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Abstract

Context In Mediterranean forests, the increasing
frequency of high severity fires poses a challenge to
current landscape management. In addition, these
areas are experiencing a generalized process of land-
scape homogenization leading to a major risk of large
fires. In this context, it is important to understand
how wildfires (e.g. fire severity) influence changes in
landscape heterogeneity.
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Objectives  Our objectives were (1) to evaluate how
pre-fire landscape conditions influence the post-fire
dynamics of landscape heterogeneity both in terms of
composition and configuration and (2) to understand
how variability in fire severity affects changes in the
structural heterogeneity of landscapes.

Methods We analyzed 225 landscapes within 45 fire
perimeters that occurred between 2002 and 2004 in
Spain. We used a novel land cover database and fire
severity data to assess post-fire landscape heterogene-
ity dynamics.

Results Landscapes with higher pre-fire diversity
values were more stable (in both composition and
configuration) than more homogeneous landscapes.
Additionally, we identified a significant interaction
between fire severity and pre-fire landscape configu-
ration. This interaction showed that high variations in
fire severity decreased the size of small and medium
pre-fire patches but increased the size of larger pre-
fire patches.

Conclusions This work provides valuable insights
into the effects of fire on mid-term (11-13 years after
fire) landscape configuration and composition. The
results highlight the importance of fire severity vari-
ability. They emphasize the need to consider the role
of fire in landscape management, as this could help
reduce the vulnerability of Mediterranean forests.

Keywords Disturbance dynamics - Fire severity

variability - Land cover changes - Landscape
management - Wildfires
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Introduction

Wildfires are expected to increase in both frequency
and intensity in the coming decades throughout the
Mediterranean basin (Ruffault et al. 2020). Although
many species exhibit adaptive traits to the historical
local fire regime (Pausas et al. 2018), the forecasted
changes can potentially compromise the resilience
of forest ecosystems and their ability to persist after
disturbances (McWethy et al. 2019), jeopardizing
the functions and ecosystem services they provide
(Lecina-Diaz et al 2024). Several factors contribute
to the intensification of fire regimes in Mediterra-
nean forests, including the increasing frequency and
duration of droughts due to climate change (Pausas
and Fernandez Mufioz 2012), and the expansion of
the wildland—urban interface (Radeloff et al. 2018).
Additionally, many Mediterranean areas have expe-
rienced a significant increase in abandoned land in
recent decades (Lasanta et al. 2017), leading to land-
scape homogenization (Vega-Garcia and Chuvieco
2006; Ameztegui et al. 2021) and exacerbating fire
severity due to increased fuel connectivity (Mantero
et al. 2020; Francis et al. 2023).

Wildfires are widely recognized as a major driver
of landscape dynamics and landscape diversity, espe-
cially in fire-prone ecosystems such as the Mediter-
ranean basin (He et al. 2019), where spatial heteroge-
neity in land cover is strongly associated with species
diversity (Stein et al. 2014). Yet, several fire charac-
teristics can influence the response of vegetation and
determine the long-term response of ecosystems to
fire, and hence post-fire landscape dynamics (Halof-
sky et al. 2011). For example, landscapes that burn
with varying severities exhibit greater configurational
heterogeneity (Paudel and Markwith 2023) and tend
to support more bird species (Tingley et al. 2016).
Contrarily, landscapes that burn uniformly at high
severities typically produce homogeneous post-fire
landscapes, with fewer and larger vegetation patches
(Buonanduci et al. 2023), leading to a decline in plant
diversity (Steel et al. 2023; Weeks et al. 2023).

