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 תקציר )בעברית(:

ל תנודות הקרקע  באמצעות בחינת ישימות שיטות להערכה מהירה של המגניטודה  וערכי שיא ש
 נתונים סיסמיים מיפן

                  

 דוח סופי                                            

 גלינה אטייב, ד"ר ולדימיר פינסקי                            

ן (  על פיהם ניתAtaeva, Shapira, Hofstetter, 2015בשנים האחרונות בוצעו מספר מחקרים )

 בעזרת  סמי ואת המגניטודה של רעידת אדמה מקומית ואזוריתילקבוע בדיוק טוב את המומנט הסי

אפשרות לקבלת הערכות היא בחינת המחקר הנוספת של משימה ה. Pספקטרום התנודות של גלי 

עוצמת שיא תנודות קרקע בישראל ממדידת תנודות קרקע בתחנות הקרובות למוקד מבלי להזדקק 

קומו המדויק של המוקד והמגניטודה של רעידת אדמה. חקרים ניסיוניים אלה התבססו למידע על מ

 ,Ataeva)סמיות בישראל ובשלב זה הם מוגבלים לרעידות אדמה חלשותיעל נתונים מתחנות סי

Pinsky, Hofstetter, 2015)  . 

ממידע מגניטודה בזמן קצר ולבחינת שיטת הערכה לתנודות שיא  תבמטרה ליישם שיטות הערכ

קביעה של מגניטודה  בנתוני רישום רעידות אדמה חזקות ביפן.חלקי בלבד, המחקר זה השתמש 

ק"מ, שבו נוכל להניח  67-בוצעה בתחנות הממוקמות במרחקים קטנים מ Pמגלי  Mwספקטרלית 

 5-6דעיכה גיאומטרית של גלים סייסמיים בלבד. התוצאות שלנו מראות כי מדידה עם חלונות 

צריך  P,  כי משך של גל Pמגלי  Mwק"מ מאפשרים הערכה נכונה של  40-רחקים החל משניות במ

להיות ארוך מספיק כדי לשקף את האנרגיה הגבוהה של תקופת זמן ארוכה. מדידות עם חלונות זמן 

 Sשל גלי  מרביים   MwSמאפשרות חיזוי הערכי  EEWSשניות בתחנות קרובות של  1-2של 

 .Mw (S) = Mw (P) + 1.24מסוכנים, לפי היחס 

ה. אלגוריתם הראשונ התחנמהנתוני תנודות קרקע שני אלגוריתמים מבוססים על  נבדקו זה במחקר

ניחות וגם   העתק ים המלחב רעידות אדמה הראשון לוקח בחשבון  מרחק עד מוקד וירטואלי של

 התחנמרחק בין אקספוננט וכולל  תצור.  אלגוריתם השני הוא בעל תנודות קרקע עם המרחקשל 

 .תנודות הקרקעעבורה נדרש לחזות נקודה ל ה הראשונ

ק"מ  150-מרחק של כב ותשנמצא יותיסמיימתחנות סשני האלגוריתמים מבדקו על נתונים יפניים 

הסטיות תקן  PGA.נמדדים של הצפויים והמן המוקד. תוצאות טובות הושגו תוך השוואת ערכים 

 .אםבהת 0.86, 0.85ביחידות יומן של 
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Abstract 
The main goal of this research is using Japanese seismograms of strong 

earthquakes to test: 1- the spectral method of moment magnitude determination 

based on the first few seconds of the P-wave record, Mw(P), and 2- the method 

of the PGM prediction at a site, based on PGM measurement at very short 

epicentral distance and time. These methods were developed in GII using 

available data of local earthquakes of magnitude 2.7-5.6 (Ataeva, Shapira, 

Hofstetter, 2015, Ataeva, Pinsky, Hofstetter, 2015).  

For this study 22 Japanese earthquakes of magnitude Mj greater than 6 

(JMA magnitude scale), of relatively shallow depth (15-20 km), that occurred 

from 1996 to 2016 and selected from the Japan Meteorological Agency (JMA) 

catalog were investigated.  

Estimations of Mw(P) were performed at the stations located at 

epicentral distances less than 67 km where attenuation depends only on 

geometrical spreading of seismic waves. Our results show that using windows 

of 5-6 sec at epicentral distance range beyond 40 km allows to estimate true 

Mw from P-wave. The reason is probably that such P-wave duration is enough 

to deliver appropriate portion of the earthquake long period energy. However, 

even at the closest stations, where P-wave time window is as short as 1-2 

seconds for EEWS implementation, it is possible using a simple linear 

regressions Mw(S) = Mw(P) +0.87(1 sec), Mw(S) = Mw (P) +0.77(2 sec) to 

predict Mw(S) from the Mw(P) with standard deviations 0.085 and 0.094 

magnitude units. The maximum possible values of Mw(S) of potentially 

damaging S-wave can be predicted according to the relation Mw(S) = Mw (P) 

+ 1.24.  

To examine the applicability of the ground-motion prediction equations 

(GMPEs), the Japanese seismograms from stations within 150 km from 

epicenter were used. We have tested the linear logarithmic ground-motion and 

exponential prediction equations (GMPE), which are based only on the 

measurements of PGA on the first –two closest to epicenter stations. The study 

demonstrates that both types of GMPEs predict  quite acceptable values of 
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PGA in comparison to observed values of PGA with standard deviations in log 

units of 0.85, 0.86 respectively.  

