
Monitoraggio del rischio geo-idrologico

Danilo Godone, PhD – CNR IRPI

3 ottobre 2023



Chi sono…
Research Scientist at the Research Institute for Hydrogeological Prevention and Protection / Geohazard Monitoring Group  
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Chi siamo…

Ricerca, Risk analysis e Monitoraggio

Attività 
• ordinarie: 

Identificazione, analisi e
monitoraggio del rischi geo
idrologico.

• straordinarie: 

Supporto tecnico-scientifico
durante e dopo le emergenze
(alluvioni, terremoti, frane,
etc.)

Fiumi Debris Flows

Frane Ghiacciai

Centro di competenza per il Dipartimento di Protezione Civile Nazionale (DPC)

Istituto di Ricerca per la Protezione Idrogeologica (IRPI)



Forestali nell’Istituto
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Torino

1. Ricercatore, Responsabile di Secondaria;

Padova

1. Ricercatore;

2. Primo Ricercatore;

3. Dirigente di Ricerca, Responsabile di Secondaria. 

Rapporti Ordine/Istituto

Decorrenza 18/12/2020

Durata 2+2 anni
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- Ricerca avanzata nell’ambito del rischio geo-idrologico e sviluppo di metodi di monitoraggio 

innovativi;

- Ideazione e realizzazione dei nuovi strumenti e software di monitoraggio (3 brevetti);

- Supporto tecnico e scientifico a istituzioni pubbliche e private per il monitoraggio e l’analisi del 
rischio geo idrologico;

- Gestione ‘‘grande strumentazione’’ – LiDAR aereo.

Geohazard Monitoring Group
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5 Terre (UNESCO) Flood Costa Concordia

Mt de La Saxe rockslide (10 M m³) Montaguto earthflow (6 M m3)

Casi studio

Ponzano earthflow/slide

Metro C – Fori Imperiali
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http://gmg.irpi.cnr.it/index.php/en/dove-operiamo



Monitoraggio - Definizioni
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Monitoraggio continuo/periodico

Monitoraggio superficiale: Determinazione della cinematica 

dei movimenti e della geometria del corpo di frana.

Monitoraggio profondo:

• Determinazione del campo deformativo in profondità; 

• Identificazione della profondità della superficie di rottura; 

• Misura delle pressioni interstiziali;

Bedrock (zona stabile)

D

z2

z1

D = ෍𝐵𝑒𝑑𝑟𝑜𝑐𝑘
𝑃𝑖𝑎𝑛𝑜 𝑐𝑎𝑚𝑝𝑎𝑔𝑛𝑎 𝑆𝑝𝑜𝑠𝑡𝑖



• 12 Febbraio 2017

• Riattivazione della frana di Ponzano

• Fase critica → spostamenti fino a ~8 m

Ponzano (TE) Landslide

9

Allasia P., Baldo M., Giordan D., Godone D., Wrzesniak A., Lollino G. (2019) Near Real Time Monitoring Systems and Periodic

Surveys Using a Multi Sensors UAV: The Case of Ponzano Landslide. In: Shakoor A., Cato K. (eds) IAEG/AEG Annual Meeting 

Proceedings, San Francisco, California, 2018 - Volume 1. Springer, Cham. 10.1007/978-3-319-93124-1_37
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Restricted area

Temporary restricted

~8 m

• Superficie: ~ 60 ha

• Profondità media: 12÷15 m

• Volume: ~ 4÷5·106 m3

• Deformazione 6÷8 m

• 33 edifici danneggiati

• 100 persone evacuate

• Stima dei danni: > M€



Anomalie meteoclimatiche
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Anomalia della precipitazione cumulata mensile, espressa in

percentuali, rispetto al valore normale 1961-1990

https://www.isprambiente.gov.it/files2018/pubblicazioni/statoambie

nte/SA_80_18_Indicatori_clima_2017.pdf



Monitoraggio RTS (Robotized Total Station)
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Monitoraggio RTS - Prismi
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February/July 2107

Progressiva riduzione della sensibilità della
frana alle precipitazioni.

30 mm / 3 days

20 cm

5 cm

1 cmPrism n.14

vs

a)

b)

c)



Monitoraggio geotecnico
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15
Biaxial tiltmeter

Topographic prism

~4 m

electronics.stackexchange.com/



Monitoraggio periodico con UAV
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M. Zeybek, İ. Şanlıoğlu, Point cloud filtering on UAV based point cloud, Measurement, 2019,10.1016/j.measurement.2018.10.013.

