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Abstract. During earthquakes preparation periods significant disturbances in the ionospheric plasma density are
often observed. These anomalies are caused by lithosphere-atmosphere-ionosphere interaction, particularly by
the seismic electric field penetrating from the ground surface into the ionosphere. The seismic electric field
produces electromagnetic ExB drift changing plasma density over the epicenter region and magnetically
conjugated area. The paper is devoted to analysis of regular Global Positioning System observations and
revelation of seismo-ionospheric precursors of earthquakes in Total Electron Content (TEC) of the ionosphere.
Global and regional relative TEC disturbances maps (%) have been plotted for 2005-2006 M>6, D<60 km
seismic events and analyzed in order to determine general features of precursors. The obtained results agree with
the recent published case-study investigations.

Annoranusi. [lepen 3emueTpsiceHusIMA HaOJIONAIOTCS BO3MYILEHHUS! IUIOTHOCTH HOHOC(EPHOW ILIa3MBl,
NPUYUHOM KOTOPBIX SIBISIETCS JIHMTOC(HEPHO-aTMOC(HEPHO-NOHOC(HEPHOE B3aMMOJCHCTBHE, B YaCTHOCTH
MPOHUKHOBEHNE B HOHOC(EPY CEHCMOTEHHOTO JIEKTPHUECKOTO MOJIL. DTO MOJIE BBI3BIBACT 3JIEKTPOMArHUTHBIH
ExB npeiid mma3Mbel 1 U3MEHEHHE e€ KOHIEHTPAIMK HaJ MHUIICHTPOM U B MarHUTHO-COIPsDKEHHOM obnacTtu. B
HacTosiedl pabote mpoBoAMTCs aHanu3 jaaHHeix Habmogenuit GPS (Global Positioning System) ¢ uenbro
BBISIBJICHUST CEHCMO-MOHOC(EPHBIX MNPEIBECTHUKOB 3EMIICTPSICCHUI B IIOJHOM 3JIEKTPOHHOM COJAEPKAaHUH
noHocdepsl. s ceiicmudeckux coObitiii 2005-2006 romoB ¢ marHuTynoitk M>6 u riuyOMHON 3ajeraHus
ruroneHTpa D<60 kM ObUIM OCTPOEHBI TJIO00ANBHBIE W PErHMOHANBHBIE KapThl OTKJIOHEHUH ITOJHOTO
3JIEKTPOHHOTO copepkaHust (B %) Ui BBIIBICHHST OOIIMX OCOOEHHOCTEH IpeaBeCTHUKOB. [loimydeHHbIE B
paboTe BBIBOABI COTJIACYIOTCS C ONMyOJMKOBAaHHBIMH paHee pe3yibTaTaMH JpYyrux HuccieqoBaTelIed s
KOHKPETHBIX CEHCMUYECKUX COOBITHH.
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1. Introduction

Nowadays a special attention is devoted to an investigation of earthquakes precursors observed in the
ionosphere. It is known that during periods preceding strong seismic events the ionosphere can be disturbed over
the epicenter region. Numerous ground-based and satellite measurements have shown the ionospheric E- and F-
layer density increasing or decreasing over epicenters before seismic events (Gokhberg et al., 1984; Liperovsky
et al., 1992; Pulinets, 1998; Hayakawa et al., 2000; Liu et al., 2000; Ondoh, 2000; Depueva, Rotanova, 2001;
Silina et al., 2001). The vertical electromagnetic F2-layer plasma ExB drift induced by a seismic electric field
was proposed as the most probable physical mechanism of such anomalies formation (Namgaladze et al., 2007).

Many papers mentioned electric field disturbances before earthquakes (Kondo, 1968; Chmyrev et al.,
1989; Gousheva et al., 2008; Bhattacharya et al., 2009; Zhang et al., 2012). The problem of anomalous electric
field penetration from the near-ground surface into the ionosphere has no generally accepted solution. One of the
main hypotheses is ionization of the ground atmospheric gases by radon injected from the cracks of the Earth's
crust. This process changes in the conductivity of the boundary layer of the atmosphere (Pulinets et al., 1998;
Toutain, Baubron, 1998). Other hypothesis is related with defect electrons also known as "positive holes"
activated when rocks are subjected to ever-increasing stress (Freund, 2003). Then positive holes charge clouds
arrive at the Earth's surface and generate a positive ground potential. Irrespective of the fact that was the source
the seismic electric field the induced vertical electromagnetic drift moves plasma changing electron density over
the epicenter region and in the magnetically conjugated area.
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With the Global Position System distribution global ionospheric Total Electron Content (TEC) maps
became available for analysis of possible earthquakes precursors. Some questions are to be investigated: whether
precursors always appear before earthquakes, when precursors appear most often, whether there are local
disturbances in TEC without seismic events etc.

The present paper is devoted to analysis of regional relative TEC disturbances maps (%) plotted for the
earthquakes of years 2005-2006 in order to reveal earthquakes precursors and the system of their occurrence.

