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sera - Italian Institute for Environmental Protection and Research

1. National Agency for the monitoring natural
and anthropogenic pressures of all the
environmental matrices

2. Technical governmental body support to
Environmental, Industry, Cultural and
Foreign Affair Ministry

3. Copernicus USER Forum National Focal
Point

Gpgmggg

4. Centre of competence for the national civil
protection — emergency and crises

5. Department of National Geological Survey

6. Guideline, Regulations, Technical standard,
Plan for the environmental issue (e.g.
National Plan for Climate change adaptation)
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The new enemy and threat
Climate Change effects
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Rationale #1 Climate change in the Mediterranean area and

DATI (009""0“5
GLOBAL SURFACE TEMPERATURE: INCREASE ABOVE PRE-INDUSTRIAL LEVEL (1850-1900)

MERAS data = Other sources” (including JRA-3Q, GISTEMPv4, NOAAGlobalTempv5, Berkeley Earth, HadCRUTS)

S-year average, since 1850

Annual averages, since 1967
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RATIONALE#2 -Rainfall in Europe April anomalies 2023 - 2024

Rainfall in Europe

It is unexpectedly late and early in Europe, all
the way to the coast and on the other side of
the earth, it is transported to the southern
and central areas of the continent.

Most of the time you need to know about
agriculture, river transport and energy
management. The condition of extreme heat
is also subject to an increase in Ffire risk,
resulting in an unexpectedly high fire risk in
South-Western Europe, particularly in France
and Spain..
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Anomalies for May 2023 to April 2024

Precipitation (mm/day)

(Data: ERAS / soil moisture ERA5-Land. Reference period: 1991-2020. Credit: C3S/ECMWF)
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Direct and indirect impacts of natural and anthropogenic effects due to climate change on Cultural Heritage

Sea levelrise - Venice

Vater level rise
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Rock facade collapse in Petra (Jordan) Hegra - Thermal stress, erosion and Erosion in Akapana pyramid (Bolivia) © Spizzichino ~ Coastal Erosion Skara Brae © Hist. Env.

geomorphological instability in KSA© Scotland \'V lSPR A %O |

Spizzichino IttutoSuperir e Proezione

e la Ricerca Ambientale




& ISPRA

" . . istema Nozionale
Istituto Superiore per la Protezione per lo Protezione

e la Ricerca Ambientale dellAmbiente

Geo-Morphological Processes

Falls and cave collapses in the monastery of David Falls and tombs collapses in the Nabatean site of Falls and tombs collapses in the Nabatean site of
Garenji (Georgia) Petra - Jordan AlUla — Kingdom of Saudi Arabia
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Las Medulas — Spain Ancient Roman Gold Mines




Weathering Processes

Ethiopia, Lalibela Jordan, Petra Kingdom of Saudi Arabia, AlUla
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Afghanistan, Herat Afghanistan, Jam
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Flood Event

Foto © G, Boccardi ..
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Water and Monuments

Water table
(Permanently,

seasonally, ephemeral)
Nepal (Lumbini)

Jordan (Petra)
Rising damp,
capillarity

Seepage (seasonally)

Cambodja (Angkor Watt)
Floods, heavy rainfall
(occasionally)

¢ 0
41‘ ISPRA -
\ Isttuto Superiore per la Protezione

e a icerca Ambientale

stema Nozionale



SISPRA L

Ismulp Supermrg per la Protezione per la Protezion
e la Ricerca Ambientale dellAmbiente

Threats facing

cultural heritage
(ICCROM, 2006, modified)

IMMEDIATE DRASTIC EFFECTS

NATURAL CAUSES

Earthquake, Volcanic
eruption, Landslide,
Tsunami Typhoon,
Hurricane, Lightning, Hail,
Stonh Bloodd Eb

War, Fire, Public works,
Clandestine diggers, lllegal
trade, Urban development,

Vandalism, Theft,
Fanaticism, Etc.

Climate, Erosion,
Settlement, Moisture,
Corrosion, Pollution, Light,
Dissolved Salt, Mirco-
organisms, Vegetation,
Animals (Insect, birds,
rodents), Dust, Etc.

