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Abstract. During the DEMETER operating period in 2004— ticles (Pulinets and Boyarchuk 2004; Zhang et al., 2007,
2010, many strong earthquakes took place in the world Anagnostopoulos and Rigas, 2009). lonospheric anomalies
69 strong earthquakes with a magnitude above 7.0 duringttract more and more attention nowadays by their short-
January 2005 to February 2010 were collected and analterm feature, for they always occur one week before earth-
ysed. The orbits, recorded in local nighttime by satellite, quakes. A lot of statistical analysis has shown the cor-
were chosen by a distance of 2000 km to the epicentres durelation between the electric field anomalies in the iono-
ing the 9 days around these earthquakes, with 7 days beforgphere and strong earthquakes. An anomalous increase in
and 1 day after. The anomaly is defined when the disturthe intensity of low-frequency (0.1-16 kHz) radiowave emis-
bances in the electric field PSD increased to at least 1 orsions was detected by using Intercosmos-19 data (Larkina
der of magnitude relative to the normal median level aboutet al., 1989). Parrot and Mogilevsky (1989) studied the
10-2uVv?/m?/Hz at 19.5-250 Hz frequency band, and the GEOS and AUREOL-3 satellite data and they found that
starting point of perturbations not exceeding® Ii@lative  earthquakes caused extremely low frequency electromag-
to the epicentral latitude. Among the 69 earthquakes, it isnetic emissions in the upper ionosphere. Parrot (1994) anal-
shown that electrostatic perturbations were detected at ULFysed the AUREOL-3 satellite data of around 325 earthquakes
ultra low frequency and ELF-extremely low frequency band with Ms> 5. His results showed that during a 24-h win-
before the 32 earthquakes, nearly 46 %. Furthermore, welow, the maximum amplitude in the electric field occurred
extended the searching scale of these perturbations to thie the interval of ALon<1(® (Lon~ longitude) from the
globe, and it can be found that before some earthquakespicentres regardless dfinv.lat (Inv.lat ~ invariant lati-
the electrostatic anomalies were distributed in a much largetude). Molchanov et al. (1993) summarized the 28 earth-
area a few days before, and then they concentrated to thquakes occurring during 16 November 1989 to 31 Decem-
closest orbit when the earthquake would happen one daper 1989, based on Intercosmos-24 satellite data. They found
or a few hours later, which reflects the spatial develop-that emissions with a spectrum maxima were observed at
ing feature during the seismic preparation process. The rebJLF-ELF (f less than 1000 Hz) over the epicentral areas
sults in this paper contribute to a better description of theand these emissions were mainly observed at 12—24 h before
electromagnetic (EM) disturbances at an altitude of 660-the main shocks. Serebryakova et al. (1992) found similar
710km in the ionosphere that can help towards a further unEM radiations on satellites COSMOS-1809 and AUREOL-
derstanding of the lithosphere-atmosphere-ionosphere (LAIB with a frequency below 450 Hz over the seismic region
coupling mechanism. in Armenia before strong earthquakes during 20 January to
17 February 1989. Gousheva et al. (2008) presented their
results of anomalies in the quasi-static electric field in the
1 Introduction upper ionosphere(h =800-900 km) observed by the satellite
INTECOSMOS-BULGARIA-1300 over seismic regions and

Spatial electromagnetic phenomena have been widely obfound the increase in the vertical component of the electric
served by satellites, including the anomalies in the electricfield based on 250 investigated cases.

field, magnetic field, plasma parameters and energetic par-
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Fig. 1. The electromagnetic perturbations before the Sumatra 8.6 Earthquake on 28 March 2005.