Landscape heterogeneity can be described from
both structural and functional perspectives (Farhig
et al. 2011). While functional landscape heterogene-
ity refers to the impact of different land-cover types
on biotic or abiotic processes, structural landscape
heterogeneity refers to the physical attributes of a
landscape, regardless of their effects on ecological
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processes (Tonetti et al. 2023). Within this perspec-
tive, structural landscape heterogeneity (hereafter
LH) can be further divided into two distinct com-
ponents: (i) compositional heterogeneity (i.e. the
number and proportions of land cover types) and
(i) configurational heterogeneity (i.e. their spatial
arrangement). Higher compositional heterogeneity
offers more potential niches for species, while higher
configurational heterogeneity may increase the avail-
ability of resources for different species (Farhig et al.
2011). This framework has previously been applied
to explore the role of LH in the response of different
types of ecosystems to fire. In Mediterranean areas,
for example, Brotons et al. (2005) showed that higher
configurational LH may lead to increased post-fire
bird diversity, while Koontz et al. (2020) showed
that variability in local forest structure enhances the
resilience of coniferous forests to wildfire in the dry
western US. Although it is widely recognized that fire
occurrence alters both the compositional and configu-
rational heterogeneity of landscapes, the influence of
specific fire attributes (such as severity) and pre-fire
landscape characteristics in shaping post-fire dynam-
ics remains largely unknown. However, understand-
ing this relationship is critical for landscape analysis
and planning, especially as fire frequency and sever-
ity are expected to increase in the coming decades.

In this study, we aim to fill this gap by examin-
ing the combined effects of fire severity and pre-
fire landscape heterogeneity (LH) on the mid-term
changes (11-13 years after fire) in post-fire struc-
tural landscape heterogeneity and its components.
We apply a methodological approach based on
Farhig et al. (2011) (see Fig. 1 for the theoretical
framework). We hypothesize that (1) wildfires will
increase compositional and configurational LH
only within previously homogeneous landscapes,
(2) greater variability in fire severity will result in
increased LH in post-fire landscapes, and (3) pre-
fire LH will play a critical role in modulating the
effects of fire severity. We test these hypotheses on
a comprehensive dataset of 225 landscapes within
45 fire perimeters that occurred between 2002 and
2004 in continental Spain, with an analysis of post-
fire landscape dynamics ten to thirteen years after
the fire. Our study offers valuable insights for devel-
oping fire-smart strategies to reduce landscape vul-
nerability to fire and mitigate the impact of future
wildfire regimes (Sil et al. 2024).
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Fig. 1 Hypothesized
relationship between LH
components (compositional
and configurational) of land
cover types and fire severity
variability. Different letters
(a—d) indicate LH classes
(adapted from Fahrig et al.
2011): a Low compositional
and configurational LH,

b low compositional and
high configurational LH,

¢ high compositional and
low configurational LH and
d high compositional and
configurational LH. Note
that various land cover
types are shown with differ-
ent colors

Fire severity variability
Increasing compositional heterogeneity

H

Increasing configurational heterogeneity

Methods
Study area

The study was conducted in continental Spain, which
covers an area of~500,000 km? in south-western
Europe. Climate is variable, with annual precipita-
tion ranging from 200 to 2000 mm and mean annual
temperatures from 0 °C to 19 °C. However, most of
the area experiences a Mediterranean climate, char-
acterized by dry summers and seasonal soil water
deficits. More than half of the territory is covered by
forests, with conifers occupying 37% of the forested
area, and Pinus halepensis Mill. and Pinus pinaster
Ait. as the most abundant tree species. A quarter of
the woodlands consist of broadleaf forests, mostly
Quercus ilex L., Quercus suber L., and Quercus pyr-
enaica Wild. Shrublands cover 32% of forested areas,
with Ericaceae, Leguminosae and Cistaceae being
the most common families. Mixed forests represent
the remaining 7% of forested areas (MITECO 2021)
(Fig. 2a).

Fire severity variability

Spain is a fire-prone region defined by high fire
activity, accounting for more than 50% of the total
area burned in Europe over the last 20 years (for
fires> 100 ha; Galizia et al. 2021). While the total
burned area in the region has decreased over the past
three decades, fire severity has significantly increased,
particularly in Eastern and Northern regions (Alvarez
et al. 2024).

