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The impact of wildfires in wildland–urban interface (WUI) zones of central-southern Chile has steadily grown in recent decades, 
intensifying during the 2022–2023 season with 1,834 fires that burned more than 183,000 hectares in the Biobío Region. While 
most studies have focused on the Concepción metropolitan area, this article examines the case of Arauco, assessing wildfire 
threats and their relationship with the zoning established by the 1988 Municipal Master Plan (PRCA, in Spanish). Using a spatial 
analysis that integrated biophysical and anthropogenic variables, the study found that 60% of Arauco’s urban area has a high 
wildfire risk, and that over 75% of this surface is authorized for high-density residential uses by the PRCA. This overlap reveals 
that planning instruments not only overlook wildfire risks but also contribute to their social construction by promoting urban 
densification in highly exposed areas. The study concludes that the wildland–urban interface in Arauco, as in many coastal 
Chilean cities, remains largely unregulated, shaped by regulatory obsolescence, institutional fragmentation, and the absence of 
explicit risk criteria, effectively converting these areas into “no man’s lands.”

Keywords: topography, wildfires, urban planning, coastal zone, land use.

El impacto de los incendios forestales en las zonas de interfaz urbano-forestal del centro-sur de Chile ha crecido de manera 
sostenida en las últimas décadas, intensificándose en la temporada 2022–2023 con 1.834 incendios que afectaron más de 
183.000 hectáreas en la Región del Biobío. Si bien gran parte de la literatura se ha concentrado en el área metropolitana 
de Concepción, este artículo analiza el caso de la comuna de Arauco, al evaluar la amenaza de incendios forestales y su 
correspondencia con la zonificación establecida por el Plan Regulador Comunal de 1988 (PRCA). A partir de un análisis 
espacial que integró variables biofísicas y antrópicas, se determinó que el 60% del área urbana presenta una alta amenaza de 
incendios y que más del 75% de dicha superficie corresponde a usos residenciales de alta densidad autorizados por el PRCA. 
Esta superposición evidencia que los instrumentos de planificación no solo omiten la amenaza, sino que también contribuyen 
a la construcción social del riesgo al promover la densificación en áreas críticas. El estudio concluye que la interfaz urbano-
forestal en Arauco —y en muchas ciudades costeras chilenas— se mantiene sin regulación efectiva, marcada por obsolescencia 
normativa, fragmentación institucional y ausencia de criterios de riesgo, configurando estos territorios como “tierras de nadie”.

Palabras clave: incendios forestales, planificación urbana, zona costera, uso de la tierra.
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I. INTRODUCTION

In recent decades, the frequency and intensity of 
wildfires have increased steadily globally, with severe 
impacts on ecosystems, human settlements, and critical 
infrastructure. In Chile, this problem is concentrated in the 
central southern area, where extreme climatic conditions, 
changes in land use, and a productive model based on 
highly flammable monocultures converge, resulting in 
high exposure scenarios. In this context, fires transcend 
environmental boundaries and constitute a socio-
environmental risk that affects both urban and rural areas, 
especially in fragile territories such as hillsides, ravines, and 
the edges of wood-urban interfaces (WUI).

The literature has shown that most fires in Chile have an 
anthropogenic origin and occur recurrently in densely 
populated areas or near forest plantations (González 
et al., 2020; Altamirano et al., 2013). However, a large 
part of the studies is concentrated in metropolitan 
areas such as Concepción and Valparaíso (Jaque Castillo 
et al., 2021; Quinteros-Urquieta, 2019), leaving in the 
background intermediate or peripheral communes that 
face similar vulnerabilities. This gap is compounded by 
a weak articulation between urban planning and risk 
management, as reflected in regulatory instruments that 
fail to incorporate prevention and resilience criteria into 
land use regulations (Villagra & Paula, 2021; Moris et al., 
2017).

The commune of Arauco, located in the Biobío Region, is 
a notable example of this issue. Its Communal Regulatory 
Plan (PRC, in Spanish), in effect since 1988, has permitted 
urban expansion in sectors adjacent to high-exposure 
areas without considering studies on wildfires. This 
highlights the limitations of regulatory frameworks in 
anticipating disaster scenarios and responding to the 
challenges of climate change in emerging urban areas. The 
objective of this article is to assess the threat of wildfires 
in Arauco, with a focus on the urban-rural interface, and to 
examine its correlation with the zoning of the PRC. Based 
on a spatial analysis of biophysical and anthropic variables, 
the aim is to provide technical inputs to strengthen 
territorial planning from a preventive and integrative 
approach to prospective risk management.

