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GEOSPATIAL PRODUCTS OVERVIEW

We use two main approaches on the measurements obtained via A-DInSAR applied to EO and 

non-EO data:

• Territorial-scale analysis: A statistical method to classify active ground deformations across 

the Italian Cultural Heritage.

• Single-structure analysis: Algorithms that interpolate measurement points to map 

deformations on individual structures, enabling detailed monitoring of each cultural asset.

From these, we generate five key geospatial products for End-Users to monitor cultural heritage 

deformations:

1. InSAR Statistical Indexes

2. 3D Velocity Decomposition

3. Identification of differential deformation over cultural heritage

4. Annual anomalies of deformation trend

5. Intersection of spatio-temporal anomalies with exposed cultural heritages

InSAR STATISTICAL INDEXES

This geospatial product analyzes ground motion data (PS/DS) over cultural heritage sites, 

providing four key indexes to assess structural stability and data reliability (Pratesi et al., 2015):

• Information Completeness (Ici): Data coverage based on point density.

• Conservation Criticality (Icc): Flags velocity extremes indicating potential risks.

• Velocity Distribution (Ivd): Highlights localized ground movement and instabilities.

INTRODUCTION

IRIDE represents one of the most relevant European space programs in the field of Earth observation. Its implementation will take place in Italy on the initiative of the Government, thanks to the resources of the National Recovery 

and Resilience Plan (PNRR) integrated by the funds of the National Complementary Plan (PNC). IRIDE is a satellite system that will be operational by June 2026, coordinated by ESA-European Space Agency, with the participation 

of ASI-Italian Space Agency. IRIDE will offer a wide range of geospatial services to all Users. These geospatial services, designed on the basis of User needs, provide information (maps, monitoring, multi-temporal analyses) relating 

to the territory and the sea through the processing of Earth Observation (EO) data from satellites and the integration with other data coming from models, ground networks, other available open data or provided by the User itself.

In this context, Our work is part of the Service Value Chain (SVC) S3-03 of the IRIDE Service Segment Lot 2 and focuses on mapping and monitoring ground and infrastructure deformations using satellite data. These deformations 

may result from natural or anthropic phenomena such as earthquakes, volcanic eruptions, landslides, and subsidence. The main objective is to monitor Italian Cultural Heritage sites and their surroundings by analyzing high-

resolution SAR data (Sentinel-1, COSMO-SkyMed, SAOCOM, and future IRIDE-NIMBUS) through Advanced Differential Interferometry SAR (A-DInSAR).The resulting deformation maps and time series will support the development 

of tools for detecting spatio-temporal anomalies and providing statistical insights.

This geospatial product allows to identify clusters 

of measurement points on cultural heritage 

structures that are influenced by differential 

deformative trends. The approach relies on 

satellite-derived PS/DS data projected along the 

Line of  Sight  (LOS) and  interpolated using  the 

Mean 
Velocity
(mm/year)

This geospatial product calculates the Expose Score, a synthetic indicator designed to assess the exposure of cultural heritage 

sites to both natural hazards and ground deformation phenomena. The score combines the presence of seismic, landslide, 

hydraulic, and volcanic hazards
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ANNUAL ANOMALIES OF DEFORMATION TREND

This product generates annual temporal anomaly maps identifying PS/DS with displacement time series characterized by acceleration behaviour relative to the mean deformation trend. 

Starting from the vertical and East-West deformation maps, trend change points are identified by setting an acceleration threshold. 

This geospatial product 

estimates vertical and East-

West deformation components 

in vertically-developed 

structures (e.g., towers, tall 

monuments) by applying 

vector decomposition 

techniques to Persistent and 

Distributed Scatterers (PS/DS) 

identified at the top and bottom 

of each building.

PS/DSs are classified based 

on height information, enabling 

a refined analysis of 

differential displacements 

along the structure’s vertical 

extent.
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Inverse Distance Weighting (IDW) 

method. The result is a high-

resolution deformation grid from 

which contour lines are extracted 

to highlight areas of spatial 

discontinuity and localized 

structural behavior, enabling a 

more intuitive understanding of 

ongoing deformation processes. 

within a buffer area with the 

average LOS velocity of nearby 

PS/DS points. The Expose 

Score ranges from 0 to 14, 

providing a scalable measure 

of exposure intensity.
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