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Abstract: Both fire risk assessment and management of wildfire prevention strategies require different
sources of data to represent the complex geospatial interaction that exists between environmental
variables in the most accurate way possible. In this sense, geospatial analysis tools and remote
sensing data offer new opportunities for estimating fire risk and optimizing wildfire prevention
planning. Herein, we presented a conceptual design of a server that contained most variables required
for predicting fire behavior at a regional level. For that purpose, an innovative and elaborated
fuel modelling process and parameterization of all needed environmental and climatic variables
were implemented in order to enable to more precisely define fuel characteristics and potential fire
behaviors under different meteorological scenarios. The server, open to be used by scientists and
technicians, is expected to be the steppingstone for an integrated tool to support decision-making
regarding prevention and management of forest fires in Catalonia.
Keywords: forest fire prevention; fire hazard; fire simulation; open access server; fuel modelling;
weather scenarios modelling; geospatial dataset

1. Introduction
The use of spatial explicit tools that support management decisions is becoming a common
practice to mitigate the negative impact of wildfires [1–4]. As in any type of decision, when planning
fire prevention strategies and assessing fire risk, a set of criteria and their importance has to be set
in accordance with the problem’s specific requirements. The risk values, potential post-fire recovery
of the ecosystem, and the candidate management options are basic information sources that usually
are considered when planning preventive measure. Still, there is a criterion that always requires
consideration when planning mitigation actions, i.e., the potential behavior of fire. The probability
of fire occurrence over a period of time, the expected spread and intensity of single events, or the
accompanying severity, defines how prone an area is to be affected by fires. Moreover, it helps anticipate
the impact of those fires on the natural resources and human made infrastructures. Therefore, having at
the disposition of researchers and technicians a server with all the information required to evaluate
fuel hazards and fire behaviors should be used to decide and apply management actions that aim to
mitigate the negative impact of wildfires on human and environmental resources [5].
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New remote sensing tools have provided a new capacity to assess the state of the forest over large
areas. The use of satellite multispectral images and airborne LIDAR (Laser Imaging Detection and
Ranging) has implemented an important step ahead to gather spatial information on the structure
of vegetation [6–10] and canopy characteristics [7,9,11], distribution of fuel types [7], and their
temporal changes due to forest management and forest disturbances [12–14]. Fire risk evaluation has
taken advantage of these tools, both to support decisions at strategic [15–17] and tactical level [18],
especially if the data precision/resolution is appropriate. In this sense, Rodriguez and Silva et al. [19]
proposed a methodology for determining operational priorities for fire prevention and suppression
activities, Salis et al. [20] modelled the effects of fuel treatments on the potential fire spread and
behavior. Alcasena et al. [21] and Salis et al. [22] analyzed the fire exposure of highly valued resources
and assets. Riley et al. [23] suggested a model-based framework to evaluate alternative wildfire
suppression strategies. González-Olabarría et al. [24] identified areas where fuel management had to
be implemented to support suppression efforts.
Fire simulation and modelling allows for the estimation of fire behavior and spread in complex
fire environments [25,26], considering different inputs such as ignition location, elevation, fuels,
canopy characteristics, weather, and fuel moisture. Different modelling approaches allow for the
application of outputs in many ways. This allows one to plan and conduct prescribed fires by analyzing
temporal windows to reach specific purposes depending on fire behavior [27], assess the effectiveness
of fuel treatments [20,28], evaluate fire behavior for all the cells in a landscape [29,30], asses direct
hazard and risk [31,32], estimate burn probabilities [33,34], or analyze fire exposure [21]. Although fire
