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We constructed three observation sites in northeastern Japan (Honjo, Kyowa, and Sennan) with condenser-type large plate
electrodes (4 × 4 m2) as sensors supported 4 m above the ground and with pairs of reference electrodes buried vertically at
0.5 m and 2.5 m depth (with a ground velocity sensor at Sennan only). Electrical signals of an earthquake (M6.3) in northeastern
Japan were detected simultaneously with seismic waves. Their waveforms were damped oscillations, with greatly differing signal
amplitudes among sites. Good positive correlation was found between the amplitudes of signals detected by all electrodes. We
propose a signal generation model: seismic acceleration vertically shook pore water in the topsoil, generating the vertical streaming
potential between the upper unsaturated water zone and the lower saturated water zone. Maximum electric earth potential
difference was observed when one electrode was in the saturated water zone, and the other was within the unsaturated water
zone, but not when the electrodes were in the saturated water zone. The streaming potential formed a charge on the ground
surface, generating a vertical atmospheric electric field. The large plate electrode detected electric signals related to electric potential
differences between the electrode and the ground surface.

1. Introduction

Many researchers throughout the world have explored ab-
normal electromagnetic phenomena preceding earthquakes,
such as electromagnetic emissions [1] and ionospheric dis-
turbances [2]. However, most such reports describe methods
that are retrospective. Scientific proof of the precursors is
apparently still elusive. Earthquake prediction by detection
of such precursors cannot be realized easily at this stage.
To make steady progress in the scientific study of seismo-
electromagnetic precursors, we believe that it is important
to prove, first of all, the existence of phenomena that
occur at the occurrence of earthquakes and at the arrival
of seismic waves and to evaluate these phenomena quanti-
tatively.

First, the piezoelectric effects of quartz and electrokinetic
effects of pore water will be regarded as the matter that
couples seismic waves and electromagnetic phenomena.
However, Ogawa and Utada previously simulated an electric
signal induced by seismic waves in a piezoelectric body lying
at shallow depth and concluded that the signals would be
weak unless the ground motion was unusually strong [3].
On the other hand, Pride proposed, theoretically, coupling
of electromagnetics and acoustics of porous media saturated
with electrolyte [4] although the purpose of that study was
not earthquake prediction. Bordes and coworkers confirmed
such coupled phenomena using an experimental apparatus
built in an ultrashielded chamber in a deep underground
laboratory [5]. Garambois and Dietrich detected electric
signals induced by a dynamite shot in the field and analyzed
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Figure 1: Location of three observation sites (Honjo, Kyowa, and Sennan) and the epicenter of an earthquake (M6.3) in northeastern Japan.

them in light of Pride’s theory [6]. Consequently, it is ex-
pected that electromagnetic phenomena appear under the
ground surface at the arrival of “natural” seismic waves,
which are driven by the electrokinetic effect of pore water.

We have conducted observations of seismo-electromag-
netic phenomena under the ground surface using electrodes
buried in the ground. Additionally, we used condenser-
type plate electrodes supported above the ground surface.
This paper describes the simultaneous detection of electrical
signals by electrodes of both types at the arrival of natural
seismic waves and discusses their generation models based
on their streaming potential under several underground
environmental circumstances, although results remain qual-
itative at this stage.

2. Observation Sites and System

Our first observation sites were in Miyagi Prefecture in
northeastern Japan [7, 8]. These sites had sensors of two
types: (i) condenser-type electrodes supported above the
ground surface by insulator pillars and (ii) reference elec-
trodes buried horizontally and vertically under the ground
surface. They detected electric signals at the arrival of seismic
waves. The next site was located in Akita Prefecture in
northeastern Japan [9]. This site had a similar set of sensors
that also detected electric signals. We expected a relation
between the signals and pore water in the ground and
proposed a prototype model to explain the signals induced by
the arrival of seismic waves. However, we had never detected
a signal simultaneously at more than two sites until 2001.
Therefore, we were unable to discuss a detailed model that
was probably strongly related to the observation conditions.

In 2003, we prepared three new observation sites in
Akita Prefecture in northeastern Japan. Figure 1 depicts the
locations of the three observation sites.

(1) The Honjo observation site (N39◦23′, E140◦04′) was
located in a green belt on the Honjo Campus of Akita
Prefectural University. To construct the campus, a hill
surrounded by rice fields was leveled. The topsoil in
this area was brown forest soil or gley soil with silt
stones and conglomerates. No tall building existed
near this site.

