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Abstract: One of the most important environmental issues in Europe is the expansion of
wildland-urban interfaces (WUIs) and how this trend may affect the occurrence of wildfires. Land use
changes, the abandonment of farmland, and reduced grazing has led to an increase in forested areas
with an accumulation and continuity of surface fuels available for combustion. Policies based
exclusively on extensive fire suppression have become ineffective in different parts of Europe.
To reduce the threat of damaging and costly wildfires, European countries must develop integrated
fuel management programs. This approach has proven to be one of the most cost-effective for
preventing wildfires and reducing economic loss. To this end, we have conducted a cost-effectiveness
analysis to estimate how much fuel must be treated to determine fuel load removals with the
lowest cost per hectare of unaffected WUIs threatened by wildfires in southern Italy (Apulia region).
The analysis was carried out in three stages: (i) simulation of fire behavior in different fuel load
reduction and wind direction scenarios; (ii) estimation of WUIs affected by wildfires within the study
landscape; and (iii) the application of a cost-effectiveness ratio. Our results highlight the need to
provide a method to evaluate the cost-effectiveness of fuel removal given the increasing number and
extent of WUIs in the Mediterranean landscape of Europe. Optimizing the cost-effectiveness analysis
of fuel removals offers the basis for appropriately assessing wildfire prevention and budgeting
financial resources. Further, this method may be readily applied toward allocating any type of
intervention in landscape management.

Keywords: wildfires; wildland-urban interfaces; fuel treatment effectiveness; fuel management;
fireline intensity; Mediterranean landscape

1. Introduction

In Europe, the last few decades have been characterized by constant land use changes, especially
in the Mediterranean region [1,2]. The abandonment of farmland and reduced grazing have led
to an increase in forested areas with an accumulation and continuity of surface fuels available for
combustion [3,4]. These landscape changes have contributed to a more aggressive spread of large
wildfires. Moreover, the proportion of burned areas has continued to grow, causing substantial damage
to European economies [5,6]. Therefore, large investments are required to prevent wildfires from
spreading, especially in wildland-urban interfaces (WUIs). The European Commission, for instance,
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invests more than $3.2 billion every year in fire suppression to limit the socioeconomic impacts of
wildfires [7,8]. Policies based exclusively on extensive fire suppression have begun to show signs of
failing in different parts of Europe [7,9,10]. To reduce the threat of damaging and costly wildfires,
European countries must develop integrated fuel management programs for wildfire prevention and
mitigation. Fuel management is one of the most effective approaches for preventing wildfires and
reducing economic loss [11–15].

Increasing efforts have been made in studying fuel management for wildfire prevention in
WUIs. The aim is to demonstrate the effectiveness of different pre- and post-fire fuel management
interventions with innovative approaches and views [16–20]. Ager et al. [16] simulated long-term fuel
management interventions on a 16,000-ha WUI in Oregon, USA. The simulation models suggested
that the area would require repeated thinning over time to reach desired forest density and to
reduce crown fire activity. Safford et al. [18] measured wildfire effects on vegetation in treated
and untreated areas within the WUIs of Lake Tahoe Basin, California, USA. Their results showed that
fuel treatments substantially changed fire behavior and subsequent fire effects on WUIs. Kennedy
and Johnson [19] carried out fuel management activities in the forests surrounding WUIs in Arizona,
USA. The two authors attempted to create defensible space and safe opportunity for the protection of
homes during wildfires. Elia et al. [20] developed a spatial index to determine where and what type of
forest areas may be eligible for fuel removal in the WUI areas of southern Europe. By means of this
index, the authors attempted to understand which areas require allocation of fuel removals to prevent
wildfire occurrence.

The overall findings of the above studies have demonstrated that fuel management does indeed
modify wildland fire behavior and its effects on forest and human systems. However, they do not provide
a clear link between fuel removal and its cost-effectiveness ratio. In Europe, knowledge is still lacking in
regard to this link despite the fact that each year, especially in summer, the problem of wildfires remains
dramatically constant [8]. Understanding this relationship may be a support for forest managers to
improve efforts in landscape management and in the budgeting of financial resources. In fact, there is
worldwide consensus that an increasing amount of funds are required to manage fuels or to prevent
wildfires over entire landscapes while the necessary resources are often limited [21,22].

