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INTRODUCTION 1

Table 1 shows the percentage of forest fires due to unknown causes in some European countries from 1999 to 2001 (FAO, 2002). As it can be observed, in most of the countries the percentage of unknown causes have risen above 50 % and in many of them it reaches up to 70% or 80 %. Knowledge about fire, as a complex physical-chemical reaction, provides a firm basis that allows its behaviour to be accurately predicted, through the use of a wide set of fire behaviour/spread models produced since the 1950s and 1960s in the United States [START_REF] Byram | Combustion of forest fuels[END_REF][START_REF] Rothermel | A mathematical model for predicting fire spread in wildland fuels[END_REF]. Also, satellite imagery can provide useful information for analysing fire damage, such as the time, place and extent of active fires and burned areas around the world. However, we do not yet know enough about who start wildfires and why. We do not know enough about wildland fire causes. Despite this gap, the significance of such information is evident. Knowledge on the mechanisms behind fire occurrence (fire causes) is expected to improve wildland fire management. Accurate information on fire causes would allow to reliably predict where, when, why and how many fires are likely to occur. Such information would allow fire and landscape management authorities to take on a more 'pro-active' planning approach (fire prevention) than in the present situation where it is usually a 'reactive' process (fire fighting). If we manage to quantify the likelihood of having a fire and its cause and to geo-reference its potential ignition location, we gain a key element in fire risk mapping and management.

EUFIRELAB five countries of southern Europe during 1990-2000(FRA 2000). Among the known causes, those that are involuntary (negligence or accidents) are the most frequent in all countries. The accidental causes vary among countries. Some are associated with fixed installations (power lines, rubbish dumps) and some are directly related to human activity (badly controlled charcoal kilns, uncontrolled burning, smokers, campfires, fires set by shepherds). The list is very long and impossible to synthesize. However, it seems that these involuntary fires are directly related to agricultural and forestry activities. Paradoxically, the fundamental cause of forest fires is linked to an increase in the standard of living among the local populations. Farreaching social and economic changes in Western Europe have led to a transfer of population from the countryside to the cities, a considerable deceleration of the demographic growth, an abandonment of arable lands and a disinterest in forest resources as a source of energy. This has resulted in the expansion of wooded areas, an erosion of the financial value of the wooded lands, a loss of inhabitants with a sense of responsibility towards the forest and, what is more important, an increase in the amount of fuel [START_REF] Houérou | Vegetation wildfires in the Mediterranean basin: evolution and trends[END_REF].

SOURCES OF INFORMATION ON WILDFIRE CAUSES IN EURO-MEDITERRANEAN COUNTRIES

INTERNATIONAL DATABASES

The systematic collection of information on forest fire occurrence through administrations, e.g. forest services, is still quite restricted in most countries around the world. While forest fire statistics are systematically collected and published only within the ECE region (Economy Commission for Europe: Member countries are all European countries including the CIS, plus the U.S.A 1 . and Canada; c.f. ECE/FAO 1993), most other statistical data are in the "grey literature" and practically not available for international interpretation. The FAO Global Wildland Fire Statistics (FAO 1992) are a first attempt to collect country reports and to summarize information on wildfires in forests. The findings for the decade [1981][1982][1983][1984][1985][1986][1987][1988][1989][1990][1991][1992][1993][1994][1995][1996] show that a large gap of information exists on reliable statistical coverage.

The Expert Consultation on Global Forest Resources Assessment 2000 held in Kotka, Finland, during June of 1996 recommended that FAO should provide annual statistics/estimates for the FRA 2000 for each country on the number of forest fires and the area burned over the period [START_REF] Chou | Modeling Fire Occurrence for Wildland Fire Management: A GIS Spatial Analysis for Fire Control and Prevention[END_REF]-2000 (FRA2000) (FRA2000).

Just after the Kotka meeting emphasized the importance of accounting for the annual occurrence of forest fires within countries, the El Niño drought conditions of 1997-1998 garnered public, media, and political attention to the world-wide outbreak of fires that were devastating forests. At times the earth did seem to be on fire as huge smoke palls blanketed large regions, air and sea navigation were disrupted, many lives were lost, public health was adversely affected, homes were destroyed, and natural resources were severely impacted. Some ecosystems like the rain forests of Indonesia and Brazil and the cloud forests of Mexico, areas usually not seriously affected by forest fires, sustained considerable damage in 1998. A world audience was hungry for detailed information about the extent of these fires, but such information was not available for some regions because many countries do not have a system in place for reporting even basic forest fire statistics.

Although FAO has provided forest fire management assistance for years, including data collection and dissemination, the organization recognized that current data on fires are still incomplete. Thus, it remains difficult to assess the annual degradation of forests caused by wildfires. The global fire problems witnessed in 1997-1998 served as a catalyst for FAO to sponsor a meeting of "Public Policies Affecting Forest Fires" in Rome in October 1998 to review policies affecting fires, collect information about global fires, and produce recommendations to better protect the world's forests. Seventy-one participants from 33 countries and 13 international organizations concluded, among other things, that "there is a need for reliable and up-to-date systems for national, regional, and global fire reporting, analysis, and storage of data. Such data, and information on fire causes and socio-economic and environmental effects, are required as a sound basis for policy making." International organizations also were urged "to support the design and implementation of a global fire inventory or reporting system, in close collaboration with the fire science community and end users." 1 In USA, the USDA Forest Service historical wildfire data (1970present) is stored in the National Interagency Fire Management Integrated Database (NIFMID), an Oracle database at the USDA National Computer Center in Kansas City (USDA Forest Service 1993). The fire location information is recorded in latitude/longitude from 1986 to present.

FRA 2000 provided an opportunity for FAO to begin to define the global effects of fires on forests as a part of the forest assessment that is undertaken every ten years. This global assessment of forest fires summarizes the results of questionnaires and contacts with countries to obtain wildfire data and narrative information regarding the fire situation in FAO's six geographical regions: Africa, Asia, Oceania, Europe, North and Central America and South America.

For many reasons, people cause the vast majority of wildland fires in the tropics. There are four main anthropogenic causes of forest fires in the tropics; land clearing with fire; fire being used as weapon in land tenure or land use disputes; accidental or escaped fire; and fires connected with resource extraction (Nepstad et al., 1999;[START_REF] Barber | Trial by fire. Forest fires and forestry policy in Indonesia's era of crisis and reform[END_REF][START_REF] Applegate | The underlying causes and impacts of fires in South-east Asia[END_REF]. Land development tactics, such as ranching in Amazonia (Nepstad et al., 1999) or pulp or oil palm plantations in Indonesia [START_REF] Barber | Trial by fire. Forest fires and forestry policy in Indonesia's era of crisis and reform[END_REF][START_REF] Applegate | The underlying causes and impacts of fires in South-east Asia[END_REF], use fire for land preparation and have significantly contributed to wildland fires lately. Additionally, small farmers use fire in the preparation of land for permanent crops or agriculture. These landclearing fires often escape the intended area of burn, especially during El Niño years, spreading to nearby forests. Arson is a major cause of fire in many resourcerich areas, where land is either scarce for agricultural production, and/or where there is resource conflict over tenure or access rights [START_REF] Applegate | The underlying causes and impacts of fires in South-east Asia[END_REF]. In Indonesia, it was found that arson was particularly evident in areas of natural forest on fertile soils, and areas where large landholders had obtained land for large-scale plantations, such as oil palm [START_REF] Applegate | The underlying causes and impacts of fires in South-east Asia[END_REF]. Nepstad et al. (1999) identified six major underlying causes of fires, many of which are similar to findings for other tropical forests in Indonesia. Firstly, inappropriate and uncoordinated land use allocation creates a situation where forests are converted to non-forest use, such as plantations. Land tenure issues were found to be one of the most common causes of forest fires in Indonesia [START_REF] Applegate | The underlying causes and impacts of fires in South-east Asia[END_REF]. These problems arise in a number of situations: when informal land tenure security promotes site occupation and forest conversion; where there is no incentive for local communities to control unwanted fires for which they EUFIRELAB have no responsibility and receive no benefit; where there are overlapping land claims between local communities, migrants, large communities, large companies and forest managers; and where there is a lack of a transparent legal system to address land claims and traditional communal rights. Shifts in demographic characteristics resulting from large-scale migration also lead to forest fires due to a lack of commitment to the new location and inexperience with the use of fire in a new environment. Forest-degrading practices resulting from inappropriate timber harvesting practices can be an underlying cause of forest fires. Financial incentives/disincentives created through increased profitability of alternative land use (e.g. coffee, small-holder rubber, oil palm, rubber, timber, cattle ranching) and perverse development processes and mechanisms can indirectly cause forest fires (Nepstad et al., 1999;[START_REF] Applegate | The underlying causes and impacts of fires in South-east Asia[END_REF]. Inadequate institutional capacity resulting from lack of capability, resources and political will to monitor and deal with encroachment and other illegal activities in forest areas can lead to forest fires. Finally, inadequate forest management plans and facilities to prevent and suppress accidental or escaped fires in plantations and natural forest can lead to fires.

National statistics on forest fires and other vegetation fires in the tropics and other fire affected areas of the world have been collected by the GFMC from about 70 nations since the end of the 1980's. The statistics are included in reports published in the pages of UN-FAO/ECE International Forest Fire News (IFFN). For fire statistics by country: See IFFN Country Notes (1990Notes ( -2001) ) at http://www.fire.unifreiburg.de/iffn/country/country.htm

EUROPEAN DATABASES

The increasing interest in analysing fire trends on a supranational scale has kept a number of international institutions such as FAO, UN and EU working to compile fire statistics of the last decade.

In Europe, the First Ministerial Conference on the Protection of Forests took place in Strasbourg (France) in December 1990. Under the impression of increasing threats to European forests, the participants of the conference recognised the need for cross-border protection and agreed on a general declaration and six resolutions. These Strasbourg Resolutions initiated a broad scientific and technical co-operation throughout Europe. Moreover, the Strasbourg Conference took a major step in incorporating scientific data into political action for the protection of European forests. One of the six resolutions addressed the establishment of a Decentralized European Data Bank on Forest Fires: http://www.fire.unifreiburg.de/inventory/database/Strasbourg%20Resoluti on%20S3.pdf

The Commission of the European Communities, on the basis of Council Regulation (EEC) Nº 2158/92 of 23 July 1992 on protection of the Community's forests against fire in 1994 decided that Member States must at least collect a set of data consisting of fire statistical information, comparable on a community level and accessible at specified regular intervals, hereinafter called 'the minimum core of information on forest fires'. The database is not publicly accessible. Rationale and principles of the database, however, are described in Commission Regulation (EC) Nº 804/94 of 11 April 1994. Community legislation document 394R0804 is given at: EUR-LEX website, 31994R0804. The annex I of this document details the minimum common core of information on forest fires that each officially recorded forest fire must include. One of the required facts is forest fire causes. According to the mentioned regulation the presumed cause of the fire should be indicated according to the following four categories:

1. Cause of fires unknown; 2. Natural cause, e.g. lightening;

3. Accidental cause or negligence, i.e. the origin is connected directly or indirectly with a human activity but the person concerned did not act with the intention of destroying an area of forest (e.g. accidents caused by power lines, railways, works, barbecues, a bonfire that got out of control, etc.); 4. Fires started deliberately, i.e. by someone intending to destroy an area of forest for whatever motive.

National reports are available on the Internet beginning with the issues of 1990 [START_REF] Gfmc | Int. Forest Fire News (IFFN) Country Archive[END_REF]. The GFMC also publishes regular updates of wildland fire statistics and individual fire reports on the GFMC Website (http://www.fire.unifreiburg.de/inventory/database/statistic.html).

A publicly accessible database with forest fire statistics of the European and Asian ECE member states is provided by the United Nation Economic Commission for Europe (UN-ECE) Trade Division, Timber Section that regularly publishes ECE/FAO International Forest Fire News (IFFN). This newsletter is produced at the Global Fire Monitoring Centre (GFMC) since 1988 and contains numerous reports showing statistical data from several countries which include the number and size of fires by forest types and causes. Before 1994 those statistics were published under the ECE/TIM series but since 1994 they are part of the Timber Bulletin and can be accessed through out the UNECE web site (http://www.unece.org/trade/timber/ff-stats.html).

Another source of information on fire statistics in Europe is the FAO Global Forest Fire Assessment 1990-2000, part 
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An analysis of trends in forest fire occurrences in the Mediterranean, including comments on underlying policy-related causes of forest fires was also prepared for the "FAO Meeting on Public Policies Affecting Forest Fires", Rome, Italy, 28 -30 October 1998 [START_REF] Topofpage Alexandrian | Public policies affecting forest fires in the Mediterranean Basin[END_REF] and published in an additional short version in UNASYLVA [START_REF] Alexandrian | Forest fires in the Mediterranean area[END_REF].

NATIONAL DATABASES: THE CASE OF SPAIN, FRANCE AND ITALY

Administrative organisations in charge of forest fire fighting tend to follow a data acquisition protocol regarding fire occurrence. Two data acquisition mechanisms are often used. First, a simple system in the form of preliminary statistics that may enable a quick assessment of the forest fires using basic variables (number of fires, area affected, etc.). Second, a more elaborate tool (forest fire database) that usually includes the use of standard forms for data collection, which provide a more detailed knowledge of the problem and its outcomes and can thus enlighten aspects on fire fighting.

The minimum data fields required for the preliminary statistics are: administrative unit, reference period, number of fires and area affected by fires. In turn, a forest fire database must at least contain information on: geographical location of the fire (expressed as anything from the administrative unit in which the fire took place, up to the ignition point coordinates), starting times, first attack and extinction, detection, causes, resources used for suppression, weather conditions, victims, surfaces swept by the fire, etc.

The quantity and quality of the information collected in these national databases, as well as its time span, varies a great amount among countries in the Mediterranean basin. In any case, whatever their deficiencies, these databases constitute a reference point in order to obtain information of the causes of fires providing a global perspective on factors influencing fire occurrence in the European Mediterranean basin as a whole, and nations and regions in particular.

The cases of France, Spain and Italy will be analysed in this report in order to assess the usefulness of the information regarding fire causes which are contained in these databases.

The Spanish forest fires database. Characteristics and information on fire causes

Since 1968 Spain has a forest fire database containing standardised information, which makes it one of the world pioneer databases of the kind.

The Spanish forest fire statistics are organized in accordance with the particular distribution of competences between the national and regional administrations, the latter being autonomous regions. Forest fire prevention and fighting tasks are managed by autonomous governments whereas the central administration supports regional task projects and coordination activities on a national level. Autonomous regions are responsible for fire occurrence data acquisition. However, there is an acquisition and transfer system which is standardised and has been accepted by all regional governments, so as to allow them to manage the same type of information within a uniform national database.

The data acquisition document (forest fire report) has undergone several changes, always careful not to break information uniformity and continuity. These changes have added value to the database, which has been adapted to the needs set by the evolution of the fire fighting problem and of the means used for its prevention, detection and extinction.

