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Abstract: (1) Background: Megafires have affected several regions in the world (e.g., Australia,
California), including, in 2017, the central and south-central zones of Chile. These areas represent real
laboratories to monitor the impacts on the sustainability of landscapes and their recovery after fires.
The present research examines the modification of dynamics and the provision of ecosystem services
by a megafire in a Mediterranean landscape in central Chile, combining remote sensing technologies
and ecosystem service assessments. (2) Methods: Land cover and spectral indices (NBRI, BAIS-2,
NDVI, and EVI) were measured using Sentinel-2 imagery, while the provision of ecosystem services
was evaluated using an expert-based matrix. (3) Results: The megafire affected forest plantations,
formerly the dominant land cover, as well as other ecosystems, e.g., native forests. After five years,
the landscape is dominated by exotic shrublands and grasslands. (4) Conclusions: The megafire
caused a loss of 50% of the landscape’s capacity to supply ecosystem services. Given that native
forests are the best provider of ecosystem services in this landscape, restoration is a key to recovering
landscape sustainability.

Keywords: wildfires; spectral indices; land cover; expert-based scoring

1. Introduction

Disturbance regimes have repercussions on landscape sustainability, placing pressure
on the landscape’s capacity for resilience. These repercussions can be monitored through
changes in the landscape structure and the ecosystem services provided [1–7].

Large wildfires (>10,000 ha) and megafires (>40,000 ha) can be considered environ-
mental disasters [8]. Although fires can benefit ecosystems, they represent problems when
they increase in frequency and duration, expand over large areas, or are of high intensity
and highly destructive [9]. Rural landscapes are directly affected by these fires, but they
can also affect urban populations due to the growing wildland-urban interface [9–13].

Megafires do not only cause direct damage in terms of human lives and/or economic
losses. They can affect the ecology of water and soil, alter the carbon and nutrient cy-
cles, and modify, in the short and medium term, the local climate and many ecosystem
processes [14]. They can also affect landscape sustainability, understood as the capacity
of the landscape to consistently provide essential ecosystem services for people, despite
socio-environmental changes [15]. Megafires can severely modify the landscape, conse-
quently decreasing the provision of the services [16–18]. Methodologically, the monitoring
of land-cover change can provide information at the landscape scale, as well as on natural
and anthropic ecosystems, functions, and ecosystem services [19–21].

Forest Fires in Chilean Mediterranean Landscapes

Fire is an integral component of Mediterranean landscapes, since the Miocene (23 Ma
at least). People have used fires for centuries in the Mediterranean region to open space to
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farmland and grazing land, giving rise to heterogeneous and diverse landscapes. How-
ever, since the end of the 20th century, climate change and meteorological conditions
have brought an increase in fires, interacting with homogenizing land use changes and
the expansion of pyrophytic vegetation. Combined, these elements have modified fire
regimes, resulting in an increased frequency and magnitude of fires, which poses a threat
to landscape sustainability and resilience [4,15,16,22].

In the Mediterranean area of Chile (32.5 to 39.5◦ S), the occurrence of large wildfires
and megafires has increased in recent years, especially in extensive, exotic forest plantations
of pyrophytic species and increased migration and rural abandonment [2,5,17,23].

At the beginning of 2017, megafires affected south-central Chile, burning forest plan-
tations, native forests, open bushes, and even human settlements. Over 287,000 of the
530,000 hectares affected at the macro-regional level were within the Maule administrative
region [16]. The mountainous coastal sector was the most affected, in part due to its frag-
mented landscape and the massive extension of forest plantations. The largest wildfire in
this area was called “Las Máquinas” megafire, after the name of the site where it started.
It affected an area of 184,000 ha [24].

Within a watershed, fires can interrupt a wide range of ecosystem services, both
related to water [9], as well as carbon storage and ecosystem services associated with plant
species, especially native and endemic species [25].

