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In recent decades, the risk of Wildland-Urban Interface (WUI) fires has increased
due to urban growth, particularly in regions with a Mediterranean climate. The
identification of the WUI is crucial for formulating fire prevention and
management measures. However, there is no unified methodology for
defining the WUI and it is not clear if proposals that emerge from scientific
research are implemented by fire management agencies. Our objectives were to
identify, describe, and compare the methods and criteria used by land and fire
management agencies to define theWUI in Mediterranean-climate countries. We
conducted a review of laws and fire prevention and management plans and
protocols on the official websites of administrative bodies and agencies of the
USA, Spain, Portugal, France, Italy, Greece, South Africa, Australia, Chile, and
Argentina. Each document was read and analyzed and we conducted searches
for the terminology used to name theWUI, the methodology and criteria used for
defining the WUI, the fire prevention and management actions implemented in
the WUI, the level of territorial organization and the responsible agencies for
implementing the actions, and the presence of a methodology and a map at
national scale. We found no consensus on the terminology for the WUI, the most
common terms used being: wildland-urban interface, urban-rural interface, and
urban-forest interface. With the exception of the USA and Portugal, there is no
unified methodology at the national scale. We identified three general methods
for defining the WUI: considering buffer distance for urban and vegetation areas
(USA, Italy, Chile, South Africa), employing networks of strips (Spain, Portugal), and
delineating risk-prone zones (Australia, France). All countries undertake fire
prevention actions (e.g., fuel reduction and firebreak creation) often
implemented at the municipal level. There is almost no interaction between
academia and fire management agencies. Our review addresses the gap in the
methods to define the WUI effectively implemented by fire management
agencies. We highlight the need to implement actions aimed at enhancing the
interaction between fire scientists and fire managers, which is essential for
formulating and implementing effective strategies for fire prevention and
optimizing resources.
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Introduction

The U.S. Fire Administration (2023) defines the Wildland-
Urban Interface (WUI) as the zone of transition between
unoccupied land and human development. It is the line, area or
zone where structures and other human development meet or
intermingle with undeveloped wildland or vegetative fuels. The
WUI includes the edges of cities, areas where houses and
structures intermix with vegetation, and green islands within
urban zones. In fire-prone ecosystems, particularly in regions
worldwide with a Mediterranean climate, the most significant
and severe fires occur in the WUI, resulting in enormous socio-
economic impacts (Stephens et al., 2014; Filkov et al., 2020).

Wildland-urban interface fires are exacerbated by urban
expansion near or within areas of abundant vegetation and by
climate change, especially global warming (Molina-Terrén et al.,
2019; Ganteaume et al., 2021). Despite covering only 4.7% of the
land surface, the WUI is inhabited by 3.5 billion people (nearly half
of the world’s population), and the global trend is toward the
expansion of cities or suburbs into wildlands (Schug et al., 2023).
For instance, in the USA, urbanization in WUI areas expanded by
41% between 1990 and 2010 (Radeloff et al., 2018). Urban growth
increases the likelihood of fire occurrence because the vast majority
of ignitions are human-caused (Balch et al., 2017; Pausas and
Keeley, 2021).

In the Mediterranean basin, the abandonment of rural activities
in forested areas, coupled with inefficient fuel management
programs, has resulted in fuel accumulation and an escalating
fire hazard (Keeley et al., 2012). Changes in land use amplify the
amount and continuity of vegetation, thereby increasing the
landscape´s flammability (Pausas et al., 2017). In addition to fuel
accumulation, climate change trends indicate rising temperatures
and longer, more intense periods of drought, creating conditions
conducive to extreme forest fires (Flannigan et al., 2009).
Consequently, the WUI population is potentially even more
exposed to large wildland fires.

Large areas within regions characterized by a Mediterranean-
type climate face a high fire risk annually (Keeley et al., 2012). The
Mediterranean areas exhibit notable population density and growth,
attracting people globally due to the favorable climate featuring wet
winters and dry summers (Keeley et al., 2012). As an example, the
population of California surged to 11.2 million by 2010, making it
the U.S. state with the highest number of houses and population in
the WUI (Martinuzzi et al., 2015). This growth in the WUI has
enhanced the risk of fire ignitions, while simultaneously making
these areas more susceptible.