II. THEORETICAL FRAMEWORK

Over the past few decades, wildfires have intensified 
globally in terms of frequency, extent, and severity, 
affecting both natural landscapes and human settlements 
across diverse climatic and socio-economic contexts 
(Bowman et al., 2019). This phenomenon is directly 

linked to processes of climate change, transformations 
in land uses, deregulated urban expansion, and intensive 
productive models, generating a socio-ecological crisis 
that requires comprehensive approaches from territorial 
planning and risk management (Moreira et al., 2020).

One of the central concepts to address this problem is the 
Urban-Forest Interface (UFI), understood as the area where 
human infrastructure and combustible vegetation coexist, 
creating conditions of high exposure to fire risk (Syphard 
et al., 2021; Radeloff et al., 2005). In these environments, 
disorderly urban growth and proximity to continuous plant 
masses — such as forest plantations or native scrublands 
— intensify the threat, compromising both the integrity of 
ecosystems and the safety of communities (Stewart et al., 
2007; Braun et al., 2021).

At the landscape scale, the probability of fire occurrence 
and spread is determined by the interaction between 
climate, human activities, land cover, and physiographic 
characteristics (Dickson et al., 2006; Seidl et al., 2011, cited 
in Altamirano et al., 2013). Among the key factors that stand 
out are the availability of vegetable fuel, topography, and 
meteorological conditions (Thompson et al., 2025; Inzunza, 
2009). Steep slopes favor the propagation speed, while 
the density of vegetation, especially in sectors with exotic 
plantations of high flammability, increases the ignition 
potential (Huaico-Malhue et al., 2024; Williams, 2013).

The change of land use associated with the expansion of 
forest monocultures - mainly Pinus radiata and Eucalyptus 
globulus- constitutes a determining factor in the alteration 
of the fire regime. These species accumulate fine biomass, 
reduce environmental humidity, and have a high calorific 
value, conditions that favor fires of great intensity 
and extension (Ruiz Murcia et al., 2015; Williams, 2013; 
Nahuelhual et al., 2012).

In Chile, fires of natural origin are rare. According to the 
Center for Climate Science and Resilience (CR2), 99% of 
events are caused by human actions, either intentional 
or due to negligence (González et al., 2020). Factors 
such as proximity to roads, accessibility, the presence 
of settlements, and the informal use of space (including 
stubble burning, bonfires, and garbage dumps) directly 
affect their frequency and distribution. This predominance 
of anthropic causes coincides with observations made 
in Mexico (Pérez-Verdín et al., 2013), Brazil (Pereira Torres, 
2014), and Ecuador (Pazmiño, 2019).

The Chilean forestry model, characterized by an extractive 
and highly concentrated nature, has increased risk 
exposure, particularly in Biobío and La Araucanía (Frêne 
Conget & Núñez Ávila, 2010). The mega fires of 2017 and 
2023 reflected the consequences of a territorial outline 
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Figure 1. Commune of Arauco and foci of wildfires 2010-2024. Source: CONAF (2023)

that privileges the expansion of plantations over ecological 
regulation and community safety (Faúndez Pinilla et al., 2023; 
Jaque Castillo et al., 2021).

From the regulatory field, the General Urban Planning and 
Construction Law (LGUC, in Spanish) and its Ordinance 
(OGUC, in Spanish) establish the obligation to consider 
natural threats in Territorial Planning Instruments (IPT, 
in Spanish), such as the Community Regulatory Plans 
(PRC). However, several studies demonstrate the scarce 
incorporation of risk criteria for wildfires in urban zoning 
(Vicuña & Guzmán, 2025; Alvarado Peterson et al., 2023; 
Jaque Castillo et al., 2022). This omission has allowed the 
development of housing projects in ravines, hillsides, and 
areas adjacent to forested areas, perpetuating exposure and 
facilitating the emergence of other risks. Such dynamics are 
observed in both recent real estate projects and informal 
settlements (Zenteno-Torres et al., 2025; Kapstein López, 
2004).