Our investigation aims to evaluate the effectiveness of fuel load removals on WUIs threatened
by wildfires in a Mediterranean landscape of Europe. To this end, we conducted a cost-effectiveness
analysis (CEA) explaining the benefits arising from unaffected WUI and the lowest cost of fuel load
removals required to reduce wildfire severity. Herein, we provide a detailed description of the main
steps employed to run the cost-effectiveness analysis, using WUI landscapes located in the province of
Taranto (Apulia region) in southern Italy.

The cost-effectiveness ratio is a concept widely used in many research fields. Our results suggest
that landscape management, aimed at preventing wildfires in WUIs, should integrate this approach
in the context of a broader wildfire management programs. The range of risk-mitigation strategies
must be prudently evaluated using the criteria of efficacy and effectiveness; this study is intended to
contribute to this area of investigation.

2. Materials and Methods

The cost-effectiveness analysis was carried out in three stages: (1) simulation of fire behavior, in
terms of fireline intensity (FLI), in different fuel load reduction and wind direction scenarios across
the study landscape; (2) estimation of WUIs affected by wildfires within the study landscape; and
(3) application of a cost-effectiveness ratio to determine fuel load removals with the lowest cost per
hectare of unaffected WUI.

2.1. Study Landscape

The effects of fuel reduction on WUI were modelled by analyzing wildfire simulations in a WUI
landscape, named Ionic Arc, located in southern Italy (Apulia region) in the Province of Taranto
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(40˝28118” N 16˝56115” E) (Figure 1). The Ionic Arc covers more than 2350 ha and the landscape
is relatively homogeneous in terms of elevation (<400 m above the sea level) and slope (0%–20%).
Twenty percent of the study area is characterized by the conifer Pinus halepensis L. (Aleppo pine) along
the coastal areas, the broad-leaved species Quercus ilex L. (holm oak), Q. pubescens L. (downy oak),
Q. trojana (Macedonian oak) on the foothills (450 m a.s.l.), and shrubland (also defined as “maquis”)
represented by evergreen (sclerophyllous) shrub vegetation. In recent decades, mounting urbanization
(>240 inhabitants per km2) and the abandonment of agricultural land have increased the extent of
urban areas in this landscape. The Ionic Arc encompasses 29 municipalities that, according to national
law (No. 353/2000), must be monitored and mapped annually for wildfire occurrence and spread within
the entire landscape. Wildfires are particularly frequent during the summer with the high flux of the
local population and tourists and when weather conditions are favorable for their spread. Between 2000
and 2013, approximately 1100 wildfires burned almost 11,600 ha of forests in the study area [23,24].
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Figure 1. Location of the study area (Taranto province) in the Apulia region, southern Italy. Maps of:
urban areas within the landscape (A) and main forest cover and potential ignition points (B).

2.2. Wind Scenarios and Fuel Removals

Three wind direction scenarios and eight levels of fuel reduction (from 10% to 80%) were
implemented in a fire behavior simulator to estimate the decrease of FLI across the Ionic Arc. We used
three prevailing wind scenarios to evaluate different wind-driven fire behaviors spreading into WUI.
This allowed understanding which wind directions mostly affect fire behavior across the landscape,
generating the highest FLI values. These directions were selected according to the frequency and
effect of the prevailing winds that blow in this landscape. The first two, specifically, have caused
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extensive damage in the past to forests in the area in extremely dry seasons and when combined with
wildfire. Once obtained, these data may be employed to estimate the fuel load removal needed and
the associated cost-effectiveness ratio in terms of unaffected WUIs.

FlamMap 5 fire behavior mapping and analysis [25] was used to simulate the propagation and
behavior of wildfires within the study landscape for each scenario. Several themes were acquired to
obtain the input layers to run the FlamMap 5 simulations. The grid resolution of all spatial information
was 20 m.

Weather data (air temperature, relative humidity, wind speed, wind direction, and rainfall) were
obtained from the Civil Protection database for the Apulia region. To carry out potential fire behavior
simulations we used the extreme weather values of temperature, relative humidity, and wind speed
from the last 13-year in southern Italy as well as the three prevailing winds (2000–2013 period). Thus,
we simulated the potential fire behavior under extreme weather conditions to evaluate its maximum
values in terms of FLI [26]. FLI is predicted (within the WUI cells) by the Minimum Travel Time (MTT)
fire spread algorithm and depends on the direction in which the fire encounters a pixel relative to
the major direction of spread (i.e., heading, flanking or backing fire), slope, aspect, and elevation [27].
A digital elevation model was used to derive the slope, aspect, and elevation maps. Canopy cover
maps were generated by the supervised classification of satellite images provided by Planetek Italia
s.r.l. (www.planetek.it/eng).