This work aimed to monitor how the spatial dynamics and the provision of ecosystem
services were modified by a megafire in a Mediterranean landscape in central Chile. Along
with this, it sought to assess the degree of recovery four years after the fire. The Estero
Empedrado watershed was selected to analyze the landscape transformation that occurred in
2017. The spatial configuration of the pre-fire (2016–2017) and post-fire (2017–2021) landscape
was analyzed, along with the provision of multiple ecosystem services over time.

2. Materials and Methods
2.1. Study Area

The Estero Empedrado watershed (4600 ha) is eminently rural and was severely affected
by fire in 2017. The watershed is located in the Maule Region within the Empedrado Mu-
nicipality (Figure 1), which has an area of 56,500 ha and 4200 inhabitants, principally in the
town of Empedrado. Before the megafire, the land was dominated mostly by coniferous tree
plantations, in addition to native forest and shrublands, among other land covers. Native
Mediterranean ecosystems in Chile are dominated by sclerophyllous trees and shrubs along
with thorny or succulent shrubs [26]. The 2017 fire affected the entire watershed, with the
exception of the highest part and the town of Empedrado. The climate of the area is Mediter-
ranean (Csb; temperate climate with a dry season in summer and mild thermal conditions),
according to the Köppen–Geiger classification modified by Sarricolea et al. [27].

2.2. Computing the Structure and Transformation of the Landscape

We used four spectral indices (NBRI, BAIS-2, NDVI and EVI; Table 1) and classified
land cover with Sentinel-2 imagery. These images have been freely available since 2015,
have a global reach and a spatial resolution of 10 m for the visible (bands 2–4) and near
infrared (band 5) bands, 20 m for the red edge (bands 5–7, band 8A) and short-wave
infrared (bands 11–12) bands, and 60 m for the bands on atmospheric conditions useful for
corrections (bands 1, 9, and 10). In total, there are 13 bands that have a spectral resolution
between 0.43 and 2.28 microns. NBRI and BAIS-2 were calculated to address two basic
concepts (intensity and severity) that are commonly applied in studies on wildfires, to
detect the vegetation response and the possibilities of recovery after a fire [26]. On the
other hand, NDVI and EVI were used to monitor the trend in the recovery of vegetation
using the Mann–Kendall test.

The spectral indices were calculated in Google Earth Engine (GEE) for the years 2016–
2021, using Sentinel-2 images. For each year, two evaluations were considered representing
the months of maximum and minimum vegetative vigor, using the methodology proposed
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by [28]. Thus, images from the months of February and March (driest month +2) and
August and September (rainiest month +2) were processed. An average of both months
was used, filtering the studied collection based on a maximum 20% cloud cover.

Figure 1. Empedrado watershed located in the core of the Empedrado municipality (Maule Region).

Table 1. Spectral indices used for landscape analysis.

Indices Equation and Bands for Sentinel Imagery Ranks

NBRI: Normalized Burn Ratio NBR = B8− B12
B8+ B12

−1 to +1, where:
<−0.25: High post-fire regrowth
−0.25 a −0.1: Low post-fire regrowth

−0.1 a 0.1: Unburned
0.1 a 0.27: Low-severity burn

0.27 a 0.44: Moderate-low severity burn
0.44 a 0.66: Moderate-high severity burn

>0.66: High-severity burn

BAIS-2: Burned Area Index for Sentinel-2 [29,30] BAIS2 =

(
1 −

√
B6 ∗ B7 ∗ B8A

B4

)
∗
(

B12 − B8A√
B12 + B8A

+ 1
) −3 to +3, where a higher value indicates greater

severity of fire.

NDVI: Normalized Difference Vegetation Index [31] NDVI = B8 − B 4
B8 + B4

−1 to +1, where values around zero (e.g., ~0.2)
represent the approximate value below which areas
without vegetation begin to appear. Negative values

represent areas without vegetation.

