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Abstract: In recent decades in the Mediterranean basin there has been a considerable increase in 
both the number of wildfires and the extent of fire-damaged areas, resulting in ecological and socio-
economic impacts. Protected areas are particularly vulnerable and many characteristics 
underpinning their legal protection are threatened. Several studies have been devoted to mitigating 
wildfire risks inside the protected areas, however often only in regard to natural heritage losses. 
Based on the adaptive wildfire resilience approaches, this work proposes a framework of actions 
that integrates natural, social and economic components. Starting from the Vesuvius National Park 
case study, affected by wildfires in 2017, the paper proposes a framework of action, envisaging two 
main phases: (i) the identification of priority intervention areas, by means of spatial multicriteria 
decision analysis, and (ii) damage assessment by using a monetary approach to value ecosystem 
services (ESs). The results identified priority areas where to concentrate economic and material 
resources, and estimated ecosystems damage, demonstrated ESs losses in areas adjacent to the burnt 
ones. This work, by integrating the relation between environmental sciences and policy, underpins 
a medium-long term development planning process. The aim of this work is to support landscape 
management and planning that includes socio-economic components such as sustainable 
development measures. 

Keywords: wildfires; natural protected areas; decision support system; scenario-based analysis; 
ecosystem services 
 

1. Introduction 
Wildfires have been one of the primary forces shaping Mediterranean ecosystems 

and landscapes, and recurrent fire disturbances shape vegetation patterns and processes 
and their resilience over time [1]. Although wildfires are perceived as catastrophic 
disturbances by the public [2], in most ecosystems they have been recognized as an 
important natural process [3,4]. Wildfires’ disturbance patterns exert strong selective 
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pressure on the life-history strategies of various plant species, affecting the survival and 
spread of some plant communities [5], and may, in turn, provide a variety of benefits to 
humankind, e.g., pasture management [6]. In recent decades in the Mediterranean basin 
there has been a considerable increase both in the number of wildfires and the extent of 
fire-damaged areas, resulting in increased ecological and socio-economic impacts. Fire 
damage has therefore attracted the attention of many scholars, with studies focusing on 
various aspects of wildfires, such as their possible causes (e.g., human-made, natural) 
exacerbated by global warming and extreme weather events [7–9], GIS based vulnerability 
assessment [10,11], propagation models [12,13], effects on ecosystems and damage 
quantification [14–16], and prevention measures [17–20]. 

Protected areas (PA) are recognized as a strategic focus in wildfire management, both 
in terms of resource protection (i.e., habitat and species conservation, ecosystems services 
production, local livelihoods and national development support, recreation and social 
benefits and the economic value associated) [21,22] and in terms of vulnerability, because 
of the presence of unmanaged vegetation, potentially susceptible to ignition and easy 
propagation of fires [23,24]. These areas are strategic in landscape management, 
specifically because, as defined by the IUCN, they are devoted to the protection and 
maintenance of biological diversity [25,26]. Despite this, as reported by San-Miguel-Ayanz 
et al. (2017) [27], between the years 2000 and 2012, about 80,000 ha per year of Natura 2000 
sites have burned. Furthermore, during the year 2017, wildfires affected protected areas 
from many countries of the Mediterranean basin; Portugal, Spain, and Italy were the most 
affected ones [11]. The traditional fire suppression and ignition prevention measures 
proved themselves to be insufficient [28].  

PA ordinary management and planning are complex processes due to the time and 
spatial scales involved, as well as the diversity and interconnection of effects and the 
number of stakeholders involved [29]. According to the forest landscape restoration 
approach, promoted by the IUCN and WWF International [30], integrated approaches 
must be implement [31–33] considering the ecological processes at the landscape level as 
a whole. Among the landscape planning methodologies, the MultiCriteria Analysis 
(MCA) is considered to be an appropriate approach to examine the impact of different 
policy options relevant for natural resources and environmental management [34–36]. 
Specifically, the spatial multicriteria decision analysis (S-MCDA) [37], can be significantly 
supportive due to: (i) integrating geographic information systems (GIS) and multicriteria 
decision analysis; (ii) handling large amounts of complex geo-referred data that is derived 
from different sources and elaborated at multi-spatial, multi-temporal and multi-scale 
levels; (iii) linking driving forces with pressure and effects on the landscape; (iv) 
facilitating communication between decision-makers and stakeholders, including value 
judgments, preferences and uncertainties; and (v) allowing an overall assessment for 
choosing among alternative actions, hypotheses and localizations [37,38]. The ability to 
link driving forces with pressure and impacts on the landscape and to facilitate 
communication between decision-makers and stakeholders makes the S-MCDA a useful 
tool for wildfire management as well.  

In these contexts, the landscape planning and management approaches, based on the 
holistic criterion, can significantly contribute to the scientific and operational debate on 
wildfires, both in terms of prevention and landscape restoration, via ex ante analysis, 
damage assessment, risk assessment, scenario building, monitoring and decision support 
systems [39]. Although aspects connected with modelling or assessment of fire risk and 
vulnerability, principally devoted to forest types, have been extensively investigated 
[40,41], their implementation into a general conceptual framework, considering all the 
social, economic and environmental components, is quite recent [30,31,42] and needs to 
be implemented and validated. The awareness that landscape management, starting from 
land-use/cover changes, has direct implications on fire risk [43], not only in terms of land 
composition (e.g., the abandonment of agricultural lands or afforestation activities), but 
also in terms of configuration (creation of new interface areas between urban and 
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natural/agricultural ones), leads resource managers to consider a new approach for fire 
management, extended to landscape planning [44], as introduced by the concept of 
adaptive and transformative resilience [28,45,46]. Within the categories of adaptive 
resilience, the present work focuses attention on the social perspective (landscape 
planning), rather than on an ecological perspective (specific interventions on ecosystems 
and natural habitats burned). 

In line with their potential, landscape planning approaches are moving towards 
decision-making support processes which explicitly highlight the importance of 
integrating nature’s contribution to people’s wellbeing [47] through the ecosystem services 
theory (ES). An explicit valuation of ESs helps to not only quantify the effects on the 
landscape of a specific cause, it also suggests the possible consequences of different 
intervention scenarios on the environment itself [48,49]. The value of ecosystems and their 
services is generally expressed in different ways: biophysical, socio-cultural and economic 
[50–53]. ESs valuation in economic terms is certainly the most commonly used and 
discussed [51,54–56].  