Heavy traffic, Abrasion,
Vibration, Tourism, Graffiti,
Abandon, Neglect,
Ilgnorance, Lack of
adequate legislation, Lack
of awareness, Etc.

HUMAN CAUSES

S123443 JALLVINIAIND ANV MOTS



ITALIAN NCH VERY HIGH EXPOSURE,
VULENRABILITY and FRAGILITY

Italian distribution of

Natural & Cultural Heritage
61 UNESCO site

Legenda

n. di beni per comune
<5
6-10
11-50

| B 51 - 500

I - 500

21 MAB

2016 CollinaPo

\ N
._\ ,aw.\ e S

2019 Po grande 2018 Valle Camonica

Alto Sebino
2019 AlpiGiulie

2015 AlpilLedrensi
e Judicaria

1979 Miramare

2013 AreadellaBiosfera t \\ e
del Monviso -Z:/\\ 7\{," 2015 DeltaPo

2002 Ticino Val Grande
2018 Verbano

2015 Appennino
Tosco-Emiliano

2004 Selve Costiere di Toscana
2016

2003 Isole di Toscana

2017 Tepilora, Rio Posada
e Montalbo

1997 Somma Vesuvio e Miglio D'Oro

1997 Cilento e Vallo di Diano

Cultural heritage at
municipal level

Tot. 229530

sources:
banca dati VIR e CdR,
elaborazione ISPRA

12 Geo-parks

2018 Monte Peglia

1977 Collemeluccio-
Montedimezzo

2014 Sila

© Madonie Geopark

© Rocea d Cerore Goopark

© Beigua Gecpark

O Adameilo-Brents Goopark

© Crento and Vallo di Diano
Geopark

b (@ Tuscan Mining Goopark

@ Aouan Nps Geopark

© sesiaval Grande Geopark

© Potino Geopark

I Aspromonte Geopark

B Majella Geopark
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Natural Hazards threatening NCH

LANDSLIDE FLOODS EARTHQUAKE VOLCANO COASTAL
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Legenda tagenda
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IFFI Inventory - Landslide Index (%) PAI hydraulic hazard mosaic Seismic classification on a municipal basis Sea level rise scenarios over some
Source: Rapporto ISPRA su Dissesto Source: Rapporto ISPRA su Dissesto ~ Source: Fonte dati : Dipartimento Protezione Fonte dati : Dipartimento Protezione Civile - coastalareas
idrogeologico in Italia: pericolosita e idrogeologico in Italia: pericolosita e Civile - INGV; elaborazione grafica ISPRA INGV; elaborazione grafica ISPRA. SOUVF& Font'e dati: UN|BA,. ASSGttO.
indicatori di rischio - Edizione 2021 indicatori di rischio - Edizione 2021 Riferimento Annuario Dati Ambientali , ISPRA Aggiornamento 2016. I(;c;’s;fro Italiano. Elaborazione grafica
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National Simplified risk of CH Vs Natural hazards

LANDSLIDE

FLOODS

EARTHQUAKE

VOLCANO COASTAL

ISPRA

Beni culturali a rischio frane
In aree a pericolosita elevata P3
e molto elevata P4 - PAI

Comuni con Beni Culturali
a Media Pericolosita Idraulica
Numero di beni per Comune
2-10
11-50
s1-100
101 -500

®
@ 13000

N. di beni
per comune
asse sizmica 1
5 1-40
41-500
- > 500

Aasse sizmica 2

CH at risk landslides on a municipal basis
Rapporto ISPRA su Dissesto idrogeologico
in Italia: pericolosita e indicatori di rischio -
Edizione 2021

CH at risk of flooding on a municipal
basis

Fonte dati: Banca dati ViR e CdR ISCR,
IdroGEO

Elaborazione grafica ISPRA - 2022.

Beni a rischio vulcanico

CH by seismic class on a municipal basis
Fonte Elaborazione ISPRA su dati ISPRA,
ISCR e Protezione Civile.

BBCC in comuni in classe sismica 1 o 2:
92384.

