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Wildland Urban Interface (WUI) areas are rapidly expanding worldwide. In many regions
of the world, this expansion could be explained by the increasing possibilities of
telecommuting and developing home-office work, while at the same time living in,
or surrounded by wilderness areas of magnificent beauty. However, growth and
development of these WUIs are still not well dimensioned and regulated, especially in
fire prone ecosystems. Over the last two decades, an increasingly number of megafires
occurred in these WUI areas in different regions of the world. Recently, big megafires
occurred in WUIs located around towns in the western Andean-Patagonian region of
Argentina. In this study, we analyzed the evolution of the WUI and its relationship with
wildfires around cities and towns located in the northwestern part of Chubut province
of Argentina. The studied region covers 324,823 ha and includes the cities of Esquel
and Trevelin, and other small villages. Our objectives were to (i) map the current WUI,
(ii) quantify changes occurred in the WUI in the last 40 years around the main cities of
the region, and (iii) analyze the relationships among WUIs, vegetation types, and wildfire
occurrence. We mapped the distribution of WUI using spatially explicit information on
housing density derived from censuses and high-resolution imagery from 1981/1982
and 2021, and land cover data. The current WUI covered 8% of the study area,
however it has 97% of the houses. Between 1981 and 2021, the WUI area increased
by 80%, especially in the southern part of our study region. Finally, information on
wildfires distribution revealed that 65% of the ignition points of the recent fires in
the region occurred within the WUI. Most of the vegetation burned were herbs, sub-
shrubs and woodlands. WUI expansion in our study area appears to be constrained
by terrain features (slopes and accessibility), but not by vegetation characteristics.
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Our study suggests that continuing, unplanned housing expansion in wilderness areas
without appropriate vegetation management will likely increases wildfire risk and human
environmental conflicts further. Effective land use planning and wildfire management are
crucial for sustainable housing expansion in western Patagonia.

Keywords: wildfires, increasing WUIs, housing, WUI planning, WUI assessment, burned vegetation, environmental
conflicts, Patagonia

INTRODUCTION

Fire as a disturbance exists on earth since the beginning of the
times (Komarek, 1962; Wright and Bailey, 1982; Pyne, 2020). Fire
has greatly contributed to shape the structure and functioning
of most terrestrial ecosystems, helped boosted human evolution
and development (Attwell et al., 2015; Defossé, 2021), and
provided also many ecosystem services (Pausas and Keeley,
2019). However, over the past two decades, wildfires around
the world have increasingly affected human values, assets, and
ecosystem services (Moritz and Knowles, 2016). Besides, climate
change and continued development on fire-prone landscapes will
increase impacts of wildfires, like high suppression costs and loss
of lives and properties (Bowman et al., 2017). Not only climatic
conditions but also human activities influence fire regimes
through their effects on ignition sources and fuel characteristics
in many parts of the world (Flannigan and Wotton, 1991; Agee,
1993; Veblen et al., 1999; Defossé et al., 2015). Particularly in
Northern Patagonia, humans have influenced changes in fire
regimes at multidecadal times scales since the middle 19th
century (Veblen et al., 1999).

The tendency of the urbanization nearby or within forest
ecosystems is a worldwide phenomenon that increases every year.
Not only in the United States (Martinuzzi et al., 2015), but also in
Europe (Moreno et al., 2014), Canada (Johnston and Flannigan,
2018; Parisien et al., 2020), and in Chile (Sarricolea et al., 2020)
and Argentina in South America (Argañaraz et al., 2017; Godoy
et al., 2019), some people living in large urban centers have
chosen to migrate near the wilderness to enjoy living close to
nature (Veblen et al., 2008; Defossé et al., 2015).

Broadly defined Wildland Urban Interfaces (WUI) are areas
where houses and human activities intermingle or abut with
natural, wildland vegetation (Radeloff et al., 2005, 2018). One
of the biggest problems that the global community faces today
is the wildfire occurrence in the WUIs. This is due not only
to the increasing presence of people living in high hazard
areas, but at the same time to the likelihood that wildfires
will threaten structures and people (Bar Massada et al., 2009).
During the last 40 years, WUIs have been expanding in many
regions around the globe, mainly due to land use changes like in
Europe (Xanthopoulos et al., 2012; Urrutia-Jalabert et al., 2018;
Ganteaume et al., 2021), and increasing urbanization in western
North America, Australia, and parts of Chile and Argentina
(Hammer et al., 2007; Theobald and Romme, 2007; de Torres
Curth et al., 2012; Úbeda and Sarricolea, 2016; Argañaraz et al.,
2017; Radeloff et al., 2017, 2018; Godoy et al., 2019; Sarricolea
et al., 2020). Independent from their origin, one common factor
shared by most WUIs around the world is that they grew and