Fire perimeters and severity data

We obtained 48 fire perimeters (larger than 100 ha)
from regional Spanish administrations for wildfires
that occurred between 2002 and 2004. To expand
our study area, we incorporated an additional 203
fire perimeters from the GlobFire global wildfire
database, based on MODIS Collection-6 and with
a spatial resolution of 500 m (Artés et al. 2019).
We excluded fire perimeters located in agricultural
areas or where cloud cover or topography interfered
with image quality, ending up with a total of 45 fire
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Fig. 2 a Location of the study area and the perimeters of 45
wildfires that occurred between 2002 and 2004. Red circles
show the centroid of the perimeter with their size varying
according to fire’s size in hectares. Land cover types are shown
in different colors; b Zoomed fire perimeter with the 2X2 km

perimeters. The selected fire perimeters ranged from
358 to 38,306 ha, covering a total of 183,442 ha.

We calculated fire severity for each pixel in the
dataset using LANDSAT imagery at a resolution of
30 m. We used the Relativized Burn Ratio (RBR),
due to its higher correlation with field data compared
to other metrics such as the differenced Normalized
Burn Ratio (dNBR; see Eq. 1) (Ferndndez-Guisuraga
et al. 2023). To compute RBR, we compared the NBR
before and after the fire, so we manually selected the
pair of LANDSAT images closest in time to the date
of the fire (both before and after the fire) and free of
clouds, and calculated RBR as in Eq. (2).

dNBR = ((NBRprefire — NBRpostfire) * 1000) — dNBRoffset
)]

2

RBR = < dNBR )

(NBRprefire + 1.001)

where RBR is the dNBR divided by a simple adjust-
ment (adding 1.001) to the pre-fire Normalized Burn
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square landscapes finally selected (squares with black border)
according to the final selection criteria (see “Landscape selec-
tion approach” section. ¢ Zoomed square landscape (from
panel b) showing an example landscape satisfying the final
selection criteria (see “Landscape selection approach” section)

Ratio. The dNBRoffset is computed as the average
from the unburnt area and subtracted from the entire
scene. It is ideally close to zero in the case of image
pairs with matched spectral conditions (Key 2006).
We only included pixels within one of the three fire
severity classes proposed by Parks et al. (2014):
low severity (35>RBR<130), moderate severity
(130>RBR <298), and high severity (RBR>298),
and discarded the rest, resulting in a dataset con-
taining > 1 million pixels within the resulting 45 fire
perimeters.

Land cover data

We used the Spanish Land Use, Land Use Change
and Forestry geospatial dataset (LULUCF) to deter-
mine the temporal changes in land cover in the study
area. This dataset provides land cover attributes at
25-m resolution for seven reference dates between
1970 and 2018 (Cuzzi et al. 2020). The LULUCF
dataset is considered temporally consistent and
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standardized, making it suitable for long-term land
cover change studies, unlike other datasets that
show some discrepancies (e.g. CORINE land cover;
see Martinez-Fernandez et al. 2019). We used the
LULUCEF dataset for the year 2000 as the pre-fire ref-
erence, and 2015 as the post-fire state. For this study,
we selected five land cover types of interest: broad-
leaf forests, coniferous forests, mixed forests, open
forests, and shrublands, which together account for
85% of the total burned area in our dataset (see Table.
S1). The remaining land cover types were classified
as non-forest.

Landscape selection approach

We defined one or more square landscapes within
each fire perimeter but avoided treating the entire
perimeter as a single landscape to prevent landscape
metrics from being skewed by the size of the consid-
ered area. To ensure consistency and robustness in
landscape definition, we used a systematic selection
approach based on Pasher et al. (2013), using a mov-
ing window of varying sizes (square areas with sides
of 100, 200, 500, 1000, 2000, 3000 and 4000 m),
and calculated several landscape metrics across the
study area for each window. We then compared the
landscape size (i.e., window extent) with the coeffi-
cient of variation of the metrics, selecting the small-
est size that eliminated metric dependence on land-
scape extent (see Fig. S1). Following this process, we
selected an optimum landscape extension of 2 X2 km,
thus obtaining a total of 242 landscapes within the 45
selected fire perimeters.

To ensure consistency, we retained only landscapes
that met two criteria: (1) more than 80% of the land-
scape area had burned (see an example in Fig. 2b);
and (2) more than 70% of the pre-fire landscape was
covered by forests, to avoid confounding effects from
agricultural or non-forest land covers. In total, we
obtained 225 landscapes (within 45 fire perimeters)
that constituted our sample dataset (see a landscape
unit in Fig. 2¢).

