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Ionospheric disturbances around the time of the Ms7.0 Lushan earthquake
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Abstract ; Variations of Vertical Total Electron Content ( VTEC) in the ionosphere are investigated around the
time of the Ms7. 0 Lushan earthquake. A time-series analysis shows an anomalous VTEC increase 15 days be-
fore, as well as some anomalous VTEC decreases 5 days before and 8 hours after the earthquake. Each of

these anomalies lasted more than 4 hours and drified from east to west. The anomalous increase 15 days before

the earthquake is significantly larger than the solar-terresirial background noise, and is thus considered io be

probably related to the earthquake.
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1 Introduction

Many monitoring techniques have been used in at-
tempts to detect anomalous geophysical changes that
might be premonitory to earthquake occurrence. Due to
complexity of earthquake-preparation process, howev-
er, identifying true earthquake precursors from anoma-
lous geophysical signals is still a world-class problem,
In recent decades, the study of ionospheric disturb-
ances possibly related to earthquakes has atiracted
much attention. Anomalous changes of the total elec-
tron content or peak electron density NmF2 a few days
before strong earthquakes have been reported for many

(1% " In the meantime, many theoreti-

seismic events
cal and experimental studies have been made, and
some physical mechanisms of seismo-ionospheric effects
have been proposed. Among them, electromagnetic

(EM) emission released by rock failure or atmospheric
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gravity waves { AGW) excited by tectonic activity in
earthquake preparation zone is most popular!'™"-%!,
In this study, we used a GPS technique to examine
the ionospherie variations around the time of the Ms7.0
Lushan earthquake (epicenter; 30.3°N, 103.0°E) which
occurred at 00:02UT (LT = UT+8) on 20 April 2013, in
Sichuan Province, China. As an ionospheric-sounding
technique with high efficiency and low cost, GPS has
been widely used in space-weather research. By adopting
two ulira-high-frequency waves, the VTEC derived
from GPS measurements is a feasible and high-preci-
sion parameter in investigating the seismo-ionospheric
disturbances. With increasing number of ground-based
GPS receivers, it may provide simulianeously and con-
tinuously monitoring of the variations of ionospheric
VTEC on a large spatial scale!” 1. Therefore, if any
pre-earthquake ionospheric anomalies do exist, the
GPS VTEC technique should be able to detect them.

2 Data processing

Total Electron Content{ TEC) is an ionospheric param-
eter for space-weather research and is defined as the
line integral of electron density along the propagation
path of the radio wave from a GPS satellite to a ground
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receiver. Since ionosphere is a dispersive medium, we
can derive the absolute TEC with high precision from
the geometry-free linear combination of phase-smoothed
pseudo-range***!],

However, the estimation of the differential instru-
mental biases introduced by the satellite and receiver is
vital for accurate calculation of TEC. In order to esti-
mate instrumental biases, a single-layer VIEC model
in a sun-fixed coordinate system is usually introduced™"”,
The single-layer ionospheric model which assumes that
all the electrons are concentrated in a thin spherical
layer at a height of 350 km above the Earth’s surface,
so that we can convert the slant TEC into VTEC at the
Ionospheric Pierce Point (IPP}, which is the intersec-
tion of the receiver-satellite line-of-sight with the sin-
gle-layer spherical shell. Deiails about the estimation
of the instrumental biases can be found in previous pa-
pers® ™! In this study, we adopted the VTEC model
of spherical harmonic expansion, and used the leasi-
squares fitting to estimate instrumental biases and iono-
spheric-model coefficients, After all the IPP YTEC
values were computed, the VTEC over any given point
in the observation area was obtained with the inverse
distance-squared-weighting method'®!. To reduce the
effects of large ionospheric horizontal gradienis, GPS
signals at elevation angles less than 45° were not con-
sidered. After an observation session, the time series
of VTECs over any given observation site was obtained.

Due to its similarity of diurnal variation in the iono-
sphere, the VTEC over a given point can not generate
large day-to-day variations on a timescale of a few
days, unless there are sudden changes in the solar-ter-
restrial environment. Under the assumption of a normal
distribution for the VTEC, we computed the mean val-
ue u of VIEC values during the previous 10-day and
the associated standard deviation o to construct the
upper bound u+ 20 and the lower bound u -2 for
identifying ionospheric anomalies. If any observed
VTEC value during the next day exceeds the lower or
upper bound for more than 2 hours, we declare them to

be a negative or positive anomaly, respectively.

3 Analysis and interpretation

By using the observations of the Crust Network Obser-

vation Center China (Fig. 1), we examined the VTEC
variations in unit of TECu (10% electrons/m*®) at a sam-
pling interval of 30 seconds for the Lushan earthquake.

We computed the time series of ionospheric VIECs
over GPS station SCTQ, which is closest to the epicen-
ter of Lushan earthquake. As shown in figure 2, a pos-
itive anomaly appeared 15 days before and two negative
anomalies appeared 5 days before and 8 hours after the
earthquake,

To show the spatial distribution of the amplitudes of
the ionospheric VIEC anomalies, we used the corre-
sponding upper or lower bound as a reference and plot-
ted the differential two-dimensional VIEC ( AVTEC)
maps for several time intervals during the three anoma-
lous periods, based on data from all stations around the
epicenter (within 70°-140°E; 15°-55°N) (Figs. 3-5).
Here, AVIEC <0 stands for negative anomalies and
AVTEC>0 stands for the positive anomalies.

