
Bianchini S., Centauro I., Palamidessi A., 

Tofani V., Spizzichino D., TapeteD., VirelliM.

COSMO-SkyMedInSARdata within the 
άItalian Extraordinary Plan for Monitoring and 

/ƻƴǎŜǊǾŀǘƛƻƴ ƻŦ /ǳƭǘǳǊŀƭ IŜǊƛǘŀƎŜέ 
for instability assessment of built cultural heritage: 

examples on the historical sites Pienzaand Civita di Bagnoregio(Italy)

E01 .01 EO for Cultural and Natural
Heritage : from innovation to user uptake



Missionof the UNESCO Chair

The UNESCO Chair is characterised by research and development (R&D), training and intervention activities on hydrogeological hazards and risk, 
with a focus on UNESCO World Heritage cultural assets

http://unesco-geohazards.unifi.it
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Feasibility of InSAR PSI on urban CH 

ÅMillimetric precision of ground motion
ÅNon-invasiveness
ÅPossibility of multi-scale analysis
ÅBack-monitoring: temporal reconstruction

ÅSatellite MT-InSAR
PSI technique

ÅQuantitative
estimation of 

ground motion 

ÅDegree of 
instability of urban 

sector and even 
singleclusters of 

buildingson areas 
characterized by 

slow-moving 
deformations

ROME

Persistent Scatterers Interferometry (PSI)



Specifics of the Italian Cultural and Natural Heritage 
ÅHazard 

factors 

o Historicalςconstructive
o Dimensional-Morphological
o Materialand conservation

Theprotection of CNHis a priority for the Italian country and at
the sametime a relevantissue,searchingfor anequilibrium:

Conservation Safety

ÅCNH: widespread throughout the territory 

Heterogeneity

2 mainoperationaldirectives:

ü riskprevention(reducingthe inherentvulnerabilityof the built environment)

ü emergencymanagement(reducingintervention time for securingand planning

subsequentrestorationandpreservationactions)



The Italian Extraordinary Plan for Monitoring and 
Conservation of Cultural Heritage 

ÅSince2022. It involvesmanyItaliansitesof highhistorical-cultural valueof different typesanddimensions

ÅAgreementsbetweenItalianMinistry of Culture& variousResearchInstitutions & Universities

Å IntegratedǎŀǘŜƭƭƛǘŜπǘŜǊǊŜǎǘǊƛŀƭinvestigationsystem

ÅRemotely-sensedestimationof potential damageand instability, to becross-comparedwith on-siteandat-deskgeo-spatialdata

Å It attemptsto assessthe hazardfactorsat different territorial scalesandto eventuallyhighlightanycriticalsituationrelatingto CH

ÅSupportingthe planningandregularmanagementof CNHconservationinterventions,if any.

EXPERIMENTALINTEGRATEDAPPROACHOF RSSATELLITETECHNIQUES&

TERRESTRIALTRADITIONALDATAONVARIOUSCH TYPES:

ÁTO W ERS
ÁBELLS
ÁC H U RC H ES
ÁLIN EA R SYSTEM S
ÁA RC H EO LO G IC A L A REA S
ÁH ISTO RIC A L U RBA N  SITES
ÁU RBA N  BU ILT-U P A REA S

DATAACQUISITION,ELABORATIONANDPROCEDURESOFANALYSIS:

G u id e l in e s, an d  
Management&Information

Management&Information
Systems Tools:

Systems 

Tools:
ÁMONITORING STRATEGIES
ÁOPERATIVE PROCEDURES
ÁPRIORITIZE CONSERVATION MEASURES 

H IST O R IC A L U R B A N  C EN T ER S &  B U ILT-
U P  FA B R IC

M O N U M EN T S, 
A R C H EO LO G IC A L A R EA S 

LIN EA R  SY ST EM S

A R C H EO LO G IC A L PA R K S

CHURCES AND ARCHITECTONIC COMPLEXES
COMPLEXES

TOWERS AND BELLS

BRIDGES



Results& outputs

Methodologicalapproachon CH historicalurban sites

PSI-basedterritorial
rappresentation/maps

Satellite 
MTInSAR

data

Spatial
analysis

Temporal
analysis

Background Geothematic

Historical
pastscenario

Recent
scenario

Geological

PSI-based classification 
indexes

Hotspot analysison 
buildings 

Urban scale

Building scale

On-site surveys & 
validation

Data cross-comparison

Input data Analysis & interpretation

Differential
settlement

Time series temporal 
trends 

Landslide inventory

Satellitedata-basedprocedures:
o Simple/intelligible
o Replicable
o Smart

Integrated monitoring system
o PilotUseCases
o Guidelines
o DataRepository

Comunication& System making 

Cartographic
Urban Fabric



Case study examples

Pienza

Civita di Bagnoregio

Italian Extraordinary Plan for Monitoring and Conservation of Cultural Heritage 

Use of high-
resolution 
X-band SAR 
CSK data

Institutional 
Agreement 
betweenPublic 
Administrations



SW NE

ÅMarinePliocenesediments
ÅDifferential settlement of the Cathedralsince
historicaltime (XVcentury)
ÅExtensivedamages
ÅDeep-seatedmotionsin stiff jointed clays
ÅDetachmentsurfacesin the basalclays, possibly
at existingtectonicdiscontinuities(PienzaFault)

Pienza Fault

DSGSD and slides

WHL UNESCO 
since1996

Pienza

Clayeydeposits

Sandy deposits

Organogeniclimestones

Sandsand sandstones

Clays

Antropic

Fillsoil

Bedrock (Marine Pliocene)

Recent 

Debris

Slide 
body 



ÅSAR CSK e CSG (2015-2023) imagery
elaboratedwith SqueeSARtechnique

ÅOverallstabilityof the urbanarea

Å Satellite descending orbit: as the most
suitable geometry for assessing slow
movementson SWsector

Å Localground deformation on SW sector,
with meanannualvelocitiesup 3-5 mm/yr

ÅSatellitedescendingorbit: motion rates of
about 5-7 mm/yr in rural areasnearbythe
historicalcity center

ÅTerrainmotion rates of 2-3 mm/yr on S-SE
urbansectors

CSK PSI data PSICSK Descending

PSICSK Ascending

VLOS (mm/yr)
Descending

VLOS (mm/yr)
Ascending



Vertical and horizontalE-W motion components
ÅCombinationof ascendingand descending

dataon a 10m resamplinggrid

Å Prevalent vertical components of
downwardmovementin southernsectors

WEST EST

VEW

VV

DOWN UP

Horizontalcomponent 
of VEW velocity

Vertical component of 
Vv velocity

Vertical velocity EW Horizontalvelocity

CSK Synthetic targets
Velocity EW (mm/yr)

CSK Synthetic targets
Velocity VV (mm/yr)


