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Abstract

:

We analyse the earthquakes catalogues for Italy, South California, and Greece across the COVID-19 lockdown period for each country. The results for Italy and Greece show that, even if the reduction of the signal to noise ratio has improved the earthquake detection capability, the completeness magnitude remains substantially unchanged, making the improved detection capability ineffective from the statistical point of view. A slight reduction (0.2) of the completeness magnitude is observed for South California, likely related to the relatively higher number of seismic stations located close to urban areas. Our findings suggest that—given the present configuration of the seismic network considered here—only an important decrease in the station spacing can produce a significant decrease of the completeness magnitude.
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1. Introduction


The signal to noise (S/N) ratio is one of the most important parameters in the definition of seismic data quality. Indeed, a low S/N value hampers the detection of small magnitude events. In some cases, it reduces the capability of first arrival identification and magnitude estimation, possibly even hiding the earthquake signal. The seismic noise can be viewed as a superposition of natural and anthropogenic sources, and in some cases, it is possible to characterise the origin of these sources [1,2,3,4]. Generally, natural and anthropogenic noises have different frequency content. Indeed, the higher frequency noise represents the human-generated noise and is due to the presence of factories, domestic apparatus, vehicle traffic, etc. (see, among the others, McNamara and Buland [5]). By influencing the detectability of small earthquakes, the S/N ratio determines the completeness magnitude   m c  , i.e., the lowest magnitude at which all the earthquakes, occurring in a certain region and in a given time window, are detected [6]. This parameter is fundamental in the statistical assessment of the frequency–magnitude distribution of earthquakes,   log ( N ) = a − b m  , commonly referred as the Gutenberg–Richter (GR) distribution. In the previous equation, N is the number of earthquakes with a magnitude larger or equal to m, b is a scaling parameter controlling the relative number of earthquakes of different magnitudes, and the constant a represents the overall seismicity rate, that is, the productivity of the considered seismogenic volume. The scaling parameter b is the slope of the line and can only be determined in the range    m c  ÷  m  m a x    , with   m  m a x    being the maximum magnitude detected in the area. The GR parameters are, in general, the basis of the seismic hazard studies (e.g., Wiemer et al. [7]) and of the earthquake forecast models (e.g., Wiemer and Schorlemmer [8]). Moreover, a correct estimate of a and b is crucial to better understand the physics of the earth’s crust (e.g., Mignan [9]), and their variations provide information on the changes of the differential stress within the considered volume [10].



After the emergency of the COVID-19, many governments worldwide have adopted some restrictions that, in most cases, caused the reduction of anthropogenic noise. In principle, this reduction implies the increase in the detection capability of smaller events [11,12,13,14,15,16] and, in turn, a net decrease of   m c   would be expected. However, to our knowledge, the greater part of papers focused on the noise analysis and on the improvement of earthquakes detectability. This allowed for a short period to detect earthquakes that perhaps revealed areas of previously unknown micro-seismicity (e.g., Salvage and Eaton [17]) and above all demonstrated that seismic signals can be used to analyse human activity, as shown by Xiao et al. [11], Lecocq et al. [13], Piccinini et al. [18], but none focused on improving the completeness magnitude   m c  . Moreover, this relation between   m c   and the reduction of the S/N ratio is not direct and should be verified by investigating the effect of the influence of the increased detection capability on the   m c   case-by-case.



In the following, we show that, in spite of the increased detectability of small earthquakes associated with the COVID-19 lockdown in several countries, the value of the completeness magnitude   m c   may not change significantly. As a consequence the increased number of small events for   m <  m c   , it is substantially ineffective from a statistical point of view. Moreover, our results provide guidelines for the definition of the strategies for improvement of the earthquake detection capability of any seismic network.




2. Data and Methods


Here we analyse the earthquake catalogues for three different areas, namely Italy, South California, and Greece. In these countries, the government adopted a strict lockdown with a total ban on all non-essential movements. Wherever it has been adopted, this measure caused a net reduction of the seismic noise (e.g., Xiao et al. [11], Yabe et al. [14], Roy et al. [16]) including the countries considered here [13,18]. Thus, for each one of the three countries we consider the earthquakes occurred in a time period across the adoption of the lockdown decree.



The institutions providing the catalogues and the web sites from where the data can be donwloaded are:




	
Istituto Nazionale di Geofisica e Vulcanologia terremoti.ingv.it/search (accessed on 20 April 2021)



	
Southern California Earthquake Data Center scedc.caltech.edu/data/alt-2011-dd-hauksson-yang-shearer.html (accessed on 20 April 2021)



	
University of Athens geophysics.geol.uoa.gr/stations/gmapv3db/index.php?lang=en (accessed on 20 April 2021)








In order to investigate the occurrence of possible changes, for each catalogue we select two distinct time periods: one from the start date of the lockdown decree in the area (Table 1) to the end of April 2020 or to the beginning of May 2020, whereas, for the other one, we select an equal number of days before the lockdown, to be used as reference. For each country, the number of events in each time interval (Table 1) is large enough to ensure reliable statistical analyses.



We estimate the completeness magnitude   m c   using two different methods: the one introduced by Godano [19] and the goodness of the fit method [20]. For each area, the two methods provide the same value. The b value is estimated via the maximum likelihood method [21], and its standard deviation   σ b   is estimated using the method of Shi and Bolt [22].



