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Abstract

The main goal of the work is to provide group 
velocity model of the Czech Republic obtained 
by the adjoint tomographic technique. Input data 
consist of surface wave traveltimes between pairs 
of stations, which were obtianed by standard 
crosscorrelation method of ambient seismic noise. 
Assuming that the surface wave propagation can 
be simplified to the membrane wave problem, 
the computations were performed using 
2D adjoint version of SeisSol (ADER-DG). 
Several checkerboard tests were performed to get
better insights into what the inversion is able 
to reveal. To obtain information about depth 
sensitivities of data for the given periods, 
surface wave kernels in vertical plane were also 
calculated. 
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Group velocities of 20s Love waves

Resulting model shows average 
group velocities 3.4 km/s in almost
all the studied area and strong 
decrease in group velocities in 
the southeast. Few distinct structures 
are well defined by the inversion.
Very quick convergence of the method
is shown in Fig 9. The greatest 
changes of the initial model within 
first five iteration steps.

Checkerboard test I

The first test is basic checkerboard test 
with heterogeneities of wavelengths
greater than the wavelengths of data
used. After the inversion the features
are well resolved, where the data
coverage is sufficient. Therefore it
serves as the simple resolution test.

Data and Method

Traveltimes between station pairs were
obtained from ambient seismic noise.
Broadband recordings at 54 stations were 
filtered around central periods in ranges 20–2s.
Averaging of the recordings was performed 
and crosscorrelation functions between
the stations were calculated. Traveltimes 
were estimated as maxima of envelopes 
of crosscorrelations. These traveltimes 
are used as input data in inversion 
assuming one station acting as the source.

Summary & Conclusions

Using the 2D adjoint version of SeisSol and assuming that the membrane wave 
approximation is valid, we performed inversion of traveltimes of Love waves, filtered 
around central periods of 20s and 16s, across the Czech Republic. 
We performed few checkerboard tests to obtain information about resolution
of our problem and to confirm that the small-scale heterogeneities in the real model 
do not represent significant problem for the inversion. However, the differences 
between 20s and 16s model are most probably caused by errors in the input traveltimes. 
This will be further examined by performing synthetic tests with erroneous data and 
proper solutions to handling this problem should be found.
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We are using misfit defined as L2 norm of traveltimes: 

Misfit gradient can be expressed with the help of integral kernels
K
m
 is also called sensitivity kernel, it reveals areas of domain which influence 

the misfit the most.
Sensitivity kernels are computed by adjoint method: combination of forward wavefield 
and so-called adjoint wavefield.

In the case of membrane waves adjoint equation is identical to the forward problem, 
Difference arises in form of adjoint sources.

When inverting low frequency data,
it is necessary to abandon classical ray
tomography and employ method that
takes into account finite frequency 
effects by e.g. calculating 
the sensitivity kernels.
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Checkerboard test II

The second test shows how
 the inversion is able to resolve 

structures of considerably smaller
wavelengths than the wavelengths 
of inverted data. Models obtained 
from the inversion reveal the structure
smudged into greater wavelengths
and weaker amplitudes. The bottom 
picture shows how the inverted 
models may vary with different filter 
sizes of sensitivity kernels.

Checkerboard test III

The real models contain 
long-wavelength structures as well as 
the short-wavelength ones. This
test shows how the inverted model
might be affected by 
the shorter-wavelength features versus
the long-wavelength on the inverted
model.

Group velocities of 16s Love waves

Resulting model is basically similar
to model obtained of 20s data, with 
Love wave group velocities 3.4 km/s 
and decrease in velocities in 
the southeast.  There are noticeable
differences when it comes to smaller 
structures. These might have 
several causes:

• Different group velocity models 
for different periods as a result 
of different penetration depth 
of the surface wave 

• Different data coverage 
of the area

• Errors in data intepreted as model
perturbations
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