
Keywords:

Fast Earthquake Characterization using a Single Three Component

Seismic Station by Machine Learning Techniques

 
*Luis Hernan Ochoa Gutierrez1, Luis Fernando Niño Vasquez1, Carlos Alberto Vargas Jimenez1

 
1. Universidad Nacional de Colombia

 
Earthquake early warning alerts generation is very useful, especially for the city of Bogotá-Colombia, given

the social and economic importance of this city for the country. Based on the information from the

seismological station “El Rosal”, which is a broadband and three components station, located very near

the city that belongs to the Servicio Geológico Colombiano (SGC) a Support Vector Machine Regression

(SVMR) model was developed, using a Normalized Polynomial Kernel, using as input some characteristics

of the initial portion of the P wave used in earlier works such as the maximum amplitude, the linear

regression coefficients of such amplitudes, the logarithmic adjustment parameters of the envelope of the

waveform and the eigenvalues of the relationship between the three seismogram components of each

band. 

 

The model was trained and evaluated by applying a cross-correlation strategy, allowing to calculate the

magnitude and location of a seismic event with only five seconds of signal. With the proposed model it

was possible to estimate local magnitude with an accuracy of 0.19 units of magnitude, epicentral distance

with an accuracy of about 11 km, the hipocentral depth with a precision of approximately 40 km and the

arrival back-azimut with a precision of 45°. Accuracies obtained in magnitude and epicentral distance are

better that those found in earlier works, where a large number of events were used for model

determination, and the other hipocentral parameters precisions obtained here are of the same order. 

 

This research work makes a considerable contribution in the generation of seismic early warning alerts,

not only for the country but for any other place where proposed models here can be applied and is a very

good starting point for future research.

 
Early Warning, Support Vector Machines (SVM), Fast Seismic Characterization, Seismology,

Bogotá-Colombia

 

SSS14-P01 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - SSS14-P01 -



SSS14-P01 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - SSS14-P01 -



Keywords:

Groundwater macroscopic anomalies and earthquake: a case study in

Xichang, South-west China
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Earthquake prediction is a debating topic in the world. One of the focused points is that whether there

existed observable and identifiable precursors? What’s the objective definition of “anomalies” and

what’s the quantitative physical mechanism links these precursors to earthquakes. However, anomalies

are always reported before and after some major earthquakes. Identify the nature of these anomalies and

understand the possible role as precursor will certainly benefit for the debating. Large scale macroscopic

anomalies were reported in Xichang area during 2002. And we conducted a field survey in order to

indentify the nature of these anomalies and their possible role as precursor. According our investigation,

although the groundwater and animal anomalies have no relationship with the strong earthquake, they are

surely controlled by the tectonic activity in that area. Because both of the temporally and spatially

distribution of groundwater and animal anomalies had related with the tectonic setting and the tectonic

activity which get from the seismo-geological and geodetic studies. So the anomalies in Xichang area are

the result of the increasing tectonic activity in the Sichuan-Yunnan block. And the groundwater may play

as good indicator for the activity in tectonic.
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The earthquake has always been the major issue of the cities near the earthquake zone. The

unpredictability of earthquake has raised the attention on developing earthquake early warning systems

(EEWS). 

This study uses earthquake waveform data from IRIS (Incorporated Research Institutions for Seismology).

By using the seismic analysis code (SAC) to process and to analyze the seismic waveform data. This study

reveals that the frequency component of the first arrived complete P wave can be used to estimate the

magnitude of an earthquake. A low-pass filter with cutoff frequency 3Hz is used to preprocess the

waveform signal. We use Fast Fourier Transform to turn time domain data into frequency domain data.

The spectrum is then obtained and can be used to identify the characteristic of the frequency component

of the first arrived complete P wave. An empirical linear relation is found, and this linear relation can be

used to estimate the magnitude of earthquakes. 

Our result shows the magnitude of an earthquake, therefore, possible to be estimated at the very

beginning of an earthquake event. This method is beneficial for minimizing the damage in order to

prevent unnecessary loss.