Catastrophic fires have devastated Mediterranean regions,
exemplified by events such as the summer of 2020/21 fire season
in central-western Chubut (Argentina) that caused three fatalities
and hundreds of damaged houses (Godoy et al., 2022). Similarly,
during the 2016/17 season in Central Chile, a multitude of individual
fires, collectively termed “the firestorm”, burned over 500,000 ha,
destroyed several rural villages, and caused 11 fatalities (Bowman
et al., 2019). In Greece and Portugal during the 2017/18 season,
wildfires burned 501,250 ha, ending 222 lives and destroying
3000 houses (Turco et al., 2019; Rovithakis et al., 2022). The
2009 Victorian bushfires in Australia (Black Saturday) claimed
173 lives (Teague et al., 2009), and in 2018, the “Camp Fire” in

California burned over 62,000 ha, resulting in 85 fatalities and the
destruction of more than 18,800 buildings (voanews, 2023). Across
the European Union, an annual average of 72,500 fires burned
approximately 450,000 ha from 1990 to 2019, with Mediterranean
countries (Portugal, Spain, France, Italy, and Greece) accounting for
86% of the burned area (European Commission, Joint Research
Centre, 2021). Consequently, the global impact of wildfires involves
millions of hectares burnt, numerous fatalities, and billions in
economic losses (San-Miguel-Ayanz et al., 2018). Predictions
indicate a dramatic increase in population density in
Mediterranean regions, leading to an expected rise in ignitions
and heightened vulnerability of the WUI to wildfires.

The growing problem of WUI fires highlights the need to
develop methodologies for defining and mapping them.
Numerous methodologies from academic field have emerged,
considering different criteria to define the WUI using land cover
maps, remote sensing data, satellite images, GIS tools, and
population census data, primarily in the USA (Radeloff et al.,
2005; 2018; 2023; Bar Massada et al., 2013) in Spain (Caballero,
2008; Alcasena et al., 2018), in France (Lampin-Maillet et al., 2010),
Italy (Sirca et al., 2017), Greece (Mitsopoulos et al., 2020;
Bachantourian et al., 2023), Portugal (Andrada et al., 2023;
Nunes et al., 2023), Chile (Miranda et al., 2020; Sarricolea et al.,
2020), and Argentina (Argañaraz et al., 2017; Godoy et al., 2019;
Sanucci et al., 2022). For example, in the USA, two criteria are used
to define the WUI: the density of homes and vegetation cover,
resulting in three interface types (Radeloff et al., 2005), whereas, in
France, Lampin-Maillet et al. (2010) propose the combination of a
metric aggregation of vegetation (three classes) and density of homes
(four classes) resulting in 12 interface types. The identification and
definition of the WUI can support an effective fire management
policy, thereby reducing economic costs and risk (Modugno et al.,
2016). However, it is not clear if most of these methodologies are
being applied by fire managers.

The formulation of policies to define the WUI is crucial for
developing strategies to prevent and mitigate fire risks in these areas.
In this context, the European Commission has funded several
projects on a regional and global scale addressing wildfire issues,
including WARM (Wildland-Urban Area Fire Risk Management
2001–2004), FUME (Future Migration Scenarios for Europe
2010–1013), and Fire Paradox 2006–2010 (CORDIS Europe,
2023). The WARM project, for instance, developed
methodologies and mapping based on geophysical, socio-
economic, land use, and fuel components present in the WUI,
offering valuable insights for the formulation of management
plans (CORDIS Europe, 2001). Within this project framework,
various proposals were published. For Spain, Caballero et al.
(2007), compiled a catalog of typical interface situations, while
Marzano et al. (2014) conducted a biogeophysical spatial analysis
for Northwestern Italy. Despite significant investments in
addressing the problems around wildfires, it remains unclear
whether the proposals have been incorporated into the fire
prevention plans of Mediterranean countries.

The main objective of this review was to identify, describe, and
compare the methods and criteria employed by land and fire
management agencies to define the WUI in Mediterranean-
climate countries. In particular, we investigated the terminology
used, the fire prevention and management actions implemented in
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the WUI, and those responsible for their implementation. We made
an extensive search of laws and fire management plans on the official
websites of responsible agencies in each country. To our knowledge,
no such assessment currently exists, and the outputs will be useful to
generate concrete proposals. We believe that standardizing criteria is
essential, not only for WUI mapping but also for formulating
effective strategies and implementing policies to prevent fires in
areas inhabited by people.

Data search

We focused our objective on regions with a Mediterranean-type
climate (MTC) as classified by the Köppen-Geiger climate
classification (Peel et al., 2007) and described by Keeley et al.
(2012) as fire-prone areas (Figure 1). MTC regions exhibit
marked climatic seasonality, characterized by cold, wet winters
(60% of the precipitation falls in autumn-winter) and dry
summers (Joffre and Rambal, 2002; Keeley et al., 2012). The
abundant precipitation during the rainy season promotes the
accumulation of biomass, which is dried out in the summer,
becoming a flammable fuel that renders these regions highly fire-
prone (Keeley et al., 2012). Global climate models forecast that the
Mediterranean regions will become significantly drier in the next
decades (Seager et al., 2019; Atlas CMCC, 2023), increasing the risk
of large wildfires that could threaten urbanized zones.

