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In Spain, traditional forest fire management practices have been conducted for many

decades, for both prevention- and extinction-oriented purposes. This management

model has been forced to shift as a result of changes in fire behavior and has also been

adapted to the use of new technologies. The challenge presented by wildfires is amplified

due to socioeconomic changes in the last 40 years and inadequate land management

in the context of climate change. The principal objective of this work is to establish the

most adequate methodology to define the “propagation nodes” in a territory. To do that,

the new simulation modes offered by the WildFire AnalystTM simulator (WFA) have been

explored to obtain fire behavior data. Likewise, the behavior of large fires in the area has

been extrapolated to future scenarios, according to forecasts of different climate change,

analyzing extreme weather conditions that can occur in such scenarios (ONU, 2019). The

WFA simulator (Tecnosylva, 2014) works efficiently in simulating fire, proving greatly useful

in both real suppression operations and fire prevention analysis. It can very accurately

generate large wildfires’ main pathways without making any kind of adjustments; this is

quite useful when planning operations at the head of a fire. It also allows evacuation time

evaluation for a given Wildland Urban Interface zone. The area selected for this study

is called Sot de Chera, in the Valencia region (Spain). The methodology employed here

uses the simulation with WFA setting extreme meteorological and phenological windows

associated with wind-driven fires or convection fires dominated with wind, from different

starting points looking for the areas where they are grouped. In other words, it is a

matter of identifying on the territory the areas where the heads of these higher-intensity

fires will arrive, in order to offer realistic control possibilities to the firefighting teams. The

results of the simulation identify the heads of the fires with the greatest rate of spread

and intensity, exceeding suppression capabilities and efforts, allowing thus to plan for

appropriate fuel management strategies to effectively manage emergency responses to

fires in these areas.

Keywords: prevention, fire management, fire behavior, large wildfires, climate chance

INTRODUCTION

Fire preventative infrastructures emerged in Spain in response to the low-intensity fires that
occurred in the 19th century, originated from burning prairies and other activities in mountain
areas (Real Orden de 12 de julio de, 1858). As early as 1869, the first forest camps were created
to combat summer fires (García Martino, 1869). The vision of fire prevention, in areas referred to
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as firebreaks, has continued to this day. Save for a few exceptions,
such as the Preventive Silviculture Plan for Valencia Region
(Generalitat Valenciana, 1996), fire prevention infrastructures are
still being designed in a traditional manner: that is, firebreaks
dimensioned for low-intensity fires, which are easily controllable
with current suppression resources, but are not in line with
the parameters of current high-intensity fires (Quílez Moraga,
2017). This classic perspective of the prevention means that
fuel management is limited to clearing firebreaks between
municipalities or maintaining the pre-existing ones. This practice
does not evaluate their functionality in current forest mass, or
consider meteorological or climatic conditions in which wildfires
presently develop.

According to climate change models (Canadian Global
Coupled Model CGCM2), when looking at the maximum
temperatures and the drought coefficient (precipitation/2
times the temperature, ECHAM4 model), years like 2012
lie in the lower part of the table of expected anomalies in
the 2011–2040 period. Given the situation, fires beyond
the suppression capacity and mega-fires are predicted to
increase greatly.

In this global change context, it is necessary to combine
preventative and suppression actions in the face of the
changing fire regimes, where month-to-month and year-to-year,
elevated temperatures continue to break records (Fernández-
Miguelañez, 2013), taking into account as the concept of
fire regime the description by Keeley et al. (2009), which
includes the types of fuel consumed, the frequency, the
period of the fire, the intensity of the fire, and the spatial
distribution of the individual fire events. The only way to
reduce the impact of the expected fire regime is to modify the
landscape (Castellnou et al., 2019).

Spring drought conditions, temperatures above 35◦C and
winds above 30–35 km/h make fire control very complicated
or impossible. It is in these conditions that uncontrollable fires
(Costa et al., 2011) emerged in Spain, such as the fires in Valencia
in 1994 and 2012 among others, comparable in magnitude to
other fires in Greece in 2007, Portugal in 2017, the Camp and
Carr Fires (US) in 2018, among others.

Nowadays, when a big forest fire starts, the political and
technical strategies encourage the suppression methods that
deploy large amounts of means (e.g., fire trucks and aerial
resources) and the usage of all kinds of technologies. These
devices usually favor a reactive response to emergencies, which
can, on occasion, impose risk due to organizational complexity
and excessive resource use.

