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With reference to letter no. 190/14 from 7th May 2014 regarding review of 

doctoral thesis of Mr. Jan Michálek, 

 

 

Dear Professor Jan Kratochwíl, 

 

 

Below I attach a review of doctoral thesis submitted by Mr. Jan Michálek entitled 

„Source parameters of microearthquakes and their uncertainties“. I hope that the scientific 

board find my comments useful while assessing the candidate. 
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Review of the doctoral thesis: 
“Source parameters of microearthquakes and their uncertainties” by Jan Michálek. 

 

In his doctoral thesis entitled "Source parameters of microearthquakes and their 
uncertainty", Jan Michálek studies static and dynamic seismic source characteristics of the 
West Bohemia/Vogtland earthquake swarms that occurred in 2000 and 2008. The selected 
56 earthquakes with local magnitudes ML ranging from 0.8 to 3.3 occurred over the same 
and well defined fault plane. For the assessment of source characteristics 3-21 local seismic 
stations with epicentral distances not exceeding 30km were used. 

The doctoral thesis of Jan Michálek addresses important aspect of seismology - the 
appropriate and reliable assessment of source parameters of small earthquakes from the 
direct analysis of seismic recordings. As stated by the Author in the "Introduction" section, 
the investigation of earthquake source parameters is long-lasting and well-established part 
of seismology, especially for large seismic events. Countless waveform processing 
techniques as well as numerous models of seismic source has been developed in recent 60 
years in order to understand the rupture nucleation and propagation. The ultimate aim of 
all these efforts is obviously to understand the physical processes occurring in earthquake 
source leading to the occurrence of larger and (more importantly) damaging earthquakes. 
For that purpose, the development of reliable procedures for estimation of various 
parameters describing the source characteristics as well as the damaging potential of 
earthquakes is of ultimate importance. From this perspective, the work presented by Mr. 
Michálek constitutes and important contribution. 

As the acquisition systems developed and improved over the years resulting in 
lowering significantly the magnitude detection threshold, another issue extensively 
addressed by the Jan Michálek's thesis become equally important: the study of the self-
similarity of earthquake rupture process. The well-established Gutenberg-Richter law 
expressing the relation between the magnitude and frequency of occurrence of earthquakes 
states that on average one can expect 10 times more seismic events detected when 
lowering the observed magnitude limit by 1 unit. In other words, for every ML 4.0 event one 
expects to have 10 ML 3.0 earthquakes and 100 ML 2.0 microearthquakes. As smaller 
earthquake are more abundant, they are believed to constitute an important dataset for 
understanding the physics underlying the nucleation and propagation of rupture provided 
that small earthquakes are physically similar to large ones. If small earthquakes are 
intrinsically similar to the large ones, one could use the knowledge acquired during 
analysis of much more abundant smaller earthquakes to understand the generation and 
rupture process of infrequent, but large and devastating earthquakes. In this context, once 
again the work of Jan Michálek who analyse source processes and scaling relations of 
smaller earthquakes with magnitudes not exceeding ML 3.3 constitutes an important 
contribution to the field. 

Another aspect extensively covered by the Author is the reliability of estimation of 
source characteristics. As pointed out by Mr. Michálek, investigating of the source processes 
and scaling relations of smaller events is a difficult task. This is predominantly because 
effective and reliable analysis of smaller earthquakes requires closer source-receiver 
distances and better instrumentation (higher sampling rates, wide frequency band of the 
sensors, to name a few). Also, once the waveforms are effectively recorded, the following 
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analysis of waveforms of smaller events also require more attention - especially in the 
context of appropriate attenuation/limited frequency band corrections, what is discussed 
thoroughly by the Author in the thesis as well. In last decades, the breakdown in the self-
similarity of earthquake rupture process was frequently reported at smaller magnitudes. 
However, in significant number of case studies reporting the scaling breakdown it was 
found that the breakdown is related to inappropriate processing of seismic data (e.g. 
inappropriate correction for the limited frequency band of the sensors, ineffectively 
corrected attenuation) and not the actual difference in the physical processes in the sources 
of smaller earthquakes. In presented thesis, Mr. Michálek analyses influence of waveform 
processing conditions on apparent scaling breakdown as well as discusses the effects of 
different inversion and optimization techniques on estimation of source characteristics. As 
the selected methods discussed in the thesis are nowadays used to determine the seismic 
source properties, the discussion on their influence on reliable estimation of source 
characteristics is vital and important to the scientific community what I perceive as another 
valuable contribution of Mr. Michálek’s work to the field. 