expanded in wildland areas surrounded by fire prone vegetation,
particularly in WUIs settled in Mediterranean type of climates.
These climates are characterized by wet winters and long, hot,
dry summers, as in Patagonia, Argentina. In rich amenity regions
like in western Patagonia, Argentina, the WUI is where most fire
risks, ignition points, and wildfires occur (Godoy et al., 2019).
A close relationship of fires in Nothofagus antarctica (G. Forst.)
Oerst. woodlands with the proximity to urban populations, in
the same region was shown by Mermoz et al. (2005). Moreover
in that region, in the city of Bariloche, which is surrounded
by Nahuel Huapi National Park, fires appear as an emergent
of social conflicts related to poverty (de Torres Curth et al.,
2012). In the same region, there are pine plantations, most
of them located nearby towns and roads (Bava et al., 2016),
which may be of concern because they are fire prone and
produce sharp changes in the vegetation structure and fuel loads
(Paritsis et al., 2018). Despite that, well managed plantations
are less prone to fire (Godoy et al., 2013) in comparison to
no-managed ones.

A similar situation as described in Patagonia, Argentina,
can be seen in the central part of Chile, where three million
people live in WUI areas (McWethy et al., 2018; Bowman
et al., 2019). There, the largest wildfires are becoming more
frequent and concentrated (Sarricolea et al., 2020), and are
human caused (CONAF, 2018; Pozo et al., 2022). In south-central
Chile, McWethy et al. (2018) reported that more than 85,700 ha
burned annually between 2010 and 2017, and plantation forests,
mixed native-exotic forests and native sclerophyll forests are the
vegetation types most burned by wildfires.

Wildfire ignitions occur in WUIs around towns in southern
central Chile (Miranda et al., 2020; Pozo et al., 2022) and in
western-central Patagonia in Argentina, where the distribution
and density of most of ignitions show a concentration in
the WUIs, and diminishes toward their peripheries and less
populated areas. In fact, a study in central western Patagonia
showed that in a big area (337,000 ha) composed of similar
vegetation types as the reported in this study, 77% of the fire
ignitions occurred in the WUIs areas around towns (Godoy et al.,
2019). Similar results were presented by Mundo et al. (2013),
in northern Patagonia. With respect to climate in Chile and
Argentina, fire history studies have linked forest fire activity in
the southern range of the Andes to warm and dry conditions
associated with El Niño Southern Oscillation ENSO (Holz and
Veblen, 2012; Mundo et al., 2013; Holz et al., 2017). It is
also expected that wildfire activity will increase in most WUIs
during the 21st century (Mansoor et al., 2022), and in the
western province of Chubut in Patagonia the tendency is to
have maximum and minimum increased between 1 and 2◦C in
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the next 50 years (SMN, 2019). Catastrophic fires have already
occurred in Andean WUI in northwestern Chubut in Patagonia
during the hot and dry 2010–2011 and 2011–2012 fire seasons
(Defossé et al., 2015), but even more catastrophic fires have
occurred in the 2020–2021 fire season, causing three fatalities
and hundreds of burned houses. Besides, population in the WUI
are growing at rates from two to three time faster in Andean
Patagonia than in the rest of Patagonia or in the whole Argentina
(INDEC, 2021), mainly due to urban residents trying to find
new lifestyle in a rich amenity region (Farías and Defossé, 2009;
Godoy et al., 2019).

Maps are important tools for understanding development
patterns and potential ecological stressors including wildfire
(Radeloff et al., 2005; Theobald and Romme, 2007; Calkin
et al., 2019). For these reasons, WUI maps are of fundamental
interest for wildfire management in those areas. Wildland
Urban Interfaces create environments in which wildfires can
move readily from forests and grasslands into neighborhoods
(Martinuzzi et al., 2015). The scientific information generated
should be the basis to design WUIs development plans aimed
at reducing wildfire risk and create fire safe communities
living in these WUIs.

The objective of this study was to examine and analyze the
WUI and WUI growth of a particular region of northwestern
Chubut, Argentina, which surrounds the towns of Cholila, Esquel
and Trevelin, and the villages Aldea Escolar, Lago Rosario, and
Los Cipreses (Figure 1). All these towns and villages are located
within a fire prone region of Andean Patagonia in Argentina,
which has witnessed a strong population growth and many
wildfires in recent decades. Our specific objectives were to: (i)
map the current WUI, (ii) quantify WUI growth in the last
40 years, and (iii) analyze the relationships among WUI and fire
ignition points, burned areas and type of vegetation.