However, a more profound analysis of the extreme behavior of
these fires is necessary at all levels, to obtain a better effectiveness
of these technologies or the options that suppression tools offer.

As such, the habitual responses normally begin with an initial
dispatch of means that increase according to the growth of the
fire. In other circumstances, these strategies are applied regardless
of the nature of the territory through which the fire spreads,
along with the meteorological and climatic conditions under
which it develops, often leaving the final suppression results
to chance.

In addition, it is necessary to develop a new vision of
wildfires that moves away from the loss of visible values (e.g.,

production of timber, biomass, and hunting) and focuses on the
loss of ecosystem services (e.g., air quality and water quality),
considering especially future scenarios of global change with
impacts at a short, medium, and long term (IPCC, 2018;
ONU, 2019). The new vision is directed toward land planning,
integrating the current problem that fires pose.

Technical tools, as land planning models and fire modeling
software, evolved very rapidly over the past few years. Concepts
such as fire pathways (Minimum Travel Time, hereinafter MTT)
(Finney, 2002) can prove very useful for their design. In short,
this work aims to greatly reduce the uncertainty of most
firefighting operations (Simons, 2013) in relation to large forest
fires’ spread directions.

To decrease the incertitude and focus a wildfire management
in a way in which the decision making is more adequate, it
is necessary to consult the knowledge gained from historical
fires in a territory, and, through the support of new simulation
technologies and GIS analysis, determine the areas with high
potential of large wildfires propagation.

This knowledge will form the basis to develop pre-established
fire suppression plans, which will provide emergency officers with
a series of predetermined operational decisions under different
weather windows, overall aiding to change the current reactive
response to a more proactive one. The emergency officers will
have technical data to support their actions, reducing the pressure
on decision-making, increasing the safety of the crews involved
and populations concerned, while reducing fire damage in a
given region.

This is the reason why the idea of establishing, knowing,
and developing the idea of the propagation nodes is posed.
Propagation nodes can be defined as areas where the MTT
from different fire simulations in an area accumulate under
distinct meteorological conditions, with the potential to generate
large wildfires (Finney, 2002). Propagation nodes differ from
“critical points” defined by Costa et al. (2011) as the latter are
used to locate inflection points in the behavior of specific fire
patterns; they tend to be located in riverbeds and are closely
linked with changes in slope, and they also differ from the
Nodes Grid concept (Alcasena et al., 2018), since this attempts
to quantify the cells that are burned from a given cell, while
the propagation nodes attempt to identify areas where the main
fire paths intersect. The former, meanwhile, are determined at a
broader scale and are found in areas where large-scale surface
fires propagate.

OBJECTIVES

The definition of the propagation nodes then facilitates the
identification of the most appropriate areas for preventive
treatments. Thus, the research proposes drafting proactive
operation plans in order to anticipate the spread of
fire and reduce its broad effects on the territory, while
providing a safer scenario for the crews involved in
wildfire control.

In this sense, the following steps aim to achieve this goal:

(1) explore the new simulation modes offered by the WildFire
AnalystTM simulator (WFA) to obtain fire behavior data;
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(2) take advantage of the information of the past
scenarios of large fires in the area, to carry out the
analysis of future forest fire scenarios, according to

forecasts of different climate change, analyzing the
extreme meteorological conditions that can appear in
these scenarios;

FIGURE 1 | Location of the area of study in the east of the Iberian Peninsula. In red, Sot de la Chera wildfire; in pink, the Calderona Wildfire. Source: Modified by the

author on ESRI basemap.
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(3) analyze fire behavior in these scenarios using the WFA to
determine how these fires will spread.

On the basis of the information obtained on the
previous points,

(4) define and establish propagation nodes, where most fires will
spread under the worst weather conditions, and (5) set the
basis to design fire prevention actions to limit the spread of
large fires using the propagation nodes and areas of greatest
interest for confinement. These will abide by the parameters
of fire behavior and aim to provide safe areas to the units
involved in their control.

