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Developing security and ensuring development. A model for forest fires management
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Abstract
SMA is the leading  company supporting the national system of Civil Defence for each activity pertaining the safety on the territory. 

SMA assists public administrations, local communities for the implementation of environmental policy and disaster management through  high tech tools of assessment, decision, intervention in case of natural and human hazards. The company is present in many Italian regions providing services for the control and monitoring of woodland heritage for the prevention of forest fire risks.
It successfully operates through a model of fire forest management, combining  a mix of innovative technologies and human resource.
Through satellite data (LANDSAT 5 – SPOT 5 - IKONOS II – QUICK BIRD)  and on field surveys, SMA builds, by GIS tools, detailed land use maps and relief maps for localizing those areas covered by fires. 
The risk is calculated through recorded indexes and different kinds fires risk maps in order to produce static and dynamic maps. The identification of major risk area allows a more timely collocation of tools apt to the detection of fires (UPR - local survey units). The UPR are equipped with an infrared sensor (Lead Selenide Detector (PbSe)) and a visible sensor for detecting fires within a 15 km distance. A high tech software system management allows the operators,  distributed at the control centers of the operative bases, to monitor the risk areas and warn the responsible authorities. The operative bases located in the entire territory coordinate operators teams for the sighting and putting out of fires in those periods of maximum alert. When a  fire is detected they simulate a propagation of fires through GIS. In addition, a monitoring meteorological system (meteorological and radar stations) integrated with processing data models provides an essential support for both a fires risk  assesment and a real time management. Both the collected data from the operators and those taken from the instrumentation are consequently processed, recorded and made available for the responsible authorities. Between two successive periods of maximum alert, SMA sets up a detailed plan of woodland maintenance to mitigate the risk of fire ignition. 
Introduction 
Forest fires are one of the main causes of deterioration and destruction of the Italian woodland heritage The size of the phenomenon although differentiated depending on places and season has constantly been on increase over the last years. : 1,7 x 106 hectares of forest, 18% of the whole national forest surface, and 2,09 x 106  hectares of rural areas were burnt in 34 years (1970-2003), with 13% of total burned area (Lovreglio and Leone 2005).  
Damage caused by fires affect the woodland in its numerous functions and can be direct and indirect. The direct damage has an immediate economic impact by destroying considerable quantities of wood along with prevention costs, extinction and reclamation of the burnt areas and related expenses arising from the restoration of the topsoil; on the contrary the indirect damage, not immediately quantifiable, are those related to the wooded areas as being an integral part of the entire ecosystem ( alteration of the vegetation,  hydro-geological problems, impoverishment of the landscape in relation to its tourist attraction.
Fire fighting requires hard technical and economic work because of the events. On the other hand, not many economic resources are designated for fire prevention by a forestry management (Saracino, Leone, 2001). SMA performed such activities to avoiding the risk of fire and its propagation in many risk areas localized in the south of Italy, such as the activity carried out on a huge woodland in Cisternino (Brindisi) (Santoro, et al., 2005). The company is present in many Italian regions providing services for the control and monitoring of woodland heritage for the prevention of forest fire risks. It successfully operates through a model of fire forest management, combining a mix of innovative technologies and human resource (Smartland Project).  This model is successfully replicated by SMA in different Italian regions exploiting a new methodology based on local human resources and high technology for the control over the territory. This approach allows administrations to mitigate risks and natural disasters favouring at the same time development and occupation The project Smartland is the adequate response which assists social and natural environment. At present, SMA cooperates with public institutions for the supply of the following services: 
- alert services and first intervention on the territory;

- satellite technical services;
- ground technical services for forest fires remote sensing;

- weather forecast services;

- web portal and data diffusion. 

SMA proposes prevention activities and its organization in order to monitor the territory and intervene in case of natural disasters by means of technology and human resources offering activities such as weather forecast , remote sensing, monitoring and fires emergency management.. 
Description of the model “ Smartland”
Regional operational are based on an integrated project, that is a wide-ranging system using remote sensing to monitor and manage woodlands with a staff of 2000 fitted with specialist field equipment. The remote sensing network consists of sensing peripheral units ( UPR ), for fires detection, located within high fires risk areas, of radars and weather stations for monitoring weather conditions in real time, of a system set up for  ensuring the communication among the operators, of Local Operative Centres  (COL),  and Regional Operative Centres (COR). 
The COL  coordinates the teams of operators who ( coming from the different operative bases distributed in the nearby areas ) intervene on field for reducing fire damage. In addition the COL collects data from the sensing local units which are subsequently processed. The COR collects data from the COL, transfers  all information to the competent regional bodies.. 

