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Executive summary 

Groundwater plays a key role in addressing global water needs. Around 20% of the world’s aquifer 

systems are over-exploited, with outputs (withdrawal and natural discharge) exceeding recharge, 

resulting in resource depletion, storage loss and compaction. The induced land subsidence causes 

direct/indirect impacts on urban landscapes (ground depressions, earth fissures, structure damages, 

increased flood risk, loss of land to water bodies) and economic loss, yet these are often overlooked, 

and so are considerations on how climate change, population and urban growth may further 

exacerbate them. 

The PRIN 2022 PNRR project SubRISK+ (https://www.subrisk.eu) [2023–2025] innovates in this 

field, by providing new Earth Observation (EO)-derived products and tools aiming to: 1) enhance our 

understanding of subsidence and its impact; 2) empower the community to recognize the human-

related behavioural, socio-economic and demographic drivers of this geohazard and its cascading 

effects on urban environments and ecosystems; and 3) strengthen our ability to consciously use 

natural resources to make a step-change towards sustainable development. 

This report summarizes the results of SubRISK+ Work Package (WP) n.2 (WP2: National scale risk 

assessment), aimed to develop a land subsidence risk assessment methodology at the national scale 

based on satellite-derived ground displacement observations and land cover data. The methodology 

exploits interferometric radar datasets from the European Ground Motion Service (EGMS) of the 

Copernicus Programme, along with urban settlement characteristics from the Global Human 

Settlement Layer (GHSL) and the World Settlement Footprint (WSF) datasets. These are used to 

estimate present-day distribution and levels of hazard and exposure-vulnerability across the 15 

metropolitan cities of Italy and, in turn, classify and map risk levels. 

Over a cumulative investigated area of 54,378 km2 for the 15 metropolitan cities of Italy and a total 

urbanized area amounting to 2,665 km2, about 1.44 km2 of land revealed high risk levels associated 

with differential displacement (either subsidence or uplift), mainly concentrated in narrow sectors 

exhibiting significant angular distortions (and, in some cases, an additive threat due to horizontal 

strain) occurring over very high exposure-vulnerability infrastructure (private/public buildings) 

within the cities of Napoli (e.g. Pozzuoli and Bagnoli), Catania, Roma and Messina. In these zones, 

there is a high likelihood of already occurred/incipient structural damage at urban infrastructure; site 

inspections to verify the structural health of the buildings and ad hoc mitigation measures are 

recommended at single-building scale. On the other hand, a medium risk level was identified across 

the vast majority of the metropolitan areas’ land (1351 km2), where potential structural damage might 

occur at the urban infrastructure involved; in these areas, tailored monitoring of ground deformation 

and derived stress indices is recommended at the building block scale. Finally, low risk level is 

identified across the remaining 1133 km2, where an acceptable risk level is found and no specific 

actions are required. 

The generated maps provide a baseline risk assessment overview for the 15 metropolitan cities in 

relation to the process of differential displacement induced by land subsidence/uplift and, as such, 

could provide valuable inputs for land subsidence-related risk management and mitigation workflows 

for national land management and urban authorities. 

 

  

https://www.subrisk.eu/
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1 INTRODUCTION 

SubRISK+: Enhancing our understanding of Subsidence RISK induced by groundwater exploitation 

towards sustainable urban development is a collaborative research project funded in 2023–2025 in 

the framework of the Italian National Recovery and Resilience Plan (NRRP), Mission 4, Component 

2 (M4C2) – Investment 1.1: Fund for the National Research Programme (NRP) and Research Projects 

of Significant National Relevance (PRIN) [Call “PRIN 2022 PNRR”, D.D. no.1409, 14/09/2022], 

and led by the National Research Council (CNR) of Italy – Institute of Atmospheric Sciences and 

Climate (ISAC), in collaboration with the University School for Advanced Studies (IUSS) of Pavia 

– Department of Science, Technology and Society (STS), and the University of Padua (UNIPD) – 

Department of Civil, Environmental and Architectural Engineering (ICEA). 

The high-level goals of SubRISK+ are to enhance the understanding of land subsidence and its impact 

in urban environments; empower the community to recognize the human-related behavioural, socio-

economic and demographic drivers of this geohazard and its cascading effects; and strengthen our 

ability to use consciously natural resources to make a step-change towards sustainable development. 

Full details on the scientific objectives, planned and achieved outcomes, project partners and 

stakeholders, news and publications of SubRISK+ are openly available in the project website at: 

https://www.subrisk.eu 

This report summarizes the results of SubRISK+ Work Package (WP) n.2 (WP2: National scale risk 

assessment), aimed to develop a land subsidence risk assessment methodology at the national scale 

based on satellite-derived ground displacement observations and land cover data. Section 2 describes 

the used input datasets (section 2.1) and the developed risk assessment methodology (section 2.2). 

