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Stakeholder perceptions of wildfire management strategies as nature-based

solutions in two Iberian biosphere reserves
Judit Lecina-Diaz 1,2,3  , João C. Campos 1,4  , Silvana Pais 1,2,5, Claudia Carvalho-Santos 6  , João C. Azevedo 7,8  , Paulo
Fernandes 9  , João F. Gonçalves 1,2,5,10  , Núria Aquilué 11  , José V. Roces-Díaz 12  , María Agrelo de la Torre 13, Lluis
Brotons 11,14,15  , María-Luisa Chas-Amil 16  , Angela Lomba 1,2,5  , Andrea Duane 11,17  , Francisco Moreira 1,2  , Julia M.
Touza 18  , Virgilio Hermoso 19  , Ângelo Sil 1,2,7,8,9  , Joana R. Vicente 1,2,5, Joao Honrado 1,2,5 and Adrián Regos 1,2,11,20 

ABSTRACT. Increased large and high-intensity wildfires cause large socioeconomic and ecological impacts, which demand improved
landscape management approaches in which both ecological and societal dimensions are integrated. Engaging society in fire management
requires a better understanding of stakeholder perceptions of wildfires and landscape management. We analyze stakeholder perceptions
about wildfire-landscape interactions in abandoned rural landscapes of southern Europe, and how fire and the land should be managed
to reduce wildfire hazard and ensure the long-term supply of ecosystem services in these fire-prone regions. To do so, a structured
online questionnaire was sent to the stakeholders of two transboundary biosphere reserves in Spain-Portugal. Our analysis also
questioned to what extent fuel management strategies can be considered nature-based solutions (NbS) using the IUCN standard.
Overall, stakeholders state that fire should be managed and support fire prevention in lieu of fire suppression policies. Rural
abandonment is perceived as the main cause of large wildfires, with high-intensity fires impacting the study regions more than in the
recent past, a trend which they expect to continue in the future in the absence of management. All the suggested fuel management
strategies, except chemical treatments, were accepted by the stakeholders who perceive more positive than negative effects of fuel
management on forest ecosystem services. Transboundary coordination was rated as inadequate or even nonexistent. We did not find
differences among stakeholder sectors and biosphere reserves, indicating that in the study area, there is a general agreement on
perceptions about wildfire and associated impacts at the landscape level. Finally, we showed that promoting agricultural and livestock
uses, modifying forest species composition to increase fire resistance, and introducing large herbivores have the potential to become
effective NbS in the regions. This study represents a first-step analysis representing a base for future co-design and implementation of
NbS to improve fuel management, contributing to the understanding of the stakeholder support for their application in addressing
the socioeconomic challenges in high fire-risk areas.

Key Words: biosphere reserves; ecosystem services; fuel management; landscape conservation; perceptions; Portugal-Spain; questionnaire;
social-ecological systems; stakeholders

INTRODUCTION

Worldwide, wildfires are one of the most common wildland
disturbances (van Lierop et al. 2015, Bowman et al. 2017,
Abatzoglou et al. 2018) affecting an annual average of 300-500
million hectares (Randerson et al. 2012, Giglio et al. 2018). In
fire-prone regions, wildfires are an integral and critical driver of
ecosystem dynamics (Turner 2010, Ding et al. 2012). However,
changing fire regimes are increasingly causing more
socioeconomic (e.g., people, infrastructure) and ecological
impacts (e.g., soil erosion, climate mitigation potential,
biodiversity; Pausas et al. 2008, Anderegg et al. 2020). Examples

are the uncontrollable megafires that have recently occurred in
California (between 2018 and 2021), the Australian Black
Summer (2019, 2020), or extreme wildfires like the 2017 fires in
Portugal and northwestern Spain, when more than one hundred
people died (San-Miguel-Ayanz et al. 2020).  