EVI: Enhanced Vegetation Index EVI = 2.8 ∗ (B8 − B4)
B8 + (6 ∗ B4) − (7.5 ∗ B2) + 1)

−1 to +1, where values > 0 represent healthy
vegetation. This index is appropriate to monitor

vegetation in areas with scarce vegetation and bare
soils.
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The continuous variables representing the spectral indices described above were com-
plemented and compared with discrete variables represented by land cover classifications.
Supervised classifications were performed in GEE using Sentinel-2 bands (2-3-4-8-8A-11-12)
and the NBRI, NDVI, and EVI indices. The classifier used was Random Forest. To perform
the classifications, images from February–March were used to avoid sporadic vegetation
and a maximum percentage of 20% in cloud cover. A minimum of 50 control points were
used for each land cover. Conceptually, each land cover represented a type of ecosystem
and thus the area of each ecosystem and its spatialization were obtained (Table 2).

Table 2. Land cover classes in the study area.

N Land Cover Description

1 Shrublands Native and exotic shrub species and variable
density and tall grasslands associated with scrub.

2 Native forests

Plant communities associated with the
predominance of dense native trees, where their

structure integrates adult, second growth, stunted
forests (not exceeding 8 m in height), and

arborescent bushes.

3 Irrigated lands Irrigated lands, such as agricultural crops, urban
trees, and some humid soils.

4 Forest plantations Adult and young forest plantations (eucalyptus
and pine sp.). Predominantly adult pines.

5 Land with little vegetation

Forestry lands that have been clear cut and
harvested, furrowed for new plantations, and/or

soils with low vegetation and, in some cases,
post-fire scattered vegetation.

6 Impervious surface Includes urban areas, roads, and constructions.

7 Grasslands Low and uniform vegetation of natural or
anthropic typologies.

8 High-intensity burned areas Soils with evidence of extensive debris from the
fire and with very little living vegetation.

9 Low-intensity burned areas
Minor evidence of fire (e.g., tree canopy burned)

but maintaining standing vegetation in low
density.

10 Water bodies All aquatic systems such as lakes, reservoirs,
rivers, and ponds.

Validation of the classification was carried out on the GEE platform, reserving 30% of
the points of interest for the accuracy analysis, calculating the confusion matrix and Kappa
index. Both the calculated indices and the land cover are presented in maps and graphs.

2.3. Assessment of the Effects of Landscape Change on the Provision of Ecosystem Services

The provision of ecosystem services was estimated by adapting a matrix based on
expert opinion prepared by Echeverría et al. [32] for the same region as the study area. The
adaptation considered specificities of the study area and the analyzed coverage, subjecting
it to a revalidation by five highly experienced researchers in the evaluation of ecosystem
services and in the characteristics of the ecosystems of the study area.

The matrix is composed of values (or scores) attributed by experts to the capacity of
each ecosystem to provide each service. It uses a range from 0 to 5 that follows the proposal
of Burkhard et al. [33,34], where 0 means no capacity for provision and 5 is the highest
capacity for the provision of ecosystem services.

To carry out the interannual evaluation of changes, the valuation of the services of each
type of ecosystem (on a qualitative scale from 0 to 5) was combined with the classification
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of the land cover of the ecosystems. Thus, for each year there is a classification of land
covers with different area figures (% of the watershed area) for each of the land covers, as
shown in Figure 2.

Figure 2. Matrix or integrated table for ecosystem service valuation including formulas. This matrix includes the area of
each ecosystem in each year studied, the assessment of the capacity to provide ecosystem services, and estimated values for
the provision of each ecosystem service, and a combination of all ecosystem services. Based on Echeverría et al., 2018.

The provision of each ecosystem service (ESP) was estimated using the area (pro-
portion of the landscape or PLAND) of each one of the ecosystems in each year and its
provision capacity (scale from 0 to 5). For example, the provision of ecosystem service 1
(ES1) was calculated by the sum of the area of each ecosystem multiplied by the provision
capacity indicated by experts.