Ten potential ignition points were randomly selected (Figure 1B) to perform simulations with
FlamMap 5 as required by the MTT fire spread algorithm. The ignition points were selected among
vegetation cover where high fire risk is due to fuel accumulation. Furthermore, they are close to urban
areas as well as roads, power lines, and railway tracks since the study landscape represents a WUI area.

Fire behavior simulations (3 h) were run using two standard fuel models: models n. 1 and n. 5
developed by Anderson [28] for short grass vegetation and short brush, respectively. Three customized
fuel models were used and tested to account for the site-specific vegetation cover in the Taranto
province. The parameters of these fuel models were derived using data from previous studies
conducted on similar vegetation types in the same province by Elia et al. [20] (Table 1).

Table 1. Parameters (˘SE) of the three customized fuel models derived from Elia et al.

Forest Fuel Characteristic
Fuel Model

Conifer Mixed-Forest Maquis

Dead fuel load (Mg/ha) 15.81 13.70 7.57
1 h 13.73 ˘ 0.69 12.11 ˘ 1.36 6.82 ˘ 0.90
10 h 1.51 ˘ 0.19 1.57 ˘ 0.39 0.51 ˘ 0.27

100 h 0.56 ˘ 0.16 0.00 0.23 ˘ 0.16
Live fuel load (Mg/ha) 3.02 17.19 8.17

Herbaceous 0.00 1.93 ˘ 0.99 4.62 ˘ 0.99
Woody 3.02 ˘ 0.71 15.26 ˘ 3.82 3.54 ˘ 0.87

Fuel model type static static static
Dead 1 h-SA/V (cm´1) 46.01 ˘ 3.87 49.7 ˘ 5.52 25.01 ˘ 1.49

Fuel bed depth (cm) 38.97 ˘ 3.78 75.79 ˘ 4.74 51.72 ˘ 4.11
Moisture of extinction (%) 40 25 40
Dead heat content (kJ/kg) 19,590 19,590 19,590
Live heat content (kJ/kg) 13,967 13,967 13,967

The sporadic implementation of silvicultural practices (e.g., thinning) without adequate harvesting
coupled with the impossibility of using prescribed burning (not allowed in this part of Italy) have
led to a considerable and continuous accumulation of dead fuel, especially “flash fuels” which are
the primary carrier of surface fires. Therefore, we focused our analysis on the amount of fine dead
fuel load potentially removed form forest stands in WUIs, namely 1-h fuel load (1hFL). This type of
fuel includes needles, litter, and fine dead stems (<0.6 cm in diameter), which ignite readily and are
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consumed rapidly under hot and dry weather conditions [29]. Table 2 shows the amount of 1hFL (Mg)
for each fuel model in the entire landscape.

Table 2. The 1-h fuel load (1hFL) of the three customized fuel models derived from Elia et al. [20], the
extent of the landscape (ha) covered by each fuel model and the amount of 1-h fuel load (ton) for the
entire study area.

Fuel Model 1hFL (ton/ha) Study Area Covered (ha) Amount of 1hFL (tons)

Conifer 13.73 1604 22,023
Mixed-forests 12.11 38 460

Maquis 6.82 641 4371

Tot 2283 26,854

2.3. Urban Density Estimation

We employed land-cover data from the regional government on a scale of 1:50,000. These layers
define the landscape according to 62 classes. Using FRAGSTATS statistical software, the urban vector
layer was processed to obtain urban density. Briefly, the moving window analysis was employed for
computing Total Class Area metrics, a measure of landscape composition (see Figure 1A). The output
obtained from the analysis is a map of urban zones, with a hectare value corresponding to each urban
pixel within the study area. Using FlamMap 5 simulations for each wind scenario, we estimated the
amount of urban areas (ha) unaffected by removing dead fuel loads (subsequent decrease of FLI).

