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Plasma Analyzer (IAP) and Langmuir Probe (ISL) experiments of the DEMETER microsatellite were used to 
check the state of the ionosphere in the region of the M8.1 East of Kuril Islands earthquake of 13th January, 
2007,30 days afore and 10 days after the event using statistical approach. The study strongly revealed that all 
three investigated ionospheric parameters of electron density, total ion density and electron temperature 
displayed unfamiliar ionospheric variations eight days before the earthquake in the daytime time half orbit 
measurement. To this, the electron density, total ion density and electron temperature recorded a variation of 
4.09, 5.73 and -2.03 respectively. These irregularities were vetted for untrue signals using the geomagnetic 
indices of Kp and Dst. It was however realized that the state of the ionosphere was geomagnetically quiet 
during this day, hence the observed variations were seismogenic.  
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1. INTRODUCTION 

The physics of earthquake has proven to be very complex and vast. The 
incident is connected to the dynamics of earth crust. Due to acoustic driven 
mechanisms in the atmosphere, the foundation of the waves created at the 
Earth’s surface circulates to the ionosphere, thereby triggering the 
redistribution of the neutral gases in the ionosphere afore the earthquakes 
(Pulinets and Boyarchuk, 2004; Pulinent and Davidenko, 2014; Ryu et al., 
2014; Cöısson et al., 2015). The disturbances as well as the underlying 
mechanisms responsible for the seismio-ionospheric coupling activities 
have been widely reported (Ondo, 2003; Oyama et al., 2008; Hayakawa et 
al., 2009; Namgaladze et al., 2009; Freund, 2010; Zhang et al., 2011; Kuo et 
al., 2011; Ibanga, et al., 2017; Akpan et al. 2019). Nevertheless, the 
electromagnetic fields, neutral winds, diffusion mechanisms, and the 
acoustic gravity wave originated from the lower altitude of the 
atmosphere, are the chief drivers of low- and mid-latitude ionospheric 
dynamics throughout and after the earthquake preparation (Heelis, 2004).  

Diverse procedures and dimensions have been earlier used to study 
ionospheric precursors of earthquakes. These precursors are related to 
various mechanisms of the formation of the ionosphere and the 
atmosphere, which are binding on different ionospheric disturbances 
(Surkov, 2015; Parrot et al., 2016). Parrot et al. (2016) reported that the 
onset of the abnormalities in the morphology of the ionosphere is near to 
the future epicenter (7-15 days). These irregularities were brought about 
by gravity waves emanating from the activation of the fault where the 
permeability changes and where aerosols and gas including radon can 
appear (Surkov, 2015). This results in the ionization of air molecules, 
which accounts for the re-modification of the ionosphere. Thus, various 

effects can happen: growth of air temperature, formation of temperature 
and pressure anomalies, anomalies in Outgoing Long wave infrared 
Radiation (OLR), redistribution of electric charges in the Earth's 
atmospheric system and then in the ionosphere due to the global electric 
circuit (Harrison et al., 2010), and electric field irregularities are all in 
connection with the above actions.  

Extensive reports on earthquake forecasting in past decades have given 
rise to the recognition of numerous earthquake precursors in the 
lithosphere, atmosphere and ionosphere. The lithosphere-atmosphere-
ionosphere coupling is a very multifaceted subject comprising a lot of 
somatic effects and interactions at all levels commencing from 
underground to the Earth's magnetosphere. (Pulinets and Boyarchuk, 
2004; Pulinets and Davidenko, 2014) expounded unequivocally the early 
stage of development of seismo-ionospheric effects and ionospheric 
anomalies that may be detected over the earthquake preparation area for 
over five decades. The impacts of the pre-seismic activity on the 
ionosphere can be scrutinized using the ionospheric electron temperature, 
electron and ion densities. Perturbations of the ionospheric plasma in the 
absence of substantial solar and geomagnetic disturbances may be 
ascribed to earthquakes. These anomalies usually happen in the E-layer 
and F-layer and may be observed 1–10 days prior to the earthquake and 
continue a few days after it (Akhoondzadeh et al., 2010). These variations 
could be depicted by a low Earth Orbit satellite such as the DEMETER. 