DEMETER, a French micro-satellite, launched on deployed on the satellite, including ICE to detect the electric
29 June 2004, was the first one in the world to be designedield from DC to 3.5 MHz; IMSC to measure the magnetic
specially for studying the ionospheric variations possibly as-field from a few Hz to 20 kHz; IAP to detect ion density and
sociated with earthquakes, man made transmitters, volcanogsmperature; ISL, Langmuir probe to measure the electron
and lightning, having a solar synchronous circular orbit, dec-density and temperature; IDP to detect the energetic electron
lination of 98.23, and a height of 710 km (which decreased flux at 72.9 keV-2.34 MeV.
to 660 km in mid-December 2005). A set of instruments were
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As for the study about DEMETER satellite, Parrot et quakes if they occurred at a latitude scale withih(° rela-
al. (2006) firstly showed examples of ionospheric pertur-tive to the epicentre latitude, because whatever the direct pro-
bations in the electron density, electric and magnetic field,jection position of the epicentre or signals propagating along
and high energy particles before some strong earthquakeshe magnetic field line from the focal area may not exceed
N“émec et al. (2009) present their results that the power speanore than 10 in latitude over the mid-low latitude regions.
tra density in the ELF/VLF electric field decreased 0—4 h be-The pictures in the paper of Gousheva et al. (2008) also ver-
fore the main shocks at the frequency 1.7 kHz during localify that ULF electric field anomalies in the ionosphere were
nighttime. Athanasiou et al. (2011) studied the ULF electro-distributed over the seismic regions, sometimes extending far
magnetic waves around the HaM = 7.0 earthquake, and from the epicentral latitudes. In order to ensure that at least
they exhibited the variations of the Ez-electric field compo- one orbit of the DEMETER satellite can be found every day
nent during a time period of 100 days before and 50 daysover a certain region, the up-orbits were chosen within the
after it. Their results showed a significant increase in en-distance of 2000 km to the epicentre in longitude.
ergy Ez for the time interval of 30 days before this earth- The orbit (3915-1) in Fig. 1 is such an example of anoma-
guake. In some case studies, an interesting phenomenon &és chosen according to the requirement, just flying over In-
electrostatic perturbation was observed in the electric fielddonesia 50 min before the Sumaiva= 8.6 Earthquake oc-
at a frequency lower than 250 Hz before some strong eartheurring at 16:39:36.52, 28 March 2005, located at 976+
quakes (Zhang et al., 2009; Ouyang et al., 2007), in which2.09 N. In Fig. 1, the panels show the parameters (from top
the electrostatic perturbations appeared where they rarely ode bottom) as follows: the VLF electric field spectrum at
curred over regions at mid- and lower-latitude of 20=356 19.5Hz-2 kHz, the VLF magnetic field spectrum at 19.5 Hz—
this paper, we are focusing on, in more detail, the electric2 kHz, Neg(electron density)Te(electron temperaturelli(ion
field data in the nighttime observed by DEMETER around density of H", He", OT), Ti(ion temperature), the energetic
the earthquakes a¥ffs> 7.0 in globe since 1 January 2005 electron spectrum between 72.9 keV-2.34 MeV, the electron
to 28 February 2010. The electrostatic perturbations in thelux at three bands (90-600 keV; 0.6—1 MeV, 1-2.34 MeV),
ionosphere are picked up and analysed. The coupling mechthe earthquakes occurring less than 2000 km apart from this
anism between earthquakes and ionospheric electrostatic pesrbit during +30 days. As presented in Fig. 1, the distur-
turbations is discussed as well. bances were detected at the equatorial region in most observ-
ing parameters, including the electric field at ULF/ELF fre-
quency band that we paid attention to in this paper, electron
2 Data collection and anomaly identification density, electron temperature, ion density, and so on. Here
the perturbations, at ULF/ELF band less than 250 Hz of the
Due to incomplete orbits at the end half of 2004, the begin-electric field, are considered as electrostatic perturbations.
ning stage of DEMETER, the satellite data during this pe- Figure 2 exhibits the disturbances extracted from the elec-
riod was not included in this paper. A total of 69 strong tric field spectrum along orbit 3915-1. The first top panel
earthquakes above a magnitude 7.0 since January of 200aresents the median value of PSD (power spectrum density)
to February 2010 were collectelt{p://neic.usgs.ggwhttp: in the electric field at 19.5-250Hz, in which the spectra
IlIwww.csndmc.ac.cn If the earthquake with a magnitude density over the seismic region increased with two orders
above 7.0 is dealt with, the scope of the so called “seismicof magnitude relative to its surrounding normal level, ex-
preparation region” could exceed 1000 km from the epicen<eeding 18uV2/m?/Hz. After repetitive testing, the elec-
tre expressed in terms of the equationoet 10°43¥ based  trostatic perturbations were selected by an automatic tech-
on the statistics of the ground observation (Dobrovosky etique developed by Zhang et al. (2010). They were picked
al., 1979) within the scope, some ionospheric perturbationgollowing this definition: Ay >10°’uv2/m?/Hz where A
could possibly be triggered by the earthquake preparatiorns the first PSD value at 19.5Hz, and other PSD values at
process. The observing satellite data were chosen durinthe following frequency points should fit the exponential re-
the 9 days with 7 days before and 1 day after these earthlation of S = Ag- /2, whereSg represents the PSD value
quakes. It should be noted that ULF electromagnetic ac-at a different frequency and is frequency (Zhang et al.,
tivity was detected much earlier and probably suggests @2010). The lower panel shows the selected anomalous sig-
long period of ULF seismic precursory signals (Hayakawanals (with value 1) and normal points (with value 0). It can
etal., 1996). Here, we focused on short-term ULF/ELF phe-be found that the distinguished anomalies are consistent with
nomena after considering the conclusions about ionospherithe perturbations shown in the top panel. In Fig. 2, some
precursors that occurred mostly within a week before thestrong perturbations were also very clear and significantly
earthquakes (Pulinets and Boyarchuk, 2004). Only up-orbitsaabove the latitude of 40 which can be detected almost ev-
recorded during nighttime, under quiet electromagnetic conery day, especially along the orbits of the Eastern Hemi-
dition, were selected in this paper to avoid the effects of so-sphere. So these perturbations at higher latitudes may not
lar activity. Taking into account the spatial correlation, the be related to strong earthquakes, but to the auroral electrojets
anomalies could be considered to be related to the earthand energetic electrons precipitation into radiation belts over

