques.
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Figure 18. Scholte and Love wave dispersion curves obtained for array ENA by applying 3C-HRFK.

(a) S0

(b) S1

(d) L0

(c) S2

(e) L1

Figure 19. Scholte and Love wave dispersion curves obtained for array ENA by applying WaveDec.

Figure 20. Scholte wave dispersion curve obtained for array ENA by applying SPAC. The picked dispersion
curve is very questionable.
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6.3

Array ENB

Scholte and Love wave dispersion curves obtained for array ENB using 3C-HRFK and WaveDec.

Figure 21. Scholte and Love wave dispersion curves obtained for array ENB by applying different
techniques.

Figure 22. Scholte and Love wave dispersion curves obtained for array ENB by applying 3C-HRFK.
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(a) S0

(b) S1

(c) S2

(d) R3

(e) L0

(f) L1
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Figure 23. Scholte and Love wave dispersion curves obtained for array ENB by applying WaveDec.

6.4

Array MUA

Scholte and Love wave dispersion curves obtained for array MUA using 3C-HRFK, WaveDec and
SPAC.

Figure 24. Scholte and Love wave dispersion curves obtained for array MUA by applying 3C-HRFK.

30

A. Shynkarenko et al.

(a) S0

(b) S1

(c) L0

(d) L1

Figure 25. Scholte and Love wave dispersion curves obtained for array MUA by applying WaveDec.

Figure 26. Scholte wave dispersion curve obtained for array MUA by applying SPAC.
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Array NAA

Scholte and Love wave dispersion curves obtained for array NAA using 3C-HRFK, WaveDec and
SPAC.

Figure 27. Scholte and Love wave dispersion curves obtained for array NAA by applying 3C-HRFK.

(a) S0

(b) S1

(c) L0

(d) L1

Figure 28. Scholte and Love wave dispersion curves obtained for array NAA by applying WaveDec.
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Figure 29. Scholte wave dispersion curve obtained for array NAA by applying SPAC. The picked dispersion
curve is very questionable.

6.6

Array WED

Scholte wave dispersion curves obtained for array WED using 3C-HRFK and WaveDec. No Love
wave dispersion curve was identified for this array.

Figure 30. Scholte wave dispersion curves obtained for array WED by applying different techniques.
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Figure 31. Scholte wave dispersion curves obtained for array WED by applying 3C-HRFK.

(a) S0

(b) S1

(c) R2

Figure 32. Scholte wave dispersion curves obtained for array WED by applying WaveDec.
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MODE ATTRIBUTION ANALYSIS
Array CIA

In total, we tested 500000 models.

a

b

c

d

Figure 33. (a) Scholte and (b) Love wave dispersion curves obtained for site CIA using different techniques
(numbers correspond to the ”blind” modal assignment). The red diamonds represent the targets for the
inversion, as identified from the mode attribution analysis (Figs 33c and 33d). S/L – Scholte/Love wave;
Vert/Rad – vertical/radial component; 0, 1,..n: fundamental mode, first or nth higher mode. The grey dashed
lines represent the theoretical array resolution limits. (c) Collation between the experimental phase velocity
dispersion data (grey diamonds) and 20 best fitting (with lowest RMSE) synthetic multi-modal dispersion
curves (continuous lines represent fundamental modes, dashed and dotted lines represent first and second
higher modes, respectively). (d) Comparison of the H/V curve from a station at the center of the array (black
line) and the simulated H/V curves corresponding to the models in Fig. 33(c).
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Array ENA

In total, we tested 700000 models.

a

b

c

d

Figure 34. (a) Scholte and (b) Love wave dispersion curves obtained for site ENA using different techniques
(numbers correspond to the ”blind” modal assignment). The red diamonds represent the targets for the
inversion, as identified from the mode attribution analysis (Figs34c and 34d). S/L – Scholte/Love wave;
Vert/Rad – vertical/radial component; 0, 1,..n: fundamental mode, first or nth higher mode. The grey dashed
lines represent the theoretical array resolution limits; (c) Collation between the experimental phase velocity
dispersion data (grey diamonds) and 20 best fitting (with lowest RMSE) synthetic multi-modal dispersion
curves (continuous lines represent fundamental modes, dashed and dotted lines represent first and second
higher modes, respectively). (d) Comparison of the H/V curve from a station at the center of the array (black
line) and the simulated H/V curves corresponding to the models in Fig. 34(c).
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ADDITIONAL INFORMATION ABOUT THE INVERSION ALGORITHM AND
SYNTHETIC TEST