The   m c   estimation uncertainty corresponds to the magnitude estimation error: namely 0.05. Indeed, both the used methods are based on the best fit of other parameters for different values of   m c  . More precisely, the goodness of the fit method estimates the b value fitting the GR distribution for different values of   m c   choosing its correct value when the   χ 2   assumes the minimum value. Conversely the method introduced by Godano [19] estimates the slope of the harmonic average versus a magnitude threshold.




3. Results and Discussion


The values of the estimated parameters are presented in Table 2. The values of   m c  , b and   σ b  , for Italy and Greece, substantially do not change during the lockdown periods with respect to the preceding period. Whereas South California   m c   and b values decrease of 0.2 and 0.3, respectively.



Figure 1, Figure 2 and Figure 3 show the GR distribution for each area here analysed. The blue dashed lines represent the best fit of the GR distribution obtained via the maximum likelihood method for   m >  m c   , whereas the arrows indicate the estimated   m c   values. In all cases the fitted parameters represent a very good model of the experimental distribution revealing the robustness of our results.



Notice that for the Italian catalogue there exists a breaking point, at   m = 1.9   for both the curves, in the exponential trend of the distribution, marking two different scaling intervals. Indeed, it is possible to model the GR distribution using two different b values: 0.75 in the range   1.9 > m ≥ 1.2  , and 0.95 for   m ≥ 1.9  . In the following, we assume for   m c   the value 1.9 and for b the value 0.95. This should guarantee the best selection of the complete portion of the catalogue.



As expected, Figure 1, Figure 2 and Figure 3 show that the relative number of events increases only in the range   m <  m c    for each area here analysed. Nevertheless, the increased number of events is not sufficient to observe a reductions of the   m c   value, with the exception of South California. Indeed, in this case, the completeness magnitude decreases of 0.2, which is larger than the magnitude estimation error for this catalogue.



The obtained results are a clear indication that in the cases of Italy and Greece, the station sites of the seismic network, prevalently located far from the urban centres, are not strongly influenced by the anthropogenic noise. Thus, for these countries, the detection capability of the national seismic network appears to be affected mainly by the station spacing, rather than the S/N ratio.



Finally, we would like to remark that a smaller   m c   value implies the recording of a larger number of events (as an example, the   m c   decrease of 0.2 observed for South California resulted in about doubling the number of recorded earthquakes in the catalogue, as confirmed in Table 1), which allows a better estimation of the b value with a consequent improvement of the hazard assessment, and a considerable higher possibility of mapping the active seismic structures.




4. Conclusions


We have estimated the Gutenberg–Richter distribution parameters, namely the b value and the completeness magnitude   m c  , for the earthquake catalogues of Italy, South California, and Greece, during two consecutive periods: one starting from the beginning of the lockdown connected with the COVID-19 emergency, and the other right before the lockdown, encompassing an equal temporal length. The relatively high seismicity level of the three considered areas ensured a robust statistical analysis.



The increased signal to noise ratio allowed for the recording of a greater number of earthquakes with magnitude   m <  m c   . However, this increase did not correspond to a decrease of   m c  , at least for Italy and Greece. Our observation for these two countries could be the result of the selection of the station sites—mostly well outside of the urban areas—which are not strongly affected by the anthropogenic noise even in normal periods. The larger relative increase in the number of events with   m <  m c    for South California—resulting in a slight decrease of the completeness magnitude—could result from the relatively higher number of seismic stations located close to the urban areas, with respect to the other two regions considered. This result has strong implications for the seismic hazard assessment. Indeed, a smaller   m c   allows a better estimation of the b value, a crucial parameter in the hazard assessment, and could make the observation of foreshocks easier. The direct consequence of our result is that the detection capability of the seismic network in Italy and Greece could only be improved by incrementing the number of the seismic stations, thus significantly reducing their average spacing.
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Figure 1. The Gutenberg–Richter distribution for the Italian catalogue. The blue dashed line represents the fit for   m ≥  m c  = 1.9  . The green dashed line represents the fit in the interval   1.2 ≤ m ≤ 1.9   (see text for details). 
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Figure 2. The Gutenberg–Richter distribution for the South California catalogue. The dashed line represents the fit for   m ≥  m c   . 
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Figure 3. The Gutenberg–Richter distribution for the Greece catalogue. The dashed line represents the fit for   m ≥  m c   . 






Figure 3. The Gutenberg–Richter distribution for the Greece catalogue. The dashed line represents the fit for   m ≥  m c   .
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Table 1. The time interval and the number of events before and after the lockdown date for each area here analysed. All the periods refers to 2020.
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Area

	
Before

	
After






	

	
Analysed Period

	
   N b   

	
Analysed Period

	
   N a   




	
Italy

	
25 January–9 March

	
1533

	
10 March–22 April

	
1967




	
South California

	
2 February–18 March

	
3622

	
19 March–27 April

	
5254




	
Greece

	
10 February–21 March

	
1636

	
22 March–2 May

	
1796
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Table 2. The values of   m c  , b and   σ b   before and after the lockdown dates for each area here investigated.
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Area

	
Before

	
After






	

	
   m c   

	
  b  

	
   σ b   

	
   m c   

	
  b  

	
   σ b   




	
Italy

	
1.9

	
0.95

	
4.9   ×   10  − 2    

	
1.9

	
0.95

	
5   ×   10  − 2    




	
South California

	
1.1

	
0.91

	
2   ×   10  − 2    

	
0.9

	
0.88

	
1.6   ×   10  − 2    




	
Greece

	
2.2

	
0.73

	
2.8   ×   10  − 2    

	
2.2

	
0.74

	
2.9   ×   10  − 2    
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