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Abstract. Electromagnetic phenomena observed in associ-associated with seismic activitifraser-Smith et al(1990
ation with increases in seismic activity have been studiedreported ultra-low frequency (ULF) magnetic field activity in
for several decades. These phenomena are generated duritige frequency range 0.01-0.2 Hz that began around 12 days
the precursory phases of an earthquake as well as during thgefore the main shock of the Loma Prieta earthquake. Simi-
main event. Their occurrence during the precursory phasekar observations are also reportedMglchanov et al(1992
may be used in short-term prediction of a large earthquake(Ms = 6, Spitak),Hayakawa et al(200§ (Ms = 8, Guam),
In this paper, we examine ultra-low frequency (ULF) elec- and Prattes et al(2011) (M = 6.3, L'Aquila) amongst oth-
tric field data from the DEMETER satellite during the period ers. However, not all large earthquakes exhibit such phenom-
leading up to the Sichuan earthquake. It is shown that therena. It was reported bifraser-Smith et al(1994 that no
is an increase in ULF wave activity observed as DEMETERIincreases in the ULF wave activity were observed ahead of
passes in the vicinity of the earthquake epicentre. This inthe theM = 7.4 Landers earthquake.
crease is most obvious at lower frequencies. Examination of The effects of these electromagnetic precursors perturb
the ULF spectra shows the possible occurrence of geomagaot only on the ground electric and magnetic fields but are
netic pearl pulsations, resulting from the passage of atmoalso responsible for perturbations in the lower D/E regions
spheric gravity waves generated in the vicinity of the earth-(Molchanov and Hayakaw&008 and upper F regionL{u
quake epicentre. et al, 2000 of the ionosphere. Within the ionosphere, these
electromagnetic precursors are observed over a very wide
range of frequency, from DC, ULF to very low frequency
(VLF). Most research has concentrated on the observation
and identification of waves in the ELF/VLF ranges (e.qg.
Larkina et al, 1989 Parrot and Mogilevskyl989 Chmyrev
1 Introduction et al, 1989 Zhang et al.2009 Akhoondzadeh et al2010.
Using data from the DEMETER satellit®nishi et al (2011
Electromagnetic phenomena observed in association Withentified the occurrence of hiss, whistler mode, and elec-
increases in seismic activity have been studied for severajostatic turbulence in a search for anomalous variations in
decades. These phenomena are generated during the precijjave activity during the period leading up to the Sichuan
sory phases of an earthquake as well as during the maigarthquake. These authors were able to show that the anoma-
event. Their occurrence during the precursory phases maj,,s pehaviour in the electrostatic turbulence at a frequency
be used in short-term prediction of a large earthquake. Pergf 20 Hz began about 6days prior to the earthquake. At
haps the first observation of perturbations in the surface maggy, frequencies, in the ULF range a study Bghanasiou
netic field was reported bioore (1964 at Kodiak a cou- gt al. (2011) showed evidence for an increase in the en-
ple of hours before thé&/ = 9.2 earthquake that occurred on ergy of ULF waves of up to 360 % for a period of about a

of observations of perturbations in the surface magnetic field
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Haiti on 12 January 2010 during both day and night-time Table 1. Details of the Sichuan earthquake
orbits of DEMETER.
In this paper, the analysis of ULF fluctuations in the elec-

tric field as measured by DEMETER in the vicinity of the Time of earthquake 12 May 2008, 06:28
Sichuan earthquake is presented. The main aim of the French Epicentre

DEMETER microsatellite was to study disturbances of the Latitude 31.02
ionosphere due to seismo-electromagnetic effects as well Longitude 103.37

as various anthropogenic activities. DEMETER occupies a
quasi-heliosynchronous (10:30 and 22:30LT), circular, al-
most polar orbit with an altitude of 715km. The satellite Depth 10km
performed around 14 orbits per day and was usually oper-
ational at geomagnetic latitudes betweesb and +65. Thus

it provides good coverage in seismically active zones. pass within 2000 km of either the earthquake epicentre or its
The data used were collected by the electric field re-cqnjygate point determined both at ground level or the alti-
ceiver ICE Berthelier et al. 200§ on board the DEME-  t,4e of the DEMETER satellite. The black circle encloses a

TER satellite. The experiment uses four spherical electrodes‘,egiOn of radius 1000 km centred on the epicentre location to
each mounted on a 4 m stacer boom to make measuremer1|l;,%|p provide some sort of scale to the map.