simulations can be focused on specific fires, either in the past or happening in real-time [35,36], the use
of simulation outputs for tactical or strategic management planning requires fuel moisture and weather
scenarios adjusted to the historical data of areas with an homogenous fire regime [32,37–40].
Fires are the main cause of forest damage in the Mediterranean region. Apart from ending
up with serious environmental and ecologic damage, they generate an important economic loss.
Therefore, in these regions, they are perceived by the public as the main environmental problem,
especially amid climate change. Having available actualized data on forest fuel characteristics and
evaluation of potential fire risk via simulation of fire behavior are required steps on the way towards
successful decision-making regarding fire prevention and suppression. Moreover, developing an
open server, where maps of all variables are required to simulate fires, including elevation, fuels,
canopy characteristics, and weather scenarios. Further, they provide a harmonized and easy to apply
framework for many technicians and researchers working on fire-related topics, with the additional
advantage of comparability between results that can hardly be achieved if the baseline information is
generated independently and based on different methodologies. In this sense, the LANDFIRE (LF)
Program in the United States began the process of providing consistent national biological/ecological
inventory data [41] with an increased concern about the number, severity, and size of wildfires.
LF provides the current state of vegetation, fuels, and fire regimes at a national scale, and the data
have become a critical piece of wildfire modelling, research, planning, and operational support for fire
management [41].
Although several studies on forest fires characterization and modelling have been implemented
across Southern Europe, and specifically in Catalonia [42–47], an exhaustive research with a strong
geospatial component that could define fuel models and fire behavior, has not yet been conducted.
For this purpose, two methodologically different datasets have been developed: (1) data related to
the biophysical environmental characteristics and (2) data related to potential fire weather conditions.
The first dataset provides a set of georeferenced variables from different datasets, on the state and
arrangement of fuels, that helps to simulate forest fires, its behavior. It also evaluates fire hazard
across landscapes even if fires are not simulated. The second dataset corresponds to the climatic
conditions required to simulate relevant historical fires or fires under extreme weather conditions. In this
manuscript, we presented the methodology to generate all information required to assess fire hazards
and simulate fire behavior, combining multiple datasets from biophysical variables to allometric
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2.1. Study Site and Methodological Approach
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Figure 1. Schematic diagram of the conceptual design of the project.
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Variables representing the landscape and meteorological scenario data represents the base for
each fire simulation; therefore, the initial aim was to unite and organize these datasets in order to
be used by fire simulators and evaluate fire behavior characteristics. Generation process of both
datasets encompasses the workflow where data, obtained from different databases, underwent several
transformations, parametrizations, and geospatial analysis, depending on the nature of the data,
initial data type, and data characteristics required by the simulators. A certain amount of data was
already freely available and ready to be used. Other datasets, nevertheless, needed to be parameterized
and estimated by implementing different spatial modelling processes.
2.2. Fire Hazard Evaluation
2.2.1. Fuel Mapping and Landscape File Generation
By defining a set of georeferenced variables—such as elevation, slope, aspect, fuel model, canopy
cover, canopy height, canopy base height, and canopy bulk density—it is possible to anticipate fire
behavior once the weather conditions are set. Those georeferenced variables can be compiled into
a landscape file (LCP) and used as an input in the most commonly used fire simulation software
packages [55]. Therefore, to create the spatial frame of our server, it was required to estimate the
8 variables that conform into a LCP (Table 1).
Table 1. List of variables used to generate the landscape file (LCP).
Variable

