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1. Why this presentation

Questions

1. Is there any Litho-Atmo-lonosphere Coupling (LAIC) before
large EQs?

2. If yes, can the LAIC effects be detected from space?
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2. What is an EQ

* Rapid Movement of the ground caused by the
rupture in the lithosphere (down to 700km depth)

« Expression of our planet vitality (Tectonics,
rotation and heat by the Earth)

« EQ is a Natural Phenomenon:
" EQs do not kill people, buildings do!”

» Measure of an EQ: Magnitude (real number,
Richter) or Intensity (degrees from I to XII
Mercalli scale)
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eqsstemics

2010 Haiti M7 300,000

YEAR LOCATION MAGNITUDE ESTIMATED DEATH TOLL
1 1976  Tangshan, China 75 N 255,000
2 1920 Gansu, China 8.6 I 200,000
3 1927  Qinghai, China 79 | 200,000
4 1923 Kanto, Japan 7.9 I 1 43,000
5 1948  Turkmenistan 7.3 I 110,000
6 1908 Messina, Italy 7.2 I 70.000
7 1932 Gansu, China 1.6 I 70,000
8 1970 Peru 7.9 I 66,000
9 1990 Iran 7.7 I 40,000
10 1935 Quetta, Pakistan 1.5 M 30,000
SOURCES: United States Geological Survey, Associated Prass THE WASHINGTOMN POST
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7) 3. LAIC:
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An Overview
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oy 4. Geosystemics:
a Multi-attack strategy to EQ

Geosystemics studies Earth system from the holistic point of view,
looking with particular attention at self-regulation phenomena and Patterns in th e EQ prepara tiO n

relations among the parts composing Earth as approaching a critical
state or persisting its trend of evolution (De Santis, 2009 & 2014) . phase *
Magnetosphere ASTER (rese) O R DEMETER, AGILE - =
f ‘ o < _@ ) 3. Ionospheric anomalies
B o - (short term)
® 5 ; (from satellite or ionosondes or GPS

networks)
- ionospheric density
- em field
- TEC

2. Atmospheric anomalies
(short term)
- Thermal anomalies
- Clouds anomalies

1. Seismic fore-patterns
(from seismic and magnetic data)

- Acceleration (interm. term)

Adapted from iStep P'rogram
(Tsai et al., 2004)

*The main goal is not Earthquake Prediction but to understand - non linear ,Ddf (ShO It term )
the process of earthquake preparation and geospheres
coupling. 9

De Santis & Geosystemics Res. Group, LAIC, AGILE 13th Scientific Workshop, 26 May 2015



eqQsksiemics

5.1 Study from space:
Some studies from DEMETER

(Detection of Electro-Magnetic Emissions Transmitted from
Earthquake Regions) in orbit 2004-2010

Plasma Analyser

Electric
sensor
Electronic
module
Energetic
Particle
Analyser

Magnetic
Sensors probe
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> @3 5.1 Study from space:

Statistical study from DEMETER

DEMETER satellite 4

: : . . ~ 9000 EQs
Night time VLF Electric field Attenuation at ~1.7kHz M5 and h< 40 km

Method of the Superimposed Epochs (2004-2010)
Complete DEMETER data set

Complete DEMETER data set
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11 days before the EQ
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A few hours before
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5.2 Study from space:
magnetic analyses

Wavelet Entropy of satellite magnetic data

The case of magnetic signal 26" Dec. 2004
from CHAMP satellite

M9 Sumatra EQ
(in orbit 2000-2010) >
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5.3 Study from space (& ground):
atmospheric analyses

Thermal anomalies before May 2012 M6 EMILIA (Italy) major earthquakes

3
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> @I 5.4 Study from space:
ionospheric analyses

Total Electron Content (TEC): contrasting results for two
Chinese EQs (because of Coversphere?) (He et al. 2014)

M7 Lushan 20 April 2013

M8 Wenchuan 12 May 2008
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5.5 Study from ground:
Two examples

g
g
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Gf 5.6 Study from seafloor:
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6. LAIC Models

Current Dynamos for LAIC coupling

1. Dynamo from stressed rocks (Freund, JAES,

i 2011)
lonosphere 2. Dynamo from injection of radon and charged
. ’ . aerosols (Sorokin and Hayakawa, MAS
| ‘ ‘ ) 2013; Pulinets & Ouzounov, JAES 2011)
Ji | Atmosphi 4
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e
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De Santis & Geosystemics Res. Group, LAIC, AGILE 13th Scientific Workshop, 26 May 2015

/
\

Pulinets & Ouzounov, JAES 2011

22



6. LAIC: an
-, alternative
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7. Satellite-based Projects
SAFE — Swarm for EQ study

“Thus, em radiation significantly above the background noise
prior to at least some EQs may be observable from space in
carefully designed experiments.” (Cicerone et al., 2009)

Swarm satellites

i. Three twin ESA satellites in
quasi-polar orbits, appropriate
combination of (em, particles
& gps) sensors

ii. Satellite orbiting configuration:
2 satellites (460km) +1 satellite
(510km)

The specific 3-satellite Swarm configuration is
expected to favour discrimination between EQ-

related and non-EQ-related anomalies o4
De Santis & Geosystemics Res. Group, LAIC, AGILE 13th Scientific Workshop, 26 May 2015
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7. Satellite-based Projects

Magnetosphere

LIMADOU (MATTEO RICCI)
ITALY-CHINA PROJECT

CSES: Chinese Satellite FOR EM
monitoring of possible
lithosphere induced signals

lonosphere

INFN, ASI, UNIV. TRENTO, PERUGIA,
TORVERGATA... &

CENTRE OF EARTHQUAKE ADMIN. (CHINA)
(with some little help from INGV)

Study of precipitation of
energetic particles from the e s i A
magnetosphere s e B -

- From Battiston, Etice, 2012
De Santis & Geosystemics Res. Group, LAIC, AGILE 13th Scientific Workshop, 26 May 2015




@) 8. Conclusions
Messages to take home

1. Earthquake Physics is complex

2. A multi-attack & multi-community strategy (multi-parameter
and interdisciplinary approach) to the problem is fundamental
- Geosystemics

3. LAl Coupling exists and it is possible to be detected by space
(but with caution and together with ground data observations!)

4. However, we need to better understand the physics and
identify the best model of LAIC

5. Satellite data analysis (e.g. SAFE esa-funded Project &
LIMADOU... & AGILE?) will provide important insight

) 26
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