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ABSTRACT 

 

The rapid magnitude determination of an earthquake is at present one of the most important keys to issue 

tsunami warnings effectively. The goal of this study is to provide an effective magnitude determination 

method for tsunami warning purpose by analyzing local records of the Central America region. All the 

data was retrieved from IRIS database from 1995 to 2017 in an epicentral distance range up to 10 degrees 

and in the magnitudes range between Mw 6 to 7.7. The magnitude range is set so that events which could 

have tsunami-generating potentials are included. The method utilizes peak displacement amplitudes of 

different cut-off frequency. 

The displacement records are transformed from the original record with a deconvolution 

filter to correct the instrumental response and high-pass filters. The magnitude is obtained with a simple 

empirical formula from the peak amplitude. The results obtained using this method scatter considerably 

from the moment magnitude value of earthquakes in study. This behavior could be caused for the values 

of coefficients in the formula for amplitude and hypocentral distance. Better coefficients were estimated 

for the events in this region. 
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1. INTRODUCTION 

 

Nicaragua is located in the Central American region and is one of the countries around the Pacific ring 

of fire. Seismicity of this area is very active due to the interaction between the tectonic plates that 

converge here (Figure 1). Specifically, on the Pacific coast of Nicaragua, the interaction between the 

Cocos Plate and the Caribbean Plate are continuously in a process of subduction. This behavior produces 

a wide variety of earthquakes every year, the biggest magnitude among them is Mw 7.7. 

In recent history, in September 1992, an earthquake of magnitude (Mw) 7.7 occurred in this 

region and it induced a tsunami that attacked mainly the Pacific coast of Nicaragua. However, at that 

time the country had no early warning systems for tsunami. The Nicaraguan Institute of Territorial 

Studies (INETER) was the organization in charge of managing the national seismic network, however, 

monitoring was not permanent, and at the time of the earthquake there was no way to determine and to 

alert the population about a possible tsunami. As a result, the Nicaraguan government has progressively 

developed the improvement of its alert systems by incorporating equipment and technologies that may 

be useful for the purposes of monitoring, prevention and issuing alerts if necessary. 
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2. DATA 

 

2.1. Events selection 

 

We selected 28 events, with magnitudes 

(Mw) between 6 and 7.7 for the study area, 

from the United State Geological Survey 

(USGS) catalog. The most important events 

are those located near the plate boundaries. 

Figure 1 shows the location of these events; 

after the selection of events for the analysis, 

the vertical component of broadband seismic 

data was retrieved from the Incorporated 

Research Institute for Seismology (IRIS) 

database with an epicentral distance ∆ ≤ 10o, 

by which all Central America regions are 

covered. 

 

 
 

Figure 1. Selected earthquakes, the color and size of dots 

represent the magnitudes for the events. 

 

 

3. THEORY AND METHODOLOGY 

 

3.1. Data processing  

 

We performed the analyses of the data using SAC software (Goldstein and Snoke, 2003). The correction 

of instrumental response was the first step applied, and after this, we applied the high pass 3rd order 

Bessel filter, which is recursive. Several cut-off periods (Table 1) were used in order to measure the 

maximum displacement (A), and this process was repetitive for each event. Figure 2 is an example of 

one of the events used. 

As we described previously, it is 

necessary to apply the correction of the 

instrumental response, and the result is shown 

in Figure 3. The last step is applying the 

recursive filter and making the measurement of 

A. Figure 4 represents an example using the cut-

off period of 100 seconds. 

 

Figure 2. Original waveform of the earthquake 

near the coast of Guatemala with Magnitude 

(Mw) 6.3 in 1998. 

 

Table 1. Cut-off periods used to measure the 

maximum displacement A (m) and coefficients for 

magnitude determination (Eq. 1, Katsumata et al. 

2013). 
Cut-off 

periods (sec) 
a b c 

1 1.23 3.48 3.02 

2 1.23 3.21 3.17 

5 1.23 2.61 4.10 

10 1.23 1.99 5.31 

20 1.23 1.46 6.39 

50 1.23 1.22 6.80 

100 1.23 1.24 6.64 
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Figure 3. Waveform obtained after application of 

the deconvolution filter for the correction of 

instrumental response. 

Figure 4. Final waveform obtained by the 

application of the recursive filter of the 100s 

cut-off. 

 

Once the measurement of the parameter A is obtained, we can obtain the magnitude 

applying the Eq. (1). 

𝑀 = 𝑎 ∗ 𝑙𝑜𝑔 𝐴 + 𝑏 ∗ 𝑙𝑜𝑔 𝑅 + 𝑐    (1) 

 

3.2. The high pass filter problem 

   

Long period fluctuations were observed as shown in Figure 5 (case A). A possible reason for this result 

could be the insufficient resolution of numerical calculation in the SAC program to deal with long period 

and noise in the data. To avoid this incorrect long period fluctuation, we changed the filter from time 

domain to frequency domain using pole-zero files of the 3rd order Bessel filter (Katsumata, 1993) with 

transfer command of SAC program. High pass filters are applied now in the frequency domain using a 

new pole-zero files of Bessel filter. Long period waves were not observed by this method (Figure 5, case 

B). 

Figure 5. Comparison 

between the high pass filter 

(A) and transfer command 

(B) for the same event 

described in Figure 2; a cut-

off period of 1 second was 

used. 

 

 

4. RESULTS AND DISCUSSION 

 

From the data processing of 28 selected events, we obtained the average of magnitudes for each event, 

and for each cut-off period listed in Table 1, Figure 6 shows the differences between the calculated 

magnitude and 𝑀𝑤 (𝑀 −𝑀𝑤) with respect to 𝑀𝑤 from USGS’s Catalog.  