MATERIALS AND METHODS

Study Area
The used area for the development of this study located in the
northeast of the province of Valencia (Figure 1) was selected: “Sot
de Chera” (the central municipality in the area of study). This area
constitutes a dense forest mass, limited to the south by the Utiel
Requena plain and the A3 freeway, to the west by the N330 from
Utiel to Sinarcas, and from there to the Benagéber swamp, to the
north by the Turia riverbed, and to the east by cropland along the
axis of Pedralba, Chiva. This area constitutes the southernmost
tip of the Iberian System. This territory is sparsely populated
and few activities center on managing the forest structure, so
past fires have contributed largely to creating a continuous and
homogenous landscape, as far as forest vegetation is concerned,
with a surface of 103.238,45 hectares.

Choice of the Simulator
The research employs the simulationmodel ofWFA to determine
the propagation nodes. This work consulted Simons (2013) to

select a fire behavior model that can be used during wildfire
operations. Simons (2013) analyzes 17 simulators through an
exhaustive literature review of existing material. Of these 17, a
total of 12 were found with the capacity to simulate fire spread
and behavior, and 11 required available input data. Additionally,
only 2 of the original 17 simulators, Farsite and WFA, obtained a
4 out of 5 usability rating. Both accept data from heterogeneous
spatial terrain, deploy a graphical user interface, do not require
script, and have accessible manuals and tutorials. While Farsite
requires much more time to develop a simulation, which makes
it less operational to be used in real time emergencies, WFA
performs the simulations inmuch less time. For this reason,WFA
was the only simulator that met all the requirements from the 17
models analyzed.

The WFA simulator (Tecnosylva, 2014) works efficiently in
simulating fire, proving greatly useful both in real suppression
operations and fire prevention analysis (Ramirez et al., 2011;
Quílez, 2016). It can very accurately generate large wildfires’ main
pathways without making any kind of adjustments; this is quite
useful when planning operations at the head of a fire. It also
allows evacuation time evaluation for a given Wildland Urban
Interface zone.

Thanks to the high simulation speed and the probabilistic
simulation module of WFA, the present research has created a
study of the landscape and generated simulations for each point
under worst possible weather conditions that can lead to large
fires. The results can run through ARCGIS software, allowing the
integration of all simulations. Then, the zones where these factors
and MTT accumulate over the territory are obtained—defined in
this work as propagation nodes. This will prove useful in various
fire scenarios with different starting points.

Sound knowledge in obtaining parameters such as forest
fuels, meteorology, and especially phenology is key for its

FIGURE 2 | Block diagram used to obtain data for entry in Wildfire Analyst simulator. Source: author’s image.
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use (Figure 2), although establishing MTTs in variable weather
situations often does not align with reality. Prior to determining
the propagation nodes, this research requires a thorough study
of all variables to be introduced into WFA (Figure 1). The
quality of the outputs will largely depend on the input data,
holding major importance when applying the simulator to forest
firefighting operations.

Calculation Location of Propagation Nodes
With Wildfire Analyst
In order to carry out the MTT calculations with WFA, one
must consider that the simulator works in the following
way (a) to calculate the MTT of a normal simulation in
the propagation module, the WFA, and (b) to calculate the
propagation nodes:

FIGURE 3 | (A,B) Identification of number of burned cells for each ignition point. (A) Example of Huygens principles on a cell grid. (B) WFA outcome representing the

Huygens principle on the MTT. Source: Tecnosylva.
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FIGURE 4 | Process of obtaining propagation nodes with Wildfire Analyst. Source: author’s image.

TABLE 1 | Weather and fuel moisture variables used in the simulations for the Sot de Chera study.

Wind speed (km) Wind direction

(degrees)

Temp (◦C) Relative

humidity

(%)

1-h moisture

(%)

10-h

moisture

(%)

100-h

moisture

(%)

Live wood

moisture

(%)

Live herbaceous

moisture

(%)

Orientation of a west fire line (15-h simulation)

70 ± 10 270 ± 45◦ 37 10 3 ± 1% 5 ± 1% 7 ± 1% 55 30

Orientation of a northwest fire line (10-h simulation)

70 ± 10 315 ± 45◦ 37 10 3 ± 1% 5 ± 1% 7 ± 1% 55 30

Orientation of a southwest fire line (10-h simulation)

70 ± 10 225 ± 45◦ 37 10 3 ± 1% 5 ± 1% 7 ± 1% 55 30

a1. Calculate the number of burned cells caused by one single
cell; in Figures 3A,B, an example is shown using for that the zone
under study.

a2. Calculate the logarithm of the value of the previous layer
(a.1) to homogenize the data.