MATERIALS AND METHODS

Study Area
Our study area covered 324,823 ha around the city of Esquel
(563 masl), the most populated city in western Chubut, near the
Andes in Central Patagonia, Argentina. The study area limits to
the North to the Provincial Reserve “Nacientes del Río Tigre”,
to the West to Los Alerces National Park, to the South to
native forests of N. antarctica “Ñire” and to the East to the
Patagonian Steppe. There are mountains like La Hoya (2,050 m
of elevation), and valleys like 16 de Octubre Valley, that has
385 masl (Figure 1).

The climate of the study area is Mediterranean, with the
majority of the annual precipitation occurring during the winter
months (June to September in the Southern Hemisphere),
followed by a drought period that goes from early spring
(October) to late summer (April in the southern Hemisphere).
Annual rainfall is lowest toward the East in the steppe (400–
600 mm) and moderate at higher elevations (600–1,500 mm)
toward the West (Defossé et al., 2015). Vegetation types also
change rapidly along the elevation gradient from east to west, in
one of the steepest precipitation gradients in the world (Veblen

and Lorenz, 1988). Most of the area is located in the Occidental
District of the Patagonian Steppe (Soriano, 1956), where grasses
like Pappostipa and Festuca spp., Poa huecu, Poa ligularis, Bromus
macranthus, and shrubs such as Fabiana patagonica, Fabiana
imbricata, Adesmia campestris, Mulinum spinosum, and Senecio
filaginoides grow. Westward, our study area limits with the
Subantarctic Andean Forest, where it forms an ecotone with the
Patagonian Steppe. Here, mixed forests are dominated by the
trees N. antarctica (G. Forst) Oesrt. and Austrocedrus chilensis (D.
Don) Florin et Boutleje “ciprés”) as well as shrubs and the grasses
mentioned before. A map showing the main vegetation types can
be found in Figure 2.

In the past and up to the 1990s of the last century,
economic activities were mainly based in natural resources as
timber and extensive livestock and sheep production. Nowadays,
government administration is the main economic, followed by
tourism, and extensive use of natural resources such as extensive
livestock and crop production, including berries and some
organic vegetables. Pine afforestations were planted between 1983
and 2006, covering 1,100 ha, and abut the city of Esquel, toward
the northwest and the southeast of that town. There are also pine
afforestations near the town of Cholila.

Tourism and fly fishing are increasingly important economic
activities that attract people from different origins mainly due
to the natural scenery of the region, many fishing rivers and
which includes natural parks and ecological reserves. La Hoya,
a mountain with an elevation of 2,050 m and 16 km distance of
Esquel, lodges a small ski resort with good quality snow.

Data and Approach
Objective I: Map the Current Wildland Urban Interface
For WUI, We used the definition of the Federal Register (USDA
and USDI, 2001), that distinguishes between intermix and
interface WUI. Intermix WUI is defined as areas that have at least
6.17 houses km2 intermingled with wildland vegetation, whereas
interface WUI are developed areas near wildland vegetation.
Based on this definition, Radeloff et al. (2005) set a threshold
of 50% of vegetation cover for a given census block for intermix
WUI. Interface WUI, however, are those areas with 6.17 housing
units km2 that contain 50% of wildland vegetation, but are within
2.4 km of heavily vegetated areas (75% of wildland vegetation)
and larger than 5 km2.

We map the WUI with the point-based approach method
(Bar-Massada et al., 2013), using two spatial datasets: (i) building
locations, and (ii) wildland vegetation cover. We digitized
building locations from current (ca. 2021) high spatial resolution
satellite imagery (15 m resolution on average), as it is available in
Google Earth (2021). For the towns of Esquel and Trevelin, we
considered the number of houses within census blocks counted
in the last pre-census in 2020 (INDEC, 2021) as the number of
buildings in each census block and we assigned them randomly
following the proposed technique by Bar-Massada et al. (2013),
Argañaraz et al. (2017), and Godoy et al. (2019). We suggest that
this is an acceptable shortcut because since the house density
within any moving windows covering these blocks will always
be ≥6.17/km2, irrespective of the exact location of the housing
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FIGURE 1 | Study area. It is located in south-western Argentina, in the Patagonian region.

units. For the villages of Cholila, Lago Rosario, Los Cipreses,
and other rural settlements as Aldea Escolar and the rest of
all the rural housing, we counted them individually in the
Google Earth 2021.

We extracted the wildland vegetation cover from a land cover
map derived from 10-m pixel SPOT 5, and 30-m LANDSAT
TM, ETM+ and OLI imagery (CIEFAP and MAyDS, 2016).
We combined that land cover with the data of the National
Inventory of Afforestations. We reclassified the vegetation
map into wildland and non-wildland vegetation following Bar-
Massada et al. (2013), Martinuzzi et al. (2015), and Godoy et al.
(2019), where wildland vegetation included forests, woodlands,
grasslands, and wetlands, and non-wildland vegetation included
horticultural lands, water bodies, rocks, urban areas, and
infrastructure (see vegetation map in Supplementary Material).