Particular comments 

Chapter 2 of the PhD Thesis starts with an introduction section describing theory of seismic 
source. A detailed overview of point and finite source models is provided together with 
discussion of basic equations used to assess the source characteristics (seismic moment, 
corner frequency, and static stress drop, to name a few). At this point the overview is 
complete and, what most important, up-to-date regarding the current knowledge in the 
field. What I found new and interesting here is the discussion of expected uncertainties, 
especially in the context of static stress drop, attenuation and effect of the transfer function 
on the source characteristics. Also, I enjoyed the later section on spectra estimation using 
FFT and MTM approaches. The section ends with the description of spectral ratio method 
which seems to be an ultimate solution to address the attenuation problems in source 
parameters assessment of small earthquakes.  

Chapter 3 forms the main part of PhD dissertation describing the processing of 2000 
and 2008 earthquake swarms in West Bohemia region. The section starts with an 
introduction to West Bohemia region, its seismicity and historical studies. Then, the Author 
provides an overview of worldwide studies of source parameters and scaling relations in a 
similar magnitude range. This part clearly confirms that the Author has a broad knowledge 
on the studies and techniques used in the field of microseismicity. The beginning of Chapter 
3 finishes with section describing the aims of the paper. 

In section 3.3 the Author discusses the application of absolute method for source 
parameters assessment using P and (later) S waves. Two inversion methodologies were 
tested and compared: the inversion for source parameters for each seismic event 
individually and joint inversion of all events. An interesting new part here is the discussion 
of the radiation pattern correction. The Author quantifies the effect of P-wave radiation 
pattern correction factor on the estimation of the seismic moment and discusses the 
potential bias introduced to seismic moment in comparison to application of average 
radiation pattern correction coefficients. The Author discusses how to estimate the lower 
limit to radiation pattern correction coefficient that is not biasing the results. I perceive this 
part unique and very interesting, especially the conclusion that even in case of relatively 
precise focal mechanism (as it is in analysed swarms) and good focal sphere coverage, the 
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individual correction for radiation pattern  can lead to more uncertain results than "bulk" 
correction for average radiation pattern coefficient. The latter part of the chapter focuses 
on discussing the results of the Analysis and its uncertainties.  

Section 3.4 applied the similar inverse methods to assess the source parameters 
from S-waves. Then, the differences and similarities between P- and S- wave derived source 
parameters are discussed. This brings quite interesting quite interesting results in the 
context of interpretation of seismicity observed in West Bohemia region. The newly 
calculated results presented by the Author of the thesis support the important role of fluids 
in nucleation and rupture process of analysed earthquakes. 

Section 3.5 focuses on application of spectral ratio method to assess the source 
parameters of selected subset of West Bohemian's swarm earthquakes. Again, two methods 
are applied (individual pairs/joint inversion) and compared with absolute methods.  

The discussion of spectral analysis of seismic data from West Bohemia is presented 
in Chapter 4. The Author compares static (constant stress drop) and dynamic (constant 
apparent stress) scaling relations with other studies in a similar magnitude range. Here, the 
experience gathered by application of different inversion techniques allowed drawing 
further conclusions about scaling invariance of earthquake rupture process for the 
analysed data, with the significant benefit for the whole study.  

Regarding the form of the submitted thesis, I found no particular issues. In my 
opinion, the Author found a good balance between methodological and applied part of the 
thesis. The introduction section, where the theory is provided is clearly written with 
numerous and up-to-date references. The applied part, as well as the discussion section is 
also clearly and concisely written. My overall impression is very positive. One more 
noteworthy comment is that the Author used LaTeX-based tools for making the PhD thesis 
what made reading of the paper even more pleasant. What I am missing is, however, the 
incorporation of major aims of the PhD earlier in the text, e.g. by extending a bit the 
"Introduction" section. Also, I noticed that it in section 3.3.5 it is unclear what source model 
was used to calculate the source radius. 

The submitted thesis provides an interesting discussion on how various inversion 
techniques affect the estimation of source parameters of small earthquakes. The strong 
point of the work performed by the Author is the discussion of uncertainties of source 
parameters estimation. The work contributes to understanding the physical processes of 
small earthquakes and to the ongoing discussion in the context of self-similarity of 
earthquake rupture process 

Taking into account all the above comments I would like to state that Jan Michálek's 
PhD thesis entitled "Source parameters of microearthquakes and their uncertainties" 
proves his ability on performing the creative and independent scientific work. 

 

 Dr. Grzegorz Kwiatek 
 

 
 
 Potsdam, 30 May 2014 