The present version of the forest fire report has two record models: one gathers general data regarding the fire, and the other, the detailed information on each woodland area affected. Both records are bonded by the report number, a unique code number for every case. The form is the same for all cases, regardless of the extension, and it is completed in any fire scenario that affects forested areas, even though the fire hits only a few square meters. The Extinction Director in each fire is responsible for filling in the report and sending it to the office in charge of codifying, recording and completing data that the Extinction Director may not have been able to fill in. Once the data is digitally stored, it is sent to the central administration where it is revised and possible codification mistakes are corrected. The final data are then sent to the European Commission to be included in the common database.

The spanish_fire_dabatase.xls file associated to this document compiles data fields available in the database indicating the code type and a short description of the information contained in each field. In red are five fields which have been highlighted to show information on fire causes: type of cause, confirmation on whether the cause is certain or assumed, the cause itself (identified or not), type of motivation (for arson cases) type of day (holidays or not). The latter can be regarded as an indirect indicator of fire causes, given that depending on the place of occurrence and the type of day, it can be inferred whether the fire is related to recreational or work activities.

Whatever the country, the analysis of cause patterns in fires occurred in recent years is a key element to understand the factors which condition fire occurrence. The Spanish Forest Fire Database included right from its start information on fire causes, specifically what is known as immediate fire causes, which are actions or people which are likely to have intervened in the starting of the fire [START_REF] Vélez | Los incendios forestales y las actitudes de la población de las comarcas afectadas[END_REF]. In spite of these efforts, "the statistics obtained were not satisfactory" when attempting to plan prevention and extinction tasks, mainly due to the high percentage of unknown causes. For instance, since 1988, 25% of fire causes remain uncertain due to either lack of evidence or shortage of personnel in charge of the investigation. Quite often, the reason of uncertainty is the coincidence
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In France all the fires affecting more than 100 ha are investigated. All causes of fire starts determined in the fire ignition area are listed. Teams give information in Promethee database particularly nature of fires causes.

of many fires in a short period of time, which prevents extinction services from doing their research on fire causes before changes take place in the areas burnt.

In addition, it is noteworthy the number fires in which the cause is known but often the offender has not been identified. In such cases, the cause is found on the basis of fire circumstances ("physical evidence method") and the forester personnel's experience and knowledge on local population. In general, human intervention is suspected to be responsible for all unknown cause fires, supposing it is related to negligence or arson, and according to which regions and seasons [START_REF] Icona | Técnicas para defensa contra incendios forestales[END_REF].

-Creation of the fire

The fires are identified (that is created in the database) everyday by the CODIS.

Forest fires but also other fires of the rural space and the wildland-urban interphase are identified. The identification consists in giving nine basic variables for every fire. These variables, which allow to identify the fire, are: -the department, -the municipality -the locality, -the coordinates DFCI of the ignition point,the hour of the alert, -the origin of the alert, in the case of forest fires:-the affected surface and the indication of the current fire in the case of other fires of the rural space and the wildland-urban interphase: -the type of damage and the indication of threat for the forest. All these variables (except for the place and the origin of the alert) are compulsory. The fire code is automatically generated by the computer (there are two sequences, one for forest fires, the other one for fires of the rural space and the periurbain).

The French forest fires database. Characteristics and information on fire causes

The database on forest fires Prométhée is a tool of statistical information on forest fires which help to the programming of the actions to be taken and is also a measure of their efficiency. 

-Supplementary data

We shall call up given supplementary data which are supplied only for fires larger than 10 hectares (that is less than 10 % of forest fires). These data are essentially the distribution of surfaces affected by municipality and the distribution of the populating burned according to the directives of the European pedestal. These data are available on the web since January, 1999.

The information stored in Prométhée is organized around the following 4 items:

• Identification of the fires.

• Conditions of hatching and distribution of fires (lights).

• Implemented (operated) operational Means and used (employed) tactics.

-Meteorological data • General characteristics of the burned areas There are three types of meteorological data: The identification data (date and hour of alert, geographic location and affected surface) are supplied every evening by the local Operations Centre of fire and help. The three other items, representing the additional data, are supplied by the foresters, the fire brigades, the gendarmes and the policemen. The information is directly seized in Prométhée, without crossing through a report forest fire.

-the data supplied by the sappers fire brigades and the foresters who have meteorological suitcases: hygrometry, temperature, speed and direction, -the data automatically obtained once a week from the files of WEATHER REPORT FRANCE and could be related with a fire: water reserve of the ground (of the meteorological zone of the fire), indicate IFM (indication meteorological forest), ICL (indication of the light fuel), IH (indication of humus), IS (indication of drought), gathered from meteorological stations (the closest to the fire), Local coordinators, named by the administration, are responsible for the data collection in their department. They are the indispensable link between the services loaded with the seizure of the data. They assure the homogeneity on the whole French Mediterranean region of a collection realized by the staffs close to the ground.

-the information obtained three times a day from the meteorological stations during the forest fires campaign: wind, temperature, water reserve of the ground, IFM, threshold of hatching, speed of propagation. These data can be queried by the module METEOSPE which is a part of the Prométhée menu. These information, supplied systematically and got back once a week, is not connected with fires.

The results extracted by Prométhée increased considerably the knowledge of forest fires in France and determined the evolution of the strategies and the techniques of prevention, forecast and fight since about fifteen years. The consistency of the information present in the AIB is very different, depending on the efficiency of the local C.F.S. offices. Generally the basic information, like coordinates, extension, fuel type and causes are recorded; in some areas also the coordinates are missing.

Actually the official database is the National AIB. Some Regions (for ex. Tuscany region) collects, in a different database, the fire events in agricultural and pasture areas, to have information on all the fire warning, and to do statistical elaborations.

Generally the causes of the ignition are recorded as hypothesis, because is impossible to verify the real origin of the fire. In fact, the main fire causes are voluntary (arson, negligence) or unintentional (farming, recreation etc.), but in both cases is very difficult to confirm the real cause of ignition. Furthermore the purpose to define the ignition origin is to apply a sanction and generally is impossible to arrest the guilty, so the Public Administration is not very interested in investigating the real fire causes. Recently, in some areas with a particular frequency of lightning-caused fires, the natural ignition is verified by a match between the ignition point and the daily map of lightning; in Tuscany, for example, some winter fires are referred certainly to a lightning event. It is important to consider, for some areas, the lightning as a relevant meteorological factor in the risk prevention.

The statistical and socio-cultural analysis, performed by the CFS during the last ten years, shows that the first reason of forest fire occurrence in Italy is the state of neglect of the forests associated with the depopulation of the mountain and hilly country. The consequence is a general low-level of control, a reduced economical interest on the forest products and an absence of agricultural and forest practices to control and manage the fuel. An interesting aspect is the correlation between fire ignition points and road network; in particular is clear a direct link between number of fire events, presence of roads and number of cars. In the AIB this point are recorded as unintentional causes, but could be important to underline the peculiarity of this situation to analyse the relationship between road network, urban areas and ignition risk.

Tuscany Region elaborate a Forest Fire Hazard Model at local scale, were a road network and urban areas layers are weighted, to consider the ignition risk related to the road presence and distance from the urban zone (Figure 2). 

OTHER DATA SOURCES: LITERATURE REVIEW AND SURVEYS

Since 1940, the Forest Service, U.S. Department of Agriculture, has been conducting studies designed to identify the characteristics of persons thought to be responsible for starting forest fires [START_REF] Christiansen | Characteristics of people who start fires[END_REF]. These studies have sought to develop enough information about potential "high risk" groups likely to start wildfires through carelessness, ignorance, or arson, to enable forest managers to carry out effective fire prevention programs. With such useful information, they could then focus their attention more directly on these persons than on all forest users.

Most studies on behavioural factors in man-caused forest fires have been done in the southeastern United States, especially during decade 1965[START_REF] Bertrand | Incendiarims in Southern Forest: a decade of sociological research[END_REF](Bertrand y Baird, 1975;[START_REF] Folkman | Levels and sources of forest fire prevention knowledge of California hunters[END_REF][START_REF] Kerr | Southerners who set the woods on fire[END_REF][START_REF] Shea | Getting at the roots of man-caused forest fires: a case study of southern forest area[END_REF][START_REF] Siegelman | an exploratory study in personality and background[END_REF]). These studies focus on the attitudes and characteristics of certain groups of risk that differ significantly from the general public (such as arsonist, hunters, children and rural residents) trying to analyse their knowledge and predisposition about fires and their reasons for setting fires of forest fires. These studies have concluded for example that wood burning was part of the regional culture, and was done in expectation that it would improve agricultural or forest resources.

Although man-caused wildfires have always been a serious problem in the United States, this has been especially in the South, where these fires are even more alarming than any other region of the country. 1) Determination of the areas where fire setting and arson was considered to be a serious problem.

2) To plan field surveys to answer the question 'who set the fires and why?' For that, they developed questionnaires for use in interviewing a sample of persons living in areas where fires were common. The interview questions were structured to a large extent, but still allowed for probe techniques. This research had three major specific aims in addition: to determine if persons in high incendiary areas exhibited a particular set of socio-demographic or socio-economic characteristics; to determine if persons in these areas held values and attitudes that are readily associated with fires; and to provide information on the patterns of communication and social control that characterize these communities.

3) To determine why previous programs and efforts to encourage fire prevention had not been more effective. In this sense, it is important to determine how persons living in areas of high fire occurrence and in areas of low fire occurrence reacted to prevention messages via the mass media.

4)

To determine what strategies might be used to more effectively convey the fire prevention message. This study phase had 2 aims, the first to identify so-called influential in communities of high fire occurrences, and the second to determine how ideas and attitudes relative to fire setting were transmitted from one person to the next and what accounted for the differences observed in families and communities. 5) To determine the number and nature of organizations with forest-fire prevention objectives in the study areas and to determine how laws and regulations relating to forest arson are enforced.

With these objectives, research works carried out were specially focused in the development and analysis of a great number of surveys and interviews, although the apparent importance of demographic and socioeconomic variables in characterizing high-fire risk has led researchers to attempt to devise ways of identifying high fire occurrence areas from a simple scrutiny of census data, finding that these variables, frequently, could serve like useful indicators of the fire risk. Personal traits of individuals such as their age, sex, education, income, and race, are important independent variables that account for or explain certain patterns of behaviour regarding forest fires. Nevertheless, it was frequent to find cases of counties located in the same geographic area, with apparently similar characteristic, showing very different patterns of occurrence. This led to think that the problem of fires seemed to be more related to the local culture, attitudes and behaviours than with the socio-demographic characteristics. In fact, most of the reviewed studies indicated that only a very small percentage of the people living in a given area were those that really cause fires, or are involved in arson (Bertrand y Baird, 1975;[START_REF] Doolittle | The dimensions of man-caused forest fire risk: a systematic assessment[END_REF][START_REF] Doolittle | Southern woods-burners: a descriptive analysis[END_REF][START_REF] Eufirelab Hasbrough | A sociological analysis of mancaused forest fires in Lousiana[END_REF][START_REF] Jones | Some human factors in woods burning[END_REF]. Most fire problems seem to be the result of the activities of a small percentage of the total population at risk [START_REF] Altobellis | A Survey of Rural Population Density and Forest fire Occurrence in the South[END_REF]. Nevertheless, also it was observed that "although fire setters may be few in number in high incidence communities, they can practice fire setting with the assurance of at least the toleration of their activities because community members subscribe in some degree to the beliefs and/or attitudes that motivate the fire setter" (Bertrand y Baird, 1975) since, if not, the problem would not reach such magnitudes. This population is that they denominate "latent incendiaries or arsonist", culturally in agreement with the incendiary practices. In general, it can be said that these studies tend to conclude that the activities perpetrated are more important than the incendiaries themselves. In almost all these works it is emphasized the importance of the beliefs and attitudes of these residents or local communities, that conform a deeply-rooted traditional culture, in which wildlands are not considered so important economically as other agrarian or cattle activities, as it demonstrates for the traditional custom of clearing the forest and disposal of brush and litter to encourage grass to grow for cattle pasturage, as well as other motivations. [START_REF] Doolittle | The dimensions of man-caused forest fire risk: a systematic assessment[END_REF], in Lousiana and Mississippi, carried out an analysis comparing contiguous counties with high and low occurrence, characterized in addition with the same type of causality and with similar sociodemographics characteristic. Fundamentally he concentrated on explaining the man-caused fire variation on the base of the behavioural characteristics of the population, which is designated by him as "predispositions", evaluated from surveys and interviews. The total number of interviews completed by Dolittle was 567. In general, the analysis of the data showed little consistent associations between the predispositions and the level of man-caused fire occurrence. The most important associations were founded in the counties containing large numbers of In another study, [START_REF] Christiansen | Characteristics of people who start fires[END_REF], from a set of forest information and investigations reports (Fire Trespass Reports filed by local Forest Service officers), examined the characteristics of the people responsible for having started forest fires in National Parks of California and part of Rocky Mountains. They found that rather than tourists (hunters, fishermen, campers, picnickers, etc) and the population living in big cities, most of the arsonist were employees or workers who developed their work fundamentally in forest areas, normally with faulty combustion equipment, such as vehicles or machinery of high risk. Usually they are likely to be ignorant of fire prevention practices and irresponsible. These people normally lived near of the ignition places, in a small, rural-oriented places where most people are involved in forest-related activities. This person was relatively young, somewhat poorly educated, and quite well thought of in the community. The conclusions of these authors must be clarified or take it with caution, since they examined only a small fraction (165 reports) of the thousands of man-caused fires in the two Regions during the decade studied (1956)(1957)(1958)(1959)(1960)(1961)(1962)(1963)(1964)(1965)(1966) and because this reports were not designed to be used for such analysis, although they have very interesting data that may help in characterizing fire-starts. incendiary fires and not in those counties where the accidents were more frequent. The variables with greater association were the level of forest fire prevention knowledge and the nature of fire-related attitudes were the specific variables showing the greatest association with level of incendiary fire occurrence. Nevertheless this did not happen with the interviewed variables about local society, organizational prestige and fire prevention communications (massmedia) showed little association with the rate of mancaused fire occurrence. The general conclusion drawn from this study was that predispositions are useful as indicators of man-caused risk in a limited number of situations. Other risk factors, such as the nature of fireproducing activities, must be understood before mancaused risk can be measured for use as input into fire danger rating or as an indicator of fire prevention effectiveness. The major recommendation of the author was that future research focuses upon an analysis of fire-producing individuals and acts, more perhaps than in the analysis of average characteristic of the county's population.

However, Doolittle affirms that the population characteristics can explain great part of the variation of the occurrence in some situations, and the "predispositions" and attitudes of the individuals or the local communities to explain the variation in other cases. In fact, both factors are those that finally may influence in setting or starting of the fires. Thus, both individuals and populations must be considered at the moment of determine the risk and of evaluating the effectiveness of the prevention. In this sense, Doolittle, in addition to study the component of behaviour and attitude, examined also a group of indicators about the presence and characteristics of the resident rural population (density of population, age, education, employ, occupation, incomes, race, type of residence, social stability...). The decision to collect data only about the rural population more than about the urban ones, was justified in the fact that more than half of the fires happened in the South they were deliberate and for debris elimination. The results of the multiple regression explained 50% of the variation of the occurrence in 44 counties, obtaining similar conclusions to the previous works of Hansbrough (1961) and [START_REF] Johnson | Demographic and socioeconomic factors and forest fire in the southearstern United States[END_REF].