(2) The Kyowa observation site (N39◦40′, E140◦23′) was
located in a garden yard of a small recreation house
of Akita Prefectural University on a flat land in the
middle of mountains. The topsoil in this area was
brown forest soil with acid tuff and sandstone. The
area around this site was dotted with low-rise houses.

(3) The Sennan observation site (N39◦23′, E140◦30′)
was located on the sports ground of a former primary
school surrounded by rice fields. The topsoil in this
area was gley soil or sand-rich sediments. No tall
building existed around this site.

Figure 2 presents a schematic of the observation system.
They basically had sensors of two types: (i) a pair of reference
electrodes (RE-5; M. C. Miller Co. Inc.) to detect the vertical
component of the earth potential difference (EPD), and (ii) a
large plate electrode to detect the signal related to the vertical
component of the atmospheric electricity (AE). No tall
building existed around the large plate electrodes. Therefore,
we can reduce the atmospheric electricity disturbing because
of such buildings. Only the Sennan observation site also
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Figure 2: Schematic of the observation system. The pair of reference electrodes measured the vertical component of the earth potential
difference (EPD). The positive electrode was buried 2.5 m deep; the negative one was buried 0.5 m deep. The aluminum large plate electrode
measured signals related to the vertical component of the atmospheric electricity (AE). The plate area was 4 × 4 m2. It was supported by five
insulators at a height of about 4 m. The velocity sensor (only at Sennan), which was fixed on the concrete base of a barn near the sensors,
measured the up-down component of the ground surface velocity.

had a velocity sensor (L-22D; Mark Products LLC) to detect
the up-down ground motion. All sensors were connected to
a data recorder (DR-1021; DKK-TOA Corp.) with coaxial
cables. A PC controlled the recorder and stored the data
on its HD at 4 Hz sampling at the Honjo site and at 10 Hz
sampling at the Kyowa and Sennan sites. The data clock was
synchronized to within 1 ms of the time accuracy using a GPS
unit.

Results confirmed that no disturbance appeared in EPD
data by minute displacement of the electrodes buried in the
ground or by movement of the coaxial cables. Based on
our observation experiences [7, 8], we selected the electrode
pairs buried vertically rather than horizontally, which can
minimize the effects of artificial noise superimposed on
the natural telluric currents flowing horizontally. The large
plate electrodes were tested under various weather conditions
such as heavy snow from August 2000. Thereafter, ordinary
observations in the three sites started in May 2001. Although
the system worked well during 2001–2006, it became too
old to use in 2007: it was difficult to maintain and repair.
Therefore, we dismantled the system in 2009.

3. Observation Results

Small earthquakes occurred in and around Akita Prefecture,
sometimes causing weak electric signals at the Sennan obser-
vation site at the arrival of seismic waves [9]. When a major
earthquake occurred in Iwate Prefecture (Figure 1), it caused
electric signals at all three sites. We specifically examine this
earthquake, which was the only major earthquake occurring
around this area during 2001–2006. It occurred at 22:02
JST (= UT + 9 hr) on December 2, 2001. Its magnitude
was 6.3 on the Japan Meteorological Agency (JMA) scale.
The epicenter was (N39◦23′, E141◦16′), with focal depth
of 130 km. The focal depth of this earthquake was so great
that the hypocentral distances of the three sites were almost
identical. In general, local seismic intensity depends strongly
on the site environments and the propagation paths of
seismic waves. However, JMA seismometers around our three
observation sites indicated the local seismic intensity of 3-4

on the JMA scale that is classified into 10 ranks. Therefore,
we can assume that the local seismic intensities at the sites
were similar.

Figure 3 portrays plots of raw data before and after
the arrival of seismic waves at each site. The upper rows
show raw EPD, the middle ones show raw AE, and the
lower one shows the raw ground velocity at the Sennan
site. The time range is 22:00–22:05 JST. Dotted lines show
the time of origin of the earthquake. Vibrating waveforms
are confirmed, although some are small against background
variations. These background variations were probably the
result of local variations of atmospheric electricity, power
line noise, and wind. To clarify the waveforms that are
of interest for this study, we adopted the moving average
method. In this study, the time period of 1 s was used for
calculation of the moving average. The 1 s moving averages
were subtracted from the original data, yielding the remnant
waveforms as shown in Figure 4. The result clarifies that the
damped oscillations are induced simultaneously in EPD and
AE at the arrival of seismic waves, although some of them
still include background noise, probably from power lines.
Spectrum analyses show that both signals have a peak at
about 1 Hz. The outline waveforms of the induced EPD and
AE signals are similar to that of the ground velocity at the
Sennan site. Those at Honjo and Kyowa will be also similar
to those of the ground velocity at each site.