The 2007 Kuril Islands earthquake happened in the eastern part of Kuril 
Islands on January 13, 2007 at about 1:23pm local time. The seismic event 
had a moment magnitude of 8.1 and a Mercalli intensity of VI (strong). This 
earthquake had generated a non-destructive tsunami, which had a 
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maximum displacement of 32m. The earthquake occurred due to normal 
faulting. This present paper seeks to investigate ionospheric plasma 
parameter pre and post the earthquake with the aim of identifying 
possible short-term precursors to this event using DEMETER data. The 
Kuril Islands form part of the ring of tectonic instability. Information from 
DEMETER, which is used in assessing the said earthquake is capable of 
identifying what happens before and after earthquake occurrence.  

1.1. The DEMETER satellite data 

Detection of Electromagnetic Emissions Transmitted from Earthquake 
Regions (DEMETER)was a microsatellite launched by the French Space 
Agency: Centre National D’etudes Spatiales (CNES) at about 06:30 UTC 
from Baikonour (Kazakhstan) on June 29, 2004 onboard a Dnepr rocket 
launcher. The transmission of this satellite into space was with a very high 
accuracy and it landed the expected orbit with the following parameters: 
elevation of 709 km, inclination of 980, orbit period (100 min), orbits per 
day (14) (data available in half orbit) (Cussac et al., 2006). The DEMETER 
was fashioned like a rectangular box having dimensions of 60 x 85 x 11 cm 
and an overall massof 129 kg. The orbit of DEMETER was polar, spherical 
and almost sun-synchronous. Measurements were carried out almost at 
two different local times 10:30 and 22:30 UTC (Kintner et al., 2013; Ibanga, 
et al., 2017). However, the height of this satellite was dropped to 660 km 
in December 2005, it was situated a Low Earth Orbit (500 to 2000 km in 
altitude) and seen for 10–20 min at a time (Sonakia, 2014).  

DEMETER functioned in dual modes (i) a survey mode which documented 
low bit rate data throughout the Earth at invariant latitudes not more than 
~ 650. and (ii) a burst mode that documented high bit rate data of 1.7 mb/s 
above seismic active areas. Recording in the burst mode was 
spontaneously activated each time satellites traversed a seismic zone. In 
general, the time and space locations of either of the two modes were 
determined as function of the ground volcanic and seismic targets (Parrot 
et al., 2014) The primary scientific objectives of DEMETER experiments 
were to investigate the disturbances of the ionosphere from seismo-
electromagnetic effects and from anthropogenic activities which cover 
Power Line Harmonic Radiation, Very Low Frequency (VLF) Transmitters, 
and High Frequency broadcasting stations). This involved detection and 
characterization of ionospheric electrical and magnetic perturbations in 
connection with seismic activity. This scientific payload was made up of a 
three-axis magnetic search-coil instrument (IMSC), four electrical sensors 
(ICE), two Langmuir probes (ISL), a plasma analyzer (IAP), energetic 
particle detector (IDP) and electronic units (BANT) (Cussac et al., 2006 
Berthelier et al., 2006, Ibanga, et al., 2017). However, this present study 
utilized data from IAP and ISL experiments in the burst mode. 

The IAP unit created an unceasing record of the key parameters of the 
thermal ion population with two objectives: (a) detection of turbulences 
in the ionosphere that could result from the coupling between seismic 
event on the ground and upper atmosphere and ionosphere, and (b) 
provision of ample time resolution for ionospheric parameters such as 
plasma density and ion composition required for the analyzes of plasma 
wave data obtained from ICE and IMSC experiments. The IAP was 
wellplanned to record the parameters of the thermal population, which 
are the densities of the major ionospheric ions: hydrogen (H+), helium 
(He+) and oxygen(O+) (within a range of 102–5.105 ions/cm3), their 
temperatures (from 500–5000 K) and the ion flow velocity in the earth’s 
frame of reference (Berthelier et al., 2006). 

