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Abstract   

Progress made in recent years in fire science, particularly as applied to forest fire protection, 

coupled with the increased power offered by mathematical processors integrated into 

computers, has led to important developments in the field of dynamic and static simulation of 

forest fires. Furthermore, and similarly, econometric models applied to economic evaluation 

of natural resources have generated algorithms of great scientific consistency that have 

allowed determining the monetary value of resources that have not traditionally had a 

commercial or market interaction treatment.  

VISUAL-SEVEIF (Spanish acronym for System for the Economic Evaluation of 

Wildfires) is a software tool that allows working both in real time, simulating the spatial 

development of ground and canopy fires, and addressing the implementation of territorial 

studies by which possible fire evolutions are determined and characterized, subject to final 

spatial or temporal contour conditions. The spatial resolution of work will be conditioned by 

the quality and accuracy of fuel model mapping, as well as the characteristics of the digital 

terrain model, so that in high-precision models the results of the fire behavior dynamic can be 

up to a square meter.  

The information layers required by the tool includes one that incorporates the 

characterization of the natural resources that exist in the area being analyzed and allows 

determining the economic value of these resources. VISUAL-SEVEIF integrates knowledge 

of fire behavior and its direct effect on the depreciation of natural resources, providing the 

total value of the losses in the area affected by the wildfire, and the value of the losses for 

each of the resources identified within the fire perimeter. The import and export possibilities 
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of geo-referenced perimeters, in both vector and raster formats, allows easy transfer of the 

information generated to geographic information systems (GIS). VISUAL-SEVEIF enables 

carrying out diagnostic studies of an area that are aimed at the prevention and strategic 

management of wildfire defense. 

Keywords: Strategic management, fire prevention, natural resources, GIS, environmental 

services valuation 

Introduction  
Forest fires are one of the biggest environmental problems facing the world today, 
generating significant consequences with regard to both damage and deterioration of 
forest landscape and its depreciation and economic and social valuation. The 
abandonment of forest settings, as areas inhabited and affected by humans in terms of 
actions related to subsistence and energy use, has generated an increase in the 
accumulation of high-energy biomass over the past few decades (Rodríguez y Silva 
and Molina 2010, Vélez 2009). This circumstance, coupled with worsening climatic 
conditions (Piñol and others 1998), has caused a rise in the potential energy released 
by fire and consequently the virulence of forest fires, resulting in an increase in fire 
damage to natural resources and the surrounding environment. 

The need for strategic information, in relation to the dynamic, energy and 
expansive potential of fire runs, led to the development of both analytical and 
graphical simulators. Increased knowledge in fire science has allowed addressing 
prediction and simulation studies, thus facilitating their application in wildfire 
defense activities. 

Today’s technology provides appropriate prediction and simulation tools that 
allow effectively developing attack plans in which the priority focus is on safety; it 
can thus be concluded that prediction and simulation are an ongoing need in 
protecting forest areas from fire. Moreover, the prediction and simulation exercise 
allows reducing the time required to achieve control, while facilitating cost savings 
by providing critical information for the efficient distribution of firefighting 
resources. 

While there has been significant progress in the quality and accuracy of fire 
behavior forecasts over recent years, important uncertainties remain to be resolved in 
relation to the simulation of complex phenomena such as energy feedback, the effect 
of turbulence on acceleration, and the transition and spread of ground fire to the 
forest canopy. Regardless of future advances in our understanding of fire’s dynamic 
behavior, there is another important need in forest fire management, which is 
quantifying it in monetary and therefore budgetary terms. Indeed, it is indisputable 
that any application of a wildfire defense management model is inextricably linked to 
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budget availability and therefore the establishment of priority-based criteria to 
determine investment levels to implement the management model.  