From figures 3-5, we may see that all the three
VTEC anomalies drifted from east to west, and lasted
more than 4 hours. Unfortunately, due to limited ob-
servation area, we can't determine exactly how long the
anomalies lasted. In view of the strong influence of
solar and geomagnetic activities on the ionosphere, the
solar-terrestrial environment should be taken into con-
sideration in order to determine whether the anomalies
are related to the earthquake. Figure 6 shows variations
of solar F10.7 flux and geomagnetic activity indices
Dst before and after Lushan earthquake. As seen in
figure 6, the solar and geomagnetic activities were both
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Figure 1 Distribution of the GPS stations ( green stars} and
epicenter { black circle point), The red star indi-
cates the position of SCT() station



28 Geodesy and Geodynamics Vol.4

fairly quiet during the three-week period that covers effects (Figs. 3, 4 and 5), they should not have come

these anomalies. Since all the anomalies show local from solar or geomagnetic variations.
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Figure 2 Time series of VTEC over SCTQ station from April 1 to May 22, 2013 (UT). The blue and red
curves represent, respectively, the upper and lower bounds of the observed VIEC values

(black). The black arrows point to the anomalies. The vertical dashed line indicates the time of

Lushan earthquake
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Figure 3 The observed AVTEC distributions around the epicenter (black star) of Lushan earthquake at different times on

April 5, 2013
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Figure 4 The observed AVTEC distributions around the epicenter (black star) of Lushan earthquake at different times on
April 15, 2013
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Figure 5 The observed AVTEC distribution around the epicenter ( black star) of Lushan earthquake at different times on

April 20, 2013
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Figure 6 The solar F10. 7 flux and the geomagnetic Dst index from April 1 to 22, 2013 (UT). The vertical
dashed line indicates the time of Lushan earthquake

However, we are still not sure that all these anom-
alies were related to the earthquake, because such day-
to-day ionospheric VITEC variations may be caused by

[37]

disturbances in the lower thermosphere' ™" , which usu-

ally do not exceed 30%!'%*  So, any smaller a-
nomalies cannot be attributed to the earthquake without
further investigation. Figure 7 shows the spatial distri-
bution of the relative VITEC variability at the times of
the three anomalies. As seen from figure 7, the anoma-

ly amplitude on April 5, 2013 far exceeded the limit of

30%. Moreover, its spatial extent was larger than 1500
km in latitude and 7000 km in longitude (Fig.7(a) ).
Thus, we may exclude meteorological effects as the
cause of this anomaly, and claim it to be related to the
earthquake.

This is not the case for the other two anomalies on
April 15 and 20, however, because the maximum am-
plitudes were around 30% (Figs.7(b) and 7(c)).
Thus, we are not sure whether these anomalies are

related o the earthquake.
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Figure 7 Relative variability of the VTEC values (to values one day before) around the epicenter ( black star) of Lushan earth-

quake at the 3 peak times of ionospheric anomalies.

4 Conclusion and discussion

By analyzing ground-based GPS VTEC data, we found
a positive and a negative ionospheric anomaly 15 and 5
days, respectively, before Lushan earthquake, and a
negative anomaly 8 hours afterwards. All these anoma-
lies lasted more than 4 hours and drifted from east to
west. In view of the solar-terrestrial environment and
the characters of the ionospheric disturbances, we con-
clude that the anomaly on April 5 is probably related to
the earthquake, but are not sure whether the other two
anomalies are related to the earthquake or caused by
thermospheric disturbance.

Seismo-ionospheric effect was previously studied for
the 2008 Wenchuan earthquake ™’ | which was loca-
ted not far from the Lushan earthquake. In that case,
the ionospheric anomalies occurred only 3 days before
Wenchuan earthquake, which is consistent with the
time scale (0-5 days) summarized by Pulinets et al!'

7.44 £ 5 5
111 However, the seismo-ionospheric a-

and Liu et a
nomalies appeared 15 days before Lushan earthquake,
which is far away from the above-mentioned time scale.
Therefore, it is necessary for us to further uncover the
truth of the different time scale.

Two mechanisms for seismo-ionospheric effects were
proposed ; lonospheric oscillation caused by lithospher-
ic outgassing along and in the vicinity of the earth-
quake-generating fault!'®; E x B drift generated by
penetration of ionosphere by earthquake-related extra
electric field on the Earth’s surface!'®*!.

quasi-electrostatic model for atmosphere-thermosphere-
[46]

By using a
ionosphere coupling, Kim and Hegai*™", Pulinets et
al™ and Sorokin et al'**!showed that a strong vertical
electric field on the Earth surface could penetrate into

the ionosphere and modify its dynamics and electron
density distribution prior to earthquake occurrences.

The long-distance east-to-west drift of the anomalies
observed in this study (Fig.3), however, cannot be
easily explained by either of the above-mentioned
mechanisms. Thus, further investigation is needed,
regarding the mechanism of seismo-ionospheric anoma-
lies.

At the present, no substantial breakthrough has been
made in earthquake forecast, especially in short-term
forecast. Identifying different precursor signals and
studying their statistical features are still major aspects
in the research of earthquake forecast. As far as the
time scale of seismo-ionospheric precursors is con-
cerned, the ionospheric precursors provide a possibility

for realizing short-term forecast.
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