Based on the literature, the present work, rather than proposing new ES assessment 
methods or multicriteria analysis processes, aims to implement the ES assessment into an 
action framework. The framework considers scholars’ expertise and perspectives, 
working phases and approaches, and the conditions of the Mediterranean basin. As a 
matter of fact, many of the European protected areas are facing strong human pressure 
[57–59]. For these contexts, integrated landscape management typical of the land-
planning approaches helps to ensure a balance among nature conservation, the socio-
economic needs of the population, and the touristic and scientific use of the area [60].  

Given the aforementioned need to integrate different approaches, the present work 
is based on the driving forces-pressures-state-impacts-responses (DPSIR) model [61–63], 
integrated with the spatial-multicriteria decision analysis and ecosystem services 
approaches. The DPSIR is a theoretical approach widely used for investigating 
environmental problems by establishing cause-effect relationships between 
anthropogenic activities and their environmental and socio-economic consequences [64]. 
The DPSIR model is used in landscape and land-use planning not only in the management 
of the ordinary lands, but also for the protected natural areas thanks to its flexibility and 
integrability [65–67]. 

In the present work, the management of protected natural areas in relation to fire risk 
is considered as a landscape system, which can be evaluated through a combination of 
ecological factors linked to the physical asset of the territory and the social conditions of 
the population in the area. The work is based on the case study of the Vesuvius National 
Park (Southern Italy), where multiple wildfires occurred in the summer of 2017 that 
burned 3350 ha of forest and shrubland [68,69]. The study area is traditionally subject to 
summer fires, generally of modest size (Italian National Geoportal), from 4 to 140 ha/y in 
the last twenty years. The extent and severity of the 2017 fires caused a notable alteration 
in the risk of forest fires for the coming summer seasons. It is estimated that the extensive 
mortality of conifer reforestation, the necromass accumulated on the ground, the opening 
of the foliage in the broad-leaved woods and the development of herbaceous and shrubby 
vegetation, in the next decade, may lead to a progressive increase in fuel [68]. This 
condition, in the absence of appropriate management, could contribute to increasing the 
ignition of new fires capable of spreading over large surfaces. 

The aim of the work is to test the suggested framework of action, in the immediate 
post-fire management phase, within Mediterranean protected areas, in order to: 
 take into account the different context components, different objectives and different 

stakeholders “points of view”; 
 make the decision-making process more transparent and, thus the decisions more 

sharable;  
 make timely and rapid responses, considering both biotic and abiotic component 

requirements. 
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In the first part of the paper, priority intervention areas (PIAs) were identified to 
verify the predictable effects derived from the planned interventions. The priority 
intervention areas neither coincide with the park priority management areas or other 
institutional and literature classification types [70–74], nor with the areas of first 
intervention during the wildfire. Their identification is more linked to the adaptive 
resilience approach applied to identify which areas to concentrate the immediate post-fire 
recovery and remediation activities. The identification of the PIAs is processed not only 
according to the wildfire’s severity but also to the role that those areas play in terms of (i) 
safety from hydrogeological instability; (ii) renewal of processes for the biodiversity 
support; (iii) recovery of anthropic activities (fruition or production); and (iv) restoration 
of the landscape image and of its sense of identity. In this paper the identification of PIAs 
arises from the need to plan specific interventions and to distribute economic resources 
for strategic areas within the park.  

In the second part, damage assessment was carried out via ES valuation to support 
the design of interventions in landscape planning and management, and was merged with 
bio-physical parameters in order to compare different time steps and different action 
scenarios. GIS-based models were then adopted, obtaining the spatial distribution of ES 
in pre- and post-wildfires phases.  

The methodological approach used to integrate specific post-fire restoration 
measures aims to become as a useful tool for the management of different environmental 
risks inside the protected areas, implementing proactive risk management and helping to 
recognize the complexity of physical and socio-economic dynamics which characterize all 
landscape systems.  

2. Materials and Methods 
2.1. Study Area 

Vesuvius National Park (International Union for Conservation of Nature—IUCN—
Category II—National Park, 40°49′15.05″ N; 14°25′35.85″ E) was established in 1995 to 
preserve an area of outstanding natural and socio-cultural importance. It includes “animal 
and plant species, plant and forest associations, geological singularities, paleontological 
formations, biological communities, biotopes, scenic and panoramic values, natural 
processes, hydraulic and hydrogeological balances, ecological balances of the Vesuvian 
territory”. It covers (Figure 1) about 8250 ha (from 44 m to 1275 m a.s.l.), comprising one 
National Reserve, two sites of community importance and one special protection area. The 
area includes the only volcanic complex, namely Somma-Vesuvius, which is still active in 
mainland Europe [75]. The area is characterized by a mosaic of land covers/uses, with 54% 
of the area in natural and semi-natural areas, 38% farmland, and the remaining 8% in man-
made structures and infrastructures. Overall, the forest areas account for about 3800 ha 
(~46% of the total park area), consisting of pure and mixed broadleaved stands, even-aged 
monospecific and mixed coniferous stands and shrubland. Some coniferous stands are 
currently listed as sites of community importance for Habitat 9540—Mediterranean pine 
forests with endemic Mesogean pines [69,76]. The area has major tourism potential due to 
the singularity of the volcano and lava-field geo-sites and the natural landscape and trails, 
as well as its cultural heritage, the Eighteen-century historical buildings, and its profound 
connection with the neighboring archaeological sites of Pompeii, Herculaneum and 
Oplontis. The protected area of Vesuvius National Park is surrounded by a densely 
populated conurbation around the foothills of Vesuvius: 350,000 inhabitants (2017 Census 
data) live in urban areas located at the park boundaries, but the neighboring metropolitan 
area of Naples includes about three million inhabitants. This area is also known for its 
typical agricultural products such as wine, apricots, tomatoes, and cherries (with different 
quality certifications), and floriculture.  

In the summer of 2017, from 5 July to 27 August, 24 wildfires affected the national 
park, and 3350 ha (the 38% of the park) were totally or partially destroyed. Figure 1 shows 
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the entirety of the areas covered by fire. The map titled “Vesuvius” 
[EMSR213_01VESUVIO], was taken from the Copernicus database (available at 
emergency.copernicus.eu) and it is updated to 19 July 2017. The map was obtained from 
the processing of Sentinel 2A and Sentinel 2B satellite images acquired by ESA during the 
summer of 2017 using an automatic algorithm [77] and the fuzzy integration of spectral 
indices (e.g., combinations of the spectral bands of the S2 sensor). 

 
Figure 1. The study area: Vesuvius National Park in Campania (Italy). Non English contents are 
place names. 

