
1. Introduction
In land seismic reflection a critical step of the processing workflow is
static corrections, that are significant to improve the imaging of deeper
targets. We present three methods for the estimation of static
corrections using surface-waves (SW). The first method as developed by
Socco et al. (2017) and Socco and Comina (2017) is based on the direct
transformation of the SW dispersion curves (DCs), without the need of
extensive inversions. It is therefore fast and suitable for industrial
applications. The second method, as introduced by Boiero and Socco
(2014), inverts jointly the SW DCs and the body-wave (BW) data (first
breaks), allowing the limitations of both methods to be overcome. The
last is based on the tomographic inversion of SW data, as described by
Boiero (2009), which thanks to multiple coverage provides improved
resolution.
All the methods are applied to a portion of the data from the Ludvika
mine site shown in Figure 1.
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2. Statics estimation using joint inversion of SW and BW

Figure 2: a) VS and b) VP model obtained from the joint inversion if BW and SW

The most representative DC is selected as reference (black dashed in Figure 3a) and is inverted for VS. In Figure 3b we
present the accepted models, with a color scale that indicates the misfit between their synthetic DCs and the
experimental DC. The blue lines show the inversion model space and the best-fitting model is given in red. The best
fitting profile is transformed into VSz. The VSz model (black line in Figure 3b) is compared to the reference DC (black
dots in Figure 3b) to obtain the wavelength and depth couples for which the time-average VS and the phase velocity
are equal, as described in Socco et al. (2017). The couples are interpolated with a polynomial fit to obtain the W/D
relationship, which is plotted in Figure 3c (black line). Following Socco and Comina (2017), we use the reference VSz
profile and different Poisson’s ratio values to compute synthetic W/D relationships (different colors in Figure 3c). The
comparison with the experimental W/D allows the estimation of the apparent Poisson’s ratio (Figure 3d).

Figure 3: a) Picked DCs. The reference DC is given in dashed black. b) Inversion results.
c) Experimental (black) and synthetic (various colors depending on 𝒗) W/D relationship.
d) Estimated apparent 𝒗.

The W/D relationship of the reference model is used to transform all the DCs of the same group into VSz. The time-
average VP (VPz) model (Figure 4) is estimated at each position j from the VSz 1D profiles at each position (VSzj) and 
the apparent Poisson’s ratio, (υz), according to:
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The one-way time (static shift) is obtained from the VPz profile according to equation 2.

Figure 4: VPz along the line estimated by the direct transformation of SW DCs.

The joint inversion of SW DCs and BW first breaks provides a VS (Figure 2a) and a VP (Figure 2b) model of the shallow
subsurface. The VP at every position j is transformed into time-average VP (VPz) according to:
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where hi and VPi are the thickness and P-wave velocity of the i-th layer and n is the number of layers down to depth z.
The one-way time (static shift) at each position j is computed at a (floating) datum plan zd according to:
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where tjd is the one-way travel time and VPjd is the time-average P-wave velocity at position j and depth zd.

6. Conclusions and future work

4. Statics estimation from SW tomography
We convert the VS model (Figure 5a) estimated by a SW tomography by
Papadopoulou et al. (submitted) into VSz, according to equation 3. Using
the apparent 𝑣 obtained by the multichannel analysis (Figure 3d) we
transform the VSz profile into VPz (Figure 5b). The one-way time is obtained
using equation 2.

5. Results
The static shift computed by the three methods for two datum depths (50 and 60 m) is shown in Figure 6a and 6b,
respectively. The results are compared with the one-way time estimated by BW tomography, which being an accepted
method for statics estimation, serves as benchmark.

Figure 6: One-way time (static shift) estimated using SW tomography (green), direct estimation using SW (red), joint inversion (blue) and
tomostatic (black) at a datum depth of (a) 50 m and (b) 60 m.

All presented SW methods present comparable results with the benchmark. Among all, the best match was given by the
SW tomography, which, thanks to its high resolution was also able to detect a low-velocity zone at offset (600 – 700 m).
The main drawback of the method is the time consumption of the DC picking procedure. A good compromise between
time requirements and estimation accuracy is the direct DC transformation. The choice of the method is therefore related
to the desired accuracy. Future work should include automation of the SW tomography and implementation of the direct
transformation method and the joint inversion in 3D.
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Figure 5: a) VS modelobtained by SW tomography. b) VPz obtained from the
tomographic VS model

Figure 1: Geological map of the Blötberget area in central Sweden showing the
location of the seismic profile of the 2016 survey (grey). The portion of the dataset
analyzed in the current work is given in black. The geological map was kindly provided
by the Geological Survey of Sweden.
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