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Introduction

2005�Working Group on Earthquake 
satellite was founded in the framework of 
China-France Bilateral Space Committee
Share Demeter data during 2004-2010
Data application in case study



LOGOApplication Development of 
satellite data in China

Software and techniques
Case study and statistical results
Theoretical simulation of propagation of 

VLF electromagnetic waves
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Demeter_data analysis

Correlation

Auto-power spectrum

Cross-power spectrum

Relevance of spectra

Fractal analysis

Spatial gradient

Discrete wavelet

Continuous wavelet

SVD anomaly abstraction

…
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(2) New results in case study 

Sumatra M8.5 earthquake on Mar. 28, 
2005 (VLF E, Ne)
Wenchuan earthquake on May 12, 

2008(Ne, Ni, Ti, VLF E and B)
Chile M8.8 earthquake on Feb. 27, 

2010(high energy particles)
Yushu M7.1 earthquake on April 13, 

2010(VLF B)



LOGOSome cases with electrostatic perturbations in Chile (16/24)
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Statistical research on earthquakes in China�30�
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LOGOTypical abnormal shapes

different-shape curves of ULF electric field waveform
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Wenchuan earthquake

Wavelet analysis on data recorded on May 10 and 11 
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LOGOAnomalous signals around 
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LOGOData analysis on ground-based 
ULF electric field

The accuracy of voltage is about ±
(0.1% reading +0.02% full scale), 
with resolution superior to 10μV. 
The dynamic range is ≥100dB. 
Frequency bands are 0-0.1Hz. 
Sampling rate is always taken as 
60s at stations. Solid non-polarized 
electrodes are buried 3-4m 
underground to detect the geo-
electric field at two or three 
directions, where two electrodes 
are separated in a distance of 
300m or 150m. 
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Other ground-based observation
foF2 Geomagnetic field



LOGO
GPS TEC
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Discussion

1

DC electric field

Direct 
propagation of 
ULF/ELF 
electromagnetic 
wave from 
lithosphere to 
ionosphere

2

Acoustic gravity 
wave

3

Precipitation 
of high 
energy 
particles
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Conclusions

1 2 3 4

The amplitude of 
ground electric field 
anomalies was about 
3mV/km to 100mV/km, 
which may be 
correlated with 
individual 
underground 
electromagnetic 
conditions. But the 
direction of 
anomalies may be 
affected and 
controlled by regional 
stress state.

The intensity amplitude 
differs largely at ground 
and satellite observation. It 
is difficult to connect both 
of them by direct 
propagation of 
electromagnetic waves in 
lithosphere-atmosphere-
ionosphere. But acoustic 
waves excited by ground 
tremors may be the 
transmitting media 
between lithosphere and 
ionosphere. 

The periodical 
variations in ULF 
electric field by 
satellite are: 
annual, seasonal, 
monthly, diurnal 
variation.

There are mainly 
six-kinds of 
abnormal shapes 
in ULF electric 
field.

Satellite ULF electric 
field shows 
perturbations over the 
epicentral area  with 
amplitude of about 3-
5mV/m a few days 
before Wenchuan
earthquake, 
especially on May 11, 
which is consistent 
with that in ground 
observation, showing 
the internal connection 
between them in time 
and space domain. 
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LOGOHigh-speed disturbances in 
geomagnetic coordinate system

Amplitude=abs(Ei+1-Ei )
angle=arctan(Ey/Ex)



LOGOHigh-speed disturbances in 
geomagnetic coordinate system
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Introduction

Wenchuan M8.0 earthquake on May 12, 2008

Previous research 
 GPS TEC
 Plasma parameters
 ELF/VLF electric field

ULF electric field observation on DEMETER 
satellite



LOGOData analysis on DEMETER 
ULF electric field

 Background information in ULF electric field by 
DEMETER satellite

 Diurnal variation 
 Seasonal variation
 Annual variation

 The typical abnormal shapes in ULF electric field

 Data analysis of ULF electric field  around Wenchuan
earthquake
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LOGOTypical abnormal shapes

Abnormal-shape curves in ULF electric field  single pulse
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Abnormal-shape curves in ULF electric field regular waveform
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Abnormal-shape curves in ULF electric field   big step variation
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Abnormal-shape curves in ULF electric field combing  

irregular periodical signals  pulse+regular waves
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Abnormal-shape curves in ULF electric field

Long period modulation



LOGOTypical abnormal shapes

Abnormal-shape curves in ULF electric field

Step variation+irregular waves

irregular periodical signals irregular periodical signals 