For automatic computation of the mentioned waveform parameters as 

well as the EEWS prediction parameters of Pd and 𝜏𝑐 a script have been 

created and tested on the database of the 33 strong inland earthquakes from 

Japan. The results of automatic computation fit well to those obtained manually 

and make it possible to verify that Pd and 𝜏𝑐 thresholds chosen previously via 

simulation of an on-site EEWS simulation using synthetic catalog fit well to the 

real dataset of the Japanese events. 

 

Introduction 
The moment magnitude Mw is a reliable measure of earthquake size that 

represents the total deformation at the source and correlates with the seismic 

energy release (Kanamori 1977; Hanks and Kanamori 1979; Hanks and Boore 

1984). Estimation of seismic moment and magnitude from P-wave due to the 

spectral displacement method (Brune, 1970,1971) have been studied by Hanks 

and Wyss (1972), Watanabe et al (1996), Baumbach and Bormann (2012), 

Ottemoller and Havskov (2003), Tusa and Gresta (2008), and Tusa et al (2012). 

The moment magnitude determination via the spectral displacement analysis 

of the first few seconds of the arriving P-wave, together with the empirical 

distance correction to the spectral amplitude, was developed in GII based on 

local and regional earthquakes of magnitude 2.7-5.6 (Ataeva et. al, 2015). The 

procedure is already implemented in the routine processing of the ISN (Polozov 

A., 2014, Pinsky V., 2014). 

We have explored applicability of the Mw(P) procedure in the conditions 

of strong  earthquakes, that may occur in Israel using a database of large Mw> 

6 inland and shallow earthquakes occurred in Japan. Example of such 

approach, when strong earthquakes data is borrowed abroad (ex. Japan) 

developed in Italy, was demonstrated by S. Colombelli et. al (2012). 

For integration of this method into the future Israel early warning system, 

we have focused on a very short P-wave time window length for avoiding 
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contamination by S wave at very short epicentral distance range. However, it 

came out that for large earthquakes the method of Mw(P) is not as successful 

at close stations and tends to give true values only at the epicentral distances 

of about 35-45 km, where S-P time is already 4-5 s and thus longer time 

windows for Mw(P) measurement could be used. 

The second task is to test on the strong Japanese earthquakes the new 

GMPE's equations that provide rapid PGM estimations at remote sites using 

observed S-wave PGM at 1 or 2 stations most close to the epicenter. The 

method proposed ignores epicenter location, magnitude and site amplifications.  

Two algorithms (GMPEs) had been developed so far as applications to 

EEWS in Israel and tested for local (Israel and adjacent area) earthquakes of 

magnitude 2.7-5.6 (Ataev, Pinsky, Hofstetter, 2015):  1) the linear logarithmic 

GMPE using observed PGM and the distance to the closest point on the fault 

("virtual epicenter"), and non-linear exponential equation that includes 

observation of PGM at the first station and the distance between the first station 

and the site.  This novel approach is most suitable for events occurring along 

the Dead Sea Fault at the distances not more than 150 km. 

Using the strong-motion Japanese data in magnitude range Mj= 6-7.3 

we have examined applicability and reliability of these methods for the case of 

strong earthquakes. 

 

1. Data collection and processing 
In the beginning, from JMA catalog we selected 34 large inland 

Japanese earthquake of magnitude Mj=5.5-7.3, of shallow depth 15-20 km that 

occurred from 1996 to 2016. The waveforms of the earthquakes in ASCII format 

were downloaded from the on-line databases (http://www.kik.bosai.go.jp/ and 

http://www.k-net.bosai.go.jp/). The overall data set consists of 9200 three-

component strong-motion accelerometer records at the epicentral distance 

range of 3 to 150 km. Information on the epicentral distances, depths of 

earthquakes, the peak ground acceleration (PGA) for each station of 

earthquakes was obtained from JMA catalog. Moment magnitude, Mw, and the 

http://www.kik.bosai.go.jp/
http://www.k-net.bosai.go.jp/
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classification of source type of selected earthquakes were collected from the 

Harvard GCMT catalog. There are 16 strike-slip, 15 reverse and 3 normal 

faulting events in the Japanese earthquakes set. Comparison of the 

magnitudes Mj (JMA magnitude scale) with moment magnitude Mw (GCMT) 

shows that for the data set Mj less than Mw in average, on 0.32 magnitude units 

(for reverse& normal fault -0.28), (for strike-slip -0.36).  

We have checked the geometrical attenuation of PGA in the distance up 

to 150 km of all the earthquakes and have selected for the research 22 

earthquakes of magnitude Mj > 6.0 (Table1 and Figure1), and which have the 

PGA attenuation coefficient in a range of 0.8-1.3 (average 1.08) that agrees 

with the result found for the Israeli earthquakes dataset of magnitude up to 5.6 

(Ataev, Pinsky, Hofstetter, 2015).  

The downloaded three-component strong-motion accelerometer records 

in ASCII format have been transformed into SAC binary files of velocity, using 

DSA2AVD.py Python utility kindly prepared by N. Perelman (2017) which where 

input  for JSTAR (Polozov and Pinsky, 2007) – the general program for seismic 

data analyses in seismological division of GII. Preliminary the baseline 

correction: removal of the mean and 5% cosine tapering was applied. Velocity 

records were integrated to get displacement records and then to perform the 

spectral analysis via FFT. Measuring the low-frequency spectral amplitudes Ω 

(P), Ω (S) used for calculating Mw(P) and Mw(S) (Brune,1970,1971, Hanks and 

Kanamori,1979, Ataeva et al., 2015) was performed manually over vertical 

components. The Mw estimates from the Harvard GCMT project were used as 

the reference for our measurements. 
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Figure 1. A- Location of the Japanese earthquakes, Mj > 6.0 (light circles) used 

in this study. Also the location of Japanese stations are shown (red and green 

small circles). B- Histogram of magnitudes Mj > 6.0 of the Japanese 

earthquakes and their corresponding depths.  
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Table 1 Japanese Earthquakes used in this work. 
 

