
www.elsevier.com/locate/pce

Physics and Chemistry of the Earth 31 (2006) 397–402
Survey of anomalous Schumann resonance phenomena observed
in Japan, in possible association with earthquakes in Taiwan

Kenji Ohta a,*, Nobuo Watanabe a, Masashi Hayakawa b

a Department of Electronics Engineering, Chubu University, 1200 Matsumoto-cho, Kasugai Aichi 487-8501, Japan
b Department of Electronic Engineering, The University of Electro-Communications, 1-5-1 Chofugaoka, Chofu, Tokyo 182-8585, Japan

Accepted 6 February 2006
Available online 26 May 2006
Abstract

The observation of ELF Schumann resonances in Nakatsugawa, Japan has suggested the presence of anomalous behavior in Schu-
mann resonances (that is, the main point is the enhancement at the fourth (or the third) harmonic) at Nakatsugawa, and we have indi-
cated that those anomalies in the Schumann resonances at Nakatsugawa are highly likely to be associated with the large earthquakes in
Taiwan. This paper is intended to provide the statistical significance of those Schumann resonance anomalies in possible association with
earthquakes in Taiwan on the basis of the ELF observation during the period from the beginning of 1999 to the end of 2004 (6 years).
With the criterion of the magnitude greater than 5.0, there were observed 33 earthquakes in and around Taiwan, and the Schumann
resonance anomaly is observed for 9 earthquakes (so that the anomaly percentage will be 9/29 (because no observation for 4 earth-
quakes)). Twenty nine earthquakes included 7 earthquakes in the land, while other 22 earthquakes took place in the sea. It is surprising
that anomalous Schumann resonances are observed prior to all the land earthquakes. Two sea earthquakes from the 22, had the anom-
alous Schumann resonances, but these two earthquakes had the following characteristics (one was the largest magnitude, and another,
the shallowest). The paper discloses the causative link between the anomalous Schumann resonances and earthquakes in Taiwan. Espe-
cially, the land earthquakes with large magnitude are found to trigger the anomalous Schumann resonances.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Different kinds of electromagnetic phenomena have been
found to take place prior to an earthquake (Hayakawa and
Fujinawa, 1994; Hayakawa, 1999; Hayakawa and Molcha-
nov, 2002), and there has been a general concensus that seis-
mic effects occur not only in the lithosphere, but also in the
atmosphere and ionosphere (e.g. Hayakawa et al., 2004).

The present paper is concerned with the Schumann reso-
nance phenomenon and its anomalous behavior in possible
association with earthquakes. The ionospheric perturba-
tions have been definitely found by means of subiono-
spheric VLF/LF propagation (Gokhberg et al., 1989;
1474-7065/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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Hayakawa et al., 1996; Molchanov and Hayakawa, 1998;
Shvets et al., 2004). This subionospheric VLF/LF propaga-
tion anomaly suggests the presence of perturbations in the
lower ionosphere. The upper ionosphere (F layer or so)
can be monitored by means of bottomside sounding (in
terms of foF2 values) and of TEC measurements (Liu
et al., 2000; Pulinets and Boyarchuk, 2004). An additional
new method has been recently suggested here to study the
seismo-ionospheric perturbations. Though it is known that
Schumann resonances are natural electromagnetic phenom-
ena (Nickolaenko and Hayakawa, 2002), their frequency
spectra are known to be very stable, so that it may be pos-
sible for us to use them as a possible means to study the seis-
mic effect of the atmosphere and lower ionosphere, just like
in the case of subionospheric VLF/LF waves. Hayakawa
et al. (2005) have discovered, for the first time, anomalous
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behavior (the main point is an enhancement at the fourth
harmonic) in Schumann resonances observed in Japan, in
possible association with the Chi–chi earthquake in Japan,
and their paper was based on case studies for a few events.

So, this paper is a further study following our previous
paper (Hayakawa et al., 2005). This paper is based on a
survey during six years in order to statistically confirm
the link between the anomalous Schumann resonance phe-
nomena with earthquakes in Taiwan.

2. Observation of ELF waves at Nakatsugawa and

earthquakes in Taiwan

The details of ELF observation at Nakatsugawa in Gifu
prefecture have been given in Ohta et al. (2001) and Hayak-
awa et al. (2005). The important point of our observation is
that we perform the waveform measurement continuously
(with sampling frequency of 100 Hz) and that we measure,
simultaneously, three magnetic field components (Bx, By

(horizontal) and Bz (vertical)).
As is shown in our new paper by Hayakawa et al.

