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Abstract. Using ULF (ultra low frequency) measurements
of magnetometer and ICE (Instrument Champ Electrique)
experiments on board the DEMETER satellite, possible ir-
regularities in ULF magnetic and electric components have
been surveyed in the vicinity of Samoa (29 September 2009)
earthquake region. The data used in this paper cover the pe-
riod from 1 August 2009 to 11 October 2009. The anomalous
variations in magnetic components (Bx , By and Bz) were
clearly observed on 1 and 3 days before the event. It is seen
that the periodic patterns of the magnetic components obvi-
ously changed prior to the earthquake. These unusual varia-
tions have been also observed in the variations of polariza-
tion index obtained from the magnetic components during
the whole period at∼10:30 and∼22:30 LT. It is concluded
that the polarization exhibits an apparent increase on 1 and
3 days preceding the earthquake. These observed unusual
disturbances in ULF magnetic components were acknowl-
edged using the detected perturbations in ULF electric com-
ponents (Ex , Ey andEz) in the geomagnetic coordinate sys-
tem. Finally, the results reported in this paper were compared
with previous results for this Samoa earthquake. Hence, the
detected anomalies resulting from the magnetometer and ICE
ULF waveforms in quiet geomagnetic conditions could be re-
garded as seismo-ionospheric precursors.

1 Introduction

The pre-seismic perturbations in lithosphere, atmosphere and
ionosphere without significant solar and geomagnetic distur-
bances are considered as earthquake precursors. The iono-

spheric anomalies usually happen in the D-layer, E-layer and
F-layer and may be observed 1 to 10 days prior to the earth-
quake and continue a few days afterward (Parrot, 1995; Liu
et al., 2000; Hayakawa and Molchanov, 2002; Pulinets and
Boyarchuk, 2004; Akhoondzadeh, 2011).

Daily variations of the ionosphere depend on season, ge-
ographic location and other unknown parameters (thermo-
spheric winds, traveling ionospheric disturbances). More-
over, the ionospheric parameters are affected by solar geo-
physical conditions and geomagnetic storms, especially
in the equatorial and polar regions. Therefore, the mea-
sured plasma parameters may display variations in ab-
sence of seismic activity. Consequently, to discriminate the
seismo-ionospheric perturbations from the geomagnetic dis-
turbances, the geomagnetic indicesDst and Kp should be
checked.

The study on pre-seismic ULF emissions started in the
early 1990s. During seismic activity the ULF waves can
propagate up to the Earth’s surface with small attenua-
tion. This is the most important advantage of seismic ULF
emissions (Chmyrev et al., 1989, Fraser-Smith et al., 1990;
Molchanov and Hayakawa, 1995; Hayakawa and Hattori,
2004; Sorokin et al., 2006; Hayakawa and Hattori, 2007).
Chmyrev et al. (1989) presented the data on quasistatic elec-
tric fields and hydromagnetic waves in the frequency range
0.1–8 Hz detected by the Intercosmos-Bulgaria-1300 satel-
lite over the earthquake zone. Recently, various ground-
based observations have shown the possibility of ULF elec-
tromagnetic disturbances generation by earthquake prepara-
tion processes. Concerning ULF variations, for the first time
magnetic field variation (Chmyrev et al., 1989) and electron
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Figure 1. Results of analysis for the Samoa earthquake (29 September 2009) from 28 July to 7 3 

October 2009. The earthquake time is indicated by an asterisk. The X-axis represents the day 4 

relative to the earthquake day. The Y-axis represents the time UTC (LT=UTC-11:00). (a) 5 

Variations of Kp geomagnetic index. (b) Variations of  Dst geomagnetic index.   6 
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Fig. 1. Results of analysis for the Samoa earthquake (29 September 2009) from 28 July to 7 October 2009. The earthquake time is indi-
cated by an asterisk. The X-axis represents the day relative to the earthquake day. The Y-axis represents the time UTC (LT= UTC–11:00).
(a) Variations ofKp geomagnetic index.(b) Variations ofDst geomagnetic index.

number density fluctuations (Chmyrev et al., 1997) in ULF
diapason related to seismic events had been revealed by di-
rect measurements in the ionosphere. A model of these phe-
nomena, estimation of observed parameters and its compar-
ison with experimental data were performed by Sorokin et
al. (1998).

