Sentinel-1 — INSAR Performance Study with TOPS Data (A)
The Geodetical Framework of Vesuvius/Campi Flegrei test site
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INGV-0OV Presentation

The Istituto Nazionale di Geofisica e Vulcanologia (INGV)

* The largest Italian research institution in Earth Sciences with headquarter in Rome and
offices in many cities all over Italy with about 1.000 personnel units;

* INGV runs surveillance networks, laboratories and observatories and collects, studies and
disseminates data in the field of seismology, volcanology, geodesy, geochemistry and marine
sciences;

* INGV is the reference scientific institution for the Italian government in the field of geo-
hazard at national (DPC, Dipartimento della Protezione Civile) and local level.

The Osservatorio Vesuviano (INGV-OV)

* Founded in 1841 by King Ferdinando Il di
Borbone, the Osservatorio Vesuviano,
Naples branch of INGV (INGV-0OV), is the
oldest Volcanological Observatory in the
World;

* INGV-0OV is in charge for monitoring the
Neapolitan Volcanic District (Vesuvius,
Campi Flegrei and the Island of Ischia)
through geophysical, geodetical and
geochemical networks located in the area.
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The INGV-OV monitoring center
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The Neapolitan Volcanic District (Southern Italy)

In the Neapolitan Volcanic
District there are three active
volcanoes 41°00’

14°00" E 14°10'E 14°20"E 14°30" E

o Mt. Vesuvius
« Main eruptions 79 A.D., 1631 40°50’
o Last eruption 1944

e Campi Flegrei 40°40°
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* Main eruptions 39.000 years
ago, 15.000 years ago

40°30’
o Last eruption 1538

INGV-OV is in charge for monitoring the

e The Island of Ischia , o
Neapolitan Volcanic District (up)

* Main eruption 55.000 years ago
o Last eruption 1302
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Geophysical Monitoring Networks

INGV - OV - Monitoring Networks of the Neapolitan Volcanoes
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370 benchmarks

140 Kms

15 loops

coverage: ~160 Km? - mean distance: 400ms

w
w0
)
-
147 e oo RETE DI LIVELLAZIONE
150 QUARTO [ ] CAPOSALDO ALTIMETRICO
03
Monterusciello
-
£
-
TOIP A oni s/
g ; - 2 ano o e
N ur 1
r___,-‘"ﬂ o oifatarp . 22 e I /
40527 Arcofelice N_‘ ; AU p B - « Mergellina by
/- e " 214 ¥ l
. _ - NAPOLI
& \
* : etra’ ;
" G(gfo ke 1
Bacoli Pozzuoli Bagnoli
= e
e N
A Nisida Posillipo
e 58
*7
é C.Miseno 0 1Km
l4r02'00” 14°04'00” l1408°00” 14=08°00" 14°10'00" 14°12'00” 14°14'00" | 14°16°00"

INSARAP WORKSHOP - 10-11 December 2014 - ESA-ESRIN - Frascati (Rome), Italy



(=]
=
5
=
=
o
—
=
-
(=]
wld
(1]
=
-l
[1}]
W
W
o

Istituto Nazionale di
Geofisica e Vulcanologia

Leveling Measurements at bm 25A

Benchmark n. 25A (Pozzuoli Corso Umberto)
Height variations June 1992 — June 2013
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03/2000 /

(SAR Data)
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For a better comparison with InSAR archive data...

(Image courtesy C. Del Gaudio)
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Recent Results from Leveling Measurements

o Napoli — Pozzuoli — Miseno Line
= Height variations July 2012 — June 2013
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Recent Results from Leveling Measurements (2)

Pozzuoli — Quarto Line
180 Height variations July 2012 — June 2013
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Geodetical Networks (CGPS, Continuos GPS)
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Variazioni di Quota (mm)
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CGPS Measurements at RITE station
STAZIONE GPS RITE (Rione Terra - Pozzuoli)

STAZIONE GPS RITE

2.0 8B # 85888

Variazioni di Quota (mm)

28 8
s T

114 01/0314 01/05M4 010714 01/0914 01114 0101116

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Vertical component of ground deformation for RITE CGPS station (2000-2014)
In the inner box : the detail from 01/01/2014 to 11/25/2014
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NORTH Position (cm)

CGPS time-series at Campi Flegrei (2000-2013)