Present-day risk assessment results are then presented in section 0, which provides: the detailed 

statistics on present-day hazard, exposure-vulnerability and risk for the 15 metropolitan cities of Italy 

as a whole (section 3.1), as well as city-specific mapping of hazard, exposure-vulnerability and 

resulting risk zoning (section 3.2). The digital versions of the value-added risk maps for the 15 cities 

are publicly available through SubRISK+ project website within the ‘Control Room’ 

(https://controlroom.subrisk.eu), which enables open access to SubRISK+ mapping products. 

  

https://www.subrisk.eu/
https://controlroom.subrisk.eu/


   

   Page 6/67    

2 DATA & METHODS 

2.1 Input datasets 

The input datasets of the analysis include: (i) administrative boundaries and population data, (ii) land 

cover datasets generated using satellite optical imagery, and (iii) ground displacement observations 

derived from satellite radar data. Each dataset and its main characteristics are described in the 

following sections. 

2.1.1 Administrative boundaries and population 

The administrative boundaries of the 15 metropolitan cities of Italy (Figure 1) were sourced from the 

National Institute of Statistics (ISTAT; https://www.istat.it/en), which acts as the primary source of 

official statistics for Italy. On a yearly basis, ISTAT provides updated digital versions of the 

administrative boundaries of Italian towns, provinces and regions, and the associated unique 

identification codes enabling their link with census records and other key statistics. 

 

 

Figure 1 – Location of the 15 metropolitan cities of Italy. 

 

The 2023 version of the geographical database was exploited for the analysis, in its GIS-ready vector 

format (shapefile), with WGS84 / UTM zone 32N (EPSG:32632) projected coordinates. For each 

metropolitan city, the dataset provides – among others – the following attributes: COD_REG (unique 

https://www.istat.it/en
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ID of the region), COD_PROV (unique ID of the province), and COD_CM (unique ID of the 

metropolitan city); for each town, in addition to the latter, the dataset includes other attributes, such 

as PRO_COM (unique ID of the town), and COMUNE (name of the town). A summary of the areal 

extent and number of towns belonging to each metropolitan city is provided in Table 1, along with 

the censed number of inhabitants in 2023. 

 

Table 1 – Information on the 15 metropolitan cities of Italy: area, number of towns and inhabitants according to the 2023 census. 

COD_REG Region COD_CM Metropolitan City Area [km2] No. of towns Inhabitants 

1 Piedmont 201 Torino 6,827 312 2,198,237 

7 Liguria 210 Genova 1,834 67 813,626 

3 Lombardy 215 Milano 1,575 133 3,219,391 

5 Veneto 227 Venezia 2,473 44 833,703 

8 Emilia-Romagna 237 Bologna 3,702 55 1,011,659 

9 Tuscany 248 Firenze 3,514 41 984,991 

12 Lazio 258 Roma 5,363 121 4,216,553 

15 Campania 263 Napoli 1,179 92 2,969,571 

16 Puglia 272 Bari 3,863 41 1,223,102 

18 Calabria 280 Reggio Calabria 3,210 97 517,202 

19 Sicily 

282 Palermo 5,009 82 1,200,957 

283 Messina 3,266 108 598,811 

287 Catania 3,574 58 1,071,914 

20 Sardinia 
290 Sassari 4,286 66 315,460 

292 Cagliari 4,704 72 543,147 

 

2.1.2 Urban settlement datasets 

The two sources of land cover information that were exploited are: 

(i) The Global Human Settlement Layer (GHSL), in particular, the Settlement Characteristics 

GHS-BUILT-C R2023A dataset [1], derived from a composite of Copernicus Sentinel-2 

2018 imagery and other GHS R2023A data. The dataset delineates the boundaries of the 

human settlements and identifies their inner characteristics in terms of the morphology of 

the built environment and the functional use: built spaces (residential and non-residential, 

with associated height class) and open spaces (water surfaces, low to high vegetation 

surfaces, and roads) are distinguished within the human settlements (while the remainder is 

classified as no data). The layer is openly available in raster format with 10 m spatial 

resolution, in the World Mollweide (EPSG:54009) projected system.  

(ii) The World Settlement Footprint (WSF®) Evolution dataset [2], generated from the analysis 

of Landsat-5/7 data, their derived spectral indices and temporal statistics. The dataset 

outlines the extent of settlement (and non-settlement) areas on a yearly basis, from 1985 to 

2015, and is openly available in raster format with a spatial resolution of 30 m, referenced 

to the WGS84 (EPSG:4326) geographic system. 