To invert the measured Scholte and Love wave dispersion and Scholte wave ellipticity curves to the
1-D profiles of shear-wave velocity vs (and compression-wave velocity vp and Poisson ratio ν), we
use the newly developed algorithm for the joint multi-zonal transdimensional Bayesian inversion
(Hallo et al. 2021). A similar approach, which applies the nonlinear Bayesian inversion of the
dispersion curves to estimate the seabed vs was presented in Li et al. (2012), but without multizonal transdimensional formulation and based only on the multimode Scholte wave dispersion
curves.
The algorithm of Hallo et al. (2021), which is used in this paper, parameterizes the model using
Voronoi nuclei and deals with the number of layers of the layered model as an unknown parameter
of the inverse problem (Bodin et al. 2012). The model space has the transdimensional Bayesian
formulation and is sampled by a reversible jump Markov chain Monte Carlo algorithm (Green
1995) coupled with the Parallel Tempering Technique (Sambridge 2014).
The solution of the transdimensional Bayesian inversion of the observed data dobs is represented by the posterior probability density function (PDF) on the model space (p(m|dobs )) as
p(m|dobs ) = 1c p(k)p(wk |k)p(dobs |k, wk ), where c is a normalization constant, p(k) is a prior probability of the number of layers, p(wk |k) is a prior conditional PDF of the model parameters for the
state k (i.e. inversion constraints) and p(dobs |k, wk ) is the likelihood function evaluating the misfit
of the observed and modelled data. The model is parameterized by vs , vp and density, while the
thickness of the layers is parameterized in the logarithmic scale in order to reflect the decrease of
the information available in measured data with increasing depth. The upper depth of our model
space is set to 0.1 m. The model complexity (i.e., the number of layers) is controlled by the selfadapting approach (Hallo & Gallovič 2020). The posterior PDF cannot be derived analytically,
because this is a non-linear inverse problem. Hence, we draw random samples by a Markov chain
of random steps. Each chain requires an initial model that is randomly drawn from the prior PDF.
To suppress a possible dependency on the initial model and intra-chain correlation of drawn samples, we use the parallel tempering algorithm (Sambridge 2014). It uses multiple parallel Markov
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Table 2. Input subsurface model for the synthetic test (water column 38 m).
Parameter

Layer 1

Layer 2

Layer 3

Layer 4 (half-space)

Thickness [m]

4

50

50

350

vs [m/s]

50

220

450

1200

vp [m/s]

1500

1800

2000

3500

Density [g/cm3 ]

1.4

1.7

1.9

2.1

chains with independent and random initial models. The result of such a process is an ensemble of
samples that can be assumed to be a discrete approximation of the posterior PDF.
The applied inversion algorithm was primarily tested and developed for the analysis of Rayleigh
and Love waves (Hallo et al. 2021), although, provided appropriate forward modelling algorithms,
it should be also applicable for Scholte waves. To test the applicability of the inversion algorithm
for Scholte waves, we performed here two inversion tests on synthetic data. For a synthetic model
(Table 2), we numerically computed the phase velocity dispersion curves for Scholte and Love
waves for the fundamental and first higher modes, and Scholte wave ellipticity curve (forward
modelling algorithms, Maraschini 2008; Socco et al. 2011; Wathelet et al. 2020). To each of the
curves, we added 5% random Gaussian white noise. These synthetic data were then used as the
observed data in inversion tests. For the first inversion, we used available dispersion curves for
the frequency range 0.4-10 Hz and the pieces of the ellipticity curve on the flanks of the peaks
(Fig. 35). For the second inversion, we use much shorter pieces of the dispersion curves, in the frequency range between ca. 1.2 and 3.2 Hz and the same pieces of the ellipticity curve on the flanks
of the peaks (Fig. 38). With these two tests, we want to show: 1) the applicability of the inversion
algorithm to the offshore environment investigations and highly water-saturated sediments and 2)
the effect of data ”quality” and ”completeness” on the derived profiles of subsurface properties
and associated uncertainty.
Figs 35-37 show the results of the first inversion: the fit of the modelled and synthetic data and
Posterior marginal PDF for the shear-wave velocity, compression-wave velocity and Poisson ratio.
Figs 38-40 show the respective results of the second inversion.
In the presented plots, the models represent the Maximum Likelihood model (ML; model with
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Figure 35. The fit of the modeled data to the observed one (synthetic; dispersion curves of the fundamental
and first higher modes of Scholte and Love waves and ellipticity of the fundamental mode of Scholte wave):
the grey curves represent 300 random models from the ensemble of solutions; the black curve with the error
bars represents the synthetic data; the blue and purple curves are the ML and MAP models, respectively.
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Figure 36. Posterior marginal PDF for shear-wave velocity vs : the color represents the probability; the blue,
purple and black curves are the ML, MAP and input synthetic models, respectively.