The vegetation is primarily represented by sclerophyllous
shrublands, and, to a lesser extent, by grasslands, xerophytic
woodlands, and pine forestations (Keeley et al., 2012).
Mediterranean regions are considered hotspots of high
biodiversity and are rich in endemic species. The Mediterranean
basin, for example, is the second-largest biodiversity hotspot in the

world (Myers et al., 2000). Mediterranean regions are considered
attractive by people due to the mild climate (Keeley et al., 2012).
Therefore, urban pressure, combined with Mediterranean climate
characteristics, increases the risk of fire.

We selected ten countries with MTC areas where frequent fires
occur in interface areas: Spain, France, Portugal, Italy, Greece (all
part of the Mediterranean Basin), the USA, Australia, Chile, South
Africa, and Argentina (Keeley et al., 2012) (Figure 1). In Argentina,
the MTC extends over a semi-arid zone at approximately the same
latitudes as the Mediterranean climate zone in central Chile but is
separated by the Andes chain (Peel et al., 2007). This is a significant
surface area where severe interface fires occur (de Torres Curth et al.,
2012; Ghermandi et al., 2016; Godoy et al., 2022), likely more
extended than that of Central Chile (Figure 1). We were able to
analyze documents in English, Spanish, French, and Italian. As a
result, we excluded some Mediterranean countries.

For each country, we conducted an exhaustive search for
definitions of WUI areas, as well as fire prevention and
management, among laws, regulations, and official plans,
projects, and programs on the webpages of administrative bodies
(e.g., Ministries) and agencies (e.g., Defense and Civil Protection,
Forestry, and Fire Services) at different levels of the territorial
organization within each country. The structure of the territorial
organization and administrative bodies varied for each country,
although, in general, it consists of three levels (Region; Province or
Department; Commune or Municipality). The documents were not
always available or accessible, thus we had to consult the agency
managers via email (Spain, Italy, Greece, Australia, Portugal, and
South Africa) and organize virtual meetings (Portugal). Some of
these managers did not reply within a reasonable time (2 weeks), as
was the case with Australia and Greece. In such instances, we
analyzed the web documents in the best possible manner.

FIGURE 1
Regions with Mediterranean climate based on Köppen-Greiger classification. Yellow =Warm, Green = Temperate (Peel et al., 2007 andmodified by
Ali Zifan).
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We read and analyzed each document searching for the
following items: identification and definition of the WUI areas;
the equivalent of WUI areas, when they are not explicitly named;
nomenclature and typology; methodology for defining the WUI or
its equivalent; justification for the buffer distance used when
included in the methodology; fire prevention and management
actions implemented in the WUI or its equivalent; levels of
territorial organization and the agencies responsible for
implementing actions; and the presence of a methodology and a
map at national scale. The methodologies were described and then
compared among countries.

WUI terminology

We found a lack of consensus regarding the nomenclature for
WUI areas, named in various ways depending on the country. The
USA, South Africa, and Greece used the term “wildland-urban
interface”; Italy and Chile “urban-rural interface”; Spain,

Argentina, and France refer to it as “urban-forest interface”,
while Portugal uses the term “interface areas or zones”. The term
rural is used in countries with a large history of dense human
occupancy, like Europe, where the agricultural use of soil is very
ancient. Australia employs the term “asset protection zones” which
are associated with different risk zones, similar to France, where
interface areas are color-coded based on fire risk levels (Table 1). A
recent review based on scientific literature revealed the use of other
terminology such as rural-forest interface, road-forest interface, and
wildland-human interface, this being the least prevalent (Taccaliti
et al., 2023). To simplify, we will henceforth use the term “wildland-
urban interface”.

Methods and criteria to define the WUI

We have identified at least three general methods for defining
WUI: considering buffer distance for urban and vegetation areas
(USA, Italy, Chile, South Africa), employing networks of strips

TABLE 1 Types of interface areas,methods to define them, buffer distance from the natural/rural area justification, actions undertaken in theWUI, and levels
of territory organization (in bold, the responsible level of the actions) of Mediterranean countries (except Argentina and Greece). We analyzed the case of
New South Wales (NSW) and Galicia as examples for Australia and Spain, respectively.