(2005), abnormal behavior in Schumann resonances are
observed in possible association with the Chi–chi earth-
Table 1
Summary of earthquakes in Taiwan during 1999–2004 and the anomaly in Sc

No. Date Time (JST) Epicenter

Geographic latitude (N) Geographic longit

1 1999/2/22 22:49 24.2 122.3
2 1999/5/7 10:03 25.0 122.1
3 1999/6/4 1:11 24.6 122.5
4 1999/9/21 2:47 23.9 120.9
5 1999/9/21 2:57 24.0 121.0
6 1999/9/21 3:11 23.8 121.0
7 1999/9/22 9:15 24.1 120.8
8 1999/9/26 8:53 23.9 121.0
9 1999/11/2 2:53 23.3 122.1
10 2000/6/11 3:24 23.8 120.8
11 2000/7/16 12:22 20.5 122.4
12 2000/9/10 17:55 24.1 121.5
13 2000/9/17 8:04 24.0 122.5
14 2000/12/13 5:33 23.9 122.5
15 2001/6/13 22:18 24.5 122.5
16 2001/6/14 11:35 24.5 121.9
17 2001/11/24 14:47 25.9 122.2
18 2001/11/29 16:34 24.4 122.2
19 2002/2/12 12:27 23.9 121.7
20 2002/3/31 15:53 24.2 122.0
21 2002/5/15 12:46 24.4 121.9
22 2002/5/29 1:45 24.2 122.0
23 2002/6/14 5:40 24.5 122.0
24 2002/7/11 16:36 24.0 122.2
25 2002/8/29 2:06 22.3 121.8
26 2002/9/1 14:56 24.3 122.1
27 2002/9/1 16:07 24.0 122.4
28 2002/9/15 10:07 24.1 122.4
29 2003/6/9 10:53 24.5 121.8
30 2003/6/10 17:40 23.6 121.7
31 2003/12/10 13:38 22.8 121.7
32 2004/2/4 12:24 23.5 122.1
33 2004/6/4 11:24 23.5 122.0
quake in Taiwan. So, that we try to perform the survey
on the occurrence of Schumann resonance anomalies with
relation to earthquakes in Taiwan. We have examined the
earthquakes with magnitude greater than 5.0 in and
around Taiwan during the sufficiently long-term period
of six years from January 1999 to August 2004, including
a few events as already discussed in Hayakawa et al. (2005).

Table 1 shows the total events of earthquakes in Taiwan
during the above-mentioned six years. As many as 33
earthquakes are found, and those earthquakes are plotted
in Fig. 1. The event number is given in Fig. 1, which corre-
sponds to that in Table 1. In Fig. 1 there are two types of
circles (one is a red circle with white character and another,
a white circle with black character). The first group indi-
cates the earthquake event accompanied by the Schumann
resonance anomaly, while the second group refers to the
earthquake event without Schumann resonance anomaly.

3. Anomaly in Schumann resonance phenomena as observed

at Nakatsugawa

Hayakawa et al. (2005) have already made the detailed
description of anomaly in Schumann resonances as
humann resonances

Magnitude Depth (km) Schumann resonance Land or sea

ude (E)

5.9 50 No observation S
5.3 70 0 S
5.3 70 0 S
7.7 30 1 L
5.8 84 1 L
5.8 90 1 L
6.4 30 1 L
6.6 40 1 L
6.3 0 1 S
5.7 10 1 L
6.6 10 0 S
6.0 10 1 L
5.4 50 No observation S
5.6 10 0 S
5.7 70 0 S
6.2 40 0 S
5.1 210 0 S
5.2 40 0 S
5.9 10 No observation S
7.0 20 1 S
6.9 40 0 S
6.0 60 0 S
5.5 50 0 S
6.1 30 0 S
6.1 10 0 S
6.1 60 0 S
5.7 20 0 S
5.3 30 No observation S
6.3 30 0 S
6.3 30 0 S
6.7 10 0 S
5.7 70 0 S
5.6 20 0 S



Fig. 1. Location of earthquakes (with magnitude grater than 5.0) in and around Taiwan red circle with white character (earthquake event number)
indicates that this earthquake is accompanied by the Schumann resonance anomaly. White circle with black character, refers to the event without
Schumann resonance anomaly.
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observed at Nakatsugawa in possible association with
earthquakes in Taiwan. Please refer to this paper for fur-
ther details, but we repeat the important points here.

(1) The fourth harmonic of the Schumann resonance is
strongly enhanced as the most significant difference
from the conventional case. The conventional spectra
show that the resonance intensity is decreasing with
the resonance number (n = 1 is strongest, and the
intensity decreases with increasing n), but the anomaly
is characterized by the unusual increase in amplitude
of the fourth Schumann resonance mode. This anom-
aly appears about one week before the earthquake.