An overview of the two datasets over the Italian territory is provided in Figure 2 and Figure 3. 
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Figure 2 – Overview of the Global Human Settlement Layer (GHSL) – BUILT-C R2023A dataset over the Italian territory (source: 

https://human-settlement.emergency.copernicus.eu/ghs_buC2023.php). 

 

 

Figure 3 – Overview of the World Settlement Footprint (WSF®) Evolution dataset over the Italian territory (source: 

https://geoservice.dlr.de/web/maps/eoc:wsfevolution). 

https://human-settlement.emergency.copernicus.eu/ghs_buC2023.php
https://geoservice.dlr.de/web/maps/eoc:wsfevolution
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2.1.3 Ground displacement observations 

Satellite-derived observations of ground displacement were sourced from the Copernicus European 

Ground Motion Service (EGMS; https://land.copernicus.eu/en/products/european-ground-motion-

service). This provides millimetre precision estimates of ground displacement based on multi-

temporal Interferometric Synthetic Aperture Radar (InSAR) [3] processing of Copernicus Sentinel-1 

radar imagery, updated annually and openly available to the user community [4]. 

The EGMS Ortho 2018–2022 (vector) datasets were exploited for the analysis. These are point-wise 

layers depicting displacement along the vertical [5] and east-west [6] directions, which were derived 

from the combination of information provided by ascending and descending orbits of the EGMS 

Calibrated datasets (line-of-sight estimates, referenced to a model derived from global navigation 

satellite system data; [7]). Ortho datasets are resampled to a 100 m grid, and distributed in raster 

(geotiff) and vector (comma-separated values) formats. A displacement time series is associated with 

each point, with a temporal sampling following the satellite constellation revisit (12 or 6 days). 

An overview of the dataset over the Italian territory is provided in Figure 4. 

 

 (a)   (b)  

Figure 4 – Overview of the European Ground Motion Service (EGMS) Ortho datasets over the Italian territory: (a) vertical, and (b) 

east-west deformation velocities (source: https://egms.land.copernicus.eu). 

2.2 Risk assessment methodology 

The methodology builds upon a matrix-based risk assessment approach that was recently developed 

and demonstrated by SubRISK+ coordinator for three metropolitan cities in Central Mexico [8–10]. 

This method geospatially combines information on the type and distribution of the elements at risk 

(urban infrastructure) with InSAR-based ground displacement observations and derived stress 

metrics, with the aim to identify highly vulnerable urban infrastructure that might be impacted by 

differential displacement. Such an approach has been increasingly exploited across the scientific 

https://land.copernicus.eu/en/products/european-ground-motion-service
https://land.copernicus.eu/en/products/european-ground-motion-service
https://egms.land.copernicus.eu/
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community, with a growing number of applications in the USA, Nigeria, India and other countries 

(e.g. [11–13]), proving its adaptability across different geographical contexts. 

2.2.1 Exposure-Vulnerability (EV) 

Exposure and vulnerability of urban infrastructure are assessed based on its spatial distribution, type, 

height and age. Data on the type (residential, non-residential), height (≤ 3 m, 3-6 m, 6-15 m, 15-30 

m, or > 30 m) and age (pre-/post-1985) of built-up surfaces are derived from the two urban settlement 

datasets (see section 2.1.2): building upon type and height of buildings extracted from the GHS-

BUILT-C settlement characteristics (Figure 5a), and then complementing with information on 

building age as derived from the WSF Evolution layer (Figure 5b). 

A combined Exposure-Vulnerability (EV) metric is therefore established based on the integration of 

GHS-BUILT-C and WSF Evolution data (Figure 5c), with values ranging between low (EV1) and 

very high (EV4). The metric assumes increasing levels of potential damage that could affect the 

buildings exposed to the hazard, when moving from lower to taller buildings, from residential to non-

residential structures (the latter are assumed more likely to have loose foundations), and newer to 

older constructions (the latter are potentially more vulnerable with respect to new constructions 

complying with recent structural engineering regulations; e.g. [14]). Following the geospatial 

integration of the two layers, the EV metric is then spatially mapped across each metropolitan city, at 

the 10 m spatial resolution (Figure 5d). 

 

 

Figure 5 – Example of Exposure-Vulnerability (EV) assessment and mapping using SubRISK+ methodology: (a) GHSL Settlement 

Characteristics [1], (b) WSF Evolution [2], (c) EV metric assessment approach, and (d) resulting EV map. 
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2.2.2 Hazard (H) 

The differential settlement occurring at the margins of subsiding areas (often above discontinuities in 

bedrock geology and aquifer system structure) is the primary cause for the development of surface 

fissures/faulting, cracks and damage in urban infrastructure (e.g., [15]). The associated hazard levels 

induced on urban infrastructure can therefore be estimated through the computation of the angular 

distortion (β) [16] and horizontal strain (ε) [17], as derived from the EGMS satellite InSAR datasets 

(see section 2.1.3). These two parameters are widely exploited in geotechnical engineering (e.g. [18]) 

and are among the main subsidence-related intensity parameters determining the building damage 

severity, together with construction year, type, characteristics and maintenance state of the 

superstructures and their foundations (e.g. [19]). 

