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ABSTRACT

We here report our observations of the intense lightning events during ~15:00, 23 September to ~12:00, 24 September
2008 along the fault of Wenchuan-Beichuan counties in Sichuan Province, China where a 8.0 magnitude earthquake
strike on 12 May, 2008. This intense lightning period had the highest density in all available the lightning monitoring
data of Sichuan. The altered lightning pattern is unlikely to be a coincidence. We also found that the spatial-temporal
characteristic of lightning in Sichuan has changed after the earthquake. We studied the correlations and analyze the data
between lightning and earthquake in order to understand the seemingly unrelated events.
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1. Introduction

Although earthquake is one of major natural disasters,
the immediate near-term prediction of earthquake largely
remains elusive despite intense investigation, enormous
effort and resources worldwide [1-5]. In order to better
understand earthquakes and find correlations that are
seemingly totally unrelated events, an open-minded and
broad search is necessary.

After the 8.0 magnitude earthquake on May 12th, 2008
along the fault of Wenchuan-Beichuan counties in Si-
chuan Province, which has been showed in Figure 1, an-
other 6.1 magnitude earthquake occurred on August 30th,
2008 in the boundary of Renhe area of Panzhihua and
Huili county of Liangshan Yi Autonomous Prefecture that
also located in the same seismic area, Sichuan Province.

These events stimulated us to search for a wide range
of natural phenomena that may aid us to better under-
stand the onset of earthquakes.

The major seismic area was located in the central
segment of “Helan-ChuanDian Tectonic Belt”, which
also called “China’s North-South Tectonic Belt” and
“The Longmen mountain fault zone”.

2. The Lightning Density Distribution of
Sichuan Province

We ask if there is a correlation between the intense and
dense lightning and seismic activities. Previous studies
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have reported that the ionosphere activities at 0.1 - 10 km
height and electrically active clouds were produced in an
atmosphere sometimes in the eve of earthquake [6-8]. A
possible influence of electromagnetic fields of seismic
origin in the ionosphere-magnetosphere transition region
has also been reported [9-11]. Our studies focus on light-
ning. It has been observed that there is frequent lightning
in the period during the earthquakes. In the past observa-
tions before the Wenchuan earthquake, the highest period of
lightning in that area is usually between May and August.

Prior 2005, there were sparse lightning monitoring
systems in Sichuan, thus there were little available data.
But these systems were significantly improved in 2005,
making it possible for data collection and analyses.
Based on our lightning monitoring data for 2005-2012,
some interesting correlations were found between the
lightning density distribution of Sichuan province and the
seismic belt. In order to understand the correlations be-
tween lightning and earthquake, we carried out system-
atic analyses of available data. Figure 2 shows the light-
ning density distribution of Sichuan. Although there are
only 8-year available data, it may nevertheless shed some
light on the seemingly unrelated events.

We recorded some very unusual lightning event from
~15:00, September 23rd to ~12:00, September 24th, which
was an intense and dense lightning period, accompanied
heavy precipitation. And it had the highest density and
intensity in all the available lightning monitoring data in
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Figure 1. The map of earthquake area in Wenchuan, China. The Wenchuan 8.0 magnitude earthquake on May 12th, 2008
mainly occurred here. The Longmen mountain seismic belt is just between the Sichuan basin and the west plateau. Many
cities, such as Chengdu, Mianyang, Deyang, Guangyuan and Ganzi lie in this seismic area.

Figure 2. The lightning density distribution of Sichuan province. The black line indicates the Longmen mountain seismic belt.
(a) The density in 2005; (b) The density in 2006; (c) The density in 2007, the lightning activities distribute mainly in the heavy
precipitation in east Sichuan. The other areas are less; (d) The density in 2008, the lightning activities distribute almost cov-
ers the whole Sichuan basin and the Panxi plateau; (e) The density in 2009; (f) The density in 2010; (g) The density in 2011;

(h) The density in 2012.

Sichuan. In the past, September usually does not have the
high incidence period of lightning in Sichuan’s weather
history. It seems that the weather pattern has been dis-
turbed by the seismic activities.