The map shows that the urban and agricultural areas were not directly affected by 
the wildfires; instead, forests and semi-natural habitat significantly burned, with the 
Habitat 9540—Mediterranean pine forests with endemic Mesogean pines, the most 
affected forest class. Immediate post-fire management was aimed at controlling the 
erosion rate and forest habitat restoration. On the basis of direct field surveys and research 
studies developed by the park authority in conjunction with University of Naples 
Federico II, the restoration of forest cover was initiated, and native Mediterranean tree 
and shrub species were planted. 

2.2. Steps in Method 
The DPSIR framework is a comprehensive model for structuring such complex 

information. It allows linking different concepts, methods and indicators useful in 
decision making, from system analysis to ecosystem services assessment and design of 
scenarios. Figure 2 highlights, with different colours, the three approaches used and their 
interactions, in terms of steps in the method and results contributions. 

In the DPSIR model, the “driving forces” are the socio-economic and socio-cultural 
variables which pose “direct pressure” on the environment. “State/-s” is/are given by the 
specific structural conditions of both natural and socio-economic systems. The “impacts” 
are the socio-economic and ecologic effects that resulted from the changes of the 
ecosystem characteristics. “Responses” are the efforts and strategies set by the 
policymakers and civil society to reduce negative effects [78]. These responses may 
influence/reduce negative drivers or pressures, safeguarding or enhancing the state/-s, or 
mitigating effects [79], as indicated by the direction of the light grey arrows in Figure 2. 

The work is based on the DPSIR model process which identifies the social and 
economic driving forces using a holistic approach, and characterizes landscape and 
targets to specific planning aims. The criteria-dynamics analysis on the study area allowed 
for the deepening of the pressures of driving forces on ecosystems, highlighting strengths 
and weaknesses of the landscape system. Introducing the time as a parameter, it was then 
possible to compare different system states, assuming trends or future alternatives.  
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Figure 2. The framework of action. 

Two steps of the DPSIR model were developed with support of two different 
approaches:  
1. Development of the “states” using the S-MCDA methodology to identify PIAs.  
2. The “impact” analysis, including the assessment of wildfires damage, through the 

ecosystem services approach.  
These two steps are explained in the next two sections. 

2.3. Identification of Priority Intervention Areas via Spatial-Multicriteria Decision Analysis 
S-MCDA based on a hierarchical structure of criteria was preferred because it 

addresses the decision process in detail and deals with a limited and clearly defined set of 
alternatives [80]. In the last decades, group decision-making approaches, based on 
multiple experts, have been widely used in several fields: economics, engineering, 
landscape planning, and biology. Specifically, these approaches, developed to handle 
experts’ judgments and opinions, can be articulated into subjective or objective methods 
[81]. The first ones are based on the need to involve the subjective importance of criteria 
expressed by the experts or decision-makers; the last ones are characterized, instead, by 
the objective importance of criteria, which can be determined according to the decision 
matrix, which is based on the judgments of the experts, on the objective evaluation of 
alternatives, or on a combination of them [81]. The choice of the method to use for 
handling experts’ opinions is a crucial issue in the multicriteria decision analysis process. 
In the present paper a subject method was chosen which, although it increases the 
uncertainty of the evaluation system, is widely used in other studies concerning the 
“identification of priority areas” topic [27,81–83], and it allows the rapid identification of 
the intervention’s measures. A panel of eight experts, consisting of agronomists, forestry 
experts, land-use planners, modelling experts and hydraulic engineers, supported the 
different phases in the S-MCDA process. The expert judgment was obtained via an 
iterative process which entailed the following steps. Firstly, a form containing the aims 
statement, the description of the tree’s structure and the criteria selection was shared with 
all panellists, who met over several sessions of interactive workshops to discuss the 
following points: (i) the identification of three essential components of the general object 
of the Park; (ii) the establishment of a hierarchy tree structure and criteria; (iii) the 
standardization and weighting processes; and (iv) the discussion of resulting suitability 
maps. Unanimous agreement was achieved on each point after a participatory process by 
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the panel of experts. The activities done are described more in detail in the following 
sections.  

With the aim of identifying the PIAs, three fundamental objectives were selected by 
a panel of experts, choosing among those that were defined by the IUCN for the specific 
category [26]. These main objectives were generalized in the following three essential 
components, which guided the PIAs identification: 
 Regarding park accessibility, the aim was to ensure tourism and recreational, 

cultural, inspirational and educational purposes; 
 Regarding suitable conditions, the aim was to protect nature and conserve 

biodiversity within the park, especially in the post-fire phase, favoring the restoration 
of ecosystem integrity and resilience; 

 Regarding agricultural and forestry non-wood products (mainly the ceased 
collection of stone pine nuts), the aim was to follow local community demand, 
including subsistence resource use. 
The three objectives allowed the construction of three criteria trees with their own 

hierarchical structure. Each criteria tree (Figure 3A–C) had specific attributes, classified as 
clusters or single criteria and attributes [81].  

Generally, the selection of the set of evaluation criteria, based on the expert panel's 
proposals, is the most critical part of the approach, because the criteria have to be 
appropriate and exhaustive to reflect the aims of the work. This phase is also the most 
consuming of the entire process due to extensive collection and preparation of all GIS data 
needed as an input of the process. According to Malczewski [82–85], the evaluation 
criteria were selected pursuing the completeness (covering all the aspects of the decision 
problem); the operational ability (selecting criteria which are meaningful to a decision 
situation); the decomposability (allowing partitioning into a subset of criteria); the non-
redundancy (avoiding the double-counting of decision consequences); and the 
minimalism (obtaining the smallest complete set of criteria characterizing the 
consequences of the decision). 

Even if not exhaustive of the territory complexity, the experts identified the criteria 
representative of the main physical, biological, anthropic, and socio-cultural components 
of interest with respect to the study aims and in accordance with the holistic principle. 
With the experts' support and the hydrologist team, the post-fire trees stability, the re-
burning probability, the potential intensity, the post-fire erosion hazard and the upstream 
and downstream areas of trail maps were processed and used in the S-MCDA process of 
each criteria-tree (Annex SA in Supplementary Materials). 