This discussion highlights the importance of studies, research and developments 
that enable applying econometric criteria to decision-making. Currently, new tools 
are available, such as the SINAMI econometric model, which allow analyzing in the 
context of the area and as a matter of strategic planning the most efficient budget 
allocation, by taking into account: the historical background in the frequency and 
distribution of fires, fire behavior conditions, the economic value of natural resources 
and the operational capabilities of the firefighting resources (Rodríguez y Silva and 
others 2010). However, the availability of this model and of its ECONOSINAMI 
software (Rodríguez y Silva 2009, Rodríguez y Silva and González-Cabán 2010) 
does not resolve in an integrated manner the expansive simulation of fire behavior 
and the economic evaluation of damages that the simulated fire can potentially 
generate. This paper presents the structure and operational flow line of the first 
simulation tool that incorporates the assessment of economic losses caused by fire 
based on the linear intensity level that the fire develops (kW/m) by each pixel of 
spatial resolution with which the simulation is performed. 

The VISUAL-SEVEIF model has been determined by performing the integration 
in the VISUAL-CARDIN program (Rodríguez y Silva 1999, Rodríguez y Silva and 
others 2010) of the set of algorithms for the SEVEIF model (Molina and others 2008, 
Rodríguez y Silva and others 2007, 2010), which were developed for determining 
and assessing the impact of fire on natural resources in terms of intensity levels 
released by fire spread. This model offers real-time economic evaluation of losses 
from post-fire depreciation of natural resources affected. 

Valuations of natural resources tend to underestimate the real value of a forest 
(Constanza and others 1997). Unlike traditional economic activity, the forest 
environment is characterized by the extraordinary importance of externalities that 
entail damages or benefits to others of considerable magnitude. From the socio-
economic standpoint, all the natural resources must be expressed in monetary terms. 
The valuation of damages caused by forest fires requires individualized study of each 
of the resources (tangible and intangible) and their change in net value in relation to 
fire severity and ecosystem resilience (Molina and others 2009).  

The recognition and valuation of natural resources is essential for spatiotemporal 
planning of preventive work and post-fire rehabilitation (Molina, 2008). 
Incorporating the concept of vulnerability extends the study beyond the sphere of 
traditional economic valuation work, integrating two concepts, on the one hand the 
value of the resource and on the other fire behavior. The integration of the two 
concepts is performed using a matrix of depreciation rates based on flame length, 
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called a "depreciation matrix" (Molina and others 2011, Rodríguez y Silva and others 
2012).  

The socio-economic vulnerability model was made through the configuration of a 
mathematical algorithm associated with a geographic information system (GIS), 
facilitating the development of spatiotemporal tracking cartography, both at the 
individual resource level and at the ecosystem’s integral vulnerability level. The 
automation of the calculation and management through GIS is being conducted under 
the INFOCOPAS project (RTA2009-00153-C03-03) funded by the National Institute 
for Agricultural Research (INIA), in order to attain versatile geo-referenced 
knowledge in almost real-time of forest system vulnerability to forest fires.   

Methodology  
The process followed in the definition and development of the operational 
architecture of the VISUAL-SEVEIF program consisted of the following phases: 

• Review of the VISUAL-CARDIN simulator’s software structure in order to 
locate the assembly position of the economic evaluation module in the 
program’s flow line. 

• Selection of natural resources for which losses are to be evaluated based on 
energy intensity levels that simulated fires can develop. 

• Programming of economic evaluation algorithms through C++ computer 
language. 

• Development of interactive windows between the VISUAL-SEVEIF 
program and the user. Determination of input variables which must be 
entered in order to perform the calculations. 

• Implementation of economic evaluation options included in the VISUAL-
SEVEIF program: 
  1. Calculation of the monetary value of natural resources located within an 
area or region (area included inside a polygon, both rectilinear and 
curvilinear). This option allows determining the economic value of the 
stocks. 
2. Calculation of the economic losses and depreciation in the economic value 
of resources as a result of fire spread. In this phase the procedure followed in 
the SEVEIF model (Rodríguez y Silva and others 2010) is applied by using 
the "matrix of economic depreciation factors." 

• Assignment of the table of values for the different parameters included in the 
economic evaluation algorithms, in relation to the types of fuel models.  

• Design and final construction of the windows for entering data, performing 
calculations and showing results. 
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 Validation of results with valuations available in the database of recorded 

fires. 

