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Foreword 

Fire is the most important natural threat to forests and wooded areas of Southern Europe (Croatia, 

Mediterranean France, Greece, Italy, Portugal, Slovenia and Spain). In the last decade (2005-2014), 

the average annual number of forest fires throughout Southern Europe exceeded 47,000, i.e. 24 % 

less than the previous decade (1995-2004). In the same period, the annual average burned area 

reached a value higher than 356,000 hectares, i.e. 16 % less than the previous decade (1995-2004). 

The averages for this period showed about 28 fires per 100 km2 for an average burned area of about 

21 ha per 100 km2. 

The reduction of both fire number and burned area in the last decade means that the prevention 

and suppression organization is getting better. Nevertheless, forest fires still continue to represent 

a menace to forests and infrastructures. Moreover, as we experienced more and more frequently 

in the last summers, forest fires may be a very dangerous threat for the communities living in the 

rural areas and in the wildland urban interface. 

In this context, the improvement of forest fire prevention and suppression efficiency and 

effectiveness is still of great importance. For this reason, the FORCIP+ project aims at increasing the 

efficiency of forest fire suppression, improving knowledge, and developing new technologies for 

maximizing the strong support that rural and forest road network may give to prevention and 

suppression of forest fire. 

The specific aim of this Good Practice Report is not to produce a new guideline for forest road 

construction and maintenance. Many guidelines and manuals have been developed along time on 

this topic, but they were mainly addressed to forest roads in relation with forestry and timber 

extraction. Unfortunately, they usually do not consider the specific, and key role that the forest 

road network has in fire-prone environment. In order to fill this gap, the aim of this report is to give 

a specific contribution to forest road planning, construction and maintenance in fire-prone 

environment by means of detailed information on the specific aspects to be considered for fitting 

forest fire prevention and suppression needs. 

The production of this report was made possible by the project participants. They have a wide array 

of skills and many years combined experience in forest management, forest fire prevention and 

suppression, engineering and environmental matters. The resulting report is testament to the 

professionalism of the authors in every facet of their work. 

It is hoped that this report may help in the design, construction and maintenance of forest roads in 

fire-prone environment applying an integrated approach. Only a multifunctional approach may lead 

to a proper, fit-for-purpose roads network, useful for the development and the protection of forest 

areas.  
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Executive Summary 

Forest roads are a fundamental tool for all forest management activities. Forest roads have a key-

role also in forest firefighting, due to the obvious role of these infrastructures during the operations 

of surveillance and extinction. The forest road network is generally developed considering mainly 

the needs related with forest management and wood extraction. This approach must change, in 

order to allow a development of forest road network that meets the needs of all forest activities, 

including civil protection aims, especially in fire-prone environment.  At European level, each 

Country has proper rules and methods in managing both forest roads and firefighting activities. 

Because of these different rules, various classification schemes for forest roads are implemented in 

the different Countries, creating difficulties in exchanging knowledge and information between 

different Member States. Moreover, due to the different approaches in firefighting, also the fleets 

of firefighting vehicles could be different among the European Countries. 

In this context, “Good Practice Report: construction and maintenance” aims to discover and 

organise information related with construction and maintenance of forest roads for firefighting 

purposes, through a deeply structured analysis of the actual situation in each Participant Country 

in FORCIP+. The first part of this work is a collection of information regarding laws and rules related 

with forest roads construction and maintenance, forest road classification, fire fighting vehicles 

characteristics and classification, and road network management. This information is organised and 

merged, according with each Country needs, in order to provide a unique classification for both 

forest roads and firefighting vehicles, efficient at European level and compatible with the needs of 

each Country. 

The second part of the Report is a guideline on the best practices to be applied on construction and 

maintenance of forest roads for firefighting purposes. In literature several manuals and guidelines 

on forest roads construction and maintenance already exists, but in the case of this work there is 

an innovative point of view, addressed to fire prevention and suppression needs. In fact, the Report 

gives specific information on the best practices for obtaining an efficient forest road network, also 

under firefighting perspective.  
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1. Introduction 

Good forest roads are crucial to effective forest protection and management (Gumus et al., 2008), 

regardless of its main objectives. 

However, roadbuilding is often regarded with suspicion, because of its high potential impact. The 

new priority given to environmental protection involves the re-thinking of roadbuilding in both its 

general lines and its technical details. Providing access to the forest can no longer be considered 

only one of the stages of wood production. Roads must be designed to satisfy multiple needs, and 

their construction must involve suitable practices to prevent environmental degradation (Spinelli 

and Marchi, 1998). 

The accessibility provided by a suitable road network is traditionally related to forest maintenance, 

wood harvesting, game control and recreational activities (Baldini and Pollini, 1998; Chirici et al., 

2003; Fabiano and Marchi, 1991; Hippoliti, 1998; Picman and Pentek, 1998; Potocnik, 1998; 

Potocnik et al., 2015; Pozzatti and Cerato, 1984; Trzesniowski, 1993). However, in the last decades 

the relation between forest road network and forest fire prevention and suppression has been 

receiving more and more attention. Several Authors highlighted the important effects of forest 

roads in fire-prone environment (Baldini and Pollini, 1998; Bovio, 1998; Calvani et al., 1999; Fabiano 

and Marchi, 1991; Hinterstoisser, 1990; Marinelli, 1994; Picman and Pentek, 1998). The effects of 

inadequate forest  road networks, in terms of safety hazards and forest access, in the context of 

massive wildfire has been also underlined (Commonwealth of Australia, 2003; Edgens, 2000). 

Forest fire, historically, represent one of the most important threat to forests and other wooded 

areas in many areas of the World, namely in Southern Europe (Portugal, Mediterranean France, 

Spain, Italy, Slovenia, Croatia, Greece). However, for Mediterranean Europe, under climate change 

scenarios, an increase in number of years with high fire risk, an increase in the length of the fire 

season and an increase of extreme events that could result in larger, more intense and more 

frequent fires are expected (Giannakopoulos et al., 2009; Moriondo et al., 2006). Climate change 

has already increased the occurrence of large fires that are responsible for most of the annual forest 

burned area, human casualties and severe damage to properties (Rodriguez-Silva, 2011; Torre, 

2009). Moreover, in many countries, we are facing forest fires in conditions that were not known 

before (Viegas, 2009) and, as we experienced in several Mediterranean countries in the last years, 

forest fires may be a very dangerous threat for the communities living in the wildland urban 

interface. 

This deterioration of the problem is clearly an indication that it is important to improve knowledge 

and to continue in finding new solutions to improve forest fire prevention and management, 

especially if one considers the quite good predictability of forest fires as a phenomenon (yearly 

repetition, known fire season extent, short term fire danger prediction, etc.). 
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In order to reduce the occurrence of forest fires, their negative effects and to reduce the burned 

area it is necessary to develop a full range of prevention activities that includes (Raftoyannis et al., 

2014): 

 Firefighting options: to improve the suppression organization (such as incident command 

system, infrastructures, means, training, safety, etc.) by means of an increasing knowledge 

about the territory, the fire behaviour and the suppression system resources network. This 

options are still considered the most important by the fire experts of Mediterranean 

countries (Raftoyannis et al., 2014); 

 Public options: to improve the awareness and responsibilities of citizens (public education, 

law enforcement, reduction of urban sprawling into forests, expansion of protected areas). 

 Fuel management options:  to reduce forest vulnerability to fire (reduction of surface fuels, 

use of grazing, increase of fire breaks, reduction of stand density, increased use of 

prescribed burning etc.) 

Among others, one segment of the problem-solving process is the study of forest road networks 

planning with the aim of achieving effective fire prevention and suppression (Stefanović et al., 

2015). In order to accomplish this goal and improve the efficiency and effectiveness of firefighting 

organization the analyses of forest road functions, planning, building and maintenance methods 

are needed. 

The objective of this good practice report is to describe and summarize the knowledge and the 

practices available in the partner countries of the project FORCIP+ and to develop a “new” mutual 

approach to forest road classification, building and maintenance in order to meet the needs of 

forest firefighting. In order to do that, an analysis of firefighting vehicles and their classification has 

been necessary. 
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2. Forest Firefighting Legislative and Operational Framework 

Most of the Mediterranean countries have a long tradition in approaching and managing forest fire 

issues. In fact, due to the frequency of occurrence and the magnitude of effects on the 

environment, economy, and human health and security, forest fires have increasingly become a 

subject of concern for decision makers, firefighters, researchers, and citizens in general (Miranda 

et al., 2009). In these countries, the development of effective regulations and organization systems 

has been required for contrasting forest fires and for reducing their effects. 

Each country has established its own regulation and organization system on the bases of local 

conditions, traditions and socio-economic aspects. For this reason, the legislative and operational 

framework of Spain, France, Italy, Slovenia and Greece are briefly described in the following 

paragraphs. 

2.1 Spain 

The Spanish Constitution (Art. 148.1.23ª) provides that the autonomous communities may assume 

jurisdiction "in the forest and forest harvesting” and in the “environmental protection 

management". The Constitution also indicates that the State reserves "the basic legislation on 

woodlands, forestry, livestock trails and environmental protection, as regards the conservation of 

nature." This means that the main responsibility for preventing and extinguishing forest fires 

corresponds to the autonomous communities and therefore they are the ones who create their 

own legislation in this regard and manage the main resources of the operating firefighters. 

Competences between different administrations are distributed as reported below: 

 Region: fight (surveillance and fire) against forest fires; 

 Country: standardization personal protective equipment, General Statistics and heavy 

aerial means to national support. Security Forces State: deterrent surveillance, 

research and personnel mobilization; 

 Shared: coordination and communication auxiliary resources. Prevention: Investigation 

of causes and motivations. 

The State annually maintains various technical coordination meetings with different public 

administrations addressed to forest fire prevention and forest firefighting, in order to identify and 

perform various actions for proper planning of strategies and policies on its territory. 

The General State Administration, in coordination with the autonomous communities, carries out 

specific programs to prevent forest fires, such as direct prevention actions (Preventive Work 

Brigades), sensitization and awareness actions and prevention actions within the framework of 

sustainable forest management. 

The state has a large aircraft fleet available during the whole year for covering the requests for 

support from the autonomous communities. 
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During the periods with the highest risk of forest fires (summer and some dry winter months), the 

fleet is reinforced by the recruitment of other aircrafts and helicopters to transport brigades (BRIF) 

plus Mobile Units of Meteorology and Transmissions (UMMT) and aircrafts for Communications 

and Observation (ACO), which are distributed throughout the country. 

State resources are managed at national level and can be mobilized to extinguish forest fires 

anywhere in the Spanish territory when needed. The involvement of national means always 

happens under direct request of the autonomous communities. 

Since 2005, a special unit of the Spanish Armed Forces called Military Emergency Unit is operative. 

Its role is to promptly intervene anywhere in the Spanish territory in consequence of a serious 

disaster or other public needs, with special attention to forest fires. 

At regional level the functional structure of fire operating can vary from one autonomous 

community to another. 

The Forest Law of Castilla y Leon (Comunidad autónoma de Castilla y León, 2009) states that forest 

firefighting are under the Regional Ministry competence, in coordination with the General State 

Administration. The Regional administration handles the organization of defence against forest 

fires, including prevention, detection and suppression, as well as the restoration of affected areas, 

in collaboration with local authorities and according with their specific competencies. The special 

plan of Civil Protection forest fires of Castilla y León (INFOCAL) 

(http://www.medioambiente.jcyl.es/web/jcyl/MedioAmbiente/es/Plantilla100/1131977710119/_

/_/_) discusses: 

 Organization and intervention procedures against forest fires; 

 Coordination with the State Civil Protection Plan; 

 Coordination between all the administrations involved in forest fires management; 

 Risk-based zoning; 

 Set times of danger; 

 Volunteers organizations; 

 Reporting procedures; 

 Cataloguing resources; 

 Severity of fires. Level 0, 1, 2 or 3. 
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Operating Model of Firefighting in Castilla y León: 

 Forest model. Integrates extinction and prevention together so that the use of 

available resources is optimized. 

 The organizational unit is the province and the Region as a whole. 

 Hierarchical, district without specific tasks 

 Flexible, adapted to the conditions of risk each time. 

 A large number of technicians and rangers involved. 

 Coordinated with Civil Protection 

 Adapted to a large surface Region. 

 Permanent operational adapted to each risk season. 

 Adapted to our distribution of the rural population without media concentration. 

 Formed by: 

o Posts and surveillance cameras 

o Fire truck, owns and in agreement 

o Overland crews 

o Helicopter transport crews 

o Planes and Helicopters 

o Heavy duty machinery (bulldozer) 

o Technicians and Rangers from the forest services 

o Permanent workers and discontinued 

o Low presence of volunteers 
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2.2 France 

General Strategy 

In France, the general firefighting strategy is described within a national guide. It is intended to 

inspire decisions of fire managers and officials when they have to plan and to implement actions. 

This guide is a national reference document, which involves all ministries, partners and actors in a 

global and convergent approach against fire. This intellectual approach reflects the characteristics 

and effects of the risk of control, based on orientations that have already proven to be effective. It 

aims to generate different behaviours, and to encourage the birth and development of new ideas, 

without which, no progress could be made. 

This strategic design is expressed through two basic principles and four key objectives. 

Basic principles: the global approach 

The result of responses from the past to try to solve the problem of forest fires shows the limits of 

partial actions in the search for a significant final solution.  

Experience shows that all the data relative to the problem is interactive and therefore, the 

advanced solutions are as well. These solutions lose their meanings and effectiveness when they 

are taken out of the general context. It is no longer possible to satisfy the arbitrary and artificial 

separation between prevention and control, a result of outdated administrative disputes and 

corporate interests. Until now, this situation has been characterised by the dispersion of efforts and 

resources, a major obstacle to dealing with the problem of forest fires effectively. So it is good for 

all stakeholders, regardless of any fair skills and necessary steps, to base their interventions around 

a common and coherent framework from a global approach and design of the system, which should 

also cover issues of spatial planning, particularly town planning. 

Basic Principles: anticipation 

This is the golden rule when it comes to forest fires.  