 

 

 
 

Figure 6. Differences between the calculated magnitude M (using 1 and 100 

seconds) and the moment magnitude. The horizontal axis represents 𝑀𝑤 and 

the vertical axis represents the average magnitude over stations. 
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4.1. Coefficients for magnitude determination 

 

The differences between the calculated 

magnitude are larger than expected, the 

possible reasons could be inappropriate 

values of the coefficient in the formula. 

Figure 7 shows the observed displacement 

amplitudes with the fitted lines with 

respect to hypocentral distance. This 

figure indicates that the coefficient ‘b’ for 

hypocentral distance correction would be 

good enough to present the attenuation of 

amplitude along the distance. 

 

Figure 7. Relationship between hypocentral distance and 

displacement amplitude. The data is shifted in amplitude 

with the following relation 𝑙𝑜𝑔10𝑅 − (7 −𝑀𝑤)/𝑎.  
 

To find a solution, we can make an evaluation of the coefficients of the formula by setting 

different values to ‘a’ and ‘c’ and comparing the deviation from 𝑀𝑤 . Figure 8 shows the standard 

deviation defined by Eq. (2), where 𝑀  is the magnitude calculated here, 𝑀𝑤  is the moment 

magnitude, 𝑀𝑎𝑣𝑒 is the average of magnitude difference and n is the number of data set. 

 

          

           

        

      (2) 

 

 

 

 

 

Figure 8. Curve of standard deviation vs ‘a’ values, the 

values selected for the different cut-off periods are 

showed in Table 2.  

 

The selection of ‘a’ was done based on the standard deviation; the value situated at the 

bottom of the curve is for each case, the optimum, and it provided the best performance in the formula. 

With the obtained results, we can plot again the magnitude difference (𝑀 −𝑀𝑤 ) with respect to 

moment magnitude (𝑀𝑤) in Figure 9.  

Figure 9. Average between the calculated magnitude M using the new 

coefficients, with a = 1.23 for 1, 2, 5, a =1.14 for 10 seconds and a =0.9 for 

20, 50 and seconds. 
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The previous figures (8 and 9) are the 

results of the setting of the coefficient ‘a’ from 1.0 

to 1.30 for 1, 2, 5 and 10 seconds while for 20, 50 

and 100 seconds the selected ranged was from 0.3 

to 1.30. For the case of 1, 2, 5 ‘a’ is 1.23, which is 

the same as in the original formula. However, ‘c’ 

was adjusted based on average difference. In the 

cases for 20, 50 and 100 seconds, the same value 

(0.9) is adopted since the same values were 

obtained for the case of 50 seconds. For 10 seconds 

the value of 1.14 was selected; this is showed in 

Table 2, now the differences in the magnitude 

calculated here are not larger than before. The new 

coefficients seem appropriate for the formula. 

 

 

4.2. Time evaluation for magnitude determination  

 

Owing to the simplicity of this method, the time required to calculate the magnitude is around three 

minutes or less from the origin time (Figure 10). This is good enough for issuing tsunami warnings 

promptly. For other kinds of magnitudes such as 𝑀𝑤 for example, it takes more time to calculate the 

magnitude (more than 5 minutes). This 

method is applicable for regular 

earthquakes. However, for tsunami 

earthquakes such as the Nicaragua 

earthquake in 1992, this method is not 

applicable because this method uses only 

the information of peak amplitude and 

hypocentral distance. 

 

Figure 10. Time when the magnitude could be calculated. 

The peak amplitude was observed about three minutes after 

the origin time in this case. 

 

4.3. The case of Nicaragua earthquake on September 2nd, 1992 

 

We also applied the method to the case of the 

Nicaragua earthquake in 1992 (Figure 11), which 

is a typical tsunami earthquake. A tsunami 

earthquake is considered an event with longer 

duration compared with normal one (Kanamori, 

1972). While the moment magnitude of this event 

was 𝑀𝑤  7.7, the magnitude calculated was 7.1 

using the amplitude of 100 seconds. This is a 

considerable underestimation.  In this case, the 

data at single station was used, and the epicentral 

distance is 15𝑜 , which is out of the applicable 

hyopcentral distance range. This method was 

applied using a single station with a location a little 

out of the applicable distance range of this method 

(∆ = 10𝑜). Even the condition was not good, this 

result indicates that this method may underestimate 

the magnitude of tsunami earthquakes.  

Table 2. Final coefficients for the data set. 

Cut-off periods 

(sec) 
a b c 

1 1.23 3.48 2.93 

2 1.23 3.21 3.14 

5 1.23 2.61 4.16 

10 1.14 1.99 5.12 

20 0.9 1.46 5.55 

50 0.9 1.22 6.10 

100 0.9 1.24 6.01 

Figure 11. Epicenter location for the Nicaragua 

earthquake on September 2nd, 1992. The red star 

in the figure represents the epicenter of the 

Nicaragua earthquake. 
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5. CONCLUSIONS 

 

In this investigation for rapid magnitude determination, we used the vertical component of broadband 

data retrieved from IRIS database, and we used the USGS’s catalog. Twenty-eight events were analyzed 

using the method developed by Katsumata et al. (2013). In measuring the amplitude, long period waves 

were observed probably due to the insufficient precision of the SAC program. By changing the filter 

from time-domain to frequency domain, we could get appropriate seismic records.  

The results of the magnitude deviate slightly more than expected and were not good enough.  

It was necessary to change the values of ‘a’ coefficient for logarithmic amplitude in order to get better 

fitting between the calculated magnitude and the moment magnitude. After the modification, we found 

a good correlation between the magnitude calculated in this study and the moment magnitude.  
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