2.4. Cost-Effectiveness Analysis

To carry out the cost-effectiveness analysis (CEA), we estimated the amount of investment needed
to remove the fine dead fuel load in order to understand the effectiveness of the fuel removal in
unaffected WUIs. After conducting a market research, we assessed the cost for removing 1hFL from
forests, including labor, transport, and disposal costs, to be €210.50 per ton. The average amount of
time estimated to remove 1 ton of dead fuel from the study sites is 1.6 h, with €62.70 being the hourly
labor cost, €20.00 the cost of transporting 1 ton of dead fuel to disposal sites within a distance of 100 km
from the forest, and €90.30 the cost for disposal. These estimates were verified by comparing them
to the costs reported by forest companies operating on the local market [14]. Hence, we calculated
how much it costs to remove the fuel load needed to modify fire behavior in terms of FLI. The CEA is
represented by the line-line intersection between the decrease of FLI and the increase of unaffected
WUIs as a function of fuel removals in three different wind direction scenarios (Figure 2).
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Figure 2. Effectiveness analysis of fuel removal in three different wind direction scenarios (W1, W2
and W3). The line-line intersections represent the percentage of fuel load removal needed to determine
the lowest cost per hectare of unaffected wildland-urban interfaces (WUIs) threatened by wildfires.

3. Results

3.1. Fire Behavior Simulations

Fire behavior simulations were performed for each wind direction and fuel removal scenario
(W1–W3) to estimate the FLI and affected WUIs within the study area (Table 3). Our findings suggest
that the most severe potential FLI (1924.52 kW/m) occurred in W2 compared to the other scenarios.
The FLI values ranged from 876 to 1924 kW/m across the wind direction scenarios, with the highest
value at W2, and the lowest at W3. As the results show, most FLI values (NoTreat values) exceeded
1700 kW/m, identified by many authors as the threshold value beyond which wildfire suppression by
retardant spraying by aerial firefighting aircraft is required [30].

For each fuel removal (FR) treatment, we describe the reduction of FLI. Our observations indicate
that the FLI values fell within this specified threshold only when FR4 (40% of fuel reduction) was
applied for the W1 and W2 scenarios, and FR2 (20% of fuel reduction) for the W3 scenario. For example,
FLI reached 613 and 564 kW/m after FR4 for the W1 and W2 scenarios, and 719 kW/m after FR2 for
the W3 scenario. Our results show that after FR1 (10% of fuel reduction), the decrease in FLI differed
among wind scenarios. For example, in the W1 and W2 scenarios, after FR1, FLI decreased by 35% to
38% whereas in W3 it decreased by 18%.

Table 3. Results of simulations performed with FlamMap 5 in each wind and fuel removal scenario to
estimate FLI (mean value) and the WUIs affected within the study landscape.

Fuel
Removal
Scenarios

Wind Direction Scenarios

W1 (180˝) W2 (135˝) W3 (315˝)

FLI (kW/m) WUIs
Affected (ha) FLI (kW/m) WUIs

Affected (ha) FLI (kW/m) WUIs
Affected (ha)

NoTreat 1813.44 (˘1606) 214 1924.52 (˘2212) 230 876.31 (˘903) 120
FR1 (10%) 1191.14 (˘1547) 186 1199.28 (˘1549) 203 719.75 (˘723) 103
FR2 (20%) 1077.50 (˘1485) 167 1017.62 (˘1366) 198 617.62 (˘616) 94
FR3 (30%) 865.44 (˘1105) 160 825.61 (˘1101) 192 538.18 (˘546) 94
FR4 (40%) 613.66 (˘650) 146 564.25 (˘585) 181 461.09 (˘478) 81
FR5 (50%) 392.97 (˘374) 138 334.55 (˘232) 169 384.65 (˘411) 81
FR6 (60%) 306.97 (˘316) 108 250.07 (˘164) 159 308.67 (˘345) 70
FR7 (70%) 196.78 (˘181) 87 173.11 (˘106) 138 211.03 (˘201) 55
FR8 (80%) 107.66 (˘78) 65 100.35 (˘71) 117 103.33 (˘79) 47

FLI, fireline intensity; FR, fuel removal.
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3.2. WUIs Affected

By using fire behavior simulations, we were able to estimate how many hectares of WUIs are
affected by wildfires, assuming not suppression actions implemented in this free spreading fire.
As expected, the amount of hectares decreased as more fuel removal was applied. The total number
(ha) of WUIs areas affected by wildfires ranged from 120 to 230 ha across the wind direction scenarios.
Our findings suggest that W2 reported the highest value (230 ha) of WUIs areas affected by wildfire
compared to the other scenarios. The results also revealed that the total amount of expected hectare
loss decreased rapidly as FR1 fuel removal was applied for each wind scenario. For instance, after FR1
the decrease of affected hectares (10% of fuel reduction) reported was 13%, 12%, and 14% for the W1,
W2, and W3 scenarios, respectively. The decrease in hectare loss was less relevant from FR2 to FR6
for the W2 compared to W1 and W3 wind scenarios. For example, after FR6 the decrease of affected
hectares (60% of fuel reduction) was 31% for the W2 scenario compared to 42% and 50% for the W1
and W3 wind scenarios, respectively.