ESP1 = ∑ PLAND Ei ∗ ESi

Then, the total provision of multiple services in the watershed (All ES) was represented
by the average of the provisioning capacities of each service.

The ESP of each ecosystem was grouped, obtaining a global evaluation (All ES), by
types of services (provisioning, regulation, biotic regulation, and cultural) and selecting
only those identified as most in demand.

The ecosystem services most demanded by the population of the study area, according
to Echeverría et al. [32], are:

• Provision services: plants for crops, surface water for drinking, and surface water for
other uses;

• Regulation services: air and water purification through plants, water cycle regulation,
fire protection, maintenance of species and habitats, improvement of soil quality, and
purification of fresh water;

• Cultural services: active or immersive interactions, passive or observational interac-
tions, and aesthetic experiences.

3. Results
3.1. Structure and Transformation of the Landscape
3.1.1. Spectral Indices

According to the spatialized NBRI index (Figure 3a), in the first year of transition there
was little landscape recovery. A large area of the landscape shows high and moderately
high post-fire severity, and the changes remain in these classifications. Towards the end of
the study period, the areas of high and moderate high severity have decreased, but even
so, the areas of “high post-fire regeneration” and “not burned” represent a low fraction of
the landscape. NBRI 2021 shows a higher severity, but this is probably because of recently
cleared areas.
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Figure 3. Fire severity index ∆NBRI (spatialized) and its main changes after the 2017 megafire.
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In turn, the BAIS-2 index is spatially more sensitive than NBRI to changes in living
and burned vegetation (Figure 3b). The highest values (3) show the burned areas but,
compared to the NBRI index, it does not show relevant changes in relation to the recovery
of the post-fire landscape.

Finally, the spatialized NDVI and EVI indices (Figure 4a,b) show the changes in the
vegetative vigor across the watershed, which is spatially similar to BAIS-2. The effect of
the 2017 megafire and a recovery in several areas of the landscape from the dry period of
2019 stand out.

Figure 4. Vegetation vigor calculated using (a) NDVI and (b) EVI indices, both spatialized, and its main changes before and
after the 2017 megafire by season.

In summary, the high standard deviation (S.D.) shows there is no significant difference
in NBRI or BAIS 2 values as annual averages in the past five years, even though there is a
slight downward trend over the five-year period (Figure 5). In contrast, the NDVI and EVI
show great variation, especially post-fire, and a high recovery of plant vigor.

3.1.2. Land Cover as Landscape Structure

Table 3 shows the high precision of the classifications through the Kappa index, with
an error that varies between 7–15%.

Table 3. Kappa index of the classifications of the coverage present in the study area.

Annual Classification Kappa Error

2016 0.90
2017 0.91
2018 0.92
2019 0.89
2020 0.85
2021 0.93
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Figure 5. Annual average and S.D. values for NBRI and BAIS-2, and monthly averages for NDVI. The months without data
had cloud cover greater than 20%.

Figure 6 presents the distribution of the coverage in the landscape throughout the
years of study, highlighting:

• 2016: the predominant coverage in the landscape were forest plantations (1743 ha),
representing 37% of the landscape, followed by native forest (25%, 1200 ha) and
shrublands (18%, 867 ha).

• 2017: burned areas predominated, where high-intensity burned areas covered 705 ha
and low-intensity 2072 ha.

• 2018: low-intensity burned areas continued to dominate (1584 ha), followed by shrub-
lands (830 ha).

• 2019: the same situation as the previous year was prevalent in low-intensity burned
areas (1201 ha), while shrublands rose to 1011 ha.

• 2020: the dominant covers were shrublands (1065 ha) and grasslands (885 ha).
• 2021: shrubs decreased to 643 ha, which was related to the clearance of land for the

reforestation of plantation species. This can also be related to the increase in soils with
little or no vegetation rising from 596 to 1007 ha in just one year.
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Figure 6. Land cover as structure of the landscape between years 2016 and 2021.