In each objective tree, the criteria are articulated in two main branches: “PRO” and 
“AGAINST”. These branches represent the supporting or limiting conditions, 
respectively, referring to the specific objective improvement. The criteria were selected 
based on IUCN objectives for the National Parks Category [26] and according to the 
completeness, decomposability and operational ability requirements [33,35,85–87]. Then, 
based on data availability, the proposed set of criteria was defined based on to the non-
redundancy and minimalism requirements for each objective, and with the support of the 
panel of experts. Figure 3 shows the three criteria trees and Annex SA in Supplementary 
Materials summarizes all database and GIS tools used to process all of the attributes. 
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Figure 3. Criteria used for the objectives: (A). Accessibility; (B). Nature; (C). Agricultural and 
forestry production. 
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GIS raster maps were developed (one for each attribute). A standardization process 
was needed in order to transform map values into comparable units. The linear scaling 
method based on the cost/benefits function [88] was used. As consequence, all maps were 
standardized, with common values ranging from 0 to 1. 

Different studies [84] present various weighting methods to derive the weights of 
underlying sub-indicators; among these, the expert opinion and analyst judgment play an 
important role in deriving these weights, and they therefore affect the quality of the 
process. The panel of experts assigned the weights to each attribute and cluster according 
to the criteria tree hierarchical structure by means of a rating technique and after a brief 
training about the effects of different weights [37,80,89,90]. This technique has the 
advantage of allowing the change or the addition of the alternatives / factors considered, 
allowing the process to continue from the last scores obtained without having to restart 
from the beginning. By means of an S-MCDA model in ILWIS software [91] and according 
to the hierarchical tree structures, all the weights expressed by the panel of experts were 
then normalized.  

The S-MCDA was carried out using the weighted linear combination aggregation 
method because it retains the variability of factors [82,91]. This procedure is characterized 
by full trade-off and average risk [38]. Ranks and weights are assigned depending on their 
influence on the three objectives according to Equation (1): 

Pi = ∑ (w୨
୬
୨ୀଵ ∗  x୨) (1)

where Pi is the suitability result value in the i-th cell in relation to n variables/factors; n is 
the number of input factors; wj is the weights assigned by the panel of experts to the factor 
j, normalized to give 1 as sum; and xj is the standardized criterion score of factor j. 

The “suitability maps” resulting from each fundamental objective were classified 
with the “natural break” function into five classes. This function was preferred because it 
allows for the optimization of the set of values arranged into classes composed of items 
with similar characteristics that form a “natural” group within a data set [92–95]. A 
sensitivity analysis was processed with the support of the multi-criteria platform (the 
decision making module in the spatial-multi-criteria evaluation tool) of ILWIS software. 
Specifically, the variation in the judgments on assigned weights was applied. This analysis 
made it possible to observe the degree of influence of each factor on the final decision, 
highlighting the variables of greatest interest and those that could be eliminated. The 
resulting suitability maps, reporting the suitable areas that strongly meet the three 
objectives, had been overlaid in order to highlight any redundancy, and then also with 
the maximum fire severity degree areas in order to identify the priority intervention areas. 

2.4. Ecosystem Services Valuation 
According to the aim of the study, in this section the ecosystem services assessment 

is developed at landscape scale, referring to two time-steps and according to two different 
approaches. The landscape scale of analysis, starting from specific values associated with 
each land cover class, is based on the summary and interpolation of local data. The 
landscape approach allows for the obtaining of the total evaluation and knowledge of the 
phenomenon behavior (the impact of wildfires on the territory) on a broad scale (the entire 
Vesuvius Park) rather than at field scale, based on a situ-specific and analytic analysis. 
The analysis is performed referring to pre-fire conditions, starting from the Corine land 
Cover 2012 landscape pattern, and the immediate post-fire conditions, basing on the 
integrated Corine Land Cover 2018 pattern. Although the wildfires occurred over a period 
of less than two months, it is well-known that the effects are distributed over time: from 
immediate to medium to long term. As a main effect, the fires reduce vegetation density 
and thus increase the availability of bare-soils [96–100], with consequences on erosion risk, 
loss of carbon sequestration capacity, habitat losses for pollinators and biodiversity, etc. 
Specific times for restoration are required which exceed the seasonal duration. According 
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to these considerations, the ES assessment is expressed as total value associated to hectares 
for the year. The present work uses two different approaches for the estimation of 
ecosystem services for different purposes and in different work steps. Specifically, the first 
one is the monetary approach, based on the benefit transfer method as an overall, 
immediate and easily transferable assessment of the benefits of the natural capital to 
people. The second approach integrates the panel of expert opinion (the same of the S-
MCDA process) with the spatial modelling and biophysical assessment of specific 
ecosystem services. The aim was to target the study towards the specific factors involved 
in the 2017 fires by means of site-specific data.  

According to Kubiszewski's analysis [101], four levels of ES value aggregation 
models were identified: (i) basic value transfer, in which values are constant over the 
landscape classes; (ii) expert modified value transfer, in which expert opinions modify ES 
values at local scale; (iii) statistical value transfer, in which values are linked to statistical 
models related to context; and (iv) spatially explicit functional modelling, in which values 
are inserted into system models, whether dynamic or spatially explicit. In this paper the 
monetary quantifications of ESs [54] were determined by associating the value of the four 
ES types (coefficient) with the ES monetary values associated to each land use class of the 
study area, as in Equation (2): 

VES୧,୩ = A୩w୧(LC) ∗  v୧(LC) , (2)

where VSEi,k is the value (€/year) of i-ES for a k-polygon of a defined land use; Ak is the k-
polygon area (ha), wi is a coefficient ranging from 0.5 to 1 depending on i-ES and each LC 
class considering context variables (Habitat quality, Recreation; Pollination; Sediment 
delivery ratio); vi is the monetary value of i-ES for defined LC (€/ha). Specifically, the 
factor wi is the potential of a specific LC class to provide a defined ES in the pre and post-
fire phase, from a negligible level (0.5) to full capacity (1). According to the BTM approach, 
the monetary values vi were gained from Scolozzi et al. 2012 and updated to 2021 [54], 
setting the specific conditions of study area to the project requirements.  

