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Review of PhD Thesis „Source Parameters of Microearthquakes and their Uncertainties“ by Mgr. Jan 

Michálek 

(Advisor: doc. RNDr. Tomáš Fischer, Ph.D.) 

 

The Thesis is devoted to inference and interpretation of source parameters of selected swarm 

earthquakes (0.8<ML<3.3) that occurred in West Bohemia in years 2000 and 2008. The primary 

objective is to obtain scalar seismic moments and corner frequencies from spectra of P and (in some 

cases) S wave pulses by means of absolute and relative methods. In case of absolute methods, station-

dependent attenuation parameter Q is resolved simultaneously. The uncertainty of the inverted 

parameters is analyzed. The source parameters are then translated using standard simple crack models to 

source dimensions and stress drops to analyze self-similarity of the events.  

The Thesis starts with Introduction in Chapter 1 and basic explanation of Theory and Methods in 

Chapter 2. Chapter 3, the longest part of the text, is devoted to the actual source parameter inversion. 

After review of results of similar source studies from the West Bohemia/Vogtland and worldwide, the 

author describes in detail the utilized data, their processing, spectral estimation and individual inversion 

approaches (absolute individual and joint, relative). Then the results of the various types of inversion in 

terms of scalar moments, corner frequencies and Q values are presented. Based on many additional tests, 

the author carefully analyzes the influence of radiation pattern and crustal model on the inverted 

parameters. Uncertainty analysis is also performed, suggesting that the absolute methods are better 

constrained than the relative ones. Therefore, the interpretation of the corner frequencies and seismic 

moments in terms of stress drop and self-similarity of the events is performed only considering the 

results of the absolute method. The Discussion section (Chapter 4) extends the discussion of the source 

scaling, providing additional indications of non-self-similarity by means of relations between apparent 

stress drop and seismic moment, and between local magnitude and seismic moment. Eventually, the 

results are compared with similar regional studies and with worldwide data collected by Kwiatek et al. 

(2011) and Ide and Beroza (2001). The last section Conclusions (Chapter 5) overviews the results. The 

Thesis is supplemented by two papers published in impacted international journals. The first one deals 

with the seismic swarm that occurred in 2000 in terms of event location, space-time seismicity evolution 

and analysis of repeating events. The Thesis itself is basically extension of the second (more recent) 

paper. Appendix shortly explains the implementation of the data processing and inversion into seismic 

package SEISMON, which is co-developed by the author of the Thesis. 

The Thesis is well written. The presentation of the results in terms of tables and figures is clear 

although some minor improvements are advisable (see below). Section Theory and Methods contains 

definition and explanation of all quantities and formulas utilized thereafter. Nevertheless, this part does 

not represent the strongest part of the Thesis since there are several minor deficiencies in term 

explanations and notation (see below), although they generally do not jeopardize the understanding of 

the following text. The methods used to analyze and interpret the data are explained sufficiently and the 

computer implementation (including GUI in SEISMON) documents very good programming skills of 

the author. I just miss an overview of published source inversion methods (including, e.g., the 

Generalized Inversion Technique method) with clear explanation whether the methods adopted in the 

Thesis are standard or modified (and how). On the contrary, the review of inferred stress drops 

(including their scaling) both worldwide and in West Bohemia is very rich. The author clearly prefers 

the absolute methods for their seemingly better performance, although I suspect that the performance of 

the relative methods is underestimated (see below). 

The inverted source parameters are inspected regarding self-similarity of the events, which is, 

generally, an open issue in seismology and an area of active research. Basically, drawing conclusions 
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from empirical studies is complicated due to the difficulties with removal of attenuation effect from the 

observed spectra. One of the key messages of the Thesis is that the analyzed swarm earthquakes do not 

exhibit constant stress drop scaling ‘locally’, although ‘globally’, i.e. in worldwide comparison with data 

including very large magnitude range, these events follow the constant stress drop scaling (Figure 4.3). 

Unfortunately, the loss of earthquake self-similarity can be just apparent when the effect of attenuation 

is not properly considered and/or when the estimation error (typically increasing with decreasing 

magnitude) is neglected. Therefore, I appreciate that the author aims also to assess the uncertainty of the 

inverted parameters. Moreover, the author supports his finding by, in some sense, independent evidences 

based on dependence of seismic moment on local magnitude, and of apparent stress (proportional to the 

ratio between released energy and seismic moment) and seismic moment. The author correctly points 

out that parameters such as stress drop and rupture size do not necessarily reflect the actual physical 

parameters of the source but are useful in comparative studies among events/regions. Overall, the Thesis 

including the published papers represents an important contribution to the question of self-similarity of 

earthquakes. 

 

Major comments: 

 

1. It is surprising to me that the joint inversion seems to be less constrained than the inversion of 

individual events (Figure 3.17). Moreover, there are large differences of obtained corner 

frequencies including their error estimates. This is especially pronounced in case of larger corner 

frequencies (i.e. for smaller events). Unfortunately, it is hard to understand the cause of 

discrepancy of the errors since different methods are used to tackle their estimation. In particular, 

jack-knife test, which is considered in the joint inversion case, suggests larger uncertainty than 

confidence-interval-like method in the single event inversions. Is it possible that the latter 

underestimates the error bounds due to, e.g., assumption of too small range of accepted residuals 

(misfits)? What would be the uncertainties if the confidence interval method is applied in the joint 

inversion? Other possibility is that the corner frequency might be apparently more stable in the 

single event inversion since station Q values are adjusted for each of the events independently. 

This issue must be clarified, since it has consequences on the discussion of the stress drop scaling. 

2. The author concludes very poor performance of the relative method of source parameter 

estimation. Is this conclusion in agreement with other authors using the same or similar methods? 