The annual performance of the spectral indices showed a relationship with the changes
in land cover. The increase in shrublands was due to the rapid growth of the broom (Teline
monspessulana), an exotic invasive plant very common after wildfires. A slight growth of
other species, such as Ugni molinae (native plant) and Rosa rubiginosa (exotic plant), was
also observed in the burned areas. This transitional coverage can be expected in a post-fire
scenario. On the other hand, the increase in grassland cover is actually the regrowth of
millions of pine trees (Pinus radiata) without forest management, growing very densely and
at a low height (Figure 7).

Figure 7. Dominant vegetation after the megafire: (a) regrowth of Pinus radiata, (b) Teline monspessulana.

After January 2017, the NDVI index showed a trend towards the recovery of the
landscape according to the Mann–Kendall test (p = 0.011, Sen’s slope = 0.115), with the last
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year of the study close to pre-fire values. Results were similar to EVI (p = 0.018, Sen’s slope
= 0.013). This is explained by the replacement of burned areas by grasslands, shrublands,
and reforestation of exotic plantations. Although the values are similar, land cover in 2021
differs from 2016 (pre-fire).

3.2. Effects of Landscape Change on the Provision of Ecosystem Services
3.2.1. Ecosystem Services Matrix

The evaluation by the experts was robust and statistically coincident, without great
variation. They indicated that the ecosystems with the most capacity to provide ecosystem
services in the watershed are native forests, shrublands, and water bodies.

Figure 8 first shows the proportion of landscape (PLAND) of each ecosystem present
in the watershed, for each year of study, and then the potential provision of each type of
ecosystem service. The variation of this capacity is shown according to the changes in the
structure of the landscape between 2016 and 2021.

Figure 8. The matrix or integrated table with the evaluation of the provision of ecosystem services in the study area. IL
(irrigated land), WB (water bodies), GR (grasslands) IS (impervious surface), SH (shrublands), NF (native forest), FP (forest
plantations), HB (high-intensity burned areas), LB (low-intensity burned areas), LV (land with little or no vegetation).

3.2.2. Interannual Assessment of Changes in Ecosystem Services

The values of ecosystem service provision in 2016 (before the fire) fell the following
year, immediately after the megafire (Figure 9). Subsequently, there is an upward trend in
the provisioning capacity in subsequent years. It is worth highlighting the large decline
after the fire in the provision of “all ecosystem services” and “cultural services” (approx.
50%). The greatest provision of ecosystem services, before and after the megafire, although
with a low recovery, are precisely those identified as most in demand (see Section 2.3).

3.2.3. Detailed Analysis of Changes in the Provision of Ecosystem Services as a Measure of
the Sustainability and Resilience of the Landscape

In 2016 (Year 0 of the study), 60% of the landscape had a very low capacity to provide
ecosystem services, denoting a low sustainability of the landscape (Figure 10). This low
provision was accentuated after the 2017 fire, where this category increased from 14 to 72%.
A variety of services were impacted: provisioning services such as the production of fungi
associated with forest plantations and the provision of wild plants, fruits, and mushrooms
delivered by the native forest and shrublands; regulation (in general); and cultural services
that are mainly provided by the native forests.
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Figure 9. Variation in the provision of ecosystem services pre- and post-fire in an ordinal range from
0 to 5, where 0 means zero capacity and 5 is the highest capacity for the provision of ecosystem services.

In 2018, the area of null provision dropped to 58%, increasing the very low provision
category to 34% of the watershed (Figure 10). In the second year after megafire (2019), the null
provision continued to decrease in area to 44%, increasing the very low provision. In the third
year post-fire (2020), the null provision of ecosystem services reached 33%, with the very low
provision at 54% and the low provision at 13%. Currently, in 2021, the null provision represents
36%, with the very low provision 44% and low provision 18%. Although the landscape shows
recovery after fire, there is still a difference with the initial state, indicating an incomplete
recovery of the ecosystem’s provisioning capacity (Figure 10).