Riferimento Annuario Dati Ambientali -
ISPRA 2020

[

Beni Culturali

a rischio costiero

rispetto alla

linea di costa

entro 300 m

+ quota<im

quota 1-2m
quota>2m

oitre 300 m
quota < 1m

« quotal-2m

R ES

Ay

CH and volcanic risk, total

Fonte: Elaborazione ISPRA su dati ISPRA e
ISCR. BBCC a Pericolosita Elevata: 4083
(1.9%) BBCC a Pericolosita moderata 7264
beni (3.4%). Riferimento: Annuario Dati
Ambientali - ISPRA 2020
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Detail of coastal erosion and stability at national level

CH located at:

e 200 m from coastline
e <Tma.s.l
=10726 CH (5%)

e 200 m from coastline
e <2ma.s.l
=12595 CH (6%)

M. di Procida

Coastal plain

Status
A

A

A to be analyzed

Published

Unpublished

June 27, 2022

— Al
— (idi, pontil, ecc.)
Bassa

Laguna Veneta

Nord Adriatico Scenario 2 (SLR +97cm)
W scenario 3 (SLR +140cm) M Scenario 1 (SLR +53cm)

Terracina
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OPTICAL images, from data to downstream services (e.g. multispectral and Hyper spectral analysis)
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Trend In absolute seas level across Furope based on satellite measurements (1992-2013)
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OPTICAL images, from data to downstream services (e.g. multispectral and Hyper spectral analysis)

Climate variables and extreme events impact on Cultural Heritage @ ProteCHt2save CNR —ISAC Bonazza et al.
Split-Wirdaw imagery (11-12 pm)

Rainfall(m)

Maximum Length of Consecutive
Dry Spell (days

.ﬂ‘"‘be
Y
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Pollutant concentration cq
© Windy.com NDVI normalized Vegetation index © Copernicus \'e ISPRA %O




RADAR images, from data to downstream services (DINSAR analysis)

Totzi placement (mm)
| ASC (18/10/2013 - 16/03/2016),
® -399--300
-29.9--200
-199--10,0
99-00
01-99
100-199
200-299
o woums

T
www.prothego.eu collect all the European UNESCO sites

where GEO-Hazards and satellite data are already available 7 PRAL 3
SW Fen = e I Instability processes and SAR data analysis POMPEI
i i i SR AsCending - o\ |=ee memed
e Frireet.w |4 4 75 ; PERC LoS vel (mm/yr)
$ oo 3 - = A
/Q' bok.CSK = -50--30
o A -30 - -20
P 20 - -10
';, e -10--5
-5--3
5 i 3--2
i -2--1
; e
T 1-2
§ T 2-3
o TR S
. 2% H 10- 20
e a 20 - 30
o p 30- 50
B = [0 5 0 5 20km 50 - 100
% - -~ ] - « Ref point
N S < sy
o= R Mt ] § v .
S e T e bk R _ Subsidence and
: ’ uplift by satellite
Pk analysis PACF
ey Park © Spizzichino
B
1 il ; ficas === :
. . . ] ) R — 1, ) e / e | e ’Q
Surface deformation RADAR satellite images All data after processing, must be calibrated, validate and interpreted by \’e ISPRA °
Istituto Superiore per la Protezione oer ?53;32225552‘9

Petra © Spizzichino in situ survey in order to be used as support for the mitigation measures



1% pass:
Maasures reference phase [ @, )
for each pixel for time £ )

2" pass:
Measures phase (® , ) or
each pixel time {7, ) .

Interferogram shows the

phasze difference (M, -}
for each pixel during
time interval (£, - £,

One radar wavelength represented
by phase (®) in radians
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@ Springer Link

Original Paper \ Open Access \ Published: 17 November 2020

Multi-risk analysis on European cultural and natural
UNESCO heritage sites

Margottini UNESCO

Natural Hazards 105, 2659-2676(2021) | Cite this article :l:k Index
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Dati Sentinel-1: EGMS

https://egms.land.copernicus.eu/

2¢, European

Opernlcus ,/_) Environment

Europe's eyes on Earth Agency

Legend

Legend across all datasets. Limits are in mm/year.
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2 = Toolbar