Country Types of interface
areas

Methods to
define WUI

Buffer distance
justification

Actions Territory
organization

Australia Asset protection zones
(equivalent to interface
areas)

Mapping at local scale of four
asset protection zone with
detailed description of different
categories of assets

_ Fuel management State and Federal
Territories, Local
Government Areas

Chile Urban-rural interface Implementation of a buffer
zone of 10–20 m around urban
areas

Level of vulnerability of urban
areas

Fuel management
Firebreak of 30–80 m
depending on the
vegetation height

Region, Province,
Municipality

France Risk-prone zones
(equivalent to interface
areas)

Mapping of four risk-prone
zones depending on vegetation,
topography, and urbanization

_ Fuel management
Measures of development,
use, or operation of
buildings, structures, and
cultivated areas

Region, Department
Municipality

Italy Three types of urban-rural
interface: classic, mix, and
occlusive

Mapping of strip of 25–50 m
wide around settlements or
200 m wide in steep terrain

Depending on physical
characteristics of the territory,
and settlement characteristics

Fuel management Region, Province,
Municipality

Portugal Secondary networks that
are strips of land
(equivalent to interface
areas)

Mapping of secondary
networks 100 m wide around
urban zones

_ Fuel management
Firebreak constructions

District, Municipality,
parish

South Africa Wildland-urban interface Two buffer zones of 1 km wide
each, named inside and outside
strips, around urban zones

Related to the distance that a
firebrand can travel through
the air (1 km)

Fuel management Province/District/
Municipality

Spain Secondary networks that
are strips of land
(equivalent to interface
areas)

Strip lands of 50 m wide
around urban zones and 400 m
from forests

_ Fuel management Autonomous community,
Province, Municipality

USA Three types of wildland-
urban interface: classical,
intermix, and occlusive

Interface: Areas
with ≥6.18 houses per km2

and <50 percent cover of
vegetation located <2.4 km of
an area ≥5 km2 in size that is ≥
75 percent vegetated Intermix:
Areas with ≥6.18 houses per
km2 and ≥50% cover of
wildland vegetation

Related to the distance that a
firebrand can travel through
the air (2.4 km)

Fuel management State, Country,
Municipality
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(Spain, Portugal), and delineating risk-prone zones (Australia,
France). For Argentina, we were unable to find a methodology to
define WUI areas. Similarly, in the case of Greece, we did not find
information available on websites; thus, we based our research on
scientific publications. Although we did not find a unique
methodology to define the WUI areas, all methodologies
incorporated at least two components: people and assets
(i.e., houses, infrastructures, and/or industries) to protect, and
vegetation near assets that increases fire risk. The lack of
consensus on a unique methodology to define the WUI areas is
related to, first, the concept of WUI and the terminology associated
with interface fires remain unclear and are not universally adopted
across countries (Modugno et al., 2016). Second, national policies
for security management, prevention, and fire management in WUI
areas are highly intricate, with complex enforcement mechanisms at
all levels of a state, from national to municipal (Pastor et al., 2020).
This complexity is further compounded in attempts to map theWUI
on a large scale, as seen in Europe, due to legal heterogeneity, diverse
WUI definitions, and administrative variations (Galiana et al., 2012;
Modugno et al., 2016).

In the USA, three types of WUI areas are recognized: interface,
intermix, and occluded areas (Federal Register, 1995; Table 1). The
interface is defined as areas with ≥6.18 houses per km2 and <50%
vegetation cover, situated at a buffer distance of <2.4 km from an
area ≥5 km2 in size that is ≥ 75% vegetated. Intermix refers to areas
with ≥6.18 houses per km2 and ≥50% cover of wildland vegetation
(Martinuzzi et al., 2015) (Table 1). This approach documented in the
Federal Register of the US (2001) ensures consistency in
methodology application across the country. In fact, the USA is
the only country with an official methodology for defining and
mapping WUI areas at a national scale since 2010 (Martinuzzi et al.,
2015; Radeloff et al., 2023; USDA, 2023). The USA was a pioneer in
recognizing the problem of WUI fires, as well as in the description
and application of the WUI concept (Butler, 1976). WUI protection
and management were crucial for the Federal government due to the
adjacency of federal lands to state lands and developed private lands
(Federal Wildland Fire Management, 1995).

Italy, similar to the USA, categorizes WUI areas into three types:
interface, mix, and occluded, without considering house density and
vegetation cover percentage. The classic interface occurs when
urbanization and vegetation are closely situated, the mixed
interface involves isolated houses and infrastructures scattered in
areas with abundant vegetation, and the occluded interface consists
of vegetated areas surrounded by urban structures (Department of
Civil Protection, 2007). The interface area is defined as a 25–50 m
wide strip around urbanized areas, expanding to 200 m wide in steep
terrains, which constitutes 75% of the country (Department of Civil
Protection, 2007) (Table 1).