VISUAL-CARDIN simulator architecture 

Technological developments in the field of computer science have enabled the 

development of simulation software of great versatility and usability, offering many 

tool options that are of great help in decision-making. In this regard, forest fire 

protection requires specialized programs that provide information on forecasts of 

dynamic fire behavior associated with fires that evolve in different forest systems. In 

this sense, the VISUAL-CARDIN program is structured as a deterministic program 

that works subject to the following conditions: 

 Simulation model through cellular automaton, using the Moore 

neighborhood. 

 Considerations: 

1. Terrain topography. 

2. Fuel model in each pixel (cell). 

3. Tree height, crown base height, and crown density. 

4. Fuel moisture and degree of protection. 

5. Wind direction and intensity. 

6. Ambient temperature and humidity. 

 The speed and direction of maximum spread at each point is calculated from 

the following expression: 
 
 
         (1) 
 

Where Vo is the rate of spread with zero wind and slope, Vi is the increase in 

speed in the direction of maximum spread due to the combined effects of wind and 

slope, φ is the spread radius from the origin of the fire, W represents the angle 

formed with the maximum spread direction Vi>Vo, 

The geometric figure adopted to model the surface expansion of the fire’s figure 

is a cardioid. The excess width on the elliptical reference figure is corrected by a 

factor (perpendicular to maximum spread). This factor is the ratio between the 

maximum width provided by the simulation performed by Behave (Andrews 1986) 

and the maximum width of the theoretical figure produced by the geometry of the 

cardioid. The maximum width value is determined by the expression (Martínez-

Millán 1990, Martínez-Millán and others 1991, Caballero and others 1994): 
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The input parameters required by the program for the simulation are entered via 
the module parameters, which allows including data associated with local 
characteristics through a set of commands. Through the winds command, the 
characteristics of wind speed and direction measured at six meters above the ground 
can be entered. The moisture command offers the ability to assign the moisture of 
both living and dead fuels, with the latter classified according to their geometric 
characteristics. Alternatively, dead fine fuel moisture can be obtained from a set of 
calculations based on data such as the date, effects of weather, terrain and vegetative 
state. The protection command allows assigning the fuel’s degree of protection of 
against wind, whereas the residence command option establishes the flame and 
ember residence times, allowing assignations to each of the different fuel models. 
Adjustment of input data using this command allows simulation of the phenomenon 
of revival from increases in wind speeds. In the simulation, there are some scenarios 
in which the conditions of transition from a ground to tree-stand crown fire produce a 
shift in combustion towards the canopy and therefore the fire spreads through the 
treetops. That is, the model recognizes the possibilities and if conditions allow it, 
ground, mixed and crown spread are produced. This feature certainly offers great 
versatility and accuracy in determining the economic impact of fire, by being able to 
capture the strong energy increases associated with forest canopy spread and thus be 
able to relate it to damages and losses generated.   

Conducting post-fire analysis, in order to reconstruct the behavior of the fire and 
corroborate the results obtained by the different attack plans applied to extinguish it, 
is another feature offered by the simulator. This option allows qualifying the final fire 
reports while at the same time evaluating the performance of the various resources 
deployed. In this same option, the possible application of educational and technical 
training courses in fire suppression and behavior can be incorporated. 

From the simulation outcomes, a database can be built that interrelates the 
affected area simulated in freely-evolving spread dynamics, i.e. without the inclusion 
of firefighting actions, and the actual final area obtained after extinguishing the fire. 
The ratio between the two areas determines the spread rate control. This parameter 
facilitates the development of information bases on the experiences recorded in attack 
plans developed and implemented. This allows having a query file on those fires that 
may occur in the future and evolve under similar environmental conditions.  

From this historical knowledge, firefighting simulations can be initiated on the 
set of resources that must be activated to control and extinguish the forest fire. To the 
extent that the integration of economic evaluation algorithms in the VISUAL-
CARDIN software architecture has enabled the calculation of economic losses, the 
VISUAL-SEVEIF model opens a window to the possibility of making calculations 
and relationships that link firefighting operations and their costs with the value of the 
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natural resources and the economic losses resulting from fire spread. Efficiency 
studies on the results of firefighting operations will help in defining budget options 
and the best results in wildfire defense planning.  