The present paper entails three steps in ES assessment as a measure of wildfire 
impact: 
 Definition of ES monetary values (€/ha per year, as unique values for each land cover 

class, according to basic transfer methods—BTM), and their literature reference; 
 Adjustment of the ES constant values, referring to local context-specific conditions, 

by means of the identification and processing of specific coefficients (with the panel 
of expert support and spatially modelling and biophysical assessment); 

 Processing and comparing the results in the pre-wildfire 2017 and post-wildfire 2018 
phases, highlighting changes in values according to spatial-explicit estimation 
methods (SEM). 
CORINE Land Cover 2012 and 2018 maps were used, accompanied with more 

detailed land cover information, as detailed in the following. The forest types map, 
provided by the park authority, was used to better detail the coverage of natural areas 
within the park. CLC classes 331, 332 and 333 were replaced by the detailed forest 
coverings of the “Forest types” map (2010) (ESRI ArcGIS, Clip and Union tools). As a 
matter of fact, the CLC minimum mapping unit of 25 ha may be limiting at the local scale, 
especially where the landscape shows high fragmentation, as in the case of Vesuvius 
slopes. Despite the fact that the CLC accuracy is at least 85%, a focus on the forestry surface 
of the study area showed a drop down to 68.4%, mainly due to the misleading of the CLC 
in detecting coniferous forests, generally classified as mixed forest. Specifically, pine 
forests composed mainly by stone pine (Pinus pinea), less by maritime pine (Pinus pinaster) 
and black pine (Pinus nigra), often occur as a complex pattern of small surfaces, far lower 
than the threshold of 25 ha, decreasing the CLC map accuracy, in these specific areas, by 
68%. 
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The post-fire re-classification map was obtained from remote sensing and field 
surveys, conducted by the members of the panel of experts. The fire gradients in the 
different areas were obtained from the Copernicus Emergency Management Service 
website and was considered as reference data. The map displays four levels of burn 
severity: completely destroyed areas (in which vegetation was totally destroyed by fire), 
while the other classes (from 3 to 1) identify those with 50%, 30% and no damage to 
vegetation, respectively. Based on the completely burned areas, within the areas of 50% 
and 30% of the vegetation destroyed, buffer areas with hypothetical completely destroyed 
vegetation were created, surrounding the perimeter of areas with trace of fire using the 
principle of spatial contiguity and according to the fire severity degree. Specific random 
checks were conducted to test the accuracy of the map. 

Starting from the literature review [98–101], CORINE land cover classes were 
associated to the different ES land use classes or biome. First the ES monetary values (€/ha 
per year) for each land-cover class (Table 1) were defined. The method used started with 
Scolozzi’s, which was derived from a wide literature review (63 international studies). 
Only the average value for each land cover class was considered as an appropriate value 
for both the Italian and Campania context. Scolozzi’s monetary values were then updated 
according to the “monetary revaluations” calculator tool, available from the Italian 
National Statistical Institute (ISTAT). 

Table 1. Baseline monetary values (€/ha/y), according to type of ES (column) and land cover classes 
(row). 
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TOTAL 

Land Cover 
Class 

€/ha/y 

Cropland 24.10 0.00 60.78 0.00 151.96 1622.30 29.24 32.96 4.16 32.09 1957.60 
Pasture 7.86 0.00 3.14 79.65 0.00 0.00 2.10 1.05 5.24 25.15 124.19 
Forest 129.95 170.82 4179.42 79.65 332.22 659.54 112.62 1.58 9.48 316.14 5991.43 
Urban green 653.22 0.00 10.48 0.00 0.00 0.00 4830.23 0.00 0.00 0.00 5493.93 
Fresh-water 
wetland 243.14 6650.61 4241.78 1523.79 222.18 84.23 1372.88 3651.23 0.00 0.00 17,989.83 

Salt-water 
wetland 122.62 1.05 1752.26 7104.39 0.00 301.82 31.44 229.51 0.00 0.00 9543.09 

Fresh-water 0.00 0.00 670.72 610.98 0.00 0.00 717.88 135.19 1118.22 0.00 3252.99 
Herbaceous  68.90 85.41 2091.28 79.65 166.11 329.77 57.36 1.32 7.36 170.65 3057.81 
Rock 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Urban 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Following this, specific coefficients corresponding to the four biophysical ES type 
values, namely wi, were processed. The coefficient expresses the potential of LC classes to 
provide a defined ES ranging from 0 to 1. It is derived from local context-specific 
conditions. Specifically, the spatial distribution of biophysical values of the four specific 
ES types were processed and used as coefficients in the Equation (2).  
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The coefficient wi was sorted out from the InVEST (Integrated Valuation of 
Ecosystem Services and Trade-offs) open-source software [102]. It was adopted thanks to 
its ability to measure, estimate and map the potential of ecosystems in the supply of goods 
and services for people.  

For each ES type, a raster spatial distribution map was processed according to the 
equations reported in annex B. Once the four ES types’ maps were sorted out, they were 
processed another time in order to obtain the wi coefficient dataset for Equation (2). The 
resulting four different scale units, derived by InVEST modules, were converted in a new 
dimensionless index, ranging from 0.5 to 1 by applying rescale by function in the GIS 
Reclass tools. The entity of the decrease was defined by the panel of experts based on field 
sampling for damage assessment. The fire did not completely affect the provision of 
ecosystem services; nevertheless, it certainly limited their production by at least 50%. A 
linear transformation function was adopted. The new values arise from the observation 
that, in many ecosystems, fire is an important process that contributes to habitat quality, 
even if often not in the short term [103–107]. In the present work, the observation period 
was July 2017–July 2018, highlighting the immediate effects of the fires: from the 
temporary loss of habitat to the loss of tourism, or from the hydrogeological risk increase 
to the reduction of agricultural production due to the absence of pollinators. The MAP 
Algebra tool was used to process Equation (2). The maximum ES value was obtained if 
the coefficient was equal to 1, and it becomes half if the coefficient is 0.5. All intermediate 
values were also calculated according to the linear function adopted. 

Comparing to the first step method (the Benefit Transfer Method), the approach 
which integrates the panel of expert opinion with the spatially modelling and biophysical 
assessment of specific ecosystem services provides a more articulate analysis of the study 
area. As a matter of fact, beyond the maximum and minimum values of difference, this 
method provides a series of intermediate gradations depending on the specific landscape 
features and the assessed criteria. Moreover, the integrated method allows for the 
observing of the possible effects of the wildfire to be inferred not only for the burnt areas, 
but also for the adjacent ones, thanks to the evaluation of specific ecosystem services, 
which have significant repercussions and effects on wide areas (erosion phenomena, 
distribution of pollinators, ecological corridors, etc.). 

3. Results 
3.1. Identification of Priority Intervention Areas Results 

As an intermediate output, three maps are shown from the S-MCDA process, 
highlighting the “areas of interest”. Figure 4A–C shows the suitability degree according 
to the Natural Breaks classification technique. The comparison among the three suitability 
maps shows that the areas with very high and high values are not always coincident with 
each other, as expected by their very definition (Annex SB in Supplementary Materials). 
It should be emphasized that the suitability degree resulting from the S-MCDA is a 
dimensionless value, ranging from 0 to 100. The classification into five classes, carried out 
through the Natural Breaks function, allows for the characterization of the entire park 
according to the degree of interest in each of the three fundamental objectives. In this 
phase of the work, only the areas with “high value” were considered. 