Cignetti, M.; Godone, D.; Wrzesniak, A.; Giordan, D. Structure from Motion Multisource Application for Landslide Characterization and Monitoring: The Champlas du Col Case 

Study, Sestriere, North-Western Italy. Sensors 2019, 19, 2364. 10.3390/s19102364

https://doi.org/10.1016/j.measurement.2018.10.013


Set up UAV ala fissa
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Risultati
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RGB NDVI
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Risultati

27



Differenze?
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21/06/2017



Equisetum spp Vs spostamenti

29

wikipedia
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Maierato landslide (VV)

32Godone, D.; Allasia, P.; Borrelli, L.; Gullà, G. UAV and Structure from Motion Approach to Monitor the Maierato Landslide Evolution. Remote Sens. 2020, 12, 1039.



‘‘Salvaged images’’
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Fotografie scattate da elicottero, 

dopo l’evento.
• Oblique;

• Con ostruzioni;

• Nessuno scopo fotogrammetrico.



Metodologia e risultati
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Differenze di DEM
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1996 - 2010 2010 - 2018

1996 - 2018



Valutazioni puntuali di spostamento
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Set up UAV multirotore
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GNSS Receiver

Multispectral sensor

Calibration sensor

Battery unit

Band Center [nm] Bandwidth [nm]

Blue 475 20

Green 560 20

Red 668 10

Red edge 717 10

Near infrared 840 40

Micasense.com



CIR composite - intepretazione
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A. Tree canopies in stress;

B, C. Pioneer vegetation on 

poorly evolved soils under 

stress;

D. Healthy trees (entire soil 

blocks shifted by landslide).
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Champlas du Col landslide (TO)

40
Cignetti, M.; Godone, D.; Wrzesniak, A.; Giordan, D. Structure from Motion Multisource Application for Landslide Characterization and Monitoring: The Champlas du Col

Case Study, Sestriere, North-Western Italy. Sensors 2019, 19, 2364.



Set up UAV multirotore
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GNSS Receiver

Multispectral sensor

Calibration sensor

Battery unit

Band Center [nm] Bandwidth [nm]

Blue 475 20

Green 560 20

Red 668 10

Red edge 717 10

Near infrared 840 40

Micasense.com



Risultati

42



Results
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Results
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Hummock-and-hollow pattern Long leaf grass lodging Water abundance/surficial flux



Smart Network
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https://www.irpi.cnr.it/en/project/lasmon/



Smart Network
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Inclinometro
Monitoraggio profondo

48Allasia, P.; Godone, D.; Giordan, D.; Guenzi, D.; Lollino, G. Advances on Measuring Deep-Seated Ground Deformations Using Robotized Inclinometer System. Sensors 2020, 20, 

3769. https://doi.org/10.3390/s20133769

otr-geo.com

50 cm



Inclinometro

INCLinometer

Control Unit 

Cavo in Dyneema

(f2 mm)

Sonda inclinometrica 

standard

Batteria

Carica ad 

induzione

Motore salita/discesa

Cavo (150m, f2 mm)

Encoder

Rotazione

0°/180°

Robotized Inclinometer System (CNR IRPI Pat. & Italsensor)

• Allasia, P.; Godone, D.; Giordan, D.; Guenzi, D.; Lollino, G. Advances on
Measuring Deep-Seated Ground Deformations Using Robotized Inclinometer
System. Sensors 2020, 20, 3769. https://doi.org/10.3390/s20133769

• Italian Patent UIBM 0001391881—2012
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01/12/2021

https://doi.org/10.3390/s20133769


Inclinometro
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Spostamento

differenziale

Integrale

differenziale
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Dal monitoraggio…
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Interazioni con problematiche socio-economiche

53

Godone D, Allasia P, Notti D, Baldo M, Poggi F, Faccini F. Coexistence of a Marginal Mountain Community with Large-Scale and Low Kinematic Landslide: The Intensive 

Monitoring Approach. Remote Sensing. 2023; 15(13):3238. https://doi.org/10.3390/rs15133238

Beltramo R., Favaro E., Godone D., Vesce E., Cantore P., Varì C., Pizzighella E., De Bellis L. 2023; FragMont Sistema integrato per la gestione della FRAGilità in MONTagna, 

Collane@unito.it, ISBN 9788875902643

https://doi.org/10.3390/rs15133238
mailto:Collane@unito.it


Analisi di suscettibilità
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M. Cignetti, D. Godone, D. Bertolo, M. Paganone, P. Thuegaz, D. Giordan (2021) Rockfall susceptibility along the regional road network of Aosta Valley Region (northwestern