The computation of these two parameters starts by accounting for the vertical (VU) and east-west (VE) 

displacement velocity data provided by the EGMS Ortho layers for the 2018–2022 period (Figure 6a-

b). By assuming that the estimated velocities have affected the observed areas for a period of 10 years, 

the total displacement values along the vertical and east-west directions, dU and dE respectively, and 

the total angular distortion and horizontal strain, β and ε (Figure 6c-d), are calculated at each map 

pixel as follows:  

Total vertical displacement    𝑑𝑈 = 𝑉𝑈 × 10 Total east-west displacement   𝑑𝐸 = 𝑉𝐸 × 10 

Total angular distortion    𝛽 =
𝑑𝑈𝑗−𝑑𝑈𝑖

𝑙
 Total horizontal strain    𝜀 =

𝑑𝐸𝑗−𝑑𝐸𝑖

𝑙
 

where dUj and dUi (and dEj and dEi) are the vertical (and east-west) displacements of adjacent points j 

and i, and l is their planar distance (in this case, this equals the spatial resolution of the EGMS Ortho 

datasets, i.e. 100 m).  

To understand the meaning of β and ε, it is worth considering, for example, that β = 0.22% (i.e. 1/450) 

refers to a total of 22 cm differential displacement occurred over a period of 10 years across a 100 m 

horizontal distance. Similarly, ε = 0.15% (i.e. 1/670) refers to a total of 15 cm differential 

displacement over 10 years across a 100 m distance. 

Hazard levels are identified according to a scale ranging from low (H1) to very high (H4) (Figure 6e), 

indicating an increasing probability of occurrence of fissuring/fracturing and associated damage of 

the urban infrastructure. The threshold values adopted for β and ε account for geotechnical practice 

(e.g. [14]) and past InSAR-based structural health applications (e.g. [8–10,20–22]). With regard to β, 

the thresholds adopted to classify the total distortion over the 10 year-long period are: 1/3000 

(equivalent to 0.033%), 1/1500 (0.067%), and 1/500 (0.200%). A safety factor of 20% might be 

applied to slightly lower these thresholds, and thus ensure a more conservative hazard assessment. 

As for ε, the threshold adopted to categorize the strain cumulated over the 10 year-long period is: 

±0.03% (namely 0.03%, applied to the absolute value of the strain, independently of its direction). 

Following [10], hazard scores based on β are geospatially complemented with information on 

presence/absence of significant ε that potentially could also threaten the structures (Figure 6e): an 

increase in the hazard score obtained by classifying β is considered whenever the value of ε exceeds 

the adopted threshold. The hazard level is finally mapped across each metropolitan city, at the 100 m 

spatial resolution provided by the EGMS Ortho datasets (Figure 6f). 
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Figure 6 – Example of Hazard (H) assessment and mapping using SubRISK+ methodology: (a) EGMS Ortho vertical [5] and (b) 

EGMS Ortho east-west [6] displacement velocity datasets, (c) total angular distortion and (d) horizontal strain over a period of 10 

years, (e) H level assessment approach, and (f) resulting H map. 
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2.2.3 Risk (R) 

Hazard and exposure-vulnerability information are finally integrated via implementation of a tailored 

risk matrix, enabling the classification of risk levels into (Figure 7a):  

Low (R1) this is considered an acceptable risk level, and no specific actions are required 

Medium (R2) this is a relevant risk level, suggesting that potential structural damage might 

occur at the urban infrastructure involved; therefore, tailored monitoring of 

ground deformation and derived stress indices is recommended at the building 

block scale 

High (R3) this is the highest risk level, indicating a high likelihood of already 

occurred/incipient structural damage at urban infrastructure; site inspections 

to verify the structural health of the buildings and ad hoc mitigation measures 

are recommended at single-building scale 

 

The integration is tied to the 10 m spatial resolution of the exposure-vulnerability layer (see section 

2.2.1), yet by acknowledging that hazard information is embedded at a broader resolution (see section 

2.2.2), meaning that homogeneous H levels will be considered across multiple EV pixels. An example 

of the resulting risk map is provided in Figure 7b. 

 

 

Figure 7 – Example of Risk (R) assessment and mapping using SubRISK+ methodology: (a) risk matrix, and (b) resulting R map. 