In Chile, theWUI is the transition zone where a forest plantation
comes into contact with built-up, inhabited, and urban areas. WUI
areas take into account a strip free of forest, and the width of this
strip depends on the vulnerability of the urbanized area. The
minimum width is 10 m for low, 15 m for medium, and 20 m for
high vulnerability (CONAF, 2017) (Table 1).

In South Africa, the Green Book, a result of interdisciplinary
research by the Council for Scientific and Industrial Research (CSIR)
and municipal partners (CSIR, 2019), defined WUI. These areas
consist of two 1 km-wide buffer zones: an interior one covering

urbanized areas and an exterior one beyond, totaling 2 km in width.
The 1 km wide buffer is justified by the potential travel distance of
firebrands on the wind. The exterior buffer is utilized to analyze land
cover classes for estimating the fuel load and fire hazard, while the
interior buffer is employed to assess settlement
vulnerability (Table 1).

In Spain and Portugal, three types of stripland networks exist:
primary, secondary, and tertiary. In Spain, primary networks
safeguard linear infrastructures such as highways, roads, railways,
power lines, and gas pipelines. Secondary networks, analogous to
interface areas, protect population centers, built-up areas, parks, and
industrial estates. The 50 m wide strip of secondary networks
surrounds built-up areas and infrastructure located within 400 m
of the forest. The tertiary networks, situated in forested areas and
those influenced by forests, are connected to public-use
infrastructures for public use and those related to forest fire
prevention, such as firebreaks (Table 1). In Portugal, secondary
networks also safeguard communication infrastructures (e.g., routes,
railway networks) and service infrastructures (e.g., power lines, gas
pipelines) (AGIF, 2023). The strip around building areas is 100 m
wide (Table 1).

Australia and France delineate risk zones for protection
employing a detailed methodology to delineate these areas,
integrating and weighing various factors outlined in their fire
prevention and management plans (NSW Rural Fire Service,
2020; Préfet des Bouches-du-Rhöne, 2023). This categorization
into risk areas facilitates prioritization and optimal fund and
resource management. In Australia, like the USA, authorities
identified the problem of WUI fires many years ago (Bento-
Goncalves and Vieira, 2020), though a unified national-scale
methodology was yet not developed. Because of this, we
examined the plan of the New South Wales State (NSW) as an
example. Despite NSW not being situated in a Mediterranean
climate region, we chose this state because, along with Victoria
and South Australia, it experienced a catastrophic mega-fire during
the Black summer fires of 2020 (Filkov et al., 2020). In the Bush Fire
Risk Management Plan (BFRMP), community asset risk and
vulnerability were assessed to define “asset protection zones.” The
term “bushfires” refers to wildfires in Australia. First, assets at risk
are identified and include human settlements (residential areas,
schools, hospitals, commercial and industrial zones), economic
assets (agriculture, industries, pipelines, tourism, recreation
areas), environmental assets (species, ecosystems sensitive to fire,
Ramsar wetlands), and cultural assets (Aboriginal significance, non-
indigenous heritage). Second, the level of bushfire risk and
consequence ratings are identified. Different assessment processes
determine the consequence and likelihood ratings for each asset
type. For instance, for human settlement assets, a fire behavior
model considers vegetation type, slope, and separation distance to
establish threat and vulnerability ratings. Overall risk evaluation
considers the appropriateness of assigned risk levels, identifies assets
needing treatment, and prioritizes treatments. Finally, Bush Fire
Management Zones, including asset protection zones, strategic fire
advantage zones, land management zones, and fire exclusion zones,
are mapped for fire risk reduction, with the “asset protection zone”
covering human settlement assets (NSW Rural Fire Service, 2020).

In France, the Fire Risk Prevention Plan (PPRIF) incorporates a
regulatory municipal map based on three factors: fire hazard (linked
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to vegetation and topography), assets (including built areas,
communication infrastructure, and cultural values), and
defensibility (availability of firefighting equipment). Each zone is
assigned a color code (red or blue, with varying intensities): red
zones denote very high risk, prioritizing the safety of buildings and
human activities, with new constructions prohibited. In intense blue
zones, B1 (moderate to high risk), defensibility is assured, and urban
development is contingent on population density and the provision
of protective facilities. In intermediate blue zones, B2 (moderate
risk), defensibility can be enhanced, and urban development is
subject to both individual and collective preventive measures. In
light blue zones, B3 (low to very low risk), the focus is on reducing
building vulnerability and improving defensibility (Préfet des
Bouches-du-Rhöne, 2023) (Table 1). The Forest Code also
mandates that in interface areas, property owners must remove
the vegetation at 50 m around buildings located within 200 m of
the forest.