Our lightning forecasting system predicted that light-
ning would occur at ~20:00, September 22nd. We pre-
dicted that the highest probability during following 12
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hours was 80% in Sichuan including in greater Chengdu
area. The forecasting placed a special warning ~20:00 on
September 23rd. We also predicted that the highest prob-
ability in next 12 hours in the earthquake area was up to
90%. The intense and lightning indeed not only came as
predicted but also was the first record that the highest
dense lightning occurred at the end of flood season.
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Figure 3 shows that the lightning distribution and the
“Longmen mountain fault zone” and the Panxi seismic
area are nearly overlapped. This seems unlikely a coin-
cidence alone. It seems plausible there existed some cor-
relation between the September 22nd heavy lightning and
the May 12th earthquake. Whether the seismic activities
influenced the lightning still need to be further analyzed
and demonstrated.

3. The Correlation between Earthquake and
the Change of Electric Charge of Ground

Our observations suggest that there seems to be a corre-
lation between the lightning origination and the ground

electric intensity. Under normal condition, the electric
intensity is hecto-volts per meter, but rises up to kilovolts
per meter pre-lightning. Even 14 mega-volts of ground is
the characteristic parameter of the accumulation of the
thundercloud. And the electric filed meter is used to
measure the electric intensity, which has been directly
installed on the ground. The Figure 4 showed the electric
charge, which opposites to polarity of the cloud base,
could be measured in the meter scale. In the range of
sensitivity of the meter, the intensity of induced charge is
proportional to the charge, which near the cloud base. So
the electric field meter is very helpful for the real-time
detection of the change of the nearby ground electric
intensity.

Figure 3. The forecasting and monitoring of lightning on the September 2008 in Sichuan. The black line in the figure indi-
cates the Longmen mountain seismic belt. The lightning of Sichuan from 20:00 hours, Sept. 23rd to 08:00 hour on Sept. 24th.
The detected lightning density and distribution along the “Longmen mountain fault zone” and the Panxi seismic area appear

nearly overlapped.
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Figure 4. The form of the electric charge of ground, and its change before the earthquake. (a) The change of the charge near
the cloud. The electric charge, which opposites to polarity of the cloud base, can be measured by the meter. In the range of
sensitivity of the meter, the intensity of induced charge is proportional to the charge which near the cloud base; (b) The
change of the electric field meter on May 12th, 2008, Chengdu. It can be see that, the change of the electric intensity of

ground was very large when the earthquake happened.

Figure 5 showed that the lightning activities distribute
mainly in the southeast of Sichuan basin and the Panxi
plateau, but less in the west plateau. There are three high
incidence areas in Sichuan; first, the heavy precipitation
in east Sichuan, including Dazhou, Guang’an, Suining,
Neijiang, Zigong; second, the Longmen mountain fault
zone, including Mianyang, Deyang, Wenchuan; third, the
seismic belt of Panxi plateau, including Panzhihua,
Xichang, Huili. Two of three high incidence areas in Si-
chuan are on the seismic belt.

The lightning monitoring data of Sichuan province
showed that the number of cloud-to-ground lightning was
72,092 times in that period and concentrated in Chengdu,
Mianyang, Guangyuan, Meishan and Leshan areas. The
May 12 quake area was not only completely covered by
the dense and intense lightning but also the distribution
of this lightning correlated with the seismic belt.

The earthquake activity is a large scale of crustal tec-
tonic movement. In the pre-earthquake event, various
geophysical parameters of the earthquake area not only
have continuity in time, but also have different distribu-
tion of the geological structure in space. This constitutes
the earthquake precursor field. In the pre-earthquake
event, the ground resistivity in the epicenter and nearby
region undergoes changes under the tectonic stress field,
not only in the epicenter region stress field, but also ap-
pear different degrees of electromagnetic radiation phe-
nomenon. This earthquake precursor phenomenon has
been intensively studied from the observations world-
wide [12-14].

In the stress accumulation process of the earthquake
epicenter, the porosity of the rock decreases and the pore

pressure increases under the compression process [15-18].

There is an enormous energy release, which drives the
fluid flow. As long as the fluid carries hydronium which
forms current while flowing, it adds to the original elec-
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tric field, and can ignite a large extent change to the field.
It also means that, only the electro-kinetic effect can ini-
tiated such a greatly change. Thus the area of atmos-
pheric electric field anomaly is positively correlated with
the magnitude [19-21]. The location of the epicenter is
based on the frequency of appearance, duration, ampli-
tude and spectrum characteristics of the anomaly. There-
fore, the electric intensity of ground, which controlled by
the earth’s external current system and earth’s internal
media electric properties, contains abundant electricity
current. The correlation of earthquake and lightning have
now attracted increasing attention worldwide.