In fact, the evolving aspect over time and space that characterises this risk, through its origins and 

manifestations, is in fact a particularly difficult phenomenon to comprehend and fight. Therefore, 

there is every reason to establish the principle of anticipation as an absolute rule.  

This rule leads to two basic options both in the design of orientations and in their operational 

application: to solve the problem of forest fires as far upstream as possible, to proceed with events 

at all times and under all circumstances. Therefore, anticipation is required for better control. 
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Four key objectives: 

The first two objectives are the keys to the success of any policy protecting forests from fires; 

therefore they call for the priority, interdependent and convergent mobilisation of all the partners 

and actors. The four objectives are: 

- To prevent fires; 

- To control outbreaks in their initial stages; 

- To limit catastrophic developments; 

- To restore areas affected by fire.  

The goal of the general strategy is to establish the communication required to solve problems 

intelligently. It is also a common and coherent framework involving a common policy linking 

preventive planning to the resilience of areas affected by fire. It should be noticed that this strategy 

leads to search into the causes and circumstances of fires in natural areas, a concept shared by 

firefighters, foresters and police officers.  

There are numerous stakeholders involved in France, as emergency preparedness affects everyone 

starting with the citizens: state, local authorities, firefighters, foresters, military and police forces, 

associations with emergency preparedness as part of their role. 

Since its publication, the general strategy guide has constituted the preamble of all national, 

regional and provincial orders relative to "forest fires" and all regulatory documents relative to 

protecting the forest from fire such as national reference training guides for firefighters for 

example. 

Organisation 

Foresters, either from national services or local authorities are in charge of prevention and first 

intervention. 

Firefighters are in charge of fire suppression. They are mainly provincial resources from 

Departmental Fire and Rescue Services. They mainly use ground firefighting means like trucks. They 

can hire helicopters or small aircrafts. 

National firefighting means can support local actions using airplanes (12 canadairs, 9 trackers and 

2 dash 8), helicopters or emergency preparedness instruction and intervention units (including 

intervention delaying detachments and support units with bulldozers, backhoes and dump trucks). 
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The incident commander is in charge of firefighting strategy and he coordinates all operational 

means. An incident director validates the actions of the incident commander. The incident director 

is either the mayor or the prefect depending on the fire scale. 
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2.3 Italy 

In Italy, the aspects related to forest fire prevention and suppression are regulated by the national 

framework law N.353 of November 21th 2000 (Repubblica Italiana, 2000). This law has confirmed 

that the responsibilities in the field of forest fire are in charge of each Regional Administration, 

which should organize and manage forest fire prevention and suppression activities by means of 

the development of specific plans. Only the national aerial fleet is managed by the State for the 

whole territory. Both helicopters (such as Ericson S64, Agusta Bell AB 412, Boeing CH47) and 

airplanes (Canadair and Airtractor) are used in the national fleet. The deployment of the aerial 

means at nationwide level is planned by the national civil protection administration (Marchi et al., 

2014). Based on the national framework law, each Regional Administration approved its own law 

on forest fire prevention. Sometimes the aspects related with forest fire are included in the regional 

forest law. This legal framework led to different organization systems among Regions with different 

efficiency and effectiveness in contrasting forest fire. 

In Italy, each Region has its own organization and operative framework. As an example, Tuscany 

Region, a Region that strongly supported the FORCIP+ project, has its own fire prevention 

organization, which takes care of prevention actions (such as education and information of citizens 

and fuel management practices), infrastructure planning (water points, radio repeaters, lookouts) 

and firefighting organization and planning. The Tuscany region is located in central Italy and has a 

total surface of 22,998.24 km2 of which 10,861.60 km2 are covered by forests. The firefighting 

organization is based on ground crew and aerial means. 

The ground crews include regional forest workers and volunteer forest firefighters. The “civil” 

firefighting brigades in Italy do not have specific competence on forest fire but are responsible of 

firefighting along the wildland-urban interface during forest fire and in rural fire that not involve 

forest areas.  

The aerial regional fleet includes up to 10 helicopters (from 2 to 10 depending on seasonal fire risk) 

chartered from private companies and equipped with helibucket (capacity 800 -1000 L). When the 

regional helicopter system is working at full capacity or when airtankers or helitankers with a 

greater water capacity are needed, the regional fleet may be supported by national aerial means. 

An Incident Commander (IC) carries out the coordination of firefighting activity during a fire. The IC 

is supported by the Incident Command System (ICS) that is represented by Provincial and Regional 

operational rooms. The Provincial operational room supports the ICs in mobilizing the ground crews 

and means allocated within the provincial territory and necessary for putting out the fire. The 

Regional Operational Room (ROR) supports the ICs at regional level mobilizing the helicopters of 

the regional fleet and asking for the support of national aerial means if necessary. In the event of 

big fires, the ROR can also mobilize ground crew and means among provinces (Regione Toscana, 

2014).  
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2.4 Slovenia 

In Slovenia, the most important legal documents that present the legal basis for planning and 

carrying out any kind of prevention and suppression of fires in natural environment are: Decree on 

fire protection in the natural environment (Republic of Slovenia, 2014) and Fire Protection Act 

(Republic of Slovenia, 2007) – the latter represents the framework for the Decree on fire protection 

in the natural environment (Republic of Slovenia, 2014). Regulations on forest protection (Republic 

of Slovenia, 2009a) is a legal document which summarizes some of the rules from Decree on fire 

protection in the natural environment (Republic of Slovenia, 2014) and is more forestry oriented. 

Protection Against Natural and Other Disasters Act (Republic of Slovenia, 2006) also deals with 

forest fires related problems, but more on technical terms, like jurisdictions and obligations of 

different organizations or public bodies. This act, in addition to Fire Protection Act, represents a 

legal basis for the National Programme for the Protection Against Natural and other Disasters 

(Republic of Slovenia, 2009b). 

General operational, professional, developmental and technical assignments in the field of 

protection against fires are all carried out by the Administration for Civil Protection and Disaster 

Relief (ACPDR), which is a constituent body of Ministry of Defence. ACPDR is divided into 13 regional 

ACPDR branches operating throughout Slovenia. Within each branch, there is a regional notification 

centre that performs 24-hour duty service. In the case of fires in natural environment, Regional 

Information Centres activate the firefighting units and workers of the Slovenia Forest Service in 

compliance with current activation plans. In Slovenia firefighting is organized as professional 

firefighting brigades (13 brigades) and voluntary firefighting associations. 

 

Response to fires in natural environment depends upon the extent and the expected consequences 

of fires in natural environment (Government of the Republic of Slovenia, Ministry of defence, 2007): 

 Small fire 
As a rule, such a fire spreads on the surface of up to 50 ha. 

Small fires are fought by the available municipal fire units, in collaboration with other forces for 

protection, rescue and aid if necessary. 

 Medium fire 
As a rule, a fire of this kind covers a surface between 50 and 100 ha. 

It is fought by the available municipal fire units in collaboration with other forces for protection, 

rescue and aid. 

 Large fire  

 As a rule, a fire encompasses a surface from 100 to 600 ha or two or even more fires burn at the 

same time on surfaces of 50 to 100 ha. All available local fire brigades are already activated. 

Upland fires are also placed in this category. 

This kind of fire is fought by fire units from the Coastal, Notranjska and Northern Primorska 

regions in collaboration with other forces for protection, rescue and aid. Considering the existing 
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conditions, the assessment made by the intervention leader, the predicted events and the 

expected fire duration, large fire can also be fought by fire units and forces for the protection, 

rescue and aid from other regions. 

 Very large fire  

As a rule, the fire of this kind encompasses the surface exceeding 600 ha. 

This kind of fire is fought by fire brigades from several regions and in collaboration with other 

forces for the protection, rescue and aid.  
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2.5 Greece  

In Greece, the main public service responsible for the protection and management of public forests 

and for the supervision and control of private forests is the National Forest Service. Regional and 

local services operates under the supervision and guidance of Directorate General for Protection 

and Planning of Forests and Agro Environment, which belongs to the Ministry of Environment & 

Energy. Laws 86/1969 and 1650/1986 (Republic of Greece, 1986, 1969) are the basic legal 

framework in Greece for the protection and management of forests and other wooded land as well 

as for planning and technical constructions within forest. 

The authority responsible for compiling directives and technical specifications for interventions 

related to fire protection within forests and forest areas, and supervising fire risk implementation 

activities is the Directorate-General for Development and Protection of Forests and Agri-

environment of the Ministry of Productive Reconstruction, Environment and Energy (Republic of 

Greece, 2015, 1998, 1988) 

Until 1998, National Fire Service was competent for fire suppression. Since then, and according to 

the 2612/1998 Law (Republic of Greece, 1998), responsibility and operational planning of fire 

suppression within forests and wooded areas is assigned to the Greek Forest Service. Furthermore, 

the Law 3511/2006 (Republic of Greece, 2006) also assigns responsibility to the Greek Fire Service 

for protection from forest fires and natural disasters. 

Finally, according to Law 3013/2002 (Republic of Greece, 2002), the General Secretariat for Civil 

Protection is responsible for the mobilization and coordination of the involved public services such 

as the Fire Brigade, the Greek Police, the Armed Forces, volunteers, regional and local authorities, 

etc.,  during the fire season from 1st May to 31th October. The internal regulation 1521/2013 

(General Secretariat of Civil Protection, 2013) - Institutional Framework for Forest Fires and the 

General Emergency Response Plan which is part of the general plan for Civil Protection 

"Xenocrates”- defines the roles and responsibilities of all of these authorities in order to ensure 

preparedness measures to prevent and fight forest fires. The General Secretariat for Civil Protection 

is also responsible for issues the fire risk map during fire season on a daily basis (Figure 1) 
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Figure 1. Fire risk map on daily basis – Greece 

 

The risk map is divided into five different risk categories, where each category defines different 

actions to be taken by the fire-fighting services, and other bodies engaged in fire management. The 

classification scheme of risk includes:  

 Risk Category 1 (Low) 

The risk is low. The potential for a fire is not particularly high. If a fire ignites, conditions 

(fuel situation, weather conditions) will not favour its quick evolution.  

 Risk Category 2 (Medium) 

The danger is usual for the summer season. Fires likely to occur, and it is expected to be of 

medium difficulty to be dealt with. 

 Risk Category 3 (High) 

The risk is high. It is possible to manifest an increased number of fires, many of which will 

be difficult to supress when local conditions are favourable (topography, local winds etc.). 

 Risk Category 4 (Very High) 

The risk is particularly high. The number of fires likely to occur, may be large but, most 

importantly, any fire can be spread considerably, if the initial attack is not efficient.  
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 Risk Category 5 (ALARM Status) 

The risk is extreme. The number of fires likely to occur, may be very large. All fires that are 

likely to occur, can be rapidly spread over large areas and develop extreme behaviour immediately 

after the ignition. Dealing with these fires is expected to be very difficult until a shift occurs in the 

parameters under which the fire is developed. 
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3. Functions of Forest Roads in Relation to Forest Fires 

A well-planned and well-developed forest road network may fulfil several functions in relation to 

forest fire (Calvani et al., 1999; Croisé and Crouzet, 1975; Eastaugh and Molina, 2011; Marchi et al., 

2010; Potocnik, 1998; Stefanović et al., 2015). 

First of all, forest road network contributes in guaranteeing a continue and high-quality 

surveillance, especially during high risk periods (Croisé and Crouzet, 1975). All roads, but especially 

the scenic ones, can be used for the surveillance of the most vulnerable areas during high fire risk 

periods. These roads can be periodically trafficked by firefighting vehicles, thus allowing to reach 

two objectives: to implement a deterrent action against arsonists; to allow a very quick response in 

case of a fire detection (Calvani et al., 1999). 

However, one of the most important functions of forest road is the possibility for firefighters to 

reach the fire edge as soon as possible. In fact, it is well known that a quick initial response, before 

the fire reaches a critical intensity, represent the key element for allowing an easy and fast fire 

extinction (Arienti et al., 2006; Dimitrakopoulos, 2000; Psilovikos et al., 2011). Obviously, a well 

organised forest firefighting service is also required in order to guarantee a quick response in case 

of fire and to finalise a rapid fire put out. 

A good accessibility for the emergency vehicles is also important in order to operate under safe 

conditions. In particular, forest roads are the best escape route in case of fire extinction failure and 

risks for firefighter safety. Forest roads may also guarantee a rapid and efficient access to 

emergency means in case of accidents and injuries to firefighters. During forest fire, forest road 

may be also very useful for a quick evacuation of citizens living in rural/forest areas or being in the 

forest for recreational purposes. 

Under an operational perspective, forest road network plays a key role. In fact, usually the direct 

attack to fire front from the ground starts from the forest road, that allow firefighting vehicles to 

reach the points closest to the fire edge. Forest road may also be very useful in indirect attack and 

for the following mop-up. In fact, forest roads aligned with the fire front may be used as starting 

lines for burning out operations. 

In the easiest situations (ground fire, no wind, low-medium fire intensity) forest roads should be an 

efficient barrier getting the fire to slow down and allowing an efficient and rapid extinguishment, 

with reduced effort and damages. 

A well-developed forest road network is also very important for an efficient use and maintenance 

of firefighting infrastructures (lookouts, helibases, repeaters, etc.). Moreover, thanks to the 

efficient development and maintenance conditions of forest roads, the firefighting operations are 

optimised due to the easy and quick access to the water points. 
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In conclusion, all the aspects described above may be summarized in the following functions of 

forest roads: 

1. Allowing an efficient surveillance of the territory; 

2. Allowing efficient and safe fire suppression activities; 

3. Representing a safe fire line due to the reduced fuel load; 

4. Representing an emergency access for citizen evacuation; 

5. Allowing the infrastructure use and maintenance. 
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4. Firefighting vehicles 

A fundamental role in firefighting activities is covered by specific vehicles equipped for 

extinguishing operations. A huge variety of vehicles among different Countries exists, and the 

characteristics of forest roads can deeply influence the efficiency of these different vehicles, 

depending on the construction and maintenance conditions. For these reasons, it is fundamental 

to know well the variety of vehicles available in the market and used in the different Countries, in 

order to consider this information for a correct planning and construction of forest roads aimed to 

firefighting activities. 