We mapped the WUI using a moving window of 500 m,
following Bar-Massada et al. (2013), Argañaraz et al. (2017), and
Godoy et al. (2019). Moving windows where house density was
high enough were tested to see if wildland vegetation reached
50% in the moving window (in which case the central pixel was
mapped as intermix WUI), or if it was close to a large areas of
wildland fuels (in which case those areas not already mapped
as intermix WUI, were mapped as interface WUI). Areas not
mapped as WUI (interface or intermix) were categorized as non-
WUI. To select the size of the moving window, we mapped the
WUI with a range of window sizes (100, 200, and 1,000 m)
to see how much our results changed with changes in window
size (see Supplementary Table 1). For each WUI maps, we
calculated the area of the WUI, and the number of buildings
in the WUI. We chose the moving window of 500 m radius
because it had the largest WUI area with an intermediate number

of houses, which is desirable for a most conservative fire risk
management strategy.

Objective 2: Map the Wildland Urban Interface in
1981/1982 and Quantifying Changes in Wildland
Urban Interface Area
To quantify changes in the WUI from the early 1980s to 2021,
we analyzed topographic maps from the National Geographic
Institute of Argentina (IGN) to map houses, vegetation, and WUI
in 1981/1982, following the procedure stated in a previous study
for mapping WUI changes in El Bolson and its surroundings
(Godoy et al., 2019). In the 1981/1982 topographic maps,
houses were not mapped individually, and groups of houses,
instead, were indicated by a symbol. To create the map of
houses in 1981/1982, we started with the 2021 digitized building
locations, and removed houses in areas where the land use in
the 1981/1982 maps indicated that there were no houses (e.g.,
forest and wetlands). In areas where the 1981/1982 maps showed
houses, we assumed that all the houses that we mapped in
2021 were there at the earlier day already. This represented
a conservative approach, because areas with houses in the
1981/1982 topographic maps could have shown an increase in
the number of houses by 2021. To assess the accuracy of our
method, we compared our estimates of total homes in 1981/1982
to the number of houses reported in the official Census of
1980 (INDEC, 2021).

As our data source for mapping wildland vegetation in the
early 1980s, we used again the 2021 land cover map. We
suggest that this is justified because, except for the expansion of
urban areas, changes in land-use have been small, according to
our observations at the 1986 forests maps of Chubut province
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FIGURE 2 | Main vegetation types of the study area derived from CIEFAP and MAyDS (2016) main vegetation types of the study area. Forests are Austrocedrus
chilensis–Nothofagus forests. Afforestations are Ponderosa pine forests. Woodlands are open areas dominated by N. Antarctica trees and surrounded by scattered
shrubs and bushes. Steppe are areas dominated by grasses. Others is the area occupied by the villages, towns, agricultural and pasture lands, rocks, and high
peaks without vegetation. Shrublands is the area dominated by low-dense shrub vegetation.

(Instituto Forestal Nacional [IFONA], 1986) and historic images
of Google Earth from 1985. Using the same wildland vegetation
cover data therefore represents a conservative estimate of

wildland vegetation in the 1980s. We calculated WUI changes
both in terms of area (ha and % change) and buildings (quantity
and % of change).
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Objective 3: Analyze the Relationships Among
Wildland Urban Interface and Fire Ignition Points,
Burned Areas, and Type of Vegetation
In regards to our third objective, we quantified the incidence of
wildfires from 1981 to 2021 that occurred in our study area. The
data from burned areas came from CIEFAP and Subsecretaría de
Bosques e Incendios from Chubut Province (unpublished data).
Burned area polygons were mapped by taking GPS points on the
ground, as well as digitizing satellite images. All wildfire sizes
were mapped and counted per year.

We calculated the number and area of wildfire polygons that
overlapped the WUI.

Vegetation data was derived from the land cover maps from
CIEFAP, the same one that is mentioned in the objective 1.

Ignition Points
Data from ignition points, whether or not they have progressed
to wildfires, were obtained from two sources. First ignition
data source is from the Ministerio de Ambiente y Desarrollo
Sustentable (Ciámpoli, personal communication, 2021), which
has continuous data from 2017 to nowadays, although not
published. The second source of ignition data is from the Fire
Information for Resource Management System (FIRMS, 2021),
which has data from 2000 to nowadays. We calculated the
number of ignition points that overlapped the WUI.

For a better understanding of how we proceed with this study,
see Figure 3.