The commune of Arauco, in the Biobío Region, represents 
a critical node of socio-environmental risk (Pino Albornoz & 
Carrasco Henríquez, 2019). Three structural conditions amplify 
its vulnerability: urban expansion into high-risk areas, the 
concentration of forest plantations around inhabited sectors, 

and an obsolete PRC that lacks specific risk studies. This 
configuration reproduces socio-spatial inequalities and limits 
local capacities for adaptation and prevention in the face of 
extreme fires.

The institutional trajectory after the 2010 earthquake helps 
to explain this lack of response. This event exacerbated the 
paralysis in updating plans, such as the PRC and the PROT, 
revealing structural weaknesses in disaster planning (Aguirre 
et al., 2024; González-Mathiesen et al., 2024; Gil et al., 2024; 
Moris et al., 2017). To this is added the (General Urban 
Planning and Construction Law [LGUC], 1975; Law No. 20,249, 
2008; Law No. 21,364, 2021; PROT, Regional Government of 
Biobío, 2019; Law No. 21,455, 2022), which have generated 
institutional fragmentation and overlapping of competencies 
between different levels of government.

Consequently, the literature emphasizes the need to 
reorient territorial planning towards adaptive and multiscale 
governance models. These approaches should integrate 
threat mapping, vulnerability assessments, and ecosystem-
based strategies, which would reduce the exposure of 
communities and promote more resilient landscapes to fire 
in the context of the Anthropocene (Lavell, 2001; González-
Mathiesen et al., 2024).
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Figure 2. Areas of the Arauco Communal Regulatory Plan of 1988. Source: Prepared by the authors using information from MINVU (Ministry of 
Housing and Urban Development)

III. CASE STUDY

The commune of Arauco, located in the Biobío Region (37°14’ S, 
73°19’ W), has 956.1 km2 and a population of 36,257 inhabitants, 
of which 75% reside in urban areas (INE, 2017). In recent 
decades, it has been repeatedly affected by wildfires (National 
Forestry Corporation [CONAF], 2022; CONAF, 2023), in a context 
dominated by urban expansion towards the interface with Pinus 
radiata and Eucalyptus globulus plantations. 

The current planning instrument is the Communal Regulatory 
Plan (PRC) of 1988, which establishes land uses and urban 
development conditions without considering risk studies 
associated with wildfires. To evaluate the population’s exposure, 
this study integrated PRC zoning with threat mapping, 
considering both biophysical and anthropogenic variables. The 
overlap revealed residential areas (RE1, RE2, RM1, RM2, RM3) 

located in high-threat sectors, evidencing the relationship 
between obsolete territorial planning and disaster risk.

IV. METHODOLOGY

This study employed a quantitative and empirical approach, 
using Geographic Information Systems (GIS) to assess the threat 
of wildfires in the municipality of Arauco, with a particular 
focus on the urban-rural interface. The methodology integrates 
biophysical and anthropic variables into a multicriteria threat 
model (Elgueta Gutiérrez, 2023), which links the resulting 
mapping to the current PRC zoning, enabling the identification 
of exposed residential sectors and the analysis of regulatory 
inconsistencies in land use.

The construction of the model took 2016 as a reference. It 
was based on the proposal of Etxeberría et al. (2005), adapted 
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Table 1. Variables used in the construction of the wildfire threat model. Source: Prepared by the authors

by Jaque Castillo et al. (2019), which considers variables 
grouped into two categories: Natural: flammability of 
vegetation (NDVI/NDII), isolation (hillside exposure), altitude 
and slope (ASTER GDEM, LANDSAT) and Anthropic: built 
environment (distance to roads, paths, power lines, camping 
areas; CEDEUS), and land use coverage (native forest, scrub, 
agricultural areas, exotic plantations, urban areas, water 
bodies; CONAF-IBRD, Earth Explorer).

Each variable was reclassified into dangerousness ranges 
(low, medium, high) (Table 1), applied to raster and vector 
layers. Subsequently, they were integrated by means of 
a multicriteria heuristic equation in ArcGIS 10, assigning 
differentiated weights according to their influence on the 
propagation or ignition of the fire (Equation 1):

PI = 4V + 3H + 2I - A                                                  (Equation 1)

where PI = fire hazard; V = flammability; H = built 
environment and coverage; I = isolation; A = altitude.