Unit

Data Processing

Forest canopy cover (FCC)
Standard height (SH)
Canopy base height (CBH)
Canopy bulk density (CBD)
Fuel models (FM)
Digital Terrain Model (DTM)
Slope (SL)
Aspect (ASP)

%
meters
meters
kg/m3
Categories
meters
%
degrees

Original data, not processed
Original data, not processed
Parameterized and (geospatially) modelled
Parameterized and (geospatially) modelled
Parameterized and (geospatially) modelled
Original data, not processed
Geospatially transformed
Geospatially transformed

With the aim to define fuel models and parameters that describe forest fire hazards, a forest
typology analysis was conducted. This was done in order to improve the modelling process of
the variables representing the landscape file, according to each of the tree species presented in the
study area. Secondly, it facilitated the forest management decision-making process, as management
prescriptions should adapt to the ecological and operational requirements of each species and typology.
For this purpose, we used the Forest Formation Map of Catalonia [56] to represent stands with at
least 20% of forest coverage and the Land Cover Map of Catalonia [48] to represent areas without a
significant forest cover, such as urban/agricultural areas, meadows, or shrub lands.
Apart from that, for the generation of the LCP, four main data sources were used: (I) Map of
Biophysical Variables of Catalonia (MBVC) obtained with LiDAR-based technology [57], (II) the 4th
National Forest Inventory (NFI4) [58], (III) the Forest Typology Guide of Catalonia (FTGC) [59] (IV),
and Digital Terrain Model (DTM) [60]. MBVC is a dataset consisting of 8 rasters containing modelled
information on structural characteristics of Catalan forests. Two of these variables (i.e., Forest Canopy
Cover and Standard Height) were implemented into the LCP, with minor corrections but without
any significant transformation needed. Three other data rasters (i.e., foliar biomass, basal area, and
aerial biomass) were used in calculations to obtain other LCP variables. Canopy base height (CBH),
canopy bulk density (CBD), and fuel models (FM) were parameterized and calculated, employing
different combinations of available data. The last one also requires the Understory Shrub Cover Model
to be implemented. All of the allometric parametrizations made for wooded forest areas were applied
on a sp. composition basis based on the indications from the Forest Formation Map of Catalonia
and the FTGC; the models were defined and implemented separately for each tree species including
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where: Hm is LiDAR based standard height; Hc is mean canopy depth obtained based on two models:
where: Hm is LiDAR based standard height; Hc is mean canopy depth obtained based on two models:
if Hm > 5 m: Hc = β0 + (β1 × Hm)
(2)
if Hm > 5 m: Hc = β0 + (β1 × Hm)
if Hm <= 5 m: Hc = β1 × Hm
(2)
if Hm <= 5 m: Hc = β1 × Hm
values for β0 and β1 were constant varying depending on dominant tree species (Appendix A).
values for β0 and β1 were constant varying depending on dominant tree species (Appendix A).
Calculation of Canopy Bulk Density Variable
Calculation of Canopy Bulk Density Variable
CBD is the canopy biomass fuel load available in each unit of canopy volume [61]. In order to
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CBD = FB/V
(3)
where: FB is foliar biomass; V is canopy volume.
Canopy volume data was computed on a pixel level considering that each pixel represents one
where: FB is foliar biomass; V is canopy volume.
tree. In order to make the model more realistic, we assumed that each tree crown has a spheroidal
shape which leads to equation:
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Canopy volume data was computed on a pixel level considering that each pixel represents one
tree. In order to make the model more realistic, we assumed that each tree crown has a spheroidal
shape which leads to equation:
4πr2 Hc
Vspheroid =
(4)
6
where: Hc is canopy depth (Hc = Hm − CBH); r is radius of the crown in horizontal projection.
Nevertheless, since each pixel does not represent the FCC of 100%, the value of this variable was
introduced into the equation as a reducing factor in order to readjust the crown volume at pixel level.
A tree representing the volume of one pixel has been denominated as a “super tree”. Therefore:
Vsuper tree = FCC ×

4π
× Vpixel
24

Vpixel = c2 × Hc = 202 × Hc

(5)
(6)