Society has co-evolved with fire over millennia (Moritz et al. 2014,
Doerr and Santín 2016, Pausas and Keeley 2019). Historically,
aboriginal and agricultural societies used fire across the globe for
a range of livelihood- and cultural-related purposes. However, in
Southern Europe, agricultural abandonment has been a common
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trend in the last decades (Lasanta et al. 2017). This has led to
shrub and tree encroachment, increased fuel load and landscape
homogenization, as well as increasing wildfire risk and intensity
(Moreira et al. 2011). In rural areas of the Iberian Peninsula, fire
is also used as a land management tool (e.g., clearing land for
pastures; Chas-Amil et al. 2015, Tedim et al. 2016), which helps
to create landscape heterogeneity but can also result in many low-
intensity and small-sized fires (Chas-Amil et al. 2010). In some
cases, these fires can overtake fire suppression under extreme fire-
weather conditions and thus become large fires. At the same time,
society perceives fire as a damaging hazard with only negative
impacts (Doerr and Santín 2016) such that fire exclusion and
suppression policies have been instated. In the last decades, as a
result of both agricultural abandonment and a fire exclusion
policy, Mediterranean landscapes have become more flammable
(Moreira et al. 2011) and therefore more susceptible and
vulnerable to wildfires (Lecina-Diaz et al. 2021). This close
relationship between society and fire demands more holistic
landscape management approaches integrating the ecological and
societal domains.  

The interactions between fire and landscape dynamics in these
complex social-ecological systems complicate effective landscape-
level fuel treatment planning and implementation (Oliveira et al.
2016, Thompson et al. 2017, Alcasena et al. 2018). Fire hazard
mitigation is even more challenging in protected areas because
legislation regulates and limits management, which, in concert
with land-tenure constraints, complicate fuel treatment and land-
use allocation (Alcasena et al. 2018). Fuel treatment strategies
must consider multiple objectives and should involve the needs
and views of stakeholders in relation to fire and landscape
management. In the Iberian Peninsula, fuel treatments have been
directed toward promotion of agro-pastoral activities, total or
partial fuel removal in strategic areas (fuel breaks), and prescribed
burning. However, because their implementation requires
financial and human resources and machinery, the investment in
this type of management tends to be limited and more focused
on fire suppression. The public is oblivious to prescribed burning
(Mierauskas and Pereira 2013, Ryan et al. 2013), but rural people
still use fire, namely in the form of pastoral burning in the Iberian
Peninsula mountains (Chas-Amil et al. 2015, Tedim et al. 2016),
suggesting that a broader and more technical use of fire would
be well received. Recently, fire-smart management has been
defined as an integrated approach primarily based on fuel
treatments through which the socio-economic impacts of fire are
minimized while its ecological benefits are maximized (Hirsch et
al. 2001). Fire-smart management has been proposed as an
alternative to fire suppression, including fire as a social-ecological
process while balancing the benefits and drawbacks of fire to
human well-being (Fernandes 2013). Decreasing fire severity
through fuel treatments and forest-type conversion are among the
management practices known to promote more resistant and
resilient landscapes under future climate change (Fernandes
2013). The effectiveness of these fire-smart strategies in terms of
wildfire prevention, ecosystem services supply, and biodiversity
conservation has started to be evaluated recently (Campos et al.
2020, Pais et al. 2020). However, how stakeholders perceive these
types of strategies still needs to be fully understood to ensure long-
term support and effective implementation (Reed 2008). In this
sense, perceptions of fire and fuel management may differ across
sectors and specific stakeholder interests, which can lead to

societal conflicts. In general, prescribed burning can be perceived
more favorably by the forestry sector, land managers, and non-
governmental organizations than by citizens and private
businesses (Bayne et al. 2019, Hamilton and Salerno 2020).
Policymakers can also be unwilling to accept prescribed burning
because they perceive rejection by the public (Varela et al. 2014).
Similarly, forestry and conservation agencies often favor
mechanical treatments, whereas this is unacceptable for
environmentalists (McCaffrey et al. 2008, Depietri and Orenstein
2020).  