www.nat-hazards-earth-syst-sci.net/12/75/2012/ Nat. Hazards Earth Syst. Sci., 12, 832012
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Fig. 2. lonospheric perturbations in electric field along the orbit 3915-1.

this region, which can be proven by the stronger particle flux3 Analysis on electrostatic perturbations and discussion
at the same latitudes. These signals at high latitudes should S
be cast off in anomaly identification according to their geo- 3.1 Spatial distribution of earthquakes

graphical positions, therefore, earthquakes at high latitudes . ) o
were not discussed in this paper because it is difficult to dis+9uré 3 shows the global epicentral distribution of the se-

tinguish whether or not the perturbations in the electric field!€cted 32 earthquakes (Fig. 3a), and the projection of their

were motivated by earthquakes under this strong noise backd€Pths versus latitudes (Fig. 3b). It can be seen that: (1)
ground. these earthquakes are mostly located at the plate boundaries;

Based on the definition of anomalies and electrostatic(z) there are 21 earthquakes located in the latitude scale

perturbations, among 69 earthquakes within the latitude of’f =20°, With electrostatic perturbations being unusual; (3)
40P, the electrostatic perturbations were observed before th@Mond them 8 earthquakes are deeper than 100 km, occupy-
32 earthquakes along the up-orbits in a distance from thd"9 25 %, and even most earthquakes are located in the ocean,
epicentres less than 2000 km during the 9 days, while ther&0t 0N 1and, as shown in Table 1. Figure 3a shows that these
is one earthquake only showing post-seismic anomaly With-32_ earthqua_kes are _ma!'”'y along the Cl_rcum-PaCIflc S_els-
out precursors. All the details about these 32 earthquakeJ'iC Pelt, which may indicate that interaction between giant
and anomalies around them are listed in Table 1, includingplates would more easily produce intensive anomalies along
the date, time, magnitude(Ms), longitude(Lon), latitude(lat) the major faults and then induce electrostatic perturbations in
depth of the earthquake and also the time differences betweeif€ ionosphere.