 
 
 
 
 
 
 
     

N 
    Date, time (Year, 
month, day, hour, 

minute, sec) 

Lat  
(0N) 

Lon 
(0E) 

Depth 
(km) 

Mj 

Harvard CMT 
catalog 

Mw 
Focal 

mechanism 

1 1997/05/13-14:38:00 31.95 130.3 8 6.2 6 strike-slip 

2 1997/06/25-18:50:00 34.45 131.66 12 6.1 5.8 strike-slip 

3 2000/10/06-13:30:00 35.28 133.35 11 7.3 6.7 strike-slip 

4 2003/07/26-07:13:00 38.4 141.17 12 6.2 6 reverse 

5 2004/10/23-17:56:00 37.29 138.87 13 6.8 6.6 reverse 

6 2004/10/23-18:12:00 37.25 138.83 12 6 5.8 reverse 

7 2004/10/23-18:34:00 37.31 138.93 14 6.5 6.3 reverse 

8 2004/10/27-10:40:00 37.29 139.03 12 6.1 5.9 reverse 

9 2005/03/20-10:53:00 33.74 130.18 9 7 6.6 strike-slip 

10 2007/03/25-09:42:00 37.22 136.69 11 6.9 6.7 reverse 

11 2007/07/16-10:13:00 37.56 138.61 17 6.8 6.6 reverse 

12 2008/06/14-08:43:00 39.03 140.88 8 7.2 6.9 reverse 

13 2009/08/11-05:07:00 34.79 138.50 23 6.5 6.3 reverse 

14 2011/03/12-03:59:00 36.98 138.6 8 6.7 6.3 reverse 

15 2011/04/11-17:16:00 36.95 140.67 6 7 6.7 normal 

16 2011/04/12-14:07:00 37.05 140.64 15 6.4 5.9 strike-slip 

17 2013/04/13-05:33:00 34.42 134.83 15 6.3 5.9 reverse 

18 2016/04/14-21:26:00 32.74 130.81 11 6.5 6.2 strike-slip 

19 2016/04/15-00:03:00 32.7 130.78 7 6.4 6 strike-slip 

20 2016/04/16-01:25:00 32.75 130.76 12 7.3 7 strike-slip 

21 2016/10/21-14:07:00 35.38 133.85 11 6.6 6.2 strike-slip 

22 2016/12/28-21:38:00 36.72 140.57 11 6.3 5.9 normal 



14 
 

2. Estimating Mw from the first few seconds of the 
arriving P-wave 
 

This study explored the procedure of Mw(P) determination in the 

conditions of strong earthquakes using large Japanese earthquakes of 

magnitude Mj = 6-7.3. We took for analyses stations located within the 

epicentral distance range of 65-67 km, where inelastic energy loss is negligible 

and amplitude attenuation is due to the geometrical spreading of the body 

waves only. Thus knowledge of Q factor is unnecessary.  For these stations we 

calculated Mw(P) and Mw(S) and provided analyses for 797 velocity records 

from 22 large Japanese events with epicentral distance range of 3 to 67 km. 

For P-wave spectral analysis time-window length varied  from 1 s at the 

epicentral distance 3-5-8 km up to 8 s at the distances 65-67 km. The time-

window starts at the beginning of P-wave, if it doesn’t include arriving S-wave, 

but in case of very short epicentral distance (3-5 km), time window starts 0.5 s 

before P-wave on-set. The analyzed time windows for S-wave were picked, 

assuring that they include a significant part of the energy of the signal. Typical 

lengths of the S-time calculating windows are 30 - 40 s for events with 

magnitude 6 - 6.5, and 40 - 50 s for events of Mj = 6.5 - 7.3. Then, measuring 

the low-frequency spectral  displacement amplitudes Ω(P), Ω(S), which 

determine seismic moment, M0, then Mw(P) and Mw(S) in accordance with the 

Brune’s circular source model (Brune, 1970, 1971, Hanks and Kanamori,1979, 

Ataeva et al., 2015) were manually performed on the vertical components (see 

examples in Figure 2). A homogeneous model with velocities Vp=6.7 km/s, 

Vs=3.9 km/s was used for calculations Mw. The hypocentral distances used for 

determination of Mw (P) and Mw(S) were based on the epicenters and depths 

reported in JMA catalog.   
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Figure 2. Japanese strike slip earthquake of 2016.04.16.01.25, Mj=7.3, Mw=7.0 

(Harvard CMT catalog). A-The vertical seismogram from Japanese broad band 

station KMMH16 located at the distance 7 km from the epicenter. The analyzed 

time windows for P- and S-wave are shown by solid blue and red lines. B-

Displacement spectra (m*s) of P- and S- waves calculated from vertical 

seismogram of the station KMMH16. The measured amplitudes Ω (P), Ω (S) 

are marked (horizontal green lines). C- The vertical seismogram from Japan's 

broad band station FKO012 located at the distance 64 km from the epicenter. 