The current version responds to programming in C++ under the Windows 
operating system, but it will also soon be available for the Linux operating system, 
and includes significant improvements in pixel-by-pixel information processing, 
providing more precise information with regard to spread characteristics (rate of 
spread, linear intensity of the advancing front and flame length).  

The graphical environment has also been taken into account in order to facilitate 
greater mapping options, as the simulation can be performed on raster coverages of 
the topographic map at different scales. It allows export of the perimeters in raster 
and vector format, as well as import of fire or area perimeters, measured with GPS 
and also in vector format. Shown below is the results window, which includes the 
area covered by the fire in yellow (Figure 1). 
 

 
 
Figure 1—Simulation and analysis of fire behavior using VISUAL-CARDIN software 
for the Vértice Hill wildfire (2011. Cordoba, Spain). 

Economic valuation of natural resources: SEVEIF Model 
In the first version of the VISUAL-SEVEIF simulator, we have incorporated the most 
important algorithms corresponding to the natural resources that have high 
representativeness in forest scenarios and that with the development of the SEVEIF 
model (Rodríguez y Silva and others 2010) were identified as such. 

The natural resources considered for economic valuation are the following:  
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• tangible resources, environmental services and landscape assets. The 
valuation of tangible resources including timber and non-timber 
products. The methodological approach for valuation of the impact on 
the timber resource is based on an algorithm that integrates the valuation 
tools, which include trees of both natural and artificial origin (Rodríguez 
y Silva and others 2012). The valuation of non-timber resources is based 
on expressions used in the Manual for the Valuation of Losses and 
Estimation of Environmental Impact by Wildfires (Martínez Ruíz  
2000). The evaluation of the impact on the hunting resource is carried 
out through the adjustment proposed in Zamora and others 2010.  

• The valuation of environmental services includes three resources: 
carbon fixation, erosion control and faunal biodiversity. The valuation 
of carbon fixation includes both the amount fixed at the time of the 
fire’s occurrence and the amount unfixed from that time on, with prior 
knowledge of bark, aerial biomass and annual increment volumes being 
necessary (Table 1). The amount of carbon corresponding to the dry 
biomass is estimated at 50%. Erosion control will be expressed in 
economic income loss based on the potential amount of soil lost per unit 
area. The expression used for the valuation (Table 1) incorporates a sum 
in relation to losses incurred during the first rains (bare soil) and a 
second sum that includes progressive soil losses until recovery of 
vegetation with similar burn protection (Molina and others 2009). 
Valuation of faunal biodiversity or unique species is performed using 
the cost of species recovery programs, or if no specific program is 
available through the contingent valuation method (Molina 2008). 
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Table 1— Mathematical formulations used for economic valuation  

Resource Formula Resource 
state 

Source 

Timber 

Vtim = (1,7*E*B)/(E+0,85*B) Mature and  
immature 

Rodríguez y 
Silva and 
others 2012 

E = C0*p [ie + g(ie -1)] + A*(ie – 1) Immature 
E = (C0/z*t [ie + g(ie -1)] + (C0/z)*0,5*(ie - 1) Sapling 
E = [P*V -P1*V1] + P*V [(i(T-e) - 1)/(i(T-e))] Stem 
B = [(V*P*1,025n)/1,04n]*[1-
(1,025/1,04)e]*[1 + X*h*p] Immature 

B = V*h*t[R*P + (1 - R)*P1] Mature 

Firewood use  Vfirewood = Px*Rx*[((1+i)n - 1)/(i*(1+i)n] Mature 

Martínez 
2000, 
Molina and 
others 2011 

Hunting Vhun = Px*Rx*[(1+i)n - 1)/(i*(1+i)n] + S Hunting 
ground 

Zamora and 
others 2010 

Carbon fixation Vcarb = CF*PM + IF*PM*RC*[((1+i)T-e – 
1)/(i*(1+i)T-e] Stand Molina, 