Landscape metrics and data analyses

We focused on the effects of fire severity and pre-fire
landscape attributes on mid-term changes in structural
landscape heterogeneity and their components. We thus
calculated each explanatory variable for each landscape

in our dataset. Variability in fire severity was calculated
as the coefficient of variation (CV) of the RBR within
each landscape. Pre-fire landscape heterogeneity was
characterized using two metrics: the Shannon diver-
sity index (SHDI) for compositional LH, and the mean
patch area (MPA) across land cover types for configu-
rational LH. Both metrics have been widely used to
understand how LH components relate to ecological
processes (Tonetti et al. 2023), and are not strongly cor-
related, representing the two orthogonal components
of LH. We calculated SHDI and MPA at the landscape
level using the “landscapemetrics” package (Hes-
selbarth et al. 2019) in R statistical software (v4.3.3; R
Core Team 2024) and based on the five LULUCF land
cover types mentioned above.

To avoid processing errors and extremely rare land-
scape conditions, extreme values for both SHDI and
MPA were clipped from the tails of the distributions
(2.5% from each end, see Pasher et al. 2013 for more
information) (see Fig. S2). Following Priyadarshana
et al. 2024, we verified that SHDI and MPA were not
strongly correlated using Pearson and Spearman’s cor-
relation coefficients (r<0.6).

We classified the 225 landscapes into four categories
based on their pre- and post-fire compositional and con-
figurational LH values (see Fig. 1, adapted from Fahrig
et al. 2011) using the median values of Shannon diver-
sity index (SHDI) and mean patch area (MPA). This
classification allowed us to characterize the transitions
in compositional and configurational LH (before and
after the wildfires) for each studied landscape.

Our dependent variables were the mid-term changes
in each component of landscape heterogeneity after the
fire, using pre-fire conditions as the reference state. We
calculated LH before the disturbance using land cover
data from the year 2000 (LH2000) and post-fire LH
using data from 2015, i.e., 11 to 13 years after the dis-
turbance (LH2015). Thus, the magnitude of change in
both compositional and configurational LH was calcu-
lated as the difference between post- and pre-fire val-
ues, as shown in Eq. (3). As previously indicated, the
change in compositional LH was measured via SHDI,
while configurational LH was measured using MPA.

Landscapeheterogeneitychange(LHC) = LH?!> — LH?
(3)

The obtained values of LHC were used as the
dependent variable in generalized linear mixed
models (GLMMs) to assess the effects of pre-fire
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heterogeneity and fire severity variability within the
burned landscapes. We fitted separate GLMM mod-
els for each LH component (configurational LH and
compositional LH). In each model, we included pre-
fire LH (either SHDI?*® or MPA?°%) and fire sever-
ity variability (CV RBR), as well as their interaction,
as predictor variables. Additionally, fire identity was
included as a random variable to account for the spa-
tial structure of our data. We evaluated the overall
performance of the GLMM models by calculating the
marginal (R’m) and conditional mean square (R%),
and spatial autocorrelation in the residuals was tested
using Moran's I test. The generalized mixed-effects
models were built and fitted using the /mer function
in the Ime4 package in R (Bates et al. 2015).

Results
Pre-fire landscape conditions and LH dynamics

Almost half (42%) of the pre-fire forest cover cor-
responded to shrublands, 21% to broadleaf forests,
14% to open forests, 13% to coniferous forests and

Fig. 3 Sankey plot show-
ing the pixel transitions
between pre-fire (year
2000) and post-fire (2015)
land cover types within the
225 landscapes analysed.
Note that various land cover
types are shown with differ-
ent colors

Pre-fire (2000)
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10% to mixed forests (see Fig. 3). The median and
standard deviation values of SHDI and MPA across
landscapes were 0.88 +£0.32 and 15.37+11.93 ha,
respectively (see Table S2 for more information).
In terms of land cover transitions, 82% of the pix-
els remained unchanged while 18% transitioned to
a different type of land cover. Specifically, mixed
forests experienced the most change (53%) whereas
broadleaf forests were the most stable, with only 5%
of changes after fire (see Fig. 3).

