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• SCIENTIFIC RATIONALE

Three possible Models of LAIC

1. Dynamo from stressed rocks (Freund, JAES, 
2011; Kuo et al., JGR, 2014)

2. Dynamo from injection of radon and/or charged aerosols
(Sorokin and Hayakawa, MAS, 2013; Pulinets & Ouzounov, 
JAES, 2011)

3. Acoustic Gravity Waves (AGW) 
(Hayakawa et al., JAE, 2011)

• In Laboratory, rocks under stress show peculiar electric
and thermal properties before break

• In Nature, during the preparation of earthquakes
some precursors could appear due to a
Lithosphere-Atmosphere-Ionosphere Coupling
(LAIC)

(Marchetti et al. Rem. Sens. 2020)



• SCIENTIFIC INTERCONNECTION RATIONALE within COS

From Marcocci et al. presentation



• OBSERVATIONAL INFRASTRUCTURE 

De Santis et al., P&CE, 2015

• The Chinese Seismo-Electromagnetic Satellite (CSES)
has been launched on 2 February 2018 in a fixed sun-
synchronous polar orbit at around 500 km altitude

• Different Payloads sharing some similar instruments:
magnetometers, Langmuir Probes, High Energy Particle
Detector, Electric Field Detector, etc.

• Meteo-Climatological networks (ECMWF and NASA/NOAA)

• Swarm three satellites (ESA), launched on 22
November 2013 in quasi-polar orbits at 460 km (two
satellites) and 510 km (third satellite)

Swarm 

CSES

• Earthquake seismic networks (USGS, EMSC, …)

GPS

• Ionosondes and GPS/GNSS receivers



• Lithosphere: Earthquake catalogs (USGS, EMSC, ISIDE, etc.)

Earthquake Epicentre location and depth, origin time, magnitude

(Cumulative reduced Benioff strain and R-AMR method)

• Atmosphere: Climatological databases (NASA: MERRA2; ECMWF: ERA-Interim / ERA5)

skin temperature, ozone, water vapour, aerosol, CO, CH4, SO2

(three-month analysis and historical background based on >10 yrs of data)

• Ionosphere:

From Satellites: Magnetic field, electron density and temperature

(track-by-track data analysis for anomaly identification – MASS method)

From ground (Observatories): Magnetic field, Ionosonde data, TEC from GNSS

• INFRASTRUCTURE FOR DATA MANAGEMENT, 
PROCESSING  & AVAILABLE PRODUCTS (under 
development; now only for research)

De Santis et al., Fr.E.S., 2020



• POTENTIAL DISTRIBUTION OF PRODUCTS (on demand)

• Lithosphere:

Cumulative reduced Benioff strain and R-AMR method (Cianchini et al., PAGeoph 2020)

• Atmosphere:

Three-month analysis and historical background based on >10 yrs of data (Piscini et al. PAGeoph, 2017)

• Ionosphere:

From Satellites:

Track-by-track data analysis for anomaly identification – MASS method (De Santis et al. Atmosphere, 2019)

Space-Time Plots and Spectrograms (De Santis et al., Sci. Rep. 2019)

From ground (Observatories):

Time Plots, Spectrograms, EFD; TEC plots; Ionograms (Perrone et al. Ann. Geoph. 2018)

• Single case studies

SAFE Website (http://safe-swarm.ingv.it/)
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