FCC = forest canopy cover; c = pixel size; Hc = Hm − CBH.
Fuel Models Assignation
Fuel models (FM) are a set of fuel bed inputs needed by a particular fire behavior [62]. They are
used to denote physical fuel characteristics representing diverse fire environments. Several models
have been used over the time to represent these spatial processes [25,62–64]. Mainly upgrading the
algorithm sets, the Anderson’s 13 models [64] have been in extensive use until recently. Nevertheless,
in agreement with the experts from the Forestry Action Group (GRAF, Fire Department of the
Government of Catalonia), it was finally decided to use models created by Scott and Burgan [62] since
they provide the most accurate results for our study purposes and better represent the compositional
and climatic seasonal variability of the region.
The creation and denomination of the fuel models was conducted for each pixel of the study area
after creating an algorithm highly dependent on tree species, mean vegetation height, forest canopy
cover, understory shrub cover, and climatic zones. These were supervised and adjusted by experts
in order to match both the description of fuel model [62] and the experience from the GRAF experts
regarding representability and observed fire behavior.
To estimate the understory shrub cover needed for the fuel model generation, models created
by Coll et al. [49] were implemented. They permitted us to calculate a maximum shrub cover per
stand based on dominant tree species, topographic elevation, and basal area. Nevertheless, since the
number of species contained in the Forest Typology Guide of Catalonia exceeded the number of models,
all species were grouped based on their resemblance.
Regarding humidity, Scott and Burgan’s [62] methodology differed fuel models as follows: (a) dry
areas, with a water deficit in summer months; and (b) humid areas, without a water deficit. According to
the local climatic features, it was decided that areas with more than 150 mm of accumulated precipitation
during the summer season are considered as humid areas, while zones with less than 150 mm of
precipitation are considered as dry areas [65]. This zonification, consequently, has a strong influence
on algorithm generation.
In order to facilitate fuel model assignation, vegetation types were organized into 5 groups
according to the fuel load characteristics. One or more fuel types were assigned to each group (Table 2).
Each fuel type is defined by the vegetation kind that is to be considered as the primary fire carrier
in the area, and contains several fuel models based on detailed fuel load features. Fuel models are
differentiated by code and number, and are defined by the unique algorithm [62].
Furthermore, tree stratum fuel models were generated following the Forest Typology Guide of
Catalonia classification by aggregating tree species present in the study area in 11 groups, according to
their spatial representativeness and similarity, and in terms of their ecological and structural features.
For each of the 11 forest types, a set of fuel models were assigned depending on the observed and
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predicted forest canopy and understory shrub coverage values, aiming to reach the maximum similarity
to the Scott and Burgan [62] models, both in terms of structural description and potential fire behavior.
For this purpose, thresholds were set with the participation of the experts from the GRAF. An example
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2.2.2.
Scenarios
2.2.2. Generation
Generation of Meteorological Scenarios
Meteorological scenarios were generated using 20 years of historical climatic data (until 2018) for the
Meteorological scenarios were generated using 20 years of historical climatic data (until 2018)
study area, using statistical analysis and combining expert knowledge from the Forest Fire Prevention
for the study area, using statistical analysis and combining expert knowledge from the Forest Fire
Service, SPIF (Government of Catalonia) and the GRAF [66]. In order to generate meteorological
Prevention Service, SPIF (Government of Catalonia) and the GRAF [66]. In order to generate