the lowest misfit between the synthetic and modelled data) and the Maximum a Posteriori Model
(MAP; model which is closest to the maximum posterior marginal probability of vs in terms of L1norm). The ML model can be misleading as there is a non-unique solution to the inverse problem,
the problem of possible over-fitting of the observed data, and it shows only one possible solution,
while the MAP model results from the posterior PDF in which the less complex models are more
probable.
The results of both inversions prove that the applied inversion scheme allows the retrieval of
the subsurface structure below the lake floor, even for fully water-saturated sediments with high
Poisson ratios (i.e. close to 0.5). The data fit plots (Figs 35 and 38) show that in both inversions, we
were able to find subsurface models which provide a plausible fit to the synthetic data curves. Figs
35-40 show that in both cases we found robust solutions to the inverse problems even considering
the contamination of synthetic data by random Gaussian white noise. The comparison of Figs
36-37 and Figs 39-40 shows that the outcome of the inversion (posterior marginal PDF) strongly
depends on the ”completeness” and frequency extent of the input data and the resolution of the
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(a)

(b)

Figure 37. Posterior marginal PDF for a) compression-wave velocity vp and b) Poisson ratio ν: the color
represents the probability; the blue, purple and black curves are the ML, MAP and input synthetic models,
respectively.

inversion result decreases with depth. The first inversion, which used ”longer” dispersion curves
has better convergence, resolution and can resolve deeper structure of the subsurface. At the same
time, the second inversion, which used quite ”short” pieces of the dispersion curves, allowed us to
resolve the subsurface structure down to 50 m depth (below the uncertainty is quite high, but we
still can see the general trend for the derived sediment parameters). Additionally, our results show
that the vp and ν profiles have much higher uncertainty than the vs profiles, but can be resolved
from the high-quality data.
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Figure 38. The fit of the modeled data to the observed one (synthetic; dispersion curves of the fundamental
and first higher modes of Scholte and Love waves and ellipticity of the fundamental mode of Scholte wave):
the grey curves represent 300 random models from the ensemble of solutions; the black curve with the error
bars represents the synthetic data; the blue and purple curves are the ML and MAP models, respectively.
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Figure 39. Posterior marginal PDF for shear-wave velocity vs : the color represents the probability; the blue,
purple and black curves are the ML, MAP and input synthetic models, respectively.

(a)

(b)

Figure 40. Posterior marginal PDF for a) compression-wave velocity vp and b) Poisson ratio ν: the color
represents the probability; the blue, purple and black curves are the ML, MAP and input synthetic models,
respectively.
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RESULTS OF THE JOINT INVERSION OF DISPERSION AND ELLIPTICITY
CURVES

9.1

Array CIA

The ensemble of solutions (included in the PDF) includes 234400 models, while in total we explored more than 4900000 models. The fit between the experimental and modeled data is quite
good and the velocity structure is well resolved down to approximately 65 m depth.

Figure 41. The fit of the modeled data to the experimental data (dispersion curves of a fundamental mode
of Scholte and Love waves and ellipticity of the fundamental mode of Scholte wave) for array CIA: the
grey curves represent 300 random models from the ensemble of solutions to show the scatter of possible
inverse problem solutions with different misfit (i.e. posterior predictive distribution); the black curve with
the data errors represents the experimental data; the blue and purple curves are the ML and MAP models,
respectively.