2008 

Erosion control Veros = R1*P1 + R2*P2 [((1+i) n – 1)/(i(1+i) n)] - Molina and 
others 2009 

Faunal 
biodiversity; 
Landscape 
resource; 
Leisure and 
recreation 
resource; Unused 
resource 

Vbiod/landsape/leis/unused = Rx*[((1+i) n - 
1)/(i*(1+i) n] 

Unique 
species 
presence 

Molina 
2008 

 
where E is the timber valuation  based on the traditional Spanish approach (€/ha), B is the timber 
valuation adapted from the American Model (€/ha), Co is the cost of replanting one hectare of land 
(€/ha), p is the percentage of the stand affected by fire, i is the annual interest rate, g is annuity 
dependent on the rotation of the species, A is the value of a hectare of land without trees (€/ha), e is the 
estimated age of the stand at the time of the fire, V is the timber volume expressed in m3/ha, P is the m3 
price of felled wood (€), n is the number of years remaining until the hypothetical harvesting rotation, X 
is the mortality rate dependent on the severity of the flames, h is the percentage of the species in the 
canopy, z is the reduction in replanting cost due to the self-regenerative phenomenon based on the 
rotation, P1 is the price of damaged wood with commercial use (€/m3), V1 is the volume of damaged 
wood with use (m3/ha), Px is the price per unit of measurement of the resource (€), Rx is the annual 
income per unit area, S is the reproductive stock per unit area (€), CF is the amount of CO2 retained at 
the time of the fire (t/ha), PM is the price per fixed ton (€/t) , IF is the annual increase in CO2 retained 
(t/ha), RC is the income generated by fixing a ton of carbon in a year (€), R1 is the average amount of 
soil lost the first year (t/ha), P1 is the estimated price per ton (€), R2 is the average amount of soil lost 
until recovery of the original cover (t/ha). 

Spatial identification of different damage levels and net change in 
the value of resources 
Determining losses in natural resources, both tangible and intangible, requires 
knowing the remaining value of the resources, i.e., the "net change in the value of the 
resources." This concept requires the incorporation of resource depreciation based on 
fire intensity level. Assigning the depreciation of each resource based on fire 
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intensity level is made on the basis of depreciation rates or percentage levels, given 
their greater simplicity and practical applicability.  

In the case of the timber and firewood use resources, and under the framework 
of the FIREMAP, SINAMI and INFOCOPAS research projects, circular plots with a 
10-m radius were taken for different plant typologies and degrees of damage in the 
following fires: Huetor (1993), Aznacollar (1995), Estepona (1995), Los Barrios 
(1997), Cazorla (2001,2005), Aldeaquemada (2004), Minas de Ríotinto (2004), 
Alajar (2006), Gaucin (2006), Obejo (2007), Orcera (2009) and Vértice Hill (2011). 
For the valuation of losses incurred by the hunting resource, information from 
Montfrague National Park and the Aldeaquemada and Minas de Ríotinto fires 
(Zamora and others 2010) was used in order to have not only spatial but also 
temporal analysis of the natural recovery of reproductive stock and, consequently, of 
the annual income generated by the hunting resource.  

Depreciation levels of the carbon fixation and erosion control resources were 
estimated based on tree mortality and the consumption level of aerial biomass, from 
measurements of burned and unburned trees with similar dendrometric characteristics 
(fires of: Monte Catena, 2009, Obejo 2007, Cazorla 2001, 2005). Economic valuation 
of erosion damage, or conversion of lost biomass into monetary units, was 
determined based on the Obejo fire (2007) study, which analyzed the costs associated 
with the loss of different soil amounts (tons per hectare). In the case of biodiversity, 
damage valuation is based on the "surrogate value" applied by the Administration 
(recovery and/or conservation programs) or the value given by the population 
(contingent valuation). The values obtained for this resource include adjustments 
based on post-fire costs incurred by the pertinent authorities to prevent the escape and 
migration of species through the application of food supplementation, predator 
elimination and competition reduction measures (Molina 2008). 