scenarios, the historical climate datasets were analyzed for each of 15 meteorological regions (Figure 4)
meteorological scenarios, the historical climate datasets were analyzed for each of 15 meteorological
that were defined based on homogeneous synoptic characteristics and Zones of Homogeneous Fire
regions (Figure 4) that were defined based on homogeneous synoptic characteristics and Zones of
Regime
(ZHR). Fire
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terms of orography, vegetation, wind regime, fire rotation, and fire type characteristics [46,59].
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meteorologicalregions,
regions,one
one
reference
chosen
by the
GRAF
experts
data data
on the
weather
conditions
was provided.
However,
this wasthis
only
if the
fireifoccurred
and
onregistered
the registered
weather
conditions
was provided.
However,
was
only
the fire
more
than
20
years
ago,
due
to
data
availability
for
some
of
the
meteorological
stations.
occurred more than 20 years ago, due to data availability for some of the meteorological stations.
3. Results
3. Results
3.1. Geodatabase and Modelled Maps
3.1. Geodatabase and Modelled Maps
Georeferenced data on biophysical environmental characteristics (FCC, SH, CBD, CBH),
topographic
featuresdata
(DTM,
ASP), and environmental
fuel models were
obtained as the
first step
the project
Georeferenced
onSL,
biophysical
characteristics
(FCC,
SH, of
CBD,
CBH),
(Figures 5 and
6). These
variables
are available
georaster
with
spatial
20 m.
topographic
features
(DTM,
SL, ASP),
and fuel in
models
wereformat
obtained
asathe
first resolution
step of theof
project
Moreover,
the
meteorological
scenarios
dataset,
contained
in
data
tables
and
associated
spatially
to
(Figures 5 and 6). These variables are available in georaster format with a spatial resolution of 20 m.
each meteorological
region, was
generated.
Moreover,
the meteorological
scenarios
dataset, contained in data tables and associated spatially to
each meteorological region, was generated.
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3.2. Data Server
In order to make these data freely accessible to all potential users, an open data server called
PREVINCAT.cat was created (Figure 7), which contains all required variables for fire modelling at
the regional level. This allows one to run fire simulations across any forest landscape in Catalonia.
Therefore, the server compiles maps and information on: (1) LCP variables needed for the forest fire
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3.2. Data Server
In order to make these data freely accessible to all potential users, an open data server called
PREVINCAT.cat was created (Figure 7), which contains all required variables for fire modelling at
the regional level. This allows one to run fire simulations across any forest landscape in Catalonia.
Therefore, the server compiles maps and information on: (1) LCP variables needed for the forest fire
simulation (Table 1; Figures 5 and 6) that are downloadable separately, as well as a precompiled LCP
consisted of a multi-layer raster file containing descriptive information about terrain and fuels in
order to be used as a base to run spatial explicit fire simulations; (2) data on meteorological scenarios,
the worst weather condition data, and the reference forest fire data, both of which are available in
two different formats: static meteorological scenarios data (average of an hourly data of the days
identified as risky) and dynamic meteorological scenarios data (hour by hour data from the risky
days that can be used in dynamic fire spread simulators); (3) fuel adjustment data needed for an
simulator functionality and precise results obtaining [68]; (4) fuel humidity models according to Scott
and Burgan’s [62] methodology.
Remote Sens. 2018, 10, x
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Figure 7.
7. Interface
InterfaceofofPREVINCAT
PREVINCAT
server
with
all available
layers
spatially
structured
by 77
Figure
server
with
all available
datadata
layers
spatially
structured
by 77 Zones
Zones
of Homogeneous
Fire Regime
of
Homogeneous
Fire Regime
(ZHR) (ZHR)
[69]. [69].