One of the less defined parameters for the WUI is the buffer
zone, representing the distance between the urban settlements and
vegetation (Radeloff et al., 2005). This distance varies significantly
among countries, relying on factors such as the travel distance of
firebrands by wind from wildfires in the USA (2.4 km, California
Fire Alliance, 2001) and South Africa (1 km, Blanchi et al., 2006;
Alexandre et al., 2016), the level of urban area vulnerability in Chile
(0.01–0.02 km, CONAF, 2017), and the physical characteristics of
the territory and settlements in Italy (0.025–0.050 km–0.200 km,
Department of Civil Protection, 2007). The transport of firebrands
by the fire plume and the wind stands out as a primary cause of spot
fires. The distance that a firebrand can travel depends on several
factors, including the burning vegetation type and height, wind
speed, and ember size. The characteristics of the combustion of the
firebrand add complexity to calculating their transport (Manzello
et al., 2020). This complexity needs a thorough study for the
development of predictive models. The absence of quantitative
evidence may result in a skewed perception of risks in the WUI,
leading to suboptimal resource allocation across different
jurisdictional levels (Song et al., 2017).

Agencies responsible for fire
prevention and management plans

Generally, actions were proposed by the first or second level of
the territorial organization, such as regions, provinces, or
autonomous communities, depending on the country. The
enforcement authority usually lay at the third level, such as
municipalities (Table 1). In the USA, the Federal Land
Management Agencies (including Forestry Service, Bureau of
Land Management, U.S. Fish and Wildlife Service, and National
Park Services) along with the states, tribes, and local governments
collaborate on formulating prevention plans. Meanwhile, in Italy,
many regions refer to the operational manual of the Department of
Civil Protection (2007) to develop prevention plans in compliance
with Forest Fires Law 353/2000 (Normativa, 2023). In Chile, the
National Forestry Corporation (CONAF) oversees fire prevention
and firefighting planning in interface zones (CONAF, 2017),
collaborating with other ministries such as the Ministry of Public
Works and the Ministry of Economy. Municipalities develop fire

protection plans, considering factors such as risk, hazard, and
potential damage. In Spain, the Law of Montes 43/
2003 authorizes each autonomous community to implement
protective measures for urban centers and infrastructures that
mitigate the risk of fires. Taking the example of the autonomous
community of Galicia, which faces recurring severe fires (Galiana
Martín, 2012), The Xunta of Galicia is tasked with formulating the
PLADIGA, the Plan of Prevention and Defense against Forest fires
in Galicia (Law 3/2007; BOE, 2007; Xunta de Galicia, 2023). In
Portugal, the functions of the Integrated Rural Fire Management
System, responsible for the planning and implementing measures
for the prevention, control, and management of fires, are outlined in
Decree Law 13 October 82/2021 (Diário da República, 2021). In
Australia, the Rural Fires Act 1997 N° 65 (NSW Legislation, 1997)
authorizes the establishment of a Bush FireManagement Committee
(BFMC) for regions prone to bushfire risk in each state. The BFMC
is required to develop a Bush Fire Risk Management Plan (BFRMP)
and a Community Plan (NSW Rural Fire Service, 2020). The
Community Plan is designed to minimize the impact of bushfires
on life, property, and the environment.

Fire prevention actions in the WUI

Generally, the actions conducted in WUI areas at the municipal
level involve preventive measures, such as fuel management
(i.e., biomass removal) and the construction of firebreaks
(Table 1). In Chile, the prevention plans prescribe the creation of
firebreak strips 30–80 m inside the forests, depending on the
vulnerability of urban areas. In Italy, hazard, vulnerability, and
risk are also analyzed in these areas, and preventive actions are
implemented by the Civil Protection, the State Forestry Corps, and
the National Fire Brigade as enforcement agencies. In South Africa,
the Fire Protection Associations (FPASs) are entities that implement
fire management and fire risk reduction in the WUI. FPAs form of
partnership between private landowners and government fire
authorities and have legal standing under the National Veld and
Forest Fire Act 101 of 1998 (South African Government, 2023).
“Veldfires” is the term used in South Africa for forest and bushfires.

The case of Greece and Argentina

For Greece, we could find no documents or maps available on
the official website (Civil Protection, 2023). We found academic
papers that have delimited the interface areas, such as Ganatsas et al.
(2022). Following the 2018 Attica forest fire, which resulted in
102 deaths and over 1650 homes being destroyed
(Xanthopoulous and Athanasiou, 2019), the Independent
Commission was established to investigate future forest and rural
fire prospects in Greece. This led to the enactment of a legislative
decree for the establishment of a National Mechanism for Crisis
Management and Risk Management. Consequently, the Ministry of
Climate Crisis and Civil Protection, along with the General
Secretariat for Civil Protection and the Fire Brigade, underwent
reorganization (Zikeloglou et al., 2023).