 
P wave, Fourier Transform, Linear Regression
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Before the Meinong earthquake in sothern Taiwan, a spatiotemporal seismic gap is roughly found. During

this seismic gap, only four earthquakes were located by the Central Weather Bureau Seismological

Network 24 bits (CWBSN24), whose magnitude of completeness (MC) is about ML 1.2 in the area of the

Meinong earthquake. In order to specify the range of this spatiotemporal seismic gap, this research

examined the duration and spatial scale of this seismic gap. Then this seismic gap is characterized as an

undoubted low seismicity rate. Here, this low seismicity was kept about 90 days before the Meinong

earthquake and localized within a area with a radius of 12 kilometers from the hypocenter of this strong

earthquake. Particularly, this kind of low seismicity rate could be only found before this strong

earthquake. For this reason, this low seismicity should be associated with the Meinong earthquake. This

low seismicity appeared before the Meinong earthquake is obvious as the data was extracted from the

seismic catalog whose magnitude lower than ML 1.5. Therefore, this research suggested that this low

seismicity is characterized as the behavior of microseismicity. Between after this low seismicity and the

Meinong earthquake, some foreshocks were found. According the process of a principle rupture cycle,

this low seismicity could be the intermediate-term quiescence. The spatial scale of this quiescence is

similar with the previous observations for some strong earthquakes. In practice the seismic quiescence

had been found before some strong earthquakes and used for earthquake precursor. For earthquake

precursor in southern Taiwan, this research indicates that the useful precusory signal of seismic

quiescence may be buried in microseismicity which is monitored by a dense seismic network and was

difficult to observed in the past.

 
Meinong earthquake, seismic quiescence, microseismicity
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A dense seismic and geodetic observation network has been established along the Pacific coast of

southwestern Japan where the Philippine Sea Plate subducts beneath the Eurasian plate and a huge

interplate earthquake is anticipated to occur in the near future. Since characteristics of the interplate

coupling as well as associated phenomena along the Nankai Trough differ from those along the Japan

Trench where the Pacific Plate subducts beneath the North American Plate, we cannot expect

“precursory phenomena” observed before the 2011 Tohoku-Oki earthquake will be observed similarly

before the supposed Nankai Trough earthquake. However, it has been reported that a notable seismic

quiescence did appear in a wide region along the Nankai Trough before the 1944 Tonankai and the 1946

Nankai earthquakes (Kimura and Okano, 1995; Aoki and Yoshida, 2001), so that it is highly expected that

seismic quiescence will also appear before the next Nankai Trough earthquake. Then, how about the

remarkable decrease of the b value observed in the focal region of the 2011 Tohoku-Oki earthquake?

Because it is known that the b value was low in the focal region of the 2004 Sumatra earthquake, it is very

probable that decrease of the b value will be observed as well before the next Nankai Trough earthquake.

A problem is that the seismicity in the sea region along the Nankai Trough is apparently low compared to

that off the Pacific coast of Tohoku region. Therefore, it is uncertain if we can trace change in the b value

in detail as has been done for the 2011 Tohoku-Oki earthquake. Here we report preliminary results of the

space-time variation of the b value in the region along the Nankai Trough. We found that the b value is

low in the Kumano-nada and beneath Shikoku where a large slip deficit rate has been elucidated (Yokota

et al., 2016) and the b value in the sea off Shiono-misaki is high. Intriguing temporal variations that might

have been related to the change in the stress in the slab are also found in some regions. 

The seismic activity in the crust in southwestern Japan is comparatively high, so that we think that it is

meaningful to monitor change in the b value at various areas. It may be possible to observe increase in b
value related to decrease of the stress in the crust due to weakening of the interplate coupling.
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Long-term seismic quiescence was investigated in and around the focal area of 23 great earthquakes with

Mw8.0 or larger and with a centroid depth shallower than 100 km in the global CMT catalog between

1990 and 2014. Earthquakes shallower than 60 km with the body wave magnitude of 5.0 or larger were

selected in an earthquake catalog created by International Seismological Center (ISC). Clustered events

such as earthquake swarms and aftershocks were removed from the ISC catalog by using a stochastic

declustering method developed by Zhuang et al. (2002). A detailed analysis of the earthquake catalog

using a gridding technique (ZMAP) shows that the seismic quiescence areas were found in and around

the all focal areas of these great earthquakes except for four earthquakes. The four earthquakes are

located in the area with a very low background seismicity and thus I was not able to estimate the temporal

change in seismicity.
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In a large-scale earthquake disaster, a large number of people stay in shelters, and some of them may lose

their physical condition or may die away. Among the 6434 deaths of the Kobe Earthquake (1995), 919

persons are "earthquake related deaths" certified by local governments. In the Kumamoto earthquake

(2016), more than half of the victims were "earthquake related death". The Japan Meteorological Agency

has forecasted the probabilities for large aftershocks related to 15 major main shocks since 1998. The

Earthquake Research Committee of Japan published the report "Information on the prospect of

earthquake activity after a major earthquake" last year. In the information immediately after a major

earthquake the massage is "Please be careful about the same degree of earthquake for about a week in

the strong ground motion area“, in which they call warning higher than before. 