Figure 5 shows the relation between the average ampli-
tudes of the induced EPD and AE signals (EPD and AE,
resp.). They are defined as shown below
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Figure 3: Raw data recorded before and after the arrival of seismic waves from a M6.3 earthquake: (a) at Honjo, (b) at Kyowa, and (c) at
Sennan. Upper row graphs show raw data of the earth potential difference (EPD). Middle ones show raw data of the signals related to the
atmospheric electricity (AE). Lower one shows raw data of the ground velocity (only at Sennan). Broken lines show the origin time. The
time is in JST (= UT + 9 hr).
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Figure 4: Waveforms extracted from raw data presented in Figure 3 using the 1 s moving average method: (a) at Honjo, (b) at Kyowa, and
(c) at Sennan. Broken lines mean the origin time. The time is in JST (= UT + 9 hr).
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Figure 5: Positive correlation between the average of the induced
earth potential difference (EPD) and the average of the induced
atmospheric electricity (AE).

The summation in the first root is over a period of 30 s after
the peak time of the induced EPD and AE signals; another
in the second root is over a period of 30 s when no seismic
wave propagated. Figure 5 depicts a positive relation between
EPD and AE. Although the local seismic intensity is probably
similar among the three sites as described above, the EPD and
AE at the Honjo site are smaller; those at the Sennan site are
larger.

4. Discussion

4.1. Generation Mechanism of the Induced EPD Signals. We
can list two effects as possible mechanisms generating the
induced EPD signals. The first is a piezoelectric effect of
quartz grains involved in the topsoil under the large plate
electrodes. However, all observation sites were located on
the topsoil, which was wet sometimes. Electric polarizations
at each small quartz grain will be quite small. Moreover,
polarization vectors will be random. Therefore, the vector
summation is almost negligible. Furthermore, as described
in the Introduction, an early simulation by Ogawa and Utada
indicated that an electric signal induced by piezoelectric
effect is expected to be weak [3]. In conclusion, the
possibility of piezoelectricity is discounted. The second is an
electrokinetic effect of pore water in the topsoil under the
large plate electrodes. Our earlier observation data detected
by similar sensors at a different site in Miyagi Prefecture
and at Sennan site revealed a linear relation in log-log plots
between the local seismic intensity and EPD [7, 9]. Moreover,
in those observations, the EPD waveform resembles that
of the ground acceleration. Therefore, the force applied to
pore water varies similarly to the EPD waveform. These
results show that EPD increases proportionally with the
pressure difference in pore water. In this paper, we specifically
examine the streaming potential caused by electrokinetic
effect of pore water under seismic pressure.

From the viewpoint of geohydraulics, the water content
generally increases with increased depth in the topsoil to be
with pores. The upper is called the unsaturated water zone.
The lower is called the saturated water zone [10, 11]. Next,

we consider only the vertical component. As portrayed in
Figure 6(a), we assume the network of pores in the topsoil
as a bundle of tubes connecting the air and the saturated
water zone, as is often assumed also for the study of electric
fields induced by the vertical fluid flow [12, 13]. The upper
part is a fine tube; the lower is a capillary tube. The lower
part of the capillary tubes holds the pore water, called the
capillary saturated water zone. The lower part is the saturated
water zone, where the network of pore water is mutually and
completely connected. It is noteworthy that such a bundle
of tubes is not generated by seismic waves, but is instead
a representation of the network of pores. Here, we assume
that positive ions are predominant in water in the capillary
tubes, although negative ions adhere to the tube inner walls.
Maldistribution of positive and negative ions engenders the
formation of electric potential difference between the center
and wall of the tubes, called the zeta potential. Because this
maldistribution depends on the soil type and the pore water
pH [12, 14], positive ions will adhere to the walls under
different conditions.