Specifically, the Nature and the Accessibility high suitability areas were shown to 
have 1500 ha in common; these common areas represent the 97% of the total nature highly 
suitable areas and 50% of the total accessibility highly suitable areas. On the contrary, the 
agroforestry production objective shows a limited area (459 ha) in common with the other 
two objectives in the south-east of the park. The “All Objectives” layer was obtained as 
the sum of areas classified as “high level” belonging to each objective map (Nature, 
Accessibility and Agro-Forestry).  

As final results, the “Priority Intervention Areas” were sorted out by the overlapping 
of the highly suitable areas of the three objectives (the “All Objectives” layers) with the 
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maximum degree (class 4) of the 2017 Wildfire Severity map. They consist of 660 ha 
(Figure 5) and correspond to 4% of the total park area and 10% of the areas burned in 2017. 
As a consequence, the PIAs building process integrates both specific considerations about 
the wildfire severity degree and the functionality of the park area for the three aspects 
investigated. The immediate effect is the focusing of both economic and material 
resources, not only on those areas directly affected by fires, but also on adjacent areas of 
high importance for biodiversity and naturalness, for recreation, tourism and production. 
The objective of this identification is to identify restricted areas under an integrated 
planning and programming point of view in order to trigger wider natural processes that 
can favor reduced recovery times. 

Inside the Priority Intervention Areas, mainly located on the South-East slope of Mt. 
Vesuvius pure coniferous stands, mixed stands (broadleaves and coniferous), and 
complex cultivation patterns were the land use classes most affected (CUAS 2009 map). 
The overlay of Priority Intervention Areas and the Erosion Risk map showed areas of 
interest from the South to the Southwest area of the Park. These areas already presented 
a high risk of hydrogeological instability, which is likely to increase due to the wildfires 
of 2017. Finally, the Priority Intervention Areas belong to areas A (full Reserve) and B 
(Oriented General Reserve), considering the Vesuvius National Park zoning map, which 
defines the uses and limits of interventions in each area (Annex SC in Supplementary Ma-
terials). 
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Figure 4. (A) Suitability map—Accessibility. (B) Suitability map—Nature. (C) Suitability map—
Agro-Forestry productions. Non English contents are place names. 
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Figure 5. The Priority Intervention Areas (PIAs). Non English contents are place names. 

3.2. Ecosystem Services Valuation Results 
According to the Benefit Transfer Method, the ES monetary average value of the 

whole Vesuvius National Park area, in the pre-fire phase, was equal to 3403.5 €/ha/y, and 
it declined to 2573.48 €/ha/y in the post-fire phase (Table 2). A decrease in the ecosystem 
services value of approximately seven million euros per year corresponding to about the 
25% of the total value of the protected area was observed in the immediate post-fire 
(Figure 6A,B). 

Table 2. ES assessment by means of baseline value and integrated values by means of landscape 
variables. 

Context 

Area Total ES Step 1 Total ES VALUES Step 3 
(ha) (€/y) (€/y) 

 PRE-Fire Phase POST-Fire 
Phase 

PRE-Fire Phase POST-Fire 
Phase 

Park 8264.00 28,126,290.60 21,266,454.90 26,501,959.80 19,886,809.60
Burnt areas 3131.30 15,431,086.60 8,605,555.00 14,785,670.30 8,221,023.70
Priority Intervention Areas 660.40 3,906,415.10 763,075.70 3,694,018.50 732,417.30
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Figure 6. Comparison of the ESs monetary values results: (A,C) are related to the pre-fire condition 
with the Benefit Transfer Method (BTM) and the Spatial-Explicit Method (SEM); (B,D) are related 
to the post-fire condition with BTM and SEM. 

Starting from the approach, which integrates the expert panel's opinions and the 
spatial modelling assessment, Step 3 of the framework, four maps concerning the selected 
ES (Habitat quality, Pollination, Recreation, Sediment Delivery Ratio) were developed 
with biophysical values, in pre- and post-fire phases, using InVEST software (Annex SD 
in Supplementary Materials). Pollination and Habitat refugium show the most relevant 
variations, due to the wildfire, with a reduction of up to 80% of the value inside the burned 
areas. Figure 6 C,D shows that, in the whole Vesuvius National Park area, the loss of 
monetary value amounts to about € 6.6 M per year, with a parallel trend compared to the 
BTM. For instance, the loss of monetary value amounts to about 25% inside the total 
Vesuvius National Park area, 40% in burned areas, and more than 80% in Priority 
Intervention Areas. The average ES value in Vesuvius National Park, in the immediate 
post-fire phase, is 2406 €/ha/y, compared to the average regional value of 2407 €/ha/y. 

The two final maps (Figure 7) show where the reduction in ESs is spatially 
concentrated and the magnitude of this reduction. The area involved by the change is 1920 
ha, unlike the 1380 ha of the baseline value method. The variable integrated method shows 
that even the unburned areas are susceptible to damage due to the close spatial and 
functional relations (in this paper they are expressed by using ES indexes and variables) 
with the burned areas.  
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Figure 7. ESs Difference of Monetary Values results in pre-fire and post-fire phases, in Step 1 and 
Step 3. 

The results support the aim of the work because: 
 with regard to the PIAs, they allow for the identifying of a limited area in which to 

concentrate, in the early post-fire phases, resources of means and money to favour 
the re-activation (spontaneous or guided) of ecosystem recovery processes (660 ha 
against the 3350 ha covered by wildfires and the 1200 ha with a high and very high 
degree of fire severity); 

 with regard to the ESs assessment, they provide objective values to be discussed, both 
in terms of natural heritage to be protected and enhanced, and also in relation to 
neighboring territories and in terms of estimating the damage and raising awareness 
of local communities and decision-makers on the wildfire risk and the protected 
areas management; 

 with regard to the ES mapping, they show a significant coincidence between the PIAs 
and the areas with the greatest damage of ESs, highlighting the strategic role of PIAs 
from the perspective of ecosystem recovery. 