Fuel management influences ecosystem services (hereafter ES)
referring to the direct and indirect contributions of ecosystems
to human well-being (MEA 2005). However, ES are valued
differently depending on the stakeholder group because not all
stakeholders benefit equally from these services. Integrating
scientific knowledge on forest management with stakeholder
demands on ES can improve decision planning effectiveness
(Palacios-Agundez 2014). Environmental managers and
researchers often perceive regulating ES as of primary importance
in determining conservation strategies in protected areas (e.g., air
quality, climate regulation, water regulation, and erosion control),
whereas direct local users of ES have a greater interest in
provisioning services, e.g., recreational fishing and clean energy
provision (García-Llorente et al. 2018). In the case of fuel
management, most research has focused on analyzing the
environmental effects of fire on ES without considering how the
perceptions of ES are affected (Vukomanovic and Steelman 2019,
Roces-Díaz et al. 2021). Recent studies, which have analyzed
stakeholder perceptions on fire, neglect their interdependence
with other critical sectors that affect fire regime and ecosystem
health (Doerr and Santín 2016, do Rosário et al. 2019). Hence,
further research is needed to incorporate stakeholder needs and
preferences regarding the ES benefits and drawbacks of fuel
management.  

In this new era of large and high-intensity wildfires, landscape
management should therefore integrate social and ecological
perspectives (e.g., minimizing the impact on ES) to tackle the
growing wildfire problem. Possibly, the most effective way to
integrate both dimensions is mainstreaming fire and its
management into nature-based solutions (hereafter NbS).
Nature-based solutions have been defined as “actions to protect,
sustainably manage, and restore natural or modified ecosystems,
that address societal challenges effectively and adaptively,
simultaneously providing human well-being and biodiversity
benefits” (Cohen-Shacham et al. 2016:2). Nature-based solutions
have been globally used in science, policy, practice, and private
sectors to solve societal challenges, and often involve actions
across broad landscapes and jurisdictional boundaries (Keesstra
et al. 2018, Chausson et al. 2020, Seddon et al. 2020). Nature-
based solutions have been endorsed in the IPBES global
assessment report (Díaz et al. 2019), the “Horizon 2020” program
(European Commission 2015), the United Nations Framework
Convention on Climate Change (UNFCCC;  https://unfccc.int/),
and the World Economic Forum (WEF 2020). More recently, a
global standard for NbS was created to increase the concept’s
clarity and precision and has been already successfully deployed
(Chausson et al. 2020, IUCN 2020, Seddon et al. 2020).
Addressing fuel management through NbS can have many
advantages. Nature-based solutions is a simple concept that can
be easily understood by many different societal actors, thus

 https://unfccc.int/
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Fig. 1. (A) Location of the two transboundary biosphere reserves (Gerês-Xurés in orange and Meseta
Ibérica in blue) in Europe, and representation of major land-cover categories (Corine Land Cover 2018)
in (B) the Gerês-Xurés and (C) the Meseta Ibérica.

helping to bring together diverse stakeholders to find effective
and equitable solutions (Cohen-Shacham et al. 2019). Nature-
based solutions can also be cost-effective in the long-term while
ensuring ES provision and biodiversity maintenance (Cohen-
Shacham et al. 2019). In this sense, it is still unknown whether the
existing fuel-management approaches can be integrated under the
NbS umbrella and to what extent these standard criteria can be
easily accommodated.  

Within this context, we look at case studies of two representative
southern European mountain protected areas that are suffering
from increased fire impacts and undergoing land abandonment:
the Gerês-Xurés and Meseta Ibérica Transboundary Biosphere
Reserves (Portugal and Spain). As in other mountain areas of the
northwestern Iberian Peninsula, the abandonment of traditional
and livestock activities is a common trend (Morán-Ordóñez et al.
2013) that increases fire risk. These protected areas are two social-

ecological systems in which nature and society interact (e.g., the
use of fire by the remaining rural communities). In addition, these
biosphere reserves are located in two countries (Portugal and
Spain), which increases management complexity in terms of
transboundary coordination and diversity of target stakeholders
(de Castro-Pardo et al. 2019). Ongoing management initiatives
exist in these areas, such as rewilding in the Meseta Ibérica.
Previous studies analyzed the effectiveness of fire-smart strategies
for wildfire prevention, ES supply, and biodiversity conservation,
showing that fire-smart and business-as-usual provided the
highest carbon sequestration, whereas agriculture was the best
scenario for fire suppression and conservation. Rewilding,
modulated by fire suppression, may also be considered a NbS
solution when agricultural policies fail (Campos et al. 2020, Pais
et al. 2020). However, perceptions by stakeholders in these areas
are still unknown. Therefore, the main goal of this study is to
analyze stakeholder perceptions of the wildfire problem in the

https://www.ecologyandsociety.org/vol28/iss1/art39/
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Table 1. Characteristics of the study areas (location, surface, number of inhabitants, elevational range, area in Portugal and in Spain,
and protected areas inside the study areas).
 