To a social scientist, a survey may have a purely descriptive purpose, as a way of studying social conditions, relationships and behaviour. It must not to be thought, however, that the purpose of survey, whether in social research or elsewhere, is always so straightforward. Many enquires aim to explain rather than to describe, the relationships between a number of variables. Therefore, a social investigation method such as survey can be used to obtain information that could be useful to describe but also to explain population opinion, awareness, attitude and behaviour in relation to forest fires.

A number of surveys have been conducted in European countries during the last decades in order to gain some specific knowledge about different aspects of forests fires and specifically on the interaction between population and fire in some regions. One of the most recent examples of survey applied to know people opinion about the importance of forest fires has been carried out as part of the European project SPREAD (Forest Fire Spread Prevention and Mitigation Contract EVG1-2001-00043). The survey has been conducted simultaneously in three European countries (Spain, France and Finland) with the original objective of knowing and comparing what natural risk mean for inhabitants of the three countries and the magnitude of importance of forest fires as a natural risk.

Unlike the South, in the western United States, most wildfires start as unintended or accidents associated with fire use, such as smoking, machines and burning debris; in the South, the leading cause category is incendiary. Most of the research in the West, consequently, has been done among populations who started forest fires accidentally [START_REF] Folkman | Residents of Butte County, California: their knowledge and attitudes regarding forest fire prevention, USDA, Forest Service Pacific Southwest Forest Range Experiment Station[END_REF]. Likewise, in the South, nearly all research has focused upon incendiary, or deliberate, fire stars [START_REF] Fahnestock | Texas forest fires. In relation with weather and other factors[END_REF]. Thus, several studies performed from surveys seem to corroborate it, examining the attitudes and knowledge with respect to the prevention of fire, comparing groups of high and low risk [START_REF] Christiansen | Forest-fire prevention knowledge and attitudes of residents of Utah County, Utah, with comparisons to Butte County, California[END_REF][START_REF] Folkman | Levels and sources of forest fire prevention knowledge of California hunters[END_REF]1965;[START_REF] Folkman | Fire prevention in Butte County, California: their knowledge and attitudes regarding forest fire prevention[END_REF].

The sampling strategy surveyed almost 500 people in each country, half in exposed areas and the other part in non exposed areas to forest fire. Exposure to risk takes into account, historical data on fire for each municipality, the type of vegetation, slopes, population density and configuration of the urban and metropolitan area.

A questionnaire was developed specifically for the purposes of the project in order to make results comparable between the three countries. The questionnaire is organized in 5 sections from which section 1 includes questions about forest fire risk: historic fire occurrence, population exposure to fire, damages and causes.

The sociological analysis aimed to know better people's behaviour and try to understand whether their actions influenced fire risk. The results focussed on their perception and basic knowledge, their level of knowledge on prevention and preparedness measures and what information they had on forest fire risk.

Preliminary results of this research showed that people in the three countries knew well the types of damage caused by forest fires: destruction of nature and wildlife, then safety of human live, then destruction of buildings, roads, equipments and landscape.

In France and Spain they are aware of representing a threat to the forest, noting that one of the main causes of fire are human imprudence, negligence, arson, and accidents. In Spain, for example, it is interesting to observe that, when asked about fire causes, a large proportion of the interviewees (36 %) answer that the most important fire cause is carelessness/negligence related with recreational use of the forest. That is quite reasonable taking into account that the Spanish study region was a quite populated area, where most population lives in the metropolitan area of a large city and use nearby forest areas for recreation activities. Arson is also mention as an important fire cause. Other causes such as accidents, lightning and negligence related with agricultural practices have been also mentioned Nowadays we can affirm that wildfires in Europe are mainly result from the socio-economic development and the consequent change in life habits. It can be considered a phenomenon linked to modern models of life, increased mobility, tourism and recreational activities which draw increasing numbers of visitors to the forest. But fire is also a traditional instrument for the management of Mediterranean ecosystems and the long established use of fire in agriculture, sylviculture and livestock breeding is well documented. From different statistical sources we know that most of the wildfires in Mediterranean Europe (above 90%) occur as a consequence of human activities that can directly act as fire ignition sources or indirectly create the conditions that favours fire ignition and/or fire propagation.

HUMAN VERSUS NATURAL CAUSES. THE IMPORTANCE OF HUMAN INDUCED FIRES IN EURO-MEDITERRANEAN COUNTRIES. THE CASE OF SPAIN, FRANCE AND ITALY

Changes in land use which are occurring in Southern Europe (abandonment of agricultural land, depopulation) are increasing fire risk. The seriousness of the problem is due to the fact that natural causes have been compounded by human action (negligence, accidents, burning as an agricultural or grazing practice, and arson). The control of the causes is complex since they are often indicators of conflicts and tensions in the overall system of land management. Action measures often need to go far beyond forest activities, because the causes of fire can be related to socio-economic, legal, structural, and even cultural factors.

WILDLAND FIRE CAUSES IN SPAIN.

TEMPORAL AND SPATIAL ANALYSIS Although the number of unknown cause fires in Spain remains high, its percentage has decreased significantly (almost by a half) from over 40% during the '80s to under 20% in the late '90s. Figure 3 shows the trend of unknown cause fires according to autonomous regions during the 1988-1999 period. In general, this improvement is undoubtedly the result of an increase in the interest and effort in the last years to overcome this shortage. For instance, specific forestry research techniques [START_REF] Porrero | Incendios Forestales. Investigación de causas[END_REF] brought from the USA and tested in Portugal, have been applied and adapted to the Spanish environment. These techniques were then taught to park rangers and civil guards (police). As a result, in the Autonomous Region of Valencia for instance, unknown cause fires are under 2% since 1995 [START_REF] Vélez | El período 1848-1997 en la defensa contra incendios forestales en España. Los incendios históricos. Una aproximación multidisciplinar[END_REF]. Apart from the Autonomous Region of Valencia, the autonomous regions with the lowest number of unknown cause fires (under 20%) during the 1988-99 period are Cantabria, La Rioja, Galicia, Baleares and Catalonia, in contrast with other regions such as the Canary Islands, Extremadura, Asturias and Navarra, with percentages over 40%, and especially Madrid, which has a 76% of unknown cause fires during the same period. These high figures may be due to the fact that in regions like Table 2. Fires according to type of cause (1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999).Source: DGCN.
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The 96% figure assumes that all unknown cause fires are attributed to human causes, a fact that occasionally, and in certain areas, may not be the case. It is more likely to think that "unknown" cause fires are distributed in the same way as "known" cause fires, that is, the majority are directly or indirectly related to human causes. In addition, we must not forget that the research on fire causes is mainly based on the physical evidence method [START_REF] Porrero | Incendios Forestales. Investigación de causas[END_REF], which allows to reconstruct the evolution of a fire by studying the behaviour of the fire and its remnants until the starting point or area is determined. Once in this area, the means and the cause of ignition are determined. In the case of fires caused by lightning the remains or the effects of the source of ignition can be easily identified on site (a tree cracked by lightning, etc.). Thus, it is assumed that few fires of this kind are not identified as such, unless research personnel is scarce or there is a work overload, due to the coincidence of many fires in a short period of time. Additionally, before reaching the fire site, research teams usually have meteorological data from the date the fire started and the days previous to it. In fact, the National Meteorological Institute presently has a lightning detection network in real time with a fairly high precision (http://www.inm.es/web/infmet/lightning/lightning.html).

The map shows the sites where cloud-earth electric discharges have occurred in the Iberian Peninsula during a 12 hour period, subdivided into six time intervals. Lightning is divided into positive and negative, the latter being scarcer but usually more intense. The lightning here represented, accounts for all those which have been spotted by the network, either by simple triangulation or by more precise methods of optimised localisation. In any case, even if the man-caused 96% were smaller, it is enough to show the close relationship between forest fires and human activity in Spain. The only natural cause of fires is lightning, which in Spain accounts for a small percentage of only 4% according to statistics of the past 15 years. This is probably due to the fact that storms are not as important in Spanish forested areas as in other parts of the planet. In fact, this may well be the only meteorological phenomena in our climatic area that does not favour fires ignition. Regarding the evolution of lightning caused fires, it seems to be relatively stable.

Curiously enough, this distribution of fires according to its cause is quite different to other typical Mediterranean ecosystems such as the Californian one, where lightning may cause up to 40 % of fires. There are other non Mediterranean parts of the planet where lightning is of high importance such as in Scandinavia and Russia (20 to 30%), Western North America (40 to 60%) and in the Australian region of Victoria (10 to 30%). However, if we take the causes of fires in Spain on a regional level, some variations may be found compared to the national pattern. In Aragón, for instance, due to its rugged terrain, the number of lightning caused fires is well above the national average. According to statistics during the 1991-2000 decade [START_REF] Dgcn | Los incendios forestales en España[END_REF], 36.65% of all fires in this region were caused by lightning. In Castilla la Mancha fires caused by lightning were 25.02%, whereas in the Autonomous Region of Valencia it was 14.79%. On a provincial scale, the two provinces with the highest percentage of forest fires caused by lightning are Teruel and Cuenca (49%). In contrast, in other regions, such as Cantabria (0.03%), the Canary Islands (0.47%), Asturias (0.52%), and Galicia (0.86%), lightning fires are practically insignificant. Figure 4 shows that the Iberian and Eastern Coastal Mountain Ranges, followed by the Pyrenees and the Sierra del Segura, are the areas where the incidence in relative values are highest, due to the frequent dry summer storms. Negligence or careless actions as a cause of fires is 14%, and has a slight decreasing trend during the period mentioned. However, compared to that of the '70s, the total percentage has been halved [START_REF] Prieto | Los incendios forestales[END_REF]. During recent years for instance, the percentage of fire causes assigned to smoker carelessness, has decreased drastically since the '70s. In 1973 and 1974 for instance, it was over 15% of the total, half of which started next to roads, because of the habit of throwing cigarette buts out of the car windows. During the '90s these causes were barely 1.5% on average. The pie chart in Figure 5 shows how the types of negligence causes are distributed. Agricultural burnings, which have a utility purpose rather than a destructive one, are the main cause of careless fires in Spain (26% of the total negligence). These burnings have also decreased since the '70s by a half, and its percentage over the total fires causes was 3.5% during 1988-99, although at present, the tendency is on the rise. In some autonomous regions, the percentage of fires attributed to agricultural burnings is over 15% of the total. This is the case in the The so called "other causes" could be put as negligence, although in view of certain circumstances, they are better classified as "accidents", since there is not a deliberate will of lighting a fire. Its importance is very small as it accounts for only 2% of the causes (see figure 6). The main responsible for these types of fires are electric power lines (0.6%). When a power line falls and catches fire, it means that the power line path was not properly cleared of undergrowth, so in this way, negligence and accident coincide. Railway lines used to be another source of fires, due to the friction and particle emissions from steam engines, especially in hard braking sections, such as near train stations. Nowadays, thanks to technical improvements whereby train traction systems have been completely changed, the number of fires has decreased down to 1%. In Canada and the USA fires of this nature are greater and often surpass 6%. Engines and machines may in turn cause sparks, or ignite due to engine leakage, or a car or aeroplane accident in which the fuel tank goes on fire. Finally, it must be underlined that intentional motivations have been responsible for over half the fires in Spain (55% in the last 12 years). Its recent increase is a serious concern especially since, regardless of its number, it causes great damage as they take place in unfavourable extinction conditions: at night, in places difficult to reach, occurring many at the same time, in several sites within the same woodland, etc. In other cases, these circumstances make the situation worse due to objective factors, such as meteorological ones, for example high heat conditions and strong dry winds.

Smokers

As mentioned, fire statistics are not satisfactory in terms of extinction planning. This was the case, not only due to the large number of unknown cause fires, but also because within intentional fires no distinction was being made between crime motivated fires and those related to traditional customs in the uses of fire. Consequently, in order to improve the information gathered, as from 1989, a fire motivation section was included in the report and in the event of it being an intentional fire, a possible motivation list was added. In 1989 the list included 16 types of motivations. In the latest update of the report form from 1998, seven new types of motivations were added to the list, which has now a total of 23 types (CLIF, 1997ay CLIF, 1997b). Added to the list was also a new field called "certain or alleged cause", since up to then all causes were "alleged".

Another added cause was "reproduced fire" (DGCN and Ministerio de Medio Ambiente, 1998).

Intentional motivations are slow to gain general acceptance, as it requires a greater commitment on behalf of the person acquiring the data [START_REF] Vélez | Los incendios forestales y las actitudes de la población de las comarcas afectadas[END_REF]. In 1989, its first year, in only 10% of fires classified as intentional, was the likely motivation identified, although as figure 2.4 shows, year after year this data field is increasingly being included to a point in which, in 1999, motivation is registered in 67% of intentional fires.

From 1988 to 1999, the percentage of intentional fires with a registered motivation over the total fires recorded in those 12 years, is 19% (34% of the total intentional fires), although if we exclude those coded as "other motivations," it would be 16% (30% of the total intentional fires). Little by little, the inclusion of this data is becoming more general, and the autonomous regions with less information on the issue are Cantabria, Asturias, La Rioja and Aragón.

In view of the meagre information on motivations in the early 90s, ICONA decided to take on a more thorough investigation, using other methods (analysis of related regulations, adding opinions via interviews using the DELPHI method, inquiries, etc.) to get to know the reality of the situation. This study was released in 1995 [START_REF] Icona | Manual de operaciones contra incendios forestales[END_REF]. In the '70s, several studies and surveys on causes and motivations were also conducted in some regions (ICONA, 1976 (1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999) shrubland burnings, where in most cases, there is an undercover intention that deliberately fails to observe the caution measures established by law, which are specified in the burning permits. This is due to the custom being deep-rooted and the fact that it is cheaper not to take precautions. Consequently, farmers start over 70% of intentional fires. The rest of cases are divided into motivations related to hunting, revenges due to land use and property, arson and vandalism, rejection of land use limitations derived from afforestation and protected areas, attempts to modify land use into building land, low timber prices, etc.
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Apart from these general results, if we consider the percentage distribution of fire according its cause and we distinguish between attempts (under 1 Ha), fires (over 1 Ha) and large fires (over 500 Has), we find some differences in pattern, although these are not too important. Fires over 1 Ha have a significantly larger percentage (30%) of unknown causes than that of attempts (20%). Natural causes (lightning) are more significant in large fires (9.3%), in contrast with intentional fires (44% compared to the general average 55%). Lightning is also important in attempts (5.6% compared to 2.2% in the general average).

Regarding motivations in intentional fires, the frequency of agricultural burnings in small fires or attempts stands out, since they are double the percentage found in the rest of fires (41% versus 21%). In contrast, intentional shrubland burnings tend to burn over 1 ha, that is, 54% of fires, versus 28% from attempts. Besides these, fires started by pyromaniacs reach a very high percentage in great fires (28%), although in general they are more commonly found in attempts (17%) than in fires (9%). It is also the case that, in spite of its smaller quantitative importance, causes related to hunting and antagonism against afforestation are slightly greater in large fires.