The flammability was calculated using NDVI and NDII, 
which reflect the density and humidity of the vegetation. 
The isolation was derived from the orientation of the slopes 
(higher on the northern slopes of the southern hemisphere). 
The altitude was classified into three ranges (<144 m, 144-
421 m, >421 m). The built environment included 300-meter 
buffers for roads and 500 meters for high-voltage lines. The 
land cover was categorized into three types: low (uncovered 
soils, water, and urban areas), medium (native forests and 
wetlands), and high (scrub, agricultural areas, and exotic 
plantations).

The final threat map was reclassified into three levels of danger 
(low, medium, high) and overlapped with Arauco’s official 
PRC (Arauco, 1988; MINVU, 2025). This cross-checking allowed 
identifying a match between authorized residential areas and 
high-threat areas, providing evidence to assess the relevance of 
the regulatory framework to the risk of wildfires.

V. RESULTS

The analysis of the soil cover showed the predominance 
of exotic plantations (Eucalyptus globulus, Pinus radiata), 
accompanied by scrub, meadows, and fragments of native 
forest. Although urban uses represent only 5% of the communal 
area, they are concentrated in Arauco, Laraquete, and 
Carampangue. Coastal wetlands, including Tubul-Raqui (2,238 
ha), were classified as uncovered soils with seasonal water stress 
(Figure 3).

Regarding natural factors, 50% of the territory was highly 
flammable in areas with continuous vegetation and fine fuels, 
26% exhibited medium flammability, and only 4% showed 
low flammability. Regarding isolation, 43% of the commune 
receives high solar radiation, mainly in urban and coastal areas, 
which favors ignition. 64% of the surface is below 140 m.a.s.l., 
coinciding with the most exposed urban areas.

The anthropic variables revealed that 8% of the commune is 
highly hazardous, particularly around Route 160, Route P-40, 
and Ramadillas, where the proximity of the power line to forest 
plantations poses a significant risk. (Figure 4)

Dimension Variable Reclassification categories Source

Natural Hillside isolation/
orientation

Low (-1.41 to -0.49), Medium (-0.49 to 0.46), High (0.46 to 1.41) ASTER GDEM

Natural Slope Low, Medium, High (according to gradient) ASTER GDEM

Natural Altitude 0-144 m (Low), 144-421 m (Medium), 421-945 m (High) ASTER GDEM

Natural Urban-forestry interface Types of contact PRC

Anthropogenic Built medium Low (burning), Medium (roads), High (roads, railways, high voltage) CEDEUS

Anthropogenic Ground cover Low (uncovered soils, water, urban), Medium (native forest, wetland), 
High (agricultural, scrub, plantations)

CONAF-BIRF, Earth 
Explorer

Anthropogenic Vegetation flammability NDVI/NDII: low, medium, high LANDSAT, Earth 
Explorer
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Figure 3. Ground cover map. Commune of Arauco - 2016. Source: Prepared by the authors.

Figure 4. Natural and anthropic factors of wildfire threat: a) Flammability, b) Isolation, and c) Altitude. d) Built environment, e) Areas of influence of 
the built environment. Source: Prepared by the authors.
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Figure 5. Wildfire Threat Map - Commune of Arauco. Source: Prepared by the authors.

Figure 6. Overlapping of Wildfire Threat on the land use zoning of the current PRC (1988). Source: Prepared by the authors.
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Figure 7. a) Wildfire Threat in Residential Areas b) Extension Areas and in Special Equipment Areas (PRCA., 1988). Source: Prepared by the 
authors.

Overall, 57.5% of the communal area presents a low threat, 
35.6% a medium threat, and 6.8% a high threat. The latter are 
located on main roads and urban sectors, configuring a highly 
exposed urban-forest interface, in a context of demographic 
growth and deregulated urbanization (Figure 5).

The cross-checking with the PRC zoning (Figure 6) revealed that 
more than 75% of residential urban land is located in high-threat 
zones (Figure 6). The mixed residential areas (RE-2) and western 
extension (EXP) coincided with 90% and 86%, respectively, with 
areas of high danger. The special equipment zones (Arauco 
prison: 88%; health centers: 69%) are also located in critical areas. 
Overall, it is confirmed that the current PRC reproduces exposure 
by allowing urban uses in high-risk territories (Figure 7).

