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Studying Earthquakes with
DINSAR
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Landers earthquake, 1992
was the first interferogram
of an earthquake using ERS
images.

Co-seismic interferogram
using ERS data (92/4/24-
93/6/18).

The first application of
DINSAR technique are the
earthquakes.

Massonnet, D. et al., 1993



Studying Earthquakes with DInSAR:

Historical overview .
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Sentinel-1 constellation

Sentinel-1A Sentinel-1B Sentinel-1A

27 $” 27

Time
-~_ 6 days
12 days
e Sensor spatial resolution:15x4m i /// |
e Spatial coverage:~250x250km (IW) b o //»)»\1\\\‘ \\§ /
e C-band

* Free and open data access

* Global coverage

» Designed DINSAR application
e High level operational Service
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Parallel Sentinel-1 DInSAR Workflow

DEM in SAR coordinates
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Manunta, M. et al., 2019




Significant (> Mw 5.5) Earthquakes
Global Map (2014 2019)

519 Earthquakes with Mw more than 5.5
occurred on land




Automatic generation of co-seismic
displacement maps workflow

Earthquake Catalogs
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Automatic generation of co-seismic
displacement maps workflow

Earthquake Catalogs '
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Automatic generation of co-seismic
displacement maps workflow

Earthquake Catalogs '

maw-\"'.IFMOOwO'*»—- — ; A B

Earthquake =>5,
Earthquake informati D:!ca D'\:Wth ><E> ?-?5
retriev d ) P
2 = Information
tification :
Analysis

Mw <5.4
Dep

Pz . . ' |
% ¥ ; Istituto Nazionale di i

“ Geofisica e Vulcanologia |

]

_____________________________________

Interferograms L\OS displacement maps

« Italian Territory: Depth < than 20 km »
S Mw = 4.0
[ * Rest of the wold: Depth < than 35 km and Mw
=55

opernicus

SAR data archives

istituto per il rilev
elettromagnetico iente




Automatic generation of co-seismic
displacement maps workflow
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Automatic generation of co-seismic
displacement maps workflow

Earthquake Catalogs '

Parallel processing of different tracks
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Automatic generation of co-seismic

The output data are provided according to the file
standard formats defined within the H2020 European
Plate Observing System (EPOS) project. Metadata

format is ISO 19115.

Scientific community (support for experts and not

EUROPEANPLATEOBSERVINGSYSTEM

experts)
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and retrieval

SAR data archives
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Automatic generation of co-seismic
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Automatic tool implementation
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Automatic tool implementation
— "USGS.

Earthquake catalogs query >
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Earthquakes catalog records from
“slJanuary 2015.




Automatic tool implementation
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Servicios v Grupos de recursos v *

|
u 0 m a l I ‘ Q  Escriba un prefijo y pulse Intro para buscar. Pulse ESC para borrar.

UE (Irlanda) £

&L Cargar Crear carpeta

[] # EQ_0km_SW_of_Loloan__Indonesia__6.9 - — -
EQ_Okm_W_of Komerda__Indonesia_ 6.3 - — -
EQ 101km _ENE_of Misawa_ Japan 6.3 _ — _

EQ_101km_E_of_Tadine__New_Caledonia__6 & . . .

EQ_101km_SSW_of_Tres_Picos__Mexico__8 2 . . .

=
=
=
=

[] ® EQ_101km_WNW_of_Camana_ Peru_ 6.4 _ _ _
B EQ_104km_WNW_of Kirakira__Solomon_lslands__6 3 - - -
£ EQ_104km_W_of_Murghob__Tajikistan__ 7.2 - - -
£ EQ_106km_SSW_of_San_Palricio_ Mexico_ 6.3 - - -
=

EQ_107km_SE_of Amahai__Indonesia_ 6.9 - - -

@ Espafiol

Inlerierogim s LOS dogriecn man ragms

EUROPEANPLATEOBSERVINGSYSTEM

istituto per il rilevamento
elettromagnetico dellambiente




Experimental Results

Ridgecrest CA, USA Earthquakes (July, 2019)
Mw 7.1 and Mw 6.4, Des. T71 20190704 - 20190716 and
Asc T64 20190704 - 20190710
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Hualian, Taiwan Earthquake (February 2018)
Mw 6.4, Asc. T69 20180203 - 20180209
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Mont Etna, Fiandaca Fault, Italy Earthquake (December 2018)
Mw 4.9, Asc. T44 20181222 - 20181228

‘ >

Acipayam, Turkey Earthquaké (March 2019)
Mw 5.7 , Des. T107 20190317 - 20150323
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Halabjah, Irag Earthquake (November 2017) !
| Mw7.3,Asc.T7220171111 20171117
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) Lagunas, Peru Earthquake (May 2019)
i Mw8.0, Asc. T69 20190523 - 20190529 and Asc T171

San Pedro Jicayan, México Earthquake (February 2018)
20190518 - 20190530 {unfittered results)

Mw 7.2, Asc. TS 20180205 - 20180217.

5 i
Obelobel, Indonesia Earthquake (July 2018)
Mw 6.4, Des. T32 20180718 — 20180730
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Significant seismic events with large
deformation

Co-seismic interferograms spanning the Mw. 7.3 for Halabjah earthquake in Iran
seismic event, occurred on 2017-11-12 (A) Ascending Track 72 acquired on
20171111 and 20171117. (B) Descending Track 6 20171107 and 201711109.




Earthquakes of small magnitude

The co seismic interferogram and LOS displacement maps for The Mw 5.7
16 km E of Acipayam, Turkey seismic event, occurred on 2019-03-20.
Track 58 20190317 — 20190323 and Track 138 20190317-20190323




Processing optimization:
Several earthquakes in the same time interval

Ridgecrest CA, USA Earthquakes (July, 2019)
Mw 7.1 and Mw 6.4, Des. T71 20190704 - 20190716 and
Asc T64 20190704 - 20190710




Processing optimization:
Earthquakes that occurred in the same area but in

different periods
Seismic crisis in Mexico (September 2017 — February 2018)
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Further Developments

Earthquake Automatic Analytical Modeling
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Okada Model

Analytical solution for surface deformation due to
shear and/or tensile dislocations faults in an elastic

&% and homogeneous half-space.




Further Developments

m Big data co-seismic interferograms and
displacement maps generated on automatic
way.

m Statistical analysis of the coherent deformation
signal in co-sismic interferograms, product of the
relationship between the Magnitude and Depth.
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