In negligence, as in motivations, it is worth noting that pasture burnings cause more fires (23%) than attempts (11%). However, this is not the case in large fires (8%), where other types of negligence, plus fires from campers, visitors or personnel in charge of forestry or agricultural tasks, are over 50% of negligence causes. Rubbish burning, forestry works or cigarette buts seem to be more relevant in attempts (34%) than in fires (24%). The same applies to electric power line accidents, which start twice as many attempts as fires. In the total accidents sections, the greater the area burnt, the more important the causes due to railways, engines and machines.

Another aspect related to causes is where the fire started. This fact appears on reports in the section "started next to". Up until 1997, the statistics took into account five possible starting places (roads, trails, houses, places where campers tend to go and other woodland places), but from 1998 the new report model includes another five: forest tracks, crops, housing estates, rubbish dumps, and railways, which were already considered in the '80s. Figure 8, shows its distribution during the 1988-99 period. Practically half the fires start in "other woodland places", especially those which are intentional (49%). This is why this category is too generic. However, according to the fire distribution for 1998 and 1999, many of the fires that were supposed to start in "other woodland places" really start near forest tracks, since the rest of the categories hardly vary. We can estimate that almost half the fires start near roads, tracks or trails, which gives an idea on the importance of human activities as a cause of fires. It also leads us to think about the large number of possible ignition causes that are favoured by good access: from those related to intentional causes to those caused by carelessness such as cigarette buts and burning matches. From 1988 to 1999, 60% of fires caused by smokers started near communication networks, especially roads (46%) and trails (13%), although these hardly amount to 3% of the fires started next to roads and trails.

In relation to this, it is noteworthy (and also makes sense) that approximately 70% of fires which started on a trail, and 56% starting next to roads, are intentional (this data is not represented). Fires deliberately started near crops are somewhat more frequent (6%) than those started near houses and housing estates (4%), due to the high percentage of agricultural fires that are intentional or negligent. In turn, the negligent ones reach a significant percentage (30%) in fires that started near houses and housing estates, although it is not the main cause of the fires started there. In general, the rest of the places, such as campsites, railways or rubbish dumps do not seem to be as dangerous, given the low percentages of fires that have started there. We must, however, take into account the limitations of this data. In general, it can be said that the starting point factor loses most of its interest when most causes, especially negligence, intentional and unknown, are fitted into the "other woodland places" class.

The last aspect to consider is the type of day in which the fire started. In the last twelve years, the numbers in Spain seem to be normal. Thus, 65% of the fires started on weekdays, whereas 34% was on weekends or the day before a weekend. The relationship between this parameter and the causes of fires makes the most significant data appear as reasonable; 45% of the fires caused by carelessness in campfires occur on weekends or the day before a weekend, which is also the case with 35% of the intentional and smokers' fires.

Accidents in general (railways, electric, engines and forestry work), have higher percentages on weekdays.

During the last decade, forest fires have affected almost the whole of Spain, except some counties in the plateau and in the Ebro and Guadalquivir valleys that are predominantly agricultural. However, by looking at the fire density map (figure 9) it is clear that the distribution throughout the country is uneven. The areas which are struck harder are the northwest (Galicia and León Mountains) and the northern territories, although a strong incidence is focused on the sierras of Extremadura, Sierra Morena, the western part of the Central Mountain Range, a large part of Murcia and certain Andalusian counties such as Costa del Sol and las Alpujarras. Finally all the Mediterranean coastal provinces from Catalonia to northern Alicante are noted for their high fire density per forested areas.

In the '70s the problem of forest fires was more restricted than today, since it was concentrated on just a few areas. The tendency since then has shifted, not only towards a growing number of fires and area burnt, but also towards a greater dispersion and spreading process throughout the country [START_REF] Vázquez | Patterns of lightning, and people-caused fires in Peninsular Spain[END_REF].

Small fires or attempts are more abundant in proportion to fires larger than one hectare, in the Iberian Mountain Range, Catalonian and Eastern Coastal Mountain

Ranges, Sierra del Segura and Galicia, especially the western part, which is the opposite of what occurs in the northern sub-plateau and Northern provinces. The most devastating fires (over 500 Ha), although a widespread class, have destroyed mainly areas of the Mediterranean coast and Andalusia. In Castilla y León the provinces of León and Zamora stand out.

Throughout the country most fires occur during the summer months (July, August and September), except for the northern provinces and some zones in the Pyrenees, where over half the fires occur at the end of the winter and at the beginning of the spring, which is the second most dangerous season. The main explanation for this are the frequent unfavourable meteorological situations, consisting of dry cold southern winds from the central plateau, together with the large amount of seasonal burnings carried out farmers in the north of Spain.

Regarding ignition causes, again there is a great spatial unevenness. A study by Vázquez and Moreno underlines the difference between human and lightning caused fires [START_REF] Vázquez | Patterns of lightning, and people-caused fires in Peninsular Spain[END_REF]. The latter tend to occur in high altitude areas, throughout sierras and inland mountain ranges, especially in the Iberian Mountains, Mediterranean coastal mountains, Pyrenees, Sierra del Segura and western sectors of the Central Mountain Range. Quite often the population is sparse, there are abundant light fuels and frequent dry summer storms. These authors also point out that these types of fires mainly concentrate during the mid summer, affect mostly wooded areas and generally produce small size fires (the maximum size of fires caused by lightning is smaller than those induced by humans). In contrast, fires induced by humans are more Figure 9. Fire density map per municipality (1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999) purpose, which are the most frequent of all known causes and, as mentioned, they may be intentional or negligent, although the border between both terms is occasionally imprecise. If we only take into account fires where the starting point of the fire is attributed to this cause (in the case of negligence) or motivation (in the case of intentional fires), we find that these fires are 18% of the total fires registered from 1988 to 1999 (5.87% negligent and 12.1% intentional).

disperse in terms of space and time. The previous statement requires further detail when the different types of human causes in fire are considered. Thus, unknown causes and negligence are present virtually throughout the whole country, and are more disperse than intentional fires, which concentrate mostly in areas with high incidence rates.

A spatial pattern can be broadly outlined which differentiates between negligence and intentional fires, according to data from recent years (see figure 10). The former is more common to the Mediterranean areas (eastern and southern halves of the Iberian Peninsula), whereas intentional fires concentrate on zones with an Atlantic influence plus the western areas of the two plateaus. These types of intentional causes are especially important in the Autonomous Regions of Galicia and Cantabria. During the 1986-1995 period, in western Spain (Galicia, Asturias, Cantabria, Zamora and León), which is precisely one of the richest parts of the country in terms of woodland, with some of the highest productions and greatest distribution of forested property, almost 65% of fires were intentional, compared to merely 25% for the rest of the country, where negligence is somewhat more important (25% for the rest of the country versus 5% for the northwest) [START_REF] Dgcn | Los incendios forestales en España. Publicación anual[END_REF]. Regarding unknown causes three autonomous regions stand out: Madrid, Extremadura and Asturias.

A different spatial pattern can be broadly distinguished between negligent and intentional burnings related to cattle and agriculture. Negligent burnings are more common in more Mediterranean areas (eastern and southern Spain), whereas intentional ones concentrate in areas of Atlantic influence, especially in the Autonomous Regions of Galicia and Cantabria and on the western parts of the plateaus. This difference was pointed out in a study on motivations of intentional fires [START_REF] Icona | Manual de operaciones contra incendios forestales[END_REF].

Burnings aimed at regrowth, maintenance or making new pasture are classified by Spanish fire reports as both negligent and intentional causes. The difference between the two causes dates from 1989, when standard reports include a list of 16 motivations of intentional fires, which subsequently grew to 24 motivations. Shrubland burnings which are regarded as one of the intentional causes are described as "fires which are started by shepherds and cattle dealers to regrow pastures and are left burning, and then reach the woodlands" (CLIF, 1997c). Due to its importance, we shall now focus our attention on burnings with an agricultural and cattle management 

EUFIRELAB

If we take the statistical data on fires related with this cause (table 3), we find that shrubland burnings have started 9.91% of the total fires in Spain. Together with agricultural burnings (10.5%), they are the most important known causes, as mentioned earlier. However, these figures do not show the importance of these causes adequately, since they could be far greater if we take into account the data in table 4, in which there is a high percentage of unknown causes (23%) and of intentional fires where no motivation was registered (63.71% of the intentional ones). In this way, it would not be unfair to assume that most fires in which the causes were not determined or not investigated, are in fact a result of the most frequent known causes: burnings for agricultural and cattle purposes.

According to official statistics during 1988-2001 (table 3) the percentage of intentional cattle burnings (7.4%) was greater than the negligent fires (2.4%). After agricultural burnings, shrubland burnings, are the second main cause of carelessness or negligence (17%) and the first of the intentional motivations (36.43%). Besides, the data available on fire causes in the last 15 years, show that intentional burnings are the most important known cause of fires in Spain for either pasture regrowth (7.48%), or other agricultural purposes (6.82%). These burnings are negligent or intentional, depending on whether there is someone responsible of taking adequate precautions to keep the fire under control [START_REF] Vélez | Los incendios forestales y las actitudes de la población de las comarcas afectadas[END_REF]. Thus, an intentional burning is categorised as such when the site is abandoned before the fire is completely extinguished and the task is finished. In any case, although the agricultural or shrubland burning may have started a fire classified as intentional, this does not mean it ought to be considered a criminal use of fire. In fact, these burnings are legally authorised so long as they comply with certain conditions. Instead, in the rest of intentional motivations recorded in the reports, there is no such possibility, and the use of fire in such cases will always be illegal and therefore, criminal.

Starting from this assumption and from the data available, that is to say, referring only to intentional fires with a registered immediate motivation (36.2% during the 1988-99 period), it is possible to extrapolate the percentage of fires caused by shrubland and agricultural burnings. According to this estimate, 24% of the total fires would have been started by shrubland burnings and 21% by agricultural burnings. In total, both of these would be the cause of 45% of the fires that happen in Spain, bearing in mind that these burnings could also be held responsible for many of the unknown cause fires, which would raise the percentage even more so. The principal aim of shrubland and agricultural burnings is functional, that is, they are not started simply for destructive purposes. Rather, they are "yet another chore carried out by farmers in order to improve woodland conditions" (Zárraga, 1988), for instance, to clear the rockrose (Cistus l.) and low shrubs that colonise grazing meadows, where it is not economical to use a plough or to clear shrubs manually. In fact, there seems to have been an economical motivation for using fire to carry out these tasks, since land clearing is not usually paid for. Therefore, this means of doing it is cheaper and quicker than other solutions, with the added advantage of avoiding erosion due to the use of machinery [START_REF] Vélez | Incendios forestales y su relación con el medio rural[END_REF]Zárraga, 1988). In addition, some limitations imposed by the administration, seems to have even favoured this type of practice, for instance, by not allowing certain shrubs to be rooted out for undergrowth clearing. It therefore seems that the problem derives partly from the hardships in peasant families' economies who, in view of the unfavourable agricultural situation, attempt to somehow make a profit out the woodlands.

Data from recent years seem to confirm this hypothesis. Thus, from 1999 to 2001, a period of substantial improvement in fire cause investigation in Spain (62.6% of intentional fires having signs of motivation), the percentage of fires caused by shrubland burnings goes up to 13.8%, and in the case of agricultural burnings it is 17.7%. Likewise, in the Autonomous Region of Valencia, where excellent statistics on causes of fires have been recorded since 1995 (under 1% of unknown causes), agricultural and shrubland burnings are the cause of 44.7% of all fires (table 5). 
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In some areas in the Cantabrian Mountains, León Mountains, Galicia, Central Pyrenees, Sierra de Gredos and the northern sierras in the Iberian Mountain Range, with long Atlantic or sub Atlantic cattle breeding traditions, the number of fires caused by shrubland burnings is rather notorious. For instance, this was the cause of over 50% (841) of the 1,572 fires registered between 1988 and 1999 in the municipalities of Chandrexa de Queixa and Manzaneda (Orense). The same applies to other municipalities in the Autonomous Region of Cantabria, such as Rionansa, Cabuérniga or Hermandad de Campoo de Suso, with figures that reach and go beyond 70%. There are other municipalities where the percentage reaches 100% (although the total number of fires is small). In the Autonomous Region of Cantabria over 85% of fires are intentional, of which 75% correspond to burnings carried out by stock breeders without an administrative permit. Figure 11 shows the distribution per municipality of the percentage of fires caused by shrubland burnings in Spain. The south is more disperse than the north.

These burnings are the principal cause of fires due to negligence during the winter months [START_REF] Prieto | Los incendios forestales[END_REF], although the most dangerous seasons are at beginning of autumn (September) and, especially, towards the end of the winter and early spring (March), just before the heavy rains and coinciding with the low moisture and vigour in vegetation.

The proportion and type of agricultural crops in a given territory contribute to the hazard derived from the number of cultural operations involving the use of fire to prepare the land for new sowing, for weeding of abandoned land or to clear the remains of harvests or any kind of vegetation (weeds, invasive shrubs, hedges, enclosures, etc.) all of which, from an agricultural stand, are in the way. Negligence is frequent during the burning of sleep slopes or brushwood from woody crops (irrigated and non irrigated fruit-bearing crops, vineyards, etc.), and also in stubble burnings, typical in herbaceous crops, especially in cereal fields.

Herbaceous crops are sowed in autumn or spring, according to the zone, the type of crop and tradition. Therefore, most agricultural burnings occur at the end of the summer (August and September) among other reasons because the moisture is low and fuels burn better. The end of the winter, especially in March, is the most dangerous secondary season, and it is also the pruning season.

As in the case of shrubland burnings, intentional agricultural burnings are more frequent (6.8%) than negligent burnings (3.6%). However, they are the main cause of negligence in Spain (25.7%) and the second main motivation for intentional fires (33%) after shrubland burning to regenerate grazing land. From 1988 to 2001 intentional agricultural burnings have caused 10.5% of the total fires in Spain, although our estimates are over 20%. In the Autonomous Region of Valencia, just the agricultural and dead leaf burnings in bonfires, caused 30% of the fires from 1995 to 2001 (table 5).

In contrast to burnings caused by stockbreeders, burnings of agricultural residues, although carried out in almost all regions, have more impact on Mediterranean areas, especially in the northern parts of the provinces of Palencia and Burgos, some agricultural counties in the Duero and Ebro basin (Álava, La Rioja, Caspe County, Calanda and the province of Tarragona) and throughout the eastern and south east coast from Castellón to eastern Andalusia. The same occurs in the Pre-Pyrenees in Huesca and Lérida and some sectors in Galicia.

The results of the season 2003

The causes known globally in increase.

The percentage of the fires the cause of which is determined is 55 %. indicator (informer) appreciably lower than that of the last year (66 %), close to that of the 2001 (53 %) and of 2000 (51 %),

We can thus say that in a little more than a case on 2, we knew the cause in 2003 (this term of knowledge including at the same moment the certainty, the probability and the supposition). Regarding the rest of motivations in intentional fires, although the corresponding maps have not been included, some peculiar situations based on data from reports are worth noting. Revenge motivated fires are registered in Galicia, Asturias, the Toledo Mountains and some sierras in Extremadura, although the most notorious region is Andalusia throughout its Sierra Morena and its coast. Pyromaniacs are widespread but seem to have been more active in Andalusia, the southern coast of Galicia, central Asturias, Sierra de Gredos, and several places in Catalonia and Valencia. Motivations related to game and hunting, whether in favour or against it for fencing in land, are again focused on Sierra Morena and the coastal Andalucian sierras (Sierra de Ronda, Antequera, Sierra de Gata...), in Huelva and the Toledo Mountains. Hunting and fires caused to drive away animals that cause damage to crops or cattle are motivations that are also common in the Galician Sierras and western Asturias (Sierra Rañadoira). Incidentally, fires caused by carelessness from smokers are more frequent in Catalonia, Sierra de Guadarrama, Gredos and the Toledo Mountains.

