Forecasting and control of environmental hazards in the coastal areas of the upper Thyrrenian Sea
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Summary: This paper gives a brief description of a project proposal for the development of advanced methods for the forecasting, control and management of environmental hazards in the coastal areas of Corsica, Sardinia and Tuscany. These three regions have similar characteristics in terms of environmental, anthropic and socio-economics aspects. Furthermore, the same climatic regime makes the vulnerability of these areas to natural hazards (rainfall, drought and sea conditions) very high. This can lead to dangerous consequences for the inhabitants, the coastal landscape and the overall ecosystem. Last but not least, also the consistent presence of tourism may suffer from the consequence of these events.


The main goal of the project is the development of an information system, to be shared between the three regions, that allows the users to acquire and manipulate various data and information, and to use different kind of modelling approaches to forecast and to manage environmental risk.
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Riassunto: Previsione e controllo dei rischi ambientali nell’alto Mar Tirreno


La presente nota, riguardante la proposta di un progetto che coinvolga l’ambito territoriale della Corsica, della Sardegna e della Toscana, nasce dall’idea di sviluppare metodi avanzati per la previsione, il controllo e la gestione dei rischi ambientali nelle zone costiere di queste tre regioni. La Corsica, la Sardegna e la Toscana sono accomunate da aspetti ambientali, antropici e socio-economici molto simili e la loro vulnerabilità agli eventi naturali (precipitazioni, siccità, stato del mare) è elevata, con conseguenze potenzialmente gravi sul piano della sicurezza degli abitanti e dei flussi turistici, come pure sullo stato del territorio e dell’ecosistema costiero. 


L’obiettivo del presente progetto è la progettazione e lo sviluppo di una piattaforma telematica comune alle tre regioni per la gestione dei rischi legati a condizioni meteorologiche estreme. Il sistema progettato dovrà consentire agli utenti di poter accedere a dati di interesse di vario tipo e, allo stesso tempo, di poter utilizzare una serie di modelli di rischio, sia previsionali che gestionali.
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Introduction





Corsica, Sardinia and Tuscany, all having coastal areas along the upper Thyrrenian Sea-front, are characterised by the following common aspects: 1) environment, in terms of climate, vegetation, and geo-morphology; 2) socio-economics, such as tourism and agriculture; 3) strong anthropic and natural pressure, especially in the coastal areas. These regions may also be highly vulnerable to extreme meteorologic conditions, such as heavy rainfall, enduring drought, and adverse sea conditions, with potentially serious consequences on important aspects of environment and economy. 


The goal of this proposal is the development and implementation of advanced methods concerning regional meteorological forecasting (Limited Area Modelling), environmental risk analysis, and management of emergencies related to environmental hazards, by means of GIS (Geographic Information Systems), modelling and other Information Technology tools.


The resulting of the integrated platform may offer a decision support system for environmental modeling and risk analysis. The system will be focused on specific topics such as fires, floods, coastal erosion, and oil spills in marine environment.





Materials and methods





The system will be implemented through  the synergy of three reserch centers:


CPR (Consorzio Pisa Ricerche), a non-profit organization created to promote and coordinate the transfer of innovative technology and expertise from the university and research environment to industry and other areas of application . Current R&D activities encompass a wide range of research fields including: Aerospace Technologies, Energy and Environmental Technologies, Automation and Robotics, Material Science, Networks and Telecommunications, Multimedia Applications, Parallel Processing, Microelectronics, Geographical Information Systems and Language Engineering. All activities are carried out on CPR's own premises, as well as at the research laboratories of companies, universities and other CPR members. 


 CRS4 (Center for Advanced Studies, Research and Development in Sardinia), an interdisciplinary applied research center developing advanced simulation techniques and applying them, by means of High Performance Computing, to the solution of large scale computational problems, and conducting research, development and innovative applications in the field of the Information and Communications Technology. The CRS4 GIS Area uses Geographic Information System in a series of initiatives related to urban, industrial, and natural resources management and planning, and as a support tool for managing, processing, and analysing the large volumes of environmental data connected to hydrologic modelling projects. 


Università di Corsica Pasquale Paoli, whose specialised departments focus their research on the modelling and the simulation of environmental topics following different approaches, and the development of UML-based modelling platforms. The University activities are mainly based on the study of forest fire, oceanic circulation, and fluid dynamics fenomena.





Geographic Information System will be used as the primary tool for data acquisition, data integration, model implementation, and interoperability, while modelling will be focused specifically on weather forecast, forest fire, oceanic pollution, hydrologic risk, and evacuation.


Weather forecast


It will have three main objectives: 1) the forecast of floods, that will be achieved with a high degree of precision through the integrated use of radar, remote sensing platforms, wind profilers and advanced software simulating air circulation; 2) the forecast of drought periods, obtained by evaluating different climatic scenarios and climate year variations, and using both soil measurements and meteorologic analysis; 3) the localization of fire risk areas by means of mass-consistent methods to obtain, through interpolation techniques, the wind field near the surface, at 0.25 km2 resolution.


Forest fire


The implementation of a fire spread model can be an important tool for the comprehension of the fire phenomena. The model, integrated with a GIS for the handling of forestry maps, will provide the time evolution of the fire front. The model will be validated by means of experimental data recorded during laboratory scale fires as well as actual forest fires.


Sea pollution and ocean atmosphere interaction


One of the aims of the project is to propose a model based on the sea-atmosphere interactions in order to simulate climate behavior. The simulation of the three-dimensional marine circulation around the coasts of Toscana, Sardinia and Corsica will be a useful method to define the sensitive zones and to aid to establish in advance the operational responses in case of pollution. Another important task will be the coupling of three-dimensional ocean-atmosphere simulations, with the goal to obtain an improved climate description.


Hydrogeologic risk


Erosion, landslides, floods, and subsidence fenomena are hydrogeologic risks. After reviewing the occurrences of these hazardous events in the three regions and evaluating their potential damage on people and civil infrastructures, by integrating simulation models and GIS it will be possible to identify areas of high risk, and to propose and analyse different scenarios.


Evacuation models


The implementation of procedures to manage the population evacuation during an emergency will be taken into account as the final step of the whole project. This task will be focused on the evaluation of the most critical zones and on the development of methods allowing either the research of the shortest egress routes, and the communication between all the forces involved in the evacuation process.





Results and discussion





As a result of the work, we expect the implementation of a prototype integrating different models, specific databases, and GIS-based systems. The simulation models will be selected among existing codes developed by the working group or proposed by other subjects. The adoption of diverse tools based on different algorithms, should be directed to enable the user to chose between different kind of solutions, in terms of input requirements, output precision, and execution time. 


The final system should be tailored to the needs of public authorities dealing with risk management, and responsible for the policies to prevent hazardous events or to mitigate their consequences. 


The three regions will share this platform, enriching it by providing their own contributes and comparing results and solutions.





Conclusions





The idea of the implementation of a tool for risk management support was discussed by the components of the working group on occasion of several meetings over the past two years, and it is expected that it will be further expanded in the future. Such a system should provide a support to public agencies, such as civil protection and, at the same time, should aid complex working groups to discuss, share, and compare results, methodologies, and technical solutions.
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