Announcing the magnitude and intensity of earthquake underestimated may increase the human injury

during the earthquake. On the other hand, excessive forecast may result excessive evacuation behavior

and increasing the possibility of deteriorating health or death. In the forecasting information, it is required

to minimize human injury, considering both of these aspects. 

I will discuss here the operational forecast of events after a major earthquake. Some points are as follows. 

 

Maximum event following the major earthquake 

Fig. 1 shows the magnitude difference between the maximum event within the next 7 days and the

preceding major shallow inland earthquake of M6.5 or larger listed in report. Only the Kumamoto

earthquake case (black) the subsequent event was bigger than preceding one, and only 2 cases (gray)

were of the same level (magnitude difference is 0.3 or less). It is reasonable that the response after the

inland earthquake of M6.5 or higher is a conventional policy that calls attention to aftershocks one size

smaller than the preceding major earthquake, and new policy has a large tendency of excessive attention

and warning. 

 

Probabilistic forecast 

In the report it is written that low probability of the event is received as safe information, thus they quitted

issuing the probabilistic forecast. It should be more desirable to explain frequently the people on media

that a large event will occur at a reasonable rate, even if the probability is small. While aftershock activity

is very active, it is questionable to repeat qualitative massage without the probability of large event. Note

that statistical testing is not able to applied for such qualitative information. 

 

Representation of the risk 

Probabilistic forecast is familiar to some people and very useful information, but for many citizens, it is

unfamiliar and they do not know how to use it. The proposed forecast draft is concise and clear, but

concrete is inferior to the conventional probability prediction. As another expression form, it is

conceivable to display the maximum earthquake magnitude during the forecast period as a probability

distribution. By looking at the result figure, it is easy to ascertain "How much is the maximum magnitude?" 

and "What is the forecast accuracy of magnitude?". In the weather forecast, the ordinary forecasts,

precipitation probability forecast and high resolution precipitation now cast etc. are executed in parallel.

As people who use earthquake forecast also have various purposes and methods, it is hopeful that the

attention in sentence expression, the probability of large events, and the magnitude distribution of the
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largest earthquake etc are presented in parallel. 

 

Verification of forecast and improvement of model 

It is necessary to verify and evaluate the results of forecast. The international commission examined the

prediction of the L'Aquila earthquake (2009, Mw 6.3, more than 300 people dead) recommended about

the method of earthquake forecasting for civil protection as follow;. 

Recommendation F1: Forecasting methods intended for operational use should be scientifically tested

against the available data for reliability and skill, both retrospectively and prospectively. All operational

models should be under continuous prospective testing. 

Therefore it had better to test and to evaluate the earthquake forecasting results by the Japan

Meteorological Agency. 

 

 

Fig. 1. Magnitude difference between the maximum event in the next 7 days and the preceding major

shallow inland earthquake of M6.5 or larger in Japan.

 
earthquake forecast, forecast of aftershock, earthquake related death
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1 Introduction 

Various phenomena were observed before the 2011 Tohoku earthquake. As for the broad band seismic

network; F-net, its availability was degraded from the end of December, 2010 to mid-January, 2011, then

from mid-February to the beginning of March, and finally the main shock occurred on March 11, 2011. 

So, measuring results such as of GNSS etc. are added to further check the degraded periods of the F-net. 

 

2 Analysis 

It seems that the period of approximately 3 months before the earthquake was consisted of 3 stages

indicated below. 

 

First stage 

Period: mid-December, 2010 to around January 28, 2011. 

Analysis: Accumulation of strain in the continental plate reached upper limit in the Tohoku and Chubu

regions. The continental plate stopped westward motion. The Pacific plate also stopped its advancement.

