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8 years agbohoku earthquake in Japan

Earthquakes progress as chain reactions
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| ntegrated satellite and terrestrial framework (ISTF)
for multi - parameter observations of pre-earthguake

Todaé signals in Japan
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We asked for help from the experts in the fie

Dimitar Sergey Katsumi
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LAIC evolution

Lithosphere-Atmosphera-lonosphere-Magnetosphere Coupling
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Precursors: A Complex Model of Ionization-Induced Geophysical
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Magnetosphere System
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Mechanical sources: tectonic movements,
deformations, scale transformation,
deformations, pressure variations, cracks
formation

Chemical sources: fluids and gases
dissolution, chemical and plasrohemical
reacti ons, l onds hy.

Radon activity in air/radioactive decay

Troposphere modification

lonosphere modification

Gas and fluid migration, mechanic oscillations,
foreshocks, triboelectricity, presstireluced
electricity, electrokineticeffects, slipping

Heat release/absorption, change of atmosphere
composition due to chemical reactions, ion cluste
formation, change of electric properties of
atmosphere, aerosol formation

Air ionization, local modification of the Global
Electric Circuit, generation of space charges,
anomalous electric field, change of ionosphere
potential

Formation of aerosol layeranomlaiesof VLF-
VHF radiowavegropagation, local time
dependence of ionosphere {@arthquake anomalie

Formation of anomalous magnetospheric ducts,
particles precipitation, VLF anomalous emissions
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Questions we asked about PreEarthquake processes

1) Are anyreliable multidisciplinary observations and
models for preearthquake processeseismic
precursors, crustal geochemical fluids and gases;
ULF/VLF magnetic signals; atmospheric effects
Including ionospheric TEC measurements?

2) Statisticalcorrelation of preEarthquake signals with
subseguent seismic events?

3) What is thepotential of PreEarthquake signals for
Inter disciplinary earthquake predication /forecasting
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Integrated approach for preearthquake studies

a. Program on Integrated Search for b. Precursors of the Chi-Chi
Taiwan Earthquake Precursors (iSTEP) earthquake identified by iSTEP

Tsai et al. (2004) Tsai et al. (2006)
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Following projects

20112013 under grant agreement No. 263502 & PRE
EARTHQUAKES project Processing Russian and European

il EARTH obse_rvat_ions for earthQUAKE precursors Studies
(RI&Tramutoli,Pulinets)

20132015international team: Mulinstrument Spac&orne
W wemanona | ODSErvVations and Validation of the Physical Model of the
II 5

PACE
SCIENCE

NaTITOTE Lithosphere AtmospherelonosphereMagnetosphere Coupling
(P.Id8 Pulinets & Ouzounov)

= 20142016lonospheric Sounding for Identification of F8eismic
\&\“egga Activity, INSPIRE proje¢P.I8 Krankowski & Pulinets)
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What Is the advantage of the satellite
observations? ESSESTaasss
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Ground point observations do not
permit to reveal the integral picture
of the precursors distribution
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Earthquake preparation zone conceptl
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Multi -disciplinarity from space

U Surface TIR anomalies

U Anomalous latent heat flux

U OLR (Outgoing Longwave Radiation)

U Chemical Potential Correction

U Electron concentration and temperature in the ionosphere
U GPS TEC anomalies

U GPS occultation measurements

U lonosphere ion composition

U EF and EM emissions

U Topside sounding

U Low and high orbiting ionospheric tomography
U Particle precipitation
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Statistics and reliability of the ionospheric
precursors (global)
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Statistics of ionospheric precursors (Japat
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Statistics of OLR thermal precursors (Japa
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Multi -disciplinarity from on the ground

Seismometers

Deformographsinclinometers

Radon variations

CO2 flux

Aerosol content (AERONET, lidars)

Atmospheric electric field

lon concentration and composition (mass distribution)
Air conductivity

Anomalies of radio waves propagation in different frequency bands (from
VLF to VHF)

Meteorological anomalies (air temperature, relative humidity)
Ground based ionosondes (vertical and oblique sounding)
GPS receivers

Magnetometers
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What advantage of the grounmased
observations?

U Higher sensitivity (starting from ~M2)

U Higher operativity (reatime)

U Continuity in time

U Expert decisive role

U Direct connection with seismological measurements
U Local control
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China: Map of earthquakes in main land China-sarthegiéepsgnals during@A@&6
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Frequency of-perthquake phenomena (>3000) that appeared prior to more the
earthquakes during-2086, in China
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Indicators @of the; synergetic.character
the precesses initiatedyby earthquake
preparation

GdMut ual dependence o(earthgualkec ur s
preparationi the complex system

Synchronization in time and space
Presence of the critical parameters (criticality concept)
Presence of the ndmear processes

Co-existanceof the different phase statéspor condensaten
nonequilibrium state

Catalytic reactions

Cascade processes with the scale changes
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Presence of the common time sdakedays
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Earthqguake preparation as &
complex system

Complete System

LAIC
Subsystems
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Residual value of radon concentration (Bg:m)
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Laser pumping effects
in 1IN