Satellite measurements, due to their vast coverage of the
seismic zones, along with other sources of information are
considered suitable means for earthquake study. However,
there are in general a limited number of studies on the pos-
sible relation of ULF waves in the upper ionosphere with
earthquakes using satellite data. To this purpose, this study
used DEMETER satellite data to investigate variations of
ULF magnetic and electric components associated with the
29 September 2009 Samoa earthquake.

The French micro-satellite DEMETER (Detection of Elec-
tromagnetic Emissions Transmitted from Earthquake Re-
gions) was launched on 29 June 2004 with the main sci-
entific objective to detect anomalous variations of electro-
magnetic waves in different frequency ranges (DC/ULF: 0–
15 Hz, ELF: 15 Hz–1 kHz, VLF: 15 Hz–17.4 kHz and HF:
10 kHz–3.175 MHz), particle fluxes and thermal plasma pa-
rameters that could be related to seismic activity. Its three-
axes magnetometer (MAG) developed in the AOCS (attitude
and orbit of satellite) system measures magnetic components
in the ULF range. In the ULF range the time resolution of the
electric waveform is 6.55360 s (Berthelier et al., 2006). The

orbit of DEMETER is polar, sun-synchronous, and circular
with a low altitude (∼660 km). The satellite provides a nearly
continuous survey of the plasma, waves and energetic parti-
cles by different experiments at 10:30 and 22:30 LT. There
are two modes of operation: (i) a survey mode to record low
bit rate data all around the Earth at invariant latitudes less
than∼ 65◦, and (ii) a burst mode to record high bit rate data
above seismic regions.

2 Observations

This case study is focused on an earthquake which oc-
curred in the Samoa Islands (15.49◦ S, 172.10◦ W, Focal
depth 18.0 km) with a magnitude ofMw = 8.1 on 29 Septem-
ber 2009 at 17:48:10.99 UTC; (LT= UTC–11).

Figure 1a and b illustrate, respectively, the variations of
Kp and Dst indices (http://spider.ngdc.noaa.gov) that were
relatively quiet during days prior to the earthquake. TheKp

index shows a sudden magnetic activity on 30 August 2009,
30 days before the earthquake from 14:00 to 24:00 UTC.

Optimum distance between the satellite and the earth-
quake epicenter was selected in terms of DEMETER satel-
lite altitude and earthquake zone radius. The radius of
seismic area can be estimated using the Dobrovolsky for-
mula R = 100.43M where R is the radius of the earth-
quake preparation zone, andM is the earthquake magnitude
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Figure 2. Trace of the orbit number 28041.1. on 28 September 2009 between 09:02:30 and 3 

09:40:59 LT, above the Samoa seismic region. The earthquake epicenter is indicated by a red 4 

cross at 15.49
°
 S, 172.10
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Fig. 2. Trace of the orbit number 28041.1. on 28 September 2009 between 09:02:30 and 09:40:59 LT, above the Samoa seismic region. The
earthquake epicenter is indicated by a red cross at 15.49◦ S, 172.10◦ W.
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Figure 3. Panels (a) through (c) represent the geographic variations of the magnetic 2 

components xB , yB and zB , respectively, for the Samoa earthquake (29 September 2009) from 01 3 

August to 31 October 2009 . The earthquake epicenter is indicated by a red asterisk at 15.49
°
 S, 4 

172.10
°
 W. 5 
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Fig. 3. Panels(a) through(c) represent the geographic variations of the magnetic componentsBx , By andBz, respectively, for the Samoa
earthquake (29 September 2009) from 1 August to 31 October 2009 . The earthquake epicenter is indicated by a red asterisk at 15.49◦ S,
172.10◦ W.