The depreciation rates of landscape assets are very difficult to validate. The 
aforementioned research projects estimate the depreciation rates for these assets by 
the technique of social preferences or valuation through indirect landscape perception 
techniques by pre- and post-fire comparison of a territory. Landscape use is affected 
to a greater extent than leisure and recreational activities. Large wildfires that 
occurred in Sierras de Cazorla, Segura y Las Villas Natural Park (place where the 
Catena Hill fires occurred in 2001, 2005 and 2009) provided a good database for 
quantitative estimates on the impact on landscape assets. It can thus be stated that the 
2005 fire resulted in a 40% decrease in the number of tourists and paralyzed 
numerous business projects for remodeling and expanding recreational facilities.  

Use of Geographic Information Systems (GIS) allows identification of plant 
typology and its economic valuation, as well as the availability of information about 
fire behavior. Based on this, the depreciation rate for each resource is estimated 
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individually. The integration of the two concepts provides the economic vulnerability 
of each resource present in the burned area. The economic valuation of damages is 
the sum of the vulnerabilities of the resources present in the burned area.  

Results 

Economic valuation of natural resources 
The results of the Catena Hill fire showed the non-use resource as being the most 
important (217,865 €) (Table 2). Given the nature of the P. pinaster stands affected, 
and their longevity (over 100 years in some stands), the timber resource also attained 
a high value (194,093. 17 €). The third most important resource was carbon fixation, 
given the large amount of aerial biomass in the forests affected (69,137.71 €). 
 
Table 2—Economic valuation of “Catena Hill” resources 

Resource Valuation (€) 
Representativeness 

(%) 
Timber 194,093.17 29,35 
Firewood use 60,771.17 9,19 
Hunting  8,704.35 1,32 
Carbon fixation 69,137.71 10,45 
Erosion control 21,973 3,32 
Biodiversity 6,820.79 1,03 
Landscape 27,277 4,12 
Leisure and Recreation 54,686 8,27 
Non-use resource 217,865 32,94 
TOTAL 661,328.19 100 

 
The total value of the forest resources affected by the fire was 661,328.19 €, 

representing a value of 3,164.25 €/ha in terms of economic damage per unit area. 
Landscape assets (landscape, leisure and recreation and non-use resources) accounted 
for 45.33% of the value of the forests affected, followed by tangible resources 
(timber, firewood use and hunting) which accounted for 39.85%.  

Classification of fire intensity level from average flame length 
Determining the effects of potential fire behavior on the economic valuation of stocks 
has been done by identifying the average flame length for each pixel (directly related 
to the linear intensity of the advancing front). That information is obtained directly 
from the results provided by the VISUAL-CARDIN program in each of the pixels 
covered by fire spread. Four fire intensity levels were identified (Table 3): 
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o Degree of damage I. It corresponds to Fire Intensity Level (FIL) VI or 
flame length greater than 12 m. Area severely affected. Continuous crown fire of 
great virulence and consumption of aerial material. The ground has been virtually 
denuded.   
o Degree of damage II. It corresponds to Fire Intensity Level (FIL) IV or 
flame length between 6-9 m. Moderate affect. Passive crown fire with some 
crown runs. The ground is left unprotected by clumps due to the intensity. There 
is almost total surface fuel consumption.  
o Degree of damage III. It corresponds to Fire Intensity Level (FIL) III or 
flame length between 3-6 m. Area moderately affected. Ground fire with 
consumption of surface material. The fire advances with the slope but not the 
wind. There are isolated scorched trees. 
o  Degree of damage IV. It corresponds to Fire Intensity Level (FIL) II or 
flame length between 2-3 m. Area slightly affected. Ground fire with 
consumption of surface material. The fire moves backwards, without slope or 
wind in its favor. 
 

Table 3—Representation of the different Degrees of Damage on “Catena Hill” 
Degree of Damage Píxels * Area (ha) Area (%) 

I 398 25 12 
II 946 59 28 

III 356 22 11 
IV 1644 103 49 

* Cells of 25 x 25 meters, defined for all levels of information, based on resolutions of 250 and 500 
meters. 
 