Italy), Journal of Maps, 17:3, 5464, DOI: 10.1080/17445647.2020.1850534

Giordan, D.; Cignetti, M.; Godone, D.; Bertolo, D.; Paganone, M. Definition of an Operative Methodology for the Management of Rockfalls along with the Road 

Network. Sustainability 2021, 13, 7669. https://doi.org/10.3390/su1314766

https://doi.org/10.1080/17445647.2020.1850534


Metodologia
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Codifica procedure di gestione
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Giordan, D.; Cignetti, M.; Godone, D.; Peruccacci, S.; Raso, E.; Pepe, G.; Calcaterra, D.; Cevasco, A.; Firpo, M.; Scarpellini, P.; Gnone, M. A New Procedure for an Effective Management of 

Geo-Hydrological Risks across the “Sentiero Verde-Azzurro” Trail, Cinque Terre National Park, Liguria (North-Western Italy). Sustainability 2020, 12, 561. 

https://doi.org/10.3390/su12020561

Giordan D, Cignetti M, Godone D, Bertolo D, Paganone M. Definition of an Operative Methodology for the Management of Rockfalls along with the Road Network. Sustainability. 2021; 

13(14):7669. https://doi.org/10.3390/su13147669

https://doi.org/10.3390/su12020561
https://doi.org/10.3390/su13147669


Comunicazione
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Giordan, D.; Wrzesniak, A.; Allasia, P. The Importance of a Dedicated Monitoring 

Solution and Communication Strategy for an Effective Management of Complex Active 

Landslides in Urbanized Areas. Sustainability 2019, 11, 946. 

https://doi.org/10.3390/su11040946



Analisi statistica

Frane superficiali Vs Land use

60Rilievi LiDAR post alluvione 2014 Mapping frane superficiali



Frane superficiali Vs Land use

61D. Giordan, M. Cignetti, M. Baldo & D. Godone (2017) Relationship between man-made environment and slope stability: the case of 2014 rainfall events in the terraced landscape 

of the Liguria region (northwestern Italy), Geomatics, Natural Hazards and Risk, 8:2, 1833-1852, DOI: 10.1080/19475705.2017.1391129 



Modellazione

Mapping automatico aree terrazzate
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D. Godone, D. Giordan, M. Baldo (2018) Rapid mapping application of vegetated terraces based on high resolution airborne LiDAR, Geomatics, Natural Hazards and Risk, 9:1, 970-

985, DOI: 10.1080/19475705.2018.1478893

M. Cignetti, D. Godone, D. Giordan (2019) Shallow landslide susceptibility, Rupinaro catchment, Liguria (northwestern Italy), Journal of Maps, 15:2, 333 

345, DOI: 10.1080/17445647.2019.1593252

https://doi.org/10.1080/17445647.2019.1593252


Se funziona in montagna…
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64Perrotti, M.; Godone, D.; Allasia, P.; Baldo, M.; Fazio, N.L.; Lollino, P. Investigating the Susceptibility to Failure of a Rock Cliff by Integrating Structure-from-Motion Analysis and 

3D Geomechanical Modelling. Remote Sens. 2020, 12, 3994. https://doi.org/10.3390/rs12233994
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Estensimetro

Guenzi, D., Godone, D., Allasia, P., Fazio, N. L., Perrotti, M., and Lollino, P.: Brief 

communication: monitoring a soft-rock coastal cliff using webcams and strain

sensors, Nat. Hazards Earth Syst. Sci., https://doi.org/10.5194/nhess-22-207-2022.



…funziona ovunque!

66Allasia P., Godone D., Pezzetti G., Mammone I., Romani E. (2021) The Use of a Robotized Inclinometer System to Measure Deep-Seated Ground Deformation in a Monumental Area During TBM Tunnel Excavations. The Case

of Rome Subway, New Line C. In: Shehata H., Badr M. (eds) Advancements in Geotechnical Engineering. Sustainable Civil Infrastructures. Springer, Cham. https://doi.org/10.1007/978-3-030-62908-3_4

2

Monitoraggio deformazioni indotte dallo scavo della Metro C tramite TBM



Un ultimo esempio di collaborazione…
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Danilo Godone, PhD

danilo.godone@irpi.cnr.it
@GMG.IRPI

gmg.irpi.cnr.it

mailto:danilo.godone@irpi.cnr.it

