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Summary

We used multi-channel analysis of surface waves (MASW) to
appraise Vs inversion sensitivity to variability and accuracy in
a-priori information. We used a relatively wide range of
Poisson’s ratio values (0.25-0.467) to estimate initial Vp
models, update the Vp or Poisson’s ratio model during the
inversion, and three density trend patterns to test more than 24
scanarios of a-priori information usage and evaluate its impact
on final Vs inversion results. The biggest differences in the
final 2D Vs estimates were observed between models with the
smallest, 0.25, Poisson’s ratio and the smallest between
models with the largest, 0.467 Poisson’s ratio. Vs values from
using Poisson’s ratio models of 0.25 versus 0.467 were also
notably different. The observations made with accurate a-
priori information may be have less of-an-effect on sites with
Poisson’s ratios equal or greater than 0.467, but have
increasing importance as Poisson’s ratio decreases from 0.467
to 0.25. These findings could be significant to both the applied
applications and reasearch on the seismic surface wave
method.

Introduction

The MASW method was initally developed to estimate near-
surface shear-wave velocity from high-frequency (> 2 Hz)
Rayleigh-wave data (Song et al., 1989; Park et al., 1998; Miller
et al., 1999b; Xia et al., 1999b). Shear-wave velocities
estimated using MASW have been reliably and consistently
correlated with drill data. Using the MASW method, (Xia et
al., 2000) noninvasively measured Vs were observed to be
within 15% of Vs measured in wells. (Miller et al., 1999b)
mapped bedrock with 0.3-m (1-ft) accuracy at depths of about
4.5-9 m (15-30 ft), as confirmed by numerous borings.

The MASW method has been applied to problems such as
characterization of pavements (Ryden et al., 2004), the study
of Poisson’s ratio (Ivanov et al., 2000a), study of levees and
subgrade (Ivanov et al., 2004; lvanov et al., 2006b), investi-
gation of sea-bottom sediment stiffness (Ivanov et al., 2000b;
Kaufmann et al., 2005; Park et al., 2005), mapping of fault
zones (lvanov et al., 2006a), study of Arctic ice sheets
(Tsoflias et al., 2008; Ivanov et al., 2009), detection of dis-
solution features (Miller et al., 1999a), and measurement of Vs
as a function of depth (Xia et al., 1999a). Applications of the
MASW method have been extended to include determination
of near-surface quality factor Q (Xia et al., 2013) and the
acquisition of more realistic compressional-wave refraction
models (lvanov et al., 2006¢; Ivanov et al., 2010; Piatti et al.,
2013). A review of established surface wave methods (SWM)
can be found in Socco et al. (2010) and ample textbook
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information can be found in (Foti et al., 2015). Most recent
developments of the SWM include the expansion with the use
of the horizontal component of the Rayleigh wave (Boaga et
al., 2013), the simultaneous use of guided-waves with multi-
mode surface waves in land and shallow marine environments
(Boiero et al., 2013), evaluation at landfill sites (Suto, 2013),
and the use of the high resolution linear Radon transform
(Ilvanov et al., 2017a) to improve both the horizontal and linear
resolution of the final 2D Vs models (lvanov et al., 2017b).

The MASW method includes the following steps. A single
seismic-data record (a.k.a. shot gather) is acquired. These data
are transformed into a dispersion-curve image (Park et al.,
1998; Luo et al., 2009), which is used to evaluate a dispersion-
curve trend(s) of the Rayleigh wave. This curve is then
inverted to produce a 1D Vs model (Xia et al., 1999b). By
assembling numerous 1D Vs models, derived from consecu-
tive seismic shot records, 2D (Miller et al., 1999b) or 3D
(Miller et al., 2003) Vs models can be obtained.

MASW dispersion-curve inversion for Vs is commonly
performed using predefined values for compressional-wave
velocity (Vp) and density. It is recommended and assumed that
such a-priori information is available and accurate from other
measurements. However, practical MASW applications often
lack this type of information and as a result the VVp and density
estimates are determined based on vague a-priori information
knowledge and/or assumptions for each specific site. It has
been postulated that the resulting errors in the Vs estimates
from using parameter assumptions are insignificant.

However, efforts to estimate Vs inversion errors due a-priori
information inaccuracies have been relatively limited. Xia et
al. (1999b) showed that a 25% increase in Vp resulted in less
than 3% average change in the dispersion-curve phase-
velocity values from forward modeling. Furthermore, forward
modeling showed that decreasing the density in the top 2 layers
by 25% and increasing it in the rest of the layers by 25%
resulted in average Vs change of less than 10%. Impacts of
accurate density information on inversion results were more
closely evaluated on a range of models and real world data
(Ilvanov et al., 2016). The use of direct density measurements
from well core in the initial model reduced almost half of the
Vs values by approximately 10-11% (mostly at mid-depths)
and a few by more than 17% in comparison to using constant
density. More importantly, it was noticed that using accurate
density trends can change the structural appearance of the final
2-D Vs sections, thus leading to different site interpretations.
One of the valuable observations from this research effort was
that it was not the actual density values that impact the surface
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wave propagation charachteristics but the density ratios (e.g.,
the density ratios between neighboring layers trends).