All the cartography contained on the server can be downloaded in ASCII format, UTM 31N
ETRS89 Datum coordinate system. Data is spatially fragmented and available for download based
on ZHR regionalization. By pairing biophysical and climatic data at the same spatial level and using
a relevant regionalization frame, we wanted to represent how fire behaves according to the specific
regime defined
defined by
by unique
unique interrelation
interrelation of
of spatial
spatial variables
variables in
in certain
certain areas.
areas. This type of data provision
regime
enables an
animplementation
implementationofofdifferent
different
climate
scenarios
in forest
fire behavior
simulation
for zone,
each
enables
climate
scenarios
in forest
fire behavior
simulation
for each
zone,
obtaining
better
analysis
adjustment
according
to
the
local
geographic
and
biophysical
obtaining better analysis adjustment according to the local geographic and biophysical characteristics.
characteristics.
4. Data Use and Future Development
4. Data
Use
and Future
Development
Data
provided
on the
server can be used in different stages and on different levels of forest
management.
First ofonall,
biophysical
variables
canand
be directly
used levels
to analyze
and
Data provided
the
server canand
be topographic
used in different
stages
on different
of forest
evaluate
potential
hazards
at a regional
level.
management.
Firstfire
of all,
biophysical
and topographic
variables can be directly used to analyze and
Secondly,
datafire
onhazards
the PREVINCAT.cat
evaluate
potential
at a regional server
level. is provided and organized to be used in different
fire simulation
tools.onThese
simulators can provide
on potential
fire
Secondly, data
the PREVINCAT.cat
server iscomplete
providedinformation
and organized
to be used
in behavior,
different
fire simulation tools. These simulators can provide complete information on potential fire behavior,
such as spread rate, fire line intensity, or flame length. Moreover, fire growth and spread under
constant weather and fuel moisture conditions can be simulated. Depending on software capabilities,
temporal variations in fire behaviors according to different weather scenarios provided within the
server dataset can be incorporated in simulations, too. For example, static meteorological scenario
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such as spread rate, fire line intensity, or flame length. Moreover, fire growth and spread under
constant weather and fuel moisture conditions can be simulated. Depending on software capabilities,
temporal variations in fire behaviors according to different weather scenarios provided within the
server dataset can be incorporated in simulations, too. For example, static meteorological scenario data
can be used in static fire spread simulators, such as FlamMap [55], with the objective to foresee the
potential fire behavior across the whole landscape. However, dynamic meteorological scenario data
can be used in dynamic fire spread simulators such as FARSITE [70] or WildfireAnalyst [71], with the
objective to predict the fire spread pattern given a single or multiple fire initiation points (Figure 8).
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different
areas of Catalonia
the PREVINCAT.cat
areas
of Catalonia
using the using
PREVINCAT.cat
database. database.