The classification analysis indicated that 56%
of the landscapes exhibited high pre-fire composi-
tional LH and 68% showed high pre-fire configura-
tional LH values (see Fig. 4b). Additionally, 47%
of the landscapes had high values for both metrics,
and 22% showed low compositional and configu-
rational LH before the disturbance. The transition
analysis between LH classes revealed that 32% of
the landscapes changed their LH class after the
fires, whereas almost two-thirds remained in the
same class (Fig. 4b). Among the transitions, 42%
involved changes only in configurational LH, 39%
only in compositional LH, and 18% in both compo-
nents (Fig. 4b).

Land cover type

Open forest
Broadleaf forest
Coniferous forest
Mixed forest
Shrubland

Post-fire (2015)
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Fig. 4 a Illustration of

the two major axes of LH
(adapted from Farhig et al.
2011). Each large square is
a landscape, and difterent
colors indicate the LH class
according to our classifica-
tion analysis. b Sankey
diagram showing the LH
transitions between pre-fire
and post-fire LH classes for
the 225 landscapes

[
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Increasing configurational

heterogeneity

Influence of pre-fire landscape heterogeneity and fire
severity on LH change

According to the model of changes in composi-
tional LH (R?m=0.098 and R’c=0.321), only pre-
fire SHDI had a significant negative effect on LH
change (see Fig. S3a), while neither the effect of
severity variability nor its interaction with pre-fire
SHDI were statistically significant (Table 1). In this
regard, Figure S3a shows that landscapes with both
high and low pre-fire diversity experienced a simi-
lar magnitude of change but differed in the direc-
tion of that change: diversity tended to increase in

Pre-fire (2000) Post-fire (2015)

landscapes with low pre-fire diversity and decrease
in those with high pre-fire diversity.

Conversely, all explanatory variables in the con-
figurational LH model (R’m=0.075 and R%c=0.804)
were statistically significant. Both pre-fire MPA and
fire severity variability had a significant negative
effect on the LHC (see Fig. S3b and Table 1). Inter-
estingly, the model also reported a highly significant
interaction between fire severity variability and pre-
fire MPA (Table 1). For landscapes with small and
medium-sized patches before the fire (i.e., MPA val-
ues below the mean), configurational LH increased
with fire severity variability, while the opposite
occurred for landscapes with very large pre-fire

Table 1 Results of the GLMM models evaluating the effects of pre-fire LH and fire severity variability for change in (A) composi-
tional LH and (B) configurational LH in the landscape heterogeneity change (LHC)

Fixed effects Estimate SE t-value p-value R’m R%c
(A) Change in compositional LH 0.098 0.321
Intercept 0.312 0.148 216.339 2.106 0.036
SHDI pre-fire —0.295 0.149 214.366 -1.978 0.049
CV of RBR —0.003 0.004 207.881 —0.742 0.459
SHDI pre-fire x CV of RBR 0.002 0.004 203.329 0.599 0.550
(B) Change in configurational LH 0.075 0.804
Intercept 12.598 3.45 184.285 3.652 0.000
MPA pre-fire -0.872 0.184 214.608 —4.731 0.000
CV of RBR - 0211 0.073 191.210 —2.898 0.004
MPA pre-fire x CV of RBR 0.017 0.005 203.949 3.543 0.000

Predictors with significant p values (< 0.05) are highlighted in bold

SHDI Shannon diversity index, CV coefficient of variation, RBR relative burn ratio, MPA mean patch area, SE standard error

@ Springer
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patches (see Fig. 5). This interaction revealed that the
main changes in trends occurred at an intermediate
level of fire severity variability (CV =50). Medium-
size patches before the fire showed a smooth slope
indicating they experienced less effects associated
to fire severity variability than small and large-size
patches, which showed a steeper slope (see Fig. 5).
On the other hand, our regression analyses showed
that for landscapes with small to medium patches
(MPA <17 ha) there was no significant relation-
ship between pre-fire MPA values and the change in
predicted MPA. However, for landscapes with large
patches (MPA > 17 ha), a significant relationship was
found with post-fire MPA tending to decrease as pre-
fire patch size increased (i.e. LH increases).