Biosphere Reserve Location Surface

(km²)
Inhabitants
(number of

people)

Elevational
range (m.a.s.l.)

Area in
Portugal

(%)

Area in
Spain (%)

Protected areas inside the reserve

Gerês- Xurés 41º 35′ 18″ to 42º 10′ 26″ N 2679 76,301 15-1545 71% 29% 3 EU Natura 2000 sites
-7º 35′ 4″ to -8º 31′ 54″ W 2 nationally designated protected areas

(Peneda-Gerês National Park; Baixa
Limia-Serra do Xurés Natural Park)

Meseta Ibérica 40º 40′ 32″ to 42º 15′20″ N 11,326 169,745 82-2022 58% 42% 23 EU Natura 2000 sites
-5º 48′ 52″ to -7º 25′ 52″ W 4 natural parks (Montesinho, Parque

Natural Lago de Sanabria y Sierras de
Segundera y Porto, Douro International,
and Arribes del Duero)
Natural Reserve Lagunas de Villafáfila
Regional Natural Park Vale do Tua
Protected Landscape Albufeira do Azibo

Gerês-Xurés and Meseta Ibérica Transboundary Biosphere
Reserves. Specifically, we aim to: (1) evaluate stakeholder
perceptions about the impact of fire and its changes in the
landscape; (2) assess their views on fuel management, including
negative and positive impacts of fuel management on ES; and (3)
analyze differences in stakeholder perceptions among sectors and
study areas. Finally, we discuss to what extent fuel management
strategies can be considered NbS based on the criteria of the
IUCN global standard. To do so, we selected and surveyed
relevant stakeholders in several groups in the study areas based
on a structured questionnaire.

METHODS

Study area

The study area encompasses two transboundary biosphere
reserves in Portugal and Spain, Gerês-Xurés and Meseta Ibérica
(Fig. 1). Biosphere reserves are sites that provide local solutions
to global challenges through understanding and managing
changes and interactions between social and ecological systems.
They involve local communities and stakeholders in planning and
management (https://en.unesco.org/biosphere/about). In these
two biosphere reserves, nature and society have co-evolved over
millennia by means of agriculture, forestry, grazing, hunting and
fishing, and other low- to moderate-intensity activities that
involve local stakeholders and allow, however, the maintenance
of notable biodiversity. Wildfires are common in the areas and
normally dealt with by fire suppression.

Gerês-Xurés
The Gerês-Xurés Transboundary Biosphere Reserve (Fig. 1B,
Table 1) was established in 2009 and is located at the transition
between the Mediterranean and Eurosiberian biogeographic
zones, mainly with an Atlantic climate (monthly average
temperature below 22 °C; Kottek et al. 2006). The landscape is
dominated by heathlands, as well as fragmented forests of
deciduous trees (mostly Quercus robur and Q. pyrenaica) and
conifers (mainly Pinus pinaster; Fig. 1B). Rural abandonment, a
common trend in the area during the last century (current
population density of 29.4 inhabitants km²), resulted in forest
increase (Regos et al. 2015). Frequent human-caused wildfires
such as unintentional agricultural burning escapes or deliberate
pastoral fires are common in the study area (Chas-Amil et al.

2010, 2015, Calviño-Cancela et al. 2016), resulting in many fires
and burned areas, i.e., 12,755 fires between 1983 and 2010, burning
a total of 195,000 ha (Regos et al. 2015).

Meseta Ibérica
The Meseta Ibérica Transboundary Biosphere Reserve (Fig. 1C,
Table 1) was established in 2015 and has a predominantly
Mediterranean continental climate. The landscape is
characterized by crops and pastures, heathlands, and forest.
Native woodlands (Quercus pyrenaica, Q. suber, and Q.
rotundifolia) and pine plantations (Pinus pinaster) dominate the
latter (Fig. 1C). Depopulation is also a common trend in this area
(current population density of 14 inhabitants/km²; Azevedo 2012,
Sil et al. 2017). Between 2003 and 2019, the number of fires with
a surface greater than 20 ha averaged 359 fires per year, while the
annual burned area averaged 8912.7 ha per year (Andela et al.
2019).

