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MOTIVATIONS RESULTS
Satellite observations are widely used to investigate, monitor, and forecast volcanic activity. Spaceborne thermal infrared (TIR) measurements of thermal volcanic features improve our | S PATIALVOLCANICTHERMALFEATRESEXTRACTION """ SINGDL """""""""""" TEMPORALVOLANITHERMALFEATRESEXTRATIONSINGAI """""""""" ;
understanding of the underlying processes leading to eruptions[1-3]. Unfortunately, although different approaches have been proposed to detect and estimate the temperature above || U U CANIC U C U
background of volcanic thermal anomalies, detecting subtle changes is still a challenging task. Here, we develop an artificial intelligence (Al) approach to automatically detect volcanic thermal || | ASTER: Etna - 2013/05/18 MODIS: Etna (2000 to 2021)
features by using both low-spatial, high-temporal resolution MODerate-resolution Imaging Spectroradiometer (MODIS) data to detect hotter thermal features at short time scales; as well as high- | ke N | 3 | las |10
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spatial, low-temporal resolution Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) to detect more subtle thermal changes otherwise missed by MODIS. ; | 14 o e _
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Supervised techniques require a large volume of training labeled data. Here we use a JOLCANO SELECTION g | (— | |
statistical approach (more details in V35E-0178) to label data followed by an expert ol ° g - -
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and target data are then processed and fed into a UNET that will learn volcanic thermal N S ,
features against background, clouds and missing data (i.e. border pixels with missing values). et et g e Original Image o Thermal Anomaly Map  Temperature Above Average °C S| | — |
N Access MODIS LST images | % B ‘ -
VDI‘C}III'ETII'}III'II'I‘ECTIDI' /EI Select date interval\ 6 Preparing input arh E I / w l ASTER- P_Opccat_epetl -_ 3[}017/07/26 — ; . : } é L1 I|II IIMIII I IIII4HII wIﬁII IIJ_I_III I _| (NI, [ IIII‘I‘I'IIII IIIMIII bl IIIIIZOIIIIII LIl IZ(IMBIIIMIII IIII IIII ININ _| IIIII_II IIII| 20I22 I
= | O Select Band 13 target patches - _ | e ©
=N . | [ Select a buffer around volcano coordinate —
- fgg¥ert|ng from DR 0 I\;I?nx_ﬁ;)( B d Select date interval | | % [ | )
Fuego, Guatemala ! i PRE-PROCESSING N
U Download GeoTiff normalization of the = 2 Aty & clogd COVETABE flIter , ° 10 © o] o | N
. . B O LST conversion from Kelvin to Celsius 0 Q W [ :
&r input images B 5 £ " i | v | ‘ M
- DATA }_/ O Convert patches o \_ ) b I =
= e _ . | PRE-PROCESSING ‘ GeoTiff to gray-scale B -10 i Year
= . = ermal Anomaly wviap I
= mages | N e
< | SEMI-AUTOMATIC LABELING TECHNIQUE . - B
s INPUT IMAGES COUETON | couecron - 1 HIMIESERIES (] ASTER and MODIS data | Fuego Kliuchevskoi
[ l INPUT PREPARATION B are shown together \o )T ST S S S T S S S > >
- 2000 2002 200 B 2020 2022 : a ¢ o T B
; : g : E' I _
( STATISTICAL | /EI A simple regression model (OLS) is w I’ - For ?aCh month, the 2P & w |
L BASED APPROACH UNET applied to fit LST data time series ‘normal’ _ 1 T T | Mmaximum V.aIue of the % % B
i trend for each pixel LST TIME SERIES : | | reconstruction error (a) @ @ .| |
I i [ The reconstruction error is computed as RECONSTRUCTION E T | i and the detected 785 _(% ) .
V,E[\IS?E&IEE?EIIE?L ‘ E(:XHPEE(III TAR(L;I;IIElI\EEGES > o the deviation of the real LST time series IS B 31:M3T;HTW: 1) anomalies (b) are = : 2000 20002 2004 2006 2008 2010 2012 D014 2016 2018 2020 2022
I = \ from the normal reconstructed trend ) l Date vy ; - b) T —— ” b) T
. r . . r . . . . 1 : ‘;’ | ) . 1
g 1o Iz | 1@ For some eruptions o . ® . |
RECONSTRUCTION ERROR  |—» IIIIIIIIII'IIIIIIIII I‘IIII‘IIIIIIIIIIIIIIIII‘IIIII (blue arrows), athermal| = [ | s L] )
/OLCANO SFLECTION - o AINED ; increase occurs before > 3 -
R{ PRE-PROCESSING INPUT PREPARATION H UNET MODEL I = 2000 2002 2004 2006 208 g:';:j:; zoie 2016 28 220 22 an eruption (gray ﬁ R
/EI High reconstruction errors are related to \ o shaded area) Year Year
5 GES-LIILFEEITIIICFIST VOLCANI(:THERMAL abnprmaI thermal behaviogrs > . D '
5 FEATURES | d Anisolation random forest is used as ANOMALIES DETECTION : |
5 L unsupervised machine learning (ML) USING ISOLATION FOREST [ EWWMW CONCLUSIONS
E /D M 1 h 1 tth || \ I I I approaCh to deteCt anomaIIeS based on Zh00 2002 2004 2005 2008 2010 2012 2014 2016 208 2020 2022 I . . . . oy . . . . . .
aneo"rizllf;a;ass O get the overa - . _ the reconstruction errors ) l . Dss || An Al approach has been designed to automatically extract volcanic features both spatially (exploiting high spatial resolution satellite thermal data using
0 Compute temperature above average|  PREPARATION I g convolutional neural networks) and temporally (exploiting high temporal resolution satellite data using the isolation random forest as anomaly detection
b 5 . . . . . . . . . .
L Get the time series o N TEMPERATURE ABOVE || algorithm). With these techniques, very large datasets can be easily processed and high temporal and high spatial resolution satellite data combined to
\_ . . . :
= —> i : : : : : : . : .
| = AVERAGE | | improve thermal volcanic precursory monitoring by detecting very low-level anomalies linked to pre-eruptive activity.
OuUTPUT '
L Google Earth Engine E 5 :
COLLECTION ! , F 2000 2002 2004 2006 2008 BEE :W:] 2014 2016 2018 2020 2022 :
-+ Fig. 4. Workflow of the proposed artificial intelligence (Al) approach to retrieve temporal volcanic thermal REFERENCES
- Fig. 3. Workflow of the proposed deep learning (DL) approach to retrieve volcanic spatial thermal features. features. Graphs show the time series of the maximum values inside the region of interest - _ o _ _
I, T e e T T e || 1. Murphy, S. W, et al. "MODIS and ASTER synergy for characterizing thermal volcanic activity." Remote sensing of environment 131 (2013): 195-205.
2. Reath, Kevin, et al. "Thermal, deformation, and degassing remote sensing time series (CE 2000-2017) at the 47 most active volcanoes in Latin America: implications for volcanic
AKNOWLEDGEMENTS systems." Journal of Geophysical Research: Solid Earth 124.1 (2019): 195-218.
: : : : : . @i T., Real V. &L P.L -scale th | f vol f ' lon. Nat. 1. 14, 238—-241 (2021).
This research was partially funded by the Fulbright Visiting Research Program awarded to CC and the NASA Science of Terra, Aqua, and Suomi NPP Program (80NSSC18K1001) awarded to MSR. 3. Girona, T, Realmuto, V. & Lundgren, P. Large-scale thermal unrest of volcanoes for years prior to eruption. Nat. Geosci. 14, 238 (2021)




	Slide Number 1