Possibly as a result of such situation, the wide area in Japan showed abnormal situations. 

Observed events: 

·The Tohoku region which had been moving to west for years stopped westward motion on around

January 28, 2011. On January 27, the westward motion of the ocean plate, i.e. the Pacific plate also

stopped. It stopped movement till the main shock. The following situation was observed in around 1.5

months prior to this change. 

·Abnormal values were observed in groundwater at the coastal area of Iwate prefecture from

mid-December, 2010. On December 22, earthquake of M 7.4 occurred near Chichijima island. In January

2011, many low frequency earthquakes occurred directly under Hakoneyama mountains. 

·F-net increased number of data-missing observation points since the end of December 2010, and it

became four on January 14, 2011. The 4 points are Sanriku Coast - South of Hokkaido (2 points) and

Noto - Izu Islands (2 points). 

·According to GNSS, the entire Japan moved southward on January 5, 2011, and wide areas of Japan

moved westward on January 23. 

 

Second stage 

Period: Around February 29, 2011 to around March 2, 2011 

Analysis: As a result of the first stage, restless increase of stresses by the Pacific plate could not be

accepted any more by the continental crust. 

Observed events: 

·The land that stopped westward movement on around January 28, 2011, changed direction of the

movement for 180 degrees from January 29. 

·Slow slip was observed near the epicenter area from January 29. This movement continued till just before

M7.3 earthquake of March 9. 

·February 13 to the end of February, Earthquakes of M5 or greater occurred near the starting point of the

main shock. 
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·From February 16 to March 2, there was an increase in malfunction of the F-net. The largest number was

4 stations on February 18th. These are composed of 2 regions; Sanriku Coast - South of Hokkaido (3

places) and Gifu Prefecture (1 place). 

 

Third stage 

Period: Around March 8, 2011 to the main shock on March 11, 2011. 

Analysis: Slipping of the continental plate started, and it lead to the main shock. 

Observed events: 

·On March 8, eastward movement of the Tohoku region was recorded by GNSS. 

·The Sanriku-oki earthquake (M7.3) occurred on March 9. The earthquakes with magnitude of 6 followed. 

·On March 11, The main shock of the Tohoku earthquake occurred.

 
2011Tohoku earthquake, F-net, GNSS
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It's said that to foresee a natural phenomenon as an earthquake is difficult, but the earthquake prediction

is possible. A natural phenomenon always has the cause, and as a result, a phenomenon occurs. When

this cause can be grasped, you can foresee a result. So we have begun to observe the earth to grasp the

cause of the earthquake. But, it's understood only from a tremor just before the earthquake occurring by a

seismometer. So a radio wave with a lot of presage testimony and an electromagnetic observation have

been begun. To grasp an electromagnetic field change in the surface of the earth at present, an

observation network is being even constructed and observed. When this gazed at the radio wave change

which propagates the ground and removes the influence by which direct observation networks of a FM

broadcasting radio wave are weather changes and sporadic E layers, etc. in particular, it's possible to read

direct electromagnetic field change by influence and noise from underground. There are Nagano

earthquake, Fukushima earthquake, Awajishima earthquake and Kumamoto earthquake as the example. A

presage of a main shock showed clearly with a foreshock because of the Kumamoto earthquake in

particular. Basic theory of an electromagnetic observation is a principle street of the energy and the

electromagnetism to which I say "When a thing moves, electromagnetism occurs.", but a big

electromagnetic change also generates an earthquake phenomenon by a friction in the crust in an

observation example. When using the big change phenomenon which shows before about 1 week in

particular, it can be the accident prevention information which had a plenty of leeway timewise. So an

observation example of the above other ones was elucidated, but an electromagnetic observation found

out that that an eruption also exerts a big change on the crust shows in observational data. An

electromagnetic change started with this phenomenon from an eruption in Okinoerabushima, and

Kagoshima west and Kumamoto* followed Tottori earthquake quite and. Movement of the crust change

seems to need time of the class half year, but a series of electromagnetic change which indicates the

relation between the eruption and the continuous earthquake certainly shows. Please see observational

data and a correlation chart. (For an observation chart, the transverse = hour and the vertical axis=

electric field strength and color= observation bureau)

 
Foretelling an earthquake, Electric wave observation, An observation network of Eruption, An

electromagnetic field
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