The ISL, was designed for in-situ measurements of the bulk ionospheric 
thermal plasma parameters. This instrument had two sensors: a classical 
cylindrical sensor and a spherical sensor whose surface was divided into 
seven segments (six electrically isolated spherical caps and other part of 
the sphere used as a guard electrode). The ISL sensor recorded the 
electron density of plasma (108-5.1011 m-3, electron temperature (600–
10,000 K) and satellite potential (~±3 V) in the ionosphere out of which 
the relative ion and electron density along orbits of the DEMETER satellite 
were obtained. Variations of these parameters were given with a time 
resolution of 1s (Berthelier et al., 2006, Brien and Cornely 2015). 
Nevertheless, DEMETER satellite mission came to an end on 9th 
December, 2010but its data are stored at Centre de Données de la 
Physique des Plasmas (CDPP) and can be accessed through the web 
server(http://demeter.cnrs-orleans.fr//). The data are arranged and 
plotted in half orbits. CDPP offers a vast array of data to explore variations 
in electromagnetic emissions; creation of plasma inhomogeneities and 
other ionospheric phenomena linked with seismic events. Its high 
sensitivity upholds the reliability of its data. Figures 1a and 1b show 
example of some DEMETER orbits that were within the expanse of this 
seismic event. 

Figure 1a: DEMETER orbit that recorded the anomalous variations eight 
days afore the seismic event. 

Figure 1b: some other DEMETER orbit that was within the earthquake 
preparation zone during our period of investigation. 

DEMETER recorded many events as given in Figures 1a and 1b. This 
corresponds to the seismic event of January 13, 2007 at 04:23 UT with a 
magnitude of 8.1 and a focal depth of 10 km. Its geographic coordinates 
are 46.270 and 154.450. From the top to the bottom panels, the top panel 
gives the header frame that includes date, orbit number, involved 
institutes, date and version of quick look creation. The second panel gives 
the ISL sweep spectrograph with the version of the onboard and ground 
processing frame. The spectrogram of the Langmuir probe measures the 
sweep voltage in volt and collected current in log (nA). Parameters 
deduced from ISL measurements (ISL current and potentials) are 
displayed in the third panel. To this, the version of onboard and ground 
processing software are given at the top right side of the panel, as well as 
currents and potentials (Vf – floating potentials in V, ɸs – potential in V(-
ɸs is displayed) and Ie- electron current in nA (log (Ie) is displayed). The 
bottom panel indicates the satellite closest approach of past and future EQ 
epicenters that are within 2000 km from the DEMETER orbit. The Y -axis 
represents the distances D between the epicenters and the satellite, from 
750 up to 2000 km. The symbols are filled square for post-seismic events, 
filled triangle for pre-seismic events. The scale on the right represents the 
time interval between the EQs and the DEMETER orbit with a graduation 
from >30 days up to a [0–6 h] interval. The empty symbols have similar 
significations except that they are related to the magnetically conjugated 
points of the epicenters (the distance D is then the distance between these 
magnetically conjugated points of the epicenters and the satellite). The 
symbol sizes correspond to EQs of magnitude [5–6], [6–7], and [>7]. At 
03:40:45 UT the red triangle indicates the closest approach to the 
epicenter of this EQ and the other smaller red triangle indicates an 
aftershock.  

1.2. Geomagnetic data 

Ionospheric parameters are well-defined by means of solar geophysical 
conditions and geomagnetic storms typically in the equatorial and polar 
zones. Auroral activity has vital part in the mid-latitude ionospheric 
disturbances. The ionosphere current and equatorial storm- time ring 
current in periods of solar- terrestrial conditions yield major geomagnetic 
field instabilities. Subsequently, in studying solar-terrestrial relationship, 
there is a dire need to know the level of energy released into the 
magnetosphere at a time. Several mechanisms available for this 
assessment have spatial as well as temporal variations that create alarms 
of different kinds, going from X-rays to Ultra Low Frequency (Rostoker, 
1972). Observing any of these disturbances gives a gross estimate of the 
level of magnetospheric activity. to this, Planetary index (Kp), Planetary 
Amplitude (Ap), Auroral Electrojet (AE) and Disturbance storm time (Dst), 
are usually used for rating magnetospheric activity. 