Particularly regarding the deconvolution process using the multi-tapper approach I think that the 

preferred method is different from the one used by the authors (e.g., see Park and Levin (BSSA 

2000, equation 3 therein) in their receiver function analysis). Can the relative inversion method be 

improved? 

3. What is the signal-to-noise ratio for the smallest events? Can the noise bias the inversion of the 

smallest sources? 

4. On page 35 the author claims that the use of radiation pattern (RP) correction parameters do not 

help to constrain the seismic moment. Figure 3.8 demonstrates that when stations close to nodal 

planes are neglected, the scalar moment tends to the value obtained when mean RP coefficients 

are considered. I find it contradictory to the fact that the RP coefficients are the basis for moment 

tensor inversion (e.g. by means of the AMT method). What are the author’s comments to that? 

5. There are contradicting comments on the distribution of stress drops along the fault plane in the 

Thesis (Figure 3.13) and in the second (GJI) paper (Figure 11). In the first case the author states 

that the highest stress drops are concentrated in the central part of the fault, while in the latter he 
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states that there is no systematic pattern in the stress drop distribution. What is the more recent 

opinion and why? Is it a novel idea or can it be found in the literature? 

6. Neglecting the question of existence of the stress drop scaling, one can expect variability of stress 

drops in a given tectonic area. For example, numerical study by Riperger et al. (2007), employing 

relatively simple dynamic models with linear weakening friction and fractal stress distribution, 

suggests roughly constant stress-drop scaling until the earthquake size reaches the dimension of 

the numerical model. Nevertheless, there is still some range of variability of stress drop (perhaps 

due to the random character of the stress variation considered). Can the author estimate minimum 

range of variability suggested by the data analyzed, taking into account the estimation errors? 

7. The author observes apparently artificial difference between scalar moments inferred from P and 

S waves (Mp/Ms=1.5), not giving a satisfactory explanation for such inconsistency. Are there any 

clues and/or similar evidences in the literature? 

8. What is the definition of local magnitude considered in the Thesis? Why does the scaling 

coefficient between the seismic moment and local magnitude inferred in the present work differ 

from the one found by Hainzl and Fischer (2002)? 

9. What is the role of the directivity effect and site effects on the inversion of corner frequencies and 

their interpretation? 

 

Minor issues: 

 

- On page 35 it is not clear how the radiation pattern correction parameters were obtained. Did the 

author consider a layered model or a homogeneous space? If a layered model is employed by 

means of ray theory, does the author consider the complete dynamic properties of the ray 

amplitudes (i.e. including transmission coefficients at all boundaries, impedance contrast between 

the layers, etc.)? 

- Regarding discussion on page 39, I do not understand why, according to the author, the directivity 

effect would be manifested on Q values rather than on the corner frequencies, when for the latter 

there are theoretical reasons for the directivity dependence. 

- The noise spectrum presented in Figure 3.3 seems to follow a spectral decay. Is it a real feature of 

the noise or some processing problem, such as that the mean was not subtracted from the noise 

time series? 

- In contrast to equation (3.1) in equation (3.3) L1 norm is specified. Is it correct? If so, is there any 

difference in results when using L1 or L2 norms? Moreover, there is perhaps missing summation 

over frequencies in equation (3.3). 

- In chapter 2.5.1 the author discusses the necessity in the relative method to have small enough 

earthquake with time function to be considered as a delta function (see also point 2 on page 20). 

However, according to my opinion this condition is not necessary if the author employs equation 

(2.32), in which Brune spectra for both the stronger and the weaker events are considered. 

- Equation (2.12): Why is this definition of scalar seismic moment preferred against others, such as 

best double couple scalar moment of Harvard? Is the moment tensor considered in the Thesis full, 

deviatoric or pure shear? 

- In chapter 2.3.1 devoted to the instrumental correction it is not clear why the author did not apply 

directly the instrument response of the two seismographs (SM3 and LE3D) actually used in West 

Bohemia. 

- Green’s functions are not correctly defined on page 6. Nevertheless, on page 8 they are defined 

correctly. 
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- On page 8 an inconsistent notation is used. For example M0 stands once for scalar seismic 

moment, once for moment time function. 

- It seems that quantities J and Jc are not consistently used on pages 12-13. Do they represent the 

same quantity or different? 

- Figures 3.2 and 3.13 do not include the size scale for the event magnitudes. Moreover, the size 

range of the scale is very small so that it is almost impossible to recognize the magnitudes. 

- Page 13: reference to nonexistent Figure 3. 

 

Questions for a general discussion: 

 

- Figure 3.14 and the estimated scaling of slip with magnitude suggests that either slip or fault 

width do not scale with fault length. Similar change in source scaling is observed when the 

rupture size reaches the brittle-ductile transition in case of large crustal earthquakes. Can there be 

similar physical explanation of such loss of self-similar scaling in terms of limited size of the 

largest potential rupture given perhaps by some geometrical features of the highly fractured 

(nonplanar) fault? What is the role of the loading mechanism on stress drop scaling? I recall that 

in the study area the events are perhaps triggered by local pore pressure changes (related to fluid 

migration), rather than by global tectonic stress increase. 

- Is there any chance of automatization of the data analysis and inversion to apply the method to 

much larger number of events? 

- Regarding the first paper, could the location of the events in multiplets be improved using double 

difference relocation, perhaps utilizing cross correlation travel times of P and S and also S-P? 

 

To conclude the review, the Thesis represents an important contribution to the problem of self-similarity 

of swarm earthquakes in the West Bohemia. The problem is addressed by means of inference of source 

parameters of selected events from the spectra of the P and S wave pulses using state-of-the-art methods. 

The Thesis demonstrates that the author is a promising independent researcher, who is able to define 

research problems and select appropriate tools accordingly. 

 

 

RNDr. František Gallovič, PhD. 
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