4.1 Firefighting vehicles characteristics and existing classification 

In this Chapter, the different types of vehicles commonly used in the different Countries are 

described and classified accordingly with national regulations. At the end, a general classification 

for Southern Europe is proposed, as provided in FORCIP+ aims. 

4.1.1 Spain 

In Spain, the most common method used in extinguishing forest fires is the application of water on 

the fire line (direct attack). The availability of water during firefighting activities is fundamental for 

operating in conditions of safety and efficiency. Water supply and management must be efficient 

during direct attack. For these reasons, a well-planned procedure of water supply by means of 

suitable vehicles depending on the specific situation is a mandatory task during forest firefighting 

“The most useful water in a forest fire is the leftover in the tank after extinguishing it” (Rafael Ayala, 

fire chief for 30 years in the province of Leon) 

The Autonomous Communities lead forest firefighting activities in Spain. 

For these reasons, identifying a generalised categorisation for vehicles used in firefighting in Spain 

is not an easy task. Moreover, the wide availability of types and models of vehicles, with different 

characteristics and performances, makes the categorisation harder.  

However, in Castilla y León the vehicles can be classified as light, medium or heavy depending on 

their dimensions and load capacities, which can range from 500 to 5,000 L and even 12,000 in the 

supply vehicles. Another category must be added for special vehicles that sometimes are used in 

extended attacks. 

This classification, although with variations, can be extended to the whole Spanish territory, being 

mostly representative of all Regional managements (Table 1. Main characteristics of four main 

classes of firefighting vehicles - Spain). 
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First attack vehicle or Light Vehicle 

All-terrain vehicles (4X4), with less than 3,000 kg mass and open cargo bed (Pick-up type), are 

included in this category. Generally, the power ranges from 48 kW (64 hp) and 90 kW (120 hp) with 

an engine displacement up to 3,000 cc. The cabin can be single or double, with three to five seating 

(Figure 2). The capacity of water tank ranges from 300 L to 600 L. These vehicles can apply water in 

motion. These vehicles are usually equipped with manual tools. 

Vehicles included in this category are normally used for patrolling and surveillance, thanks to their 

speed and agility, which is very useful during initial attacks. These vehicles are suitable for 

operations involving mixed movements of paved roads and forest tracks.  
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Features 
Vehicle class 

Light Medium Heavy Supply fire truck 

Length (m) 4.0 - 5.5 5.4 - 7 6.0 - 7.5 8 – 9.5 

Width (m) 1.7 - 1.9 2.2 - 2.3 2.5 2.5 

Height (m) 1.9 - 2.2 2.6 - 3.1 3.0 - 3.4 3.5 - 3.7 

Total maximum 
vehicle mass (loaded) 

(t) 2.5 - 3.0 11.8 13 - 16 26 - 28 

Minimum speed (km/h) - 14,5  > 338 

Engine power (kW) 64-125 - 170 - 270  

Tank Capacity (l) 300 - 600 
2,800 -  
4,000 

3,500 - 
5,000 

10,000 - 14,000 

Minimum turning 
circle (between walls) 

 

(m) 
<6 - - - 

Gradeability (%) >40 - 40 27 (40*) 

Approach angle (°) 40 44 ≥ 40 18 

Departure angle (°) 40 47 ≥ 40 38 

Ramp breakover angle (°) ab.150 ab.100 100 - 

Minimum ground 
clearance 

(mm) 250 470 400 270 

Fording depth (mm) ab. 500 ab. 800 ab. 1,200 - 

Lateral stability (°)   ≥ 34  

Axis number (N) 2 -  6 

*maximum theoretical 

Table 1. Main characteristics of four main classes of firefighting vehicles - Spain 

 

Figure 2. Example of first attack vehicle used in Castilla y León - Spain 
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Light Fire truck. 

These are the first fire trucks used in Spain over 30 years ago and are still used in some places. Some 

of these vehicles are not even 4x4. They have a tank capacity ranging from 1,500 to 2,500 L and are 

equipped with a low pressure pump (Figure 3) and a flexible fire hose. These are not able to apply 

water while running. They usually have one reel with a rigid hose to be used in case of emergency 

for the safety of the driver and the vehicle. The reel with a rigid hose allows throwing water without 

unrolling it. 

Its use has been replaced by larger vehicles. 

 

Figure 3. Example of light fire truck used in Castilla y León -Spain 

Medium Fire truck 

These are 4x4 vehicles with specifically designed chassis for driving on difficult terrain and a gearbox 

with gear reducers. They have a tank capacity ranging from 3,000 to 4,000 L (Figure 4). These are 

usually able to apply water with high and low pressure. These vehicles can apply water during 

running and bring reel with rigid fire hose. 
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Figure 4. Example of medium fire truck used in Castilla y León - Spain 

Heavy fire truck 

This kind of vehicle is slightly larger and more powerful than the others, but it has the same ability 

to drive on difficult terrains. The main difference of this vehicle compared with the others is the 

high tank capacity, which ranges from 4,000 to 5,000 L (Figure 5). 

 

Figure 5. Example of heavy fire truck used in Castilla y León - Spain 

Supply fire truck 

This category includes 4x4, 6x6 or 6x4 vehicles. These fire trucks have higher power and dimensions 

(3-axis) than the previous type. They are capable to carry up to 12,000 L of water (Figure 6). This 

unit was originally designed for on-site supply of light, medium and heavy fire trucks, but they have 

shown a great versatility of use, in particular considering the capacity of developing similar 

functions to heavy vehicles, except in very rough terrain and/or narrow roads, where their 

manoeuvrability decreases. 
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Figure 6. Example of supply fire truck used in Castilla y León 

Others 

Off-road vehicle to transport crews, environmental agents, police and other technical staff (Figure 

7). 

  

Figure 7. Examples of supporting vehicles used in Castilla y León - Spain  
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Equipment transport, like heavy machinery transportation trucks (Figure 8). These are usually big 

size vehicles with a reduced travel capacity on forest roads, especially due to their wide turning 

radius. 

 

Figure 8. Example of transport truck used in Castilla y León - Spain 

The use of large vehicles in forest areas is dependent on their manoeuvrability, being the turning 

radius often a limiting factor for the use of these vehicles in forest areas. It is called Turning Radius, 

the circular arc formed by the turning path radius of the front outside tire of a vehicle. This radius 

is also described by vehicle manufactures as the “turning curb radius”. 

The longer single-unit trucks and buses require wider minimum turning radii than other vehicles, 

but because of their greater offtracking, the longer vehicle combinations also require greater 

widths of turning paths. 

Sanitary vehicles: currently there is a large variety of vehicles adapted for medical transport, even 

with off-road characteristics, whose characteristics vary depending on the severity and location of 

the emergency.  

 

Total (maximum) mass 57-62 t 

Width 4 m 

Length 19.5 - 21 m 

Height (m) 4.5 m 

Axis number 6 

Minimum turning radius > 12.5 
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Mobile command centre: it can be a simple off-road vehicle with all the necessaries items in case 

of small fires, or a larger 4x4 truck with more equipment generally used against large fires (Figure 

9). 

 

Figure 9. Example of mobile command centre used in Castilla y León - Spain  
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4.1.2. France 

French firefighting vehicles are divided into four main categories: light, medium, heavy and high 

capacity trucks. Light trucks are based on standard 4x4 pickup (Figure 10); medium trucks are based 

on standard 4x4 - 10 to 16 tons trucks (Figure 11); Heavy trucks are based on standard 4x4 – 19 tons 

trucks (Figure 12); High capacity trucks are based on standard 6x4, 6x6 or 8x4 – 26 to 32 tons trucks 

(Figure 13). The main characteristics of each class are showed in Table 2. 

French firefighting strategy uses these 4 types of vehicles as follows: 

 Light trucks are dedicated to first attack, they are used both by forest and firefighting 

services. 

 For small extended fires, light truck action can be supported by 2 medium trucks. 

 Medium trucks are the usual mean involved in an extended fire. They are used by 

firefighters within a group of 5 vehicles (a command car and 4 medium trucks). This is the 

basic firefighting intervention unit (Figure 14). The number of firefighting intervention units 

depends on the fire extension. 

 Heavy and high capacity trucks are dedicated to water supply for the firefighting 

intervention units. One heavy truck can replace one medium truck within the unit (a 

command car, 3 medium trucks and 1 heavy truck). 

 Some other ground means can be involved in firefighting (like bulldozer) but their use is 

rather rare. 

 

Figure 10. Example of light truck used in France 
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Features 
Vehicle class 

Light Medium Heavy High capacity 

Length (m) 4.5 - 5.3 5.5 - 7 6.5 - 7.5 8 - 10 

Width (m) 1.7 - 1.9 2.3 - 2.5 2.5 2.5 

Height (m) 1.8 - 2.1 2.5 - 3.2 3.0 - 3.5 3.0 - 3.5 

Total vehicle mass 
(loaded) 

(t) 3.0 - 3.5 10 – 16 19 26 - 32 

Tank Capacity (l) 500 - 2,000 2,000 - 5,000 5,000 - 8,000 10,000 - 13,000 

Minimum turning 
circle (between walls) 

(m) 13 – 15 15 - 18 ab.18 ab.20 

Gradeability (%) ab. 100 ab. 100 ab. 100 - 

Approach angle (°) 35 – 50 ab.40 ab.40 - 

Departure angle (°) 25 – 40 ab.40 ab.40 - 

Ramp breakover angle (°) ab.150 ab.100 ab.100 - 

Minimum ground 
clearance 

(mm) 200 – 250 300 – 500 300 – 500 - 

Fording depth (mm) ab.500 ab. 1,000 ab. 1,000 - 

Table 2. Main characteristics of four main categories of firefighting vehicles - France 

 

Figure 11. Example of medium truck used in France 
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Figure 12. Example of heavy truck used in France 

Figure 13. Example of high capacity truck used in France 
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Figure 14. Example of a French firefighting intervention unit 

Others 

Like in the Spanish case, other types of vehicles are commonly used in firefighting issues like Off-

road vehicles, sanitary vehicles or mobile command centres (Figure 15). 

 

Figure 15. Examples of other vehicles used in France  
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4.1.3 Italy 

In Italy, the absence of national standards for forest firefighting vehicles brought to regional 

classification, usually based only on the capacity of water of the tank. However, for the purpose of 

this report, the general technical classification proposed for Italy by Sulli and Marchi (1995ª; 1995b) 

will be described. This classification took into account  a vehicle’s total maximum mass, dimension 

and mobility skills (the capacity of trafficking on difficult and different types of terrain). According 

to these parameters, three classes of firefighting vehicles were identified (Table 3). A further class 

was described, including all supporting vehicles for crews’ transfer and tools logistics or to patrolling 

and prevention activities. 

Class 1 - Patrolling and first attack 

Off road 4WD light vehicles with total maximum mass lower than 2.5 tons and high mobility skills 

(Figure 16). Equipped with 2 - 3 operators, are used for: 

 Recognition during normal patrolling activities; 

 First responders on a fire incident; 

 Surveillance of the fire incident site during and after mop up operations. 

 

 
Figure 16. Example of Class 1 vehicle in Italy 

Class 2 - Second response vehicles with medium/high mobility skills 

Off road 4WD vehicles with total maximum mass between 2.5 and 6 tons. This class is divided into 

two sub-classes depending on mobility skills: 

A. Medium mobility vehicles (Figure 17): total maximum mass up to 3.5 tons with very limited 

off-road skills, mobility depends on roads/trails presence. 

B. High mobility vehicles (Figure 18): total maximum mass up to 6 tons with high off-road 

skills comparable to class 1 vehicles. 
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Used by a crew of 3 operators, often are followed by a supporting vehicle with other 2 - 3 

firefighters, and are used for: 

 Second response on a fire incident as reinforcements of class 1 vehicles; 

 If, due to difficulties with their dimensions, these vehicles cannot get close to the fire edge, 

they can ensure water supplying for class 1 vehicles. 

 
Figure 17. Example of class 2 A medium mobility vehicle - Italy 

 

 

 

 
Figure 18. Example of class 2 B high mobility vehicle - Italy 
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Class 3 - Heavy second response vehicles with medium/low mobility skills  

Off road 4WD vehicles with total maximum mass over 6 tons. Mobility skills depend on truck’s 

dimensions. Equipped with 3 operators, these vehicles are often followed by 2 - 3 firefighters more, 

transported by a supporting mean. Class 3 vehicles are used for: 

 water supply for class 1 and class 2 vehicles; 

 water supply for artificial water basins and tanks; 

 possible direct attack on easy accessible fire edges. 

 

 
Figure 19. Example of class 3 vehicle - Italy  
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Characteristic Unit Class 1 
Class 2 

Class 3 
A B 

Total (maximum) mass (t) < 2.5 2.5 ÷ 3.5 3.5 ÷ 6 > 6 

Dimensions (max) 

    Width (m) 1.8 2 2.3 2.5 

    Length (m) 4.2 5 6 8 

    High (m) 2 2.5 2.5 2.7 

Power  (kW/CV) > 59/ 80 > 51/70 > 73/100 > 96/130 

Minimum speed  (km/h) < 5 24 < 1 12 

Gradeability 
   max (1) (%) 100 > 80 > 80 > 70 

   real (%) 30 - 50 20 - 40 30 - 50 10 - 30 

Minimum turning 
radius 

 (m) < 6 < 6.5 < 7 < 10 

Minimum ground 
clearance 

 (m) > 0.2 > 0.25 > 0.4 > 0.3 

Approach angle  (°) > 40 > 40 > 45 > 45 

Ramp break over 
angle 

 (°) < 150 < 150 < 150 < 160 

Departure angle  (°) > 40 > 30 > 45 > 45 

Water capacity  (l) 350 - 500 800 – 1,000 1,500 – 2,500 2,500 – 5,000 

(1) Stated by manufacturer 

Table 3. Italian Forest firefighting vehicle classification – At present 

Class 4 - supporting and prevention 

No specifically equipped 4WD vehicles used for crews logistic during fire incidents, for prevention 

operation (e.g. lookout structures and water tanks check and maintenance) or for patrolling. 
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4.1.4 Slovenia 

According to the official classification of the firefighting vehicles in Slovenia (Gasilska zveza 

Slovenije, 2009) there are nine major groups of firefighting vehicles: 

 Commanding vehicles; 

 Extinguishing vehicles; 

 Vehicles for extinguishing and rescue from heights; 

 Technical vehicles; 

 Equipment vehicles; 

 Pipe vehicles; 

 Firefighting vehicles for transportation of firefighting means; 

 Firefighting trailers; 

 Other firefighting vehicles. 