The Kp index is a planetary 3-hour range index of magnetic activity 
derived by averaging the standardized K-index from the 13 geomagnetic 
observatories located between 44o and 60o in the northern or southern 
geomagnetic latitude. Kp index computes disturbances in the horizontal 
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component of the Earth’s magnetic field with an integer in the range 0-
9expressed in thirds of a unit such that 5- is 4⅔, 5 is 5 and 5+ is 5⅓ (a 
minus after a number means reduction of the numerical value by one-third 
while a positive sign increases the magnitude by one- third). With 1 being 
quiet and 5 and above showing a geomagnetic storm (Bartels et al., 1939). 
The Kp index is a quasi-logarithmic number. The purpose of this index is 
to calculate solar particle radiation by its magnetic effects and give the 
total activity during the day.  The content of Kp comes from at least two 
main sources: the auroral electrojet and the ring current (Rostoker, 1972). 

The disturbance storm time (Dst) index measures the geomagnetic activity 
which is used to assess the severity of magnetic storms. Dst expressed in 
nanoteslsa (nT) is the average value of the horizontal component of the 
Earth’s magnetic field derived hourly from four near-equatorial 
geomagnetic observatories. The possibility of using Dst as index of storm 
strength lies in the fact that the strength of the surface magnetic field at 
low latitudes varies inversely with the energy content of the ring current, 
which increases during geomagnetic storm (Mayaud, 1980). Ionospheric 
activities are affected mainly by solar and geomagnetic activities (Fuying 
and Yun 2009). With reference to the magnitude of the geomagnetic 
disturbance, magnetic storms are classified into weak (-50 nT<Dst ≤ - 30 
nT), moderate (-100 nT<Dst ≤ -50 nT), strong (when – 200 nT<Dst ≤ -100 
nT) and extra strong (Dst ≤ - 200 nT) (Xinzhiet al., 2014, Xu et al., 2009). 
Dst index had been used by Hayakawa (2014), to isolate seismo- 
ionospheric irregularities from solar and geomagnetic activities in the 
Japan 2011 quake. He studied the solar and magnetic activities during 
related periods and detected minor geomagnetic activities, stating that 
days of anomalous ionospheric disturbances were relatively 
geomagnetically undisturbed. Hence, he attributed the anomalies to be 
seismo-induced. Akhoondzadeh et al. (2010) used the geomagnetic indices 
of Dst and Kp to distinguish geomagnetic disturbances from seismo-
ionospheric disturbances. Ibanga, et al., 2017 also employed Dst and Kp in 
isolating geomagnetic induced variations from seismo-induced variations 
in the M6. Auckland earthquake of September 30, 2007. The Kp index 
monitors the planetary activity on a global scale while the Dst index 
records the equatorial ring current variations (Mayaud, 1980). The 
ionospheric influence of a geomagnetic storm has a global effect being 
observed all over the world while, the seismogenic impact is observed only 
by places with distance less than 2000 km from the potential epicenter. In 
this research, a day was assumed geomagnetically quiet when kp was less 
than three and Dst was less than -30nT. 

2. METHODOLOGY 

The seismic event employed in this research, had necessary statistics 
which included time of incidence, geographic location, earthquake 
magnitude, orbits nearest to the epicenter (at a resolution of 200 for 
longitude and 100 for latitude) were chosen 30 days afore and 10 days 
after the earthquake. Figure 1 present some selected orbits closest to the 
epicenter (Pulinets et al., 2003). This large time frame allowed enough 
room for monitoring of the ionospheric plasma parameter from its normal 
to abnormal state; thus, enhancing detection of seismic anomalies from the  

background of natural variations, supposing the former to appear at the 
end. Various time frames from five days to two months have been 
employed to screen the ionosphere but chiefly, reports on seismo-
electromagnetic variations are observed three weeks or less to the 
earthquake day (Rong et al., 2008; Píšaet al., 2011; Ibanga, et al., 2017). 
The total ion density (sum of the Oxygen, Hydrogen and Helium ions) were 
obtained by downloading data files from the DEMETER website. Data from 
each orbit were confined to both the survey and burst modes but only the 
burst mode data were used in this investigation. The median and the inter-
quartile range of the data were used to find their upper and lower bounds 
in order to discriminate seismic variances from the background of regular 
variations. A reference value k was selected to be 2.1. Any alarm outside 
these bounds were anomalous. These involved computation of upper and 
lower boundaries, median value and inter-quartile range using Eqs. (1)– 
(3) below: 

IQRkMxhigh •+=   (1)  

IQRkMxlow •−=   (2) 

IQR

Mx
Dxk

IQR

Mx
kxxx highlow

−
=

−
− ;

(3)

where x,xhigh , xlow, M, IQR and Dx are parameter values, upper bound, lower 
bound, median of the data, inter-quartile range and differential of x 
respectively. From Eq. (3), if the absolute value of Dx is greater than k, (i.e., 
|Dx| > k), (|Dx| > k), then the behaviour of x is considered to be anomalous. 
K values must be selected to be proportional to earthquake magnitude and 
therefore, for large events with M > 7.0, values greater than 2 may be used. 
A k value of 2.1 was used for this seismic event. 

