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Research Objective

Develop a methodology to assess 

differential subsidence risk in urban areas 

at a large scale (i.e. administrative region)

Turning Data into information to support 
informed decisions



Study area

The Po Valley is a subsiding sedimentary basin.

Emilia-Romagna: a well-known subsiding sedimentary basin for 
decades

Legislative measures adopted (Italian Law 10 December 1980, 
n. 845) to control subsidence

Geologically, part of the active foredeep basin of the central-
eastern Po plain. Bounded by the Alps and Apennines mountain 
chains

Upper stratigraphy: over 500 meters of unconsolidated alluvial 
deposits from Middle Pleistocene to Holocene



Study area

The Po Valley is a subsiding sedimentary basin.

https://earthobservatory.nasa.gov/features/NightLights

It accounts for approximately 2% of Italy's overall Gross 
Domestic Product (GDP) (RER 2017), which is roughly 31 
billion euros based on 2012 price levels (GDP data from 
EUROSTAT 2018).

Fragile region impacted by disaster-related damage 
(i.e., earthquakes and floods). Collapse in Concordia sulla Secchia (Modena) 

after the earthquake of May 20, 2012 (DPC)

+

4.482.977 inhabitants
30% of Italian population

Area: 22,123 km2

The 6th largest Italian region by area

120.000 SMEs
40% of Italy’s 
total productive 
activities

Economic losses 
 13.2 billion euros

2023 Emilia-Romagna flood (DPC)



Data for hazard analysis

EGMS data
Sentinel-1 radar satellite mission
Monitored period: 2018-2022

https://land.copernicus.eu/en/products/european-
ground-motion-service 

https://land.copernicus.eu/en/products/european-ground-motion-service
https://land.copernicus.eu/en/products/european-ground-motion-service


Data for exposure-
vulnerability  analysis

Building footprint and building height

Bologna 

GHS-BUILT-S - R2023A
Residential
Non-residential

World Settlement Footprint 
(WSF) Evolution

Building age:
≤1985
>1985



Methodology

Risk assessment

InSAR dataset

Angular distortion Horizontal strain

Hazard level

Building 
footprint 

and height

Residential and 
non-residential 

buildings
Buildings age

Exposure-vulnerability level

Differential settlement risk level

Hazard assessment

Threshold analysis Threshold analysis
Combined metric

Exposure-vulnerability assessment

Risk matrix



Methodology
Hazard

30 years

j and i, adjacent measuring points
l is their planar distance

Combined movements
H1 (low)   H2 (medium) H3 (high)  H4 (very high)



Methodology

≤ 1985 > 1985

Residential

building height ≤ 3 m EV2 EV1

3 m < building height ≤ 6 m EV3 EV2

6 m < building height ≤ 15 m EV3 EV2

15 m < building height ≤ 30 m EV4 EV3

building height > 30 m EV4 EV3

Non-residential

building height ≤ 3 m EV2 EV2

3 m < building height ≤ 6 m EV3 EV2

6 m < building height ≤ 15 m EV3 EV3

15 m < building height ≤ 30 m EV4 EV3

building height > 30 m EV4 EV4

Non-residential buildings:
building for industrial production, 
hospitals, schools, office buildings  
hotels, stores, shopping malls, 
restaurants
airport buildings 
indoor sports facilities 
religious buildings

Increasing exposure (t)

Increasing vulnerability (a)

Increasing vulnerability (h)

❑ Building height (h)
❑ Building typologies (t)
❑ Building age (a)

EV1 (low) 
EV2 (medium) 
EV3 (high) 
EV4 (very high)



Methodology

Hazard (H) levels
H1 H2 H3 H4
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EV4 R2 R3 R4 R4

From data to risk assessment

R1 (low) 
R2 (medium) 
R3 (high) 
R4 (very high)



Results

49 buildings classified as H4

Total: 1251715 buildings



Results

Bologna



Results

No data 18.99%
R1 31.17%
R2 49.62%
R3 0.21%
R4 0.00%

33 buildings classified as R4

Bologna



Conclusions
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• The methodology provides an accessible perspective on how differential subsidence could 
impact urban regions.  

• The Emilia Romagna region is primarily classified as medium risk, with the highest risk levels (R3 
and R4) mainly detected to Ravenna and Bologna provinces.  

• The developed tools serve as a valuable guide for preventing future damages and supporting 
informed urban planning decisions to enhance urban resilience.  

Future development
• Future work will focus on evaluating the socio-economic impacts of land subsidence.  
• A detailed local-scale analysis will be conducted specifically for Bologna city.
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