anomalies and earthquakes, latitude and longitude scale of 't IS Well known that when EM waves propagate in water

anomalies, median value of PSD in the electric field at 19.5-10mM the ocean bottom, they will attenuate largely, that is to
250 Hz, and dailyy"Kp index. Some of théy Kp values say, the EM wave has difficulty when penetrating seawater
are followed by the letter D that represents that day being"t© the atmosphere and ionosphere directly. Why so many

in a disturbed state. Actually, tHép in most days was not perturbations were detected before oceanic earthquakes? A

marked by D in Table 1, which means most anomalies ap_§peculation might explain it as follows: radon or other chem-

peared in quiet electromagnetic condition. It also demon-ical _ma_ten_als _em|tted from the oceanic fa'“!IFS would cha_nge
strated, from another aspect, that the perturbations could b€ ionization in seawater and the composition of water ions
well correlated with earthquakes, instead of solar activity or" It This change would lead to the variation of the atmo-

other space impact-factors due to leiw values during those spheric vertical electric field over the seismic region. The
days. variation of atmospheric electric field as a part of the current

It can be seen from Table 1 that the anomalies in ULE/ELESYStEM between ionosphere and lithosphere would cause the

electric field appeared many times before some earthquakef,harlge of the current system in the ionosphere, which might

such as the Sumatra 8.6 Earthquake on 28 March 2005: Hai Fad to the disturbances in kinds of parameters including the

7.0 Earthquake on 12 January 2010 and so on, which reULF/ELF electric field.

flect that ULF/ELF perturbations continued a long time over
the seismic region during the earthquake preparation process.
Moreover, there are 21 earthquakes among 32 events with the
ionospheric perturbations occurring in 3 days prior to them,
showing the short-term temporal feature of ULF/ELF EM
perturbations in ionosphere.

Nat. Hazards Earth Syst. Sci., 12, 7583, 2012 www.hat-hazards-earth-syst-sci.net/12/75/2012/
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Table 1. Summary of anomalous information in ULF/ELF electric field related to strong earthquakes.