4. Discussion 
This study advances a reference framework for a new strategy for wildfire 

management into protected areas, founded on the core approaches typical of landscape 
planning, which integrate different aspects and objectives characterizing these specific 
contexts in the Mediterranean basin. Starting from the specific conditions of Vesuvius 
National Park, the present work is in line with adaptive resilience strategies which entail 
zoning or land-use planning, proactive planning, management and infrastructure 
strategies [43,106]. The novelty in the present work is the action framework development, 
which, in the general articulation of the DPSIR model, identifies in the S-MCDA and in 
the Ecosystem Services approach, the strategic points of action, to improve the 
hydrological safety and interaction with high-intensity, potentially catastrophic fires. 
Even if the S-MCDA approach is widely used in risk management [83,107,108], it is still 
not studied very often and applied in cases of wildfires, because the fire prone-areas are 
usually conceived only as ecosystems, with predominantly naturalistic interests. The 
specific typology of European parks, and Vesuvius National Park in particular, merged in 
highly anthropized contexts and currently marked by rapid land-use change, has shown 
that the multi-criteria approach is particularly useful in protected areas as well. Moreover, 
the ecosystem services approach, which is increasingly used in the estimation of 
environmental damage [109–111], also allowed for the validation of the model for the 
identification of PIAs. The approaches used in the present work are proving to be very 
useful in landscape and land-use planning and decision-making support [112–115], and 
therefore they are increasingly used, raising the issue of the uncertainties associated with 
them: the unavoidable incomplete and inaccurate data contributing factors, rules 
governing how the input data are combined into susceptibility values, and parameters 
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used in the combination rules [116–118]. In the specific case of a wildfires, for example, 
part of these uncertainties come from the visual interpretation (positional and thematic 
accuracy of the underlying data such the end user of data) of remote sensing data, which 
are crucial for the specific knowledge and expertise [118], in order to classify the state of 
land cover in the pre and post-fire phases. Moreover, the potentially large number of 
parameters and the heterogeneity of data sources, such as the variability of expert 
opinions and weights assignment [119–122], also have significant effects on the results. 
Handling errors and uncertainty in S-MCDA plays a considerable role in decision-making 
[122], quantifying outcome variability, giving model input uncertainties, and, therefore, 
helping to reduce uncertainties. The next steps of the work will be the implementation 
and the validation of proposed processes and outcomes by means of robust uncertainty 
and a sensitivity analysis, such as the use of objective methods in expert opinion 
weighting. These methods, in contrast to the subjective approach used in the present 
paper, provide flexibility in weight assignment depending on the variation of the local 
system and thus could improve and make the framework more applicable and simpler, 
allowing it to also be used in other contexts and regarding other aims. 

4.1. Identification of Priority Intervention Areas 
With regard to the “areas of interest” maps, they show the mutual competing aims 

and the overlapping of the objectives, highlighting strengths and weaknesses.  
The most interesting aspects were: 

 The intersection map between accessibility and nature high-value zones, which 
highlights the areas in which accessibility and touristic use are closely connected with 
the natural value of the context and allows for the recognition that park accessibility 
is linked to natural conditions, but the natural conditions are not necessarily linked 
to the fruition of the area.  

 The intersection map between high-value accessibility and the agroforestry 
production areas shows that, in the current park fruition circuits, there is no suitable 
exploitation of productive resources. The awareness of the important and high-
quality agricultural production in the study areas, underlined by brands and 
certification, can support the decision-makers in the planning of 
paths/circuits/internal roads network integration with dedicated food and wine 
itineraries.  

 The intersection of the three areas of interest maps ultimately shows the areas (about 
700 ha) which, under ordinary management of the park, may be considered the best 
in terms of fruition, biodiversity conditions and agro-food production, with regard 
to supporting the local socio-economic development and its population. 
The approach adopted together with the action framework proposed allows the 

different components characterizing the park to be considered together and to integrate 
the prevention wildfire risk strategies by those connected to (i) plan the design of new 
nature-based and rural development paths which could enhance the socio-economic 
value of the northern area of the park and its related food and wine production; (ii) to 
manage natural areas and strengthen nature conservation policies in a context with high 
human pressure; and (iii) to promote new quality and protected certifications of origin, to 
implement and boost the sale of forest non-wood products, such as pine nuts of stone pine 
and honey. As an added benefit, the present approach helps to establish a multi-sectoral 
interdisciplinary information platform that can also be consulted for other management 
objectives. 

Regarding the Priority Intervention Areas, their intersection with land-use maps 
showed that the forest was the area most severely affected by fire. It is likely that in these 
contexts, which are not profitable in economic terms, private owners will not undertake 
any restoration action. The park zoning highlights that the Priority Intervention Areas fall 
within the highest level of protection. The actions that may be undertaken in these areas, 
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if connected to the principles of conservation of biodiversity, soil erosion control and 
mitigation of hydraulic risk, could meet the provisions of the urban-planning legislation, 
for example, having a bias toward the restoration with naturalistic engineering techniques 
using native shrub and tree species. The overlay with the erosion risk map highlighted 
the need to mitigate the high erosive risk areas of the northwestern sector, but also the 
southeastern slopes which overhang highly vulnerable areas, despite its lower erosive 
risk. As a matter of fact, priority areas identify burned forest where severity of fire affected 
the andic soil properties, mineralizing its stock of organic matter [123,124] and depleting 
aerial and soil seeds and bud banks. Subsequently, bare burned soil becomes highly prone 
to erosion events, [125] and becomes a priority for post-fire restoration actions [126]. 
Finally, interesting reflections can be derived from the first step of the sensitivity analysis. 
As a matter of fact, this analysis demonstrates the robustness of the model applied, since 
the areas of high suitability (the PIAs) show a good overlap among the three objectives. A 
further reflection must be made with respect to multi-criteria evaluation methods and 
their implementation in the landscape planning and management process. In several 
studies concerning the priority areas, identification of the subjective weighting, objective 
weighting, and decision-making with multiple experts are not considered at the same 
time. Thus, although the assessment approaches have evolved during the past years, more 
multicriteria approaches able to quantify the objective and subjective weights 
simultaneously still need to be developed and extended. The next steps of this work could 
be devoted to test the subjective method used in the present paper with objectives ones, 
such as Entropy and TOPSIS [116,117]. 

