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Our team
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Introduction

Archaeological area 
of the Phlegrean Fields

Ancient port of 
Classe in Ravenna city
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CH Background
(desk and field study): 
investigating the origin, 
typology, construction 
techniques, restoration 

history, evolution in time, etc.

Geohazard 
assessment

Hazard and risk map 
analysis

SAR Interferometry
Data integration and 

services

Ground motion 
monitoring

Field survey and risk 
mitigation plan
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Phlegrean Fields Archaeological Park: 
general setting
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The Roman Thermae of Baia: site map
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Geohazard assesment: geological and 
geomorphological setting

Surge deposists

Piroclastic deposists

Volcanic breccia 

 volcanic-related 
subsidence with 
unrest cycles 
characterised by 
intense ground 
uplift and lowering
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Local 
planning 
authority 
hazard and 
risk 
assessment

Landslide susceptibility Landslide risk

Geohazard assesment: ground instability
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Landslide inventory

Geohazard assesment: ground instability
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Pyroclastic Density Currents (PDC) invasion probability maps

Neri et al., 2015

Geohazard assesment: volcanic and seismic risk

Permanent Seismic Monitoring Network 
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PS InSAR analisys - EGMS (ORTHO level) 2015-2020
horizontal (E-W) site analysis, 19 PS (time 

series)vertical (up)
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LoS vel
(mm/yr)

PS InSAR analisys- ISPRA Campi Flegrei
The Cuma GPS station, belonging 
to the GNSS monitoring network 
of the Vesuvius Observatory 
(INGV), is the nearest of those 
outside the Campi Flegrei
volcanic area.

The N-S component of the 
displacement is not detected by 
the InSAR technique.

The LoS displacement is 
calibrated with respect to the 
regional displacement trend.

ISPRA and INGV have developed 
a PS InSAR product calibrated 
with the  GNSS data, in  
ascending and descending 
geometry, showing 
displacements along the 
respective LoS. 

This product is an equivalent of  
the EGMS Level 2b.

EGMS

GNSS
(INGV
)
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Ground Motion: PS InSAR data interpretation

906 # PS 698
-14.6 mean 2.2

1.5 STD 1.4

Ascending (Apr 2016 – Aug 2020)   Descending (Jan 2016 – Jul 2020)

LoS vel
(mm/yr)

landslide

Due to the PS coverage, for each 
acquisition geometry, the 
interpretation of PS InSAR data at the 
site scale requires the highest 
resolution available.

The horizontal displacements 
component is highlighted through 
the comparison between PS 
measured from two opposite 
viewpoints, as is the case for slope 
movements. 

In this case, the ascending geometry 
is more affected by the 
northwestward displacement of the 
area, with average "uplift" values of 
about 15 mm/year.

On the other hand, localized 
differential displacements are more 
evident with descending geometry.

906 # PS 698
-14.6 mean 2.2

1.5 STD 1.4
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Differential displacement

The area is subject to high rates, 
more evident with the ASCending
geometry.

Therefore, to highlight differential 
ground motions at the site scale, 
the difference between the 
displacement velocity of each 
measurement point (PS) and the 
site mean value was calculated.

D-vel = velPS – velmean
ASC mean 
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Ascending (Apr 2016 – Aug 2020) Descending (Jan 2016 – Jul 2020)

LoS differential
displacement
velocity, D-vel

(mm/yr)
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Differential displacement (D-vel)
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Ascending geometry 
seems to be more 
sensitive to radar targets 
in the site area; this is due 
mainly to "noise effect“, 
then to East facing 
geometry of the slope too.
At the edge between 
Ambulatio and Sosandra
villas a cluster of 6 PSs 
indicates, consistently, a 
relatively subsiding area.
The crack along the 
sidewall may indicate this 
masonry weakness, thus 
needs to be properly 
monitored.
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PSI data interpretation: upper terrace example
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Slope stability: PS InSAR analysis
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The combined 
interpretation of the 
PS, moving away from 
the ASC satellite and 
approaching the DESC 
satellite, shows the 
prevalence of the 
horizontal movement 
of slow slope sliding 
eastward, i.e., seaward.
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The analysis of 
the area and of the 
type of buildings 
helps in 
classifying main 
ruptures:
• cover 

detachment (1);

• wall cracks     
(2, 4);

• block fall (3);

• leaning walls, 
that need 
shoring (5).