2. Methods

Analysis of TEC disturbances maps has some problems in particular with the methods of TEC data
processing. There is no consensus of opinion which TEC distributions can be used as background values. Some
investigations were carried out using empirically calculated background values (Zakharenkova et al., 2008) or
the fixed geomagnetically quiet day as a background (Zakharenkova et al., 2006). Absolute TEC values were
analyzed in (Klimenko et al., 2011); statistical methods (computing the median and standard deviation) were
applied in (Le et al., 2011). 15-days medians were used in (Zhao et al., 2010).

We use the Global Ionospheric Maps of TEC with resolution of 5° longitude and 2.5°
latitude and temporal interval of 2 hours (Dow et al., 2009). As background values for the
investigated LT moment we apply moving 7-days average TEC distribution. And we analyze ratios of the current
TEC pattern and the calculated undisturbed background values plotted as regional relative TEC disturbances
maps.
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Fig. 1. TEC relative deviations (%) from the quiet background variations 4-1 days (from top to bottom)
before Peru, Sep. 25, 2005, M7.5 earthquake. Co-ordinates are magnetic latitude and magnetic longitude. Star —
the EQ epicenter position. Diamond — the magnetically conjugated point. Orange circle — the subsolar point.
Black curve — terminator line. LT labels (above the panels) correspond to the EQ epicenter's position

Using such maps we investigate TEC disturbances before 2005-2006 earthquakes that are of M>6 by
magnitude, D<60 by hypocenter depth and <50° by epicenter geomagnetic latitude. The total number of the
seismic events was 29 for year 2005 and 22 for year 2006. The sizable part of events belongs to the Oceania
region and the Japan Islands region. We have analyzed the TEC ratios calculated for 1-8 days before earthquakes,
because it is found out that ionospheric anomalous variations are observed 1-15 days before the strong seismic
shock (Pulinets, Boyarchuk, 2004).
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3. Discussion

Maps for approximately 65 % of the investigated events showed effects in TEC both at the epicenter
and in the magnetically conjugated point. About 20 % of maps demonstrated positive disturbances in TEC, 12 %
- negative disturbances, 14 % - both positive and negative ones. Maps for about 35 % of the considered seismic
events had no local TEC precursors as disturbances both at the epicenter and in the magnetically conjugated
point. Only 20 % of events have precursors which last during day-time hours. For the most part of earthquakes
the TEC precursors are revealed 1-4 days before events. All maps with precursors show that the TEC disturbed
regions are aligned with geomagnetic parallels of the epicenter and the magnetically conjugated point. Usually
regions extend for 20°-30° in latitude and for about 30°-50° in longitude. TEC disturbances last for long periods:
for 14 hours on average and 6 hours at the least. During all period of their existence the TEC precursors are
located at the same regions.

Examples of the regional relative TEC disturbances maps (%) for earthquakes of 2005 are shown in
Figs. 1-2. The maps demonstrate positive (Fig. 1) and negative (Fig. 2) disturbances during night hours before
the events.
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Fig. 2. TEC relative deviations (%) from the quiet background variations 4-1 days (from top to bottom)
before Indonesia, Feb. 26, 2005, M6.8 earthquake. Co-ordinates are magnetic latitude and magnetic longitude.
Star — the EQ epicenter position. Diamond — the magnetically conjugated point. Orange circle — the subsolar
point. Black curve — terminator line. LT labels (above the panels) correspond to the EQ epicenter’s position

Fig. 1 demonstrates TEC enhancements appeared 1-3 days before earthquakes. The most evident
precursors belonged to the second day before the event and had the magnitude up to 60 %. The disturbances
lasted from 17 LT till 05 LT. The precursor regions were aligned with the geomagnetic latitudes of the
magnetically conjugated points and were characterized by the following dimensions: up to 50° in longitude and
up to 20° in latitude. During daytime hours the disturbances disappeared.

In Fig. 2 disturbed by seismic impact regions had TEC lower values relative to the background. 3 days
before the earthquake the disturbances were most significant. They lasted for 16 hours from 17 LT till 05 LT and
had the magnitude up to -45 %. As in Fig. 1 the disturbed areas were located along parallels of the epicenter and
the magnetically conjugated point. We can see shifting of the precursors regions to the geomagnetic poles
because the epicenter was near the geomagnetic equator (-8° in geomagnetic latitude). So the equatorial
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ionization anomaly could influence on the precursor noticeably. During daytime hours the disturbances
disappeared as in Fig. 1.

4. Conclusion

The analysis of TEC relative deviations maps has shown that most often positive TEC disturbances are
revealed before seismic events. For the most part of earthquakes the TEC precursors are revealed 1-4 days before
events and last for 6 hours at least and about 14 hours on average. The TEC deviation areas are aligned with the
geomagnetic latitudes of the epicenter and the magnetically conjugated point. Usually such regions extend for
20°-30° in latitude and for about 30°-50° in longitude.

The investigation was performed using a significant data set (maps for more than 50 M>6, D<60 km
seismic events during 2005-2006). The obtained features of the pre-earthquake TEC modifications agree with
case-study investigations by Pulinets, Boyarchuk, 2004; Liu et al., 2004; 2009; Zakharenkova et al., 2006;
Pulinets et al., 2010; Le et al., 2011; Namgaladze et al., 2011; Zolotov et al., 2011 and support the idea on the
electromagnetic mechanism of the TEC precursors generation because of the geomagnetic control and
disappearance at the daytime.
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