It is necessary to split the 45 % of fires the cause of which we ignore in two categories:

o the fires which did not know an inquiry (828 fires, that is 24 % of the cases, what is a figure very superior to that of the 2002), o the fires the inquiry of which was not able to determine the origin (717 fires, that is 21 % of the cases).

The proportion of the number of fires without inquiry, lower than 10 % previous years, is important. It is the main cause of the bad score of the fires of definite origin.

With a proportion of these fires without inquiry similar to those other years, we would have been able to hope to border the 70 % of definite causes (figure 12).

The results found from a department in the other one in knowledge of the cause are very variable, we know it. So, the most important percentages of fires without inquiry are noted in Haute-Corse (61 %), in Bouchesdu-Rhône and in Lozère (56 % in both cases) and, in a lesser degree, in Corse-du-Sud (25 %). It represents 828 fires. In other departments, this proportion is lower than 5 %. Eight departments present even a no number of fires without inquiry.

WILDLAND FIRE CAUSES IN FRANCE.

TEMPORAL AND SPATIAL ANALYSIS 1

The typology of the causes

The typology of the causes was also revised then validated and applied five years ago. She wants closer to the reality of the ground, better adapted to the actions of prevention, more flexible in the seizure.

Let us clarify that the term "investigates" do not mean systematically that it is about an inquiry of police or about gendarmerie, he can cover information resulting from fire brigades or from foresters. It bases on a distribution of the natures of causes in 5 families:

1. The causes of natural origin, Each of these families is subdivided into categories and each of the categories can be detailed.

Figure 12. Global distribution of inquiries according to their results

Figure 13 shows the wordlist of the natures of causes. the "failing" departments, by its influence on the average, generates the relatively low global proportion of fires the cause of which was determined.

So the weight of High Corsica (677 fires,37 % of definite causes) or of Mouths of the Rhone (350 fires, 29 % of definite causes) has more incidence than that of Alpesde-Haute-Provence (79 % of definite causes, 57 fires) or the High Alps (80 %, 15 fires).

The following graph (figure 15), in which every department is represented by a point in a having mark, for abscissa the of fires of definite cause (we drew the barof the 70 %), for ordered the number of fire, indeed underlines this characteristic.

So, if we compare the percentage of known causes (with regard to all the fires listed in 2003), we deduct the following graph from it:

Finally, let us notice that the results of inquiry lead too often to a "unknown" origin (68 % in Vaucluse, 44 % in Alpes-Maritimes, etc.). It is not thus because there is inquiry that we know necessarily the cause.

The types of causes. The cause was determined for 1950 fires.

Among the known causes, the hostility represents 41 % of the cases.

According to the department, the distributions of the natures of cause are sometimes rather different.

We end in the following distribution for 2003 (figure 18):

The hostility The foresters, for a number of similar cases ( 158 cases), are only 12 % of pyromania but 77 % of generic code.

In 2003, 43 % of the defined causes concern the hostility.

816 fires attributed to causes of criminal origin divide up as (table 7) : Finally, the coordinators ( 79 cases) present the results globally the most precise with 39 % of credits and 27 % of pyromania. The origin of inquiries On the whole zone, it is the inquiries of the fire brigades that are majority ( 1333 cases) in front of those of gendarmes ( 827 cases) and foresters ( 423 cases).

It is interesting to know if certain services gave, on average, a piece of information more reliable than the other one. The distribution of the knowledge of the cause according to the source was calculated.

The proportion of the generic code is important: 48 % of the codes relative to the hostility. The pyromania comes then with 33 % of the cases. It raises another problem, that of the understanding of its definition. Three educations can be extracted: The experience shows that we often confuse hostility and pyromania. Other codifications, more precise, are quite lower than 8 %. Now, it is very evident that the actions of prevention depend on our exact knowledge of the type of hostility: we shall not act in the same way to prevent the conflicts of hunting or the interest bound to the grazing.

The gendarmes give the cause with certainty in 35 % of the cases against 34 % for fire brigades. In the global knowledge of the cause, it is the foresters who are the most successful (15 % of unknown causes only against 18 % for the coordinators, 28 % for the gendarmes and 32 % for fire brigades).

When we study the influence of the source of the inquiry on the precision of the codification of the hostility. It is the fire brigades which are at the origin of the determination of the biggest number of "hostility" with 428 cases. Among these 428 cases, they attributed it to 38 % in the generic code and 39 % in the "pyromania". 

WILDLAND FIRE CAUSES IN ITALY. TEMPORAL AND SPATIAL ANALYSIS.

First version of AIB cards considers five different fire causes: Natural, Accidental, Voluntary, Unintentional and Not classify.

Actually, according with the U.E. indications, the AIB database considers four different causes of fire: 

METHODS TO PREDICT HUMAN-CAUSED FIRES

Studies carried out in the States in the 1970s suggest that there were no patterns in the type of people who started fires [START_REF] Christiansen | Characteristics of people who start fires[END_REF]. More important than whom they were seemed to be the activities they engaged in [START_REF] Folkman | High Fire Risk behavior in Critical Fire Areas. Berkeley, California, USDA Forest Service, Pacific Southwest Forest and Range Experiment Station[END_REF]. These findings led to the hypothesis that conditions in the forest environment could determine fire risk levels, since site attributes would also determine the human activities that could take place. Displacement of the variables under study from the human environment to the natural environment facilitated the work of researchers from the natural resources field.

Former studies could be classified in two groups, according to the temporal or spatial scale dimension used.

Many studies were developed based on the abundant geographic data generated as GIS evolved, focusing on where historical datasets of fires were located in relation to roads, trails, towns, vegetation, rivers, topographic (elevation, slope, aspect) data, power lines, train ways, industries, forestry operation sites and many more geographic variables [START_REF] Chou | Spatial autocorrelation of wildfire distribution in the Idyllwild Quadrangle, San Jacinto Mountain, California[END_REF][START_REF] Vega-García | Mapping Risk of Wildfires from Human Sources of Ignition with a GIS[END_REF]. Usually, they would find valid relations over long periods of time (17 years, [START_REF] Chou | Modeling Fire Occurrence for Wildland Fire Management: A GIS Spatial Analysis for Fire Control and Prevention[END_REF]5 years, Vega-García, 1993) for reduced geographic units.

Other studies focussed on the temporal dimension of fire occurrence [START_REF] Martell | A logistic model for predicting daily people-caused forest fire occurrence in Ontario[END_REF][START_REF] Todd | Predicting the daily occurrence of people-caused forest fires: Information Report PI-X-103[END_REF]Loftsgaarden and Andrews 1992): daily, monthly or seasonal weather variables, fire danger ratings, day of the week, usually for prediction units encompassing large tracks of land, typically districts or provinces.

Convergence towards higher resolution in both temporal and geographic scale led to the development of high resolution (800 m) daily fire occurrence models in Canada, where human-caused fire occurrence prediction had been a priority for over 20 years.

A study by Vega-García et al. (1995) identified the following significant geographic variables: distance to nearest road, distance to nearest town, distance to nearest campsite, elevation, fuels, forest commerciality, forest district, and the following significant temporal variables: relative humidity, wind speed, month, codes and indices in the Fire Weather Index [START_REF] Van Wagner | Development and structure of the Canadian Forest Fire Weather Index System[END_REF].

In any case, if fires are the result of human activity and behaviour, it is clear that their analysis must be based on the signs left in the territory by those who are held responsible. But since this is normally difficult to achieve directly, a good solution could be inferring human sources of ignition from indirect indicators of its number, activity and distribution.

Very similar to this is criminal profiling, a deductive process based on a careful and deliberate analysis of physical evidence at individual crime scenes, subsequently used to help to explain the behaviour and motivations of offenders involved [START_REF] Picozzi | Criminal Profiling.dall'analisi della scena del delitto al profilo psicologico del criminale[END_REF].

The human component of fire risk is quite complex to model. First of all, because we will never be able to account for some of the particularities in human behaviour. Thereby, it is not surprising that there is a great degree of randomness associated in the fire occurrence prediction process. Secondly, the complexity is due also to the difficulty in representing spatially some human activities related to fire, such as arson, which frequently lack a clear spatial pattern.

However, in spite of these difficulties, we can find many human risk factors that can be measured through spatially represented variables, such as recreational activities and burning of shrub land for pastures, which tend to be associated to particular areas. The human fire risk modelling implies considering a wide number of factors associated to the beginning of a fire (fire ignition risk) and to the spreading of an active fire (fire propagation risk). In both cases, different variables and different risk weights should be considered, depending on the specific characteristics and causes of fire events in the different test sites. In any case, both approaches (ignition and propagation) require being capable of integration of different spatial variables.

Geographic Information Systems (GIS) are appropriate tools to create, transform, combine and integrate geographical variables related to fire risk, in order to supply the geographical location of those areas where risk factors are most severe [START_REF] Chou | Modeling Fire Occurrence for Wildland Fire Management: A GIS Spatial Analysis for Fire Control and Prevention[END_REF][START_REF] Chuvieco | Mapping the spatial distribution of forest fire danger using GIS[END_REF][START_REF] Dagorne | Protection des fôrets contre l'incendie and système d'information géographique. Application à la commune d'Auribeau-sur-Siagne (Alpes-Maritimes)[END_REF][START_REF] Maselli | Evaluation of forest fire risk by the analysis of environmental data and TM images[END_REF][START_REF] Nunes | Desenvolupament d'un sistema d'informació geogràfica per a la lluita contra els incendis forestal[END_REF][START_REF] Salas | applications to forest fire risk mapping[END_REF]). This integration is done using GIS after building a fire occurrence prediction model.

Basically, the human risk factor may be also considered at two temporal resolutions: short-term and long-term. The short-term risk factor is rather difficult to estimate, because normally we lack the temporal information on human activities. For instance, it results very difficult to know how many people will visit a forested area next weekend, or what kind of activity they will engage in. For this reason, most application related to human risk uses structural indicators for a long-term estimation, i.e. using variables related to the most permanent factors of a territory and its population. These factors do not change daily but on a long-term basis, and at least can be considered stable during a whole fire season [START_REF] Chuvieco | Integrated fire risk mapping[END_REF].

When the goal is to obtain a long-term fire risk index, the different variables related to human activity should be weighted according to their importance on the fire occurrence (ignition or propagation) and then combined into a single index. This can be done in many ways, but one of the more common approaches consists in using local adjustments, which may be based on regression analysis [START_REF] Anderson | Modelling of fire occurrence in the Boreal Forest Region of Canada[END_REF][START_REF] Carvacho | Evaluación de la estimación de grandes incendios forestales en la cuenca mediterránea europea por redes neuronales y regresión logística[END_REF][START_REF] Castro | Modeling Forest Fire Danger From Geographic Information Systems[END_REF][START_REF] Chou | Management of Wildfires with a Geographical Information System[END_REF]Koutsias et al., 2002b;[START_REF] Leone | Inventario dei boschi dell'Alta Murgia. Primi risultati in Studi per il Piano d'area dell'Alta Murgia[END_REF]Loftsgaarden and Andrews, 1992;[START_REF] Martell | A logistic model for predicting daily people-caused forest fire occurrence in Ontario[END_REF][START_REF] Vasconcelos | Spatial prediction of fire ignition probabilities: comparing logistic regression and neural networks[END_REF]Vega-García et al., 1995), where fire occurrence is the dependent variable, while fire risk variables are the independent ones. These kinds of models offer two relevant contributions. The first is a predictive function of forest fire occurrence, measured by the number of fires per unit area or as probability of occurrence. The information offered by this function becomes an essential instrument, in order to distribute the available fire fighting resources throughout the fire season and throughout the areas at risk. The second contribution is an explanatory function, which calculates the impact of each socio-economic factor on fire occurrence, identifying statistics associations and potential causal relations. The main contribution of this analysis is to offer a comparative description of the relative importance of each risk factor in a given point in time and in the different study areas.

Accordingly, it is important to distinguish between forest fire data and the "rest of the data" related to fire risk, particularly in statistical analysis where it is necessary to distinguish between dependent and independent variables.

It is widely accepted that maps of fire regimes (including fire frequency, severity, size, and pattern) are very important in fire and natural resource management. Wildland fire occurrence data usually consist of either point observations that represent ignition locations or surface observations that correspond to the area burned. Due to logistic problems however (i.e., difficulties to define the exact position of the ignition source), technical and budget limitations (i.e., field surveys supported by generalized small-scale or inaccurate, non-updated maps), or out-of-date protocol designs (i.e., large interval resolutions used to record fire coordinates), these data contain positional and attribute inaccuracies. These errors are introduced and propagated further during the modelling process.

Visual exploration of spatial distribution of point observations is popular in point pattern analysis and takes place prior to any further analysis (Bailey andGatrell, 1995, Fotheringham et al., 2000). By visually examining point observations, one may acquire a prior idea about their spatial distribution, suggest hypotheses about explanatory factors, and decide for further statistical analysis and modelling. Visual exploration of point data can only be accomplished effectively when using a reasonable number of point observations. However, when the number of points increases significantly and multiple events are found at the same or nearby location, spatial patterns are difficult to be detected. Therefore a conversion to continuous data surface must be performed (Bailey andGatrell, 1995, Sadahiro, 2003). Additional to point pattern analysis, surface pattern analysis requires spatial continuous and normally distributed variables in order to apply the use of variograms and correlograms. To study spatial dependencies, the point data (i.e., fire ignition locations) must be converted into continuous and normally distributed surfaces (i.e., number of events per unit area) [START_REF] Davis | A multi-scale spatial analysis method for point data[END_REF].

According to [START_REF] Upton | Point Pattern and Quantitative Data[END_REF], Hudson and Fowler (1966) defined the term pattern as "the zero-dimensional characteristic of a set of points which describes the location of these points in terms of the relative distances of one point to another." One of the most simple and classical models to describe a spatial point pattern is the "complete spatial randomness" (CSR) model, where the point observations are distributed independently according to a uniform probability distribution [START_REF] Gatrell | Spatial point pattern analysis and its application in geographical epidemiology[END_REF].

Complete spatial randomness can be achieved from a homogeneous Poisson process, and presupposes the existence of environmental homogeneity and nonselective mechanisms. Additionally to CSR, clumped or uniform spatial patterns may exist as a result of environmental heterogeneity, selective behavioural patterns and constraints governing the processes. Clumping in the pattern indicates adjacent spatial arrangement that may result from the existence of favourable areas and positive associations. On the contrary, dispersion in the pattern indicates uniform spatial arrangement as a result of negative interactions like for instance those resulting from competitive behavioural patterns [START_REF] Ludwig | Statistical Ecology: A Primer on Methods and Computing[END_REF].