Identification of net change in the value of the resources and the 
VISUAL-SEVEIF software flow line 
From the experience gained in the large wildfires that occurred in Andalusia during 
the period 1993-2011 and the scientific results of the FIREMAP, SINAMI and 
INFOCOPAS research projects, the depreciation matrix was made (Rodríguez y Silva 
and others 2009), (Figure 2).  

This matrix is made up of the set of percentage factors based on the fire intensity 
levels (kW/m) and the corresponding degree of damage, as indicated in the previous 
section, so that when applied to the initial socio-economic value, it provides both the 
losses caused by the wildfire and the residual economic value of vegetation 
unaffected by the fire.  
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Figure 2—Depreciation matrix (“Vtr”, timber resource depreciation (Rodríguez y 
Silva and others 2012); “Vfwr”, firewood use depreciation; “Vhr”, hunting resource 
depreciation; “Vcar”; carbon resource depreciation; “Verr”, depreciation of erosion 
control; “Vbir”, depreciation of faunal biodiversity; “Vlar”, depreciation of landscape 
resource; “Vler”, depreciation of leisure and recreation resource; “Vnonr”, 
depreciation of non-use resource). 
 

In the VISUAL-SEVEIF software architecture, the depreciation matrix has been 
integrated in order to provide automatically, and for each pixel concerned, the 
percentage reduction in the initial economic value as a result of the fire behavior 
developed in it.   

The VISUAL-SEVEIF software flow line has been defined by the following 
sequence of calculation processes (Fig. 3): 
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Figure 3—Flow line of the operational process corresponding to the VISUAL-
SEVEIF computer program. 
 
 impact on burned areas (Molina 2008, Molina and others 2009). In this regard and as 
recommended by other authors (Borchet and others 2003, Vélez 2009, Rodríguez y 
Silva and González-Cabán 2010, Molina and others 2011), damage valuation should 
not ignore the multifunctionality of Mediterranean forests and reduce it to only 
timber resource losses.  

Forest management in the study area (Sierras de Cazorla, Segura y Las Villas 
Natural Park) has lost the primary objective of yesteryear, namely timber production, 
and the secondary one as well, resin production. Forest management should be based 
on multifunctionality, with a high degree of emphasis on landscape conservation and 
use. Carbon fixation represents a high-potential resource in the quest for economic 
efficiency. In addition, wildfire occurrence not only means the loss of the fixation 
capacity of forests but also the sending of a large amount of emissions into the 
atmosphere. The use of the vulnerability criterion as a more advanced concept than 

1. Determination of fire behavior. 
Running of the VISUAL-CARDIN 

program 

2. Determination of the proportion 
of each natural resource in each 

pixel 

3. Introduction of the inputs included in 
each economic evaluation algorithm. 

Data entry window 

4. Determination per pixel of the fire 
intensity level and the equivalent degree 

of damage 

5. Selection of the percentage 
reduction in the economic value of 
each resource, according to the 
depreciation matrix 

6. Calculation of the economic 
valuation algorithms of each natural 

resource 

7. Presentation of final results of calculating 
the economic vulnerability of the resources 

with identification of the monetary values of 
the losses and representativeness in relation 

to the total area affected by the fire  

8. Graphical presentation of 
the vulnerability of the 

affected resources through a 
comparative histogram 
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traditional valuation answers the need for a management tool that incorporates the 
incidence of the greatest Mediterranean disturbance, forest fires, in the prioritization 
of actions or development of risk indices (Rodríguez y Silva and others 2009). 
Classification of the monetary units into qualitative indices of the potential 
seriousness that the impact of a potential fire could have on an area facilitates the 
connection or integration of the socio-economic aspect in models aimed at 
determining the wildfire defense priorities for forest areas. 

Conclusions 
The recognition or valuation of forest ecosystems is essential for the spatiotemporal 
planning work of forest fire managers. The importance of having an evaluation model 
of socio-economic impacts encompasses a wide range of possibilities, facilitating 
prevention, valuation and post-fire restoration work and, consequently, decision-
making. 
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