(Dobrovolsky et al., 1979). To take into account this dis-
tance, data have been selected when the satellite orbits are
at ±10◦ in longitude and±2◦ in latitude from the epicenter
during the studied dates. Figure 2 shows the trace of the orbit
number 28041.1. on 28 September 2009 between 09:02:30
and 09:40:59 LT, above the Samoa seismic region.

Panels a through c in Fig. 3 represent the geographic vari-
ations of the magnetic componentsBx , By andBz, respec-
tively, for the Samoa earthquake (29 September 2009) from
1 August to 31 October 2009. The earthquake epicenter is
indicated by a red asterisk at 15.49◦ S, 172.10◦ W.
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Figure 4. Results of DEMETER data analysis for the Samoa earthquake (29 September 2009) 3 

from 5 August to 11 October 2009 at ~10:30 LT. Due to the operation of satellite in passive 4 

mode several gaps are observed. The red horizontal lines indicate the higher and lower bounds 5 

( σµ ×± 0.2 ). The green horizontal line indicates the mean value ( µ ). The earthquake day is 6 

represented as red color. The dotted ellipsoids 1 through 4 represent the variations of a selected 7 

section of the time series. The ULF magnetic components were calculated in geographic 8 

coordinate system. The panels (a) through (c) represent the ULF magnetic waveforms in 9 

directions of  X, Y and Z, respectively.  10 
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Fig. 4.Results of DEMETER data analysis for the Samoa earthquake (29 September 2009) from 5 August to 11 October 2009 at∼10:30 LT.
Due to the operation of satellite in passive mode, several gaps are observed. The red horizontal lines indicate the higher and lower bounds
(µ ± 2.0× σ ). The green horizontal line indicates the mean value (µ). The earthquake event is represented in red. The dotted ellipsoids 1
through 4 represent the variations of a selected section of the time series. The ULF magnetic components were calculated in geographic
coordinate system. The panels(a) through(c) represent the ULF magnetic waveforms in directions of X, Y and Z, respectively.

Figure 4 represents the temporal evolutions of the mag-
netic components (Bx , By andBz) from about 54 days before
to 11 days after the event at∼ 10:30 LT. Due to the opera-
tion of satellite in passive mode, several time gaps are ob-
served during the studied time intervals. The earthquake day
is represented in red. The X-axis represents the days related
to event whereas the Y-axis shows the wave amplitude (nT).
The red horizontal lines show the higher and lower bounds
(µ±2.0×σ ). The green horizontal line represents the mean
value (µ). The dotted ellipsoids 1 through 4 in each panel
represent the variations of a selected section of the time series
of the ULF magnetic components. Figure 4a obviously indi-
cates that the pattern of the selected section suddenly changes
on 1 day before the earthquake with the values of theBx mag-
netic component increasing to−15400nT and exceeding the
upper bound (µ+2.0×σ). The unusual changes in the peri-
odic patterns of the selected sections in the time series ofBy

andBz magnetic components (the dotted ellipsoids 1 through
4 in Figs. 4b and c) acknowledge the detected anomalous
variations inBx component on 1 day before the earthquake.

Figure 5 illustrates the variations of the magnetic compo-
nents (Bx , By andBz) from about 59 days before to 11 days
after the earthquake at∼22:30 LT. Figure 5a represents the
values of theBx magnetic component, which exceed the up-
per bound on 3 days preceding the event. It can be also seen
that the selected section in the time series has similar vari-
ations in the dotted ellipsoids 1 through 3, but it suddenly
changes in the dotted ellipsoid 4. The results obtained from
the analysis of theBy andBz magnetic components at night

are consistent with the results for theBx magnetic compo-
nent. The unusual changes in the selected patterns are recog-
nized by the visual inspection of the theBy andBz magnetic
components variations. (The dotted ellipsoids 1 through 4 in
Figs. 5b and c).