RESULTS

Current Wildland Urban Interface
We mapped 23,049 buildings in our study area in 2021, according
to the pre-census (INDEC, 2021) and to the housing that can
be seen through Google Earth. The WUI covered 25,176 ha,
which was equal to only 7.8% of the entire study area, yet
the WUI contained 97% of all buildings (Table 1). Within the
WUI, the area of intermix WUI was more than two times
larger than that of the interface WUI (i.e., 17,515 vs. 7,661 ha).
However, the interface area nearly doubled the number of
houses comparing with the intermix area (14,824 and 7,596 for
interface and intermix WUI respectively, Table 1). WUI areas
were concentrated along valleys and included all urban centers
(i.e., Cholila, Esquel, Trevelin, and rural settlements such as Los
Cipreses and Lago Rosario), as well as surrounding areas with
low-density housing such as Aldea Escolar (Figure 4). All the
interface areas were surrounded by intermix areas, but not all
the intermix areas had interface areas limiting them, and that
occurred in places with low housing density.

Changes in the Wildland Urban Interface
Between 1981/1982 and 2021
The WUI area in our study area expanded by 80%, from
14,051 to 25,176 ha between 1982 and 2021 (Table 1). However,
most of this expansion occurred in the intermix WUI, from
8,350 to 17,515 ha.

The WUI change analysis also revealed an increase in the
number of buildings by 127%, rising from 9,871 to 22,420
buildings during the same period in the all the WUI (Table 1).
The biggest increase is in the intermix WUI, where the number
of houses is 4 times there were in 1981/1982, while the
number of houses in the interface WUI is the double. Besides,
in the non-WUI area there are 191 more buildings in 2021
than in 1981.

The WUI has expanded specially to the south of our study area
in the proximity of the towns and rural settlements (Figure 4),
as well along the main and secondary roads. Only in the
surroundings of Trevelin, there is a difference of ca. 3,500 ha of
new WUI between 1981 and 2021. In contrast, Esquel has had
1,600 ha more of WUI expansion (see Figure 5 for details in the
town of Esquel and its surroundings). Cholila, a town located in
the north part of the study area that has 1,970 ha more of WUI
actually than in 1981.

Wildfires in the Study Area
The total area burned between 1981 and 2021 was 47,500 ha,
which represents 14.6% of the study area (Figure 6). Of that,
1,168 ha occurred in the current WUI intermix and 129 ha in the
current WUI interface. We can also see in Figure 6 that most of
the wildfires have occurred in the south of our study area, in the
same part where the WUI has grown the most.

Since 1981 there were 132 wildfires and we observed that only
the 1.5% of those wildfires burned the 60% of the total area
burned. The 80% of the fires burned areas up to 100 ha, and 14%
of the fires burned areas from 101 and 500 ha. The year 2015 had
a few number of fires, although it was when the biggest wildfire
occurred and burned 41,000 ha in total and 22,467 ha were in our
study area north of Cholila. There were numerous fires in 1982,
1997, 2000, and 2005 but the largest fires in those years did not
burned more than 3,347 ha and in a non-WUI area (Figure 7).
Furthermore, all the wildfires in the last 10 years bordered the
WUI and burned there 599 ha.

Ignition Points
We recorded 114 points of ignition of fire, whether they have
begun a wildfire or not in the last 21 years. We found that 65%
of the ignition points were located in the WUI. In addition, 80%
of them are in the south part of the area, the same situation as
observed with the burned areas.

Vegetation Types
Of the different vegetation types that cover the area, 80%, were
N. antarctica woodlands, grass and small shrubs steppe, native
forests and shrublands in similar proportions each (23, 23, 19
and 15%, respectively, Table 2). Vegetation types in the intermix
WUI area was steppe composed of grasses, herbs and small
bushes, shrublands and N. antarctica woodlands (24, 18, and 18%
respectively, see Tables 2, 3 in the Supplementary Material for
a more detailed information). Afforestations of exotic conifers
species, mostly ponderosa pine occupy only 5% of the vegetation
types in the intermix. In the interface WUI we found several
exotic species (not determined) due to landscape gardening.
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FIGURE 3 | A chart showing the workflow of the study.

TABLE 1 | Area and number of houses in the study area for the periods 1980–1981 and 2021 and its differences.

Type of WUI 1980/1981 2021 Differences

Area Houses Area Houses Area Houses

ha % Number % ha % Number % ha % Number %

Intermix1 8,350 2.6 2,587 25.1 17,515 5.4 7,596 32.9 9,165 109.8 5,009 193.6

Interface2 5,701 1.8 7,284 70.7 7,661 2.4 14,824 64.3 1,960 34.4 7,540 103.5

Intermix + interface 14,051 4.3 9,871 95.8 25,176 7.8 22,420 97.3 11,125 79.2 12,549 127.0

Non-WUI 310,772 95.7 435 4.2 299,647 92.2 626 2.7 11,125 3.6 191 43.9

Total 324,823 100 10,306 100 324,823 100 23,049 100 – – – –

1 Intermix: areas that have at least 6.17 houses km2 intermingled with at least 50% wildland vegetation cover.
2 Interface: areas that have at least 6.17 houses per km2 but contains <50% of wildland vegetation and were within 2.4 km of an area that had >75% wildland vegetation.