MULTIVARIATE STATISTICAL ANALYSIS

Various statistical multivariate techniques can be used to predict a dependent response variable from a set of independent ones or for the classification of individuals. However, their valid application presupposes a set of assumptions such as multivariate normal distributions and continuous variables. Whereas, in cases where either the multivariate normality is not assumed or the dataset consists of continuous and scalar variables, the logistic regression modelling can be applied [START_REF] Afifi | Computer-Aided Multivariate Analysis[END_REF].

Logistic regression is one of the most popular statistical modelling approaches that can be used to describe the relationship of several variables to a dichotomous dependent variable. It is a quite flexible tool, since it accepts non-normally distributed variables. In fact, logistic regression is popular in part because it enables the researcher to overcome many of the restrictive assumptions of multiple linear regression:

• Logistic regression does not assume a linear relationship between the dependents and the independents. It may handle nonlinear effects even when exponential and polynomial terms are not explicitly added as additional independents because the logit link function on the left-hand side of the logistic regression equation is non-linear.

• The dependent variable need not be normally distributed (but does assume its distribution is within the range of the exponential family of distributions, such as normal, Poisson, binomial, gamma).

• The dependent variable need not be homoscedastic for each level of the independents; that is, there is no homogeneity of variance assumption.

• Normally distributed error terms are not assumed.

• Logistic regression does not require that the independents be interval.

• Logistic regression does not require that the independents be unbounded However, the binary format of the dependent variable limits its application, when applied to forest fire risk modelling, to the prediction of occurrence/ not occurrence. It can not be applied, for example, to estimate the number of ignitions in a given location.

In spite of its limitations, logistic regression has been used by several authors (alone or in combination with other methods) to obtain predictive models of fire ignition both at local [START_REF] Vasconcelos | Spatial prediction of fire ignition probabilities: comparing logistic regression and neural networks[END_REF][START_REF] Vega-García | Mapping Risk of Wildfires from Human Sources of Ignition with a GIS[END_REF]and 1995[START_REF] Lin | Modeling probability of ignition in Taiwan Red Pine Forests[END_REF]) and regional scales [START_REF] Chuvieco | Integrated fire risk mapping[END_REF][START_REF] Martínez | Estimation of risk factors of human ignition of fires in Spain by means of logistic regression[END_REF]). The goal of an analysis using logistic regression in the field of fire risk mapping is to find the best fitting and most reasonable model to describe the relationship between an outcome (fire occurrence) and a set of predictor or explanatory variables (fire risk factors) in order to identify the most critical variables in explaining/predicting fire occurrence patterns [START_REF] Chou | Management of Wildfires with a Geographical Information System[END_REF][START_REF] Chuvieco | Integrated fire risk mapping[END_REF][START_REF] Vasconcelos | Spatial prediction of fire ignition probabilities: comparing logistic regression and neural networks[END_REF], Vega García et al. 1995).

The work of [START_REF] Chuvieco | Integrated fire risk mapping[END_REF] is an example of the use of logistic regression to analyse long-term fire risk on a regional scale. This research, undertaken in the framework of the MEGAFIReS (Remote Sensing of Large Wildland Fires in the European Mediterranean Basin) project, had the main objective of identifying the fire risk factors at European scale and generate/map integrated fire risk indices. Logistic regression was applied to a set of selected natural and human fire risk variables in order to find out the most significant ones to explain fire occurrence. The occurrence of large fires (affecting more than 500 ha) was used as dependent variable. Different models were tested including different set of variables. The result of the final model (Equation 19) including all the variables was: z = 0'8349 DENSI90 0'2168 POBACT90 + 0'6631 ALTIMED 0'3524 BRLEAF + 0'0229 CLIM_BC (Eq. 19) where DENSI90 is the natural logarithm of population density, POBACT90 is active population ALTIMED is mean elevation, BRLEAF is proportion of broadleaf trees and CLIM_BC is the provincial proportion with Köppen climate types B and Cs. The signs obtained were logical since the fires are expected to be higher at greater population densities, higher elevations, more arid climatic conditions, less active population and less area covered by broadleaf trees. A global classification accuracy of 78.26 % was obtained in the estimation of large fires between 1991 and 1995. These results were quite acceptable considering the great diversity of the study area including geographical as well as national particularities in relation to fire occurrence. Following a similar methodology Martinez et al. (2004) have proposed a human caused fire occurrence prediction model with a long term scope using logistic regression analysis in order to explore the relationships between the density of human caused fires (dependent variable) and a set of 26 geographical, socioeconomical and environmental variables (independent ones) for 7704 municipalities of the Spanish peninsular territory and Baleares Islands. The model predicts properly (85% of success in the classification) the probability of each spatial unit to have a high or low incidence of human-caused fires and provides an idea of the relative importance of each variable in the explaining ignition.

Other similar studies using logistic regression try to predict daily occurrences. [START_REF] Martell | A daily peoplecaused forest fire prediction model[END_REF] and ( 1987) developed a procedure based on logistic regression analysis techniques to predict daily peoplecaused fire occurrence in the Northern Region of the Canadian province of Ontario. Loftsgaarden and Andrews (1992) described logistic regression as it may be applied to fire danger rating. Vega-García et al. (1995) used logistic regression to predict the number of fire-days in the Whitecourt Forest of Alberta, Canada. In addition to weather and fire danger variables, geographic variables, such as distance to roads and elevation were used as independent variables. [START_REF] Chou | Management of Wildfires with a Geographical Information System[END_REF] and [START_REF] Chou | Mapping probability of fire occurrence in San Jacinto Mountains, California, USA[END_REF] used the logit model to identify areas of high probability of fire occurrence in San Bernardino National Forest, California, based on environmental, human and spatial factors. [START_REF] Vasconcelos | Spatial prediction of fire ignition probabilities: comparing logistic regression and neural networks[END_REF] used logistic regression for spatial prediction of fire ignition probabilities in central Portugal. The work evaluates the predictive ability of logistic regression in comparison with neural networks. Both the logistic regression and the neural networks produce models with good levels of concordance when compared to previous works. Additionally both methods achieve acceptable classification errors rates for given cut-off points. The logistic models have better concordance than do the neural networks in the training phase; however, the neural networks show higher overall classification accuracies.

More recently, [START_REF] Kalabokidis | GIS analysis of physical and human impact on wildfire patterns[END_REF] used logistic regression to study the interactions between wildland fire occurrence and vegetation patterns under the impact of various environmental factors and the human presence and activities in two Greek peninsulas (Sithonia and Athos) with ecological similarities but completely different socio-economic conditions. Finally, Koutsias et al. (2002) used logistic regression to map fire occurrence in two study areas, one in Switzerland (Canton of Grison) and another in Greece (Halkidiki). In their study, the establishment of control points (non-fire points) was found to be very crucial in logistic regression modelling. In this work, logistic regression models have been structured to map fire occurrence including both, man-caused and natural fires. The dependent response variable was a bivariate point pattern consisting of the wildland fire ignition points and the control points established using random sampling design. A very interesting finding of this work is that the estimation accuracy of the regression model increase (from 73.6 % to 82.9%) when the sample of control points (no fire locations) are established using random sampling design restricted by the constrain of distance to the fire ignition points.

Another interesting approach is the use of logistic regression models to assess the relationship between fire danger indices and actual fire occurrences. One of the most recent studies following this approach is the work of [START_REF] Preisler | Probability based models for estimation of wildfire risk[END_REF]. These authors present a probability-based model for estimating fire risk using temporally explicit non-parametric logistic regression. They use historic data from the State of Oregon to study the significance and the forms of the relationship between some of the commonly used USA NFDRS danger indices along with weather variables (such as relative humidity and wind speed) and the probabilities of fire occurrence. The authors state that ordinary logistic regression procedures are not directly applicable for estimation of parameters in the proposed model because of the temporal and spatial dependence of fire ignitions, the non-linear relationships between the explanatory variables and the probability of fire occurrence and the large number of voxels (spatial unit with no fire). A similar approach can be found in [START_REF] Andrews | Evaluation of fire danger indexes using logistic regression and percentile analysis[END_REF]. They apply logistic regression analysis to evaluate several indexes and fuel models of the NFDRS on the Tonto National Forest in Arizona, USA, using fire and weather data for 1974-2001. In this case the independent variable is the index and dependent variables are fire-day, large-fire-day and multiple-fire-day. Potential applications of the proposed analysis include choosing the most appropriate fire danger index for an area, evaluating proposed changes to a fire danger rating system and assessing the performance of a system in a location other than that for which it was designed. Linear regression has also been used in fire danger mapping to generate local risk models, where the dependent variable is either fire frequency or average burned area. Unlike logistic regression, the outcome of a linear regression model is not a binary or dichotomous variable. This allows the use of the method to predict not only the probability of ignition but also the number of expected ignitions in a given area. [START_REF] Chuvieco | Integrated fire risk mapping[END_REF] applied linear regression analysis to estimate the number of large fires in Southern Europe at provincial level. A set of significant geographic, demographic and agricultural variables were selected and exploratory analysis was applied to assure normal distribution. Multiple linear regression was computed using iterative stepwise forward method with thresholds of significance at 0.05. The final model retained 7 significant variables obtaining a RMS error of 5.4 fires. The highest errors (more than 10 fires) corresponded to provinces with very high incidence of large fires in the study period.

A Pan European approach is also considered in the work of [START_REF] Lopez | Two models for a structural forest fire risk index at a regional scale, 21st EARSeL Workshop Remote sensing and GIS applications to forest fire management: New methods and sensors[END_REF]. These authors propose two different models for a European structural forest fire risk index. A total of 37 variables for all the European Mediterranean countries were collected and used as independent variables in the linear regression models. The annual average number of fires in each province was also calculated for the period 1985-1994 and used as dependent variable. A number of intermediate models were obtained using robust regression which provided suitable fits even when outliers were present. Unless the final models offer acceptable fits authors point towards the possibility of using other types of fits such as piecewise regressions and model structures (non-linear).

Those global approaches contribute to establish general guidelines for fire management and fire policies at international level. However the management of specific fire prevention resources needs more local oriented analysis. An example of this regional analysis can be found in the work of [START_REF] Romanelli | Evaluation of forest fire risk in Tuscany (central Italy) by the use of GIS and satellite data[END_REF]. They evaluate forest fire risk in Tuscany (central Italy) by using GIS and satellite data. A multivariate regression analysis was performed between a set of variables correlated with fire occurrence and the number of fires in a 12 years period. The final model was used to produce a risk map which clearly highlights area with know high risk levels. The accuracy of the map was evaluated through out the comparison with the fires occurred in a test year. In Chile, [START_REF] Castro | Modeling Forest Fire Danger From Geographic Information Systems[END_REF] follows a mixed methodology of multiple regression analysis and qualitative approaches to obtain a fire danger map of the Valparaiso county. To obtain a synthetic danger index, several intermediate danger indices were defined from topographic, meteorological and human related variables. Both, intermediate and final indices were derived from multiple regression using fire occurrence as the dependent variable. Authors point out one of the main limitations of this approach which is the difficulty to extrapolate the results to other areas or periods different to those used to generate the model.

Multiple correlation analysis was also applied in Galicia (NW Spain) in order to decide the type and weighting factor of the meteorological variables to be included in the definition of a locally adapted fire danger index [START_REF] Galiñanes | Local forest fire weather occurrence index for Galicia (Spain)[END_REF].

AN EXAMPLE OF A LOCAL SPATIAL PATTERN ANALYSIS

There is no global study concerning the spatial distribution of the causes of the fires in France but some local spatial pattern analysis are developing.

An analysis of fire ignition points spatial distribution [START_REF] Lampin | Analyse statistique et points d'éclosion des feux de forêt[END_REF] was realised in 2003 near Marseille in an area called "Côte bleue". The study concerned 46 fires occurred during a period from 1997 to 2002. Ignition points were digitalized precisely.

The distance of every point to its closest network is spread out from 2 to 90 m (figure 24). The strongest values (90m and 73m) were observed in the case of fires having started accidentally following works of clearing. It is interesting to notice that about three quarters of the points of hatching are situated unless 20 m of a traffic lane. This distance is to be moved closer to the depth of compulsory clearing to make on both sides traffic lanes which is 20 m.

Can the distance to the various anthropological networks explain the number of points of hatching?

The known or presumed, studied origin of fires appeared in reports. So it can be established in this zone and for this period 1997-2002 when:

• 2 % of fires have a natural origin (lightning)

• 4 % of fires have for origin the carelessness (camping, children's games) Let us consider the distribution of these points according to classes of distance of 15 m (the measures were taken with a precision of 5m, the points of hatching on the paper supports were exactly drawn supposing that the datum of base supplied by the forester is reliable).

• 8,5 % of fires have an accidental origin (works of clearing, on electric post, break of electric cable)

• finally 85,5 % of fires originated at the edge of a way (road, track). The measure of the distances separating every point of hatching to the closest network gives the following distribution:

On 46 listed points:

• 58,7 % of the points of hatching are close to a local way (situated from 3 to 73 m) The analysis results show that the majority of fires starts at a distance of less than 20 meters of a road. The obtained model (figure 25) can explain 83 % of the variance and show that there is no more fire ignition beyond 45 meters (class 3).

• This first approach should be realised at a greater geographical scale and concern a larger number of ignition points. A majority of fires so hatched at the edge of a local way (road, access road in houses, public highway), result to be considered by keeping for the idea that this network is probably also the densest.

Wildland fire investigation requires a complete knowledge of:

1. Fire behavior: where, when, why and how a wildland fire may start. Effects of weather (fuel moisture content, air temperature, air relative humidity, and wind) on the beginning and spread of a fire. How and why a fire rate of spread may slow down, go out, speed up or change direction. How fire is controlled and what effects this have on the burn indicators left behind.

2. Burn direction indicators: What are they? Why they behave like they do to a passing fireline? Why they react differently in diverse fires. How reliable is a given indicator. How much that reliability may be reinforced by using other indicators? How certain the investigators can be that they have fount the point of origin, and then come forth with at last a logical cause. In Spain, wildland fire investigation is a duty of both police forces and forest rangers. The Spanish Ministry of the Environment sponsor training courses for officers involved in this duty. SEPRONA (nature protection service) is in charge of wildland fire investigation and prosecution as a National Security Force, and some regional police forces have officers fulfilling this same task. Many Regional Forest Services in Spain have forest rangers specialist in wildland fire investigation. It is worthy to mention that since 1997, Valencia Region has no unknown wildland fire causes anymore due to full time commitment of specialist forest rangers to wildland fire investigation.

In France, any fire of more than 100 ha is the object of an inquiry, realized by a multi-field team consisted of a fireman, a forester, a gendarme and a policeman.

There is a team by department. The members of the teams receive a specific forming during a training and arrange a " Guide of the investigator ".

The inquiry lasts on average 3 hours by fire. The point of hatching is located with a minimal precision of 30 m, if possible of 5 m. All the possible causes of firing situated in the zone of hatching so defined are listed (house, high tension line, unload(discolour), rests of inflammatory machine).

The multi-field teams collaborate with:

• The laboratory of scientific police of Marseille.

• The Institute of criminal search(research) for the national Gendarmerie.