Each major group is divided into subgroups comprising several commercially built and upgraded 

vehicles. Regarding forest firefighting practices, a recent study (Saražin, 2014) revealed that there 

are five relevant types of vehicles: 

 GVGP-1: is a subgroup of smaller firefighting vehicles (typically 4x4) for forest firefighting 

 activities; 

 GVGP-2: is a subgroup of larger firefighting vehicles (typically 4x4) for forest firefighting 

 activities; 

 GCGP-1: is a subgroup of small firefighting 4x4 cistern for forest firefighting activities; 

 GCGP-2: is a subgroup of medium firefighting 4x4 cistern for forest firefighting activities; 

 GCGP-3: is a subgroup of large firefighting 6x6 cistern for forest firefighting activities. 

The ‘Atlas of the firefighting facilities’ (Zavod za gozdove Slovenije, 2009) establishes the right type 

of vehicle to be used depending on the characteristics of work site (Figure 20). 
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Figure 20. Representative vehicles for forest firefighting activities in Slovenia and their place of operation 
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4.1.5 Greece  

Firefighting vehicles in Greek Fire Service (or Brigade) are divided according to the type of the 
carried extinguishing material, their capacity and the purpose of their use into the following 
categories: 

 

 Water vehicles; 

 Special vehicles; 

 Auxiliary vehicles. 

 Water vehicles 

The water vehicles are divided into A, B, C, and D types (Table 4. Forest firefighting vehicle 

classification and technical details for Greece). 

The first type (A class):  

It includes flexible vehicles with water capacity of 600-1,500 L of water and 80-100 L of foam (Figure 

21). 

 

  

 

 

Figure 21. Examples of A class vehicles – Greece  
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The second type (B class): 

It includes flexible vehicles with water capacity 2,500 L of water and 100 L of foam (Figure 22). 

  
Figure 22. Examples of B class vehicles – Greece 

The third type (C class):  

It includes flexible vehicles with water capacity 5,000-7,000 L of water and 200 L of foam (Figure 

23). 

  
Figure 23. Examples of C class vehicles - Greece 

The fourth type (D class): 

These are large vehicles with water capacity of more than 12,000 L of water and foam capacity of 

500 L (Figure 24). 

 

Figure 24. Examples of D class vehicles – Greece 
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 Special vehicles 

Vehicles with rescue equipment. 

 Auxiliary vehicles. 

 Passenger transport pumps; 

 Buses 8-50 seating; 

 Trucks; 

 Ambulances; 

 Special support (canteen, loader, excavator, fuel etc.). 
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Vehicle 

Characteristics 

 A class 
B class C class D class 

Special 
vehicles 

Buses 
Unit A sub class* A class 

Total (max.) 
mass 

(t) 
2-7.5 (usually 

around 3) 
7 - 12.5 14 - 15 19 26 14 6.5 - 12 

Width (m) 1.6 – 1.9 2.30 - 2.55 2.55 2.55 2.55 2.55 2.50 

Length (m) 5.5 6 - 6.5 6.5 – 7.35 7.5 9 - 11 7.5 8 - 12 

Hight (m) 
As low as 
possible 

3.3 - 3.5 3.3 – 3.5 3.6 – 3.7 3.9 3.5 3.5 - 3.6 

Power kW ≥ 90 78 - 135 155 - 195 190 - 270 320 - 350 - - 

Maximum speed 
(km/

h) 
- 85 - 145 90 - 120 100 - 120 90-100 - - 

Minimum 
turning circle 

(m) 15 13 - 15 16.5 - 18 18 20 - 22 18 18 - 25 

Gradeability 
° 

(%) 
> 17 

(> 30) 
> 17 

(> 30) 
> 14 

(> 25) 
> 14 

(> 25) 
> 17 

(> 30) 
> 17 

(> 30) 
- 

Minimum 
ground clearance 

(m) > 0,20 > 0,15 > 0,20 > 0,25 > 0,30 > 0,30 - 

Minimum 
ground clearance 
under axis 

(m) > 0,18 > 0,14 > 0,15 > 0,16 > 0,25 > 0,25 - 

Approach angle (°) >23 >13 >13 >13 >23 >23 - 

Ramp breakover 
angle 

(°) >18 >144 >144 >144 >120 >120 - 

Departure angle (°) >23 >12 >12 >12 >23 >23 - 

Water capacity (L) 500 1,000-1,500 
2,500 – 
4,000 

5,000 
10,000 – 
12,000 

1,500 - 

Foam capacity (L) - 50 - 150 300 500 500 150 - 

Drive wheel 
configuration 

- 4x4 4x2 or 4x4 4x2 or 4x4 4x2 or 4x4 6x4 4x4 - 

Axis number - 2 2 2 2 3 2 2 

* unofficial distinction, but useful for operative contexts. 

Table 4. Forest firefighting vehicle classification and technical details for Greece 
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5. Firefighting Vehicles Southern Europe Classification 

One of the main aims of the FORCIP+ project is to share and to understand the different sets of 

problems related with forest fires in different Countries, sharing knowledge, experiences and rules 

of each Participant, in order to improve the European level, both technical and scientific, in the field 

of forest firefighting. One of the approaches implemented in the Project is the homogenisation of 

some basic information, in order to establish few shared concepts, which are fundamental for 

creating a shared European approach on forest fires. In this context, the classification of vehicles 

dedicated to firefighting in forest areas is an essential standard for good planning, design, 

construction, maintenance and management of appropriate forest roads also effective in 

firefighting activities. 

As emerged through the information described in Chapter 4.1 Firefighting vehicles characteristics 

and existing classification, there are different methods of classification of vehicles in the different 

Countries. Moreover, a European Standard regarding classification of firefighting vehicles already 

exists (European Commettee for Standardization, 2013). Nevertheless, according also with the 

classification and the standard applied or suggested in some European Countries, described above, 

this standard doesn’t fit very well with vehicles requirements for effective and efficient forest 

firefighting activities. Within FORCIP+ project, the Partners suggested to apply a forest road 

classification based on three classes, as described in Table 5. 

Vehicle 
Classification 

Maximum 
Width (m) 

Minimum 
Turning radius (m) 

Total Mass (t) 

V1 – 1st order > 2.5 > 10 > 20 

V2 – 2nd order 2 - 2.5 > 8 3.5 - 20 

V3 – 3rd order ≤ 2 ≥ 6 ≤ 3.5 

 

Table 5. Classification of firefighting vehicles operating on forest areas 
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6. Forest Roads for Forest Fires 

6.1 Existing forest roads classification 

6.1.1 Spain 

In Spain, there are several classifications, which are based primarily on road use and their technical 

characteristics. The following classification by Castilla y Leon for forest road is reported as 

representative for Spanish territory: 

First Order Tracks, general tracks or main forest roads (L1): 

Conceptually they constitute the cornerstones of forest road network, linking directly forest areas 

with the public communication network (public road network). These infrastructures are passable 

all year long by heavy vehicles, including three-axle trucks. This high standard of trafficability is 

guaranteed by several technical and executive characteristics: 

 Stabilized or improved roadbed by various materials: granulometric stabilization with 

natural terrain, contributions of compacted granular material, macadam, stabilization by 

means of bituminous binders, asphaltic primers, etc. 

 Drainage and complete water canalization along all the way 

 Constructive characteristics designed for allowing trafficability for heavy trucks: 

- Minimum platform width 5 m; 

- Longitudinal slope up to 9%, except for small sections that can reach up to 12%; 

- Curve radius, passing places and U turn places adapted for allowing the circulation 

of  heavy vehicles; 

- Information and traffic signs; 

- Unimpeded trafficability (except in exceptional cases justified); 

- Water basin usable in case of fire; 

- Stabilized embankments.  
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Second-order tracks or secondary roads (L2): 

Actually, the majority of forest roads is classified as secondary road. These are passable all year long 

by off-road vehicles, while only in dry weather for both light and heavy trucks. In order to respond 

to these needs, second-order tracks shall comply with the following characteristics: 

 Natural surface with specific tasks of stabilization; 

 Drainage reduced to the minimum needs and to the critical sections of roads; 

 Platform width usually between 3.5 and 5 m; 

 Longitudinal slope up to 14%, higher only in sections of less than 50 m. 

Third-order tracks or paths (L3): 

Roads included in this category provide access to marginal forest areas and to specific points of 

interest; this kind of roads is the fundamental infrastructure used during forest operations. In fact, 

third-order tracks are generally the collector of skid trails opened for wood extraction. Trafficability 

of these roads is generally limited to dry seasons. Their characteristics, as a rule, are: 

 Natural surface, corresponding to the opening trace by a bulldozer pass or similar; 

 No specific drainage solutions are provided; 

 Platform width usually between 3 and 4.5 m; 

 Without slope limitation and width.  
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6.1.2 France 

In south-eastern France, which is the national most concerned area in terms of forest fires, 

firefighting road network description started twenty years ago.  

All services involved in forest road inventory (firefighters, foresters and local authorities) worked 

out a guidebook (“guide de normalisation”) whose purposes were: 

 To identify different road categories depending on structural characteristics and 

functional possibilities in terms of firefighting vehicles usable in each road category; 

 To define a symbol for each road category to be drawn on thematic maps; 

 To structure a GIS database allowing an organised and dynamic inventory of these 

infrastructures. 

Since then, three different versions of this guide have been published (Figure 25). 

 

Figure 25. The 2001 version of the French guide “guide de normalisation” 

 

In the latest version of the guide (2014), the road network analysis considered for firefighting 

purpose included both specialized firefighting tracks and forestry roads usable in case of fire. 
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Technical characteristics 

Roads must have some minimum characteristics to be part of the Firefighting road network. 

Roads must allow a firefighting intervention unit (1 command car + 4 medium trucks) to go through 

with normal running conditions. That means: 

 A minimum trafficable width (road formation, i.e. carriageway + berms) of 3.5 meters; 

 A minimum carriageway of 3.0 meters; 

 Engineering structures supporting at least 19 tons; 

 No obstacle up to road section within a size of 3.5 meters high and 4.0 wide. 

 

Classification 

The roads for forest firefighting are classified into 4 categories (Table 6). 

Classification Passing places U-turn areas Dead-end 

1st class 

Widespread 
(a crossing area about every 

200 meters) 

A U-turn area each 
kilometre or so 

Not allowed 

2nd class 

Punctuated 
(a crossing area about every 

500 meters) 

A U-turn area each 
kilometre or so 

Fitted out with a 
U-turn area 

3rd class No requirement No requirement 
Fitted out with a 

U-turn area 

Out of class Other characteristics allowing at least a light firefighting truck to drive along 

 
Table 6. Main features of forest road classes in France   
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6.1.3 Italy 

Forest road network simplifies fire prevention activities and plays a key role by ensuring efficiency 

and effectiveness of ground extinction operations. Forest roads are also essential for access to and 

maintenance of fire prevention infrastructures, like lookout towers, repeaters, water points and 

tanks, firebreaks. 

In Italy, the main forest road classification, proposed by Hippoliti (1998; 1997; 1976), is primarily 

based on carriageway’s dimensional characteristics, road’s geometry and steepness (Table 7). 

Road type 

Length (m) Mean slope (%) Max 
slope* 

(%) 

Min bend 
radius (m) min main optimal max 

Main truck road 3,5 5 - 6 3 - 8 10 14 10 

Secondary truck road 3 4 - 5 3 - 8 12 18 7 

Truck track 3 4 - 5 3 - 8 10 14 7 

Tractor road 2,5 3 - 4 3 - 8 14 25 5 

Primary skid trail 
2 3 5 - 10 20 

30 - 

Secondary skid trail 40 - 

(*) only for short distances  

Table 7. Forest road classification in Italy 

In order to satisfy firefighting needs, the forest road classification has been transposed to join 

firefighting vehicles characteristics and limitations. 

Forest road classification for firefighting identifies three class of tracks ( 

Table 8) due to accessibility and mobility degree allowed: 

Class 1  - Low mobility track, can ensure only light vehicles transit; 

Class 2  - Medium mobility track, precluded for heavy vehicles; 

Class 3  - High mobility track, for all types of vehicles. 

Forest roads in Italy are always intended as roads with improved surface, for this reason these are 

normally passable during all seasons (also in wet conditions). On the contrary, trafficability of 

Primary and Secondary skid trails is subject to wet conditions. 
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Firefighting 
track 

Forest road type 

(see Table 7) 

Firefighting vehicle 
type 

(see 4.1.3 Italy) 

 

Class 1 
Primary skid trail 

with width < 2,5 m 
Class 1 

 

Class 2 

Primary skid trail 
and tractor road 

with  
width > 2,5 

Class 1 - 2 

 

Class 3 
Truck road and 

truck track 
Class 1 - 2 - 3 

 
 

Table 8. Forest road classification for firefighting activities in Italy 
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6.1.4 Slovenia 

In Slovenia there are two types of forest roads used in forest firefighting:  

1. First category firefighting corridors  forest roads; 

2. Second category firefighting corridors  constructed skid trails. 

Technical specifications for each class of forest road and each class of skid trail are given in the 

National rule for forest traffic ways (Republic of Slovenia, 2009c), and summarized below. 