  



   

   Page 14/67    

3 RESULTS 

3.1 Overview of differential displacement risk in Italy 

Built-up spaces (either residential or non-residential buildings) within the 15 metropolitan cities of 

Italy embrace limited proportions of the respective total extents, with percentages ranging between 

1.8% (Sassari) and 21.3% (Napoli); on the other hand, open spaces within the human settlements (low 

to high vegetated, water and road surfaces) and other rural land outside the human settlements span 

the vast majority of the administrative areas (Figure 8a). In terms of areal coverage, the greatest built-

up spaces are found in Roma (442 km2), Torino (311 km2) and Milano (277 km2), followed by Napoli 

(251 km2), Bari (206 km2), and the remainder 10 cities encompassing less than 200 km2. It is only to 

built-up spaces that the Exposure-Vulnerability metric was assigned; the resulting statistical overview 

is provided in Figure 8b. 

 

(a)  

(b)  

Figure 8 – (a) Built-up and unbuilt land within the 15 metropolitan cities of Italy (according to the GHS-BUILT-C R2023A - GHS 

Settlement Characteristics [1] layer), displayed using a percentage scale (100% refers to the total extent of each city), with labels 

indicating areas in km2; and (b) Extent of the four Exposure-Vulnerability (EV) levels within each city, derived by following the method 

described in section 2.2.1. 
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The proportion of low exposure-vulnerability buildings (EV1) within the 15 metropolitan cities is 

generally between 2% (found at Milano, for ~6 km2 out of its 277 km2 built-up spaces) and 14% 

(Palermo, for ~18 km2 out of 123 km2 built-up spaces). Medium exposure-vulnerability buildings 

(EV2) typically cover between 17% (Milano, for ~48 km2 out of its 277 km2 built-up spaces) and 

58% (Sassari, for ~45 km2 out of its 78 km2 built-up spaces). Similar proportions are found for high 

exposure-vulnerability buildings (EV3), extending between 24% (Sassari, for ~19 km2 out of its 78 

km2 built-up spaces) and 61% (Napoli, for ~152 km2 out of its 251 km2 built-up spaces). The amount 

of buildings associated with the highest exposure-vulnerability metric (EV4) range between 1% 

(Bologna, for ~2 km2 out of its 165 km2 built-up spaces) and 25% (Genova, for ~18 km2 out of its 73 

km2 built-up spaces). In terms of absolute extent (Figure 8b), the metropolitan cities highlighting the 

largest extents of EV4 buildings are Milano (~65 km2), Torino (~37 km2), Roma (~33 km2) and 

Napoli (~23 km2).  

Ground displacement datasets for the 15 cities provide information for proportions of their 

administrative extents ranging between 16.5% (Messina) and 66.2% (Napoli) (Figure 9a); their 

coverage mostly follows the spatial distribution of built-up spaces, as the latter typically encompass 

a number of good reflectors to the radar signal, hence the ideal land cover for satellite interferometric 

methods to perform (see section 2.1.3). The hazard assessment for the 15 cities depicts low hazard 

levels (H1) across more than 98.5% of the mapped land within each city (Figure 9b); overall, the 

greatest proportion of medium (H2) to very high (H4) hazard zones is found in Genova, where hazard 

is deemed significant across more than 1.3% of the mapped area (~6.5 out of 488 km2). In terms of 

absolute extent, Napoli (~8.5 km2) and Palermo (~7.0 km2) provide the greatest extents of H2 to H4 

hazard zones, while the lowest extents are found in Milano (~0.4 km2) and Sassari (~0.9 km2). The 

greatest hazard levels (H3, high; and H4, very high) are generally limited to narrow sectors of the 15 

cities, and encompass a total of 9.1 (H3) and 1.4 (H4) km2 across the whole 15 cities. The largest 

extents mapped are 1.8 (H3) and 0.25 (H4) km2 in Napoli, and 1.5 (H3) and 0.43 (H4) km2 in Torino.  

The ‘baseline’ (present-day) risk assessment achieved via geospatial integration of exposure-

vulnerability and hazard maps provides mapping coverage spanning between 86% (Sassari) and 98% 

(Milano) of the built-up spaces; indeed, the total extent of the mapped risk areas slightly differs from 

the total extent of the mapped exposure-vulnerability zones, due to the presence of some built-up 

spaces with no hazard information available. Low risk (R1) zones generally cover a large proportion 

of the mapped areas (30-50%), with peaks at Reggio Calabria (65%) and Sassari (67%); similarly, 

medium risk (R2) areas typically extend ~40-60%, with peaks at Napoli (71%) and Milano (81%) 

(Figure 10). A total of 1133 km2 R1 and 1351 km2 R2 areas are found overall across the 15 

metropolitan cities. 