(from P. De Martino et al., 2014)
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2007 2008 2009 2010 2011 2012 2013 2014
Time (year)
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The Campi Flegrei deformation pattern ) )
inferred from CGPS data (2000-2013)
9 (from P. De Martino et al., 2014)
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Horizontal and Vertical GPS deformation pattern
at Campi Flegrei (2014)
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INSAR/Geodetical data comparison: previous experiences

a) deformation map (02/03/2000-
24/08/2000), ERS2 descending;
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a)

b)

INSAR/Geodetical data comparison: previous experiences (2)

Time series (Nov. 2002 — Sep.
2010), ENVISAT ascending &
descending;

comparison on bm 25A
between leveling and SAR
(asc. + desc.) data
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INSAR/Geodetical data comparison: previous experiences (3)

TSX SBAS processing (12/2009-3/2012)
(from Minet et al., 2012)

Comparison of GPS & SBAS deformation
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Defomation [mm)]

CGPS (LOS)/TSX SBAS comparison
RITE CGPS station
(from Minet et al., 2012)
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INSAR/Geodetical data comparison: previous experiences (4)

STAZIONE GPS RITE (Rione Terra - Pozzuoli)
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Left: TSX (Strip) interferogram (17/04/2012-09/06/2013, ascending)

Right: CGPS time-series (01/01/2012-09/06/2013) - RITE station, height variations
(Image courtesy S. Borgstrom & V. Siniscalchi, InSAR data processing,

P. De Martino, CGPS data processing, TSX data from Proposal “GE01649”)
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The horizontal component of ground motion

TSX Interferograms

Left: Asc., (17/04/2012-09/06/2013)
Right: Desc., (04/04/2012-18/06/2013)

14°00" E 14°10°E 14°20°E 14°30’ E
41°00" N R

ERS deformation maps

Left: Desc., (30/11/1992-07/05/1998)
Right: Asc., (14/02/1993-22/07/1998)

¥
1992/11/30-1998/05/07 1993/02/14-1998/07/22
(DESCENDING ORBIT) (ASCENDING OREBIT) (Image courtesy IREA-CNR)

Note also the invariance in time
of the deformation pattern
T from deflation to inflation...

-15 -10 -5 0 =15 =10 -5 ]
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Invariance of the deformation pattern from deflation to inflation
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Is the deformation field widening to the west of Campi Flegrei?

1993/027 18- 15587077 22
(ASCEMNDING ORBIT)
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Left: TSX (Strip) interferogram (17/04/2012-09/06/2013, ascending)
Right: ERS deformation map (14/02/1993-22/07/1998, ascending)

Some evidences also from tiltmetric data...
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S1A - Amplitude images
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20/10/2014, ascending
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S1A - Coherence images
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20/10/2014-01/11/2014, ascending
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S1A - Coherence images
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20/10/2014-13/11/2014, ascending
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S1A - Coherence images
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20/10/2014-25/11/2014, ascending
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S1A - Interferograms
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20/10/2014-01/11/2014, ascending
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S1A - Interferograms
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20/10/2014-13/11/2014, ascending
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S1A - Interferograms
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20/10/2014-25/11/2014, ascending
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Monitoring of «Unusual» Atmospheric Artifacts with Sentinel-1

- Strong atmospheric artefact observed over Tenerife (Canary islands, Spain).
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29/11/2014, ascending
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S1A - Interferograms (Tenerife)

Usual atmospheric conditions
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S1A - Interferograms (Tenerife)

Atmosphere very stratified
Strong atmospheric artifact on the right of Teide
~15 km x 10 km
Almost 10 cm delay!.(not Teide’s peak)
Strong pressure/humidity gradient
Associated to trend wind inversion?
" Or storm?
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05/11/2014-29/11/2014, ascending
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S1A - Inrerograms (Tenerife)
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Remarks and Conclusions
Lessons learnt
® We observed the presence of horizontal components of ground motion: in order to get a precise

comparison with leveling (vertical) results, it is crucial to get InSAR data from both ascending and
descending tracks, to split them;

® The invariance in time of the deformation pattern from deflation to inflation events;

® |s the deformation field widening to the west of Campi Flegrei? And what about east (some
evidences...)?

Suggestion for the next future
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y ® While waiting for leveling results, we can exploit CGPS time-series to be
4 projected into the radar LOS;
r'$ N
-

Supersites initiative (for interested people)

® InSAR data from different Space Agencies for Vesuvius/Campi Flegrei and Etna are
now available through the Supersites initiative;

® Interested people can get in touch with the two Points of Contact at:
sven.borgstrom@ingv.it giuseppe.puglisi@ingv.it
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