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6. Objectives for the initial 3 years: The objective is to further develop advanced technologies 

with special emphasis on remote sensing techniques both ground-based and satellite, for the 

assessment and mitigation of landslide risk. In particular the project will focus on the 

development of advanced methods useful for applications on landslides such as: 

 Ground-based SAR interferometry for landslide monitoring and prediction of slope 

behavior 

 EO (Earth Observation) data and technology to detect, map, monitor and forecast 

ground deformations  

 Coupling of short-term weather forecasting with geotechnical modeling for shallow 

landslide prediction 

 Evaluation and development of reliable procedures and technologies for early 

warning  

 



7. Background justification:  

 

Landslides are one of the most serious geological hazards, which threaten and influence the 

socio-economic conditions of many countries in Europe and worldwide, causing damages 

and casualties (Schuster, 1996; Schuster and Highland, 2001; Petley et al., 2C00li5m; 

Paettley, 2012). 

Remote sensing images represent a powerful tool to measure landslide displacement as they 

offer a synoptic view that can be repeated at different time intervals and can be available at 

various scales. In particular radar sensors can operate over wide areas in almost any weather 

conditions, continuously over a long time, providing real-time widespread information with 

millimetric accuracy without the need of accessing to the study area. 

In particular satellite SAR (Synthetic Aperture Radar) interferometry (Gabriel et al., 1989; 

Massonet and Feigl, 1998) represents a tool to assess changes on the Earth surface.  Rapid 

advances in both remote sensing sensors and data processing algorithms allowed achieving 

significant results in recent years, underscored by numerous applications. In particular, the 

application of multi interferograms SAR Interferometry (A-DInSAR) techniques to the 

study of slow-moving landslides (velocity < 13 m/month according to Cruden and Varnes, 

1996) is a relatively new and challenging topic (Lu et al., 2012, Righini et al., 2012, Tofani 

et al, 2013). 

At the same time Ground-based SAR interferometry (GBInSAR) is an established and 

reliable method for spatial displacement monitoring of instable slopes. The main reasons 

that have contributed to the diffusion of the GBInSAR interferometry to landslide 

monitoring are millimetric accurate displacements over areas up to a few square kilometers 

wide combined with the capacity to monitor even rapid and slow movements (Intrieri et al., 

2013, Nolesini et al., 2012). Moreover the high temporal acquisition frequency and the ease 

and rapidity of GB-InSAR data analysis, allow the technique to be used in near real time 

monitoring in order to predict the short-term evolution of movements and, consequently, to 

define the associated risk scenarios. 

 

8. Resources available for WCoE activities 

 

The staff counts: 

 2 professors and associate professors 

 5 researchers 

 5 technicians 

 17 post-doc fellows 

 10 PhD students 

 7 MSc students 



 2 administratives 

 

The facilities of the research group include: 

 

Laboratories: 

 GIS and thematic mapping laboratory 

 Remote Sensing laboratory specialised on SAR interferometry, optical and hyperspectral 

remote sensing  

 Rock and Soil mechanics laboratory  

 

Equipment: 

 GBInSAR monitoring systems  

 Compact submarine remotely controlled (NEMO-ROV) 

 Rock and soil mechanics field and laboratory equipment 

 Advanced geotechnical and hydrogeological modelling software 

 GPS and survey instrumentation (LEICA 530, LEICA 1200) 

 3D laser scanner (RIEGL LMS-Z420i) 

 Airborne multi-sensor surveyer 

 Access to real-time meteorological services (EUMETSAT/EUMETCAST) 

 Supercomputing facility with 70 parallel processors and data centre of 17 Tb of storage 

 Fieldspec spectroradiometer  

 Eco sounder Ocean Tools MA500 

 Thermo camera FLIR 

 Theodolite  

 PASI geoelectrical and seismic integrated instrument 

 Abem WADI to perform electromagnetic measurements in the very low frequency band 

 Tromino, a 3G tromograph to perform seismic noise measurements 

 

The group also operates a number of field instrumented test sites for environmental monitoring and 

slope instability, such as the Geophysical Laboratory in Stromboli.  

Last year the group had a research budget of about 1.5 million Euro from research projects funded by 

national and international organisations. 

 

 

9. Description of past activities related to risk reduction of landslides and other related 

earth system disasters 

The Earth Sciences Department of the University of Firenze (UNIFI) is, since 2004, the official 

Centre of Competence of the Italian Civil Protection for Remote Sensing and Geohazards 



(Directive of the Italian Prime Minister of 27 February 2004; Decree of the Head of the Italian 

National Civil Protection Department no. 252 of 25 January 2005). It is one of the largest centres 

for scientific and technological services on geohazards in Italy, currently composed by 40 

full-time employees (see section 8 on resources available). UNIFI group has earned a firm 

reputation for its practical, problem solving approach to the geosciences, which has led to the 

establishment of solid ties with numerous governmental agencies and private enterprises alike. 