a3. The obtained logarithm is divided by the maximum value
of the layer so that the WFA legend is always defined between 0
and 1 (this is what makes the calculation not absolute, as said
before, but only relative to the simulation in question). It is
actually divided by the starting point value, corresponding to the
logarithm of the total number of cells burned in the fire. For a
singular simulation, B is the number of total cells burned in a
simulation and x(i, j) is the number of cells burned due to cell
with coordinates (i, j), and then the value of the fire pathway
(Firepath) over every WFA cell is:

Firepath
(

i, j
)

=
Log(x

(

i, j
)

)

Log(B)
(1)

Therefore, the true value of x(i, j) is calculated:

x
(

i, j
)

= B · Firepath(i, j) (2)

To carry out this process in ARCGIS, the total area of the
simulation should be divided by cellsize∗cellsize to know the
number of cells corresponding to the area, called B, then import
the layer to ARCGIS and calculate Equation (2).

The simulations done with the WFA probabilistic module
differs in the results: this is because we first sum all the x(i, j)
values of each simulation and then calculate and normalize the
logarithm. At this point, to obtain B, we must use the acumcost
layer, which gives (for each cell) the number of times that a cell
has burned in a probabilistic simulations already done (N), and
then Bprob is the sum of the value of all cells of the acumcost layer.

acumcost

(

i, j
)

=

∑

Bprob(i, j) (3)

The calculation of the propagation nodes can be done as follows
(Figure 4):

b1. Identify themost unfavorable weather for the area of study.
The meteorological windows chosen to carry out the simulations
correspond to the worst scenarios of wind fires or wind with
convection in the study area, which are also quite coincident with
those that in other parts of the world generate this type of fire.

To define them, the offshore character of the wind direction in
the studied area must be taken into account.

Should certain doubts arise in calculating the MTT in
relation to the accuracy of simulations with non-constant
environmental variables, we propose performing simulations
with fixed environmental conditions (except for the fuel model),
for each of the most unfavorable wind orientations in each
zone, although the WFA simulator allows incorporating some
variability in the direction and intensity of the wind.
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b2. Search for the fires’ most unfavorable starting points. These
can be obtained by collecting starting points from historical fires,
randomly, or by determining fire ignition points that generate the
major spread pathways.

For this purpose, we have used simulations of different fire
fronts, locating these points through the WFA probabilistic
module (100 simulations on each front). The fire fronts have been
simulated on the perimeter of the study area, in full alignment
(Campbell, 1995) to promote the maximum spread of fire. After
locating the fire fronts’ main spread pathways, the points selected
were those with a value superior to 0.4 on a scale of 0 to 1 (based
on expert criteria).

For this purpose, different flame fronts have been launched
over the study area, from the different wind orientations more
favorable for the spread of fire (offshore winds) (Forthofer et al.,
2011), in full alignment (Campbell, 1995) to obtain themaximum
spread of the fire. These flame fronts will launch fire paths that
will agglutinate the fire paths of the fires thatmay originate within
the analyzed territory.

To do this, simulations have been carried out with these flame
fronts as the origin, with the WFA probabilistic module (100
simulations for each flame front), to identify the points where the
main fire paths are generated. After locating the main routes of
propagation of the fire fronts, the selected fire origin points were
those that presented in the simulation a value >0.4 on a scale of
0 to 1 (according to expert criteria).

The MTT points that conjoin the main fire pathways are then
analyzed using aerial photography of the area.

b3. Simulate every localized point in step b2, using the
WFA probabilistic propagator. The result will be the MTT of
100 simulations per selected point, under definite and constant
meteorological conditions.

Simulate each point located in step b2, using the WFA
probability propagator. The result will be the MTT of 100
simulations per selected point, under meteorological conditions
of wind fires and convection wind, with some variability in the
wind conditions supported by WFA.

b4. Obtain the total number of cells burned from each starting
point through theWFA acumcost output. This enables estimating
the number of times each pixel burns on a raster of each
probabilistic simulation.

b5. Obtain MTT from probabilistic simulations of each
starting point from the output scemtt, recalculated to establish
the real number of times that each cell burns from each
starting point.

b6. Combine all MTTs of each recalculated point through
the ARCGIS software in order to obtain the overall MTT of
the territory, integrating the results of the different selected
starting points under their respective weather conditions in
full alignment.

b7. Locate the union points of these MTT, which will then be
called propagation nodes.

b8. Conduct a territory analysis aiming to define the surface
of large wildfires, proposing an area that will be left to burn
in function of the meteorological conditions, and planning
suppression operations based on the typology of these fires’

FIGURE 5 | (A,B) Starting points selected with fully aligned fire lines in the area, west line (A) and southwest line (B). Source: Author’s.
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spreads, maintaining the maximum safety of people implicating
the deployment.