The analyzed time windows are shown by solid blue and red lines. D-

Displacement spectra (m*s) of P- and S- waves calculated from vertical 

seismogram of the station FKO012. The measured amplitudes Ω (P), Ω (S) are 

marked (horizontal green lines). The spectral moment magnitudes Mw 

calculated from P- and S-wave at these stations are denoted. 
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Figure 2. (continued.) 

 

Mw(P) and Mw(S) were obtained for each station of Japanese 

earthquakes and then compared. Figure 3 demonstrates the moment 

magnitudes from P- and S- wave as functions of epicentral distances for some 

earthquakes of different magnitudes. Also the time-window for Mw(P) 

determination is shown. The analysis demonstrated the two following points: 

1- Mw(S) is stable in all the range, starting from the first stations, located 

at 3-5 km from epicenter. But Mw (P) tends to average values of Mw(S) and 

reach them only at the epicentral distances of about 30-35 km (windows 4-4.5 

s) for magnitudes 5.8-6.2 and at 35-40 km (windows 4.5-5 s) for magnitudes 

6.3-7.0 (Figure 3).   
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Figure 3. Mw from P-wave (blue circles) and S-wave (red circles) for some study 
earthquakes as a functions of distance. The average values of Mw (S) are 
shown by dotted red lines. The Mw from Harvard CMT catalog are indicate in 
each plot 
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This was expected for large earthquakes, because if the duration in time 

of P-wave is limited by the arrival of the S-wave, then the time window at 

stations located close to the epicenter is too short to measure the spectral 

amplitudes at frequencies below the corner frequency (see also example in 

Figure 2, A, B), since the lowest frequency value in the FFT equals to the 

inverse of the signal duration in the time domain (Ottemoller, Havskov, 2003). 

For example, the event of Mw=7.0 (Figure 2,C, D) has the corner frequency of 

about 0.25 Hz (P-wave) and by using P-wave window of 8 s at station FKO012 

we have obtained at distance 64 km the true moment magnitude Mw(P) 

coincident with Mw(S). It should be noted, that Mw(P) shows a scatter higher 

than Mw(S) that may be caused by dependency of P-wave amplitudes on 

station azimuth (Figure 3). 

Thus, for getting true Mw(P) for earthquakes with magnitude Mw > 6 the 

time window length should be 5-6 sec or longer, i.e. at epicentral distance 

beyond 40 km.  

We computed Mw(P) using window 1-2 sec on closest to epicenter 

stations (3-16 km), to analyze capability of predicting Mw(S) for the same sites 

(Figure 4).   

Figure 4. Moment magnitude Mw from S-wave displacement spectra obtained 
as average of all stations located within 67 km for each Japanese earthquake 
versus Mw, defined on the individual stations, closest to epicenter (3-16 km) 
from P-wave within time window of 1 sec (purple circles) and 2 sec (green 
circles) and their corresponding least squared fits expressed by the linear 
equations Y=X+0.87(1 sec), Y=X+0.77(2 sec). The red line shows Y=X+1.24 - 
the minimum level of Mw (P).  
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As seen in Figure 4, for large earthquakes of Mw = 5.8-7.0 (Harvard), 

the magnitudes Mw(P) defined at the closest stations within time-window of 1-

2 sec (the epicentral distances 3-16 km) will allow us to predict Mw(S) according 

to equations Mw(S) = Mw(P) +0.87(1 sec), Mw(S) = Mw(P) +0.77(2 sec) with 

standard deviations of 0.085 and 0.094 magnitude units. An upper limit of 

Mw(P), which is also linearly correlated with Mw(S), and is expressed by the 

equation Mw(S) = Mw (P) + 1.24 will allow us to predict the maximum possible 

values of Mw(S) of potentially damaging S-wave.  

2- Moment magnitude determined from displacement spectra, Mw(S) 

and Mw(P) at the relevant distances are slightly lower than the values of Mw 

reported by the Harvard CMT catalog for Japanese earthquakes (see Figure 

3). This can be explained by the local tectonics of Japan and by limited number 

of stations that we used for measurements. The differences ∆M, calculated as 

Mw (Harvard)–Mw (P&S), varying between +0.1 and +0.45 magnitude units.  

The dependences ∆M from the moment magnitude and from source 

mechanism are observed in Figure 5. The discrepancies, ∆M, are growing with 

increasing of magnitudes. For earthquakes of strike slip fault we obtained 

discrepancies generally higher.  

 

Figure 5. Discrepancy ∆M, where ∆M=Mw (Harvard) – Mw(S). The types of 

source mechanism are marked by different colors. The linear fits correspond to 

reverse and normal faults (green line) and to strike-slip faults (red line). 
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3. The expected ground motions based on PGM 
measurement at very short epicentral distance  
Another task of this research is to use the Japanese strong earthquakes 

for testing the methods of the PGM prediction, developed in GII for local 

earthquakes of magnitude 2.7-5.6. Two GMPE's equations provide rapid 

estimations of PGM at sites using peak ground motion values from 1-2 stations 

closest to the epicenter, not accounting to epicenter location, magnitude and 

site amplification (Ataev, Pinsky, Hofstetter, 2015). This approach is based on 

the idea that Dead Sea Fault (DSF) is a potential source of earthquakes and 

PGM at the remote site is a function of the known PGM near epicenter. Peak 

ground acceleration, PGA (g), determined as the peak values of horizontal 

motions: 𝑃𝐺𝐴𝐻𝑂𝑅=(𝑃𝐺𝐴𝐸𝑊
2 + 𝑃𝐺𝐴𝑁𝑆

2 )
1

2 was analyzed in this study.  