3.2.4. Analysis by Type of Ecosystem Services

With regard to pre-fire provisioning services, the study area did not provide a high
level, except for wood production. The current year (2021) presents a provision similar to
the pre-fire situation. One of the main provisioning services provided by the watershed
was the provision of fungi as a non-timber forest product, mainly in forest plantations and
native forests, and secondarily in arborescent shrublands, which is difficult to recover.

Figure 10. Map of the potential provision of all ecosystem services, provisioning services, regulation services, cultural
services, and services most demanded by the population of the Maule Region.
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The provision of regulation services stands out, being well provided by native forests
and shrublands, followed by forest plantations. The megafire affected the provision of
these type of services, with a predominance of zero and very low capacity for post-fire
provision. Although there was a recovery, this has declined again in the last year due to
the preparation of the soils for tree replanting that temporarily affected the provision of
services. There was no greater recovery, as was the case with provisioning services, because
the two main land covers that provide this service (native forests and shrublands) take
time to recover and require restoration actions.

The provision of cultural services was already very low in 2016, being highest in
bodies of water and native forests. Over the post-fire years, ecosystems have been able to
slowly recover some of their supply.

3.2.5. Analysis of Ecosystem Services Most in Demand

Before the 2017 megafire, the most demanded ecosystem services (see Section 2.3,
e.g., plants for crops, surface water for drinking, soil quality improvement, passive or
observational interactions) were poorly provided by the watershed, with 41% at very low
and 26% with moderate provisioning capacity. Post-fire, the area of moderate capacity
decreased to 12% and very low capacity increased to 56%. In 2021, the moderate provision-
ing capacity was at 18% and the very low at 40%. Forest plantations predominated in the
Estero Empedrado watershed, but there were remnants of native forests and shrublands,
which are the land covers with the highest provisioning capacity. The megafire directly
affected these adult forests. For this reason, the recovery of the provision of services has not
yet reached the pre-fire state, but in the transition process both the provision and the type
of services will change, especially if restoration and rehabilitation actions are carried out.

4. Discussion
4.1. Methodological Aspects and Main Findings of the Methodological Application

To improve the application of this methodology, expanding the time scale and carrying
out evaluations over at least 10 years would be appropriate to give greater statistical validity
to the association between spectral indices and potential provision of ecosystem services.
As Sentinel-2 data is only available from 2015, Landsat images would have to be used for
previous years, as presented in [33,35,36].

Regarding the classification of land covers, in 2017, the main changes occurred due
to the megafire, highlighting the decrease in grasslands, shrubs, native forest, and forest
plantations, which became burned areas of high and low severity. The main subsequent
changes have been due to ecological succession, the high density of pine regrowth, and
the rapid growth of exotic broom, causing changes in the landscape faster than the native
land covers. This coincides with Valencia et al. [37]. Other changes have been the variation
in the area of native forests and post-fire forest plantations, which were related to the
management of burned land covers and illegal logging also presented by García [38].

Regarding the indices used to feed the land cover classification process, results show
that only one severity index is sufficient (e.g., NBRI or BAIS-2), in addition to the NDVI
that had a better sensitivity compared to EVI. Although NBRI and BAIS-2 show similar
average values, BAIS-2 was more sensitive to post-fire regeneration changes. However, the
literature indicates that there is no agreement on which index works better in detecting
burned areas and the severity of the fire [28]. NDVI showed high sensitivity to changes
in vegetation, complementing the findings of Bar et al. [39], who saw better results in the
spectral bands of Landsat 8 for the detection of burned areas and in Sentinel-2 a better
potential to identify areas affected post-fire.