Thefact
factthat
that all
all the
the data
data is
is organized
The
organized and
and available
available on
onZHR
ZHRlevel
levelpermits
permitsone
onetotorun
runsimulations,
simulations,
designtheoretical
theoreticalfires,
fires,create
create virtual
virtual extreme
extreme conditions,
design
conditions, or
or recreate
recreatehistorical
historicalfires
firesatataaregional
regionallevel,
level,
while
also
taking
into
account
the
spatial
variability
on
weather
conditions
to
attain
better
while also taking into account the spatial variability on weather conditions to attain better predictions.
predictions.
Finally, both data and the server are meant to be used by firefighters and other professionals
Finally,
both
data
andprevention
the server are
to be used
firefighters
andthe
other
working
in the
field
of fire
andmeant
suppression.
Weby
were
guided by
ideaprofessionals
of providing
working
in
the
field
of
fire
prevention
and
suppression.
We
were
guided
by
the
idea
of
providing
relevant information on all the variables needed, both in the case of an occurring fire and management
relevant
information
on
all
the
variables
needed,
both
in
the
case
of
an
occurring
fire and
options to reduce fire risk.
management
to reduce
fire risk.
Therefore,options
the server
and information
that it encloses is part of an evolving project aimed at
Therefore,
the
server
and
information
thatprofessionals
it encloses ismanage
part offire
an prevention
evolving project
aimed at
providing data and information that would help
and suppression
providing
data
and
information
that
would
help
professionals
manage
fire
prevention
and
strategies. Following this line, plans and ideas for future development of the server are already defined.
suppression strategies. Following this line, plans and ideas for future development of the server are
From a theoretical point of view, the server is divided into different modules (Figure 9). Module 1 and
already defined. From a theoretical point of view, the server is divided into different modules (Figure
Module 2 are finished and available to be used. They represent the data and functionalities presented
9). Module 1 and Module 2 are finished and available to be used. They represent the data and
in this paper. On the other hand, Module 3 and Module 4 are currently under development. Module 3
functionalities presented in this paper. On the other hand, Module 3 and Module 4 are currently
focuses on defining where fuel management actions should be prioritized according to various decision
under development. Module 3 focuses on defining where fuel management actions should be
criteria. For this purpose, additional data on selected criteria (exposure, accessibility, etc.) will be
prioritized according to various decision criteria. For this purpose, additional data on selected criteria
uploaded into the server and, through a participatory process, their influence on the defined goal will
(exposure, accessibility, etc.) will be uploaded into the server and, through a participatory process,
be parametrized, and their relative importance provided. Finally, the priority across the region will be
their influence on the defined goal will be parametrized, and their relative importance provided.
estimated through multi-criteria decision analysis methods. Once the priorities are defined, Module 4
Finally, the priority across the region will be estimated through multi-criteria decision analysis
will select areas, generally forest stands, and forest management actions that better reduce priority
methods. Once the priorities are defined, Module 4 will select areas, generally forest stands, and
forest management actions that better reduce priority levels, considering economic and surface
constrains. This goal will be achieved by using mathematical optimization methods.
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levels, considering economic and surface constrains. This goal will be achieved by using mathematical
optimization methods.
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multidisciplinary
It should be mentioned that the project and its results have a strong multidisciplinary
component, and not only due to the necessity of compiling
compiling and managing heterogeneous data
sources. Participatory
Participatory processes
processes and
and expert
expert modelling
modelling play
play aa major
major role in this project, i.e., the final
users of the server strongly participated in its creation, goal definition, and modelling from the early
beginning. Since
Since the
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create a server that could be used both by scientists and
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consequently,
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thatthat
the the
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potential
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consequently,
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server
would
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these
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TheThe
methodology
andand
the
we
wanted
to establish
a functional
collaboration
between
these
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methodology
nature
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resulting
data
was
defined
according
toto
the
the
nature
of the
resulting
data
was
defined
according
theneeds
needsofofthe
theprofessionals
professionalsfrom
fromthe
the field,
field,
mostly firefighters
firefightersfrom
fromthe
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that
are
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the
governing institutions that are highly familiarized with the topic.
topic.
We ensured
that the methodological
was results
valid were
and results
wereapplicable
accordingly
We
ensured
that the methodological
approach approach
was valid and
accordingly
to
applicable
to our
study area,accomplishing
successfully accomplishing
the main
objective
our
study area,
successfully
the main objective
of the
project. of the project.
5. Conclusions
This study presents an innovative and elaborated fuel modelling process to define fuel
characteristics and
andpotential
potentialfire
firebehavior
behavior
under
different
meteorological
scenarios.
In order
to
under
different
meteorological
scenarios.
In order
to store
store
the data
models
developed,
as well
required
variablestotorun
runfire
firesimulations
simulations at
at a
all thealldata
and and
models
developed,
as well
as as
all all
required
variables
regional scale in Catalonia, an open free server (i.e., PREVINCAT.cat) was developed. It offers three
products: landscape
landscape files,
files, meteorological
meteorological scenarios,
scenarios, and
and some
some fire
fire perimeters
perimeters of
of historical
historical wildfires.
wildfires.
This data is primarily destined to be used to assess potential fire behavior with different fire spread
simulators. The server is logically structured in order to meet the user requirements and can be used
both by
management
practitioners.
All All
the data
is subdivided
according
to the Zones
byscientists
scientistsand
andfire
fire
management
practitioners.
the data
is subdivided
according
to the
of
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Fire Regime,
which are
considered
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to guide
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Fire Regime,
which
are considered
as aplanning
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planning
frames
guide
policy
regarding
fire
prevention
and
suppression.
The
presented
results
are
part
of
an
ongoing
project
the forestry policy regarding fire prevention and suppression. The presented results are part of an
that
considers
a strategic
plan to aset
management
priority
areas, through
MCDA
means,
and a MCDA
tactical
ongoing
project
that considers
strategic
plan to
set management
priority
areas,
through
plan
where
management
be selectedactions
using mathematical
optimization
methods.
means,
and specific
a tactical
plan whereactions
specificwill
management
will be selected
using mathematical
optimization methods.
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Appendix A
Table A1. Equations for Mean Canopy Depth (Hc) calculation for each species in the study area.
IFN4 Code