Permanent access to forests is provided by public roads and forest infrastructure. According to the 

forest act (Republic of Slovenia, 1993) in Slovenia forest infrastructure includes forest traffic ways 

(forest roads, skid trails and permanent cableways) and other facilities in forests intended primarily 

for the management of forests. The National rule on forest traffic ways (Republic of Slovenia, 2009c) 

defines forest road as ‘constructed forest thoroughfare, dedicated for forest management purpose, 

which is uncategorized according to public road legislation, provides rational transport of forest 

wood assortments, has public importance and is managed in the forest road cadastre’. According 

to this purpose, use and technical elements of forest roads are divided into three classes: 

- Forest road “G1” is a road where, besides traffic dedicated to forest management purposes, 

daily public traffic can reach at least 50%. On that road there are no limitations for public 

traffic, except for traffic of trucks during spring (wet period), when a limitation to the axle 

load can be set aiming to reduce phenomena of excessive erosion and damages to 

infrastructure. Further limitations regarding use of a G1 road can be set due to the traffic 

regime. For this kind of roads an annual and a periodic maintenance are provided. The 

maintenance costs are split between forest owners and municipalities, depending on the 

percentage of use for forest management and public use. 

– Forest road “G2” (Figure 26) - primary forest roads are the roads opening more than 1,000 

hectares of forest and the prevailing traffic on them is due to forest management purposes. 

Technical elements and traffic regulations of G1 and G2 are identical. On G2 roads a 

permanent closure can be set. On G2 roads an occasional maintenance is provided, while 

maintenance is annually guaranteed for the roads serving farms, villages or facilities of public 

relevance. 

- Forest road “G3” - secondary forest roads are the roads opening less than 1,000 hectares 

of forest and the prevailing traffic on them is due to forest management purposes. Technical 

elements and traffic regulations are the same of G2, even if a lower level of maintenance is 

provided (occasional maintenance).  
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Skid trail is defined as constructed (V1 – Figure 26) or unconstructed (V2) forest thoroughfare 

dedicated to timber extraction. Constructed skid trails can significantly improve the accessibility of 

forests in lowlands and hilly terrains. 

 

 
Figure 26. Variations in constructed forest thoroughfare appearance in Slovenia 

 
Firefighting corridors are the forest roads and/or the skid trails, opening forest areas, in the forests 

where first or second level of fire endangerment is set, defined within the forest management plan. 

Design of firefighting corridors complies with the firefighting requirements. Technical elements of 

the firefighting road (also called first category firefighting corridor - Figure 27) are identical as for 

forest roads whereas technical elements of the firefighting trail (also called second category 

firefighting corridor - Figure 28) correspond to the technical elements of skid trail. The term 

“firefighting corridor” has been introduced because of specific ways of financing the construction 

and maintenance activities. 
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Figure 27. Variations in first category firefighting corridor appearance in Slovenia (Saražin, 2014) 

 

 
Figure 28. Variations in second category firefighting corridor appearance in Slovenia (Saražin, 2014)  
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6.1.5 Greece 

There is no specialized classification scheme of roads over Greece regarding their fire protection 

function. However, according to a specific Ministerial Decree from the Ministry of Agriculture 

written in first version in 1966 (Hellenic Ministry of Agriculture, 1966) and later modified (Hellenic 

Ministry of Agriculture, 1997; Hellenic Ministry of Finance, 1973) the forest roads in Greece can be 

categorized in the following classes (Table 9): 

1st class (A) forest roads 

“A” class roads link the provincial or national road network with extended forest complexes, large 

units under pasture management, basins with streams, and large forest areas that need to be 

reforested (Figure 29). These are also used for linking villages located within or near forest edges 

with provincial, national or other forest roads. Roads of this category are used all year long. 

 

Figure 29. Typical examples of 1st class (A) forest roads over Greece 

2nd class (B) forest roads 

These are the roads linking 1st class (A) forest roads or provincial network of the country with forest 

stands or units, according to the forest management plans of each forest (sub-streams, parts of 

pastures, forest lands to be afforested, …) (Figure 30). These are used at least for a half of the forest 

rotation time to mainly serve the transportation of forest products or additionally over intervals 

not less than 5 years during a 20 year period, in order to fulfil requirements and needs for 

engineering works, reforestations and pasture management. B class roads are also connecting 

individual (i.e. isolated) villages within or near forest edges with provincial, national roads or other 

forest roads. 
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Figure 30. Typical examples of 2nd class (B) forest roads over Greece 

3rd class (“Γ”) forest roads 

As such are characterized, roads linking individual patches or areas of forest products concentration 

to 1st (A) and 2nd (B) class forest roads (Figure 31).  These are used on a seasonal basis. 

 

Figure 31. Typical examples of 3rd class (“Γ”) forest roads over Greece 

Tractor roads (“Trakterodromoi”) 

This road category includes tracks used exclusively for timber harvesting and transport to Γ, B and 

A class forest roads (Figure 32). These tracks are opened and used only during forest operations, 

and abandoned once these are ended.  
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Figure 32. Typical examples of Tractor roads (“Trakterodromoi”) over Greece 

Fuel breaks (“Antipyrikes odoi”) 

Fuel breaks are constructed in order to break up fuel continuity (Figure 33). The major axis of these 

zones is established in a way that creates adverse ecological conditions in the spread or 

transmission of fire (tortuous path). Development of these strips along the direction of the 

maximum slope and over the ridge, is avoided. The width of fuel breaks is not kept constant and 

therefore curbs have sinusoids course. The width normally range among the conventional limits of 

clumps to copse (maximum). During forest opening up for fuel break up construction, special 

consideration is given for combining it with other forestry management priorities and functions 

(game management etc.). This multifunctional role could be also used for planning its route, width 

variations, number of branches, the vacation etc. Finally fuel breaks usually not reveal their nature 

and therefore not disturb overall landscape scene. 

 

Figure 33. Typical examples of fuel break over Greece 
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Technical details of 
forest roads 

Road categories 
(Hellenic Ministry of Agriculture, 1997, 1966; Hellenic Ministry of Finance, 

1973) 

 A B C Tractor roads 

Road width 
(carriageway) 

    

 soil or soft rock 
formations 

6-8 m 4-6 m 4-5 m 2.5-3 m 

 rocky ground 6 m 4 m 4 m 2.5 m 

Turning radius      

 at the horizontal 
alignment / plan  

30 m 25 m 20 m 10 m 

 at maneuvers 20 m 20 m 15 m 10 m 

Road slope     

 descent  8 % 8% 
12% 25% 

 ascent  6 % 6 % 

Ditches YES YES YES NO 

Engineering works YES YES YES NO 

Slope arrangement YES YES YES NO 

Table 9. Specifications regarding forest road network classification in Greece 
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7. Classification of forest road for forest fire in Southern Europe 

On the basis of the information collected in the different Countries and described in Chapter 6. 

Forest Roads for Forest Fires classification of the forest road and tracks based on firefighting traffic 

capacity has been developed. This classification includes three categories strictly related with 

firefighting vehicle classes described in Chapter 5. Firefighting Vehicles Southern Europe 

Classification. The description of the three firefighting traffic capacity classes is shown in Table 

10Table 10. forest road and tracks classification for forest firefighting purpose. 

Firefighting 

traffic capacity Description 

FTC1 
This class includes forest roads which can be travelled 

easily and safely by all kind of firefighting vehicles 

(gondola included) 

FTC2 
This class includes forest roads and tracks which can be 

travelled easily and safely by firefighting vehicles included 

in VC2 and VC3 classes 

FTC3 
This class includes forest roads and tracks which can be 

travelled easily and safely by firefighting vehicles included 

in VC3 class 
Table 10. forest road and tracks classification for forest firefighting purpose 

All the forest road classes should have both passing place and turning areas as described in Chapter 

9. Forest Road Construction and Maintenance. 

The class should be given taking into consideration the presence of bottlenecks (limitation of vehicle 

total mass, height, width or difficulties to access). For example, if a forest road may be travelled by 

all type of vehicles for the most of its length, but in one point there is a limitation that allow to pass 

at only VC3 means and it is not available a turning place for VC1 vehicles before the bottleneck, the 

road should be classified for all its length as FTC3.  
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8. Forest Road Planning in Fire-Prone Environment 

In this chapter, a description of the forest road planning methods suggested for fire-prone 

environment will be given. Several authors have investigated the problem of forest road planning 

for developing a road network useful for forest fire prevention and suppression. Most of these 

studies approached this issue from a technical point of view, and were addressed to a complete 

coverage of the forest area. The different experiences and “local” conditions led different authors 

to different results. Other authors developed more sophisticated methods sometimes included in 

and integrated planning of the infrastructures for forest fire prevention. However, forest road 

network planning ultimately depends also on forest vulnerability and on risk-tolerance factor. 

8.1 Forest Road Spacing and Density 

Road density (RD) is the number of linear metres of road per hectare. In forestry planning, RD is 

frequently used as the main parameter for describing road networks and for assessing the 

accessibility of the forests in a given area (Eastaugh and Molina, 2011; Gumus et al., 2008; Potocnik 

et al., 2015; Ryan et al., 2004). 

The efficiency and effectiveness of forest firefighting is based on two fundamental principles (Croisé 

and Crouzet, 1975):  

 the partitioning of forested area by means of a discontinuity in fuel which will reduce the 

likelihood of combustion or reduce the likely rate of fire spread. 

 The readiness of interventions. Putting out effort needed, damages caused by fires and 

extinction costs increase very quickly if fires can spread freely. This speed is affected by 

time required for: fire detection, motorized access to the point closest to the fire, and 

access of firefighters to the front line on foot. 

A well-developed spatial arrangement of a forest road network reduces the incidence of fires and 

prevents the spread of fires on larger areas (Lugo and Gucinski, 2000; Stefanović et al., 2015). In 

fact, a dense road network enables fast detection and initial attack and creates firebreaks for 

spreading surface fires, thus reducing the size of most of potentially larger forest fires (Larjavaara, 

2005). On the other hand, forest roads are potential routes for recreational use of forest, thus 

increasing the probability of ignition of forest fires because of the more intense human activity 

(Chuvieco and Congalton, 1989). Moreover, Arienti et al. (2009) found a positive association 

between lightning fire frequency and RD, including forest road. The Authors explained this 

occurrence because of the increased availability of flammable fine fuels near roads. 

In relation to forest fires, roads represent the lines from which the direct attack to the fire front 

starts. Firefighters equipped with hoses or tools usually reach the fire edges starting from the 

closest road or use the roads as fire lines where trying to put the fire out. 
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In the last decades, several Authors suggested optimal values of Road/Trail density in relation to 

forest firefighting needs. They developed methods for determining the optimal forest RD or suggest 

specific values on the basis of different approaches. 

Croisé and Crouzet (1975) started his analysis on forest RD in fire-prone environment taking into 

consideration the duration of the transport of personnel and equipment from rescue centres to fire 

front. This response time includes transportation on public roads, forest roads and trails and finally 

the displacement on foot of firefighter. The first element to be considered is the distance that a 

firefighter should cover on foot for reaching the fire edge. Assuming the extinction by means of 

water, this time and distance depends on the length of the hose to unwind and are theoretically 

limited by length of the hose but, in practice, they are reduced even more due to the difficulties of 

moving on forest ground and the possible high fire rate of spread. On the basis of this considerations 

this Authors suggested a maximum distance between two trails of: 800 m, on slightly sloping 

terrains and in the absence of a dense layer of bushes; 400 m on terrains with a slope higher than 

40 % with a dense layer of bushes. 

More in detail, Croisé and Crouzet (1975), considering the forest trails not always trafficable or 

arranged summarily, suggested a maximum distances between the roads around them. Two 

different types of roads were considered: ascending and horizontal roads. Considering that the 

travel distance along the horizontal road should not exceed the value of 2 km, as a result, ascending 

roads should be evenly distributed on the slopes with spacing of 3 to 4 km (Figure 34). Considering 

that horizontal roads may replace a trail on about three of them; therefore, forest road should have 

a distance of about 2.5 to 3 km. 

 

Figure 34. Distribution of forest roads and trails according with Croisé and Crouzet (from Croisé and Crouzet, 1975, 
modified). 
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Thus led to consider as normal the following distances and densities: 

 

 Difficult conditions: 

trail spacing    800 m   density: 8-10 m/ha 

ascending road spacing  3-4 km   density 2-3 m/ha 

horizontal road spacing  2.5-3 km  density: 3-4 m/ha 

 

 Easy conditions: 

trail spacing    1600 m  density: 4-5 m/ha 

ascending road spacing  3-4 km   density 2-3 m/ha 

horizontal road spacing  2.5-3 km  density: 3-4 m/ha 

 

Finally, the Authors, suggested as a general value for assuring minimal operational conditions a 

road/trail density of 10 m/ha (5 m/ha of trail, 5 m/ha of road). 

De Montgolfier, (1989) determined the road network density for firefighting taking into 

consideration a simplified fire spread model. On the base of the distance between two forest roads 

he determined the theoretical length of the fire front when it arrives at one of the roads starting 

from a given point. He considered that the maximum distance between the roads should 

correspond to the maximum length of fire front that may be extinguished close to the roadside by 

ground crews. On this basis he suggested the following optimal densities: 25 m/ha for high fire risk 

areas, 12,5 m/ha for medium-high fire risk areas; 6,25 m/ha for low fire risk areas. 

Fabiano and Marchi (1991) suggested a forest road network density of about 17 m/ha on the basis 

of the maximum distance between the potential fire edges and the nearest road. The Author 

estimated this distance on the basis of the maximum time needed by firefighters for reaching the 

fire front from the closest road, with all the necessary equipment, and on the maximum length of 

hose line usually set up in Italy. It is not easy to determine this distance because it is affected by 

many factors such as: terrain slope; presence of barriers or fences along the access paths; intensity 

and rate of spread of fire. Taking into consideration all these aspects, they have considered a 

maximum distance of about 600 m between two roads. 

Potočnik et al. (2008), according with the opinion of experts (Slovenian Firefighting and rescue 

service, forest service and forest technology department) suggested, for a slightly sloping area, an 

optimal area which can be managed with forest fire engine in fire suppression, which should not be 

located more than 200 m far from the forest roads in any direction. This correspond to a buffer 
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zone alongside the roads where firefighters can still efficiently perform fire suppression activity 

with a maximum width of 400m, i.e. an optimum RD of at least 25 m/ha. 