Mitsoupolous et al. (2020), a member of the Ministry of
Environment and Energy, provided a national-scale map of
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interface areas for authorities involved in landscape fire
management. The methodology used to define the interface areas
follows Modugno et al. (2016), who created WUI maps for the EU
(excluding Greece). Bachantourian et al. (2023), a member of the
Hellenic Forest Service and Ministry of Environment and Energy,
developed small-scale fire simulation models and maps to identify
high-priority areas for fuel management in Kassandra peninsula,
located 60 km from Thessaloniki. This study considered various
variables, including proximity to urban development, and
influenced local forest management. The findings were applied
through the Antinero Forest Preventive Clearing Program
(OECD iLibrary, 2023) funded and implemented by the Ministry
of Environment and Energy in collaboration with the Ministry of
Climate Crisis and Civil Protection. The Antinero Program involves
the removal of fuel accumulated over decades in a total area of
80,000 ha and in more than 100 forest ecosystems, along with the
maintenance and opening of forest roads. Therefore, it serves as a
valuable tool for forest management planning and has the potential
for replication in other regions of Greece.

In Argentina, despite the occurrence of significant fires resulting
in fatalities and considerable economic losses (Godoy et al., 2022),
fire risk and hazard maps (although not WUI maps) have been
developed only recently (IDECOR, 2020; 2022). The National Fire
Management Service (SNMF), under the Ministry of Environment
and Sustainable Development, has created a document focusing on
the prevention of fires in interface areas. The document includes
general prevention measures and assesses the vulnerability of
housing and communities and guidelines for citizens to protect
themselves (Ciampioli et al., 2018). However, it lacks explicit
mentions of definitions for WUI and corresponding
management actions.

In 2017, Law 27 287, established the National System for
Integrated Risk Management and Civil Protection (SINAGIR),
coordinated by the Ministry of Security. SINAGIR aims to
integrate the efforts of national government agencies,
provincial governments, the Buenos Aires government,
municipalities, NGOs, and civil society to enhance actions for
preventing and reducing fire risks. Despite developing the
National Plan for Disaster Risk Reduction 2018–2023, which
promotes federal cooperation and integrated warning networks,
the document does not explicitly address fire prevention
(SINAGIR, 2023). Recently, in April 2023, the National
System of Alert and Monitoring of Emergencies (SINAME)
was established to consolidate different alert systems and serve
as the primary tool for information exchange, observation, and
monitoring of disasters, including fires.

As explained before, a vast area of Patagonia, including the
Río Negro province, experiences a Mediterranean climate. The
legislature of Rio Negro mandates the development of the
Provincial Plan of Risk and Vulnerability Analysis for the
Prevention of Forest Fires. This plan is required to
encompass territorial information, risk and vulnerability
analyses, and maps. The specific contents are to be regulated
by the Forest Fire Prevention and Fighting Service (SPLIF) and
necessitate the adherence of national and municipal
jurisdictions.

Simultaneously, the Andean Forest Service and SPLIF have
initiated management actions to mitigate fire risks in both public

and private areas. In the province of Chubut, following the
declaration of the state of fire disaster on 10/03/2021 by Decree
1253/2021 (Sistemas Chubut, 2021), the Integral Program for
Prevention, Mitigation, Remediation, and Restoration of areas
affected by forest fires was established. The program aims to
reduce vulnerability in urban-forest interface areas through
planning actions, awareness programs, and protection and
prevention initiatives. The Provincial Agricultural Services
Program (PROSAP) of the Ministry of Economy is executing a
project to enhance the Provincial Fire Management Service (SPMF)
in northwest Chubut (2016), with the goal of decreasing forest fire
occurrences and related losses. The proposal includes creating
firebreaks and developing an urban-forest interface risk map,
although the methodology is yet to be defined (PROSAP, 2016).
Concrete actions by SPMF, such as acquiring specific machinery for
fire prevention have already been implemented (Bariloche opina,
2023). In Córdoba, the Provincial Spatial Data Infrastructure
(IDECOR) developed a local forest fire risk map for two regions
(La Granja, 2020 and Corredor de Sierras Chicas and Jesús María,
2022), integrating anthropogenic factors (distance to population
centers, population density, accessibility) and environmental factors
(relief, type of vegetation cover) and a vulnerability map (socio-
economic, educational conditions, infrastructure) (IDECOR, 2020;
2022). Despite Cordoba being in a non-Mediterranean area, this
example is noteworthy because of its clear and detailed
methodology. At a municipality level, the Direction of Civil
Protection of Bariloche (Río Negro province) created an interface
risk map by combining vulnerability data from neighborhoods
(proximity to natural areas, mobility), and the threats, which
encompass topographical features and vegetation combustibility
(Secretary of Civil Protection of Bariloche, 2020).