From 2001 to 2006, within specific contracts with regional administrations in Puglia, Basilicata and Campania regions, SMA set up a total number of 
- 3 COR (Regional Operative Centers ), 

- 9 COL (Local Operative Centers), 

- 44 Operative  Bases 

- 111 meteorological stations, 

- 10 hydrological stations,

- 30 UPR (Sensing peripheral Units),
- 6 weather RADARS (Aries‑C),
- 254 vehicles
- about 160 AIB units (Forest fire fighting ))

- 44 GPS (Global Positioning System)

- 28 specialized cartographers
- 3  cartographic  Server
The three networks, although being independent from an administrative point of view and respond to their own regional administrations, were set up in order to allow SMA to globally coordinate the interventions on the territory  and attain the objectives of SMARTLAND’s project through a sole center of operative control located in Noci ( Apulia ).  
Human Resources Management
The control center provides for a proper and efficient management in those cases of emergency, with timely interventions thanks to the use of GPS ( Global Positioning System ) , a satellite distribution of resources, mobile communication technologies GSM/UMTS, an automatic and continuous  exchange of information of control among the engaged workforce on the territory and the operative centre, and advanced tools of digital cartography
For the setting up of the project, the company in addition to making use of specialized staff, adopts a policy of utilization of human resources from lower profiles such as the  Socially Useful. The project  Smartland gets in this way a double social value for  the advantages brought to the territory, inasmuch is controlled and maintained and for occupation purposes. The selected staff, after medical checks, attends proper training courses which are held also during the working activity .
The technological surface network
SMA’s forest fires fighting are based on the utilization of its wide workforce and   infrared and microwaves technologies for the control of the atmosphere and territory As a whole, SMA in its plans makes use of different integrated technologies within a complex system:

- The PAIS (Prevention, Fire fighting, Surveillance) 
- A meteorological network (ground stations and C-band  radars) 
- Resources geo-reference Systems 
- Geographic Informatic System (GIS).

Together with this core of technologies there are being joined competencies of systemic nature, such as telecommunication, sensors integration, computing, telematic , data processing. On field sensing converge into a hierarchic control centre with diversified functions , ranging from protected areas maintenance to equipment management, from actions analysis and risk management to the coordination of wide areas, from prevention and monitoring of the territory to the sighting of woodland fires, through an innovative interaction between  men and technologies employing a large number of  well trained workers
PAIS system 
The PAIS is an automatic vegetation fire detection system using Digital Terrain Model to determine the exact position of the fire site. It is, at  present, one of the most validated and reliable detection systems (Dongiovanni M. et al, 2005), since it became operational in different sites of many Italian regions, such as Sicilia, Puglia, Toscana, Basilicata, Campania, where areas present particularly severe vegetation fire problems. PAIS consists of an operational console and a computer set with an embedded territorial database for topological and thematic information retrieval and suitable software programs for overall fire risk evaluation and evolution forecasting. The main three components of a PAIS system are 
· UPR ( Unità Periferica di Rilevamento)
· COL ( Centro Operativo Locale) 

· COR ( Centro Operativo Regionale) 