  

 

Figure 6. Ln (PGA) versus epicentral distances, where Mj denotes the 

Japanese earthquake magnitudes, Mw- moment magnitudes of earthquakes in 

Israel. 

The available data of Israeli high magnitude earthquakes we have 

compared with Japanese earthquakes of the similar magnitudes, but of different 

focal mechanisms (Figure 6). 
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The Figure 6 shows that Japanese PGA data is comparable with 

available Israeli data, at least in the analyzed range of distances (maximum 

epicentral distance 150 km) and focal mechanism of Japanese earthquakes 

does not effect on peak-ground motion PGA.   

Thus, it had been assumed that Peak Ground Motions observed at Israel 

EEWS stations near epicenter will predict S wave PGM at different distances. 

It will make possible to evaluate strong motion threshold for the stations closest 

to the Fault for issuing a proper alarm. This approach is most suitable only for 

events occurring along the Dead Sea Fault at the distances less than 150 km 

(Ataev, Pinsky, Hofstetter, 2015). This assumption have been investigated 

using the database of 22 Japanese earthquakes of magnitudes Mj > 6 and 

recorded at distance range less than 150 km (Figure1, Table 1) in the following 

research.  

3.1 The ground-motion prediction equation (GMPE) in the exponential 

form. 

We have examined the GMPEs in exponential form that includes only 

the first observation of PGM and the distance between the first station and the 

prediction site. It has the following form: 

 ln 𝑃𝐺𝑀𝑛 = ln 𝑃𝐺𝑀1 − 𝒌 𝑅,                                                                        (1) 

where 𝑃𝐺𝑀𝑛 is PGM at nth station from the epicenter , 𝑃𝐺𝑀1-peak 

ground motions measured at the first closest station to the epicenter,  𝑅- is the 

distance between the first and the nth station, 𝒌 is the regression coefficient 

(Ataev, Pinsky, Hofstetter, 2015). 

Figure 7 shows the first-𝑛th station difference of PGA logarithms versus 

the distance  𝑅, obtained as 𝑅 = 𝑅𝑛 − 𝑅1. Using 3587 pairs of stations for the 

Japanese earthquakes, we have obtained  optimal k = 0.03 with standard 

deviation in natural log units 0.86 (Figure 7), which differs from coefficient 0.022 

obtained for local  Israeli earthquakes of magnitudes 2.7-5.6. The regression 

coefficients obtained from 22 earthquakes are in the range 0.02-0.04, most of 

them 0.025-0.035, with standard deviation in natural log units into the range 

0.33-0.93.   
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Figure 7. Assessment of the regression coefficient in Eq.1 for PGA. The 

best-fitted line (red color) corresponds to 𝑌 =  0.03 ∗ 𝑋.   

 

Then, the algorithm of the expected PGA is based on the Eq. 1: 

𝑃𝐺𝐴𝑛 =
𝑃𝐺𝐴1

𝑒𝒌𝑅
,                                                                                     (2) 

where  𝑃𝐺𝐴𝑛 – PGA prediction at the required site; 𝑃𝐺𝐴1  - PGA observed 

at the first station; 𝑅 – distance between the first station and site prediction, 𝒌  -  

regression coefficient, equal 0.03.  

For each station of all studied earthquakes the predicted values of PGA 

were calculated according the relation (Eq.2) and then compared with observed 

horizontal PGA. The residual values, which are defined as the natural logarithm 

of the ratio of the observed value PGA to that predicted PGA of the earthquake 

dataset, are analyzed in Figures 8 and 9.  

Statistical analysis of the residuals of Eq. 1 shows that distribution of the 

residuals follows Normal Gaussian with a standard deviation in logarithmic units 

of 0.86 (Figure 8 A). We examined the residuals as functions of the magnitude 

and the epicentral distance (Figures 8 B, 9).There is no any trend in the 

residuals when plotted against magnitude, but we find a little dependency on 

distance. Predicted PGA values appear to overestimate slightly those observed 

at distances 20 - 60 km and underestimate after 100-110 km.  
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Figure 8. A - Histograms of the residuals defined as the logarithm of the 
ratio of observed to predict PGA calculated by Eq.2. The black line is The 
Normal Distribution Gaussian. B –Mw Residuals versus the magnitude, Mw, 
(Harvard CMT catalog). 

  

 

  

 

 

 

 

 

 

Figure 9. Residuals defined as the logarithm of the ratio of the observed 
PGA to that predicted PGA versus the epicentral distance, Rn. 

 

It is understood that expected PGA is sensitive to PGA measured at the 

first station. So it was proposed to use the geometrical average of values from 

two closest stations for prediction of PGA at a remote site, to reduce the 

possibility of accidental errors.   
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Figure 10. Comparison of the observed PGA (circles) with the predicted PGA 
(colored lines) calculated by Eq.2 for earthquakes of different magnitudes. The 
black lines are the predicted PGA calculated by Campbell & Bozorgnia GMPE 
(2008). The same vertical scale was used for all graphs. The date, time and 
magnitudes Mj (JMA catalog) and Mw (CMT catalog) are indicated in each plot. 
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Figure 10 demonstrates comparison of observed values of PGA (g) with 

predicted values, calculated by Eq.2 (k=0.03) for some studied earthquakes. 

