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Abstract 

 

 Several authors reported the weakness of traditional approaches to seismic hazard assessment as well 

as the significant consequences of their failures in terms of human and economic losses (e.g. Kossobokov 

and Nekrasova, 2012,  Wyss et al. 2012). For instance Geller (2011) reports that  “…since 1979, earthquakes 

that caused 10 or more fatalities in Japan actually occurred in places assigned a relatively low probability”.  

No better results were achieved in other regions where seismic hazard assessment is based mostly (if not 

exclusively) on the study of earthquakes catalogues. This is for instance the case of Italy where, on the base 

of PSHA (Probabilistic Seismic Hazard Analysis) methods (e.g. Cornell 1968), all the events that caused 10 

or more fatalities in the past 20 years were largely unexpected and/or underestimated in terms of magnitude 

or Peak Ground Acceleration (PGA). For instance the San Giuliano earthquake (31 October 2002, ML=5.4) 

that killed 27 kids in a school, occurred in an area that was previously considered of minor concern. 

Particularly enlightening is the explanation given by  Chiarabba et al. (2005): “…Seismic hazard for the 

region had not been previously retained high and the earthquake was mostly unexpected by seismologists. 

The reason was that neither historical or instrumental events had been previously reported in seismic 

catalogues for that area”. In the case of Emilia earthquake (20 May 2012, MW=5.8) the observed PGA (>0,25 

g) in the epicentral zone (Panza et al 2014) was significantly higher than the one (< 0.175 g) predicted by the 

PSHA map assumed as reference by the Italian Ministry of Infrastructures (see Zuccolo et al, 2011 and 

reference herein) in defining the new rules for build in seismic areas. Even more weak are the results until 

now achieved by the so called Operational Earthquakes Forecast (OEF) methods which still suffer from 

strong limitations in terms of their actual (too low absolute value of estimated probabilities) and general 

(forecast is substantially limited to earthquakes which are preceded by foreshocks) operational applicability 

(e.g. Wang and Rogers, 2014; Panza et al., 2014). Mostly for these limitations they have been scarcely used 

until now justifying the renewed interest of the scientific community for the study of the preparatory phases 

of earthquakes and for those, not just seismological, geophysical properties whose anomalous transients 

could be considered and monitored as earthquake precursors. Although many of them (chemical, physical, 

biological, etc.) have been since long time proposed in literature (see for instance Tronin 2006 and reference 

herein; Cicerone et al 2009) and several physical models (e.g. Scholz et al 1973, Tronin 1996, Freund 2007, 

Pulinets and Ouzounov 2011, Huang 2011, Tramutoli et al. 2013, etc.) exist that explain why those 

parameters could exhibit significant variations in relation with the preparation phases of an earthquake, until 

now no one single measurable parameter, no one observational methodology, has demonstrated to be 

sufficiently reliable and effective for the implementation of an operational earthquake prediction system. 

However, moving from deterministic prediction to a probabilistic forecast goal, a multi-parametric approach 

can be today considered the most promising one, both in terms of reliability (forecast probabilities could be 

orders of magnitude higher than the ones offered by traditional OEF approaches) and precision (strongly 

reducing the “alerted” space-time windows).   

To this aim a very preliminary step is to identify (and to characterize them for their actual informative 

content) those parameters (chemical, physical, biological, etc.) whose anomalous variations can be actually 

associated to the earthquake preparation phases.  

In this paper the fluctuations of Earth’s thermally emitted radiation (see Tramutoli et al. 2015 for a review)  

- observed by satellite sensors operating in the Thermal InfraRed (TIR) spectral range – will be considered.  
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More than 10.000 TIR images collected by sensors operating on different satellite platforms (MSG, GOES, 

MTSAT, GMS, etc.) over European (Italy, Greece and Turkey), American (California) and Asian (Taiwan 

and Japan) regions were analyzed. The general RST (Robust Satellite Technique, Tramutoli 1998, 2007) data 

analysis approach and the specific RETIRA (Robust Estimator of TIR Anomalies) index were used to isolate 

Significant TIR Anomalies (STAs) possibly associated to seismic activity, from the normal variations of TIR 

signal due to other causes (e.g. meteorological) in quite long (from 5 to 12 years) continuous periods of 

observations. Prescriptions on STA’s relative intensity and space-time persistence, were used to identify 

Significant Sequences of TIR Anomalies (SSTAs). Significance of the correlation existing among SSTAs 

and earthquakes (with M≥4) occurrence was then investigated in order to evaluate the possible contribute of 

RST-TIR observations in the framework of a multi-parametric system for time-Dependent Assessment of 

Seismic Hazard (t-DASH).  

 A long-term retrospective correlation analysis was performed among the appearance of SSTAs and time, 

location and magnitude of earthquakes occurred within predefined space-time windows. Preliminary results 

highlight that, depending on the considered geographic region, the occurrence of SSTAs falling out of the 

pre-fixed space-time correlation window range between 7% (Greece) and 39% (Italy). Molchan error 

diagram analysis gave a clear indication of non-casualty of such a result with a probability gain (compared 

with the random guess) ranging from 1,5 up to 3,5. Such a result confirm the positive informative 

contribution that the use of RST-TIR analysis could give in the framework of a multi-parametric t-DASH 

system.  
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