VI. DISCUSSION

The results of the wildfire threat evaluation in the municipality 
of Arauco indicate a high exposure in areas of the urban-forest 
interface, particularly in urban and expansion areas defined by 
the current PRC. This territorial configuration is not isolated, but 
part of a broader trend in the coastal areas of south-central Chile, 
where economic, institutional, and historical dynamics converge 
that condition urban planning and risk management.

Several studies have highlighted that the contradictions 
between planning, governance, and actual land use in coastal 
areas are attributed to the pressure exerted by strategic sectors, 
including ports, industries, and forestry, as well as formal and 
informal urban expansion in highly vulnerable territories 
(Andersen Cirera & Balbontín Gallo, 2021). These transformations 
have intensified the fragmentation of the landscape, increasing 
the exposure to wildfires, as has been documented in the 
Metropolitan Area of Valparaíso (Quinteros-Urquieta, 2019), 
in Greater Concepción (Jaque Castillo et al., 2021), and in the 
commune of Arauco itself (Jaque Castillo et al., 2022).

These structural pressures are compounded by socio-economic 
factors that limit local institutional capacities. The shortage of 
technical personnel in municipalities, the dependence on the 
Municipal Common Fund and Government Funds (2025) to 
finance tenders for territorial planning instruments, as well as the 
low quality of life in many coastal areas — marked by a deficit 
of services, low income and housing precariousness — make it 
challenging to develop and update plans with a risk approach 
(Silva & Mena, 2020; Guerrero et al., 2023).

Even when attempts have been made to incorporate wildfire 
risk into planning, these efforts have faced institutional barriers. 
In 2014, the Ministry of Housing and Urban Planning [MINVU] 
issued Circular 350/DDU-269, which instructed to include the risk 
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of fires in the IPT. However, the Office of the Comptroller General 
dismissed this initiative, maintaining that the circulars could 
not impose new requirements on regulatory plans, limiting 
themselves to guiding the application of current regulations, 
such as the LGUC and the OGUC. This ruling highlighted the 
legal and structural limitations to integrating fire risk into Chilean 
territorial planning (González-Mathiesen et al., 2024), reflecting 
tensions between technical knowledge, institutional willingness, 
and regulatory constraints.

In this scenario, the wood-urban interface is configured as a 
critical space of institutional vacuum. Although it is recognized 
as a highly vulnerable area, there is no systematic integration of 
its management into urban, environmental, or forestry policies. 
This regulatory absence generates a condition that can be 
assimilated to a ”no man’s land”, where no public entity assumes 
responsibility for regulating or mitigating risk. As a result, urban 
planning not only omits an essential component of risk but 
also, in many cases, reproduces it by allowing residential uses in 
highly exposed sectors.

The case of Arauco thus constitutes a concrete territorial 
expression of a structural problem of national scope. The 
obsolescence of the PRC, the absence of well-founded risk 
studies, and the lack of a coherent policy for the wood-urban 
interface reflect systemic failures in territorial governance. 
Overcoming this situation requires articulating risk planning 
and management, explicitly integrating anthropogenic threats 
into regulatory instruments and moving towards more resilient 
territorial development models (Villagra & Paula, 2021).

VII. CONCLUSIONS

This study confirms that the threat of wildfires in Arauco is 
concentrated at the urban-forest interface, where residential 
areas are highly exposed. The overlap between the 1988 PRC 
zoning and high-threat areas reveals that planning not only 
overlooks risk but also reproduces it by allowing densification in 
critical sectors.

The absence of risk criteria in the current PRC reflects the 
disconnect between disaster risk planning and management. 
This omission aligns with the literature on the social construction 
of risk, which highlights how regulatory frameworks often 
perpetuate exposure by failing to incorporate emerging 
environmental threats.

At the national level, the results contribute to the evidence 
on the limited integration of natural threats into territorial 
planning, particularly in communes with urban expansion, 
forest monocultures, and climatic conditions conducive to 
fires. Internationally, they provide empirical evidence on the 
challenges of wood-urban interfaces in the context of climate 
change.

The methodology, based on GIS and the integration of 
biophysical and anthropic variables, proved helpful in spatially 
assessing the threat and is replicable in other communes of 
the country. In terms of implications, the study reinforces the 
need to update the PRCs by incorporating informed risk studies 
and linking planning with territorial adaptation policies, in line 
with the Sendai Framework. Risk-sensitive, evidence-informed 
planning is crucial for reducing exposure and improving 
resilience to the growing frequency of socio-environmental 
disasters.
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