It is expected that accurate Vp information estimated from
other methods, such as refractions, refraction tomography,
uphole survey, etc.is used for surface wave inversion. In the
absence of such a-priori information it is possible to use
Poisson’s ratio assumptions about a particular site (e.g., 0.4 for
a very near surface site) and calculate initial Vp models from
the initial Vs model obtained from estimated surface-wave
dispersion curve values. Next, however, keeping such an initial
Vp model fixed during the inversion may lead to unrealistic
Poisson’s ratio values after obtaining the final Vs estimates.
Consequently, to avoid such numerical possibilities, an
approach of keeping Poisson’s ratio fixed during the inversion
can be adopted, i.e., the Vp model is updated with every
inversion iteration.

In this research effort we used 20 seismic records from a
selected site set to estimate Vs inversion variations resulting
from using a relatively wide range of a-priori information
possibilities that represent a reasonable scenario in real-world
applications of the surface-wave method.

Poisson’s ratio values of 0.25, 0.33, 0.4, and 0.467
(corresponding to Vp/Vs ratios of 1.73, 2.0, 2.5, and 4.0) were
selected in efforts to cover a wider range of real-world
possibilities.

We also used three types of density models. The first type
employed a constant of 1.8 g/cm? for the whole 2D section, the
second applied density values linearly increasing with depth
from 1.55 to 2.0 g/cmd. An increasing with depth density trend
appears more appropriate in view of the geologic processes
taking place within the very near surface; such as compaction,
desiccation, etc. As a result, such a density assumption could
increase the likelihood of obtaining more accurate final results.
The third type involved Gardner’s equation to obtain density
values from the Poisson’s- ratio-derived initial Vp model.

The above mentioned numbers lead to 12 combinations of Vp
and density initial model pairs. Each one was inverted once
using a fixed Vp and once using a fixed Poisson’s ratio during
the inversion step, thereby resulting in 24 2D Vs results.

Data

Seismic data were collected at Garland, Michigan. The near-
surface geology of the area is known to be dominated by
glacial till with some suggestions of boulders. Data were
recorded using a Geometrics StrataView seismograph,
48channels, and 4.5-Hz geophones. Geophone spacing was
0.6m and the source offset was 12 m. We processed the data
using SurfSeis software developed by the Kansas Geological
Survey. The MASW technique was applied by obtaining a
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dispersion curve image from each seismic record, on which a
dispersion curve of the fundamental mode of the Rayleigh
wave was estimated. On some of the images the fundamental
mode of the surface wave was well defined within a wide
frequency range of about 12 to 70 Hz (images not shown for
brevity). Dispersion curves were picked and saved to be used
for inversion for Vs with depth.

Results

For each a-priori information scenario all 20 1D Vs inversion
results were inverted and assembled into a corresponding 2D
Vs image (Figure 1 and 2). Inversion was performed using
stopping criteria of 1.5 m/s RMS (i.e., fit between the observed
and calculated dispersion curve) and maximum of 5 iterations
for most of the inversion sets. Inversions that used Poisson’s
ratio values of 0.25 required 10-15 iterations to converge to
low RMS values.

For this particular data set the greatest Vs variations (up to
22%) can be observed between models that used fixed Vp
(Figure 1a) vs fixed Poisson’s ratio (Figure 1d) at constant
density and Poisson’s ratio 0.25. Such Vs variations decreased
as adopted Poisson’s ratios increased to 0.467 (e.g, Figure 1g
vs Figure 1j and Figure 2a vs Figure 2b). It can be noticed that
2D Vs image from 0.25 Poisson’s ratio are notably different
compared to those from 0.467 Poisson’s ratio. The diffence is
smaller, Figure 1 a)-c) vs Figure 2 g)-i), or greater, Figure 1
d)-f) vs Figure 2 j)-1), depending on using Vp or Poisson’s ratio
fixed during the inversion. All 6 2D Vs results from using
0.467 Poisson’s ratio were almost identical Figure 2 g)-I) . The
difference for the most part was within 1-2 % and for a very
few spots up to 9%. Vs variations due to different density
models were most notable with fixed 0.25 Poisson’s ratio
Figure 2 d)-f).

Conclusions

Vs inversion findings from these data indicate that Vs result
can be almost insensitive to Vp and density a-priori
information accuracy for sites with Poisson’s- ratio values of
0.467 (and higher) and become more and more different from
those values as Poisson’s- ratio decreases to 0.25.

Although a-priori information Vs variations may differ with
other data sets, we hypothesize simillar variation patterns.
Consequently, the demand for accurate a-priori information
for a specific site may be high or low depending on the
expected Poisson’s ratio, 0.25 or 0.467 respectively.
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Figure 1. Vs inversion results from using initial Vp model derived from Poisson’s ratio of 0.25 a)-f) and 0.33 g)-I) (i.e., top and bottom halves).
Result on the left a)-c) and g)-k) were obtained by keeping the initial Vp model constant during the inversion and on the right d)-f) and h)-I) by
keeping Poisson’s ratio constant during the inversion. The density model used constant values for rows 1 and 4, i.e., a), b), g), and h); increased
with depth rows 2 and 5, i.e., ¢), d), i), and j); and was derived from Vp rows 3 and 6, i.e., e), f), k), and I).
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Figure 2. Vs inversion results from using initial Vp model derived from Poisson’s ratio of 0.4 a)-f) and 0.467 g)-I) (i.e., top and bottom halves).
Results on the left, a)-c) and g)-k), were obtained by keeping the initial \Vp model constant during the inversion and on the right, d)-f) and h)-I), by
keeping Poisson’s ratio constant during the inversion. The density models used were constant values for rows 1 and 4, i.e., a), b), g), and h);
increased with depth for rows 2 and 5, i.e., ¢), d), i), and j); and were derived from Vp for rows 3 and 6, i.e., e), f), k), and I).
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