3 > Color bar adjustment = [INSAR default

4 - Coordinates
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Dati Sentinel-1: EGMS
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Investigated

Engineering Geology for the Conservation of Cultural Heritages
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Name and | Typology Geomorphology | Geology Average Average Threats

location UCS Tensile

on (MPa) stress
ot (MPa)

Norchia (Italy) Necropolis Vertical cliff Piroclastic rock | 2.65 0.48 Rock fall;
water runoff;
vegetation

Tarquinia, Necropolis Vertical cliff Organic-detritic | 10.9 0.94 Rock slide;

Monterozzi limestone lateral spread

(Italy) & toppling

Petra (Jordan) Necropolis Vertical cliff Sandstone 22.85 2.84 Rock fall;
flash flood;
weathering

Hegra  (Saudi | Necropolis Vertical cliff Sandstone 9.9 0.5 Rock fall;

Arabia) weathering

Dadan  (Saudi | Necropolis Vertical cliff Sandstone 41.2 6.46 Rock fall and

Arabia) slide

Vardzia Monastic Vertical cliff Tuff 8.7 2.8 Rock fall and

(Georgia) centre slide;
weathering

Katski Monastic Isolated pillar Limestone 153* Rock fall and

(Georgia) centre slide

Lavra (Georgia) | Monastic Vertical cliff Sandstone 9.26 3.5 Wedge

centre failure; rock
fall;  surface
erosion

Uplistsikhe Political and | upper plateau | Sandstone 2.26 0.4 Rock fall;

(Georgia) religious with vertical cliff weathering

centre

Vanis Kvabebi | Monastic Vertical cliff Tuff 7.73 0.31 Rock fall;

(Georgia) centre weathering

Sabereebi Monastic Vertical cliff Conglomerate, 0.67 Wedge

(Georgia) centre Sandstone, failure; rock

Siltstone fall;  surface
erosion

Natlismcemeli Monastic Vertical cliff Sandstone 0.49 Wedge

(Georgia) centre failure; rock
fall;  surface
erosion

Bamiyan Monastic Vertical cliff Conglomerate 6.8 Rock fall;

(Afghanistan) centre upper soil
erosion;

Orongo (Easter | Religious Weathered 32 4.0 Rock slide

Island, Chile) centre basalt

Abu Oud (Saudi Vertical cliff Sandstone 38.5 7.7 Rock fall;

Arabia) flash flood

Jabal Tkmah Vertical cliff Sandstone 24.8 2.7 Rock fall;

(Saudi Arabia) flash flood

Shar-e-Zohak Fortress Upper  plateau | Marl and Surface

(Afghanistan) with vertical cliff | conglomerate erosion

Mes Aynak | Religious Flat valley with | dolomite Mining

(Afghanistan) centre on | gentle slopes marble,

copper mine carbonaceous
quartz schist
and quartz-
biotite-dolomite
schist
Lalibela Religious Rock-hewn Weathered 6.4 Weathering;
(Ethiopia) centre churches basalt rock slide

Geomechanical
proprieties of the
Rupestrian sites

COMMON
ELEMENTS

Porosity versus UCS plot data from authors investigations and Ince et al, (2019) for Turkey data. A
classification of strength (Deere and Miller, 1966) and welding (Quane and Russell, 2005) are
reported for reference.
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MORPHOLOGICAL PROCESS VS TRIGGERING FACTORS

landslides induced by climate weather events Rock,
- short- and medium-term variation MACRO SCALE Slow,
) Deep
MICRO SCALE Prolonged and accumulated rains
Short and heavy rains _
Thermo-clastism \ Soil,
Permafrost dissolution rapid,
Cryo-clastism shallow
Cyclones
Weathering due to humidity
: Sea storm (coastal cliff stability) Slow
Erosion
s ¢ TR A TR g Creep
Freeze-thaw cycle Hot wave and prolonged dry period‘ and