covering frequencies in the range DC-3MHz in four fre-
quency bands (ULF, ELF, VLF, and high frequency (HF)). 2.2 Variation of ULF wave power along the DEMETER
In this paper we present observations in the ULF band. The orbit
DC/ULF measurements sample the four probe potentials at
39.0625 Hz regardless of operational mode (survey or burstYo investigate the possibility of increased wave noise, the
and filtered with a low-pass 15 Hz filter. The potentials arevariation of wave power along an orbit was examined. For
then combined to provide 3 orthogonal complements of theeach orbit the individual spectra were averaged using 30s
electric field in the satellite frame. The data from DEMETER time bins and then compared against the average wave power
are made available via the CDPP data centre in Toulouséor the whole orbit. An example of the results is shown in
(Lagoutte et al. 2009 (http://cdpp2.cnes.fr/cdpp/login.ylo  Fig. 2, which considers the ULF noise in the vicinity of
and also provide auxiliary ephemeris data as well as data t&.8 Hz. In the top panel the axis represents the 30s time
transform the data from satellite frame to geographic and lo-bin along the orbit whilst the axis represents the days of
cal geomagnetic frames. In this study data collected in surveybservation. Since the orbits shown in this figure were mea-
mode were analysed. sured in the night-time sector (22:30 MLT), the timing bins
are numbered south to north. The colour represents the wave
power in each 30 s time bin of the orbit as a ratio of the av-
2  Observations erage wave power for the whole orbit. The white stars are
used to mark when DEMETER is closest to the earthquake
The observations presented in this paper pertain to one sp&picentre whilst the black stars mark DEMETER'’s closest
cific seismic event, namely the magnitude 7.9 earthquake tha&pproach to the conjugate point of the earthquake epicentre.
occurred in Sichuan, China, on 12 May 2008. Details of thisThe lower panel shows the time of earthquakes with magni-
event are given in Tabl&. As mentioned in the introduction, tudeM > 4 that occurred within 1500 km of the Sichuan epi-
there have been numerous reports of seismo-electromagnetientre within the time period of interest. The large ULF elec-
effects observed by orbiting satellites in the ELF, VLF, and tric field ratios encountered in the regions< 5 andy > 65
HF ranges. In this paper, we concentrate on observations igorrespond to high latitudes (south and north respectively).
the ULF wave band. The ULF datasets from the DEMETER These values are influenced by measurements made within
ICE electric field instrument contain waveform information the auroral regions. From this figure it can be seen that the

Magnitude 7.9

in the frequency range below 15 Hz. noise measured at this frequency exhibits large changes rel-
ative to the background levels around the time that DEME-
2.1 Data coverage TER flies over the region of the epicentre. In particular, the

greatest enhancements around the end of March, mid- to late
Figurel shows the orbital tracks of the DEMETER satellite April, mid-May, and early and mid-June. These periods show
in the period between 13 March and 19 May 2008. This cor-enhancements typically 1.5-2.5 times the average level of
responds to the time period 60 days before to 7 days after thpower for the obit of which they were observed and around
earthquake. The red star shows the location of the epicen5-7 times the levels recorded before and after each pass of
tre as listed in the online DEMETER catalogue of seismicthe conjugate point. The largest of these intensifications also
events. The cyan lines show the orbital tracks of DEMETER coincide with increased noise levels just north of the south-
during the above-mentioned period. All of the selected orbitsern conjugate point. During the period 12 March to 12 July,
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EQ: sichuan

Fig. 1. DEMETER data coverage around the time of the Sichuan earthquake. The cyan lines trace the orbital trajectories that pass closest tc
the earthquake epicentre (indicated by the red star). The black circle encloses a region of radius 1000 km centred in the epicentre position.
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Fig. 2. The upper panel shows the ratio of the variation of the measured ULF wave power averaged into 30 s bins to the mean power measurec
along a particular orbital tracky (axis). Thex axis shows the date. The white crosses mark the points in the DEMETER orbit when it passed
closest to the epicentre whilst the black indicate the closets passes of DEMETER to the southern conjugate point. The lower panel shows the
occurrence time of earthquakes with magnitdde- 4 that occurred within 1500 km of the Sichuan epicentre.
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Fig. 3. Ratios of the mean and variance of ULF wave power measured at distaneeS0ifkm (blue), 500< D < 1000 km (red), and
1000< D < 1500km (green) to the wave power measured at distances of 1306 2000 km from the epicentre. Daytime passes are

shown by the open circles,
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Fig. 4. Variation of Dst for the period 1 March 2008 until 31 May showing the magnetic activity of the magnetosphere for the period around
the time of occurrence of the Sichuan earthquake (12 May 2008).
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quite different on these types of orbits. A few days before
the earthquake (in this example 2 days prior), the mean wave
power observed in the range 58 < 1000 km increases to
that observed closer to the epicentre. Thus it appears that the
wave power increases in the vicinity of the epicentre when
compared to that measured at larger distances, and so it ap-
pears that the increase in ULF noise may be linked to the
earthquake precursor wave activity. Fig@ralso shows sim-

ilar increases in the mean and variance of the observed wave
power on other occasions, namely 12, 19, and 21 days before
the main event. These periods also exhibited increased wave
power in the region of the epicentre and coincide with the
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3 Discussion
Fig. 5. Low-frequency wave spectrum observed during a passage of