Once calculated, one can select the areas of each propagation
node separately. This focus on what each node contains allows for
more detailed individual analysis. For this analysis, we suggest
including criteria based on pyromorphology (Castellnou et al.,

2009), access points, and adjacent models (e.g., fuel models).
Once selected, the information from each propagation node and
its surroundings can illustrate the presence of crop zones, water
points, and access points, and how to join them together to create
closed polygons, all in order to decrease the spread capacity of
large wildfires over the node network.

FIGURE 6 | Starting points from selected MTT. Source: Author’s.
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APPLYING THE MODEL TO THE ZONE
UNDER STUDY

To analyze the area of Sot de Chera, a preliminary study has
simulated WFA with three wind orientations in the south, west,
and north areas. Those illustrate starting points that generate
the greatest fire spread pathways. To locate these starting points,
three different fire fronts have been launched at the beginning of
the study area.

These simulations were carried out with WFA’s probabilistic
tool with 100 simulations for each wind orientation and fire
line generated. The simulation’s extension varies due to the large
quantity of terrain that each simulation encompasses from each
orientation. The simulations represent 10 h for southwest and
northeast orientations and 15 h for westward orientations. The
difference between simulation duration is given by the ellipse
shape of the simulated scenario. While the largest axis requires
more hours of simulation to calculate all the surface, the short
axis requires less time to cover that surface.

The probabilistic simulation allows working with ranges
of weather and fuel conditions. The AEMET (Spanish
Meteorological Agency) provided the base for meteorological
parameters used within the Plan of Preventive Silviculture Plan
for Valencia Region (Generalitat Valenciana, 1996), which was
adjusted according to the area’s own operational experience
in fire management, as far as relative moisture is concerned
(Table 1).

This study has used Valencian fuel models (Quílez and
Chinchilla, 2013), adapting existing fuel models (Scott and
Burgan, 2005) to the area. The same models have served for the
phenological state, modifying the PD1 model of grain fields to P1
of low pasture (assuming it has already been mowed), adjusting
its period to June 1 through September 30, and demonstrating its
status as “fully cured.”

The main fire front spread pathways generated by the MTTs
covered most territory and from which most secondary pathways
emerge (Figures 5A,B). As such, we found the MTT points that
conjoin the main fire pathways; in total, the study selected 52
starting points in the Sot de Chera area. The study carried
out simulations with 49 of the 52 selected points, since 3 of
these points generate the same runs as their adjacent points.
Specifically, the starting points eliminated were numbers 41, 44,
and 47 (Figure 6).

Once 49 probabilistic simulations occurred (4,900 fire
simulations of the scenario), the recalculation of each MTT value
was done for each point (Figure 7A), and then conduct their total
sum (Figure 7B). When calculating the sum, even if the same
simulation extension with WFA is used, the simulation surface
is large and the raster layers generated for each starting point
will vary their coverage in the field. Otherwise, the information
from the peripheral zones of each point’s raster can be lost,
obtaining only the sum of the central area’s overlap. A priority
order has been established on the cumulative MTT map, based
on the number of times each pixel burns (i.e., between 1 and

FIGURE 7 | (A,B) Simulation outcomes. (A) Example of recalculated point 1 MTT, legend indicates times that pixel burned over the simulations created. (B) MTT

reclassification for each of the 49 points. Source: Author’s.
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FIGURE 8 | (A,B) Comparison of the resulting main MTT accumulation zones. (A) After eliminating the non-representative values and organized by priorities. (B) The

same orthophoto, where the values of priorities 1, 2, and 3 are left. They are the ones that accumulate the most propagation pathways, and therefore where large

wildfires will spread in the area. Source: Author’s.