Figures 6a and b represent the temporal evolutions of the
polarization index during the studied period at∼10:30 and
∼22:30 LT, respectively. Polarization method is based on
the measurement of the ratio of the vertical magnetic field
component (Bz) to the horizontal magnetic field component
(
√

Bx + By). It can be seen from this figure that a certain
enhancement is detected in the polarization plots on 1 day
before the earthquake at∼10:30 LT and also on 3 days prior
to the event at∼22:30 LT. Figure 6a shows the anomalous
changes in the selected section in the dotted ellipsoid 4. It
suddenly changes on 1 day preceding the event and exceeds
the upper bound. Also, Fig. 6b indicates that the values of the
polarization index exceed the upper bound on 3 days before
the earthquake. The indicesKp andDst did not show any sig-
nificant changes before the earthquake, which means that the
increase in polarization before the earthquake has nothing to
do with the geomagnetic activity, but it could be associated
with the earthquake.

Figures 7a, 8a and 9a illustrate the temporal evolutions of
the wave forms of ULF electric components (Ex , Ey andEz)
measured by ICE experiment on board the DEMETER satel-
lite close to the Samoa seismic region from about 54 days
before to 11 days after events on 29 September 2009 at
∼10:30 LT. The time series of the ULF electric components

Nat. Hazards Earth Syst. Sci., 13, 15–25, 2013 www.nat-hazards-earth-syst-sci.net/13/15/2013/
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Figure 5. Same as Figure 4 but for local time at ~22:30. 3 
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Fig. 5.Same as Fig. 4 but for local time at∼ 22 : 30.
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Figure 6. Temporal evolutions of the polarization ( yxz BBB +/ ) obtained from the magnetic 3 

components at (a) ~10:30 LT and (b) ~22:30 LT. 4 

  5 

Fig. 6.Temporal evolutions of the polarization (Bz/
√

Bx + By ) obtained from the magnetic components at(a)∼10:30 LT and(b) ∼22:30 LT.

(Ex , Ey andEz) at∼22:30 LT during the whole period from
2 August to 11 October 2009 is shown in Figs. 10a, 11a and
12a. The X-axis represents the days related to event whereas
the Y-axis shows the wave amplitude (mV m−1). Disconti-
nuities in the time series are associated with the satellite or-
bitography. As seen in the Figs. 7a through 12a, we cannot
deduce noticeable unusual variations in ULF electric compo-
nents prior to the studied earthquake.

Previous satellite observations have indicated that the av-
erage contact potential difference between spherical elec-
trodes of similar size was typically a few tens of mV. But in
three-axis stabilized satellites such as DEMETER the contact

potential differences between the sensors are difficult to cor-
rect. Owing to the relative stability in time of the surface po-
tential of the sensor electrodes, small-scale quasi-ULF elec-
tric fields can be accurately measured as irregularities that
arise mainly from the inducedV × B0 electric field (Berth-
lier, 2006). In order to clear up this uncertainty, using the
components of the magnetic field model at the satellite point
B0 (nT) and also the satellite velocity vectorV (m s−1), the
V ×B electric field vector was calculated for each ULF elec-
tric component (Figs. 7b through 12b). By incorporation of
V × B effect, the ULF electric components without induced
V × B electric field were computed (Figs. 7c through 12c).

www.nat-hazards-earth-syst-sci.net/13/15/2013/ Nat. Hazards Earth Syst. Sci., 13, 15–25, 2013
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Figure 7. Results of DEMETER data analysis for the Samoa earthquake (29 September 2009) 3 

from 5 August to 12 October 2009 at ~10:30 LT. Due to the operation of satellite in passive 4 

mode several gaps are observed. The red horizontal lines indicate the higher and lower bounds 5 