& ISPRA

Istituto Superiore per la Protezione
e la Ricerca Ambientale




SABEREEBI - GEORGIA
Slow on set Geo-Morphological Processes




AKAPANA PYRAMID IN TIWANAKU - Bolivia

Tiwanaku, Bolivia (rotational slide, Earth flow, Solifluction, Rill erosion) For these particular

morphological processes
affecting the pyramid, the most
. suitable mitigation measure is to
I control the deepening of the
small watersheds, due to

accelerated linear erosion
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PETRA - Jordan

Rapid on set Geo-Morphological
Processes
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"W MINISTERO
@ DELLA
M CULTURA

Technical Board institution for the national Parks monitoring DM n.
5 del 19/02/2019, still active until 2025

National Protocol among Ministry of Culture and ISPRA
(26/05/2021)

Active agreement:

Extraordinary National Plan for the monitoring and conservation of
CH

(June 2022 - June 2024) — prolonged till end of 2024.

The National Plan for Monitoring and Conservation of Cultural Herit:
INTEGRATED SATELLITE-TERRESTRIAL MONITORING SYSTEM

List of case study and pilots assigned to ISPRA jointly with other institution,

research center and university (e.g CNR, UNESCO chair UNIFI)

Ravenna “Classe harbor”

Pienza

Orvieto & Civita di
Bagnoregio

Terme di Baia Campi
Cerveteri Flegrei

& Tarquinia Colosseo Pe

Paestum
archaeological park

Piazza Armerina




-

\history, evolution in time, etc.

CH Background
(desk and field study):

investigating the origin,
typology, construction
techniques, restoration

Four steps

Geohazard
assessment

Hazard and risk map
analysis

SAR Interferometry

Data integration and
services

Ground motion
monitoring

Field survey and risk
mitigation plan

£ ISPRA

Istituto Superiore per la Protezione
ela Ricerca Ambientale

o
L
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Ravenna pilot: “"Archaeological harbor of Classe” Campi Flegrei pilot: “"Archaeological thermae of Baia”
Threats: historical subsidence/differential deformation SAR Threats: uplift, rock fall and sea level rise
Techniques analyses SAR Techniques analyses

(mm/yr)
= -100 - -50
i
Mercuriol
S SThermae;
BN

SIAmbulatio, ¥

& ISPRA
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Parco sommerso di Baia pilot: “"Archaeological submarine area” Tarquinia pilot: "Archaeological Etruscan Necropolis”
Threats: subsidence and bradism, co-seismic effect morphological Threats: Drought, weathering, lateral spreading

phenomena, Crack gauges monitoring
SAR Techniques analyses

,d x| DESCending ™ ¥

amc © 5 stazione di video sorveglianzaa terra

© S5boemulti parametriche

_~~ Recinzione semi sommersa

1 stazione di trasmissione dati




Paestum pilot: “"Archaeological roman Park” Rome pilot: “"Colosseo Park & Aurelian Walls ”
Threats: weathering, transportation dynamic interaction,

Threats: water table fluctuation, weathering,
SAR Techniques analyses collapses. SAR Techniques analyses

PSI CSK (2015-2023)
VLOS (mm/anno)
discendente

®  490--400
o -3,99--3.00

Cosmo Sky-Med, ascending, 2010/11-2018/12

P RMATCEEF cober 071 veb. -1 7 v_sidev. 0.1

o 289200
S 1994100
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201-300 . i . : v
301-4,00 1 e T B I T Ve . #.-r_f ~
401-5,00 } \ ase | - g " \
: . Museo A& F 3cm~2anni \ “1, \
b 2017-2018 N _:..-I
= - PO

5. RMATOFSH cohor 063 ved 28 v_sidev. 0.1

, '-’:' 'b-"-l‘.;}lh""..inﬂ"‘{ S

Porta Marina

]
1
i \
[ &
20m~ = -
cm~2anno \ .. \ e
\ 2015-2017 OO R~
2cm~1.5anni  \ — v, S — — — N ___‘&_1-’;-. |
2016-2017 N e Ve R A
B "
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Orvieto pilot: “Historical small town”
Threats: slow landslide; water table fluctuation
SAR Techniques analyses

~1 PSI CSK (2015-2023)

VLOS (mmianno)