Also, the curves of the predicted PGA following from the Campbell & Bozorgnia 

equations (2008) are shown. As it is seen at Figure 10, the exponential GMPE 

does not indicate the systematic deviation of residuals, gives quite acceptable 

fitting between observations and predicted PGA and much better than GMPEs 

of Campbell & Bozorgnia, 2008. For further study we would recommend using 

these new GMPEs in EEWS simulations using synthetic catalog and waveforms 

of high magnitude earthquakes with analysis of residuals for each event. 

3.2 Linear logarithmic ground-motion prediction equation (GMPE). 

As it was noted above, developed prediction equations are based on the 

idea that Dead Sea Fault (DSF) is a potential source of earthquakes and PGA 

at the remote site is a function of the known PGA near epicenter.  

The linear logarithmic ground-motion prediction equation (GMPE) 

between the observed PGA at the closest station and the site has been 

developed using "virtual epicenter" located on the DSF instead of true epicenter 

and "virtual epicenter distances" instead of true distances to the  first station 

and to the site( Ataev, Pinsky, Hofstetter, 2015).  

Taking into account that at distance range less than 150 km inelastic 

factor is small, we checked the PGA dependence of the Japanese earthquakes 

on the epicentral distance R due to the geometrical spreading of the seismic 

waves. The proportional ratio method that used the difference between the PGA 

at the first, closest to the epicenter station, and next nth station and ratio of the 

corresponding epicentral distances for the first and nth station was applied. It 

expresses in logarithmic units: 

ln (
𝑃𝐺𝐴1

𝑃𝐺𝐴𝑛
) = −𝒃 ln (

𝑅1

𝑅𝑛
) ,                                                                       (3) 

  where  𝑃𝐺𝐴1-peak ground motions measured at the first closest station 

to the epicenter, 𝑃𝐺𝐴𝑛- peak ground motions measured at nth station from the 

epicenter, 𝑅1 and 𝑅𝑛 the epicentral distances for the first and nth station.  

According to Eq.3, in Figure 11 we plotted left-hand part of the Eq.3 

versus the right- hand part. Using 3411 pairs of stations, we obtained the 
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estimate for geometrical spreading coefficient of PGA 𝒃 = −1.09, with standard 

deviation 0.72 (logarithmic units) that agrees with attenuation coefficient for 

PGA obtained for Israeli earthquakes (Ataev, Pinsky, Hofstetter, 2015).  

                                               

 

 

 

 

 

 

 

 

 

 

Figure 11. Determination of the geometrical spreading coefficient 𝒃. The 
best fitted line corresponds to 𝑌 =  −1.09𝑙𝑛(𝑋 ). 

 

Thus predicted PGA based on the Eq. 3 expressed as: 

𝑃𝐺𝐴𝑛  =
𝑃𝐺𝐴1 ×(𝑅1

𝑣)1.1

(𝑅𝑛
𝑣)1.1

,                                                                      (4) 

where the epicentral distances for the first and nth station 𝑅1 and 𝑅𝑛  are 

substituted by  𝑅1
𝑣  and   𝑅𝑛

𝑣 . The distance  𝑅1
𝑣   is the shortest distance from 

the first station to the DSF, thus defining the "virtual epicenter". The distance to 

this point ("virtual epicenter") from the n site is denoted 𝑅𝑛
𝑣 (Ataev, Pinsky, 

Hofstetter, 2015). An optimal value b = 1.1. It is obvious that applying the 

proposed Equation 4 for estimating PGA prediction of Japanese earthquakes 

we can only with true epicenters, not with the "virtual epicenters", i.e. using R1 

and Rn. Figure 12 demonstrates the statistical analysis of residual values, which 

are defined as the logarithm of the ratio of observed to predict PGA calculated 

by Eq.4 with true epicenters for each station of the Japanese earthquakes. The 

linear logarithmic ground-motion prediction equation gives results of quite 

acceptable Gaussian with a standard deviation in logarithmic units of 0.85 
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(Figure 12), although it is clear that the use of "virtual epicenter" will contribute 

additional uncertainty. 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. A - Histograms of the residuals defined as the logarithm of the ratio 
of observed to predict PGA calculated by Eq.4, using known R1. The black line 
is the Normal Distribution Gaussian with a standard deviation in logarithmic 
units of 0.85. B – Residuals versus the magnitude, Mw (Harvard CMT catalog). 

 

4. Script for automatic data processing 
 

The Mw(P), Mw(S) and PGA processing demonstrated above was 

performed using interactive JSTAR, EXCELL and Grapher programs. This 

required a titanic effort for manual picking, calculation and filling the EXCELL 

computational tables for 797 waveform recordings. However, at the end of the 

project the automatic means for data processing have been developed as well, 

build on Linux Cshell scripts, Fortran and Python modules. The script does the 

following operations: 

1. reads the acceleration waveform data from the database,  

2. makes BP (0.075 – 10 Hz) filtering and  

3. numerical integration to determine velocity and displacement waveforms,  

4. computation PGA, PGV and PGD,   

5. detection and estimation of arrival time of P-waves, which are used then 

for 
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Table 2. Results of automatic processing 

Event/channel R 
Mw(P) 

 
Mw(S) 

 
PGA 

 
PGV 

 
PGD 

 
Pd 

 