Date y-m-d | Time Ms | Lon Lat Depth Land At Latitude scale Longitude scale Median value Kp
h-m-s I°PE I°N /km or Ocean T-Te of anomalies of anomalies /Ig(uVZImZIHz)
2010-02-27| 06-34-16.4 8.8 | —72.7 -35.8 33 L —3day | 3%°~42°S 298.5~299.5E 6
—2day | 39°~41°S 291°~292E 6
2010-1-12 | 21-53-09.85 | 7.0 | —72.53 18.46 10 L —5day | 23~26°N 302.5~30FE 0~1 1
—lday | 5°~20°N 27P~275°E 0~1 13
+1 day 10°~21°N 282~286°E 0~0.5 14(D)
2010-1-3 | 22-36-28.15 | 7.2 | 157.3 | -89 |25 | o | -12h | 4~12°S | 168~169.5E | 05 |7
2009-10-7 | 22-18-51.24 | 7.8 | 166.38 | —12.52 | 35 | o | -1day | 1°~9°S | 176~1775E | 05~1 |3
2009-9-29 | 17-48-10.99 | 81| -1721 | -1549 | 18 | o | -5day | 6°~10°S | 194~195E | 1~2 | 2
2009-9-2 | 07-55-01.05 |7 | 107.3 | =778 | 46 | o | —2day | 10°~16°S | 106~107E | 0~05 | 11
2009-8-10 | 19-55-35.61 | 7.5 | 92.89 | 141 | 4 | o | —lday | 12~14N | 95°~96°E | 0~1 | 12
2009-8-9 | 10-55-55.61 | 7.1 | 137.94 33.17 297 o —4day | 35°~4FN 117°~120 E 1 1
+1h 32~37N 138~140° E 05 12
2009-3-19 | 18-17-40.91 | 7.6 | —174.66 | —23.05 | 34 o —6day | 17°~24°S 169 ~171°E 0.5~1 25(D)
—lday | 1&~20°S 180°~181° E 05 3
2009-2-18 | 21-53-45.16 | 7.0 | —176.33 | —27.42 | 25 o] —5day | 1°~21°S 182~185 E 0.5~1.2 4
—4day | 12~20°S 175°~17P E 1 24(D)
—2day | 1&~28°S 185°~188° E 1 7
—-185h | 1&8~26°S 195°~197 E 05 6
2009-2-11 | 17-34-50.49 | 7.2 | 126.39 3.89 20 o —-3day | 6°S~2°N 119~121°E 05 1
+1 day 0°~5°N 137°~138 E 0.5~1.0 3
2008-4-9 | 12-46-12.72 | 7.3 | 168.89 —-20.07 | 33 o —5day | 12~20°S 159~161° E 0.4 15
—2h 16°~21°S 17¢°~171.5E 05 22
2007-12-9 | 07-28-20.82 | 7.8 | 17751 | —26 152 o] —~7day | 1&~19S 179~180° E 15 3
—5day | 2&~35°S 191°~193 E 1~15 2
—3day | 20°~30°S 175°~200° E 0.5~1.2 5
—2day | 24°~32°S 190°~200° E 0.5~1.2 2
2007-11-29| 19-00-2042 | 7.4 | —61.27 | 1494 | 156 | o | -5day | 4°~6°N | 309~309.5E | 0~1 | 22(D)
2007-11-14| 15-40-50.53 | 7.7 | —69.89 —-22.25 | 40 L —6day | 24°~37S 291°~295° E 0 7
-3 day 25°~40° S 294~297 E 0 4
—lday | 10°~23S 299~301°E -1~0 19
2007-9-12 | 11-10-26.83 | 8.5 | 101.37 —-4.44 | 34 L —5day | 4°~10°S 100°~101° E 0.7~1.5 18
-5.7h 8°~10°S 111°~112 E 0.3 4
2007-9-2 | 01-05-8.15 7.2 | 165.76 -11.61 | 35 o —5day | 6°~16°S 17P~179E 0.5~1 18
—4day | 5°~20°S 169~173 E 0.5~1 9
2007-08-15| 23-40-57.89 | 8.0 | —76.6 -13.39 | 39 L —6day | 8~12S 298.5~299.3E | 05 6
2007-8-8 | 17-05-04.92 | 7.5 | 107.42 —5.86 280 [¢) —4day | 1I°S~5°N 113~115E 0512 2
—2day | 4°~9°S 10°~101° E 0.5~1 18
—2h 4°S~5°N 107°~11C° E 0.5~1 11
2007-8-1 | 17-08-51.4 | 7.2| 16768 | -156 | 120 | O | -6day | 10°~20°S | 161°~163 E | 05~15 | 13
2007-4-1 | 20-39-58.71 | 7.2| 157.04 | —847 | 24 | o | —4day | 6°~10°S | 149~150C°E | 0.5~15 | 12
2007-3-25 | 00-40-1.61 7.1 169.36 —-20.62 | 34 o ~7day | 4°~15°S 151°~154E 05 6
—5day | 4°~18S 161°~164 E 05~15 1
2006-7-17 | 08-19-30.5 73] 107.4 -9.4 20 [¢) —7day | 1&8~20°S 116 5~117 E 1 17
—6day | 14°~20°S 108~110° E 1 12
—5day | 14°S~6°N 96°~101° E 0~1 19(D)
—4day | 20°S~20°N 9 ~120°E 0~1 10
—-3day | 20°S~20°N 100°~115E 1 19(D)
+7h 14°~20° S 111°~113 E 1~15 6
2006-5-16 | 15-28-24.6 72]972 0.1 12 [¢) —1h= 2°S2°N 11P~118E 05~1 6
+0.5h 8~10°S 94°~96° E 0.4~1 6
2006-5-16 | 10-39-204 | 7.4| -179.31 | -31.81 | 152 | O | —1h | 33°~35°S | 198~200° E | 0.5~1 | 6
2006-2-22 | 22-19-9.6 [ 75332 [—211 |11 L | —3day | o°~1ZS | 42~43E [05~1 | 14
2006-1-27 | 16-58-50.0 | 7.6 | 128.1 | -5.4 | 397 | o | —25h | 28S~15°N | 115~12CE | 0~1 | 20
2005-9-26 | 01-55-37.67 | 7.5 | —76.4 —5.68 115 L —4day | 14~25°S 276~27F E 1 13
—3day | 10°0~2%S 290°~296°E 1 12
2005-9-9 | 07-26-43.73 | 7.6 | 153.47 —-454 | 90 o —5day | 6°~10°S 147~148 E 0.5~1 29
—4day | 45~6°S 160.5~161° E 0.4~0.6 20
—-3day | 10°S~1°N 14#~154 E 0.5~1 15
—lday | 6°~10°S 153.5~1545E | 05~1 13
+35h 4~13°S 167°~169 E 0.4~1 22
2005-08-16| 02-46-28.4 | 7.2| 14204 | 3828 | 36 | L | +1day | 3P~41°N | 15°~159 E | 0~1 | 22
2005-07-24| 15-42-06.21 | 7.2 | 92.19 | 7.92 | 16 | o | —2day | 1#~15°N | 80°~81°E | 05~1 | 20
2005-3-28 | 16-09-36.53 | 8.6 | 97.11 2.09 30 L —6day | 1°S~4°N 109~110° E 1~15 5
—5day | 6°S~2°N 101°~103 E 0.5~1 7
—-3day | &~1I°N 102~103 E 0.3 27(D)
—20min | 35~14.8N 9F~95°E 0.5~1 9