3.3. Estimating the Cost-Effectiveness Analysis

Figure 2 shows the line-line intersection of the decrease in FLI and the increase of unaffected
WUIs area as a function of fuel load removals for three different wind direction scenarios. Based on
this analysis, it was possible to estimate the amount of fuel that must be removed in order to determine
the lowest cost per hectare of unaffected WUIs areas. The point of intersection indicated the amount of
fuel load to be treated for the W1, W2, and W3 wind direction scenarios, with corresponding values of
32%, 60% and 43%, respectively.

Table 4 indicates the amount of fuel load to be removed as suggested by the point of intersection
in percentage values. For the W1 wind scenario the amount of fuel load to be treated in the entire
study area is 8592 tons (32%). Removing the fuel load allows to potentially reduce fire severity by
46% in terms of FLI and to protect 98.44 ha of WUIs areas affected by fire (projections of the point
intersection to the y axis, Figure 2). For the W2 wind scenario the amount of fuel load to be treated
is the highest (16,111 tons). Despite great efforts in terms of fuel removal (60% of fuel reduction),
this treatment allows to reduce fire severity by 36% and protect up to 83 ha of potential WUIs areas
affected by wildfires (projections of the intersection point to the y axis, Figure 2). In the case of the
W3 wind scenario, the amount of fuel load to be removed was 11545 tons (43% of fuel reduction)
(see Table 4). By removing the fuel load we were able to reduce fire severity by 56%. However, the
number of unaffected WUIs areas recorded was the lowest (up to 68 ha).

Based on our market search, we estimated the costs per hectare of fuel load removals for each
wind direction scenario (Table 4). For the W1 wind scenario the cost was the lowest (790 €/ha), whereas
for the W2 and W3 wind scenarios the costs were higher (1,482 and 1,060 €/ha, respectively).

Table 4. Cost-effectiveness analysis of fuel load removal.

Wind
Scenarios

FLI Decreasing
(%)

Fuel Load
Removed (%)

Amount of 1hFL
Removed

Cost of Fuel
Removal Unaffected

Urban
Area (ha)

CE Ratio
(€/ha)Total

(ton)
Mean

(ton/ha) (€/ha) (€)

W 1 46 32 8592 3.7 790 1,804,320 98.44 18,329.13
W 2 36 60 16,111 7.05 1482 3,383,485 82.96 40,784.53
W 3 56 43 11,545 5.05 1060 2,421,121 67.68 35,773.06

FLI, Fireline Intensity; 1hFL, 1-h fuel load; CE ratio, Cost-effectiveness ratio.

The cost-effectiveness analyses revealed that with an investment of €1,804,320 it is possible to
protect 98.44 ha of WUIs areas (€18,329.13 per hectares of unaffected WUIs areas) and reduce FLI
by almost 50%. Despite the most severe fire behavior shown for the W2 wind scenario (see Table 3),
an investment of more than €3.3 million are required to protect fewer hectares of WUIs areas (up to
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83 ha, €40,784.53 per hectares of unaffected WUIs areas) and to reduce less than 40% of the FLI
compared to the W1 scenario. The same holds true for the W3 wind direction scenario where more
than €2.4 million are needed to reduce 56% of the FLI and to protect the fewest number of hectares in
WUI (up to 68 ha, €35,773.06 per hectares of unaffected WUIs areas).

4. Discussion

Europe and its neighboring countries have witnessed an increasing frequency of extreme wildfire
seasons over the past decade [8]. As a result of the increased fuel accumulations and continuity
(especially in the southern Mediterranean region) coupled with increasing droughts likely triggered by
climate change, wildfires have become severe and their impact on economies continues to grow [5].
The generalized use of predicted effective actions for wildfire mitigation in the literature suggests that
economic analysis can provide useful information to support wildfire prevention programs.