( σµ ×± 0.2 ). The green horizontal line indicates the mean value ( µ ). The X-axis represents the 6 

days related to the earthquake day. The earthquake day is represented as red color. ULF electric 7 

components were calculated in local geomagnetic coordinate system. (a) ICE ULF waveform in 8 

direction of X. (b) BV × electric field component in direction of X. (c) ICE ULF waveform 9 

without induced BV × electric field in direction of X.  10 
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Fig. 7.Results of DEMETER data analysis for the Samoa earthquake (29 September 2009) from 5 August to 12 October 2009 at∼10:30 LT.
Due to the operation of satellite in passive mode several gaps are observed. The red horizontal lines indicate the higher and lower bounds
(µ±2.0×σ ). The green horizontal line indicates the mean value (µ). The X-axis represents the days related to the earthquake. The earthquake
event is represented in red. ULF electric components were calculated in local geomagnetic coordinate system.(a) ICE ULF waveform in
direction of X.(b) V ×B electric field component in direction of X.(c) ICE ULF waveform without inducedV ×B electric field in direction
of X.
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Figure 8. Same as Figure 7 but for ICE ULF waveform in direction of Y. 3 
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Fig. 8.Same as Fig. 7 but for ICE ULF waveform in direction of Y.

Figure 7c indicates thatEx component has exceeded the
upper bound on 1 day before the earthquake and this dis-
turbed state for the 29 September 2009 Samoa earthquake
reaches the maximum value by the order of 18.1 (mV m−1)
1 day before the earthquake at∼10:30 LT (the first red ar-

row in Fig. 7c). This effect was also confirmed by theEy

fluctuations when it exceeded the lower bound by the order
of −9.1 (mV m−1) (the first red arrow in Fig. 8c) and also
the sharp increase ofEz component, 1 day before the earth-
quake (58.2 mV m−1) (the first red arrow in Fig. 9c). These

Nat. Hazards Earth Syst. Sci., 13, 15–25, 2013 www.nat-hazards-earth-syst-sci.net/13/15/2013/
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Figure 9. Same as Figure 7 but for ICE ULF waveform in direction of Z. 3 
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Fig. 9.Same as Fig. 7 but for ICE ULF waveform in direction of Z.
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Figure 10. Results of DEMETER data analysis for the Samoa earthquake (29 September 2009) 3 

from 2 August to 11 October 2009 at ~22:30 LT. (a) ICE ULF waveform in direction of X. (b) 4 

BV × electric field component in direction of X. (c) ICE ULF waveform without induced 5 

BV × electric field in direction of X. 6 
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Fig. 10.Results of DEMETER data analysis for the Samoa earthquake (29 September 2009) from 2 August to 11 October 2009 at∼22:30 LT.
(a) ICE ULF waveform in direction of X.(b) V × B electric field component in direction of X.(c) ICE ULF waveform without induced
V × B electric field in direction of X.

disturbed states in the ULF components were also seen after
the earthquake, which could be attributed to the earthquake
post seismic activities (the second red arrow in Fig. 9c).

Figures 10c and 11c represent the unusual variations of
Ex andEy components on 1 day before the earthquake at
∼22:30 LT (the first red arrows in Fig. 10c and 11c). The
Ex component reaches the maximum value by the order of

61 (mV m−1) 1 day before the earthquake. The value ofEy

component exceeded the upper bound by the order of 27.2
(mV m−1) on 1 day before the earthquake at∼22:30 LT.
These anomalous variations in the ULF components were
also detected after the earthquake (the second red arrows in
Figs. 10c and 11c). Plots ofEz component have not exhibited

www.nat-hazards-earth-syst-sci.net/13/15/2013/ Nat. Hazards Earth Syst. Sci., 13, 15–25, 2013
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Table 1. The observed anomalies before the 29 September 2009
Samoa earthquake (Akhoondzadeh et al., 2010a, b).