The five vegetation types that burned most in our study
area were shrublands, then woodlands, then native Austrocedrus-
Nothofagus dombeyi forests, steppe, and afforestations, and in that
order. However, in the intermix WUI the vegetation type that
most burned was the steppe, then shrublands, then woodlands
and afterward afforestations (25, 25, 17, and 15%, respectively).

Nothofagus antarctica woodlands was the most burned
vegetation type in terms of area in the non-WUI zone. From the
total area of each type of vegetation, a relatively small proportion
was burned up to now (Table 3).

DISCUSSION

We mapped the WUI and its growth in the last 40 years
in a fire-prone and growing area in western Patagonia. We

found that the WUI represented 7.8% of the total study area,
yet it contained 97.3% of all the houses that were present by
2021, and both WUI area and the number of houses grew
rapidly since 1981–1982. The proportion of homes found in the
WUI, was the same proportion as in central western Patagonia,
around El Bolsón, Lago Puelo, Epuyén, and El Hoyo (Godoy
et al., 2019), meaning that mostly all the people in a vast
region of western Patagonia live in the WUI. The intermix
area has grown more than the interface, as mentioned in a
previous study (Godoy et al., 2019), showing similar percentages
and trends, as we expected for adjacent places with similar
environmental characteristics and natural amenities. Given that
both types of WUI-interface and intermix- are in fire prone
areas, and that most of the people live there, the WUI assessed
should be considered to be carefully managed in strategic
places at least. This management should be agreed with forest
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FIGURE 4 | Wildland Urban Interface in the study area. WUI in 1981: the interface zone is in yellow, the intermix zone is red. WUI in 2021: the interface zone is in
gray and the intermix zone is in pale red.

managers of the provincial government and very specific for each
vegetation type.

Current Wildland Urban Interface
The WUI in our study area was established around developing
towns and villages, as well along their interconnecting roads.
Our study area is now an important growing tourism destination
because of its richness in natural amenities (Beccaceci, 1998;

Consoli, 2019), which is one of the reasons for the increase in
the number of people living in this WUI, as occurs in other WUI
communities in Patagonia and of the world (Otero et al., 2006;
Abrams et al., 2012). This kind of location is very similar as the
WUI we analyzed around El Bolsón (Godoy et al., 2019) and
other WUI areas in Chile (Pozo et al., 2022), Europe, Canada,
and New Zealand (Lampin-Maillet et al., 2011; Modugno et al.,
2016; Johnston and Flannigan, 2018; Langer et al., 2018).
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FIGURE 5 | Detail of the town of Esquel and its surroundings. The yellow lines delimits the interface zone red lines delimits the intermix zone. The dotted points
indicates wildfires and the white points are the ignition points. Note that afforestations are very near of the town and most of the vegetation type is steppe.

The recommendations about reducing all combustible
materials within circa 30 m around the houses should be
applied as a first and most important prevention plan, like
Fire Wise USA (2022) and Fire Smart Canada (2022) practices
in United States and Canada. Management practices of the
surrounding areas further more than 30 m of the houses should
be carefully designed and applied for each vegetation type,
at least in some strategic places, so as to change vegetation
structure that could change fire behavior, should a wildfire occur.
Management forest plans in woodlands and native forests near
the towns and villages should be promoted for conservation and

timber production, as these type of management implies the
reduction of fuel loads. The creation of recreational sites must
also be considered. There is no knowledge neither experience
about prescribed burning in native forests, woodlands, and
shrublands in Patagonia. Therefore, Landesmann et al. (2021)
studied fire vegetation feedbacks and plant community type
conversions that can guide a prescribed burning plan research
for each type of vegetation and situation. Besides, more research
is needed to complement fuel models done already in a
few vegetation types in the ecotone forest-steppe in Chubut
by Bianchi et al. (2012) and fire spread models done for a
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FIGURE 6 | Wildfires in the study area since 1982 and ignition points since 2000, both until 2021. Wildfires are grouped every 8 years, but the last group comprises
3 years.

similar region in Patagonia by Morales et al. (2015) should
be considered.