(2) A significant frequency shift of its peak frequency
(�1.0 Hz) from the conventional value on the By
magnetic field component which is sensitive to the
waves propagating in the NS meridian plane.

We have checked the Schumann resonance anomaly two
weeks before and two weeks after an earthquake. The anal-
ysis result is summarized in Table 1. We explain each col-
umn in Table 1. The first column indicates the number of
earthquake event, the second and third columns indicate
the date and time of earthquake occurrence (in Japanese
Standard Time (JST) (JST = UT+9 h)). The third and
fourth columns refer to the geographic coordinates of the
epicenter. The fifth and sixth, indicate the magnitude and
depth of the earthquake. The next column (indicated by
SR, Schumann resonance) indicates the situation of Schu-
mann resonances in Nakatsugawa. ‘‘No observation’’
means that no observation was made, and ‘‘0’’ indicates
no anomalous Schumann resonance phenomena, while
‘‘1’’ indicates the presence of anomalous Schumann reso-
nance phenomenon. The last column refers to the situation
on the earthquake; that is, S means that the earthquake
took place in the sea, while L stands for the earthquake
in the land.

Fig. 2(a)–(f) indicates the summary of the temporal evo-
lution of the earthquakes in Taiwan and the corresponding
observation of anomalous Schumann resonance pheno
mena. Fig. 2(a) is the result for the year of 1999,
Fig. 2(b), 2000, Fig. 2(c), 2001, Fig. 2(d), 2002, Fig. 2(e),
2003, and Fig. 2(f), 2004. In these figures, the period of
no data is plotted in Fig. 2 as a blue sine at the fourth
row. The magnitude of the earthquake is indicated in the
line of earthquake, and anomalous Schumann resonance
is illustrated by Sch4 (this means the anomalous enhance-
ment at the fourth harmonic) and in one case, the anomaly
appears in the third harmonic (Sch3). When there is no
indication on the line of Sch4, it means that there is no
effect (i.e., corresponding to 0 in Table 1). We explain the
situation by taking as example the first event in Fig. 2(b).
The earthquake event number is given by #11, so that
you can find the relevant earthquake information in
Fig. 1 and in Table 1. The earthquake magnitude is given
by 5.7. The pink box on the line of Sch4 means that an
anomaly is observed in the fourth harmonic (that is, 1 in
the second column from the right in Table 1). On the con-
trary, for the next earthquake (#12) in Fig. 2(b), there is no
pink box on the line of Sch4, which means that no anomaly
is observed at the fourth Schumann resonance.

4. Summary and discussion

Summarizing the results in Table 1 and Fig. 2, 33 earth-
quakes took place in and around Taiwan with magnitude
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Fig. 2. Summary of temporal evolution of earthquakes in Taiwan and the corresponding Schumann resonance data at Nakatsugawa. (a) 1999, (b) 2000,
(c) 2001, (d) 2002, (e) 2003 and (f) 2004. The first bottom line gives us the information on the ELF observation. When the observation is not performed,
there is an indication of blue period, while the observation is going on for other periods with no special indication. The second line from the bottom gives
the information on earthquake in Taiwan (earthquake event number and the magnitude). Sch4 and Sch3 give the information on the anomalous
Schumann resonance phenomena at Nakatsugawa. When we have a box on Sch4, this means that we have observed an anomaly on the fourth harmonic.
When there is no box, it means that there is no anomaly at the fourth harmonic. The same meaning for Sch3. (For interpretation of the references in color
in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2 (continued)
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greater than 5.0, but no measurement of Schumann reso-
nances could be made for the four earthquakes in Taiwan.
So that, we treat 29 earthquake events in Taiwan. Among
29 earthquakes, there are 7 inland earthquakes, and other
22 took place in the sea. The following important points
have emerged from the analysis.
(1) The merit of this paper is in rare presentation of a ser-
ies of anomalous Schumann resonance data observed
in regular fashion when an earthquake takes place in
Taiwan. This suggests a convincing link between the
anomalous Schumann resonances at Nakatsugawa
and the earthquakes in Taiwan.
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(2) All of seven inland earthquakes are found to have
been accompanied with the anomalous Schumann
resonances observed in Nakatsutawa. The anomaly
takes place always prior to an earthquake (about
one week before the earthquake).

(3) Only two from the 22 oceanic earthquakes, are found
to be accompanied by the Schumann resonance
anomaly. These two (No. 9 and 20 in Table 1 and
in Fig. 1) will be examined in more details. No. 9
had the following peculiarity in the sense that the
depth of No. 9 is the shallowest among the 22. And
No. 20 had the largest magnitude among the 22.