The revalidation of the matrix for the evaluation of the watershed studied showed that
ecosystems have a low supply capacity, which worsened after 2017. Mapping the provision
and the current state of ecosystem services can contribute to planning and management
of the burned landscape [40] to propose how and where to prioritize conservation and
restoration, pending analysis of the spatial flows of each type of ecosystem service [41].
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4.2. Contributions to the Evaluation of Ecosystem Services in Similar Territories

The GEE online platform was useful for working with many images, both for classifi-
cation and for the calculation of spectral indices. NDVI and EVI were calculated for each
month over the six years of study [42–44]. This methodology is easily replicable in similar
landscapes affected by forest fires.

Likewise, the use of matrices as a method for evaluating ecosystem services from
a biophysical perspective has been widely used and validated in recent years, since it
is flexible, quickly implemented, and efficient for mapping ecosystem services [45,46].
The main criticisms relate to the number of experts consulted and the reliability methods,
the unclear explanation of the methodology, and the use of matrices previously applied
without careful adaptation [47,48]. In this case, the matrix was adapted to the study area
and revalidated by five experts. The matrix can be applied to a large part of the area
affected by the megafires in central Chile [16], covering the area between the regions from
O’Higgins to Ñuble, while for other regions the matrix from Montoya-Tangarife et al. [49]
can be used. Other options include methodologies using a multicriteria analysis, such as
that presented in Esse et al. [50], or evaluations of specific services as in Benra et al. [51],
Nahuelhual et al. [52–54].

Landscape recovery is essential for the biological diversity of ecosystems and to
provide a more stable, productive, and resilient provision of ecosystem services [55].
Mediterranean landscapes are highly sensitive to disturbances from forest fires, which
have become more frequent and of greater intensity. For this reason, identifying the
behavior and recovery of the post-fire landscape, hand in hand with the provision of
ecosystem services, can be an important contribution to monitoring, management, and
the consideration of various restoration actions. In Mediterranean areas, native vegetation
is generally adapted to forest fires, with less flammable biomass and/or high post-fire
recovery capacity. This type of vegetation can even reduce the spatial scale and intensity
of fires, providing an important regulatory service. In general, this is not the case in
the Mediterranean landscapes of Chile, where less than 5% of fires are due to natural
causes. Species are not adapted to fires. However, in the region analyzed, Nothofagus glauca
forests represent an exception, having responded well, but the invasion of Pinus sp. and
the extension and continuity of the forest plantations diminish the resilience of native
ecosystems. Thus, management measures and knowledge of landscape processes are the
keys to the recovery of the landscape [25,56,57].

For burned landscapes to recover both structure and ecosystem service provision,
managing the burned areas and reforestation with native species is needed. Increased
awareness is also needed on the importance of ecosystem services [58], the multiple effects
of the forest fires [27,59], and the need to strengthen landscape diversification [60,61].

5. Conclusions

This research exposes the severe transformations of the landscape caused by the 2017
megafire and its effect on the provision of ecosystem services. After five years, the landscape
analyzed has not reached the level of provision it had before the megafire, showing the
need for forest management actions and monitoring of ecosystem services. In particular,
the greatest impact was on regulation and cultural services, while the greatest recovery
was in the ecosystem services most demanded by the population, which is important in
the pursuit of landscape sustainability.

In the Mediterranean landscape evaluated, native forest plays an important role in
the provision of ecosystem services. However, this represents a small proportion of the
landscape. On the contrary, the landscape is widely dominated by forest plantations, which
can provide not only wood for industrial uses but also mushrooms for different uses. Still,
it takes many years for services provided by these land covers to recover.

The framework for this work combined remote sensing technologies and expert-based
matrices, which proved useful in evaluating the pace of landscape recovery. It can also
be used for evaluating different schemes of management for burned areas. For example,
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management may seek to avoid the spread of invasive species and their regrowth in a very
high density (e.g., pine species), which also prevents the development of fungal species,
productive tree plantations, and the reforestation of native species.
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