𝜏𝑐 

 
200410231756_Mw=6.6 km   m/s2 m/s m m c 

         
NIG0190410231756.EW 14.82 5.6 6.3 11.50 1.29 0.29 0.03 1.73 

NIG0190410231756.NS 14.82 5.9 6.6 11.26 0.96 0.17 0.01 0.49 

NIG0190410231756.UD 14.82 5.2 6.3 5.60 0.27 0.10 0.02 1.25 

NIG0200410231756.EW 16.77 6 6.4 4.23 0.26 0.08 0.01 1.96 

NIG0200410231756.NS 16.77 5.6 6.2 5.05 0.29 0.09 0.01 1.77 

NIG0200410231756.UD 16.77 5.9 6.3 2.36 0.14 0.04 0.01 0.71 

NIGH120410231756.EW1 18.13 5.5 6.6 1.20 0.12 0.06 0.00 1.08 

NIGH120410231756.EW2 18.13 4.9 6.2 3.21 0.38 0.16 0.01 1.97 

NIGH120410231756.NS1 18.13 5.5 6.6 1.15 0.23 0.16 0.01 2.09 

NIGH120410231756.NS2 18.13 5.5 6.7 4.06 0.40 0.19 0.00 1.88 

NIGH120410231756.UD1 18.13 5.4 6.5 0.99 0.13 0.09 0.01 2.01 

NIGH120410231756.UD2 18.13 5.5 6.4 2.69 0.19 0.09 0.01 1.32 

NIG0280410231756.EW 19.92 5 6.3 6.83 1.21 0.48 0.00 2.37 

NIG0280410231756.NS 19.92 4.6 6.8 8.02 1.02 0.55 0.00 2.35 

NIG0280410231756.UD 19.92 4.6 6.9 3.88 0.53 0.27 0.00 2.33 

NIGH010410231756.EW1 20.02 4.5 6.7 3.23 0.54 0.37 0.00 2.74 

NIGH010410231756.EW2 20.02 4.3 6.4 6.29 1.23 0.48 0.00 1.33 

NIGH010410231756.NS1 20.02 5.2 6.9 3.87 0.55 0.47 0.00 1.78 

NIGH010410231756.NS2 20.02 5.3 6.9 8.32 1.07 0.57 0.00 1.37 

NIGH010410231756.UD1 20.02 5.3 7 2.25 0.51 0.27 0.01 1.66 

NIGH010410231756.UD2 20.02 5.5 6.7 3.89 0.53 0.28 0.01 0.92 

NIG0170410231756.EW 21.28 5.5 6.2 3.54 0.24 0.13 0.00 0.20 

NIG0170410231756.NS 21.28 4.9 6.5 5.16 0.35 0.12 0.01 1.78 

NIG0170410231756.UD 21.28 6 6.5 2.59 0.14 0.04 0.00 1.95 

NIGH110410231756.EW1 21.45 5.4 6.4 3.10 0.42 0.22 0.00 2.71 

NIGH110410231756.EW2 21.45 4.3 6.2 6.30 0.80 0.31 0.00 2.72 

NIGH110410231756.NS1 21.45 5.1 6.4 2.74 0.35 0.20 0.00 2.72 

NIGH110410231756.NS2 21.45 4.7 6.3 5.22 0.76 0.27 0.00 2.73 

NIGH110410231756.UD1 21.45 4.6 6.4 1.14 0.20 0.16 0.00 1.94 

NIGH110410231756.UD2 21.45 5.4 6.6 2.55 0.19 0.15 0.00 1.34 

NIG0210410231756.EW 24.72 5.4 6.1 8.81 0.45 0.05 0.00 0.41 

NIG0210410231756.NS 24.72 4.7 6.2 13.33 0.58 0.09 0.00 2.72 

NIG0210410231756.UD 24.72 5.3 6.5 4.86 0.13 0.05 0.00 1.01 

NIG0220410231756.EW 31.16 5.1 6.3 3.46 0.20 0.05 0.00 1.64 

NIG0220410231756.NS 31.16 5.3 6.1 3.50 0.19 0.05 0.00 1.38 

 

6. accurate estimation of origin time (provided in the database with an 

accuracy of one minute) (according to the specific velocity model borrowed 

from Yanoto et al., 2017 and given coordinates of the station and the 

source) with following  

7. estimation of S-arrival time and the  
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8. computation of time-window limits for the P-wave and S-wave spectra 

calculation, and  

9. determination of Pd and 𝜏𝑐 parameters of the EEWS 

10. computation of displacement spectra and  

11. Mw(P) and Mw(S) from maximum amplitude P and S-wave spectra 

The results of the computations for the whole dataset of 34 events from 

Japan (about 9200 waveforms) were processed and the results stored in a form 

of a table. The fraction of the Table, is shown in the Table 2 as an example. 

The table includes information on name of event, name of a channel, epicentral 

distance Mw(P), Mw(S), PGA, PGV, PGD, Pd and 𝜏𝑐. We have also created a 

version of the script that determines P and S arrival time (and corresponding 

time-windows) without knowledge of the source parameters, which might be 

useful for the fast EEWS application. 

4.1 Some results relevant for the EEWS 

Some results of the automatic processing are presented below in the form of 

XY graphs. Figure 13 demonstrates the distance range covered by the first two 

stations of the network and the range of Mw(S) determined at these stations. 

 

Figure 13. Mw(S) versus epicentral distance R for the first two stations 

for the 33 Japanese events. 
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P-wave magnitude for the whole data-set was determined in the fixed 3 sec 

time-window with known hypocentral distance R. Maximum of MwP magnitude 

determined at the two closest stations is compared to MwS magnitude in Fig.14. 

The prediction line estimated as MwS = MwP + 0.4, has a good fit to data 

demonstrated in Fig. 14. 