www.nat-hazards-earth-syst-sci.net/12/75/2012/
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Fig. 3. Spatial(a) and depth(b) distribution of earthquakes with electrostatic perturbations (the circle represents the earthquake).

3.2 Extended spatial characteristic of ULF/ELF electric Similar EM perturbations, with a large scale, were also
field perturbations found before some other earthquakes (Zhang et al., 2010;
Ruzhin et al., 1998). It seems to the authors that the follow-
In order to study the relationship between ULF/ELF electro-ing hypothesis of taking the stress changes during the earth-
static perturbations and earthquakes, the global distributioyuake preparation process as a source corresponding to the
of the perturbations before the Sumatfa= 8.6 Earthquake  perturbations in the ionosphere, would be helpful in under-
on 28 March 2005 were selected as an example and the timétanding the feature. During the seismic preparation stage,
differences were still limited to 7 days before the earthquakeshere would be a region much larger than the epicentral area,
as mentioned above. As shown in Table 1, the perturbationgeing under a state of stress accumulation, and the electro-
appeared on 22, 23 25 and 28 March in the orbits within themagnetic signals might be frequently produced and continue
range of 2000 km from the epicentre. Here the question isor a long time. When they propagate to the ionosphere, to-
whether the anomalies in the ionosphere only occur at theyether with the ion and electron drift in the ionosphere, they
orbits nearest to the epicentre, or also at other orbits. Takean be detected by many orbits. As soon as the earthquake
the Sumatra Earthquake on 28 March 2005 as an examplgyrocess enters into its impending stage, the stress would be
the black segments marked in Fig. 4 give the global distribu-concentrated just in the epicentral area while the anomalous
tion of EM perturbations during those days except the onegegion would shrink correspondingly.
on 25 March which might be influenced by magnetic storms
on that day. To allow a convenient comparison and visual-3.3 Discussion
ized figures, the electric field signals with PSD larger than
5uv2.m=2.Hz~! and fitting exponential delay laws at the The possible coupling mechanisms among lithosphere-
low frequency band of 19.5-250 Hz (Zhang et al., 2010) wereatmosphere-ionosphere (LAI) have been suggested in many
assigned values of 1 (black circles) and taken as a time segpublications (Pulinets et al., 2000; Pulinets and Boyarchuk,
ment of perturbations, or else they would be assigned valueg004; Molchanov et al., 2004; Rycroft, 2006; Namgaladze
of 0 (gray circles) and taken as a time segment without dis€t al., 2009; Pulinets and Ouzounov, 2011). Some of them
turbances. All the perturbations at the ultra-low frequencyWwill be discussed on the ionospheric perturbations in the
band are picked up along the orbits and plotted in Fig. 4. ItULF/ELF electric field associated with strong earthquakes.
can be seen that, at the latitude higher thath #tere existed One possible mechanism is the direct penetration of
lots of these ULF/ELF perturbations, reasonably due to theULF/ELF EM waves from the epicentres into the iono-
effects of the polar ring current, energetic electron precipi-sphere.  There are many results to illustrate the exis-
tation and other factors, which can also be seen very clearlyjence of ULF/ELF/VLF electromagnetic (EM) emissions
in Figs. 1 and 2. Besides those signals at high latitudes, ongrior to strong earthquakes in ground-based observations
could, however, find many perturbations around the epicentréHayakawa, 2004). When energy is accumulated under-
of this M = 8.6 earthquake (black triangle) at lower latitudes ground to some extent, microstructures will increase and
in the range of:2(°, and they extended front @ 150 E on electromagnetic emissions will be produced simultaneously.
22 and 23 March. While, the perturbations on 28 March onlyAnother source has also been proposed that positively
occurred at the orbit closest to the epicentre, which shows gharged holes are easy to constitute into minerals especially
different feature with those on 22 and 23. semi-conductor minerals when they are heated. Some labora-
tory experiments support this possibility (Freund, 2000; Shen
et al., 2009). Based on numerical computations, ULF/ELF
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electromagnetic emissions lower than 20 Hz can transverse
directly into the upper ionosphere by penetrating or non-
penetrating solutions with a decrease of an order of magni-
tude (Bortnik and Bleier, 2004). The transverse electric (TE)
component of ULF noises is transformed into Alfven waves
at the atmosphere-ionosphere boundary, and nonlinear inter-
actions of ULF Alfven waves with energetic particles in the
magnetosphere may result in the occurrence of ELF/VLF
emissions in the upper ionosphere (Larkina et al., 1989;
Molchanov et al., 1993).

