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Epicenter Determination Mapping using Teleseismic Records and . .

Verification of Omori's Distance Coefficient (Supplement 2)
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Seimic—Ray (iasp91, Kennett & Engdahl, 1991)

Yoshio Okamoto, 21th Sep. 2012
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Epicenter Determination Mapping using Teleseismic Records and
Verification of Omori's Distance Coefficient (Supplement 3)
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The Omori formula for the epicenter distance is described in high school
textbooks, but surprisingly few materials use actual seismograms (e.g., Okamoto et
al., 2016). The author has installed home-built seismographs for teaching materials
at his home in Osaka and at a science high school (KVIS) in Thailand respectively,
and has recorded earthquakes (Okamoto, 2018). During a couple of years of
observation, we have collected a considerable number of seismograms of local and
foreign earthquakes. We selected some of the identical earthquake records from
Japan and Thailand and prepared a classroom exercise to draw an epicenter map by
students. The students’ epicenters were evaluated by comparing with the USGS
results. At the same time, the coefficient k of Omori's epicenter distance formula,
which estimates the epicenter distance from the difference from S-P times, was
also examined for such a distant earthquake. Kato and Okamoto (2016) have
already pointed out that the values of the Omori coefficient in high school
textbooks are problematic. Here, we examine what happen on the value of these
coefficients at longer distances.

Our homemade seismographs are modeled after the old IMA Type 59
displacement seismographs, consisting of a coil + neodymium magnet =
electromagnetic sensor, an integrating amplifier, and a PC-based recording system
using an Arduino (Please refer to the references and the present technical
improvements, Okamoto, 2022a, this conference). The system can detect local
earthquakes of M2 or greater and foreign earthquakes of M6.5 to M7 classes
almost worldwide.

Among the seismograph records, those recorded both at the author's home
(Sayama City, Osaka Prefecture) and at KVIS (Rayong District, Thailand) were
selected based on the following criteria.

(1) The earthquake must have easily readable S-P times.

(2) The location of the epicenter on the map and the location of the observation
points should be easy to understand.

(3) The earthquakes should be scattered appropriately on the map.

The following earthquakes were selected( after the USGS results).

2019-12-15 M 6.8 18.0km S of Magsaysay, Philippines

2019-01-07 M 6.6 43.2km, Molucca Sea

2019-05-07 M7.1 146km, NW of Bulolo, Papua New Guinea

From the seismograms at the two locations, determine the arrivals of P and S-wave
by drawing auxiliary lines, then get the S-P time [min], where P is prominent on
vertical signal, while S 1s on horizontals.

(2) From the travel time graph (right figure), determine the epicentral distance [km]
by calculating the scale factor of length [km] and time [min] from the time scale in
the figure.

3) From each observation point on the map, draw two circles with a compass using
the epicentral distance as the radius, and find the intersection point.

4) Determine the epicenter of the two intersections based on the USGS epicentral
information.

5) Plot the USGS epicenter and check the difference between the two.

Epicenter Determination Mapping using Teleseismic Records and

Verification of Omori's Distance Coefficient (ePoster)

O Yoshio OKAMOTO
http://www.yossi-okamoto.net/index_e.html yossi.okamoto@gmail.com

2019-12-15 M 6.8 18.0km S of Magsaysay, Philippines: Upper: KVIS Lower: Home
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Epi-Central Distance vs. S-P time

Seismic waveform and S arrival (upper panel).
S-P time vs. distance at KVIS and at home (left)
S-P time and distance by “TauP”
S-P [min] Ep.Distance [km]
VIS 4.3 2650
Home 4.9 3250
epicenter drawing using this software

by "TauP" travel time: https:/www.seis.sc.edu;

43 d

time [min]

Other examples
are on P2.

<Procedure>

1) Calculate arrival times of P and S waves using the following different
methods in the procedure. From this, estimate the S-P time for each epicentral
distance.

2) Calculate the Omori coefficients from the estimated S-P times and epicentral
distances.

(3) Plot a graph showing the relationship between the epicentral distances and
the Omori coefficients.

<Method>

1) Calculate the arrival times of P and S waves using the traveltime function of
the seismic path application "TauP", and calculate the above parameters.

2) The same parameters are calculated using the author's previously developed
seismic path calculation software ("Seismic-Ray", Okamoto, unpublished).

(3) Comparing the S-P time calculated from the real seismograms and the
estimated epicentral distances already calculated at the previous exercises.

(4) Since the analysis of near-field earthquakes is not possible with the above
method, the waveform data of near-field stations (epicentral distance less than
about 1000 km) from local earthquakes are derived from another software
named win2 (created by Akihiko Ito), and P and S phase pickups are made from
the paste-up images by win2. The same process as above 1s made.

For above four methods (for details, see this poster; pages 2 and 3).

The two modes of S-P times of Seismic-Ray are calculated along the earth's
surface (corresponding to the epicentral distance) and along the seismic wave
path (corresponding to the source distance).

<Results>

The following graphs show the relationship between all methods' calculated
Omori’s coefficients versus epicentral distances.

Omori's Coeffcients(K) versus Epicentral Disatances(L[km]))
Comparison with Seismic_Ray_Paths, "TauP" table, and Seismograms

Omori constant K [km/s]

@ “TauP” Travel-Times
-+ Seismic-Ray (Surface)
X Seismic-Ray (Ray-path)

6000 7000 8000 9000 10000

Epicentral distance[km]

. “Win2” T-T curves for
/' local earthquakes
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<Epicenter Center Mapping>
Although the epicenter is drawn from the seismograms from only two locations, wit
minor errors compared to the USGS epicenter.

Of course, two locations are not enough. The author's seismographs in Thailand are
currently installed in two high schools, including KVIS, but one of them is currently
out of service due to equipment trouble. So, we hope to repair it in the future. Anoth
set 1s scheduled to be installed in a high school in northern Thailand this year.
Therefore our exercises will be sophisticated by employing these three observation
sites in the future.

In selecting seismograms, it is essential to choose easy reading S-arrivals. It remains
to be seen whether the depth of the epicenter can also be estimated.

<Verification of Omori Coefficient>

The Omori coefficient is originally based on assuming the constant velocity of the
seismic layer (refraction waves through the mantle are not taken into account).
However, if we take such a simple assumption, the student exercise will be extended
to further earthquakes. For this purpose, the trend of the Omori coefficient at longer
distances was investigated. As a result, the "TauP" coefficients after 1000 km show &
fairly good trend of constant or increasing with distance.

Using this result, it will be possible to plot the epicenter employing seismograms at
further distances. However, the following points should be considered,

(1) The effect of the earth's roundness should be taken into account.

(2) Only direct waveforms should be used for this purpose.

(3) The distortion of the map should be eliminated (the equidistant map projection 1s
preferable).

Seismograms recorded at two points in Japan and overseas are used for
epicenter mapping exercises for students. In the future, we would like to
increase the number of seismic observatories and provide more accurate
and easy plottable seismograms.

Validating the Omori coefficient, we found that it is possible to discuss the
Omori coefficient even for oversea earthquakes beyond the range of the
usual definition in the limited use of classrooms. In particular, the Omori
coefficient of 10 km/s is plausible for epicentral distances between 1000
and 2500 km, and for more distant distances beyond 3000 km, 12 to 15
km/s were reasonable. We will develop educational materials using such
records of oversea earthquakes in the future.

Akihiko Ito (Em. Prof. Utsunomiya University), Win2 developer, provided
software and information on Win2 operation and details of P, S phase pickings.
Dr. Mamoru Kato (Kyoto University) discussed the Omori formula. I would like
to express my gratitude to them.
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