& -999--500
© 499--300
-2.99--150
-1.49-150
151-3,00

3.01-500

>501

e o o

Civita pilot: “Historical village”
Threats: slow landslide & ground deformations

SAR Techniques analyses

CIVITA DI BAGNOREGIO (V) - SERIE TEMPORALI

CSK DISCENDENTI (25/01/2015 - 24/02/2023)

P

prp—

2 coote bz

———

"] Psi csk (2015-2023)

VLOS (mm/anno)
discendente

e <000

® 999500
-4,89--3.00
2,99--150
-1.49-1,50
151-300

e e 8 8

PS CSK (2015-2023)
LOS {mmiannol

CIVITA DI BAGNOREGIO (VT) - SERIE TEMPORALI

CSK DISCENDENTI (25/01/2015 - 24/02/2023)

et

CIVITA DI BAGNOREGIO (VT) - SERIE TEMPORALI

CSK DISCENDENTI (25/01/2015 - 24/02/2023)

5] Croto t Ribaltamento
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Baratti&Populonia pilot: “Archaeological area”
Threats: subsidence and morphological phenomena ground
motion, SAR Techniques analyses

Pienza pilot: “Historical small town”
Threats: DGPV/regional fault; sructural
damage: SAR Techniques analyses

&
]

R

RIETI pilot: “Historical center”
Threats: slow landslide; water table fluctuation

41‘ ISPRA ’\%
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Volterra: “Historical village and medieval walls”

Threats: slow landslide
SAR Techniques analyses

Piazza Armerina pilot: "Roman mosaic”
Threats: slow and rapid landslide; water table fluctuation

SAR Techniques analyses

PS| Sentinel-1 (2018-2021) |
VLOS (mmianno)
Discendente
-15.00--10.00
999600
® 599-400
o 398--200
-199-2,00
o 201-400
401-600
601-1000
Inventari frane

CSK (2018-2022)
ASC + DESC

a8
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CUMA: evolution of the Antro della Sibilla

1. Original slope

4. Phi-c reduction procedure

> Starting —pr
~point of
collapse

Vv

: WL
3. Excavation r-::;:c;::;;;;;;

at vaults, and at base edges of side walls

¥ M Failure point

4 B Tension cut-off point

 Plasticity localized along existing discontinuities,
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Parco Archeologico dei Campi Flegrei: Terme Romane di Baia

HOCHZISTERNE
SERINO-
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= 52
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Step 1

( CHBackground ) 8

(desk and field study):
investigating the origin,
typology, construction
techniques, restoration
\_history, evolution in time, etc. /




Roman Bath of Baia

vila®
. dell'ambulatio
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Roman Bath of Baia

Ambulatio Villa and Little Thermae are the older complexes,
originally connected: a small thermal bath serving a majestic
residence built on seven terraces.




Roman Bath of Baia

In-between, in the I century A.D., was built the Villa della
Sosandra, with a wide exedra facing the sea.
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Roman Bath of Baia

The wealth of thermal resources led to the the rise of majestic
thermal complexes, with large domed halls.
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Roman Bath of Baia

First came the Mercurio Thermae, that took the place of Ambulatio Villas

garden.
The complex is well-known for its dome, 20 meters wide; the first built so

wide in roman age.




Roman Bath of Baia

One century later were built the Venus Thermae : even this building,
divided in two terraces, was domed (nowadays collapsed).

& 1sPRA



Roman Bath of Baia

Shortly after the previous,
the intermediate Thermae
arose: their name derives
from the position, between
Venus 7. and /ittle 7. They
were built on a single wide
and panoramic terrace.




