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4. Progress report of activities up to 31 December 2015 (up to 30 lines) 

The research activities, in the framework of the proposed WPs, are described below: 

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

technologies for early warning. 

Ground-based SAR interferometry was adopted and put into operation in some dangerous Italian sites to 

estimate the deformational evolution of instable slopes and consequently to obtain useful information for 

developing efficient strategies that can operatively implement the existing Early Warning Systems (EWS) or 

create new ones. This year critical situations were analyzed in very different geological context: i) a complex 

active landslide (Bosmatto) in the western Italian Alps overlooking a densely inhabited glacial valley and ii) 

an anthropized river bank (fully remodeled by interventions in the 19th century) in the historical center of 



Firenze, declared World Heritage by UNESCO. In the Bosmatto landslide a GB-InSAR system was installed 

and integrated with other techniques (e.g., rain gauge, wire extensometer, piezometer GPS). This was finalized 

to try a more reliable redefinition of the civil protection procedures at resumption of movements and, at the 

same time, to conceive possible mitigation initiatives. As regards the landslide in the riverbank of Firenze, the 

GB-InSAR was installed just after its first movement (May 25, 2016) to guarantee safety of population, 

historical buildings and workers in the first technical interventions and to monitor any possible further 

displacements in the wall embankment (Figure 1a) through a rapid data acquisition (maximum 5 minutes each 

time). After this very early stage of specialized support to operators other auxiliary equipment were installed 

in order to set up a comprehensive early warning system in the whole involved area (directly and indirectly) 

based on levels of criticalities, thresholds of alert and warning bulletins for the optimal security management 

(Figure 1b). This complete and synergic monitoring system was optimized in the entire course of restoration 

works according to the different needs of the construction site or the landslides investigations. 

  
Figure 1 - a) cumulative deformation maps obtained by GB-InSAR data updated on June 6, 2016 (related to the time 
frame of 14 days 02 hours and 08 minutes); b) bulletin of monitoring based on the deformations observed by the installed 
equipment. 

 

WP2: EO (Earth Observation) data and technology to detect, map, monitor and forecast ground deformations. 

Research activities were dedicated to deepen the use of satellite remote sensing radar data for the 

identification (detection and mapping), analysis and monitoring of gravitational slope deformations in order to 

define proper risk scenarios and to support the management of their evolutionary phases. Such supporting 

activities were possible at different scales of investigation and at different geological contexts using advanced 

processing techniques and interpretation of interferometric data derived from satellite images acquired by old 

and new systems. In order to optimize this satellite surveillance procedure during forecast, emergency and 

post-emergency cycles, the performed activities were concentrated on: 

• Monitoring and analysis activities supporting the instability evaluation of slopes affected by underway 
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gravitational movement through the application of satellite radar interferometric techniques and their 

integration with ground-based data.  

• Statistical analysis of slope displacements for the detection of the deformation trends, through the study of 
temporal series of the interferometric SAR data for early warning purposes, prediction of events and 

temporal interpretation (as accurate as possible) of localized landslides. In particular the temporal series of 

deformation were statistically analyzed in order to: i) identify anomalous deformation trend; ii) 

understand the landslides evolution for forecasting purposes; iii) set up motion thresholds useful for 

alerting purposes. The selected areas for these activities are the San Leo cliff in north Italy affected by 

rock falls and toppling and the village of Naso in south Italy affected by reactivation of complex 

landslides (Figure 2b).  

 
Figure 2 - a) Deformation map along the Nunda slope obtained by processing COSMO-SkyMed satellite radar images; b) 
Deformation map obtained with the RADARSAT-1 ascending dataset. The red circle refers to the time series shown in 
the chart below, while the yellow circle corresponds to the time series represented with triangle and circle. 

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

prediction. 

The research activities were mainly focused on the individual and combined development of the following 

models: i) physically-based model (HIRESS), created for the prediction of shallow landslides induced by 

rainfall; ii) statistical forecasting models based on rainfall thresholds (SIGMA and MACUMBA models), 

developed for the identification of rainfall thresholds for landslides triggering, both at regional and national 

level. 

In particular, the activity carried out in relation to the first model allowed to improve the calculation routine 

with the aim of containing the calculation time. Moreover, HIRESS was also updated to the latest libraries 

(based on geotechnical and meteorological data) and new operating systems. Instead, the optimization of 

MACUMBA model was realized by an overall simplification and implementation of "elastic" modules that 

could handle data with slightly different specifications (e.g., return periods, average annual rainfall), so it can 

be used easily where not all data are available according to the optimal configuration. Finally, the DST-UNIFI 
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worked to refine the IT infrastructure of an integrated nowcasting system, which consists of two levels of 

forecasting: one is managed by the upgraded MACUMBA model in its real-time and one derives from the 

output of the HIRESS physically based model (Figure 3). Given the high number of possible output, due to 

the different and usable weather forecasting models, the study of a methodology for determining the reliability 

was started.  

 
Figure 3 - Management scheme of multiple forecasting models and calculation of the expected scenarios 

5. Plan of future activities (up to 30 lines) 
The future activities in the framework of WP1 will focus on the further optimization of the operational 

protocols for technical and scientific support in areas at risk and on the definition of validated rapid 

procedures for assessing landslide risk and managing early warning and consequent emergencies. The 

synergistic use of rapid mobile units for localized survey based on terrestrial, marine and airborne sensors will 

be considered to achieve these objectives. The technologies to be used in the terrestrial monitoring system will 

be: Ground Based Interferometric Synthetic Aperture Radar (GB-InSAR), Wireless Sensor Networks (WSN), 

Laser Scanner (LIDAR and TLS), Thermographic Camera, Robotic Total Station (TPS), Multi-Beam Eco 

Sounder. The supplementary use of marine and airborne sensors, advanced evolution of terrestrial devices, 

will be concretely achievable with the same accuracy, resolution and speed of acquisition, because the drone 

structure (named SATURN) and the ROV vehicle (Remotely operated underwater vehicle, named NEMO), 

recently patented by the DST-UNIFI, are designed for mounting integrative technologies that may assist in the 

predetermined aims.  

The future activities in the framework of WP2 will exploit all the available large archives of EO data for a 

multiscale geo-hazards analysis. WP2 will be aimed at improving the satellite surveillance system based on all 

the EO data (radar, multi- and hyperspectral) already available from several satellites (ERS, ENVISAT, 

RADARSAT, COSMO-SkyMed). Such integrated system will be designed for the identification, rapid 

mapping, monitoring and forecast of risk scenarios. Under the European program, called Copernicus, the 

recent launch of the SENTINEL-1 satellite (able to provide information in continuity with previous 

constellations as ERS and ENVISAT) offers new opportunities for monitoring simultaneously a large amount 



ground movements on the Earth's surface and for the evaluation (even minimal) of the evolutionary trend of 

each slope movement. A special attention will be devoted to the integrated use of EO and ground-based 

monitoring data from WP1. 

The future activities in the framework of WP3 will focus on the optimization of the regional landslide 

forecasting models for more reliable early warning systems by means of meteorological nowcasting and 

real-time prediction of slope movements with rapid and very fast kinematic. The planned activities are: i) 

updating the HIRESS model mainly with improvements and simplifications to the calculation routines; ii) 

improvement of statistical forecasting models as SIGMA and MACUMBA through the optimization of rainfall 

thresholds calibrated using rainfall data obtained by rain gauges and the terrestrial meteorological radar 

network. WP3 also will deal with geotechnical characterization of soil cover in order to prepare reliable input 

data for the HIRESS model. Finally, based on the data quality and quantity, an easily accessible level of 

restitution will be tested for an advanced web portal. 
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