On the other hand, a total of 1.44 km2 high risk (R3) zones is found overall across the 15 cities. Their 

extent is generally limited to less than 0.01% of the administrative land of each city (less than 0.02 

km2), usually restricted to narrow/small sectors. More significant extents are found in Messina (0.03 

km2), Roma (0.07 km2), Catania (0.09 km2) and Napoli (1.16 km2), onto areas where the most 

vulnerable urban infrastructure is affected by the greatest differential settlements and induced 

structural stress (see section 0). Examples of such locations are in Pozzuoli and Bagnoli, within the 

metropolitan city of Napoli, where significant angular distortion with added stress coming from 

horizontal strain occurs in highly dense residential and non-residential built-up areas where building 

height exceeds 15 m.  
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 (a)  

(b)  

Figure 9 – (a) Hazard (H) data coverage and no data within the 15 metropolitan cities of Italy (based on the EGMS Ortho InSAR 

dataset [5]), displayed using a percentage scale based on the respective total extent of each city; and (b) Extent of the four Hazard (H) 

classes within each city, displayed using a percentage scale (100% refers to the total extent of the hazard data within each city), and 

derived by following the method described in section 2.2.2. 

 

 

Figure 10 – Extent of the three Risk (R) classes within each of the 15 metropolitan cities of Italy, derived by following the method 

described in section 0. 
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3.2 City-specific differential displacement risk mapping 

The following sub-sections provide the full set of maps of the main input datasets (GHS-BUILT-C 

R2023A - GHS Settlement Characteristics, WSF Evolution, EGMS InSAR displacement datasets) 

and the resulting value-added maps (exposure-vulnerability, hazard and risk) generated for each of 

the 15 metropolitan cities of Italy. 

As specified in section 3.1, exposure-vulnerability, hazard and risk maps refer to the process of 

differential displacement induced by ground instability (either purely vertical, or also encompassing 

east-west components), as estimated by the InSAR datasets for the 2018–2022 period. 

The EGMS InSAR displacement velocity, hazard, exposure-vulnerability and resulting risk maps are 

meant to be explored through SubRISK+ ‘Control Room’ (https://controlroom.subrisk.eu), where 

their digital versions are available for open visualization and browsing (Figure 11). 

 

 

Figure 11 – SubRISK+ Control Room, the web platform enabling access to the value-added risk mapping products generated at the 

different spatial scales: example showing the differential displacement risk over an area within the metropolitan city of Napoli. 

 

https://controlroom.subrisk.eu/
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3.2.1 Torino 

(a)  

(b)  
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(c)  

Figure 12 – Exposure-vulnerability mapping in the metropolitan city of Torino: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 13 – Differential displacement hazard mapping in the metropolitan city of Torino: (a) vertical ground displacement velocity in 

2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 14 – Differential displacement risk mapping in the metropolitan city of Torino, based on 2018–2022 satellite InSAR 

observations. 
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3.2.2 Milano 

(a)  

(b)  
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(c)  

Figure 15 – Exposure-vulnerability mapping in the metropolitan city of Milano: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 16 – Differential displacement hazard mapping in the metropolitan city of Milano: (a) vertical ground displacement velocity in 

2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 17 – Differential displacement risk mapping in the metropolitan city of Milano, based on 2018–2022 satellite InSAR 

observations. 
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3.2.3 Genova 

(a)  

(b)  
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(c)  

Figure 18 – Exposure-vulnerability mapping in the metropolitan city of Genova: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 19 – Differential displacement hazard mapping in the metropolitan city of Genova: (a) vertical ground displacement velocity 

in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 20 – Differential displacement risk mapping in the metropolitan city of Genova, based on 2018–2022 satellite InSAR 

observations. 
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3.2.4 Venezia 

(a)  

(b)  
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(c)  

Figure 21 – Exposure-vulnerability mapping in the metropolitan city of Venezia: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 22 – Differential displacement hazard mapping in the metropolitan city of Venezia: (a) vertical ground displacement velocity 

in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map.. 

 

 

Figure 23 – Differential displacement risk mapping in the metropolitan city of Venezia, based on 2018–2022 satellite InSAR 

observations. 
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3.2.5 Bologna 

(a)  

(b)  



   

   Page 31/67    

(c)  

Figure 24 – Exposure-vulnerability mapping in the metropolitan city of Bologna: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 25 – Differential displacement hazard mapping in the metropolitan city of Bologna: (a) vertical ground displacement velocity 

in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 26 – Differential displacement risk mapping in the metropolitan city of Bologna, based on 2018–2022 satellite InSAR 

observations. 
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3.2.6 Firenze 

(a)  

(b)  
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(c)  

Figure 27 – Exposure-vulnerability mapping in the metropolitan city of Firenze: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  



   

   Page 35/67    

(b)  