The group participates in research and technological development projects in several areas of the 

world, often in active collaboration with international, national and regional organisations and 

agencies. The main objective of the group is to focus on landslide studies at all scales with an 

emphasis that in recent years moved towards the application and development of new 

technologies for landslide disaster prevention, monitoring and early warning with special 

emphasis on remote sensing.  The work on these topics has produced several hundreds scientific 

publications relating upon landslide studies ranging from slope to regional scale.  

Since 2012 UNIFI, as Centre of Competence, has been appointed by the Italian Civil Protection 

Department to monitor Costa Concordia cruise ship after the wreck on the night of January 13, 

2012 along the eastern coast of the island of Giglio (GR). The monitoring activities has being 

carried in order to measure movements and internal deformations of the ship, using instruments 

and techniques usually applied to landslide study. The monitoring system has been installed since 

January 18th 2012. It is completely functioning from the following day (19th January) and is 

currently still working. The monitoring system is composed of a number of different technologies, 

namely: robotized total stations, global positioning system, onboard accelerometers, ground-based 

synthetic aperture radar interferometer, long ranging 3D terrestrial laser scanner, extensometer 

anchored at the sea bottom, seismic network, Cosmo-SkyMed satellite interferometry, Infrared 

thermal imaging, Multibeam bathymetric surveys, Submarine markers. 

The recent achievements of UNIFI are best summarized by the activities connected to the status of 

WCoE being held by UNIFI in the years 2008-2010 and renewed in 2010-2013 as concerns the 

Objectives stated in the Original Proposal of 2008 and 2011. In general, these objectives were, 

and are now, being pursued through several international research projects. Among them the 

SAFER EC funded project (Services and Applications for emergency response) aimed at 

implementing and to validating a pre- operational version of the GMES Emergency Response 

Core Service (ERCS), with a priority on rapid mapping during the response phase; the 

SAFELAND EC funded project, which aimed at developing generic quantitative risk assessment 

and management tools and strategies for landslides at local, regional, European and societal scales 

and establish the baseline for the risk associated with landslides in Europe, to improve our ability 

to forecast landslide hazard and detect hazard and risk zones; the ESA funded project 

TERRAFIRMA, targeted to the definition and quality assessment of multi-interferometric 

techniques to map and monitor slow surface displacements; the DORIS EC funded project, an 



advanced, national downstream service for the detection, mapping, monitoring and forecasting of 

ground deformations, that integrates traditional and innovative Earth Observation (EO) and 

ground based (non-EO) data and technologies; the LAMPRE EC-funded project proposes to 

execute innovative research and technological developments to increase GMES limited 

operational capacity to cope with triggered landslide events and their consequences, in Europe 

and elsewhere. The project improves the ability to detect/map landslides, assess/forecast the 

impact of triggered landslide events on vulnerable elements, and model landscape changes caused 

by slope failures.  

 

10. Planned future activities /Expected Results 

 

The activities proposed are structured into 3 main work packages (WPs) as follows:  

 WP1: Ground-based SAR interferometry for landslide monitoring and development of 

reliable procedures and technologies for early warning: 

The WP will focus on the application of Ground-based SAR interferometry and other 

advanced landslide monitoring techniques in order to estimate the deformational 

evolution of the landslide masses and the successive operative implementation of Early 

Warning Systems (EWS) making alert warnings as much as possible robust, reliable in 

time, and tailored on specific scenarios, with the aim of providing threatened 

Communities with the appropriate instruments for self-protection against landslides. 

 

 WP2: EO (Earth Observation) data and technology to detect, map, monitor and 

forecast ground deformations: 

This WP will deal with the exploitation of the large data archives for geo-hazards 

mapping: long-time series of archive data are available for C-band satellites, such as 

ERS-1, ERS-2, ENVISAT and RADARSAT-1, and they represent the baseline for the 

Emergency Core Service for Landslides. Furthermore this WP will deal with the 

integrated use of EO and ground-based remote sensing data (GBInSAR) and 

eventually VHR and SAR data fusion. 

 

 WP3: Coupling of short-term weather forecasting with geotechnical modeling for 

shallow landslide prediction: 

This WP will deal with the development of a forecasting chain for shallow landslide 

prediction based physically based distributed slope stability simulator for analyzing 

shallow landslide triggering in real time, on large areas, using parallel computational 

techniques.  

 



11. Beneficiaries of WCoE: 

The beneficiaries of the present project will be National and Regional Civil Protection Agencies and 

National and Regional Environmental Protection Agencies, the ICL community and the United 

Nations organizations and Local communities interested in the practical applications of landslide risk 

mitigation measures. 
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