Fuel treatments have a significant impact on reducing fire severity and the possible occurrence of
extreme wildfires; the higher the percentage of fuel treatment, the greater the effect on reducing FLI.
This decreasing trend in FLI is well known in the literature, and our findings are in line with numerous
research studies worldwide [31–33]. The FLI reduction achieved with fuel load removal affects the
possibility of transition from surface fire to the crown fire, in which the fire spread is essentially driven
by the wind’s action through tree canopies [34,35].

Therefore, fuel removals can be used as an effective fuel management practice to aid fire
suppression policy in European countries of the Mediterranean basin [20]. The problem arises when
financial resources are limited and investments need to be quantified (e.g., cost of fuel removal) on the
basis of such resources to maximize the resulting benefit. Our study intended to investigate this issue
by proposing an approach to identify such an investment from the amount of fuel load to be treated.

Predictions of fire behavior indicate that under a NoTreat scenario wildfires are the least severe.
This finding has important implications for WUI landscape management in terms of human protection.
There is a need to enhance the prevention phase by implementing fire-prone landscape management
interventions. Such management practices (e.g., 1-h fuel load removals) alter fire behavior and result
in a two-fold effect: overall, the safeguarding of humans and urban infrastructures from fires, and the
preservation of the ecological function of forest ecosystems [36].

Our study developed a method to optimize the cost-effectiveness ratio determining 1-h fuel load
reduction with the lowest cost per hectare of unaffected WUIs threatened by wildfires. Given the
often-limited budgets available to protect WUIs, this analysis offers a method to efficiently manage the
occurrence of future wildfires in the increasing number of WUIs within the Mediterranean landscape
of Europe [37].

In the present study, the results of the cost-effectiveness analysis varied in different wind direction
scenarios. In fact, despite the constant wind speed during simulations, incoming winds from opposite
directions affect wildfire behavior based on topography, slope, and aspect [27]. These observations
represented an important first step in evaluating the cost-effectiveness analysis of preventive actions.
Considering only one prevailing wind in the simulations would lead to the risk of underestimating the
FLI of a fire-prone landscape [38]. Given its geographic position, a WUI landscape may be affected
more than others by wildfires of different FLI values. Furthermore, if we had considered only the W3
scenario (315˝ wind direction), for example, we would have overestimated the budget (35,784.53 €/ha)
to protect fewer hectares of WUIs. For this reason, it was important to consider different wind scenarios
in our landscape.

Nevertheless, our findings in the Apulia region are of secondary importance to the approach
we have devised, since this study has suggested a method for evaluating the lowest cost of fuel load
removal per hectare of unaffected WUIs threatened by wildfires. Optimizing the cost-effectiveness
ratio provides the basis for appropriately assessing wildfire prevention and suppression activity.
This method may be applied regardless of the specific landscape context and/or at multiple scale(s).
In our study, for example, it was applied at the landscape scale (e.g., Ionic Arc), but may be
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implemented at the municipality scale as well. Wildfire risk analysis is a priority that involves
many regions worldwide [39] where our method could be used to support landscape management.

5. Conclusions

Assessing fuel treatments plays a key role from the perspective of effective wildfire management
programs. In this study, we investigate an important knowledge gap regarding the link between fuel
removal and its cost-effectiveness. This is especially important in European countries that are facing
economic crisis and the increasing incidence of fires in WUIs.

In nature-based research, where issues such as wildfires and WUIs are dealt with, it is crucial
to optimize available resources in order to obtain the expected results. In Italy, a rather common
phenomenon is to witness often-limited financial resources being used without prioritizing criteria or
methods. In our study, we developed an approach that estimates the benefits arising from unaffected
WUIs and the lowest cost of fuel load removals. The use of three wind direction scenarios has
demonstrated that the wind direction more likely to occur is not always the most dangerous, and vice
versa. Moreover, if we only consider the primary and more probable wind direction scenario, then we
run the risk of overestimating or underestimating fuel removals and their costs. Bearing this in mind,
our approach proposes a tool for forest managers to improve their efforts in landscape management
and in the budgeting of financial resources.

We certainly recognize some limits of this approach, which constitute a first step towards a more
comprehensive wildfire risk assessment. We did not include an assessment of different fuel treatment
patterns. Our analysis focused solely on 1-h fuel load removal [36], since prescribed burning is not
allowed in the Apulia region of Italy. In addition, we did not consider the possibility of reusing the fuel
load removed, for example, to produce biomass for energy. In this regard, our method is constantly
subject to change as new knowledge is obtained, but can be considered as an additional step in the
broader process of wildfire risk analysis [40–42].
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