Another one is that the enhanced Equatorial lonospheric
Anomaly (EIA) may also induce electrostatic (ES) turbu-
lences (Namgaladze et al., 2009). The heating of sunlight
and tidal effects will lead to the upward movement of plasma
in the lower ionosphere, penetrating the geomagnetic power
lines and then constructing an electric currentin E layer. This
electric current acts with horizontal magnetic power lines and
causes the increase in electron density in the ionosphere at
+20° geomagnetic latitudes around the magnetic equator. In
our paper, at the observing altitude of DEMETER with 660—
710km, the ionospheric crest is always shown as one peak
near the magnetic the equatorial area (see the first panel of
electron density in Fig. 1), but as shown in Fig. 4 and com-
bined with the results of Pulinets et al. (2006), the pertur-
bations occurred at two sides of the crest of Ne on 22 and
23 March before the Sumatra Earthquake. Over an epicen-
tral area near the equator, the vertical electric field might be
changed due to the accumulation of radon or aerosols in the
near-earth atmosphere at the seismic preparation area (Liper-
ovsky et al., 2005), and then the east directed polarization
electric field would be generated due to the different drift ve-
locities of electrons and ions. The east directed electric field
would stimulate the equatorial anomaly amplification while
plasma bubble would be formed in the bottom-side iono-
sphere and float up to the DEMETER altitude (Pulinets et al.,
2006). The double peak structure can persist until the late
evening hours, just the time of the DEMETER up-orbits in
local nighttime, which has been recently proven in the paper
of Vyas and Andamandan (2011). So this mechanism may
be used to explain some anomalous phenomena in ULF/ELF
electric field near the equatorial area.

4 Conclusions
Among 69 earthquakes, DEMETER satellite observed iono-

spheric perturbations in the ULF/ELF electric field during lo-
cal nighttime before the 32 earthquakes, which demonstrates

Fig. 4. The spatial distribution of electrostatic perturbations (dark that these ionospheric disturbances were not casual phenom-
points) on 22, 23 and 28 March before a 8.6 earthquake at Sumaena, but may be associated with earthquakes. All the charac-

tra Indonesia on 28 March 2005 (the triangle in the figure is theteristics of these anomalies were summed up as follows:
epicentre).
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1. Before 46 % strong earthquakes in 69 studied cases with
a magnitude abova/s= 7.0, the electrostatic pertur-
bations were obtained at 19.5-250Hz in a distance of
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