However, the irregularities in the ionospheric factors are not from 
earthquakes only since there are likelihoods of ionospheric distresses that 
can emanate from other sources (solar activity, acoustic gravity waves, 
traveling ionospheric disturbances, plasma dynamics, and large 
meteorological phenomena). Thus, the observed parameters may present 
variations even when seismic activity is nonexistence; making it 
challenging to segregate pre-seismic ionospheric phenomena from the 
ionospheric instabilities due to the solar-terrestrial activities (Ondoh, 
2008, Ibanga, et al., 2017). Thus, to discern the seismo-ionospheric alarms 
from geomagnetic alarms, the geomagnetic indices Dst and Kp were also 
screened within this time frame. 

3. RESULTS 

In this section, we present results of our findings as shown in Table 1 and 
Figs 2 to 3 from both sets of data (DEMETER and geomagnetic) 30 days 
prior and 10 days post the January 13th, 2007 quake of East of Kuril Island. 
The discussion of the results is also undertaken to ascertain the 
ionospheric Plasma variations before the East of Kuril Islands earthquake 
of 13th January 2007.

Table 1: List of detected anomaly in the studied seismic event as obtained from the statistical anaysis of DEMETER (IAP and ISL) data correlating with the geomagnetic 

indices (kp and Dst). Days are relative to earthquake day (13th January, 2007). 

DEMETER Geomagnetic indices 

Name Date Time Day Value Sensor Parameter Time Kp Dst 

East of the Kuril islands, Russia 13/01/07 4:23 -29 6.15 IAP Total ion density 10:30 -30 -30 

-29 4.27 ISL Electron density 10:30 -29 -29 

-27 5.46 ISL Electron density 10:30 -28 -28 

-27 6.74 IAP Total ion density 10:30 -25 -27 

-27 -2.56 ISL Electron temperature 10:30 -24 -26 

-24 2.25 IAP Total ion density 10:30 -23 -25 

-14 3.26 IAP Total ion density 10:30 -21 -24 

-12 2.72 IAP Total ion density 10:30 -20 -23 

-11 3.49 ISL Electron density 10:30 -11 -22 

-11 5.01 IAP Total ion density 10:30 -10 -21 

-11 -2.15 ISL Electron temperature 10:30 -9 -20 

-8 4.09 ISL Electron density 10:30 2 -19 

-8 5.73 IAP Total ion density 10:30 3 -18 

-8 -2.03 ISL Electron temperature 10:30 4 -17 

2 2.68 IAP Total ion density 10:30 5 -11 

5 2.51 ISL Electron density 10:30 6 -10 

5 3.89 IAP Total ion density 10:30 -9 

8 2.23 IAP Total ion density 10:30 -1 

4 

5 

6 

6 
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Figure 2: Line plots  from statistical analysis of DEMETER data for the East 

of Kuril Island Earthquake (13th January, 2007). Ionospheric plasma 

parameters of  electron density, electron temperature and total ion density 

respectively are plotted against day relative to the earthquake (a) 

nighttime measurment and (b) daytime measurement.The small red 

triangles show depicted anomaly eight days before the event in quiet 

geomagnetic conditions. 

(a)  (b) 

Figure 3: Results from analysis of geomagnetic indices (a) kp index and 

(b) Dst index. The y-axis represents universal time (UTC) while the x-axis 

shows the day relative to earthquake (13th January, 2007). The black lines 

within the contour plot show the condition of the indices eight days prior 

to the event while the colour bar shows the ranges for different colours 

used. 

With the duration (at a resolution of 200 for longitude and 100 for latitude) 

within the window frame of 30 days afore and 10 days after the seismic 

event, it is possible to evacuate lives and properties. This period was 

carefully chosen to enable ample time for monitoring of the ionospheric 

plasma parameter from its natural to perturbed state enhancing 

separation of seismic anomalies from the background of natural 

variations, expecting the former to appear at the end of the period. 