Wildland Urban Interface Growth
1982–2021
The 2021 WUI area was 9,267 ha larger than the WUI in 1981–
1982, and 110% of the new WUI was intermix WUI. Our growth
analysis focused on new houses in areas with wildland vegetation
in 1981–1982, so we expected that the intermix WUI should

grow in area, and it did at a rate that was more than 4 times
higher the interface WUI growth. We found that this proportion
was 8 times higher in our previous study located around El
Bolsón, at the north of the current study area (Godoy et al.,
2019). We also observed that this growth was higher around the
town of Trevelin, possibly for two main reasons: first because the
surroundings of Trevelin have smoother slopes in comparison
to Esquel and is easier and safer to build houses, and second
due to the lower prices of the land in Trevelin, in comparison
of those in Esquel.
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FIGURE 7 | Number and area of wildfires in the study area. In 2015 a few ignitions burned more than 20,000 ha.

Fundamentally, there are two processes that can create new
WUIs. The building of new homes in or near existing wildland
vegetation, or the expansion of the wildland vegetation (Radeloff
et al., 2018). The number of houses in our study area increased

TABLE 2 | (A) Type of vegetation, (B) area occupied by each type, (C) its
proportion relative to the area occupied in the study area, (D) burned area per
vegetation type, (E) its proportion from the total area burned, and (F) proportion of
burned area relative to area occupied by the vegetation type, all of them in the
period studied and in the studied area.

A B C D E F

Woodlands1 75,797 23 12,912 27 17

Steppe2 75,533 23 6,986 15 9

Forests3 61,185 19 9,438 20 15

Shrublands4 47,443 15 14,649 31 31

Others5 34,257 5 1,391 3 4

Wetlands 15,434 3 478 1 3

Afforestations6 9,184 11 1,646 3 18

Water 5,991 2 0 0

Total 324,823 100 47,500 100

1Woodlands are open areas dominated by N. Antarctica trees and surrounded by
scattered shrubs and bushes.
2Area dominated by grasses.
3Austrocedrus chilensis–Nothofagus forests.
4Area dominated by low-dense shrub vegetation.
5Others is the area occupied by the villages, towns, agricultural and pasture lands,
rocks, and high peaks without vegetation.
6Ponderosa pine afforestations.

by 127% and consequently the WUI area expanded by 80%. We
assume that the only changes in the vegetation were caused by
wildfires and by 9,184 ha of planted new conifer afforestations
between 1980 and 2012 (Datos Argentina, 2022). It is reasonable
to conclude then, that the WUI growth is mainly the result of new
houses and not because an increase of the vegetation. The same
happens in most regions in the United States, where housing
development in wild vegetation areas is the principal cause of
WUI expansion (Kramer et al., 2021). However, intermix WUI
had higher housing growth rates (194%), in relation to non-WUI
(127%) and interface WUI areas (103%), but in absolute numbers,
interface WUI has grown more. The same trend was found in
the United States interface growth rates were higher than the

TABLE 3 | (A) Type of vegetation in the intermix, (B) its area, (C) its proportion
relative to the total intermix area, (D) area burned in the intermix, and (E) proportion
of area burned relative to the total area burned in the intermix WUI.

A B C D E

Steppe 4,287 24 295 25

Others 3,320 19 125 11

Shrubland 3,149 18 290 25

Woodlands 3,090 18 199 17

Forests 1,392 8 63 5

Wetland 1,259 7 26 2

Afforestations 934 5 170 15

Water 84

Total 17,515 100 1,168
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intermix and non-WUI areas, considering 20 years of time lapse
(Radeloff et al., 2018).

Vegetation Types and Incidence of
Wildfires in the Study Area
Woodlands, steppe, native forests, and shrublands were the
most frequent vegetation types in our study area. Although
afforestations occupy only 4% of the intermix area, their
management should be considered to be mandatory in these
places because they are all located very near the towns and roads.
Traditional management toward low density stands and quality
timber production with the removal of slashes will have also the
effect of having less fuel load.

Furthermore, we considered vegetation types only in the
intermix WUI, and not in the interface, because we assume that
there is ornamental vegetation in between the houses that differs
from the wildland vegetation by its heterogeneity. Despite this,
sometime there are plants in groups that provide a horizontal fuel
continuity between the houses, and fire could spread along them
from the wildland to the houses or vice versa, in the same way
as described by Ganteaume et al. (2021). Modern urban codes
that control these types of plant groups should be considered in a
short time scale.

The area burned that was covered with forests in our study
area in 40 years was relatively considerable – 9,500 ha –, which
represented 20% of the total area burned and 14% of the
area of forests in our study area. This is quite different what
happens in southern Chile, where exotic afforestations are the
vegetation type the most burned, then shrublands, and then
native forests (de la Barrera et al., 2018), while savannas and
different types of forests are the most burned in central Chile
(Sarricolea et al., 2020).