 

Figure 14. Mw(S) versus maximum of Mw(P) determined at two closest 

stations to the epicenter. The regression line is Y=X+0.4. 

 

For on-site EEWS the known crucial parameters are Pd and 𝜏𝑐. The Mws 

magnitude measured at the most close station is depicted versus these 

parameters in figures 15 a,b, respectively together with thresholds determined 

in Zollo et al., 2010 (Pd=0.002 m and 𝜏𝑐 = 0.6 𝑠 (green lines) and Pinsky, 2017 

(Pd=0.0005 and 𝜏𝑐 = 0.2 𝑠 (red lines). In Fig. 15c these two parameters are 

presented jointly as Pd vs 𝜏𝑐. All points above and to the Right of the lines are 

“triggered events” of the virtual on-site EEWS, whilst the rest are the “missed” 

events. 
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Figure 15. Measurement of Pd, 𝜏𝑐  and Mw(S) at the closest stations 

for the 34 chosen strong Japanese events a) Mw(S) versus b) 𝜏𝑐,  c)  

verification of the (Pd, 𝜏𝑐) criterion.  
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Conclusions 
 

In this study, we used KIK-NET and K-NET accelerograms of 22 

Japanese earthquakes selected from JMA catalog of magnitude Mj (JMA 

magnitude scale) greater than 6.  

First, we tested the spectral method of moment magnitude determination 

based on the first few seconds of the P-wave record, Mw(P) in the conditions 

of strong earthquakes, in the view of application of this method to the early 

warning systems (EEWS). The methodology was developed in GII for Israeli 

earthquakes of magnitude 2.7-5.6, based on the Brune's circular source model 

(Brune, 1970, 1971, Ataeva, 2015). We analyzed the strong-motion Japanese 

data using stations located at epicentral distances less than 65-68 km where 

attenuation is due to mostly geometrical spreading to avoid influence of the 

specific crustal attenuation important at larger distances. The magnitudes 

Mw(P) and Mw(S), for comparison, were defined at all stations of the 

earthquakes.  

In this research we found out that: 

1) To provide the true moment magnitude estimation from P-wave for the 

earthquakes of magnitude Mw > 6, the spectral displacement measurements 

have to be performed at time-windows of at least 5-6 sec, i.e., at epicentral 

distances above 40 km, to ensure that P-wave duration is enough to present 

long period energy of the earthquake.  

2) Measurements with windows 1, 2 seconds of P-wave at the closest 

stations of EEWS (up to 15 km from epicenter), allows to predict the Mw(S) 

according relationships: Mw(S) = Mw (P) +0.87 (1 sec), Mw(S) = Mw (P) +0.77 

(2 sec) and maximum possible values of Mw(S) of potentially damaging S-wave 

according to relation Mw(S) = Mw (P) + 1.24.  

3) To integrate the method of Mw(P) into EEWS, the hypocentral 

distance should be known. It can be calculated, ex. from S-P times difference 

or distance to the fault provided the source depth is fixed. For decreasing the 
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possible error, using an average magnitude Mw(P) from some closest stations 

is a way. 

4) It should be noted also, that Mw(S) of the earthquakes of high 

magnitudes obtained with window measurement about 40 sec demonstrates 

the stable results at any distance, starting from the first stations, located at 3-5 

km from the epicenter. 

Second, in this research, we have tested the method of ground-motion 

prediction using the Japanese seismograms of strong earthquakes. We 

analyzed a new approach which is not based on epicenter location and 

magnitude estimation, but only on the measurements of PGA on the first –two 

closest to epicenter stations and may be used for evaluation of the Israeli early 

warning system thresholds. 

 The linear logarithmic ground-motion and exponential prediction 

equations (GMPE) developed in GII (Ataev, Pinsky, Hofstetter, 2015) were 

applied to Japanese data to examine applicability and reliability of the methods 

for the conditions of strong earthquakes. The regression coefficients in 

prediction equations were firstly explored on the Japanese earthquakes. The 

geometrical spreading coefficient of PGA was found equal to 1.08 that agrees 

with Israeli data. The regression coefficient in the exponential equation was 

found equal 0.03 that differs from 0.022 for Israeli data. 

 Our analysis shows, that both GMPEs give quite acceptable fitting 

between observations and predictions of PGA of shear waves with a standard 

deviation in natural logarithmic units of 0.85, 0.86. The use of "virtual epicenter" 

in the linear logarithmic ground-motion prediction equation in conditions of 

EEWS will contribute additional uncertainty. Partially reducing the residuals  

may be obtained by introducing correction factor to each station in the EEWS 

due to site amplification effect, that have to be modeled in a simulation using 

synthetic catalog and waveforms of high magnitude earthquakes. 

Third, a script for automatic computation of the mentioned waveform 

parameters as well as the EEWS prediction parameters of Pd and 𝜏𝑐 have been 

created and tested on the database of the 34 strong inland earthquakes from 
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Japan. The results of automatic computation fit well to those obtained manually. 

For the extended dataset we obtained following results: 

1) Mw(P) computed at 3 sec windows (not including S-wave arrival) 

relates to  the Mw(S) measured at the first two closest stations as: MwS= 

max(Mw(P1, Mw(P2 )) + 0.4.  

2) The thresholds for Pd and 𝜏𝑐 evaluated by Pinsky, 2017 for the 

Israel future EEWS using synthetic catalog appeared to be well fitted for the 

Japan data set of 34 events, providing for the on-set EEWS algorithm about 

97% of true alarms (only one event below the given Pd threshold). 
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