
  

Introduction
The paper presents ongoing work on adjoint seismic traveltime 
tomography of crust in Czech Republic. The main advantage of 
adjoint method consists in revealing the areas, which most affect 
fit to data, so-called sensitivity kernels. The kernels are obtained 
after two calculations of wave propagation: forward propagation 
from source to receiver and adjoint calculation where data 
residuals are backpropagated through the studied medium. The 
kernels are, moreover, used for iterative improvements of model 
by e.g. conjugate gradients. 
The dataset used in inversion consists of surface wave 
traveltimes between pairs of stations obtained by 
crosscorrelations of ambient seismic noise, filtered for different 
period ranges with dominant periods 20-2s. We present 
application to synthetic data as well as first attempts on real data.

Method
Membrane wave approximation was successfully used to 
efficiently model finite frequency effects of surface wave 
propagation in complex media (Tanimoto 1990). The waves 
are model by equation Identical to that of SH waves in 2D 
media (horizontal plane) for each frequency separately: 

(1)

Adjoint wavefield is obtained by solving adjoint equation to (1) 
when inserting proper adjoint sources. Great advantage for 
numerical calculations is the fact that adjoint equation for our 
problem is identical to the forward problem (Fichtner et al. 
2006).
Adjoint sources depend only on the form of misfit used. For the 
sum of squared traveltime differences we have

(2)

where ΔT is traveltime difference between data and synthetics 
obtained by crosscorrelation. 
Sensitivity kernels specify which parts of our model domain 
would improve fit to data. They represent integral kernels of 
Fréchet derivative of misfit (also called Fréchet kernels). 
Kernels can be calculated from forward and adjoint wavefield, 
e.g. kernel for shear modulus (Tromp et al. 2005): 

(3)

After the calculation of kernels we obtain misfit gradient which 
is further used in iterative model improvement by conjugate 
gradient technique (e.g. Tape et al. 2007).
All calculations were performed using adjoint version of 
software package SeisSol (finite element Discontinuous 
Galerkin method with arbitrary high order time derivative 
(Käser and Dumbser 2006). 
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Synthetic test

For the synthetic test the model was created 
to be strongly heterogenous in area of 
interest. It was constructed so that synthetic 
data are close to the real data. Stations were 
located in positions of 19 real stations and 6 
sources were located  randomly within area 
of interest.

Test A: Inversion of data with predominating periods of 20s, 16s, 12s and 10s 
respectively. Inversion was started from homogenous model for the 20s data. 
Basic characteristics of the model were recovered after the inversion of 
longest period, with decreasing period the model was only further refined in 
more details.

Test B: Dependence on starting model. Inversion of 20s 
data was started from homogenous and inhomogenous 
(smoothed “real”) model. Obtained models differ from 
each other by few percent.

Inversion of real 20s data

For the inversion of real data we know certain traveltimes 
between pairs of stations. Therefore  33 sources were 
located in the same position as 33 stations (out of 54), 
resulting in total  880 traveltimes between stations. The 
inversion was started from homogenous model. 

Conclusions
Synthetic test shows that it is possible  to start inversion from homogenous 
model which is more general, includes less apriori information when 
inverting long period data. Although target model contains strong 
heterogeneities, the inverted model was able to recover them.
Results of checkerboard test show that the resolution of data is excellent for 
the region of Czech Republic. Inversion of 20s data shows heterogeneous 
distribution of the Love wave velocities across the Czech Republic. In the 
next step, data for lower periods will be inverted to retrieve variations of the 
Love wave velocities related to shallower depths.
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Fig 2: Final inverted models for different period ranges. 

Fig 3: Minimization of misfit for different periods

Fig 4: Differences between obtained models for inversions 
started from different initial model

Fig 1: Velocity model for synthetic test (assuming constant 
density). Configuration of stations (triangles) and sources 
(stars). 

Fig 5: Map of stations used in inversion, station 
pair with known traveltimes are connected by 
green line.

Fig 6: Checkerboard test results
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Fig 7: Velocity model 
obtained from the inversion. 

To see the resolution of the sources-stations 
configuration used in inversion, we performed so 
called checkerboard test.


	Slide 1