Figure 28 – Differential displacement hazard mapping in the metropolitan city of Firenze: (a) vertical ground displacement velocity 

in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 29 – Differential displacement risk mapping in the metropolitan city of Firenze, based on 2018–2022 satellite InSAR 

observations. 
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3.2.7 Roma 

(a)  

(b)  



   

   Page 37/67    

(c)  

Figure 30 – Exposure-vulnerability mapping in the metropolitan city of Roma: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 31 – Differential displacement hazard mapping in the metropolitan city of Roma: (a) vertical ground displacement velocity in 

2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 32 – Differential displacement risk mapping in the metropolitan city of Roma, based on 2018–2022 satellite InSAR observations. 
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3.2.8 Napoli 

(a)  

(b)  
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(c)  

Figure 33 – Exposure-vulnerability mapping in the metropolitan city of Napoli: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  



   

   Page 41/67    

(b)  

(c)  

Figure 34 – Differential displacement hazard mapping in the metropolitan city of Napoli: (a) vertical and (b) east-west ground 

displacement velocity in 2018–2022 based on EGMS Ortho InSAR datasets [5,6], and (c) resulting hazard map. 
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Figure 35 – Differential displacement risk mapping in the metropolitan city of Napoli, based on 2018–2022 satellite InSAR 

observations. 

 

3.2.9 Bari 

(a)  
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(b)  

(c)  

Figure 36 – Exposure-vulnerability mapping in the metropolitan city of Bari: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 
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(a)  

(b)  

Figure 37 – Differential displacement hazard mapping in the metropolitan city of Bari: (a) vertical ground displacement velocity in 

2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 
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Figure 38 – Differential displacement risk mapping in the metropolitan city of Bari, based on 2018–2022 satellite InSAR observations. 

 

3.2.10 Reggio Calabria 

(a)  



   

   Page 46/67    

(b)  

(c)  

Figure 39 – Exposure-vulnerability mapping in the metropolitan city of Reggio Calabria: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 
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(a)  

(b)  

Figure 40 – Differential displacement hazard mapping in the metropolitan city of Reggio Calabria: (a) vertical ground displacement 

velocity in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 
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Figure 41 – Differential displacement risk mapping in the metropolitan city of Reggio Calabria, based on 2018–2022 satellite InSAR 

observations. 

 

3.2.11 Palermo 

(a)  
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(b)  

(c)  

Figure 42 – Exposure-vulnerability mapping in the metropolitan city of Palermo: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 
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(a)  

(b)  

Figure 43 – Differential displacement hazard mapping in the metropolitan city of Palermo: (a) vertical ground displacement velocity 

in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 
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Figure 44 – Differential displacement risk mapping in the metropolitan city of Palermo, based on 2018–2022 satellite InSAR 

observations. 

 

3.2.12 Messina 

(a)  
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(b)  

(c)  

Figure 45 – Exposure-vulnerability mapping in the metropolitan city of Messina: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 
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(a)  

(b)  

Figure 46 – Differential displacement hazard mapping in the metropolitan city of Messina: (a) vertical ground displacement velocity 

in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 
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Figure 47 – Differential displacement risk mapping in the metropolitan city of Messina, based on 2018–2022 satellite InSAR 

observations. 

 

3.2.13 Catania 

(a)  
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(b)  

(c)  

Figure 48 – Exposure-vulnerability mapping in the metropolitan city of Catania: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 
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(a)  

(b)  
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(c)  

Figure 49 – Differential displacement hazard mapping in the metropolitan city of Catania: (a) vertical and (b) east-west ground 

displacement velocity in 2018–2022 based on EGMS Ortho InSAR datasets [5,6], and (c) resulting hazard map. 

 

Figure 50 – Differential displacement risk mapping in the metropolitan city of Catania, based on 2018–2022 satellite InSAR 

observations. 
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3.2.14 Sassari 

(a)  

(b)  
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(c)  

Figure 51 – Exposure-vulnerability mapping in the metropolitan city of Sassari: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 52 – Differential displacement hazard mapping in the metropolitan city of Sassari: (a) vertical ground displacement velocity in 

2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 53 – Differential displacement risk mapping in the metropolitan city of Sassari, based on 2018–2022 satellite InSAR 

observations. 
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3.2.15 Cagliari 

(a)  

(b)  
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(c)  

Figure 54 – Exposure-vulnerability mapping in the metropolitan city of Cagliari: (a) GHS-BUILT-C R2023A - GHS Settlement 

Characteristics [1], (b) WSF Evolution 2015 [2], and (c) resulting exposure-vulnerability map. 

 

(a)  
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(b)  

Figure 55 – Differential displacement hazard mapping in the metropolitan city of Cagliari: (a) vertical ground displacement velocity 

in 2018–2022 based on EGMS Ortho InSAR datasets [5], and (b) resulting hazard map. 