Psilovikos et al. (2011), in a study carried out in the suburban forest of Thessaloniki, analysing the 

operational capacity of firefighters, distinguished a “practical protection zone” and a “theoretical 

protection zone” based on the fire brigades personnel experience. The former included a buffer of 

150 m uphill the road and 300 m downhill the road, respectively. The latter included a buffer of 300 

m uphill the road and 500 m downhill the road, respectively. In these conditions, the RD ranges 

from 12.5 to 22 m/ha. 

Most of the density values described above were based only considering the distance between the 

potential fire and the closest forest road. These are simple and useful methods but they do not take 

into consideration the different aspects that may affect firefighting efficiency and effectiveness 

such as: initial attack efficiency, water supply difficulties, and contribution of aerial means. 

The forest road network density (m/ha) is actually a parameter very useful for determining 

optimum road length from an economic point of view, i.e. the total length of forest road that 

minimises the combined cost of construction, maintenance and timber extraction (Ryan et al., 

2004). However, this approach is only marginally relevant to the issue of assessing and planning 

road networks for their ability to provide efficient access to random points (such as fire ignition 

sites) rather than defined harvest areas (Eastaugh and Molina, 2011). 

RD is frequently considered a rather blunt instrument, that gives no indication of spatial 

arrangements of the roads and is thus often a poor predictor of road network efficiency (Eastaugh 

and Molina, 2011). Roads evenly distributed may have the same RD of roads concentrated in one 

part of the forest but the former may give a good access to forest and the latter give a poor access 

overall. In conclusion, the use of roads density in forest road planning should be carefully 

considered and, hopefully, included in a deeper analysis. 

Nevertheless, the evaluation of the forest road network density in firefighting activities should be 

connected to the other functions of forest roads. (Calvani et al., 1999; De Montgolfier, 1989). In this 

contest, it is important to highlight that the density values applied in forest operation for wood 

extraction are similar or higher if the sum of the length of forest roads and skid trails is considered 

(Calvani et al., 1999). In fact, the density values for forest roads may range from 20 to 30 m/ha 

(Hayati et al., 2012; Jourgholami et al., 2013) or higher if the trails are included (Hippoliti, 1998). 

Eastaugh and Molina (2011) in order to overrun the problems related with the use of forest RD 

highlighted above, suggested the development of three more metrics to be used in GIS 

environment: the road network coverage, the road network efficiency and the road network 

convenience. 



 

 

 

 

 

FORCIP+ ECHO/SUB/2015/718661/PREP20 – D 3.1 

 

69 
 

The road network coverage (Rcvr) takes into account both the length and condition of the road and 

the hiking distances to off-road locations. Forest roads were reclassified by the authors into five 

speed classes of firefighting vehicles (100, 80, 50, 40, 30 and 15 km/h), based on personal 

knowledge of their study areas. The off-road (hiking) speed was estimated as 1 km/h. Rcvr is a ratio 

between the travel times from the firefighter base to all points within the forest if the road network 

does not exist with those times would be including the presence of the forest roads. The higher the 

index, the higher the road network coverage. However, it is possible to have the same Rcvr with 

different RD, i.e. achieve the same coverage with different lengths of road.  

For this reason, the authors introduced the metrics Road network efficiency (REFF) as a ratio 

between RCVR and RD. REFF is able to measure how well the given road network coverage is achieved. 

However, both RCVR and REFF relate with travel time from a given point and do not consider the travel 

time from one point to another point in the forest, thus not considering the redeployment of 

firefighting vehicles during the same event, practice very common and frequent in fire suppression. 

For considering this issue, the authors introduced the Road network convenience (RCON), which is a 

ratio between the surface of the forest under investigation and a function that includes the mean 

travel time from all nodes to all other nodes of the road network (for more details see Eastaugh 

and Molina, 2011).  

All these metrics may be very useful for comparing different management scenarios in forest road 

planning, including road upgrading, decommissioning or new constructions. However, the Authors 

highlighted the potential limitations of these metrics and namely the lack of analysis about: the 

safely use of the roads by large vehicles, the position of the road in relation with the potential fire 

behaviour; the use of the roads as fuelbreak or backing fire initiation line.  
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8.2 New approach of forest road planning in fire-prone environment 

In a recent paper, Stefanović et al. (2015), in a study carried out in Serbia, applied a multi-criteria 

analysis in forest road network planning in fire-prone environment. The study was carried out in 

the National Park “Tara” located in Western Serbia, along the border with Bosnia and Herzegovina. 

The area is under constant threat of fire. In relation with the fire frequency and the behaviour of a 

recent big fire the authors evaluated four variants suggested for the improvement of the forest 

road network taking into consideration seven criteria and applying the entropy weight coefficients 

(EWC) method. The seven selected criteria were related to general aspects (such as: cost of 

construction and maintenance of the new permanent and temporary roads; the relative openness 

by the road network) and some specific criteria related with the local terrain characteristics and 

existing infrastructures (such as the shortest distance between the permanent road and the plateau 

edge; the distance between the permanent road and the lookout tower). 

In conclusion, the authors highlighted that, applying this method, it is possible to assess different 

scenarios (i.e. different hypothesis of new forest roads) and select the best solution taking into 

consideration both the costs of construction and maintenance and the locations of the new forest 

roads that are most suitable for the effective defence against forest fires. 

Another multi-criteria approach has been developed and applied in a test area in Italy. Since 2007, 

University of Florence and CNR-IBIMET have been developing a methodology useful in planning the 

forest fire prevention infrastructures, including forest roads. To plan forest fire prevention 

infrastructures and organise prevention and management of firefighting activities an Operational 

Difficulty Index in Firefighting (ODIF) was implemented (Bonora et al., 2013, 2007; Marchi et al., 

2010, 2007, 2006). The ODIF analyses several factors affecting the efficiency and effectiveness of 

extinction activities carried out by both ground and aerial resources (e.g. road network, water 

points distribution, location of firefighter bases). The final result was an estimation of the spatial 

distribution of different level of efficiency and effectiveness in firefighting operation in a given area. 

Two sub-indices were merged to obtain the ODIF: the Ground Operational Difficulty sub-Index 

(GODI) and the Helicopter Operational Difficulty sub-Index (HODI). In the study only the helicopter 

of the Regional fleet (Marchi et al., 2014) were taken into consideration. The national aerial fleet, 

that may be used in firefighting activity all around Italian territory, were not considered because in 

Tuscany Region the use of national aerial means is very uncommon and their availability depend on 

the forest fire situation at national level, so the availability of national aerial mean are not 

guaranteed.  
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The impact of forest road network features were taken into consideration in the Ground 

Operational Difficulty sub-Index (GODI). 

The input data to run the model were a digital terrain model (10 m) and shape files representing 

the infrastructures. The shape files include all the surveyed data, i.e. the location of public and 

forest road networks; water supply points (classified in: ground vehicles water sources and 

helitankers water sources); helitanker bases; and firefighter centres. 

To calculate the sub-indices the following parameters were considered: 

- Vehicles access time (VAT) – this is the time required to a firefighting vehicle for reaching 

the point on the forest road/track closest to the potential burning area from the nearest 

firefighting base. It is an index on the efficiency of the initial attack by ground. It has been 

considered that the average vehicles speed is about 40 km/h and the maximum time 

travel for an efficient initial attach is 20 minutes; 

- Vehicles supply time (VST) - it is the time needed to a firefighting vehicle for reaching the 

closest useful water-point from the point on a forest road/track closest to the potential 

burning area. It describes the difficulties in tank water refuelling. An efficient time for 

reaching the closest water-point should be no more than 10 minutes; 

- Firefighters operational difficulty (FOD) – it describes firefighters difficulty for reaching 

the fire edge from the closest road, carrying hoses and tools. It was considered that the 

maximum distance for an efficient operation on steep terrain is about 400 m in downhill 

direction and 100 m in uphill. It was also considered that on slopes with a steepness higher 

than 60%, the efficiency of firefighter is  greatly reduced (Calvani et al., 1999); 

- Helicopter access distance (HAD): it is the distance between the closest helicopter base 

and the potential burning area. It is an index of the efficiency in initial attack by air; 

- Helicopter supply distance (HSD): it is the distance between the potential burning area 

and the closest helicopters water-point. A range between 2 and 6 km were considered as 

limits for the minimum and the maximum operational effectiveness (Hunt, 1986). 

 

All the variables were normalized applying the fuzzy functions at the set of data (Canter and Hill, 

1979). This logic bring to the definition of a “fuzzy set” in which “ the values given to each element 

drop inside a continuous interval (0,1), that creates an index which expresses the belonging grade 

of each element to the defined set: values close to “1” mean an high grade of belonging to the set, 

while values close to “0” indicate a low grade of affinity of the element to the definition that 

characterizes the set (Bernetti, 2006).  



 

 

 

 

 

FORCIP+ ECHO/SUB/2015/718661/PREP20 – D 3.1 

 

72 
 

 

The mathematical elaboration of these data were made applying the following formulas: 

- Ground Operational Difficulty Index (GODI): 

GODI = (VAD * a) + (VSD * b) + (FOD * c) 

 
- Helicopters Operational Difficulty Index (HODI): 

HODI = (HAD * d) + (HSD * e) 

 
- Operational Difficulty Index in Firefighting (ODIF): 

ODIF = (GODI * f)+ (HODI * g) 

 

In order to determine the weight (a, b, c, d, e, f and g) of each variable the Analytic Hierarchy Process (AHP) (Saaty, 
1980) was applied separately to GODI and HODI and ODIF (Figure 35). The AHP was carried out by means of 

“Export Choice”© software and was based on 15 interviews of fire manager with a deep experience on forest 
firefighting in Tuscany. The weights resulted from the AHP are shown in ( 

Table 11). 

 

 

Figure 35. Tree diagram of factors analysed by AHP  
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Sub- index Factors 

Priority respect 

node’s judgments  

(w) 

GODI 

Vehicles Access Time 0.468 

Vehicles Supply Time 0.287 

Firefighters Operational 

Difficulty 
0.245 

Total 1 

Inconsistency = 0.01 

HODI 

Helicopter access distance 0.317 

Helicopter supply distance 0.683 

Total 1 

Inconsistency = 0.00 

ODIF 

GODI 0.749 

HODI 0.251 

Total 1 

Inconsistency = 0.00 

 

Table 11. Weight of each factor determined by AHP   
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The output were maps in raster format where each pixel shows the value of indexes (Figure 36). 

 

 

Figure 36: Map of the ODIF of the Calenzano Municipality (Florence, Italy) 

The ODIF, and in particular the GODI, allow to assess the efficiency of the forest road networks for 

firefighting in relation with other factors/infrastructures affecting firefighting operation. These 

indexes may be used as a DSS useful for highlighting how new forest roads (or an improvement of 

the existing network) or new infrastructures may affect the firefighting efficiency and may 

represent an important tool in forest road planning in fire-prone environment. 

In forest fire prevention planning, it is also necessary to evaluate the probability that a forest fire 

occurs. For this reason, the integration of the ODIF with fire risk index was suggested (Bonora et al., 

2013; Marchi et al., 2010). 
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9. Forest Road Construction and Maintenance 

In the definition of forest road characteristics, construction features and related aspects should be 

considered. Many construction features are not related with the road function but are general and 

valid for all different uses of a road network. All this features are very well described in several 

handbooks and guidelines (e.g. British Columbia, 2002; Kramer, 2001; Ryan et al., 2004). However, 

some construction features may strongly affect the use of forest roads and tracks for forest 

firefighting purposes. The same considerations are true for road network maintenance. In fact, 

many aspects of maintenance are general and useful for road conservation and for an efficient use 

of the road network, while others may have particular importance in fire-prone environment. In 

this chapter, only the aspects of forest road construction and maintenance related with the use of 

forest road for forest fire prevention and suppression purposes will be described. 

9.1 Road characteristics 

The ‘traditional" forest roads characteristics/design/construction aspects not always meet the 

requirement of forest firefighting. The most important forest road characteristics that should be 

reconsidered in fire-prone environment are related with: 

 One way roads; 

 Passing places; 

 Dead-end roads;  

 U-turn areas. 

 

In addition, in fire-prone environment the presence of safety zones and specific road signs should 

be considered. 

9.2 One way roads and forest fire 

In forest road construction, it is usually considered that forest road traffic is one way. It is quite rare 

that two vehicles need to pass on the same point of a road and at the same time in opposite 

directions (Hippoliti, 1997). For these reasons, the width is usually reduced in comparison with 

public road, in order to reduce the cost of construction and to minimize the environmental impacts 

(Spinelli and Marchi, 1998), especially in mountainous condition. 

Nevertheless, during a fire event several fire trucks should pass on the same road in opposite 

direction or have to stop along a forest road for reaching the fire edge with hoses and tools for 

putting out the fire. If a fire truck stops along the road the other firefighting vehicles should have 

the possibility to continue to go on the road for reaching the fire edge or the closest water point 

for refilling the tank. This means that narrow roads may strongly reduce the capacity of individual 

roads to be safely used by the firefighting vehicles, with particular reference to whether or not two 
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vehicles may safely pass in opposite directions, thus affecting the efficiency and effectiveness of 

firefighting (Martinez-Lopez, 2002). 

These aspects highlight the needs of wider forest road in fire-prone environment. However, in 

determining the width of forest road for firefighting needs it should not be considered the width of 

the carriageway but the width of the formation (Figure 37) (Calvani et al., 1999). 

 

 

Figure 37. Scheme of a forest road section 

The formation is the area between the usable limits of earthworks. In side-hill construction, it is the 

width between the toe of the excavated section and the top edge of the fill section. In full cutting 

it is the width between the bottom edges of each side. In full embankment it is the width between 

the top edges of the embankment (Ryan et al., 2004). 

If it is necessary to use the berms, it is important that in dry condition (during the fire season the 

soil is usually dry) they have a bearing capacity adequate to the mass of the passing vehicles. 

However, in relation to this issue it is important to have in fire prone environment well designed 

and frequent passing places. 

