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A series of earthquakes recently occurred in many countries across the world have resulted
in massive devastation and loss of lives, and caused enormous economic damage. Some of
them include the 2008 Wenchuan earthquake, the 2010 Chile earthquake, the 2011
Christchurch earthquake in New Zealand, and the 2011 Japan earthquake and subsequent
tsunami, and the extremely violent Haiti earthquake of January 2010, which killed more than
220,000 people. Although scientists believe a mixture of seismic precursors occur prior to
earthquakes, it is commonly recognized that earthquakes are notoriously difficult to predict.
Yet a reliable shortterm earthquake forecast could save thousands of lives.

The evolutionary process of earthquakes is rich of complex features, from stochastic to
chaotic or pseudo-periodic dynamics, often depending on the different geo-tectonic regime
and focal mechanisms. A wide range of fundamental research in the lithosphere, such as
from fault rupture mechanics to seismic wave propagation, has been undertaken on different
regions in past decades. Many case studies show there are some seismic anomalies before
earthquakes and associated phenomena after earthquakes in respect of ground
deformation, active faults (slip rates and geometry), tectonic stress fields and geomagnetic
fields, but systematic understanding of preparation process of earthquakes and their seismic
cycles is very limited to date. There is no pragmatic approach to predicting earthquakes.

Earth observation (EO) building on satellites provides the enormous capability of observing
regional and global areas of our planet. It records a wide range and huge volumes of spatial
temporal measurements, which capture a variety of activities occurring on the earth and in
its interior. Meanwhile, EO provides new possibilities for scientists to investigate the
earthquake behaviour by using a broad range of abnormal phenomena reflected in
ionosphere and ground displacement activities observed from space and improve
understanding of preparation process of earthquakes from the world scale and the
perspectives of coupling ionosphere with lithosphere.

The project is aimed to investigate space borne SWARM, ENVISAT/ASAR and other
satellite data for detecting a range of precursors in ionosphere and lithosphere, before large
earthquakes and to assess correlations between the selected precursors and seismic cycles.
The specific objectives are to:

e Review the studies of thermal infrared anomalies using CBERS-01&02, FY 2C,
ERS1&2,

o RADARSAT, Sentinel-3; be familiar about spatial-temporal profiles of ground
deformation and active fault features wusing ERS, ENVISAT/ASAR,
ALOS/PALSAR(TPM) satellites and GPS;

e improve our understanding on ionospheric perturbations and abnormal changes in
electromagnetic emission density and electron density using SWARM,;

o develop effective methodologies based on data mining, statistical methods and
existing methods

e developed for handling ground deformation and thermal infrared spectrum to extract
anomalies;

e define a uniform entropy measure to transform the detected anomalies to a uniform
representation;
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carry out fusion on unified anomalies and examine the divergence among combined
results and select convergent anomalies for further analyses;

detect possible coherent acceleration in time of some physical parameters related to
seismic strain release behaviour before large seismic events;

analyze correlations and coherences between the anomalies from satellite and
ground data and seismic cycles and;

develop a model based on Bayesian probability and Theory of Belief Functions to
estimate possibilities of potential seismic activities in a given region.
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