Questionnaire design and stakeholder selection

An online questionnaire was conducted comprising four sections:
(1) fire related questions; (2) landscape related questions; (3)
landscape and fuel-management related questions; and (4)
personal data (Appendix 1, Fig. A1). In the first section, the
questions targeted the stakeholder perception of fire, how fire
regime has changed in the study areas in the last 30 years, and
how it is expected to change in the next 30-40 years. We also asked
about perceptions on the main causes of large fires and preferred
policies to prevent them. The second section was aimed at
understanding how stakeholders perceived past and envisaged
future changes in the landscape, as well as how landscape should
change to avoid large fires. In the third section, respondents were
asked to rank current firefighters’ fire-suppression capacity under
different combined situations and landscape configurations (e.g.,
shrubland, medium-sized fires) using a four-point Likert-scale
ranging from “inadequate” to “very good.” Respondents were
also requested to rank specific alternative management strategies
to prevent large fires using a six-point Likert-scale ranging from
“absolutely unnecessary” to “absolutely necessary.” In addition,
we asked about the perceived societal benefits of these
management strategies about four targets: (1) reduction of large
forest fires; (2) maintenance of ES; (3) biodiversity conservation;
and (4) local economic development. We also asked about
potential benefits of these management strategies on ES, using

https://www.ecologyandsociety.org/vol28/iss1/art39/
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Table 2. Description (definition, examples, and relevance in fire management) of the stakeholders’ sectors in the study areas.
 
Stakeholder group Definition Examples Relevance in fire management in the study

areas

Forest actors and
civil protection

Associations, institutions, and agencies
whose main activities are directly related to
the forestry sector

Forest owners and forest management
associations, fire prevention and
suppression organizations (e.g., fire-
fighters), civil protection agencies

High/Very high
Involved directly in the implementation of
prevention and suppression measures

Government Government at the town, municipal and
district levels, as well as other public
institutions, excluding the ones directly
related to the forest sector

Municipalities, regional or sectoral
institutions

Very high
Responsible for fire management plans
design and implementation at different
administrative levels and also for reporting
and, in some cases, firefighting

Local development Stakeholders directly involved in the use of
the territory. Given that forest-fire
management is the basis of this study, forest
actors and civil protection are considered
apart (first sector)

Linked to agriculture and livestock,
hunting, tourism, leisure and
environmental education activities

Medium/Low
Only occasionally involved, although their
role in fire hazard reduction at the
landscape level is high (see Appendix 1,
Table A1)

Nature conservation Associations or institutions whose objectives
are related to biodiversity and nature
conservation

Nature conservation organizations,
environmental associations (e.g., NGOs),
protected areas headquarters

Medium/Low
(same as above)

Research Universities and research institutions with
scientific background of the study areas

Universities and research centers in Galicia
and northern Portugal that have conducted
previous studies in the biosphere reserves

Low
Researchers contribute to formal education
in fire-related fields (e.g., forestry) and
occasionally (in)formal training of fire
management personnel. In Portugal, the
new Fire Management Agency is an
associate of the ForestWISE collaborative
laboratory (responsible for research,
innovation, and transfer of technology
activities).

two different ES for each ES’ group: provisioning (timber and
wood, agriculture and livestock); regulating (climate regulation,
hydrological control); and cultural (cultural identity, tourism and
recreation). We also questioned stakeholders on the effectiveness
of fire-prevention policies and about the transboundary
coordination and cooperation between landscape management
and prevention, and between fuel management and suppression.
Finally, in section four, we asked about additional personal
information: organization, age, sector, relevance in the decision-
making process, years of experience in the sector, study area, and
nationality (Appendix 1, Fig. A1). Some questions were
mandatory or/and multiple choice, and respondents also had the
option of answering anonymously. A complete description of the
fuel-management approaches considered is given in Appendix 1,
Table A1.  