Based on field observations and theoretical studies, it
is well known that the seismic acceleration is coupled with
the pore pressure [15, 16]. This coupled dynamics must be
valid in our geohydraulic system depicted in Figure 6(a). The
wavelength of the seismic waves is much longer than the tube
dimensions. Therefore, we can assume that the acceleration
is uniform in our geohydraulic system. As indicated in
Figure 6(b), when acceleration is inflicted upward in this
system, the water in the capillary tubes flows upward along
the tubes. In the real soil layer, soil grains function also as
obstacles to the vertical water flow, so that a portion of the
flow will bend in horizontal directions. Such horizontal flows
deviated from each vertical flow will cancel each other. As
a result, the vertical component of the flow remains. The
tubes in our model represent the flow routes of the remnant
vertical flow of pore water. Pride used a similar assumption to
derive the coupled electromagnetics and acoustics of porous
media from first principles [4].

The number of cations exceeds the number of anions
in the diffuse layer of the electrical double layer in this
system. Therefore, upward flow of the water engenders a
positive electrification in the upper range of the tubes.
However, the lower range of the tubes is negatively charged.
Consequently, the vertical electric dipoles are formed and
an electric potential difference (called streaming potential)
appears between the upper level of the water flowing up and
the saturated water zone. Because no more charge occurs
above the upper level of the water, the electric potential in
this range is almost constant or decreases because of a small
amount of pore water in this range. When the positive and
negative terminals of electrodes are buried, respectively, in
the saturated water zone and the unsaturated water zone,
they will detect a negative induced EPD signal. As Figure 6(c)
shows, when acceleration is inflicted downward in this
system, the opposite phenomena occur: the electrode will
detect a positive induced EPD signal. Consequently, when
seismic waves vertically oscillate this geohydraulic system, the
electrodes detect an induced EPD signal that also oscillates.
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Figure 6: Generation model of the induced earth potential difference (EPD). (a) Model of the topsoil from the viewpoint of water
saturation/unsaturation. (b) Generation of a negative EPD signal induced by streaming potential because of the upward flow of water along
the tubes. (c) Generation of a positive EPD signal induced by streaming potential because of the downward flow of water along the tubes.

It is known that there are the underground electric
fields produced by electric dipoles existing at the boundary
between the capillary saturated water zone and the saturated
water zone (the so-called water table) [17]. The dipoles
are perpendicular to the boundary, and their polarity and
amplitude depend, respectively, on the zeta potential and
the conductivity of the saturated water zone. However, they
do not reflect a transient effect, but a DC effect. Therefore,
the transient movement of a seismic wave cannot move this
boundary at this time scale. Consequently, the underground
electric field produced by these dipoles will not contribute to
the induced EPD signals in our observation system.

The amplitude of EPD signals will depend on the
electrode positions in this geohydraulic system. Next we
assume the six cases presented in Figure 7.

(a) When both electrodes are located mutually parallel in
the unsaturated water zone (Figure 7(a)), the induced
EPD signals will be slight. Even if the streaming
potential appears at the electrodes, the potential
difference between them will be small. For example,
in our previous similar observations at a different
site [7], the vertical induced EPD signal was 10
times larger than the horizontal one, in which each
electrode was separated by 2 m.

(b) When one electrode is located in the unsaturated
water zone and another is in the saturated water zone
(Figure 7(b)), the induced EPD signals will be large.
The electrode pair is located at both ends of electric
polarization. Therefore, the electrodes detect the

potential difference most effectively. Consequently,
the amplitude becomes the maximum.

(c) When both electrodes are located in the saturated
water zone (Figure 7(c)), the induced EPD signals
will be slight. Because the pore water network is com-
pletely connected, this zone is sufficiently conductive.
Most of the streaming potential will be canceled. For
example, in our previous similar observation at a dif-
ferent site [7], two electrodes were buried at depths of
10 m and 12 m, probably in the saturated water zone.
They detected only very small induced EPD signals.

(d) When one electrode is located deep in the unsaturat-
ed water zone and another is deep in the saturated
water zone (Figure 7(d)), the induced EPD signals
will be large. This case resembles case (b). For exam-
ple, in our previous similar observations at a differ-
ent site [8], a pair of electrodes was buried at depths
of 7 m and 10 m. A borehole survey confirmed that
the upper level of the saturated water zone was at 9 m
depth. This site detected sufficiently large induced
EPD signals against background variations.