Precursor Date of
observed
anomaly

Deviation
value
(Dx)

TEC 28 Sep
28 Sep
28 Sep
28 Sep
27 Sep
27 Sep
26 Sep
25 Sep
25 Sep
24 Sep

+2.78
+3.73
+3.38
+2.63
+2.73
+2.54
+2.91
+2.60
+3.07
+2.55

Electron Temperature
O+ Density
Total Ion Density
Ion Density
Total Ion Density
O+ Density
Ion Temperature
Electron Density
Electron Temperature
Electron Density
Ion Density
Total Ion Density
O+ Density
O+ Density
Total Ion Density
Electron Density
Ion Density

27 Sep
26 Sep
26 Sep
26 Sep
25 Sep
25 Sep
25 Sep
25 Sep
25 Sep
24 Sep
23 Sep
21 Sep
21 Sep
21 Sep
21 Sep
21 Sep
18 Sep

+3.24
+2.12
+2.08
+2.28
+3.0
+3.18
−2.87
+3.01
−1.82
+2.89
+1.96
+1.65
+2.24
+2.07
+2.04
+2.8
+2.07

The intense appearance of NPM
transmitter waves in the VLF
electric spectrogram

21 Sep > 2.2

The intense appearance of NPM
transmitter waves in the VLF
magnetic spectrogram

21 Sep > 2.2

The attenuation of NPM trans-
mitter waves in the VLF electric
spectrogram

24 Sep > 2.2

The most appearance of har-
monic emissions above NPM
transmitter in the HF electric
spectrogram

27 Sep > 2.2

The intense appearance of har-
monic emissions above NPM
transmitter in the HF electric
spectrogram

28 Sep > 2.2

Sea surface temperature 26 Sep 0.79

any noticeable changes associated with the earthquake dur-
ing the whole period at∼22:30 LT (Fig. 12c).

3 Discussion

The mechanism of the ULF magnetic and electric field dis-
turbances in the ionosphere prior to an earthquake is not
clearly known. Several researchers have suggested an influ-
ence of DC electric field on the ionosphere above seismic
regions (Chmyrev et al., 1989; Sorokin et al., 2006).

Zhang et al. (2011) proposed a coupling process among
lithosphere–atmosphere–ionosphere (LAI), which might
give a better understanding of the electromagnetic perturba-
tions and plasma turbulences in the ionosphere. Due to the
energy accumulation in seismic area, the number of micro-
fractures increases, and gas and radioactive materials are
emitted into the atmosphere (Zhang et al., 2011). In the earth-
quake preparation zone, water vapor goes into the atmo-
sphere due to the increasing temperature and latent heat flux.

Recently, Akhoondzadeh et al. (2010a, b) have observed
seismo-ionospheric anomalies using DEMETER IAP, ISL,
ICE and IMSC experiments and also TEC data before the
Samoa (29 September 2009) earthquake. Table 1 provides the
observed anomalies before this Samoa earthquake. It is seen
that the value of the sea surface temperature has exceeded
the limited bounds by the order of 0.79 on 3 days before the
event.

All of these unusual variations will consequently lead to
seismic acoustic gravity wave (AGW), which will propa-
gate and penetrate the lower ionosphere (Molchanov and
Hayakawa, 2008; Zhang et al, 2011). When seismic AGW
encounters the perturbations induced by the action ofE × B

and drift results from neutral wind in the atmosphere, they
will interact with each other, resulting in irregularities in the
ionosphere. During the process, the energy will be exchanged
or transferred, and Joule heating will play an important role
(Sorokin and Chmyrev, 1999; Zhang et al., 2011), depicted
by the electron temperature increase of more than 1000 K
(Zhang et al., 2011). The detected anomalies in electron and
ion density and temperature reported by Akhoondzadeh et
al. (2010a) acknowledge the results deduced from the mech-
anism proposed by Zhang et al. (2011).