9.3 Passing place 

The passing places are the longitudinal bays provided at intervals along a forest road to allow trucks 

pass each other (Ryan et al., 2004). They are specifically obtained by widening the road at intervals 

and are characterized by length and width. Other forest road parts or element may be used as 

passing place. In fact, fortuitous extra widening, such as at borrow pits and junctions, will also serve 

as passing places (Ryan et al., 2004). 

The maximum distance between passing places in fire prone environment was suggested to be of 

100-200 m and 250 m by De Montgolfier (1989) and Doukas (2004), respectively. 
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The dimensions of passing places should depend on the characteristics of the vehicles that may 

transit on the road, i.e. it depends on the road class. Usually they may be approximately 20 m long 

by 4 m deep (Ryan et al., 2004). Considering their shape, 20 m is the usable length but the total 

length is higher (Figure 38). 

 

 
Figure 38. Passing place characteristics (Ryan et al., 2004, modified) 

The suggested spacing and dimensions of the passing place in relation with the firefighting traffic 

capacity of the road are shown in Table 12. 

Firefighting 

traffic capacity 

Maximum 

distance 
Usable length Total length Depth 

m m m m 

FCT1 200 20 34 3.5 

FCT2 200 10 20 2.5 

FCT3 200 5 13 2 

Table 12. Density and dimensions of the passing place in relation with the firefighting road class 

9.4 Dead end or loop form roads 

It is quite common for forest road layouts to be designed for reaching different parts of forest 

without considering the network “shape”. For this reason, the main target (forest accessibility) is 

usually achieved by the provision of a main access road, sometimes in the form of loop, and several 

other dead-end roads (i.e. culs-de-sac) starting from it. In general, roads not of loop form should 

preferably terminate in turning areas, designed taking into account the vehicles that may transit on 

the road. For forest management purposes, this layout may guarantee an effective accessibility of 

the forest. 
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Nevertheless, for firefighting purposes, this network “shape” does not guarantee the necessary 

operational and safety standards. 

In forest firefighting, for the safety of vehicles and firefighters, roads in the form of loop are of 

paramount importance, guaranteeing a better chance of escape in case of emergency. Moreover, 

road of loop form may allow a quicker and easier re-displacement on firefighting vehicles along the 

fire edge, thus improving the efficiency and effectiveness of the extinction activity. For this reason, 

in designing the forest road network in fire-prone environment it is necessary to avoid as much as 

possible long dead-end roads and at the same time increase the number of the roads of loop form.  
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9.5 Turning area 

Forest roads not of loop form (i.e. cul-de-sac) usually are provided with one turning area at the end 

of it. However, for safety and operational reasons, in fire prone environment the turning areas 

should be more frequent, at least along the dead-end roads. Doukas (2004) suggested a maximum 

spacing between turning areas of 500 m, while De Montgolfier (1989) suggested a spacing from 500 

to 2,000 m, in relation with the type of road. In France, at present a spacing of at least 1 km is 

suggested on class 1 and 2 forest road (Table 6). 

Another important aspect to be considered is the type of turning areas. Turning circles (Figure 39) 

should be preferred, where possible, in terms of cost of construction and environmental impact. In 

fact, turning circle, which can be negotiated by vehicles in forward gear, allows a safe and quick U-

turn. 

 

Figure 39. Characteristics of turning circles (Ryan et al., 2004, modified) 

Where lacks of space, terrain steepness, or environmental strains preclude the creation of a turning 

circle, T turning heads may be constructed (Figure 40), even if they are not as efficient as turning 

circles. In this type of U-turn areas, truck is reversing turned into the lateral leg, thus increasing the 

difficulties and the time for changing the vehicle direction, especially during emergencies where 

truck drivers are under strong stress and pressure. 

The dimensions of turning areas should suit the characteristics of the largest vehicle making regular 

use of the facility (Table 13). 
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Figure 40. Characteristics of T turning heads (Ryan et al., 2004, modified) 

 

 Turning circle 

(Ø) 

T-turning dimensions (m) 

Road class a b c e 

FCT 1 > 22 20 20 40 > 2.5 

FCT 2 > 18 10 10 20 > 2 

FCT 3 > 14 5 5 10 2 

Table 13. recommended dimensions for T turning heads. “a, “b”, “c” and “d” are referred to dimensions shown in 
Figure 40, “Ø” is the diameter of Turning circles (see Figure 39). 

Turning areas, especially the turning circle, may be used by firefighters also as safety zones in 

situation of extreme emergency. For this reason, it should be important to carefully select their 

location and apply fuel management practices to the surrounding vegetation (see 9.8 Basic 

principles of fuel management). The location should be decided taking into consideration the main 



 

 

 

 

 

FORCIP+ ECHO/SUB/2015/718661/PREP20 – D 3.1 

 

81 
 

topographical, meteorological and vegetation aspects affecting fire behaviour (De Montgolfier, 

1989), e.g.: vegetation type, slope inclination, prevailing wind direction, changes in vegetation, etc. 

9.6 Road signs 

The use of road signs on forest road, especially of those related to fire prevention and suppression, 

is not a common practice in Europe, while it is quite common in other countries (e.g. USA; Forest 

Service, 2013; Sheehy and Showers, 2004). 

The use of signs for giving information about infrastructures availability along the road network and 

on the characteristics of the road may be very useful especially during fire events. It is important, 

however, to limit the number of signs to those really useful. The most important information to 

give at firefighter crew that drive along a forest road for reaching the fire to be put out, are related 

with: 

- Type of road:  

• dead end or loop form roads; 

• availability of turning areas (Figure 41); 

• availability of passing places; 

 

- Availability of water point or hydrants for water refuelling 

 

 

Figure 41. Example of sign used in USA to alert about the absence of turning place  
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9.7 Road maintenance 

Road maintenance is concerned with keeping roads in a usable condition. It should be carried out 

on an ongoing basis and particular attention should be given to the maintenance of road surface, 

drains and culverts. It should not be confused with road repair, which is concerned with the 

reinstatement of road facilities to a former condition after particular events. Repair is usually 

associated with road failure due to landslide or mudflow, rock fall, etc. 

Maintenance and repair are necessary for: 

i. the preservation of the facilities and the reduction on the environmental impact; 

ii. the continued efficiency of the road and the safety of the users; 

iii. the accessibility for emergency services (i.e. fire brigade/ambulances);  

iv. the reduction of the vehicle operating costs. 

Satisfactory maintenance/repair is usually achieved by retaining the standards of the road as built. 

For this reason:  

1. Roads are to be inspected on a regular basis. 

2. All trees which fall onto or across roads have to be removed as soon as possible. 

3. Roads have to be maintained as necessary to minimise erosion of the road surface. 

4. Road drainage systems have to be maintained to protect the road from erosion and 

to minimise discharge of turbid waters into streams. 

5. Vegetation beside roads should, where necessary, be controlled to improve visibility 

for drivers and prevent vegetation invading the road surface or blocking roadside 

drains. 

 
In fire-prone environment, vegetation management beside the roads is a specific and relevant 

aspect of road management. In fact, fuel (vegetation) load and distribution beside the road may 

strongly affects the efficiency and safety of firefighters during forest fire extinction. 

Moreover, fuel management beside road may also strongly affect fire danger. In fact it is well known 

that the use of forest roads for timber harvest and tourist activities (such as hiking or mountain 

biking) leads to a higher ignition probability (Arndt et al., 2013). In Europe, the majority of fires 

(more than 98%) take origin from human activities (incidents or criminal actions) and statistically 

the most number of ignition points are close to urban areas or along the roads (Bonora et al., 2007). 

In this context, forest road density is one of the socio-economic and infrastructural factors 

explaining forest fire danger (Arndt et al., 2013). 

Understanding the environmental conditions required for the onset or initiation and sustained 

propagation of fires is necessary to implement fuel management programs, including those applied 

beside forest roads. 
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9.8 Basic principles of fuel management 

Fuel management is a pillar of fire smart management of forest landscapes (Corona et al., 2015), 

which demands to reduce the energy output rate of fires (Martin et al., 1979) to a point where 

conventional firefighting methods can be effective (Weatherspoon and Skinner, 1996; Alexander, 

2000). 

Fuels treatments are defined as the “act or practice of controlling flammability and reducing 

resistance to control of wildland fuels through mechanical, chemical, biological, or manual means, 

or by fire, in support of land management objectives” (Xanthopoulos et al., 2006a). They are 

designed to reduce quantity, quality and continuity of forest fuels (Cochrane et al., 2012), thus 

modifying forest fire size and severity, and facilitate suppression by providing safe access and egress 

for firefighters, as well as possible counter-firing opportunities (Martinson and Omi, 2003). 

The load and the arrangement of both live and dead fuels (i.e. reducing tree density and canopy 

cover, decreasing basal area, increasing the height-to-live crown base) can be modified through 

(Vaillant et al., 2009): 

i) horizontal, linear isolation of fuel (through firebreaks, fuel breaks and greenbelts); 

ii) fuel reduction through physical removal, prescribed burning and intensive 

utilization; 

iii) surface fuel reduction also by prescribed grazing; 

iv) change of fuel bed compactness by lopping and scattering (manually or by tractor 

crushing) and chipping; 

v) breaking vertical continuity through pruning; 

vi) change of fuel moisture content through dead fuel removal. 

 

Fuel treatment should be finalized to reduce the probability of surface fire spreading to the canopy 

layer and to limit crown fire intensity and rate of spread. Van Wagner (1993, 1977) defined and 

classified crown-fire on the basis of the following three criteria:  



 

 

 

 

 

FORCIP+ ECHO/SUB/2015/718661/PREP20 – D 3.1 

 

84 
 

Critical surface fire intensity (I0) for initial crown combustion. If the surface fire intensity (SFI) 

exceeds I0, then the fire rise to the crowns: 

𝐼0 = (𝐶 ∙ 𝐶𝐵𝐻 ∙ ℎ) ∙ 1.5 

where: 

I0 = critical surface fire intensity (kWm-1); 

CBH = canopy base height (m); 

h = heat of ignition (kJ kg-1) = 460 + 25,9 x FMC, with FMC = foliar moisture content (%); 

C = empirical constant of complex dimensions whose value is to be found from field observations. 

 
Critical spread rate for solid crown flame (RAC). If the actual rate of spread (ROS is greater than 

RAC, then a full continuous flame will develop in the crown layer). 

𝑅𝐴𝐶 =
𝑆0
𝑑

 

where: 
S0 = critical minimum mass flaw rate through the crown layer for continuous flame (kgm-2s-1); 
d = canopy layer bulk density (kg m-3). 
 
Critical energy flux (E0). This is the critical minimum value of the forward horizontal energy flux (E) 

through the crown layer that would be required to maintain fire spread without the help from the 

surface fire below. 

Considering the value of these three criteria is possible to distinguish three types of crown fire: 

Passive crown fire - SFI > I0, but ROS < RAC; 

Active crown fire - SFI > I0, ROS > RAC, but E < E0; 

Independent crown fire - SFI > I0, ROS > RAC, E > E0;  
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In order of effectiveness, the most successful methods to change potential crown fire occurrence 

and severity are to (Agee and Skinner, 2005): 

 reduce surface fuels; 

 increase the canopy base height (CBH);  

 reduce canopy bulk density (CBD);  

 reduce the continuity of forest canopy;  

 keep big trees of resistant species. 

 

This multi-tiered approach breaks the continuity of surface, ladder and crown fuels (Agee et al., 

2000; Van Wagner, 1977) making fire propagation rather difficult (Vaillant et al., 2009). 

Interventions on fuels that modify more than one component of forests or use more than one 

treatment type are frequently more effective (Vaillant et al., 2009). 

9.8.1 Fuel management beside forest road 

In the European countries forest road networks are quite dense in comparison with other countries, 

such as USA and Canada. Clearing vegetation on the sides of forest and rural roads, either manually 

or mechanically, may result in fuelbreak-like belts of reduced fire hazard. These belts may have two 

objectives: i) to make more efficient and safer firefighters extinction; ii) to slow down the intensity 

and spread of a fire that starts by the road, thus delaying crown fire initiation and increasing the 

probability of successful initial attack (Xanthopoulos et al., 2006a). 

The treatment that may be applied in beside forest road are based on the general principle of fuel 

management. Agee and Skinner (2005) described a set of general ‘‘fire safe principles’’ (Table 14) 

for improving forests resilience to wildfires. 

Principle Effect Advantages Concerns 

Reduce surface 
fuels 

Reduces potential 
flame length 

Control easier; less 
torching  

Surface disturbance less with fire than other 
techniques 

Increase height 
to live crown 

Requires longer 
flame length to 
begin torching 

Less torching  Opens understory; may allow surface wind to 
increase (thus affecting fuel moisture and fire 
intensity) 

Decrease 
crown density 

Makes tree-to-tree 
crown fire less 
probable 

Reduces crown fire 
potential 

Surface wind may increase and surface fuels 
may be drier 

Keep big trees 
of resistant 
species 

Less mortality for 
same fire intensity 

Generally restores 
historic structure 

Less economical; may keep trees at risk of 
insect attack 

 
Table 14. Principles of fire resistance (from Agee and Skinner, 2005) 
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These principles can be linked with specific silvicultural treatments (Table 15). Prescribed burning 

is one of the most common and effective fuel management techniques for fire hazard reduction. It 

is generally carried out to reduce the load of surface fuels (upper litter, fine dead wood, grasses 

and low shrubs). However, it may also increase the distance between the base of the tree canopy 

and understory fuels (McIver et al., 2013) by scorching lower branches of trees, consuming ladder 

fuels (e.g., epiphytic vegetation), and by thinning elevated shrubs and young trees. 

Mechanical fuel removal is another treatment that can be used to reduce fuels. Shrubs and small 

standing trees can be processed using masticators, which grind trees and shrubs and disperse the 

resulting small material on the ground. This treatment do not remove the fuel (as prescribed burn) 

but redistributes ‘‘ladder’’ fuel to the forest floor in order to reduce vertical fuel continuity, crown 

fire potential, and fireline intensity (Corona et al., 2015). 