We identified the relevant sectors based on existing literature and
co-authors’ knowledge of the areas: forest actors and civil
protection, government, local development, nature conservation,
and research (see detailed description in Table 2). Once the main
sectors were defined, we identified potential specific stakeholders
through co-authors’ knowledge of the study areas, internet
information (e.g., webpages, social networks), and snowball
sampling (i.e., asking key informants to name other relevant
contacts). Then, we sent the questionnaire through a personalized
email to each stakeholder and study area (Gerês-Xurés or Meseta
Ibérica) in the native tongue of each stakeholder (i.e., Spanish or
Portuguese). The questionnaire was launched in January 2021
and remained open to the respondents until May 2021. In total,
347 questionnaires were sent out to different stakeholders using
Google Forms (docs.google.com/forms) and the Convertkit
platform (convertkit.com), and 114 answers were received. There

are constraints in online questionnaires, such as not all individual
stakeholders have access to the platform and local citizens may
therefore not be included. However, the representativeness of each
stakeholder group is shown in the questionnaire metrics section.

Data analysis

To evaluate the stakeholder perceptions, we calculated the
percentage of different responses for each question. Then, we
plotted them using a standard bar or Likert scale plot per question
through the ggplot and the likert R-packages (Bryer and
Speerschneider 2016, R Core Team 2020). In the case of ES trade-
offs, we calculated the ratio between the percentage of responses
perceiving positive and negative impacts of each management
strategy, i.e., a ratio of 1 means the same percentage between
positive and negative impacts, > 1 means more positive than
negative impacts, and < 1 means more negative than positive
impacts. To analyze the statistical differences among sectors and
study areas on all the answers, we applied Pearson’s Chi-squared
tests and Bonferroni posthoc tests using the stats, corrplot, and
chisq.posthoc.test R-packages (Wei and Simko 2017, Ebbert
2019, R Core Team 2020). The study areas considered were: (1)
Gerês-Xurés; and (2) Meseta Ibérica, which are directly associated
with the study areas; and (3) whole region, not directly associated
with the two study areas but influential in the whole region (e.g.,
North of Portugal, provincial level).

Global standard on nature-based solutions (NbS)

Based on stakeholder support, we have discussed to what extent
fuel management strategies can be considered NbS, following the
IUCN global standard on NbS. This standard has eight criteria
(IUCN 2020):  
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. Criterion 1. NbS effectively address societal challenges. 

. Criterion 2. Design of NbS is informed by scale. 

. Criterion 3. NbS result in a net gain to biodiversity and
ecosystem integrity. 

. Criterion 4. NbS are economically viable. 

. Criterion 5. NbS are based on inclusive, transparent, and
empowering governance processes. 

. Criterion 6. NbS equitably balance trade-offs between
achievement of their primary goal(s) and the continued
provision of multiple benefits. 

. Criterion 7. NbS are managed adaptively, based on evidence. 

. Criterion 8. NbS are sustainable and mainstreamed within
an appropriate jurisdictional context.

RESULTS

Questionnaire metrics

In total, 114 responses were received, representing 33% of the
overall number of questionnaires sent. Most of the answers were
from Gerês-Xurés (44%), followed by respondents from the whole
region (33%), and respondents from Meseta Ibérica (23%).
Forestry actors and civil protection had the highest response rate
(30-47%), followed by local developers (12-33%; Fig. 2; Appendix
1, Table A2). Gender and age data were incomplete. We could
only know the gender of 55% of the respondents because the rest
answered representing an institution or anonymously. The known
data revealed a highly unbalanced gender and age sample. Only
21% of respondents were female and 75% were 40-49 years old
(18% 20-39 years old, and 7% older than 60 years). Sixty-eight
percent of respondents had average to very high relevance in
decision making, and 46% had 15-30 years of experience in the
sector (30% had 10-15 years of experience, and 6% more than 30
years of experience). Nationality was relatively balanced (41%
Spanish and 59% Portuguese).

Fig. 2. Percentage of answers from the study areas, i.e., Gerês-
Xurés, Meseta Ibérica, and whole region (referring to
respondents not directly related with the two study areas but
influential in the region) and sectors (forest actors and civil
protection, government, local development, nature
conservation, research, and other).