Maps at a national scale

The USA is the only country that has created an official map of
the interface area (1990–2020) at the federal-state level, using a
standard methodology developed by researchers of the University of
Wisconsin-Madison (Radeloff et al., 2023) in collaboration with the
Forest Service, which operates under the U.S. Department of
Agriculture Forest Service (USDA, 2023). The map is based on
geographic information systems that integrate the U.S. census and
U.S. Geological Service National Land Cover data.

In Portugal, the General Direction of Territory (DGT), in
collaboration with the Institute for the Conservation of Nature
and Forests (ICNF), is currently developing two interface area
maps for the territory: the Structural Built Area Interface Map
2018, updated every 10 years, and the Temporary Built Area
Interface Map 2022, updated annually (SNIG, 2023). To create
the latter map, the perimeter of each built area was subdivided
into segments of 25 m, which were classified into four types: 1.
Direct segment in contact with patches of fuel ≥0.1 ha at a
distance ≤10 m; 2. Indirect segment 1 in contact with patches of
fuel ≥0.1 ha at distances of 10–100 m; 3. Indirect segment 2 in
contact with patches of fuel ≥1 ha at distances of 100–500 m; and 4.
The remaining segments (more than 100 m from fuel patches
with ≥0.1 ha and more than 500 m from fuel patches ≥1 ha)
(DGT, 2023).
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Interaction between academic and fire
management agencies

Based on the inquiries we made through email with the relevant
authorities in the prevention and fighting of WUI fires in Italy,
Spain, and South Africa, and from virtual meetings with those in
Portugal, as well as in-person meetings with those in Argentina, we
conclude that the current protocols do not derive from the
numerous scientific studies published in scientific journals but
rather from training in topics related to environmental risks such
as floods, volcanic eruptions, earthquakes, and fires. The same
conclusion was drawn from the reading of various academic
papers, in which it is suggested that the methods developed
could have interesting applications for land and fire management
(Lampin-Maillet et al., 2010; Bachantourian et al., 2023). This
implies that there is currently no instance of joint work between
researchers and fire managers, with the exception of the USA, where
a program (The Joint Fire Science Program) is designed to connect
scientists and fire managers (although it is not specifically focused on
WUI issues) (firescience.gov, 2023). In our view, this would be
auspicious, given that states invest money in funding research. At
the same time, all states relegate the prevention and fight against
WUI fires to civil protection, which is governed by laws, regulations,
and codified plans and actions.

Investment funds for fire prevention
and management

Within the analyzed countries, significant economic differences
exist, with two of them being developing countries (Argentina and
Chile). These differences have implications in terms of the funds
allocated to WUI fire prevention. Thus, the economy is a key
variable. Also, in Argentina, there is no active federal fire policy,
and public investments are primarily directed toward suppression
efforts, such as the acquisition of firefighting equipment
(Argentina.gob.ar, 2022). This is repeated worldwide, in the USA
the funding allocated for prevention is overshadowed by funds
allocated for suppression, and in high fire years, prevention funds
are occasionally diverted to suppression. For instance, in 2022,
approximately $200 million was allocated for prevention
compared to $650 million for suppression (U.S. Department of
Interior, 2023). In the context of climate change and with the
increase in the frequency of mega-fires, it is imperative to shift
the focus from firefighting to fire prevention, which includes the
investments of funds.

Final remarks

Until now, there has been no review of the methods to define the
WUI effectively implemented by fire management agencies. Our
review addresses this gap and highlights twomain shortcomings: the
methodologies are not standardized even in the same country and
the need to implement actions aimed at integrating scientific work
conducted in WUI into fire prevention and management plans and
protocols in a more interactive and integrated manner. Regarding
the first, each country has its own legal framework and state agencies

that determine proposals for fire prevention and management in
plans and programs. Given this complexity, we acknowledge that
developing and adopting a standard methodology appears to be a
challenging task.

Regarding the second, we believe that there should be a state
policy oriented toward implementing programs and spaces that
facilitate the exchange of ideas and address needs focused on
encouraging scientific-technical interaction. In these spaces, fire
managers can articulate their requirements, and fire researchers
can align their investigations to address those needs in WUI. An
example of interaction is evident in the USA and Portugal, where
collaborative efforts between the academic and technical sectors led to
the development of a unified methodology for defining WUI areas
and mapping them at a national scale, demonstrating the feasibility of
such interaction. We believe that implementing this proposal would
serve as an effective strategy to strengthen partnerships, consolidate
efforts, and optimize the utilization of resources and funds.
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