We have also observed that pine afforestations only burned
3% of the total area burned, and that was 8% of the total
afforestation area. This seems to be opposed to the situation
in Portugal and Chile where eucalyptus and pine afforestations
are considered to create highly flammable landscapes increasing
the risk of extreme fires (de la Barrera et al., 2018; Ganteaume
et al., 2021), although in Chile there is also intentional fires
because of land ownership conflicts with forestry companies
(Úbeda and Sarricolea, 2016).

Incidence of Wildfires in the Wildland
Urban Interface
The small area of 1,297 ha burned in the WUI, in the last
40 years, and only ca. 600 ha of them in the last 10 years,
could be explained because the current WUI is recently installed,
and because there is still a small amount of people who
lives there. If humans are responsible for the majority of
the ignitions (Rodríguez, 2000; Marini, 2012; MAGyP, 2013;
Mundo et al., 2013), and we should expect a more drought
conditions in the fire season, more ignitions and wildfires
will occur, near or in the WUI. In Patagonia, as well as
in other parts of the world, like the Pacific Northwest in
United States, increased temperatures are projected to lengthen
fire and growing seasons, and the consequences would be

increase evaporative demand, decrease soil and fuel moisture,
increase likelihood of large fires, and increase area burned by
wildfire (Morgan et al., 2003; Villalba et al., 2003; Veblen et al.,
2008; Paritsis et al., 2013; Westerling, 2016; Pozo et al., 2022).
Decreased summer precipitation is also projected to increase
area burned (Holden et al., 2018). Congruently, we should
expect a similar situation, and we should be specially aware
in the WUI.

From the total ignition points, 65% of them occurred in the
WUI. This is comparable with ignitions recorded in south-central
Chile, where most of them were located near the largest cities
(Pozo et al., 2022). We assume that the number of ignition
points is underestimated, as we could only access to available
data in the web site (FIRMS, 2021) as well to the one from
the Ministerio de Ambiente. However, this makes sense with
the fact that there has been a relative small area burned in
our study area and in the WUI as well. According to INDEC
(2021), the WUI in Futaleufú department (where our study area
is located) has more than doubled the number of people in the
last 40 years. Besides, the provincial forestry administration has
lack of observations and incomplete record keeping of points
of ignition and their origin (lightning or anthropogenic). This
information could be also be improved assessing fire severity
specially in forests using the methodology of Franco et al.
(2020) to further design management strategies in those type
of vegetation.

There has been no great wildfires in the WUI because
fire ignitions have been rapidly turned off. In 2020 a wildfire
approached the city of Esquel boundaries and firefighters could
control the fire. Although until not long ago there had been no
loss of houses, in 2021 a wildfire of extreme behavior burned 511
houses in El Hoyo, that is not in our study area but 64 km north
from Cholila. This indicates that the danger is latent and a tragedy
could unfold if the vegetation and meteorological conditions
are met. Therefore the need to have preventive plans to reduce
biomass among others. Management to in native forests near the
WUI to produce timber should at the same time reduce biomass
and risk of wildfires.

Land use planning must take into account wildfires which
are likely to continue to increase in frequency and extent
due to climate warming and increased ignitions resulting
from having more people on the landscape (Veblen et al.,
2008, 2011). Code regulations for houses in the WUI should
be updated considering home hardening to fire. People
living in the WUI should be better fire-risk informed,
and have emergency evacuation plans and enough roads
to do so. The topographic constraints should be quantified
around each town or village, and taken into account in
the land use planning in relation to wildfires and possible
evacuation plans.

By last, combining WUI maps with land use ownership,
and growth history of the WUI would be useful to have more
precise conclusions. Forest managers should evaluate different
alternatives including wildfire mitigation goals in the WUI, i.e.,
as the way proposed by Platt et al. (2008), and by the use of fire
spread models like the one proposed by Morales et al. (2015) and
the well-known FlamMap (Finney, 2006).
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CONCLUSION

The maps generated in this study are very useful to implement,
at local and regional scales, wildfire and fuel management
plans, land use planning, and community awareness activities
to support the development of fire resilient communities. Land
managers in our study area and in the whole western Patagonia
should seriously take into account that human expansion into
rural and natural areas leads to greater housing development
and increased wildfire risk, as it happens in other similar
WUIs of the world.

Although there has been no large fires affecting the WUI
in our study area, the last fire that occurred in El Hoyo and
Lago Puelo in 2021 should be a warning of the effects than an
extreme wildfire can do. Only fire suppression has been done
up to now. Fire risk should be reduced across large areas and in
key locations in order to minimize negative impacts to society,
ecosystems, and their service. In order to achieve this, prevention
activities should be prioritized. Among them, research to test
efficacy of prescribed burns in different types of vegetation to
reduce biomass buildup should be made.

The above must be accompanied by policy measures to
prevent fires in the WUI to allow for a safer and sustainable
growth of these increasing WUIs areas.
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