Our analyses show, the atmospheric electric field me-
thod, which used for the earthquake prediction has statis-
tical characteristics. Thus, the method has special advan-
tage in the observation research of the earthquake electric
field, and may become to the critical point of the short-
impending earthquake prediction. Presently, the surface
and satellite observation are the primary two methods of
the earthquake electric field observation research. The
surface observation mainly includes general geomagnetic
and electric intensity observation is very similar to the
observation that used for the lightning forecasting.
Therefore, the earthquake and lightning both have some
contact with the change of atmospheric and ground elec-
tric field, and there may be some correlations between
them.

Based on our observations, we have propose 4 general
correlations: 1) The lightning monitoring data showed
that 60% higher lightning incidence areas in Sichuan are
on the seismic belt, especially the region of “September
22nd dense lightning area”, is nearly superimposed to the
“The Longmen mountain fault zone”. Thus there may be
some correlation between the highest lightning incidence
area and the seismic belt; 2) The time and distribution of
highest lightning incidence have significantly changed
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Figure 5. The spatial-temporal relationship between the earthquake and the lightning. (a) Three high incidence areas in Si-
chuan. First, the heavy precipitation in east Sichuan. Second, the Longmen mountain fault zone. Third, the seismic belt of
Panxi plateau. Two of three high incidences of lightning areas in Sichuan are on the seismic belt; (b) The history data’s dis-
tribution of September in the quake-hit area of Sichuan; (c) The history data’s distribution of Sep in Sichuan Province. It can
be see from this figure that, the data of September 2008 was very abnormal in the history of Sichuan.

after earthquake. The September always belongs to the
lower lightning period in Sichuan’s history. However 4
months after the earthquake, there was frequently heavy
precipitation and lightning in the Longmen mountain
fault zone. Thus the May 12 earthquake may have sig-
nificantly altered the time and distribution of lightning
activity; 3) Forecasting earthquake through the change of
seismic electric intensity of ground is one of the most
common forecasting methods. When the May 12th earth-
quake occurred, the atmospheric electric field meter in
Chengdu recorded strong change of the atmospheric elec-
tric field. (The meter is usually used to detect the light-
ning activities). It may imply that the earthquake could
contribute to the activity of atmospheric and ground
electric field. If these observations can be verified, light-
ning may perhaps be used as an indicator of the earth-
quake; 4) The atmospheric activities may be influenced
by the earthquake.

Copyright © 2013 SciRes.

The highest probability of lightning forecasting from
the system was ~20:00, September 23rd that was com-
pletely covered the quake area. The lightning forecasting
system was built with the decision tree method. It uses 8
atmospheric factors, such as CAPE, vertical wind shear,
850 hpa/sec, the vertical velocity and vortices of the 500
hpa, the divergence of the 200 hpa, the 12-hour precipi-
tation forecasting under the T213 mode, the result of the
numerical weather forecast, to calculate the probability.
Such high probability in history proved that, the factors
must be influenced by the electromagnetic, which created
by the earthquake, absorbed energy, became more and
more activity, and finally made the probability abnor-
mally high.

4. Materials and Methods

Lightning location system of Sichuan Province is formed
by one central station and 20 detecting stations. The de-

1JG



X.B.JIN ET AL.

tection stations were made by China Meteorological
Administration, Weather Detection Center in 2005. The
effective detection range of detection station is 300 kM;
the distance of each station is ~150 kM. And 20 detection
stations cover entire area of Sichuan Province, and make
most area to be in at least 3 station’s coverage. Once the
stations detect the lightning, they will send data to the
central station with the appropriate network.

The central station has a high-speed server, it collects
all data from detection stations and accurate the data
through the way of azimuth intersection and time differ-
ence. It can obtain the detailed parameters of lightning,
including the occurred time (precision to the nanosecond),
location, intensity gradient, error and position mode.

And there is a statistical system to obtain the detailed
parameters of the lightning storm, including the start and
end time, extreme data, location area, and the function of
query. The Geographic Information System is used to
display the distribution of the lightning storm, and also
the platform of the forecasting and monitoring of light-
ning.

The electric filed meter is used to measure the electric
intensity, which has been directly installed on the ground
for the real-time lightning detection. The effective detec-
tion range of the meter is 20 kM. When the electric in-
tensity goes beyond the threshold, the lightning storm
will come in less than 30 mins.
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