The teams inform the data base Prométhée, notably by supplying the information which they possess on the nature of the cause. On the other hand, the seizure of the information on the authors is of the exclusive responsibility of the gendarmerie and the police.

Excellent drawings and written information about this investigation techniques is in ICONA (1993), [START_REF] Porrero | Incendios Forestales. Investigación de causas[END_REF]), California District Attorneys Association (1995), in the Spanish Ministry of the Environment videotape [START_REF] Mimam | Videotape "Técnicas de investigación de causas[END_REF] and also in [START_REF] Ford | Investigation of vegetation fires[END_REF].

A summary of the publication: "INVESTIGATION OF VEGETATION FIRES" by Richard T. [START_REF] Ford | Investigation of vegetation fires[END_REF] follows. It includes a review of the main investigative procedures, steps in the investigation, and causal determination for vegetation fires.

Certain basic principles affect the spread of wildland fires to know these principles is very important in fire cause investigation. These are readily identifiable through burning pattern indicators left behind after the fire's passage. The investigator must be able to translate these principles into recognizable visual signs. These pointers show the direction of fire travel at one specific point. By moving along the path pointed out by these arrows, an investigator can back-track along the fire's course until the fire origin is pinpointed. Then the job of finding and identifying the specific cause be comes relatively simple.

Within the frontal fire area, the fuel face exposed to the oncoming f1ame receives the greatest burning damage. The reverse side is shielded by the stalk itself and unburned branches.

The tops of small f1ashy fuels ignite initially. Then destruction progresses clown the stem to the base from exposure to the approaching f1ame front. Few, if any, of the small fuels will remain only partially burned in the area of rapid forward spread. White ash will be most common among small light fuels within the frontal burn area. An abrupt increase of unburned and partially consumed small fuels will identify the transition from frontal to lateral (flanking) spread areas.

Where flanking fire has occurred, fuels will reflect inconsistent burning at the top and base of dry surface INVESTIGATIVE PROCEDURE fuels. Where the base has first ignited, the tops of the plant will topple into the burned-over area and often remain unburned to document it.

Develop a system and style in your work. Follow a set pattern. This organized procedure not only provides a systematic and standard routine but also minimizes the adverse impact of hurry, distractions, other duties or being called away temporarily. Consciously recognize what you 're doing and why you're doing it. Know what you are trying to find out where it started; how it started (with proof); when it started; who started it; and, if applicable, why it was set. Frontal characteristics will be visible in areas where flame was intense enough to ignite fuel tops during forward "runs" along the burning fuel edge. This action will parallel the fire front within a narrow band, generally dying out as its forward rush carries into an area already burned over in earlier frontal action. Unburned tops will topple into the burned area. Others will fall against other unburned fuels, to be consumed as fire extends in that direction.

The investigator should arrive on the job as soon as possible. Fire-killed leaves and needles will fall soon after a hot fire has passed, diluting their in-place value and obscuring evidence on the ground. The wind will blow about light weight debris and may upset the precarious positioning of partially burned materials. Therefore, passage of time tends to obscure visual signs as well as to create misleading indicators.

At the rear or tail of the fire, fuels generally burn off at ground level. Fallen tops and considerable incomplete combustion are characterized by disorganized confusion. In this region burning intensity is light and varied. Flame heat is directed into the burned area, away from the available fuel. The burning pattern is irregular, erratic and inconsistent. The fire can selfextinguish because of poor burning "backing" against wind, slope and opposed to the flame and heat convection. With its light burning, little radiant heat is generated.

In selecting a starting place, find out what area had already burned and the wind direction noted by the initial attack firemen and early witnesses.

Investigation of the fire scene actually should start with the approach and arrival of the fire fighting forces. Too often the initial attack firemen focus their attention exclusively upon tactics and individual assignments, to the complete exclusion of all other details.

If the encircled origin area is not identified by flagging when you arrive on the scene, leave a trail of colored engineer's tape to outline the outer perimeter of the identifiable origin. After you finish the first circle, close in several feet on the previously burned-over area and make a smaller circle. Narrow clown the search pattern fairly rapidly. Be particularly careful while tracking along the upwind side or lower slope because the origin may be very close to the fire edge.

Mental blinders must be removed. Both the overall scene and specific targets must be noted. Mental awareness and visual observations provide a vital first step by narrowing the focus of investigative follow-up and by protecting, or at least staying clear of, possible evidence.

To keep track of your route, mark your pattern by scuffing the ground with a foot or by dragging a walking stick. If you approach an edge of the fire in your spiral or circle pattern, exit from the burned area for convenience and begin your next course by reentering the fire. When you have narrowed clown the spread pattern to table-top size, stop and repeat the process from another starting point to reconfirm your findings. Then get under a shade tree and take a smoke or shade break. Do this as often as necessary to make sure you know you have located the spot where the fire started.

The location of the fire perimeter can be isolated by noting fences, culverts, trees or other conspicuous landmarks. The wind direction and speed and direction of fire spread can be observed. These visual records take only a few seconds and help focus attention on elements of sizing up the fire. In sizing up the blaze, much is applicable to the investigation. Also, how fast is it moving? and backing? What fuels are burning? How big is the fire? What has already burned?

There is another short-cut method which can be used when strong winds are present during grass fires. A negligible amount of unburned grass stems and heads will be observed in the downwind spread from the origin. Where the fire backed against the wind, a large quantity of unburned grass will be strewn on the ground. Walk in the backing area near the dividing line, continuing along the relatively straight path until the route makes a sharp horseshoe bend. The bottom of Look around for any obvious indications of the fire cause. Fed for heat at suspect areas as soon as possible, i.e. debris piles, ashes, incinerators. Is there any equipment in the fire area, i.e. mowers, trail vehicles, power equipment, stationary engines? Are tools laying around as signs of maintenance, refueling or fire fighting effort?

The absence of unburned grass stems and fallen tops will be replaced by a large amount of ash mantling the ground. Also, greater incidence of whirlwinds should be expected because of the prolonged residual heating in this area. Careful examination of undisturbed ash areas will reveal the residue of fallen grass tops on top of the residual burning fuels. Obviously the direction of fall is fully reliable as a fire travel indicator.

the "u" turn at the edge of the backing pattern marks the location of the fire origin.

Once you have located the exact starting point, the specific cause will probably be visible at that point to confirm your accuracy. If the origin was accidental, the causal agent will be there, although it may be buried by burned fuel which has collapsed to cover it. Any incendiary device will be present too, unless the ignition source was physically removed by the arsonist. A match may be touched to the grass and then, by force of habit, be extinguished and thrown down elsewhere. When a cigarette lighter is used to start the fire, obviously it is not going to be found at the origin, but probably in the suspect's pocket.

When fire burns grasses which are only partially cured or which contain high moisture content, an abnormal amount of fallen stems will occur. In these cases the direction of fall is not necessarily reliable but can be used as an ,indicator if examined closely in company with other visual signs present. Once you have located the exact starting point, the specific cause will probably be visible at that point to confirm your accuracy. If the origin was accidental, the causal agent will be there, although it may be buried by burned fuel which has collapsed to cover it. Any incendiary device will be present too, unless the ignition source was physically removed by the arsonist. A match may be touched to the grass and then, by force of habit, be extinguished and thrown down elsewhere. When a cigarette lighter is used to start the fire, obviously it is not going to be found at the origin, but probably in the suspect's pocket.

Stems of weeds and grasses which are still standing will show more intense heat on the face exposed to the oncoming flames. In some cases only the side towards the oncoming lire will be visibly affected by the heat and flame.

Along the flanks of the fire, an increased amount of unconsumed, downed fuels will be observed. Fallen heads of the grass will be aimed into the burned-over area. Fire burning in flanking action can cause grass to ignite at ground level, subsequently climbing up the stalk.

Also, you should be aware of the burning characteristics of a wildland fire. These involve factors of fuels, topography, and weather. Particularly, you should understand such influences as rate of spread, residual burning, reburning and fire intensity. However, these elements have no direct bearing upon the blackened scene you must examine, but simply create the visual signs which remain.

Trees

Crowning through a tree will record spread by the burn pattern through small foliage. Leaves and small branches will be burned away in a funnel-shaped pattern with the wide burned-out area pointing in the direction of spread. Further charring within the tree (crown out) may obscure this original pattern unless careful examination is made.Whenever a hot, dry wind accompanies a fire's passage, a tree's needles or leaves often will char into a fixed position downwind. High temperatures of fire gases associated with intense burning in timber fuels will "freeze" the wind-bent tips of branches and saplings to point in the direction of fire travel.

BURNING PATTERN INDICATORS

Grass

The leafy top (head) of unburned grass fallen into a burned area will point like an arrow to the direction of the fire's approach. Grass toppling towards an unburned area will be supported by the standing grass and will be consumed by the approaching fire. Unburned grass heads can exist only where fire has first attacked grass fuels near their base. Fallen unburned grasses will remain intact only if the ground area has burned out before the stem lands.

Brush

The progress of flames into a crown is similar to the pattern observed in trees. The stalk generally will be burned so that white ash appears toward the origin, while a dark char is present away from the origin. In some cases the only charring may occur on the origin side. In these instances little heat effect will be visible on the opposite face. Fire which burns into brush and dies out will leave a distinguishable pattern. The burn and char will lessen and affect only branches of decreasing diameter. The burn pattern will end abruptly when the fire is unable to sustain itself. Burned-off stubs generally are cupped or dished out and slant upwards Grass areas which contain only one year´s growth (fire, heavy grazing or summer fallow) provide optimum fuel conditions for reliability of the fallen stem indicator. The absence of ground litter and basal fuels allows only the standing grasses to influence spread or duration of fire movement. Even so, natural elements can generate pockets of unreliability.

Old Fire Scenes in the direction of the fire spread. This cupping effect occurs on the upwind side. The peak of the burned top will point towards the spread of the fire.

Sometimes fire scenes require investigation or reexamination long after the fire has occurred. This period may extend for a year or more. However, many of the investigative signs will still remain visible and reliable. Delayed investigations are not always possible to predict, but the circumstances which warrant them are easily recognizable. Specific trademarks are inadequate, faulty or poorly documented fire investigations.

Debris

Be alert for wind-blowing of light weight materials and for any disturbance by fire fighters. Indicators may be covered, moved by wind or disturbed by fire streams and other fire fighting action. The extent of consumption of debris is largely dependent upon fuel temperature and moisture content. The face of a rock exposed to oncoming flames will have moss consumed and lichen burned away. Grass growing adjacent to this base will be burned. The object's cooling effect will result in a yellow-brownish discoloration or stain as direct contact with flame causes it to cool below ignition temperature.

The opposite or shielded side of the rock will seldom have moss or lichen burned away. Scattered stalks of grass will not be affected by the fire on this side of the rock. Little, if any, discoloration will be noticeable here.

Burning will not extend to small combustible particles adjacent to the rock where it acted as a shield from the oncoming fire.

Competent, thorough fire scene investigation is essential on fires involving loss of life or large property damage, acreage burned or suppression costs.

Further time lapse intensifies the early complications and adds progressive seasonal deterioration through fall defoliation, winter dormancy and rains, and spring growth. The spring season offers the strongest challenge because growing grasses and weeds will obscure the ground area. Individual stems must be moved aside to examine the dirt, rocks, stubs and debris beneath. In other areas the standing burned fuel remnants and fire survivors will appear as sentinels to invite examination. A smoldering ground fire will slowly creep its way through short, sparce fuels, under trees or among rocks. Casual attempts to trace the fire spread may be misleading. The process is time consuming and really is not needed unless the origin seems to be in this area. Avoid such areas by skirting around them on the origin side if the fire pattern stays consistent throughout this encirclement. Any obstruction in the path of the fire will cause flame and heat to be lifted over and around the object. This deflects the normal lean of the flame. The face of the object will show signs of this exposure in perspective to the intensity of burning. Fuels immediately behind the object are shielded from the direct flame heat with subdued burning in this area. A strong wind can leave a misleading pattern surrounding barriers.

Hundreds of burning pattern indicators will remain reliable and usable in spite of a lengthy time lapse. The prime task is to focus upon those "pictographs" still available, in keeping with the intensity and burning behavior of the fire in this area.

The bark will show more surface impact on the origin exposure. The bark may be loosened or separated from the sapwood at the cambium layer towards the origin. The black charring "stain" will incline considerably greater than the ground slope if the fire travelled uphill. The "stain" pattern will parallel the ground slope if the fire progressed downhill. Brush and tree foliage will record the vertical pattern caused by convective flame action. General Creeping fires cause a confusing pattern because of their slow spread and strong influence of residual burning on the advance of the fire perimeter. Unburned fuels have a poor degree of reliability because ignition of fuel can occur from any direction. The best indicator for such fires may be the die-out pattern. Some fires will create the impression of having several origins. However, be alert to detect multiple sets or more than one accidental origin. An origin pattern will mark each lire start. Check upwind or uphill to determine if spotting or rolling occurred from that location. The pattern of ashes often will reveal wind direction and type and volume of fuels present. Fuel volume can be reconstructed with fair accuracy from the ashes. Ash will not be found on fuels which were still burning when the ash landed on it.

A swath may be burned through the base of the origin side, leaving the upper foliage intact. The damage on the opposite side (direction of fire spread) may result in the burning of the middle and upper foliage, with some lower limb extremities remaining intact. Small limb and branch ends from the upper origin side foliage may burn off and self-extinguish at the ground at the outer perimeter of the tree crown on the origin side. Flame impact will be left on the exposed sides of wooden posts and poles by causing charring, removal of slivers and depositing flame carried debris into cracks. Fence wire will be "sooted" in alignment to the corresponding approach of the fire front. A fire front running out of fuel will consume sparce, scattered vegetation as the flame is blown forward by the fire wind.

Fire backing into a cleared area will die out irregularly, leaving a perimeter of scattered standing grasses and vegetative debris on the ground. Brush may not ignite from an oncoming grass fire, but the impact of the oncoming fire will be discernible on the plant and also within the ground level debris underneath.

CAUSAL DETERMINATION

When the origin has been pinpointed with known certainty, then begins the crucial task of identifying the fire cause. Occasionally, the ignition source will be obvious. Finding it may be a simple job, but it can also be frustratingly elusive. The investigator should be alert to identify possible above-ground fire causes during examination of the origin area. Lightning will strike and start fires in standing trees, with surface fuels ignited later by falling firebrands.

Power lines which touch or brush against limbs will ignite either dead or growing wood. The electrical current can be conducted by damp foreign material deposited on the surface of dead wood in a one-time flash-over or it can flow in the sap of the cambium layer in live limbs, creating considerable resistance heating. The process will eventually repeat itself as additional sap flows back into the vacated cambium cavity. Phaseto-phase (wire to wire) shorting will generally ignite a moist wood surface between the wires. Burning wood can fall to the ground by being broken off in the violence of the arcing process or by burning loose as coals and fiery chunks.