 

 

Figure 56 – Differential displacement risk mapping in the metropolitan city of Cagliari, based on 2018–2022 satellite InSAR 

observations. 
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4 CONCLUSIONS 

The national scale risk assessment analysis provided an overview of the extent and location of the 

urban sectors of the 15 metropolitan cities of Italy where differential ground displacement is likely or 

might induce damage to urban infrastructure. 

Over a cumulative investigated area of 54,378 km2 for the 15 metropolitan cities of Italy and a total 

urbanized area amounting to 2,665 km2, about 1.44 km2 of land revealed high risk (R3) levels 

associated with differential displacement (either subsidence or uplift), mainly concentrated in narrow 

sectors exhibiting significant angular distortions (and, in some cases, an additive threat due to 

horizontal strain) occurring over very high exposure-vulnerability infrastructure (private/public 

buildings) within the cities of Napoli (e.g. Pozzuoli and Bagnoli), Catania, Roma and Messina. In 

these zones, there is a high likelihood of already occurred/incipient structural damage at urban 

infrastructure; site inspections to verify the structural health of the buildings and ad hoc mitigation 

measures are recommended at single-building scale. 

On the other hand, a medium risk (R2) level was identified across the vast majority of the metropolitan 

areas’ land (1351 km2), where potential structural damage might occur at the urban infrastructure 

involved; in these areas, tailored monitoring of ground deformation and derived stress indices is 

recommended at the building block scale. Finally, low risk (R1) level is identified across the 

remaining 1133 km2, where no specific actions are required. 

When using information from the risk mapping products provided in this report and, in digital form 

through SubRISK+ Control Room, it is worth accounting for the following: 

- Urban settlement data from the GHSL and WSF do not include information on foundations, 

maintenance status or other structural health parameters of the buildings that may influence 

their vulnerability; a detailed analysis of such parameters at building-block or building scale 

would be recommended to enhance the assessment at finer analysis scales. 

- Satellite InSAR datasets do not provide information on N-S displacement that may occur, 

hence horizontal strain along the N-S direction is not accounted for, whilst it could be 

significant in structurally-controlled basins delimited by E-W oriented faults; in such cases, 

other geodetic data (e.g. levelling, or GPS/GNSS) might provide complementary data to 

enhance the hazard assessment. 

- The hazard mapping approach assumes that the estimated ground displacement velocities for 

the 2018–2022 period have affected the observed areas for a total of 10 years (namely, during 

2013–2022); this assumption may result in underestimation of hazard levels for cities that 

have been affected by subsidence processes for more than the selected 10 year-long interval 

(e.g. Bologna, that experienced anthropogenically-driven land subsidence since the 1960s; 

[23]), and overestimation of hazard levels for cities that have been affected for shorter periods. 

- The spatial resolution of the risk maps is influenced by the resolution on the input datasets 

that are exploited to generate them, namely: hazard mapping is performed at the same 100 m 

resolution of the input EGMS Ortho layers, while exposure-vulnerability mapping is based on 

the 10 m resolution provided by GHSL. The latter is used as spatial reference for the risk 

assessment, meaning that the input hazard information associated to each pixel is 

homogeneous across 100 m by 100 m areas, hence smaller spatial granularities are not 

accounted for. 
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- The risk matrix is designed to output the same level of risk for different combinations of 

exposure-vulnerability and hazard pairs; for instance, medium risk (R2) is identified when 

low exposure-vulnerability (EV1) built-up spaces are affected by high (H3) or very high (H4) 

hazard, or also when high exposure-vulnerability (EV3) built-up spaces are affected by low 

(H1) or medium (H2) hazard, and so on. This results in homogeneous risk levels deriving 

from different input conditions. Evidence of this methodological aspect is provided by the 

large proportions of medium risk (R2) levels across metropolitan cities such as Milano and 

Florence, where land subsidence affects very limited spots of their built-up areas and hazard 

levels due to differential displacements are mostly low (H1), but exposure-vulnerability of 

urban structures is high or very high (EV3-EV4), resulting in the R2 category. 

- Risk maps refer to the risk induced by differential ground displacement, and therefore do not 

account for land subsidence magnitude and increased development of topographic 

depressions, or the increased flood exposure, or the loss of land to water in coastal areas. This 

aspect also links with the point above, given that similar risk levels are found across 

metropolitan cities that appear as mostly stable according to satellite observations but are 

moderately/highly vulnerable (e.g. Milano, mostly mapped as R2), and cities that have been 

widely impacted by land subsidence over the last decades (e.g. Bologna); in the latter case, 

despite the large extent of the renown subsiding land, the amount and size of zones affected 

by differential displacement exceeding the adopted thresholds are relatively limited, hence 

most of the built-up area results in medium risk (R2) levels, same as for other cities.  
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