Field survey
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Demage overview

b
a

c

d

ab

cd

Main critical issues:
• cracks (a,b);
• Rocks fall (c);
• invasive vegetation.(d).
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CH management

3D survey
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CH management

Image interpretation

cracks V= vertical development; T= transversal  
to the slope ; O= subhorizontal

Wall structure blocks (recent collapse)

Soil creep
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Classe Port, Classe Archaeological Park: 
general setting
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Geohazard assesment: geological and 
geomorphological setting

Litology: sequence of marine, delta, lagoon, marsh and alluvial deposits of Pliocene-Quaternary age;
Bedrock: complex fold structure;
Tectonic: Adriatic folds with axis parallel to the main Apennine structural lines (NW-SE).
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Geohazard assesment: ground instability
• The Regional Agency for the 

Environmental Protection 
(ARPA) of Emilia-Romagna 
Region and the Emilia-
Romagna Region (2010) 
estimate the overall 
contribution of the natural 
subsidence in −1.4 mm/year at 
Ravenna, −2.5 mm/year at Po 
river delta, and −1 mm/year at 
Venice.

• The present-day subsidence in 
the Po Plain is also given by 
the effects of the last 
deglaciation period that 
contributes with increasing 
values going from Venice 
(−1.1 mm/year) to Ravenna 
(−3.5 mm/year) (Carminati, 

Martinelli, and Severi 2003).
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PS InSAR analisys - EGMS (ORTHO level) 2015-2021
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PS InSAR analisys : FIASCHI et al 2017
Figure 5. Vertical displacement maps obtained from the processing of (a) ERS-
1/2 (1992–2000), (b) ENVISAT 2003–2010, (c) TerraSAR-X (2012–2014), and (d) 
Sentinel-1A (2014–2016) . The black dots, from P1 to P8, are the locations of the 
points considered for the time series analysis.

Figure 6. Cumulated displacement time series for the eight selected 
points reported in Figure 5 (a,c).
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PS InSAR analisys : TRE PSInSAR + SqueeSAR
• Analisys: TRE PSInSAR+SqueeSAR
• SAR Images : RADARSAT1 e RADARSAT2 (SqueeSAR)
• Band: C
• Resolution: 5x20 m
• Time period: 05/2011 – 05/2016

RAVENNA
In the Ravenna site, 325,871 measurement 
points were identified, with an average density of 
56 MP/Km2.
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ISPRA InSAR analysis – StaMPS/MTI - CSK 2018-2022
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ISPRA InSAR analysis – StaMPS/MTI - CSK 2018-2022

ASC     DESC
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ISPRA InSAR analysis – StaMPS/MTI - CSK 2018-2021
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ISPRA InSAR analysis – StaMPS/MTI - CSK 2018-2021
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Final remarks

The main results of this study have 
highlighted the importance of the 
EGMS service for preliminary 
studies at medium resolution. The 
anomalies highlighted at the sub-
regional and municipal scale must 
then be detailed in both spatial and 
temporal resolution in order to be 
correctly interpreted, validated and 
calibrated directly in situ.

 understanding the framing of actual natural hazard
conditions.

 real knowledge of the site, to be acquired by field 
survey and EO monitoring, involving experts, 
managers and stakeholders too.

 InSAR dataset is analysis and eventually correct, to 
highlight the site-scale pattern of ground motion.

 PSI data interpretation of local events pointed out by 
previous steps, in order to understand the interaction 
between structure damage and ground motion. The 
actual relation reveals if and how building’s damages 
are caused by structural weakness or by ground 
motion.

The final goal is to 
set up:
 integrated 

monitoring 
system

 mitigation and 
conservation 
plan 

CH Background
investigating the origin, 
typology, construction 
techniques, restoration 

history, evolution in time,

Geohazard
assessment

Hazard and risk map 
analysis

SAR 
Interferometry

Data integration 
and services

Ground motion 
monitoring

Field survey and risk 
mitigation plan
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Thank you
https://www.isprambiente.gov.it 

federica.ferrigno@isprambiente.it
francesco.menniti@isprambiente.it

mailto:federica.ferrigno@isprambiente.it
mailto:francesco.menniti@isprambiente.it
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