The different observed anomalies in electric components
can be explained based on another mechanism. The local
geomagnetic coordinate system is defined versus the Earth
magnetic field vectorB0 (Fig. 13). Origin S is defined at
the centre of the satellite;ZB axis is parallel to theB0 field
vector;YB = (ZB∧POS)/ |ZB ∧ POS| andXB = YB∧ZB

(located in the plane[POS,B0] (Lagoutte et al., 2006).
Among the observed pre-seismic anomalies inEx , Ey and

Ez components, the variations of theEx and Ey compo-
nents are noticeable. Pre-seismic electric field and its polar-
ity cause the electrons in the F-layer to penetrate to lower
layers and therefore to create anomaly in the ionospheric

Nat. Hazards Earth Syst. Sci., 13, 15–25, 2013 www.nat-hazards-earth-syst-sci.net/13/15/2013/
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Figure 11. Same as Figure 10 but for ICE ULF waveform in direction of Y. 3 
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Fig. 11.Same as Fig. 10 but for ICE ULF waveform in direction of Y.
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Figure 12. Same as Figure 10 but for ICE ULF waveform in direction of Z. 3 
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Fig. 12.Same as Fig. 10 but for ICE ULF waveform in direction of Z.

parameters. The thin layer of particles created before earth-
quakes due to ions radiation from the Earth has a main role
in transferring electric field to above the atmosphere and
then to the ionosphere. The penetration of this electric field
to the ionosphere was first analytically calculated by Park
and Dejnakarintra (1973) and then applied to the seismo-
electromagnetic process by Kim et al. (1994) and Pulinets
et al. (2000).

Sorokin et al. (2006) have indicated that external electric
current in the lower atmosphere can lead to such redistribu-

tion of conductivity current that resulted in ULF electric field
increases up to 10 mV m−1 in the ionosphere. Due to conduc-
tivity anisotropy that appears at altitudes higher than 90 km,
the conductivity along the geomagnetic field lines can be
considered infinite, but in directions perpendicular to the ge-
omagnetic field lines the electric conductivity is much lower,
which creates the possibility of forming longitudinal irreg-
ularities in the ionosphere. This zonal component leads to
plasma density anomalies, which are indeed observed in the
earthquake area (Pulinets, 2009).

www.nat-hazards-earth-syst-sci.net/13/15/2013/ Nat. Hazards Earth Syst. Sci., 13, 15–25, 2013
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Figure 13. The local geomagnetic coordinate system (Lagoutte et al., 2006) 15 
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Fig. 13.The local geomagnetic coordinate system (Lagoutte et al.,
2006).

Thanks to these hypotheses, the most anomalous varia-
tions along theEx andEy components are convincing. Based
on the local geomagnetic coordinate system (Fig. 13),Ez

component is parallel to theB0 magnetic vector andEy

component is perpendicular to the geomagnetic field lines.
Therefore theEy component of the ULF electric waveform
appeared larger than the Z component in the ULF electric
waveform.

4 Conclusions

In this paper, the DEMETER ICE ULF electric waveforms
and also magnetometer data have been analyzed to detect
seismo-ionospheric anomalies concerning a time period of
58 days before and 11 days after a strong earthquake that
took place in Samoa on 29 September 2009.

One of the most interesting and promising results of this
case study is the observed anomalies in the magnetic and
electric components based on the proposed mechanisms by
the mentioned researchers, a few days prior to the strong
earthquake. Our results indicate that the highest intensity of
pre-earthquake anomaly appeared within the time interval
1–3 days before this studied earthquake. Because geomag-
netic activity was very quiet during the days prior to the
earthquake, the detected anomalies can be interpreted as the
pre-seismic ionospheric variations. The findings of this pa-
per acknowledge the detected anomalies in different parame-
ters (sea surface temperature, electron density, electron tem-
perature, total ion density and TEC) before the 29 Septem-
ber 2009 Samoa earthquake (Akhoondzadeh et al., 2010a, b).
The results of this paper are also promising for the short-term
prediction in ULF magnetic and electric ranges but further
investigation is required to obtain a more thorough, accurate
regional model of quiet time for the ionosphere to discrimi-
nate seismic precursors from the background of normal daily
variations.
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