17 millions of pixels in this simulations). On a scale of 1–5: 1
corresponds to pixels burned 10–17 million times, 2 corresponds
to 5–10 million times, 3 corresponds to 1–5 million times, 4
corresponds to 200,000 to 1 million times, and 5 corresponds
to 1–200,000 times. To obtain the final representation, the study
separated those pixel values that, in raster analysis, match pixel
values outside the burned zone, or those that hold a value of
non-burned areas like agricultural or urban zones within the
simulation. In this case study, the area is lengthened east–west,
the point simulations in the west area lasted 15 h, and the points
in the southern and northern areas lasted 10 h. These data are
important for working with the summed data of each point’s
MTTs. Values up to 0.2 are represented transparently, values up
to 0.4 in blue, up to 0.6 in yellow, up to 0.8 in orange, and up to 1
in red (Figure 7B).

Values under 0.5 are considered not representative and they
are removed from further analysis (Figures 8A,B), given that
these values are generated when adding the raster layers to the
GIS, and appear in the pixels that are outside the simulation area.
Once values below 0.5 have been processed and removed, and the
resulting values reclassified, the main propagation nodes can be
analyzed. A first selection of the nodes is made, but will need a
further analysis of parameters, such as terrain shape, present fuel
models, distribution of agricultural areas, among others.

In order to determine the propagation nodes, one must
bear in mind that according to the prevention regulation
in the region of Valencia, preventive silviculture treatments

must occupy a maximum 6% of the defensible territory’s
surface, according to the recommendations of the Ministry
of Agriculture, Environment, Climate Change and Rural
Development (Generalitat Valenciana, 1996). These treatments
include all actions in the area of preventive silviculture, including
any actions on the forest cover fraction or shrub vegetation. In
the area chosen for this study of Sot de Chera, we have selected
34 propagation nodes with a total initial surface of 8,164.81 ha,
for a total forested surface of 103,328.45 ha, where there will be
an excess of 1,970.51 ha in selected areas in order to fulfill the 6%
established maximum. After analyzing each propagation node,
the total area selected for treatment on all nodes has reduced
to 3,588.57 ha, which would then have to be recalculated once
on-the-ground actions have been reconsidered (Figure 9).

Moreover, the Sot de Chera area has established 50 fire zones,
which are perfectly delineated by the propagation nodes to slow
down the potential fire heads and joined together by auxiliary
buffers that allow the flanks to be managed (Figure 10).

DISCUSSION

Various methodologies arise when defining the most adequate
areas for treatment, which consider the kind of vegetation,
appropriate control of high intensity fires, and economic
viability. Some focus on traditional firebreak areas (Generalitat
Valenciana, 1996); other more modern approaches focus on
critical points based mainly on changes of inflection in the fire
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FIGURE 9 | Location of the fire prevention treatments to be completed in the Sot de Chera area to manage propagation nodes and fuel breaks. Source: Author’s.

alignments, closely linked to the land’s topographic configuration
(Costa et al., 2011; Castellnou et al., 2019) and other approaches
include propagation nodes, as described in this study. This tool
stands out as it describes a territory’s particular fire regime
and aims to locate the management areas where the principal
high-intensity fire pathways accumulate, thus providing better
opportunities for fire suppression.

The propagation nodes obtained through the proposed
method coincide with the main spread pathways studied in
historic fires (Quílez, 2015). The management in the presented
nodes will be developed based on the parameters of a wind
fire’s spread or convection winds, which are linked to changes
in weather windows over the fire’s duration and which can
change the type of fire. The nodes allow finding suitable places
to anticipate the fire’s spread beyond the suppression capacity.
In order to delineate the nodes, one must take all variables of
fire propagation into account and then construct them with a
minimum size allowing the fire services to use them as safety
zones, utilizing formulas such as those proposed by Butler (2014).
Additionally, they must also connect through firebreak areas that

favor firefighters’ counter-fire operations and limit the effects of
spreading embers (Figure 11).

Once the propagation nodes are established, one must
consider their treatment according to the present fuel models,
and how to maintain them economically in the long term. All
treatments must correspond with the studied fire typology: in this
case, wind fires. In any case, the proposed treatment areas should
be classified as areas of high strategic interest for maintaining
forest cover.

The study of wind fires gives an idea of what locations and
preventive actions could slow or stop these fires, as they have
a greater spread impact, entry into counter-wind areas, and
generate secondary hotspots. Strategically locating firebreaks is
critical in controlling large fires and should be designed with
the fires’ characteristics and typologies in mind. They must be
equipped with interior communication routes (buffer zones).

Most current fire responses are reactive. In recent years, much
analysis has accompanied fire suppression operations, though
it mainly provides solutions to an already-active fire. Ideally,
this work should focus on forecasting possible territorial fires
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FIGURE 10 | Fire zones in the Sot de Chera area. Source: author’s image.