(e) When both electrodes are located in the unsaturated
water zone far from the deep saturated water zone
(Figure 7(e)), the induced EPD signals will be very
small. No pore water flows up in the upper range
of the thick unsaturated water zone. Therefore, little
potential difference appears between the electrodes.

(f) When one electrode is in the unsaturated water zone
and another is near or above the saturated water zone
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Figure 7: Various cases of locations with the electrode pair buried and with saturated/unsaturated water zone levels. (a) Both electrodes are
mutually parallel in the unsaturated water zone. (b) One electrode is buried in the unsaturated water zone; another is buried in the saturated
water zone. (c) Both electrodes are buried in the saturated water zone. (d) One electrode is deeply buried in the unsaturated water zone;
another is buried deeply in the saturated water zone. (e) Both electrodes are buried in the unsaturated water zone far from the deep saturated
water zone. (f) One electrode is buried in the unsaturated water zone; another is buried near but above the saturated water zone.

(Figure 7(f)), the induced EPD signals will be not so
large. Until the lower electrode is buried in the water
flowing up, no sufficient potential difference appears
between the electrodes.

Because this model is based on streaming potential, EPD
depends on the zeta potential, that is, the soil type. However,
as described above, the topsoil is fortunately similar among
site areas: brown forest soil or gley soil. Therefore, we need
not be so sensitively concerned about the soil type in this
study. Nevertheless, according to reports of earlier studies,
the apparent electrokinetic coefficient of a (un-)saturated
medium reaches the maximum under the 70% saturation
state, not under a perfectly saturated state [18]. This fact
is concordant with our six models presented in Figure 7
because our model for the induced EPD signal is based
on the electrokinetic effect, which is strongly related to the
electrokinetic coefficient. For example, the saturated state
of case (c) is 100%. Therefore, the apparent electrokinetic
coefficient is less than that in case (b). This engenders
a decrease of EPD in case (c). Here, we can expect that
the significant difference of the EPD among the three sites
mainly results from differences in the position of the buried
electrodes and saturated water zone.

(1) The Honjo observation site was located 6 m above the
surrounding rice fields. The saturated water zone is

expected to be a few meters deeper than the fields.
Therefore, this site corresponds to case (e): the EPD
was small.

(2) The Kyowa observation site was located on a flat land
in the middle of mountains. Therefore, this site will
correspond to case (f): the EPD was not so large.

(3) The Sennan observation site was located on the same
level as the surrounding rice fields. The saturated
water zone will be a few meters deeper than the fields.
Therefore, this site will correspond to case (b): the
EPD was large.

In case (b), the EPD will be roughly equal to the
streaming potential, as defined simply by

EPD
L

=
∣
∣
∣
∣C

Pbottom − Ptop

L

∣
∣
∣
∣, (2)

where L (ca. 1-2 m) is the capillary water height, C signifies
the apparent electrokinetic coefficient, Pbottom denotes the
seismic pressure applied at the bottom of the capillary water,
and Ptop stands for the pressure at the top. The value of C is
obtained as

C = εrε0ζ

ησ
, (3)
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where εr denotes the relative permittivity of capillary water,
ε0 (= 8.8× 10−12 F/m) represents the permittivity of vacuum,
ζ is the zeta potential, η stands for the viscosity of capillary
water, and σ signifies the electric conductivity of the capillary
water. We have no concrete values for these parameters for
our observation sites except σ of approximately 0.01 S/m.
Therefore, we simply apply standard values that are often
used for order estimation: εr of about 80, |ζ| of about
10−2 V, and η of approximately 10−4 Pa s [19]. Using these
values, we obtain |C| of approximately 10−5 V/Pa. Moreover,
Allègre and coworkers made a compilation that |C| is of
approximately 10−6 V/Pa in the case of sands and sand stones
at pH 7-8 [18]. Therefore, we adopt |C| of approximately
10−6–10−5 V/Pa for this study. On the other hand, the Pbottom

is obtained from

Pbottom = ma

S
, (4)

where m (= m∗SL, with m∗ = 103 kg/m3) represents the
mass of the capillary water, a is the seismic acceleration, and
S denotes the cross section of the capillary tube. The local
seismic intensity 3 in the JMA scale has a of about 10−1 m/s2

at ca. 1 Hz. Consequently, we obtain Pbottom of ca. 102 Pa. By
contrast, Ptop is approximately 0 Pa because nothing is on the
top surface of the capillary water. Finally, we obtain EPD of
about 10−4–10−3 V, which is not so different from the value
obtained from the observations at Sennan site.