Discussion

In this study we used the theoretical approach based
on Fahrig et al. (2011) to characterize the configura-
tional and compositional LH of burned landscapes in
continental Spain and analyze their dynamics, provid-
ing valuable insights into the effects of fire on mid-
term landscape configuration. Although wildfires can
promote LH when pre-fire conditions are homogene-
ous, we highlight an important interaction between
pre-fire landscape configuration and fire severity,

Landscape compositional and configurational
heterogeneity dynamics

The results we obtained supported our first hypothe-
sis: wildfires promote LH in landscapes that were pre-
viously homogeneous, particularly increasing config-
urational LH. Most of the landscapes analyzed here
are characterized by the typical mosaic that defines
many Mediterranean landscapes (Sirami et al. 2010),
and thus exhibit high pre-fire levels of compositional
and configurational LH. This mosaic-like landscape
is considered more resilient to wildfires, and some
fire prevention initiatives even seek to foster land-
scape heterogeneity to reduce fire propagation (Regos
et al. 2023). At the pixel level, our results show that
only 18% of landscape pixels underwent a change
in land cover type following forest fires (see Fig. 3).
Viana-Soto et al. (2022) obtained similar results in
two large Mediterranean fires: forest composition
after fire remained the same as before in most of the
area (~80% of the burned area). Although high-sever-
ity fires can reduce post-fire vegetation recruitment
capacity and cause regressive transitions in forest
ecosystems (Davis et al. 2019), many Mediterranean
species have adaptive traits to cope with wildfires
(serotinous pines, resprouting capacity etc.), ensur-
ing the rapid colonization of the burnt area and the
maintenance of the original community. Moreover,

10
E 5
=
=
o
=)
c
£ o0
(&)

-5

MPA pre-fire (ha)
—ls
=l 11
=117

20 40

60 80

Fire severity variability (CV)

Fig. 5 Results for the interaction of fire severity variability
(coefficient of variation) and configurational LH pre-fire in
the GLMM models for predicted change in mean patch area
(MPA). The colors represent MPA pre-fire according to first
quartile (red line), mean (blue line) and third quartile (green
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line). Negative slopes (red and blue lines) represent an increase
of LHC in the configurational component, while positive
slopes (green line) show a decrease of LHC. The shaded area
represents the 95% confidence interval of the MPA predictions
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fires can also disrupt the successional transition from
shrubland to forest (Lloret et al. 2002), which could
help explain the limited changes in compositional
LH, particularly since most of the pre-fire land cover
consisted of shrublands.

However, fire severity modulates the post-fire
response of vegetation (Diaz-Delgado et al. 2003)
and recent studies have found that the adverse effects
of fire severity are greater in coniferous and mixed
forests than in open forest ecosystems (Grau-Andrés
et al. 2024). Consistent with this, our research shows
that wildfires induced a significant loss of mixed
forests in our study area (see Fig. 3), indicating that
fire does not act as a diversifying agent at the stand
level, but at the landscape level (see Fig. 4b). We also
observed that the proportion of open forest increased
in post-fire landscapes (see Fig. 3) suggesting a tem-
poral change in forest structure but not necessarily in
composition. Thus, this may suggest that the effects
of scale on landscape pattern analysis can vary sub-
stantially depending on the resolution and spatial
extent of the study area (Turner et al. 1989). Future
research should address dynamics at longer temporal
periods to determine whether these changes are con-
stant over time.

Effects of pre-fire compositional and configurational
heterogeneity in post-fire dynamics

Our study showed that LH change after fire was influ-
enced by pre-fire compositional and configurational
LH (see Figure S3a). Regarding compositional LH,
we initially hypothesized that higher pre-fire diversity
would buffer against change. However, our results
suggest that landscapes with low pre-fire SHDI
tended to increase in diversity, whereas those with
high pre-fire SHDI tended to decrease. This led to a
similar overall magnitude of change across the diver-
sity gradient, but in opposite directions (see Figure
S3a). These findings indicate that fire tends to shift
landscapes toward intermediate levels of diversity,
rather than simply reducing or amplifying composi-
tional heterogeneity. This may be because ecosystems
with high compositional LH can exhibit a wider range
of fire-related traits (Pausas 1999), fostering a greater
diversity of responses to fire, which could enhance
their long-term stability (Mori et al. 2013). Addition-
ally, land cover heterogeneity is known to be posi-
tively related to post-fire species diversity (Cohn et al.