Roman Bath of Baia

The last are the Diana Thermae. Half of the big dome is collapsed, and the
rest of the complex is still to be excavated B

2 Protezione
dellAmbiente




Roman Bath of Baia

Le Terme romane di Baia si estendono per 3,5 ettari. Sono costituite dagli scavi archeologici dell'insediamento romano e dai resti del parco archeologico sommerso.
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Step 2

™ R
Geohazard
assessment
Hazard and risk map
analysis and field
survey
Y, J
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Bradisism phenomena ed effect
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& ISPRA %?f

- f per Is Profezione
e la Ricerca Ambientale dellAmbiente

Istituto Superiore per la Protezione



Bradisism phenomena ed effect

E livello del mare

ERUZIONE DI MONTE NUOVO
1538

Source:
INGV-OV
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Geological
setting

: ‘Q(. porto di

~— <

Pozzuoli
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--a-,
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2 km
= —
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GEO — HAZARD Assessment

B 3 Baia

P. Epitaffio

.\ P. Pennata

Pozzuoli Bay

acoli

—

’

Ca Miseno

2km

. craterrim

* lava dome

Castel dell'Ovo

“« Cl caldera boundary
< NYT caldera boundary

s, remnant of volcanic edifice

\. - sea cliff,

_— paleo sea cliff

& ISPRA

Isttuto Superiore per la Protezione
e a icerca Ambientale

tema Nozionale
per Io Protezione.
dellAmbiente



Volcanic hazard map

New open probability Ash propagation fall probability

Bevilacqua et al., 2015 Neri et al., 2015
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The monitoring system

GNSS: INGV network

1 1 1 1

Horizontal displacements (21 cGPS stations)
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Landslide hazard map

e

e susce Landslide risk

N N Palazzo di Giulio Cesare

Piano di
Assetto
Idrogeologico

| very high
High
Medium

GOLFO DI POZZUOLI
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Landslide local inventory and updated map

Tipologie prevalenti
> crolli
» caduta di blocchi
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Step 3

\

SAR Interferometry

Data integration and
services

LosS differential
displacement
4 velocity, D-vel

(mmyyr)

ASC  DESC

. <10 .
10--5
P
o-:: 0

2-5

5-10
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INnSAR analysis : processing

GNSS STAZIONE GPS CUMA JERA Vi
(INGV) S
EGMS HE e . g
Dataset:ORTHO Esstiiest Incidence angle:270.00° 3 ] i 3
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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 (calibrated).
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INSAR Analysis: heatmap analysis

DESC LoS displacements
(mm/year)

1:10.000

1:25.000




INSAR Analysis: heatmap analysis

DESC LoS displacements
(mm/year)
scale 1:500

N
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Step 4

Ground motion
monitoring

Field survey and risk
mitigation plan




Direct survey

Rilevo 3D
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LosS differential
displacement
velocity, D-vel

(mm/yr)

ASC

<-10

-10—--5

-5—--2
B
2-5

5-10

. >10
O

Ambulatio)
DESC Villa
]
mEN
O

Sesandra
Villa

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
Ambulatioand
Sosandravillas 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.
2016 2017 2018 year 2019 2020 2021
-30
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In situ calibration and interpretation

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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EAST boarder in situ interpretation and validation

LoS differential
displacement
velocity, D-vel

(mm/yr)

2016 2017 2018 2019 2020 2021
ASC1 ASC2 v~
——DESC1 —DESC2 N
i 1 yd L




Main critical issues:
Strucutural and damage assessment cracks (a,b);
rocks fall (¢);
invasive vegetation (d).
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GPR analysis
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LEGENDA:

A B
—

MARKER
TRACCIATO
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RADICE
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GPR analysis
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v: propagation velocity of marker
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Preliminary mitigation measures

~

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

Wall structure blocks (recent collapse)

Soil creep

J
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Preliminary mitigation measures

Sector 1

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

Wall structure blocks (recent collapse)

O Soil creep

Cleaning the vegetation & ISPRA

- [
Superiore per la Prolezione et
& la icerca Ambisniale SeitAmblente




Crack gauges : displacement
measurement station (type A) N°
10

Humidity an Temperature
measurement station (type B) n°
12

3D tiltmeter : measurement
station of rotation (type C)
Mitigation measure (type D) N° 1
Accelerometer/velocimeter:
dynamic measurement station

(type E) N°1
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The HOLISTIC approach and the new paradigm

World strategic assets such as the CH must have “Management and Adaptation Plans” that aim to increase the resilience and
decrease the vulnerability to the impacts of geo-hazards triggered by climate change. We have now the support of Earth
Observation and remote sensing data, products and services. We need a strong and precise road map:
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