Different durations ranging from five days to two months have been 

employed to screen the ionosphere but primarily, reports on seismo-

electromagnetic variations are detected three weeks or less to the 

earthquake day (Rong et al., 2008; Píšaet al., 2011; Ibanga, et al., 2017).  

The total ion density (sum of Oxygen, Hydrogen and Helium ions from the 

IAP Sensor) were acquired by taking data files from the DEMETER 

website. Data from each orbit were confined to the two modes but only the 

burst mode data were used in this research.The median and the inter-

quartile range of the data were used to obtain their upper and lower limits 

in order to distinguish seismic perturbations from the natural variation 

backgrounds as opined (Akhoondzadeh et al. 2010; Liu et al. 2004). 

4. DISCUSSION

Plasma parameters in the ionosphere obtained from DEMETER data have 

been succinctly investigated for unusual variations within the radius of the 

earthquake preparation zone before, during and after East of Kuril Islands 

earthquake of 13th January 2007. Anall-inclusive report on our findings in 

the two sets of data is shown in Table 1. Days are comparative to the 

earthquake day (0) with minus and plus signsdepicting pre and post days. 

An array of anomalous variations were observed during the study. As 

visibly displayed in our line plots (Figure 2), where the plasma parameters 

of electron density, electron temperature and total ion density are plotted 

against day relative to earthquake. From equations 1-3, as reported by Liu 

et al., 2004, Akhoondzadeh et al., 2010 and Ibanga, et al., 2017, 

perturbations beyond the bounds are viewed as being unusual. A 

summary of the perturbed days is given in Table 1. Our investigations 

revealed that all three parameters were disturbed on -27, -11 and -8days; 

nevertheless, other days showed distortion in one or two parameters 

(Table 1 and Figure 2). However, it is worthy to note that phenomena 

beside seismic activity can perturb the ionosphere, hence, to discriminate 

these perturbations from geomagnetic activities, the geomagnetic indices 

of kp and Dst were checked (Fig. 3a and 3b) on these days. Days -27 and -

11 showed remarkable geomagnetic activities; thus the observed unusual 

plasma variations was not seismo-induced but geomagnetically induced. 

On the 8th day preceding the seismic event,a very salient revelation 

presented itself on orbit no13390_0 (figure 1a), above the vicinity of the 

impending seismic event. On this day, all three plasma parameters of 

electron density (4.09), electron temperature (-2.03) and total ion density 

(5.73) displayed unusual ionospheric variations (red triangles in the line 

plots) in quiet geomagnetic conditions (black straight lines in Figures 3a 

and 3b). The unusual variations observed in the investigated parameters 

from the DEMETER data had both positive and negative values. 

5. CONCLUSION 

In this study, we have clearly shown the proficiency of DEMETER IAP and 

ISL devices to detect striking anomalies in electron temperature, electron 

density and total ion density parameter variations, in the region of strong 

earthquake epicenters eight days before its occurrence. Both IAP and ISL 

sensors of DEMETER satellite reliably detected unusual ionospheric 

variations eight days in its daytime half orbit measurements before the 

occurrence of the earthquakes. The discussion of the results has 

ascertained the ionospheric Plasma variations before the East of Kuril 

Islands earthquake of 13th January 2007, which could have helped in 

evacuation of lives and properties in the earthquake zones before it 

occurred. It is worth mentioning that the pre-seismic ionospheric 

anomalies, which appeared 8 days prior to the earthquake had both 

positive and negative signs. Due to the fact that geomagnetic activity was 

undisturbed on this day, the detected anomalies is regarded as the pre-

seismic ionospheric variations. Nevertheless, it is pertinent to bear in 

mind that the ionosphere has complex behavior even in quiet geomagnetic 

conditions and the obtained parameters sometimes display variations in 

quiet seismic conditions, which can be associated to other unidentified 

factors. The seismo-ionospheric anomalies represented in this paper are 

encouraging for the short-term forecasting. However, additional 

investigation is needed to achieve a very precise regional model of quiet 

time ionosphere to differentiate seismic precursors from the background 

of daily variations.  
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