As the conclusion, there is a convincing causative link
between anomalous EM data and earthquakes in Taiwan.
We can say that the anomalous behavior in Schumann res-
onance is always observed in Nakatsugawa for the large
and inland earthquakes in Taiwan. Then, it is found that
even the earthquake taking place in the sea can trigger
the anomalous Schumann resonances when its magnitude
is either extremely large, or extremely shallow.

In our previous paper by Hayakawa et al. (2005), we
have suggested a possible mechanism of such an anoma-
lous behavior in Schumann resonances: that is, the possi-
ble noise source in the South American zone, and an
additional conducting disturbance over Taiwan lead to
the scattering of ELF waves as observed in Japan (a
kind of wave interference effect). It is further confirmed
that the abnormal additional ionization is taking place
over Taiwan for all of the large inland earthquakes with
magnitude greater than 5.0 and for a few oceanic earth-
quakes with either shallow depth or with large magni-
tude, with judging the behavior in Schumann resonance
anomaly.

Acknowledgement

The authors are grateful to Japan Society of Promotion
of Science (#15403012) and the Mitsubishi Foundation for
their support. Thanks are also due to NICT for its ‘‘R&D
promotion scheme funding international joint research’’.
References

Gokhberg, M.B., Gufeld, I.L., Rozhnoy, A.A., Marenko, V.F., Yampol-
sky, V.S., Ponomarev, E.A., 1989. Study of seismic influence on the
ionosphere by super long wave probing of the Earth-ionosphere
waveguide. Phys. Earth Planet. Inter. 57, 64–67.

Hayakawa, M., Fujinawa, Y. (Eds.), 1994. Electromagnetic Phenomena
Related to Earthquake Prediction. Terra Sci. Pub. Comp., Tokyo, p.
677.

Hayakawa, M. (Ed.), 1999. Atmospheric and Ionospheric Electromagnetic
Phenomena Associated with Earthquakes. Terra Sci. Pub. Comp.,
Tokyo, p. 996.

Hayakawa, M., Molchanov, O.A. (Eds.), 2002. Seismo Electromagnetics:
Lithosphere–Atmosphere–Ionosphere Coupling. Terra Pub., Tokyo,
p. 477.

Hayakawa, M., Molchanov, O.A., NASDA/UEC Team, 2004. Summary
report of NASDA’s earthquake remote sensing frontier project. Phys.
Chem. Earth 29, 617–625.

Hayakawa, M., Molchanov, O.A., Ondoh, T., Kawai, E., 1996. The
precursory signature effect of the Kobe earthquake on VLF subion-
ospheric signals. J. Comm. Res. Lab. Tokyo 43, 169–180.

Hayakawa, M., Ohta, K., Nickolaenko, A.P., Ando, Y., 2005. Anomalous
effect in Schumann resonance phenomena observed in Japan, Possibly
associated with the Chi–chi earthquake in Taiwan. Ann. Geophys. 23,
1–12.

Liu, J.Y., Chen, Y.I., Pulinets, S.A., Chuo, Y.J., 2000. Seismo-ionospheric
signatures prior to M = 6.0 Taiwan earthquakes. Geophys. Res. Lett.
27, 3113–3116.

Molchanov, O.A., Hayakawa, M., 1998. Subionospheric VLF signal
perturbations possibly related to earthquakes. J. Geophys. Res. 103,
17489–17504.

Nickolaenko, A.P., Hayakawa, M., 2002. Resonances in the Earth–
Ionosphere Cavity. Kluwer Academic Publisher, Dordrecht, pp. 380.

Ohta, K., Umeda, K., Watanabe, N., Hayakawa, M., 2001. ULF/ELF
emissions observed in Japan, possibly associated with the Chi–chi
earthquake in Taiwan. Nat. Hazards Earth Syst. Sci. 1, 37–42.

Pulinets, S., Boyarchuk, K., 2004. Ionospheric Precursors of Earthquakes.
Springer, Berlin, p. 315.

Shvets, A.V., Hayakawa, M., Maekawa, S., 2004. Results of subionospheric
radio LF monitoring prior to the Tokachi (m = 8, Hokkaido, 25
September 2003) earthquake. Nat. Hazards Earth Syst. Sci. 4, 647–
653.


	Survey of anomalous Schumann resonance phenomena observed in Japan, in possible association with earthquakes in Taiwan
	Introduction
	Observation of ELF waves at Nakatsugawa and earthquakes in Taiwan
	Anomaly in Schumann resonance phenomena as observed at Nakatsugawa
	Summary and discussion
	Acknowledgement
	References