Principle Treatment 

Reduce surface fuels 
Prescribed burn 

Mechanical understory removal 

Increase height to live crown 

Prescribed burn 

Pruning 

Thinning 

Decrease crown density Thinning 

Keep big trees of resistant species Thinning 

 
Table 15. Principles of fire resistance and linked silvicultural treatment 

Pruning is the removal of dead or live tree branches, usually carried out with manual (hacksaw, 

loppers, etc.) or motor-manual systems (chainsaw) on branches with < 10 cm diameter up to a high 

of about 2-2.5 m. Pruning is a labour-intensive and very expensive operation, especially when it is 

not associated with thinning (Corona et al., 2015). 

The effect of thinning on fuel characteristic and fire hazard depends on its type and intensity. 

Thinning type affects vertical fuel continuity and crown fire potential. It includes low (thinning from 

below), crown (thinning from above) and selective thinning (Agee and Skinner, 2005; Corona et al., 

2015) The effects of thinning on canopy characteristics, and then on fire behaviour are shown in 

Table 16. 
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Method 
Effect on canopy characteristics 

Canopy base height Canopy bulk density 

Low thinning Increase No effect/Decrease 

Crown thinning No effect Decrease 

Selection thinning No effect Decrease 

Table 16. Effect of thinning method on canopy characteristics (from Agee and Skinner, 2005) 

Fuel treatment beside forest road may be in the form of traditional firebreak or shaded fuelbreak 

(Figure 42 and Figure 43)  (Bennett et al., 2010). In the shaded fuelbreak the fuel management 

practices described above are applied, while in traditional firebreak all vegetation and organic 

matter is removed down to mineral soil. Both solution may be effective for fire prevention but they 

also present some constrains (Table 17), therefore the type of treatment to be applied and where 

should be determined on the basis of the local conditions. 

  

Figure 42. Fuel treatment beside forest road: a) firebreak-like; b) shaded fuelbreak (E. Tesi) 

 Firebreak Shaded fuelbreak 

Pros - Deprives the fire of fuel and reduces 
radiant and convective heat transfer. 

- Aesthetically pleasing. 
- Less costly to construct on per area basis. 
- Sale of merchantable trees can offset 

costs. 
- Tree health and vigour are improved. 

Cons - Expensive to construct and maintain on a 
per area basis. 

- Significant potential for erosion when 
built on medium to steep slopes 

- Invasive weeds may establish unless non- 
combustible mulch or herbicide is used. 

- Aesthetically, they look unnatural. 

- Fires can burn through the treated belt, 
although at reduced intensity and rate of 
spread. 

- Effective shaded fuelbreaks need to be 
much wider than firebreaks. 

Table 17. Pros and cons firebreak and shaded fuelbreak (from Bennett et al., 2010, modified) 



 

 

 

 

 

FORCIP+ ECHO/SUB/2015/718661/PREP20 – D 3.1 

 

88 
 

 
Xanthopoulos et al. (2006a) suggested a width of at least 40 m for firebreaks and a width of 30 m 

on each side of forest road for fuelbreaks. Bennett et al. (2010), because fire spread and intensity 

increase as slope increases suggested to enlarge the fuelbreak width in relation with the slope 

steepness (Table 18). 

a)

 

b)
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c)

 

Figure 43. Shaded fuelbreak beside forest road. a) view from above; b) on flat terrain; c) on slope. 

 

Slope Uphill distance Downhill distance Total width 

(%) (m) (m) (m) 

0 30 30 60 

10 27 35 62 

20 24 40 64 

30 21 45 67 

40 18 50 68 

50 15 55 70 

60 12 60 72 

Table 18. Minimum fuelbreak distance uphill and below road depending on percent slope (from Bennett et al., 2010, 
modified) 

 
At present, the application of fuel management practice beside forest road has a different 

application in the Mediterranean European countries.  

In Greece, according to a Ministerial Decree of 1999 (Republic of Greece, 1999), vegetation removal 

along the roads is included in activities to prevent forest fires. This activity is characterized in 

general as basic maintenance works of forest road network. These activities include, primarily, 

vegetation removal in planted islets, roadsides or parking spaces along the road, aiming to prevent 

accidental fires, notably from negligence, accidents, etc. These maintenance activities have a 
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substantial effect over forest areas that have been designated vulnerable to hazardous fires 

(Republic of Greece, 1980) (Figure 44). 

Figure 44. Forest areas designated as particular fire prone over Greece (Republic of Greece, 1980) 

Also, as mentioned in previous paragraphs, the responsibility for preparing and publishing 

directives and technical specifications of interventions related to fire protection is assigned to the 

Directorate-General for Development and Protection of Forests and Agri-environment of the 

Ministry of Productive Reconstruction, Environment and Energy. 

Therefore, at the beginning of each fire season, the Directorates of Forest Inspection and 

Coordination belonging to the Decentralized Administrations of the Greek Regions, considering in 

situ reports of the Regional Fire Departments in accordance with existing legislation (ΚΥΑ 

12030Φ.109.1/1999), availability of funds, ongoing maintenance works etc., decides on the 

priorities for interventions and maintenance on the forest road networks of each 

Region/Prefecture. In addition, the control and the proper operation of fire hydrants within forest 

areas is done with the responsibility of Regional Fire Services, as defined in PD 210/1992 (Republic 

of Greece, 1992). Xanthopoulos et al. (2006) analysed the forest fuel management in Europe and 

summarized the current fuel management practices in southern Europe, reported in the following 

Error! Reference source not found.).  
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Country Firebreak fuelbreak Manual 

clearance 

around 

roads 

Mechanical 

clearance 

around 

roads 

Prescribed 

burning 

for fuel 

reduction 

Silvicultural 

treatment 

Clearance 

under 

power 

lines 

France R R R R I I R 

Greece R I R I N E R 

Italy I R R R N-E R-I R 

Portugal R I I R E I R 

Spain R R R R I I R 

Where:   
R :  Regular operation 
I :  Applied but not on a regular basis 
E :  Applied in small scale or experimentally 
N : Not applied 

Table 19. Summary of current fuel management practices in southern Europe (from Xanthopoulos et al., 2006; 
modified)  
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Glossary 

Technical terminology on forest fires and forest roads is reported below. The majority of terms are 

from the European Glossary developed under the INTERREG IVC Project “EUFOFINET” (Stacey, 

2012) and from the “Forest Road Manual Guidelines for the design, construction and management 

of forest roads” (Ryan et al., 2004). 

 Access: a point of entry, exit and/or route to an incident location; 

 Accident: an unexpected and undesirable event that causes injury or illness to a person or 

persons and/or damage to property or the environment; 

 Aggregate: a general term for mineral particles which through the agency of a suitable binder 

can be formed into a solid mass; 

 All terrain vehicle (ATV): any motorised vehicle designed to travel on four low pressure tires 

on unpaved surfaces, having a seat designed to be straddled by the operator and handlebars 

for steering control; 

 Aspect: the side or surface facing a given direction; 

 Available fuel: the proportion of the total fuel that would burn under specified burning and 

fuel conditions; 

 Base: surfacing material in the pavement in unbound roads; 

 Baseline: the initial line of fire ignited along a control line to contain and control subsequent 

burn operations; 

 Breakout: the escape of a fire from an area of containment; 

 Burn severity: a qualitative assessment of the level of heat generated by a fire/burn and the 

resulting impact on a fuel; 

 Burning conditions: the state of the combined components of the fire environment that 

influence fire behaviour within available fuels. Burning conditions are usually specified 

according to the factors of aspect, weather, slope/topography, and fuel type and load; 

 Carriageway: that portion of the road devoted particularly to the use of vehicles, inclusive of 

shoulders and auxiliary lanes; 

 Chain of command: the line of authority and responsibility along which operational orders 

are passed. Also commonly referred to as “line of command; 
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 Condition of vegetation: stage of growth or degree of flammability of vegetation that forms 

part of a fuel complex. This will be dependent upon time of year, amount of curing and 

weather conditions; 

 Controlled fire: a fire with a secure perimeter, where no breakouts are anticipated; 

 Critical point: this is a point in time or space when/where there will be a significant influence 

on fire spread, rate of spread and/or fire intensity; 

 Cross section: the profile of the ground more or less at right angles to a traverse or main 

directional line; 

 Culvert: one or more adjacent pipes or enclosed channels for conveying a watercourse or 

stream below formation level; 

 Drainage: the provision of channels to remove excess water or to lower the water table to a 

level below the road and to prevent the ingress of water in the future; 

 Earthworks: all operations involved in loosening, removing and depositing or compacting 

earth, soil, or rock: or the material when so placed. 

 Embankment: a raised mass of soil or rock used to carry a road over low areas; 

 Escape route: a pre-planned route to be taken in the event of unforeseen hazardous 

circumstances (for instance, an unexpected change in fire behaviour). An escape route is an 

important part of an escape plan; 

 Estimated time of arrival (ETA): The predicted time that a resource will reach a specified 

destination; 

 Extinction: the ceasing of the combustion process, either naturally or as a result of 

suppression activities; 

 Fine fuels: Fast-drying dead fuels which are less than 6mm in diameter. Fine fuels ignite 

readily and are rapidly consumed by fire when dry. Examples of fine fuels include: grass, 

leaves, ferns, mosses, pine needles and small twigs. When dried, fine fuels are referred to as 

flash fuels. 

 Fire: is the product of the chemical reaction of combustion. The three factors of fuel, oxygen 

and heat must all be present in the correct proportions for combustion to occur. When the 

combustion process is initiated, heat and light are emitted and a fire occurs. 
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 Fire activity: description of a fire based on an assessment of visible evidence, including the 

speed of the fire, flame length, flame height, fire severity, and fire behaviour; 

 Fire edge: any section of the fire perimeter; 

 Fire effects: the physical, biological, and ecological impacts of fire on the environment; 

 Fire hazard: any situation, process, material or condition that can cause a wildfire or that can 

provide a ready fuel supply to augment the spread or intensity of a wildfire, all of which pose 

a threat to life, property or the environment; 

 Fire intensity: the rate at which a fire releases energy in the form of heat at a given location 

and at a specific point in time, expressed as kilowatts per metre (kW/m) or kilojoules per 

meter per second (kJ/m/s); 

 Fire perimeter: the entire outer boundary of a fire; 

 Fire risk: the probability of a wildfire occurring and its potential impact on a particular 

location at a particular time. Wildfire risk is calculated using the following equation: Fire risk 

= probability of occurrence x potential impact; 

 Firebreak: an area on the landscape where there is a discontinuity in fuel which will reduce 

the likelihood of combustion or reduce the likely rate of fire spread; 

 Firefighter: any competent person deployed at a wildfire incident to undertake assignments 

that contribute to fire suppression operations; 

 First attack: suppression work completed by first responders arriving at a wildfire incident. 

The intention of any initial attack will always be to quickly gain control of a fire. If an initial 

attack is unsuccessful then a prolonged attack strategy might be required; 

 Foam: A mass of bubbles formed by mixing specific proportions of air with water and a foam 

concentrate. It can be applied to smother and cool parts of a fire and/or to prevent ignition 

within a fuel; 

 Fuel: any material that can support combustion within a wildfire environment. Fuel is usually 

measured in tonnes per hectare; 

 Fuel continuity: the extent to which fuel arrangement will support fire spread; 
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 Fuel load: the amount of fuel present within a particular area. Fuel load is measured in weight 

per area measured (usually in kilograms per square metre). Fuel loading is expressed in 

relative terms as either “heavy fuel loading” or “light fuel loading” 

 Fuel management: the process of managing fuel or fuel arrangement. The aim of fuel 

management is usually to create a discontinuity in fuels to achieve fragmentation. 

 Fuel treatment: the deliberate manipulation or removal of fuels using one or more of a 

variety of different means to: i) reduce the likelihood of ignition, and/or ii) reduce potential 

fire intensity, and/or iii) reduce potential damage, and/or iv) assist suppression activities; 

 Gradeability: the steepest grade a vehicle can climb with a full load; 

 Gradient: the angle or steepness of a slope; 

 Hose: a flexible and collapsible tube used for transporting liquids under pressure; 

 Indirect attack: any suppression methods implemented away from the fire edge; 

 Intersection: the place at which two or more roads cross; 

 Mop up: the act of extinguishing a fire after it has been brought under control. Mop up 

involves carrying out all necessary actions to prevent re-ignition; 

 Nozzle: device attached to the end of a hose that directs, shapes and regulates the flow of 

water and/or fire fighting chemicals; 

 Pavement: constructed layers of a road surface which reduce/disperse loads to levels which 

are within the bearing capacity of the subgrade; 

 Point of ignition: the exact physical location within the area of origin where a wildfire was 

first ignited; 

 Preparedness plan: a pre-determined scheme or programme of activities which is 

formulated in order to satisfactorily prepare an organisation or a geographic area to respond 

effectively to wildfire incidents; 

 Prescribed burn: planned and supervised burn carried out under specified environmental 

conditions to remove fuel from a predetermined area of land and at the time, intensity and 

rate of spread required to meet land management objectives; 

 Ridge: a narrow, pointed crest formed by two opposing slopes; 

http://www.dictionary.com/browse/grade
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 Slope effect: Variations in fire behaviour induced by slope. Slope can both support and hinder 

fire spread and development and the angle of the slope will have an important influence on 

the degree of effect. The following descriptions explain the general slope effect that would 

be expected from a fire spreading upslope and a fire spreading down slope: i) Fires spreading 

upslope –The flames of a fire spreading upslope will be angled towards the unburned fuel 

above it which will pre-heat the fuel in front of the advancing fire. This pre-heating increases 

combustibility and rate of spread for fires travelling upslope; ii) Fires spreading down slope 

- The flames of fires burning down slope will be angled away from the fuel and will, therefore, 

lead to less preheating of the fuel in front of the fire. Consequently, the effect of slope on a 

fire burning down slope is a reduction in combustibility and rate of spread; 

 Supply area: the location where the primary logistics functions and supplies required for a 

wildfire incident are temporarily stored, coordinated and administered; 

 Suppression: all work involved in controlling and extinguishing a wildfire; 

 Tactics: the deployment of resources at a wildfire incident to achieve the aims of a fire 

suppression plan. 