FIGURE 11 | Scheme of preventive actions creating safe work areas to cut off advancing wind fires. Source: author’s image.
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and reducing levels of uncertainty while managing active fires in
order to evolve to a more proactive extinction response.

For this, the study suggests generating pre-established
firefighting plans that anticipate fires outside of suppression
capacity and that align with indicated weather patterns in each
case. These operative plans always take the enacting personnel’s

safety into account and should be simulated during trainings in
the territory (Figure 12).

The design and implementation of nodes must be carried out
while considering the behavior of the most unfavorable fire in
the area (Quílez, 2015). In this case, wind fires would have the
potential to generate large wildfires. According to operational

FIGURE 12 | Procedure for plan design and application in pre-established operations. Source: author’s image.

TABLE 2 | Basic criteria used to design propagation node treatment.

Criteria Guidelines

Pyromorphology To design a fire operation, especially near the head, one must find counter-wind areas: the fire there will experience wind contrary to the

main one spreading the fire.

One must design the area to receive hotspots, in order to minimize the number of hotspots that can occur.

To control the flanks, the proposal is to take advantage of firebreak areas or farmland areas that allow back burns and rapidly close the

flanks with reduced effort.

Fuel models Fuel should be managed to reduce surface fuel as much as possible. However, acknowledging limits to avoid generating negative

processes like erosion.

Take action on the woodland, establishing a distinct forest cover fraction sizing of the woodland in the areas of full wind and slope

alignment in order to reduce the likelihood of active or independent canopy fires in the ember-reception areas, where hotspots can

emerge.

In the Mediterranean area, light that enters the forest floor by removing woody material favors regenerating surface fuel in viable hotspots.

Their severity depends on the environmental conditions deemed more or less adverse in the presented model. Therefore, it is important to

keep the area clean of grass and scrub material, or at least ensure that they are not continuous. To do this, we propose leaving the

woodland cover fraction as close to 100% as possible. In both cases, any ladder structure in vegetation should be removed to reduce the

possibility of surface fires passing to the canopy.

Access and water sources Propagation nodes need access points in good condition that allow crews to safely and quickly enter the workplace. Water reserves are

desirable in these areas to ensure the units’ supply during combat.

Fuel distribution in the area The fuel surrounding the propagation node must also be analyzed, especially in cultivated areas or areas devoid of flammable fuels, which

allow designing support areas through maintenance and/or recovery.
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expertise, this type of fire is characterized by a rapid spread,
in most cases motivated by the large generation of hotspots in
front of the fire head. Under extreme weather conditions, they
can overwhelm the suppression capacity from the first moments,
and if there is a wind change (even days later), this can foster
the free progression of the fire flanks that will turn into a head
fire. This is why we must consider fire behavior at the head
and flanks, and through its spread via fire hotspots, all while
taking the safety of the fire management crews in account as they
deploy the operations. Thus, it is essential to analyze the terrain’s
pyromorphology, the fuel models present, the access points to
each zone, and the distribution of fuels in the nodes’ environment
(Table 2).

CONCLUSIONS

The presented tool is the product of expert knowledge
and permits both landscape and wildland fire managers to
quantitatively identify treatment areas that can prevent large
wildfires. This in turn creates areas where there is a discontinuity
in fuel that limits the fire spread and behavior and supports
suppression services to attack the fire.

Wind and wind convection fires burn the most surface
in the Spanish Mediterranean arc, though in the context of
climate change, an increase in the incidence of convective fires
is expected.

Through available methods and tools, such as the Wildfire
Analyst simulator, probabilistic simulation modules, and a
subsequent GIS analysis of the simulations, managers can
infer the main areas where the fire pathways accumulate
under different weather conditions over a given territory,
thus expanding analysis capabilities in actual fire suppression
operations. The propagation nodes represent a major advance in
strategic analysis for forest fire prevention, and further encourage
pre-established designs for fire management operations. This
contributes to reducing uncertainty while increasing safety
during forest firefighting operations.

This methodology can be easily applied elsewhere. For that, it
is necessary to collect the input layers required by the simulator
to perform the propagation calculations. Notably, the humidity
values for the live fuel have a great influence on the simulation
results, which means that it is instrumental to identify reliable
sources where those data can be retrieved. With the lack of
those data, extreme values can be entered such as those used for
this work.
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