4.2. Ecosystem Services Evaluation Land-Use/Landscape 
With regard to the ES valuation, the proposed approach allowed for the assessing of 

pressures and the current state of the study area, starting from the provision of different 
ES at macro-analysis level. Potential effects were evaluated by comparing maps on the ES 
provision in the pre- and post-fire scenarios. It is useful to observe that the pre- and post-
fire phases refer to two static scenarios built on the basis of the Corine land Cover of 2012 
and of the Corine 2018, with the integration of the map of forest types. The work does not 
deepen the fire occurrence time, as the study is aimed at contributing to landscape 
planning. The aim is to estimate the landscape ecosystem values and to support the 
decision-makers in organizing strategies and interventions from a system perspective, 
which brings natural aspects together with socio-economic ones. The aim was to support 
the development of appropriate wildfire response measures. According to the literature 
[49,63,114,115], the paper proposes to link the ES analysis and assessment in a closer, more 
dynamic and structured way within the land-use/landscape management procedure 
(DPSIR-based approach) [112,127–130]. The ES analyses became a useful indicator for 
monitoring, which had to be integrated into the ordinary existing landscape planning 
instruments (such as the Plan of the Park, Strategic Environmental Assessment, and 
Nature 2000s area management plans), in order to verify the system asset, to share results 
with a transparent process and to support decision-makers and communities in landscape 
governance. 

As source of data, starting from different studies’ analysis devoted to the Italian 
context [124,125,131,132], the monetary values sorted out from Scolozzi’s work were 
adopted (expressed as €/ha/year) because they refer to different ES types, allowing a 
general assessment of the ecosystem services provided by the land. The ES valuation by 
means of a monetary value approach has the benefit of giving a quantitative parameter to 
objectively compare different land-use configurations, which is a useful tool to link with 
the S-MCDA approach in order to hypothesize and compare alternative scenarios. 

As first results, the average value of the whole Vesuvius National Park area, in the 
pre-fire phase (equal to 3403.5 €/ha/y), compared to the average value of the Campania 
Region (equal to 2555 €/ha/y), highlights the importance of the protected area for 
ecosystems preservation (+33%). Although the VNP is one of the protected areas most 
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subjected to anthropogenic pressure, inserted in Naples metropolitan area with high 
population density, infrastructure and urban settlements among the highest in Europe, it 
is nonetheless a supplier of high levels of ecosystem services for the population. The 
protection and conservation policies, with particular regard to the prevention of fire risk, 
must be implemented in order to preserve all of the functions of the Park. In addition, the 
approaches used justify the value gap between ordinary/protected areas mainly on the 
basis of natural and semi-natural coverages. Starting from the role that protected areas 
play for the population, in terms of ecosystems, recreation, science, rarity, it is believed 
that this gap is greater and must be investigated in the next steps of this work. Further 
collaboration with economists could help to quantify the added value of the studied area. 
Therefore, the benefit of ES valuation could be twofold: firstly, it could reinforce nature 
protection policies (in accordance with institutional aims) and, secondly, it may promote 
park development according to the needs of the local population.  

It is interesting to observe that, in relation to human benefit, the Priority Intervention 
Areas (4% of the park area) before the wildfire in summer 2017 represented 14% of the 
total park ES value, highlighting the importance of the areas identified through the S-
MCDA approach. The comparison of pre- and post-fire values makes it possible to 
estimate the damage: in both steps, the ecosystem services value loss is approximately one 
quarter of the entire park area, 44% for the burned areas, and almost 80% for the Priority 
Intervention Areas alone. This allows us to validate the approach used to identify the 
priority intervention areas and to focus on the mitigation measures on the targeted areas, 
which could become strategic for the reforestation programs. 

The present work should be integrated into future project steps in order to deepen 
the monetary added value of the protected natural areas, integrating other ES value 
transfer techniques such as value function transfer or meta-regression analysis function 
transfer. ES valuation has been performed on other parks or protected areas [133,134], but 
a comparison between parks and regional landscape values is generally lacking. Next 
steps could also be connected with other aspects related to the wildfire risk investigation, 
such as fire occurrence time or the burning stages.  

Further developments of the present work will be the valuation of the impact of two 
possible succession trajectories of the ecosystems: natural recruitment by native species 
and assisted afforestation.  

5. Conclusions 
In addition to their natural function of biodiversity support, wildfires are 

increasingly discussed as a “problem” of which humanity plays a central role and has 
responsibility for. The size of the fires in Amazonia, Australia, California, and 
Mediterranean Europe that occurred in the last few years have highlighted the local and 
global consequences of their effects. A structured approach is necessary to face the risks 
of biodiversity loss, landscape and damages in the wildland-urban interface.  

The proposed framework aims to integrate different approaches typical of ordinary 
landscape planning as effective responses to environmental risks, within the Protected 
Areas (National Park) category. The main outcomes of this approach are the rapid and 
efficient identification of priority intervention areas as a result of fires, and a simultaneous 
quantification of the immediate damage, in order to support the actions of decision-
makers, the managing authorities and the local communities, with regard to the strategies 
and interventions to be implemented. This integration of different approaches applied to 
protected areas is essential to move from the current fire management systems, based on 
forest management strategies, to a more effective and pro-active fire management 
approach, which also includes the socio-economic dynamics of these contexts. 

The work entailed two phases. In the first one, the S-MCDA method was used to 
identify the priority intervention areas. The probabilistic method proved its viability and 
reliability also in the specific context traditionally considered only in terms of nature 
conservation and referring to the wildfire risk management systems. Specifically, the S-
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MCDA approach supported the basis of a medium-long term development planning 
process, providing the necessary tools to evaluate different intervention scenarios. The 
study made it possible to highlight: (i) critical issues, e.g., the lack of homogeneity in the 
network of infrastructures or the need for specific fire risk management solutions; (ii) and 
new opportunities, e.g., the promotion of new food quality certifications. Discussions 
concern both the ordinary management and the wildfire risk management of the Vesuvius 
National Park. In the second phase of the work the ES valuation by means of both the 
benefit transfer method and the spatial-explicit estimation method has proved its 
reliability and utility not only quantitatively in economic terms, but also in spatial 
distribution terms. The developed evaluation endeavored to efficiently allocate monetary 
resources for the restoration of fire-damaged areas in a natural protected area.  

The proposed approaches allowed for the recognizing of the indirect fire effects on 
areas larger than those burned, supporting the need for a multidisciplinary and multiscale 
approach with respect to forest fires in Mediterranean ecosystems. 

This innovative approach focused on the wildfire management of protected areas, 
provides arguments for adapting landscape planning and management tools to reduce 
the vulnerability of territories and societies, and provides the park management authority 
with a multitasking tool for landscape analysis which can be updated and used for other 
aspects (disturbances) affecting the park. The present work, starting from the wildfire 
effect analysis in a local and specific context, aimed to suggest an action framework that 
may be useful for other risk typologies and in other parts of the world. 

Supplementary Materials: The following supporting information can be downloaded at: 
www.mdpi.com/article/10.3390/land11071024/s1, Annex SA. Criteria trees. Annex SB. Equations. 
Annex SC. Comparing maps. Annex SD. Invest maps. 
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