2015). Overall, our results highlight the importance
of maintaining diverse landscapes to buffer the effects
of future wildfires.

In our study, wildfires increased configurational
LH in landscapes with larger patches, while land-
scapes with smaller patches were more stable (see
Fig. S3b). Francis et al. (2023) showed that land-
scapes with smaller patches tend to be more isolated
and less able to provide a continuous fuel matrix for
wildfires, resulting in a lower probability of large and
high-severe fires (Viedma et al. 2009), and conse-
quently, greater resilience to wildfire effects (Koontz
et al. 2020). Furthermore, our results for land-
scapes with larger patches align with those of Pau-
del and Markwith (2023), who showed that wildfires
increased configurational LH, especially in homo-
geneous landscapes. This has critical management
implications as it confirms that adequate fire manage-
ment may contribute to reducing the vulnerability of
landscapes to future fires (Duane et al. 2019). Addi-
tionally, our results indicate that this preventive effect
is maintained even when landscapes are affected by
fires, as fire does not have a homogenizing capacity in
mosaic-like landscapes.

Fire severity variability effects in configurational
heterogeneity dynamics

The role of fire severity on the configurational LH
of post-fire landscapes has already been addressed
in several studies (see Turner et al 1994; Paudel and
Markwith 2023), with high-severity fires promoting
the emergence of larger landscape patches (Harvey
et al. 2016). Although recent studies underline that
low-severity fires could substantially reduce the risk
of future high-severity fires (Wu et al. 2023), our
results show that variability in fire severity played
a key role in shaping post-fire landscapes, mainly
through its interaction with pre-fire configurational
LH. Consistent with our second hypothesis, we found
that greater variability in fire severity increased LH
only in landscapes with small and medium patch sizes
before the fire (see red and blue lines in Fig. 5). This
result is consistent with findings reporting that, at
intermediate severity levels, fire can alter ecosystem
spatial configuration, thereby increasing heterogene-
ity (Turner 2010). However, contrary to our expec-
tations, higher variability decreased configurational
LH in landscapes with very large patches. A potential
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explanation for this effect is that, in landscapes with
large patches, up to 75% of the total land cover con-
sisted of shrublands and broadleaf forests, whereas in
landscapes with small to medium patches, land covers
were more evenly distributed (see Table S3). In turn,
landscapes with lower pre-fire configurational com-
plexity (higher MPA pre-fire) also exhibited less com-
positional diversity (median SHDI=0.59) than more
complex pre-fire landscapes (median SHDI=0.99).

Future research should address the complex rela-
tionship between fire severity variability and con-
figurational heterogeneity at finer spatial scales. For
example, Zaiats et al. (2024) showed that, in arid
shrublands, the effects of wildfires on structural het-
erogeneity are sensitive to variation in spatial scale.
Finally, assessing the role of functional traits of spe-
cies under different fire severities (Pausas et al. 2017)
or measuring the effect of configurational heteroge-
neity on post-fire recovery can also contribute to a
better understanding of the combined effects of land-
scape attributes and fire behavior on post-fire land-
scape dynamics.

Conclusions

We present here a framework that provides relevant
insights into the role of wildfires in the dynamics
of Mediterranean landscapes, based on the analysis
of land cover time series. Our results highlight the
importance of considering fire as a source of het-
erogeneity within burned forest landscapes. Specifi-
cally, we observed that wildfires can promote land-
scape structural heterogeneity, but particular attention
should be given to the effects of fire severity varia-
bility, especially in a context of climate change that
may lead to higher fire occurrence. Overall, this work
emphasizes the importance of considering the role
of fire in shaping future landscapes, supporting the
idea that maintaining heterogeneous landscapes (e.g.
through fire management) can represent an opportu-
nity to reduce the vulnerability of Mediterranean for-
ests in the mid-term.
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