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23 years agoé
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Kobe, Japan
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Igarashi et al, 1995

Middle and short-term pre-EQ phenomena
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8 years agoéTohoku earthquake in Japan
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Integrated satellite and terrestrial framework (ISTF) 
for multi - parameter observations of pre-earthquake 

signals in Japan Today é

CSES1
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LAIC evolution
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Matter and energy transformations on the 
way of precursorõs generation
ˉ Sources Consequences

1 Mechanical sources: tectonic movements, 

deformations, scale transformation, 

deformations, pressure variations, cracks 

formation

Gas and fluid migration, mechanic oscillations, 

foreshocks, triboelectricity, pressure-induced 

electricity, electrokineticeffects, slipping

2 Chemical sources: fluids and gases 

dissolution, chemical and plasma-chemical 

reactions, ionôs hydration, catalytic processes

Heat release/absorption, change of atmosphere 

composition due to chemical reactions, ion clusters 

formation, change of electric properties of 

atmosphere, aerosol formation

3 Radon activity in air/radioactive decay Air ionization, local modification of the Global 

Electric Circuit, generation of space charges, 

anomalous electric field, change of ionosphere 

potential

4 Troposphere modification Formation of aerosol layers, anomlaiesof VLF-

VHF radiowavespropagation, local time 

dependence of ionosphere pre-earthquake anomalies

5 Ionosphere modification Formation of anomalous magnetospheric ducts, 

particles precipitation, VLF anomalous emissions



Most recent view of  the LAIC

conception

Faults activation ïpermeability changes

Gas discharges including radon

emanation

Air ionization by a-particles ï

product of radon decay

IINïformation

of aerosol size particles
Relative humidity drop

Latent heat release

Air temperature growth

Air conductivity change

Atmospheric electric

field growth

Electric field effects 

within the ionosphereEarthquake clouds formation

Convective ions uplift, charge 

separation, drift in anomalous EF

OLR anomalies

Air pressure drop

Jet-streams

Field-aligned irregularities

in magnetosphere

VLF noises trapping, 

cyclotron interaction

Particle precipitation

IONIZATION

Minimal daily air humidity 
at Islamabad

Sept.-Oct. 2005

Pulinets et al., 2015

Ionosphere modification

before earthquake



1) Are any reliable multidisciplinary observations and 
models for pre-earthquake processes - seismic 
precursors, crustal geochemical fluids and gases; 
ULF/VLF magnetic signals; atmospheric effects 
including ionospheric TEC measurements?

2) Statisticalcorrelation  of pre-Earthquake signals with 
subsequent seismic events?

3) What is the potential of Pre-Earthquake signals  for 
inter disciplinary  earthquake predication /forecasting?

Questions we asked  about Pre- Earthquake processes 
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The general and five component projects; b. Precursors of the M7.6 Chi-Chi earthquakeeidentified as of 2006 under the multidisplinaryôintegrated 

Search for Taiwan Earthquake Precursorsõ (iSTEP) Program (Tsai et al., 2006, Tsai et al, 2018)

Integrated approach for pre-earthquake studies  
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Following projects

2011-2013 under grant agreement No. 263502 ð PRE-

EARTHQUAKES project: Processing Russian and European

EARTH observations for earthQUAKE precursors Studies

(P.I.õsTramutoli,Pulinets)

2013-2015 international team: Multi-instrument Space-Borne 

Observations and Validation of the Physical Model of the 

Lithosphere- Atmosphere-Ionosphere-Magnetosphere Coupling 

(P.I.õs Pulinets & Ouzounov)

2014-2016Ionospheric Sounding for Identification of Pre-Seismic 

Activity, INSPIRE project(P.I.õs Krankowski & Pulinets)estec
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What is the advantage of the satellite 
observations?

What is this?

Ground point observations do not 

permit to reveal the integral picture 

of the precursors distribution
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Earthquake preparation zone conception

Yellow and red spots ςground 
layer thermal 
anomalies,[Ω!ǉǳƛƭŀ ŜŀǊǘƘǉǳŀƪŜ
epicenter is marled by cross,
blue circle ςEarthquake 
preparation zone by 
Dobrovolsky R=100.43M, red 
circle ςearthquake activation 
zone by Bowman et al., 1998  
R=100.44M
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Earthquake preparation zone for 
Gujarat M7.7 earthquake



Gujuaratand LõAquila



Multi -disciplinarity from space
üSurface TIR anomalies

üAnomalous latent heat flux

üOLR (Outgoing Longwave Radiation)

üChemical Potential Correction

üElectron concentration and temperature in the ionosphere

üGPS TEC anomalies

üGPS occultation measurements

üIonosphere ion composition

üEF and EM emissions

üTopside sounding

üLow and high orbiting ionospheric tomography

üParticle precipitation
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GPS TEC

Statistics and reliability of the ionospheric 
precursors (global)

Dimitar Ouzounov, Sergey Pulinets  et al, --- Multi-disciplinary observations of Pre-earthquake processes17

5742 EQ



Positive GIM-TEC* anomaly
M >=5.9 140EQs

(Region A: 0<R 1000 km)

Statistics of ionospheric precursors (Japan)



Evaluation of TRA  earthquake anomalies with MolchanõsError Diagram for 
Japan, 2014-2015 (Left to right) A. Distribution map for M>5.5 earthquakes, 
2014-15; B. Temporal distribution (time -lag) of OLR anomalies in relation to 
the time occurrence of EQ; C: MED diagram.

Statistics of OLR thermal  precursors (Japan)

Ouzounov et al, 2018
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Multi -disciplinarity from on the ground

üSeismometers

üDeformographs, inclinometers 

üRadon variations

üCO2 flux 

üAerosol content (AERONET, lidars)

üAtmospheric electric field

ü Ion concentration and composition (mass distribution)

üAir conductivity

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

üMeteorological anomalies (air temperature, relative humidity)

üGround based ionosondes (vertical and oblique sounding)

üGPS receivers

üMagnetometers
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What advantage of the ground-based 
observations?

üHigher sensitivity (starting from ~M2)

üHigher operativity (real-time)

üContinuity in time

üExpert decisive role

üDirect connection with seismological measurements

üLocal control
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China: Map of earthquakes  in main land China studies for pre-earthquake signals during 1966-2006 

[Hui et al, 2018)
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Frequency of pre-earthquake phenomena (>3000) that appeared prior to more then  270 

earthquakes during 1986-2006, in China

[Hui  et al, 2018]
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Indicators of the synergetic character of 
the processes initiated by earthquake 
preparation

üMutual dependence of precursorôs parameters (earthquake 
preparation ïthe complex system)

üSynchronization in time and space

üPresence of the critical parameters (criticality concept)

üPresence of the non-linear processes

üCo-existanceof the different phase states (vapor, condensate) in 
non-equilibrium state

üCatalytic reactions

üCascade processes with the scale changes

üPresence of the non-reversableprocess indicator o ñarrow of timeò 

üPresence of the common time scale ï5 days
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Earthquake preparation as a 
complex system
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Radon repeats the cumulative 
law of the strain storing

Ben-Zion and Lyakhovsky (2002)

Sornette and Sammis (1995)

power-law of the Benioff strain 

log-periodic oscillation model 

Yasuoka et al, 2006



Laser pumping effects
in IIN