the DEMETER satellite in the vicinity of the earthquake epicentre From the observations presented above, it appears that the
on the day before the earthquake. increase in ULF electric field noise appears to be associated
with increased seismic activity. However, these increases
may be due to other sources. Therefore it is important to
the USGS earthquake catalog lists over 1000 events that ogliminate these as sources for the increase in wave activity
curred within a distance of 1500 km of the Sichuan epicentre discussed above.
of which over 50 had magnitudég > 5. These larger events  Increased levels of plasma wave noise within the inner
were observed during short periods at the end of March, midmagnetosphere may result from effects such as magnetic
May after the main event, and early and mid-June. These pestorms and substorms. The state of the magnetosphere may
riods are coincident with the observations of increased wavehe quantified by a set of geomagnetic indices, in particular

noise mentioned earlier. the Dst index. Magnetic storms and substorms result from the
interaction between the terrestrial magnetosphere and the so-
2.3 \Variation in vicinity of the earthquake epicentre lar wind. Processes on the surface of the Sun such as coronal

mass ejections and solar flares may result in the expulsion of
The same data were also used to investigate the variatiolarge clouds of particles travelling at high speed. These parti-
of the mean wave power and its variance as a function ofcle clouds propagate through the inner solar system and, de-
time before the earthquake. FiglBeshows a number of se- pending upon the direction of propagation, may collide with
quential plots of the variance of the wave power versus thehe Earth’s magnetospheric cavity. This increase in the pres-
mean wave power in comparison to that measured at dissure of the solar wind compresses the Earth’s magnetic field
tances> 1500 km from the epicentre. The circles representand, depending upon the orientation of the magnetic field
data from daytime orbits, the dots night-time. The blue sym-within the particle cloud, injects particles into the magne-
bols represent data collected within 500 km of the epicen-tosphere via processes such as reconnection. Both of these
tre, red between 500 and 1000 km, and green 1000-1500 kninteractions cause increased electric fields, which result in
Each set of axes represents a different precursor time beforan increase in the transport of plasma within the magneto-
the onset of earthquake. Unfortunately, data at all distancesphere via electrical currents. These increased currents will
are not available for all precursor times. Most days show aalso add to the changes observed in the magnetic field at the
cluster of points almost on theaxis. These points show that surface of the Earth. The magnitude of these changes is usu-
there is little variation in the mean wave power over the orbit, ally quantified through the use of geomagnetic indices and
and so the plasma wave environment is quite quiet. Howeverin particular the disturbance storm time index (or DS)g-
there are occasions when a substantial increase in the wavara, 1991). This index is typically aroundt20nT during
power and its variance is observed. The largest increases arpliet periods. However, during a magnetic storm it may take
observed (as would be expected) in the vicinity of the epi-values in the range-100nT and below, possible reaching
centre (blue markers) with the mean wave power reducing—400 nT in the case of a severe storm. In addition to indicat-
as the satellite moves away from immediate region of theing the onset of the storm, the Dst is also useful in showing
epicentre. This effect is obvious when looking at the eitherhow the magnetosphere recovers after such an event. Figure
the daytime or night-time data alone. It is difficult to com- shows the variation of the Dst index during the two-month
pare day and night datasets since the wave activity is actuallperiod leading up to the Sichuan earthquake (12 May 2008).
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Throughout this period Dst stays abovd@00nT. Thisvalue 4 Conclusions

indicates that the magnetosphere is geomagnetically quiet

with no storms/substorms occurring. Hence it appears thaf his paper summarises the results of a study of ULF plasma

it is highly unlikely that the increase in ULF electric field Wave noise observed by DEMETER in the vicinity of the

strength is due to geomagnetic sources. earthquake that occurred in Sichuan, China, in May 2008.
A possible second source of this ULF wave noise may re-This study has shown that there is a probable increase in the

sult from the effects of ionospheric turbulence triggered by ULF wave power in the vicinity of the epicentre. The data

man-made and natural sources of acoustic waves, and thlso show that the closer to the epicentre, the greater the in-

has been widely studied. These events, which can result ifrease in mean ULF wave power. These effects provide in-

the emission of a substantial amount of wave power, can b&ight into the precursory seismic activity associated with a

triggered by either man-made (explosions, rocket launcheslgrge earthquake. Indeed, if this is the case, then observa-

or natural (earthquakes, volcanic eruptions, hurricanes, madjOﬂS of perturbations in the ionospheric ULF electric fields

netic storms) sources. Such effects have been reviewed ifay have potential use as one of many indicators used to

several articles (e.gBlanc and Rickel 1989 Liperovsky  forecast the occurrence of a major earthquake.

et al, 2008. Although there are many studies dealing with

the influence of large-scale disturbances due to man-made )
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