A single wire contact can cause fire through phase-toground (wire to earth) arcing or resistance heating down the sap flow. Ignition may occur at any point, but it most often takes place at the point of wire-plant contact. The course of the electrical flow to earth within the tree probably will not be visible nor readily detectable on the tree's surface. However, signs of the path of current flow may be detectable by small blackened spots, "blow-outs", fine cracks along the bark or discolored, bubbled sap extrusions. Points of limited sap flow will be most likely to show some visible sign because resistance heating is greatest at these points. Also, the overhead fire cause may fall or burn free of its suspended perch and wind up in the ash of residual burning debris of surface level fuels. If above-ground ignition occurs, the ensuing burning action underneath can be expected to cause vertical burn damage overhead, creating additional deterioration or destruction of the device.

IGNITER CLASSES

From an investigative standpoint fire causes can be divided into four ignition classes. The common characteristics of each group relate to causal identification and recovery of the ignition evidence. These categories are: heated ignition sources introduced a t the origin, either (1) heavy objects which will sink into ground level fuels (brake shoe, exhaust carbon, metal slag) or (2) light weight materials which will be supported by the standing ground fuels (cigarette, paper, light firebrands); (3) materials at the scene which are capable of generating ignition temperatures (power lines, spontaneous ignition sources, sunlight focusing objects); and (4) transient heat sources passing through the origin (hot vehicle exhaust pipe, burning pine cone, ignited tire or oil accumulation on a travelling vehicle).

STEPS IN INVESTIGATING VEGETATION FIRES

Locating the Origin 1. Obtain landowner permission (if necessary). Written consent is strongly suggested when the exigency of the fire emergency ceases to exist.

2. Determine the area burned at an early stage of the fire. Ask first arriving fire fighters and early on-scene witnesses to describe fire location and perimeters. Observe the location of initial fire action and control lines in the vicinity.

3. Confirm the general origin vicinity from personal observation.

4. Encircle the area with flagging tape to protect the scene from accidental intrusion. 5. Photograph the overall scene from various directions and vantage points.

6. Begin the investigation by backtracking towards the origin in a spiral pattern. As an alternative, the route can advance within the flame front following the path of the fast spreading fire directly back to the immediate origin site. This procedure risks overlooking potential separate fires merging into a single blaze. (Taking a shortcut or rushing any element of the investigation increases the risk of failure geometrically in each additional instance.) 7. Narrow down the area of fire origin approximately to table top size. Take photos of telltale fire pictographs from opposite directions to document your accuracy during this procedure. 8. Repeat the retracking effort from another starting point to verify your findings. Photograph the origin site from at least two directions. Also attempt to show its proximity to specific identifiable terrain features. . 9. Meticulously examine the origin site from reading distance closeness, by squatting or bending over. Blow away any obscuring ash or burned overstory, as required. Proceed slowly and cautiously. Take photos during this critical, conclusive stage. 10. Determine the precise origin, noting any. Foreign objects or extraneous materials in the immediate area.

11. Repeat or continue the process until the observations are conclusive. If another investigator is available, have an independent second examination promptly made.

Determining the Cause 12. Locate and identify the fire causing object. The igniting source will be present unless removed by the person setting the fire. Photograph the object in place at close range.

13. Mentally recall any foreign materials in this area which might relate to or have a bearing upon the cause.

14. Recover the causal object and any other pertinent material.

15. Identify, protect and retain this evidence, if legal proof may be needed.

More dedication is needed in European countries to National Databases. It is necessary to share and integrate more efficiently data from different agencies (i.e., Forest Service, Civil Protection Service). Databases today have a high percentage of unknown causes of wildland fire. No proper wildland fire planning could be done with this degree of uncertainty. Understanding the reasons why fire starts is crucial when determining what to do to prevent or to reduce their incidence. Since causes are more diverse than is often assumed and fire initiation is neither as random, nor, in some cases, as meaningless as some analyses have suggested, a rational approach is necessary to give an interpretation to this complex reality, which is site and culture-specific (Leone et al, 2003).
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 1 Figure 1. Number of denunciations and percentage for Italian Region. Year 2002. Official crime denunciations: 235
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 4 Figure 4. Percentage of fires caused by lightning. Municipal level data during 1988-1999. Source: DGCN.
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 10 Figure 10: Spatial distribution of the number of fires (%) according to its cause during 1988-1999
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 11 Figure 11: Percentage of fires caused by shrubland burnings on a municipal level during 1988-1999. Source: DGCN.

  involuntary causes of origin, bound to the private individuals (works, leisure activities).
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 1414 Figure 14 (known causes -certain, likely or supposed in yellow, unknown causes in light gray, set on fire without inquiry in dark gray) is explicit.We can consider that the important number of fires in

Figure 15 .Figure 17 .Figure 16 .

 151716 Figure 15. Representation of departments according to the proportion of determined causes and number of forest fires in 2003

  The gendarmes, with 151 cases, propose even wider proportions in the generic code (51 %) and in the pyromania (44 %).
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 21222023 Figure 21. Surfaces crossed by fire ( (1973 -2003) by department in the south of France. Source: Promethee database
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 2524 Figure 25. Number of ignition points per classes of distances to the nearest road

3.

  What constitutes evidence: How it should be removed and care for. A knowledgeable interpretation of what it is. How it was used to start the fire (arson). How to show intend of the person (arson) starting the fire. If accidental why, or though what misuse, abuse, negligence that given item started the fire. The proper way to work is to determine (in order): 1. the point of origin 2. the cause 3. the motivation (if arson) or the misuse, abuse or negligence that caused the start of the fire. 4. validation with interviews (forest rangers, firefighters, citizens) to people concerned.

  Created in 1973, this operation covers 15 departments in the South of France (Alpes de Haute-Provence, Hautes Alpes, Alpes Maritimes, Ardèche, Aude, Bouches du Rhône, Corse du Sud, Haute Corse, Drôme, Gard, Hérault, Lozère, Pyrénées Orientales, Var and Vaucluse).

.3 The Italian forest fires database. Characteristics and information on fire causes

  Concerning collection of fire events information, in Italy there is a different situation for each Region.

	EUFIRELAB				
	2.3From the 1984 to 1996 the Ministry of Agriculture	
	collected, by standardized cards called AIB (Anti	
	Incendi Boschivi), the fire events information. The	
	responsible of the reliability is the Forest Fighting Body	
	(C.F.S. Corpo Forestale dello Stato) and the AIB cards	
	collects all the fires occurred in each Region, forest,	
	agricultural and maquis fires. Since 1996 the AIB cards	
	collects only the forest fire, and the Ministry publish the	
	National AIB database in December at the end of fire	
	season.				
	Promethee www.promethee.com/promstats/. data source	France	:	http://	The French_fire_database.xls file associated to this document compiles data available in the Prométhée French database indicating the code type and a short
					description of the information contained in each field.

  Negligence.......................................... )................................ Unknown cause..................................

	FIRES PER		1988 -2001			1999 -2001		
	SHRUBLAND BURNINGS	Amount	% (A)	%	Amount % (A)	%	
	Negligent ...............	6143	2.43	17.00 (B1)	1925	3.17 20.12 (B1)	
	Intentional............	18893	7.48	36.43 (B2)	6459	10.65 28.36 (B1)	
	Total......................	25036	9.91		8384	13.83	CAUSE	1988 -2001 Amount %	1999 -2001 Amount %
	A: Percentage over the total fires during this period				36.126	14.30	9.568	15.78
	B1: Percentage over the total fires caused by negligence		Intentional (total142.912	56.56	36.372	59.98
	B2: Percentage over the total intentional fires			Intentional with signs of motivation...	51.862 36.29 (1) 22.779 62.63 (1)
								58.325	23.08	9.584	15.80

Table 3 .

 3 Fires caused by negligent or intentional shrubland burning. Source: DGCN.

1) Percentage over the total intentional fires

Table 4 .

 4 Number of fires according to negligent and intentional causes. Source: DGCN.

Table 5 .

 5 Statistics on fire occurrence due to shrubland and agricultural burnings in the Autonomous Region of Valencia.

Source: Consellería de Medi Ambient de la Generalitat Valenciana (Regional Environment Ministry).

Table 6 .

 6 The following table(table 6) gives elements calculated by this distribution in which we classified only the fires the inquiry of which brought a result ( known, that is sure, likely or supposed cause): types of causes

	departments	unknown /	natural	/ accidental	/	hostility / carelessness (works) / (leisure)	total

Table 7 .

 7 Causes of criminal origin

Table 9 .

 9 • Surfaces (ha) crossed by fire on all the departments from 1973 till 2003 Source: Promethee database

	N (NATURAL) V (VOLUNTARY)		Reasons	Number of fires	% correlated with Voluntary	Total %	N° of fires in different Region
						fires		
	I (UNINTENTIONAL)						Sicilia (347)
	X (NO CLASSIFY)		Pasture creation or renovation	1.024	25	15,1	Campania (165)
								Lazio (133)
								Sardegna (105)
	In the following table (table 9) there are the correlations					Calabria (151) Liguria (65)
	between different situation and the four categories:	Facilities in forest practices (viability etc.)	455	11	6,7	Campania (47) Sicilia (37)
								Lazio(37)
	Natural (lightning)		Code for fire causes					Liguria (109)
	Natural (other) Arson Farming	Very rare Verified arson	N (NATURAL) V (VOLUNTARY) I (UNINTENTIONAL)	Forest reduction for new agricultural	279	6,9	4,1	Puglia (53) Campania(22)
	Forestry		I (UNINTENTIONAL)	areas				Lazio (16)
	Military Recreation	Tourist presence and correlated activities	I (UNINTENTIONAL) I (UNINTENTIONAL)					Sardegna (16)
	Hunting		I (UNINTENTIONAL)					Calabria (45)
	Children Railroad Traffic accidents Short circuits		I (UNINTENTIONAL) I (UNINTENTIONAL) I (UNINTENTIONAL) I (UNINTENTIONAL)	Poaching	227	5,6	3,4	Campania (24) Lazio (21) Toscana (20)
	Negligence (originator unknown)	X (NO CLASSIFY) Category that	V (VOLUNTARY)					Sardegna (16)
	other	summarizes any other possible causes						Sardegna (68)
	unknown	X (NO CLASSIFY)		Increase of engagements in forestry activities	179	4,4	2,6	Sicilia (34) Campania (31)
								Calabria (30)
	Usually in Italy the Natural causes are lightning, rarely					
	could be recorded wildland fires during or after volcanic					
	activities (Etna-Sicily).						

Table 13 .

 13 Voluntary causes: profit

Table 9 .

 9 Correlations between different situation and the four categories of causes according AIB cards

	Reasons	Number of fires	% fires correlated with unintentional	Tota %
	Cigarettes and matches	528	22,5	7,9
	Agricultural and forestry practices	1.449	61,5	21,5
	Other	378	16,0	5,4
	TOTALE	2.355	100,0	34,8

Table 14 .

 14 Unintentional causes

	Years Natural	Unintentional	Voluntary	Not classify
	1998	1	12,6	50,7	35,1
	1999	0,6	11,1	48,9	39,2
	2000	0,9	11,8	57,7	29,1
	2001	1,1	34,8	59,8	3,8

Table 10 .

 10 Percentage of different causes (from 1998Percentage of different causes (from to 2000) ) 

	Reasons

Number of fires % correlated with unintentional fires Total % N° of fires in different Region

  

					Sardegna (154)
	Pasture renovation	472	20,0	7,0	Sicilia (72) Calabria (69)
					Campania (47)
					Puglia (71)
	Stubbles and bushes management	454	19,3	6,7	Sardegna (68) Campania (67)
					Calabria (66)
					Calabria (132)
	Agricultural practices	276	11,7	4,1	Campania (17) Sicilia (16)
					Sardegna (14)
					Calabria (125)
	Cigarettes and matches	363	15,5	5,4	Campania (96) Puglia (89)
					Liguria (85)
	Tourism and recreational activities	131	5,6	1,9	Calabria (32) Sardegna (30)
	Waste and dump management	71	3,0	1,0	Campania (17) Calabria (13)

Cause Number of fire Forested Surface (ha) Total surface (ha)

  

	Natural	76	0.1%	267	1.646
	Unintentional 1.014 11.8%	4750	12.250
	Voluntary	4.963 57.7%	44550	79.658
	Not classify	2.542 29.6%	8667	21.094

Table 11 .

 11 Percentage of different causes (2001) 

	Reasons	Number of fires	% correlated with Voluntary fires	Total %
	Profit	2.848	70,4	42,0
	Protest, grudge	1.013	25,0	15,1
	Not clear	185	4,6	2,7
	TOTAL	4.046	100,0	59,8

Table 15 .

 15 Common unintentional causes

Table 12 .

 12 Analysis of the voluntary reasons

3.3.1 Different causes of forest fire in the Italian Regions In

  the Regions the percentage and the distribution of different causes of fire is similar to the national trend, in same Region there are relevant gap concerning the voluntary and not classify causes.In Sardegna the fires classified as voluntary is 23.4%, this value is certainly lower than the real situation, probably a lot of the fires classified as not classify (72%) can be explain with a wrong classification.

					high values is probably due to the social condition and
					occupational situation. As show in the table 6 the
					prevalent voluntary causes for his region are: Facilities
					in forest practices,	Poaching and	Increase of
					engagements in forestry activities.		
	For example in Calabria 75 % and in Campania 77% of						
	the fire are recorded as "voluntary"; the reason of these						
	Region					Causes				
		Natural	Voluntary		Unintentional	Not classify	Total
	Piemonte	3	0,8%	216	60,3%	44	12,3%	95	26,5%	358
	Valle d' Aosta	2	20,0%	2	20,0%	3	30,0%	3	30,0%	10
	Lombardia	1	0,4%	219	76,8%	34	11,9%	31	10,9%	285
	Trentino -Alto Adige	8	11,3%	47	66,2%	8	11,3%	8	11,3%	71
	Veneto	0	0,0%	44	73,3%	13	21,7%	3	5,0%	60
	Friuli -Venezia Giulia	10	17,2%	18	31,0%	7	12,1%	23	39,7%	58
	Liguria	1	0,2%	283	68,5%	57	13,8%	72	17,4%	413
	EmiliaRomagna	1	0,8%	51	38,6%	34	25,8%	46	34,8%	132
	Toscana	6	1,7%	229	63,1%	72	19,8%	56	15,4%	363
	Umbria	0	0,0%	55	55,6%	17	17,2%	27	27,3%	99
	Marche	1	1,4%	16	22,5%	11	15,5%	43	60,6%	71
	Lazio	2	0,3%	464	72,2%	81	12,6%	96	14,9%	643
	Abruzzo	1	0,9%	59	52,2%	23	20,4%	30	26,5%	113
	Molise	1	1,5%	15	23,1%	28	43,1%	21	32,3%	65
	Campania	7	0,8%	713	77,9%	81	8,9%	114	12,5%	915
	Puglia	3	0,6%	319	66,6%	117	24,4%	40	8,4%	479
	Basilicata	7	1,8%	251	65,5%	66	17,2%	59	15,4%	383
	Calabria	9	0,7%	956	75,0%	158	12,4%	152	11,9%	1275
	Sicilia	4	0,6%	501	77,7%	72	11,2%	68	10,5%	645
	Sardegna	9	0,4%	505	23,4%	88	4,1%	1.555	72,1%	2157
	Total	76	0,9%	4.963	57,7%	1.014	11,8%	2.542	29,6%	8595

Table 16 .

 16 Different causes of forest fire in the Italian Regions
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