Tree Specie

024

Pinus halepensis

Hm > 5 m → Hc = 1.106 + (0.421 × Hm)

Mean Canopy Depth (Hc, m)
Hm < 5 m → Hc = 0.421 × Hm

021

Pinus sylvestris

Hm > 5 m → Hc = 1.201 + (0.391 × Hm)

Hm < 5 m → Hc = 0.391 × Hm

045

Quercus ilex ilex

Hm > 5 m → Hc = −0.328 + (0.640 × Hm)

Hm < 5 m → Hc = 0.640 × Hm

025

Pinus nigra

Hm > 5 m → Hc = 0.432 + (0.426 × Hm)

Hm < 5 m → Hc = 0.426 × Hm

049

Quercus ilex ballota

Hm > 5 m → Hc = −0.328 + (0.640 × Hm)

Hm < 5 m → Hc = 0.640 × Hm

022

Pinus uncinata

Hm > 5 m → Hc = 1.401 + (0.476 × Hm)

Hm < 5 m → Hc = 0.476 × Hm

046

Quercus suber

Hm > 5 m → Hc = −0.328 + (0.640 × Hm)

Hm < 5 m → Hc = 0.640 × Hm

243

Quercus humilis

Hm > 5 m → Hc = −0.429 + (0.629 × Hm)

Hm < 5 m → Hc = 0.629 × Hm

050

Riverbank forests

Hm > 5 m → Hc = 2.121 + (0.375 × Hm)

Hm < 5 m → Hc = 0.375 × Hm

044

Quercus faginea

Hm > 5 m → Hc = 0.348 + (0.326 × Hm)

Hm < 5 m → Hc = 0.326 × Hm

023

Pinus pinea

Hm > 5 m → Hc = 0.265 + (0.465 × Hm)

Hm < 5 m → Hc = 0.465 × Hm

071

Fagus sylvatica

Hm > 5 m → Hc = −0.428 + (0.667 × Hm)

Hm < 5 m → Hc = 0.667 × Hm

042

Quercus petraea

Hm > 5 m → Hc = −0.688 + (0.624 × Hm)

Hm < 5 m → Hc = 0.624 × Hm

026

Pinus pinaster

Hm > 5 m → Hc = 1.750 + (0.321 × Hm)

Hm < 5 m → Hc = 0.321 × Hm

031

Abies alba

Hm > 5 m → Hc = −0.040 + (0.708 × Hm)

Hm < 5 m → Hc = 0.708 × Hm

072

Castanea Sativa

Hm > 5 m → Hc = −0.131 + (0.592 × Hm)

Hm < 5 m → Hc = 0.592 × Hm

051

Populus sp.

Hm > 5 m → Hc = −1.609 + (0.769 × Hm)

Hm < 5 m → Hc = 0.769 × Hm

373

Betula pendula

Hm > 5 m → Hc = −0.455 + (0.653 × Hm)

Hm < 5 m → Hc = 0.653 × Hm

041

Quercus robur

Hm > 5 m → Hc = −0.688 + (0.624 × Hm)

Hm < 5 m → Hc = 0.624 × Hm

255

Fraxinus excelsior

Hm > 5 m → Hc = 2.121 + (0.375 × Hm)

Hm < 5 m → Hc = 0.375 × Hm

061

Eucalyptus sp.

Hm > 5 m → Hc = −0.131 + (0.592 × Hm)

Hm < 5 m → Hc = 0.592 × Hm

079

Platanus x hybrida

Hm > 5 m → Hc = 1.391 + (0.443 × Hm)

Hm < 5 m → Hc = 0.443 × Hm

028

Pinus radiata

Hm > 10 m → Hc = 3.279 + (0.444 × Hm)

Hm < 10 m → Hc = 0.444 × Hm

034

Pseudotsuga menziesii

Hm > 10 m → Hc = 6.247 + (0.250 × Hm)

Hm < 10 m → Hc = 0.250 × Hm

047

Quercus canariensis

Hm > 5 m → Hc = −1.166 + (0.885 × Hm)

Hm < 5 m → Hc = 0.885 × Hm

043

Quercus pyrenaica

Hm > 5 m → Hc = −1.166 + (0.885 × Hm)

Hm < 5 m → Hc = 0.885 × Hm

035

Larix sp.

Hm > 10 m → Hc = 6.247 + (0.250 × Hm)

Hm < 10 m → Hc = 0.250 × Hm

917

Cedrus sp.

Hm > 10 m → Hc = 6.247 + (0.250 × Hm)

Hm < 10 m → Hc = 0.250 × Hm

033

Picea sp.

Hm > 10 m → Hc = 6.247 + (0.250 × Hm)

Hm < 10 m → Hc = 0.250 × Hm
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