/ 1. Introduction
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TIR anomaly possibly
related to the large earthquake

using MT-SAT data

Looking toward the devel of multi ic approact
which could ‘be able to improve our l;apablht\r to assess the seflsmic
hazard in the short-term {from weeks to days before the earthquake), a
preliminary step:is to identify those parameters (chemical, physical,
biological, etc.) whose anomalous variations can be, to some extent,
associated with the complex process of preparation of earthguakes.

The fluctuations of Earth's thermally emitted radiation, measured by
satellite sensors operating in the thermal infrared (TIR) spectral range,
have been proposed since eighties as a potential earthquake precursor.
Since’ 2001, the general change detention approach Robust Satellite
Techniques (RST), used in combination with RETIRA (Robust Estimator of
TIR Anomalies) index, showed good ability to discriminate anomalous
TIR signals possibly associated to seismic activity, from the normal
variability of TIR signal due to other causes {e.g. meteorological).

In this work, the RST [Robust Satellite Technique, Tramutoli 1998) data
analysis approach has been implemented on TIR sateilite records
collected over Japan by the geostationary satellite sensor MTSAT
[Multifunctional Transport SATellites) in the period June 2005 -
December 2015 in order to evaluate its possible contribute to an
improved multi parametric system for a time-Dependent Assessment of
Seismic Hazard {t-DASH]).

For the first time, thermal anomalies has been jdentified comparing the
daily TIR radiation of each location of the considered satellite portions,
with its historical expected value and variation range (i.e. RST reference
fields) computed using a moving window (i.e. 30 days) instead than fixed
monthly window.
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\\ / 2. RST methodology and RETIRA index

The RST approach is based on a multi-temporal analysis of histarical data set of satellite observations acquired in similar
observational conditions (e.g: same hour of the day, same sensor, etc.). Such preliminary analysis is devoted to characterize the
measured signal in terms of its expected value and variation range {i.e. RST reference fields) for each pixel of the satellite image to
be processed.

In order to reduce meteorological effects in the camputation of the reference fields, for the first time, nstead of a fixed monthly
window criteria, a 30 days moving window (l.e. 15 days before and 15 days after the considered day of the year) has been used.

To identify TIR Anomalies, RETIRA index was computed on the image at hand as in the following expression:
Alpo (X3 0) = ping,, (%)
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where:

=%y represent the coordinates of the centre of the ground resolution cell corresponding to the pixel under consideration on a

satellite image;

- tis the time of the measurement acquisition with ter, where 1 defines the homogeneous domain of multi annual satellite imagery

collected in the same time-slot of the day and period of the year;

- AT, [t} Is the spatial average of AT{x.p.t) within a region of 3x3 pixels centerad at location x,y. It is computed only if at least 55%.
of pixels are clear or not close to cloud;

- AT(x . t)=Tix,yt}=Tit) i5 the value of the difference between the punctual value of TIR t p e Tixut) at

the location x ) on the acquisition time t and its spatial average T{t) computed on the | i 4 area considering only cloud-free®

locations, all belonging to the same, land or sea, class {l.e. considering only sea pixels if x y is located on the sea and only land pixels

if x.y is located on the land);

- u“,qu,y] is the time average value of AT, [xyt) at the location x,y o
data set {tet);

- @yr(%y) is the standard deviation value of AT, {xyt) at the location xy ©
selected data set (tet).

i on cloud-free records belonging ta the selected

d on cloud-free records belonging to the

|\ | \_\ * Cloud-detection is performed by using the One-channel Cloud-detection Approach (OCA) described in Cuomo et al., 2004 /
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/3. \dentification of Significant Sequences of TIR A lies (SSTAs) in a possible relation [ 4. Results of long term correlation analysis and Conclusion \
| with Earthquakes (M25) | The analysis performed by applying previ blished ¢ lation rules to all the
As discussed in previous papers (e.g. Tramutoli et al., 2005} significant TIR Anomalies {TAs) possibly 29 S5TAs identified on the whole time series °f MTS'?T Tla observations h'thgmd
related to an impending earthquake are spatially and temporally persistent. To identify Significant that the 80% of SSTAs are in o with ear (M25)

5 of Thermal A lies [S5TAs) the following requirements must be satisfied:

* Relative intensity: @mm{x,y;n 2K (in this study K=3,5)

» |mages affected by particular meteorological conditions (e.g. wide cloudy coverage), navigation
errors (Filizzola et al. 2004), and/or know spurious effects (e.g. cold spatial average effect, Aliano et
al. 2008, Genzano et al. 2009, Eleftheriou et al. 2016) have to be discarded

= Spatial persistence: it is not isolated being part of a group of TAs covering at least 150km? within an ; i i H J = h h I l
area of 1x17; > I g

e p conditions (i.e. the existence of a group of TAs covering at least 150 0
km? wnhln an area of 1x1° around xy) are satisfied at least one more time in the 7 days

preceding/following t.

pecurrence and the 20% of SSTAs apparently are not related to documented seismic
activity (false positives).

AT mrpipondnlE Bgl & BTAssan e

The Molchan error diagram (Molchan 1597) was |mp!ernented by plotting the
fraction v of missed ear kes (i.8., ap Iy non p 1] 1 by 55TAs)
against the fraction of alerted space—-bme volume 1.

It is quite evident, in comparison with the random guess, the not casual relations
[ S5TAs (identified by the RST hodology) and earthquakes occurrence
which testify the added value of this in the fi k of a
multiparametric system for a t-DASH
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In order to luats the_ ible ¢ lati existing among the appearance of 55TAs and time, | oL o
location and itude of earthguakes, empirical rules were applied {(which were mostly based on the e
long-term experience on TIR ly maps anal see Tr lielal. 2015). | -

By this way each single Significant Thermal Anomalies (5TA) observed at the time ¢ in the location (xy] |

will be considered possibly related to sejsmic activity if;
= |tbelongs to a previously identified S5TA;
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= an earthquake of M25 occurs 30 days after its appearance or within 15 days before {temporal | Hlar e rva o
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an earthgquake with M25 oceurs within a distance D, from the considered STA, sa that 150km<D<R,
being Ry=10"4" the Dobrovolsky et al. {1979) distance (spatial window),

[ Spate-time coerstion wingew 1]

unber o B weth mageitude = M alerted space ® volmmpfar KQy with
| o wldde!hraﬂﬂnﬂnnmmfw misid - nitiute = M
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