Such a system (fig. 1) works continuously (24h/day), during the periods lasting from June to September, and they are able to detect early developing fires and provide for automatic alerts.  UPR are structures which control and monitor the territory through infrared sensing units and a video camera. The detector (Fig. 2) is equipped with a mobile system able to video control the territory at 360° and  able to detect fire developing over small areas on average of 5 m² at a distance of 15 Km and of 12 m² at a distance of 10 Km. 
Data taken from the UPR are sent in real time to the COL where are processed. The system is able to give a pre-alarm time of max 60 seconds ( time necessary for a 360° full rotation) and an alarm time max of 180 seconds. ( confirmation of a presumed early fire, after three consecutive pre-alarms ) 
The COL sort the alarm reports out to the National Forestry Corps and to SMA’s bases, structures in charge to coordinate the fire fighting teams  , to the Regional Operative Centres, which supervise all those activities related to the territory management teams. Data taken from the technological devices are integrated with those taken from the patrolling and sighting teams of SMA operating on the territory.
Meteorological network
Remote fire detection strictly depends on meteorological conditions, particularly on air humidity content, since of the absorption of IR radiation by water vapour. Fire ignition and development are strongly influenced by cumulated rain, local winds and temperature. 
All these factors are continuously monitored by SMA, thanks to a ground network (Fig. 3) composed of C-band radars covering the entire fire risk area and of meteorological automatic stations for the measure of air temperature, air humidity, atmospheric pressure, solar radiation, rain, wind intensity and direction.
Real time data are sent to COL, then to the COR where they are controlled and validated, stored, made available to different kind of users thanks to a web portal, processed by means of specific mathematical models. 
These data are used both for regional meteorological condition reconstruction by GIS tools (Fig. 4) and for short term forecast, and for the production of dynamic fire risk maps. 
Fire risk Maps
SMA produces two kinds of fire risk maps: static fire risk map and dynamic fire risk maps. 
The static risk map represents the greatest fire risk for located areas, generated with the worst meteorological conditions (high temperature, very low values of humidity and cumulated rain, strong winds). The indexes used come from factors which do not change in short term, so they are long term structural indexes (static). The flow chart below illustrates the variables to compute risk levels:
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This method considers the influence of every single element on a total fire risk. 

Each one has a value of zero (0) (min. risk) to 10 (max. risk); according to the typology there are different weights given to the elements. 

The final static fire risk map provides for a number ten (10) risk class and a DTM use with a 30 meters grid size. 

A reduced model considers a mathematical model to define the fire risk using territory variables. According to the impact, each variable is given a different weight. The Map was built for each independent variable, visualizing the highest and lowest fire risk factor impact.

Risk = 14a + 19b + 12e + 25d + 22q + 8r

Fire Risk Variables list:

- Slope incidence in fire propagation (a)

- Slope incidence to put burn a fire (b)

- Exposure incidence (e)

- Fire propagation speed incidence (d)

- Combustible amount incidence (q)

- Reaction time incidence (r)

Each variable in the list gets scores from 0 to 10 creating a matrix where each element corresponds to each DTM grid cell. This matrix makes up the Risk map. The base entry data used by the GIS for the calculation of the information about risk variables are: 

- vegetation and combustible type map of the area;

- digital terrain model (DTM);

- technical basic maps with the distribution of the resources used for extinction.

The figure n.5 shows a fire risk map for Cisternino (Puglia region). 
Dynamic risk maps are generated taking into account the variability of atmospheric conditions on the short term. Hourly maps are produced on regional domains updated with the values recorded by the meteorological network. This tool, based on GIS technologies, is so precious for monitoring real time fire risk conditions (Fig. 6).
Operational
As far as the operative actions , SMARTLAND ‘s model consists of three different phases in the active fighting against woodland fires and each one is characterized by specific activities. 

In the phase of maximum alert, from June to September, SMA carries out a network activity, in a constant state of early alert and first intervention by making use of a fires remote sensing system, soon followed by a processing phase of the collected data ( fires size, weather conditions, bordering of the burnt areas ).  
From October to May, instead, SMA carries out a series of interventions in those areas at high risk. The interventions aimed at mitigating and reducing the risks concern the underbrush maintenance and river banks restoration, in particular those interventions regarding hydro- geological  maintenance of river gauges through riverbeds cleaning and hydraulic works. SMA is also concerned with the arrangement of fire barrier roads and the development of cartographic services.  
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Figure 1 — PAIS system representation 

[image: image14.png]) wildfire2007




Figure 2 —  PAIS detector
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Figure 3 —  SMARTLAND meteorological network in the south of Italy
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Figure 4 —  Rain field detected by a C-band radar located in Noci (Puglia region); daily rainfall rate, temperature and wind intensity at Bitonto station
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Figure 5 —  Static fire risk Map for Cisternino (Puglia region)
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Figure 6 —  Dynamic fire risk Maps for Puglia region (15th August 2006 at 08.00UTC and 10.00 UTC, up from left to right, at 12.00 UTC and 14.00 UTC, below from left to right)
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