Figure 42. Shear-wave velocity profile at site CIA and zoom to the upper 20 m. The color represents the
probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area marks
the part of the profile where we don’t have resolution; vS30−M L =123 m/s, vS30−M AP =127 m/s.
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(a)

(b)

Figure 43. a) Compression wave velocity vp and b) Poisson ratio ν profiles at site CIA. The color represents
the probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area
marks the part of the profile where we don’t have resolution.

9.2

Array ENA

The ensemble of solutions (included in the PDF) includes 81600 models, while in total we explored
more than 1800000 models. The fit between the experimental and modeled data is quite good and
the velocity structure is well resolved down to approximately 150 m depth.

Figure 44. The fit of the modeled data to the experimental data (dispersion curves of a fundamental mode
of Scholte and Love waves and ellipticity of the fundamental mode of Scholte wave) for array ENA: the
grey curves represent 300 random models from the ensemble of solutions to show the scatter of possible
inverse problem solutions with different misfit (i.e. posterior predictive distribution); the black curve with
the data errors represents the experimental data; the blue and purple curves are the ML and MAP models,
respectively.
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Figure 45. Shear-wave velocity profile at site ENA and zoom to the upper 20 m. The color represents the
probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area marks
the part of the profile where we don’t have resolution; vS30−M L =122 m/s, vS30−M AP =126 m/s.

(a)

(b)

Figure 46. a) Compression wave velocity vp and b) Poisson ratio ν profiles at site ENA. The color represents
the probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area
marks the part of the profile where we don’t have resolution.

46

A. Shynkarenko et al.

9.3

Array ENB

The ensemble of solutions (included in the PDF) includes 173400 models, while in total we explored more than 3600000 models. The fit between the experimental and modeled data is quite
good and the velocity structure is well resolved down to approximately 105 m depth.

Figure 47. The fit of the modeled data to the experimental data (dispersion curves of a fundamental mode of
Scholte and Love waves and ellipticity of the fundamental mode of Scholte wave) for array ENB: the grey
curves represent 300 random models from the ensemble of solutions to show the scatter of possible inverse
problem solutions with different misfit (i.e. posterior predictive distribution); the black curve with the data
errors represents the experimental data; blue and purple curves are ML and MAP models, respectively.

Figure 48. Shear-wave velocity profile at site ENB and zoom to the upper 20 m. The color represents the
probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area marks
the part of the profile where we don’t have resolution; vS30−M L =129 m/s, vS30−M AP =126 m/s.
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(b)

Figure 49. a) Compression wave velocity vp and b) Poisson ratio ν profiles at site ENB. The color represents
the probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area
marks the part of the profile where we don’t have resolution.

9.4

Array MUA

(compression wave velocity and Poisson ratio profiles)

(a)

(b)

Figure 50. a) Compression wave velocity vp and b) Poisson ratio ν profiles at site MUA. The color represents the probability; the blue and purple curves are the ML and MAP models, respectively. The shaded
area marks the part of the profile where we don’t have resolution.
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9.5

Array NAA

(compression wave velocity and Poisson ratio profiles)

(a)

(b)

Figure 51. a) Compression wave velocity vp and b) Poisson ratio ν profiles at site NAA. The color represents
the probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area
marks the part of the profile where we don’t have resolution.
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9.6 Array WED
The ensemble of solutions (included in the PDF) includes 315900 models, while in total we explored more than 6500000 models. The fit between the experimental and modeled data is quite
good and the velocity structure is well resolved down to approximately 40 m depth.

Figure 52. The fit of the modeled data to the experimental data (dispersion curves of a fundamental mode
of Scholte and Love waves and ellipticity of the fundamental mode of Scholte wave) for array WED: the
grey curves represent 300 random models from the ensemble of solutions to show the scatter of possible
inverse problem solutions with different misfit (i.e. posterior predictive distribution); the black curve with
the data errors represents the experimental data; the blue and purple curves are the ML and MAP models,
respectively.

Figure 53. Shear-wave velocity profile at site WED and zoom to the upper 20 m. The color represents the
probability; the blue and purple curves are the ML and MAP models, respectively. The shaded area marks
the part of the profile where we don’t have resolution; vS30−M L =103 m/s, vS30−M AP =98 m/s.
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(a)

(b)

Figure 54. a) Compression wave velocity vp and b) Poisson ratio ν profiles at site WED. The color represents the probability; the blue and purple curves are the ML and MAP models, respectively. The shaded
area marks the part of the profile where we don’t have resolution.
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