4.2. Generation Mechanism of the Induced AE Signals. As
shown in Figure 4, the induced AE signals appear in combi-
nation with the induced EPD signals. Moreover, as shown in
Figure 5, a good positive correlation exists between AE and
EPD. Therefore, the generation mechanism of the induced
AE signals must be coupled with that of EPD: both mech-
anisms are strongly related to streaming potential. Figure 8
presents a schematic diagram of a possible generation model
of the induced AE signals in case (b) shown in Figure 7. As
described in Figure 6, oscillation of the streaming potential
appears in the unsaturated water zone. This is equivalent
to oscillation of the electric dipoles vertical to the ground
immediately under the ground surface. Their electric charges
on the ground surface generate an atmospheric electric
field vertical to the ground. Results show the appearance of
oscillation of the electric potential difference between the
large plate electrode and the ground surface. Electric charges
move between the electrode and the ground through the
recorder to cancel the potential oscillation. This movement
is detected as oscillation of the induced AE signal.

Here, it is noteworthy that the recorded signal is not
equal to the potential difference between the large plate
electrode and the ground surface; the electric potential
superimposed on the background variation is caused by a
transient current passing through the internal resistance of
the recorder. To obtain the original waveform of the induced
AE signals, we need the integral of the recorded waveforms
using different coefficients for each frequency. However,
obtaining the coefficients is difficult. We have no concrete
values to calculate the original AE signals at the present stage.

Electric lines of force

Large plate electrode

AE

Polarization by streaming potential

+

+++++++++++

+ + + +

−

− − − − − − − − − − −

−

− − − −

Figure 8: Generation model of induced atmospheric electricity
(AE) coupled with generation of streaming potential in the topsoil.

Therefore, we must compare only the outwards of the signal
amplitudes, as described in Section 3.

According to our model presented in Figure 8, a greater
acceleration and a larger electrokinetic coefficient engender
the higher charge density on the ground surface under
certain good underground conditions such as those in
case (b) of Figure 7. This engenders the larger atmospheric
electricity. The Sennan observation site will correspond to
this case. If this surface charge is sufficiently large, say
ca. 5 × 10−5 C/m2 [20], to cause dielectric breakdown
of the air on the ground surface under a certain special
condition, a dim light of corona discharge might appear
in the atmosphere. This might be a possible mechanism of
luminous phenomena accompanied with earthquakes, so-
called earthquake lightning. If this field can be sufficiently
large, say ca. 1 kV/m [21, 22], in an extensive area under a
certain special condition, then it might disturb plasma in the
ionosphere. However, the charge density on the ground sur-
face cannot be large in case (e) of Figure 7 because a portion
of the electric field vertical to the ground will be absorbed in
the thick upper unsaturated (but not dry) water zone. This
engenders a decrease of the charge density on the ground
surface. Consequently, only the small induced AE signal
appears. The Honjo observation site corresponds to this case.

5. Conclusions

The Honjo, Kyowa, and Sennan observation sites in north-
eastern Japan detected the induced earth potential difference
(EPD) signal and the induced atmospheric electricity (AE)
signals at the arrival of seismic waves from a M6.3 earthquake
near the sites. The signal waveforms were damped oscilla-
tions in combination with the seismic waves. Although the
signal amplitudes were different at each site, good positive
correlation was found between the averaged amplitudes of
EPD (EPD) and AE (AE) signals. According to our coupled
generation model of the electric signals based on streaming
potential, the amplitude of the vertical atmospheric electric
field is influenced strongly by the depth of the saturated
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water zone and the location of electric polarization because
of electrokinetic effects. This model can explain the site
dependence of EPD and AE. According to this model,
no guarantee exists that the amplitude of the vertical
atmospheric electric field is strongest at the epicenter.

Although only one major earthquake simultaneously
shook the observation sites during operations, this obser-
vation advanced our prototype generation model. The
model proposed in this paper presents consideration of the
actual underground environmental circumstances. Although
it remains merely qualitative, we believe that it is a great step
up to steady progress in the study of seismoelectromagnetic
precursors. The next step is elucidation of the dynamic
electric fields in the ground and accompanying magnetic
fields, which are both induced by seismic waves. To do
so, observation sites in the ground [23–26] that can detect
three-dimensional dynamic electric/magnetic signals are also
needed.
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