Stakeholder perceptions

Fire and its changes in the landscape
Overall, most stakeholders considered that fire must be managed
(77%), supporting fire prevention rather than suppression
policies. However, nearly half  (49%) considered that it has
catastrophic effects on the landscape and human lives. Still, only
5% considered that fire must be suppressed under any
circumstance (see Appendix 1, Table A3). Regarding past and
future changes in fire regimes, they perceived more high-intensity
fires impacting the study regions than in the last 30 years (46%).
They also expected that this situation would continue in the future
in the absence of management (52%; Appendix 1, Table A3). An
overwhelming majority (92%) of stakeholders perceived rural
abandonment as one of the main causes of large wildfires
(Appendix 1, Table A4). They also thought that the absence of
an integrated fire management policy is an important cause of
large wildfires (57%), followed by inefficient fire prevention
systems and/or with lack of resources (53%), and climate change
(47%). Accordingly, they thought that large wildfires could be
prevented with integrated fire management policies (73%),
increasing fire prevention resources (69%), and enhancing the
resilience and resistance of forests through landscape
management (68%) (Appendix 1, Table A3).

Fuel management

Current fire-fighting capacity is considered good or very good
when conditions are “not complex” (i.e., shrubland and forest in
gentle slopes, small to moderately sized fires), being, however,
inadequate in “more complex” situations (i.e., steep slopes),
especially in large fires (Fig. 3). In addition, stakeholders accepted
all the fuel management strategies suggested, except chemical
treatments, perceiving more positive than negative effects of fuel
management on forest ES (Fig. 4). In particular, promoting
agriculture and livestock is the most supported management
strategy (97%), with more benefits for local economic
development (Fig. 5). Prescribed burning is perceived as the best
strategy for reducing large fires (Fig. 5), yet almost one quarter
of the respondents (22 %) stated that it is not necessary (Fig. 4).
The strategies that were thought to equally benefit the four targets
(i.e., reduction of large fires, ES maintenance, biodiversity
conservation, and economic development) were agriculture and
livestock promotion and introduction of large herbivores (Fig.
5). The highest stakeholder support for biodiversity conservation
was in introducing large herbivores and changing forest
composition (e.g., by replacing fast-growing conifer plantations
less resistant to fire with broadleaved species) to increase fire
resistance (Fig. 5). Promoting agriculture and livestock and
introducing large herbivores received the highest support from
stakeholders as economically viable fuel management strategies
to reduce large fires (Fig. 5)  

In general, stakeholders perceived more positive impacts (mean
± standard error: 89.5 ± 4.8%) than negative impacts (70.8 ± 3.4%)
of fuel management on ES. The highest positive impacts are in
provisioning services: timber and wood (23.5 ± 4.8%), followed
by agriculture and livestock (22.8 ± 3.8%). Promoting agriculture
and livestock and introducing large herbivores are the
management activities related to the provision of more cultural
services (23-25% of stakeholders perceived an impact on cultural
identity, and 15-25% on tourism and recreation). Chemical
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Fig. 3. Likert-scale plots of the stakeholders’ responses regarding the current firefighting capacity in different situations. The levels
of valuation are inadequate, sufficient, good, and very good.

treatments were perceived by stakeholders to result in negative
(88%) rather than positive (58%) effects on ES (i.e., for all ES
considered except timber and wood; Fig. 6). Transboundary
coordination is rated as quite inadequate or nonexistent (62-67%),
and only 14-22% rated it as adequate or very good (Appendix 1,
Table A5).

Differences among stakeholder sectors and study areas
Overall, we did not find significant differences among stakeholder
sectors and biosphere reserves. Significant differences among
stakeholder sectors were observed only in particular cases, which
suggests a general agreement on how fire, fuel management, and
its landscape impacts are perceived. Specifically, the frequency of
people perceiving that there will be fewer high-intensity/severity
fires in the future is significantly higher within the forest actors
and civil protection sector than in the rest of the sectors (Appendix
1, Tables A6, A7). The local development sector valued more
positively firefighting capacity (in terms of accessibility and use
of fire suppression resources) in small and medium-sized fires
than other sectors (p-value < 0.01; Appendix 1, Tables A8, A9).
In contrast, the nature conservation sector perceived inadequate
firefighting capacity in shrubland fires on gentle slopes and in
small to medium-sized fires (Appendix 1, Tables A8, A9).
Concerning the study areas, the frequency of stakeholders
perceiving that high-intensity fires are now more common than
in the last 30 years and that this trend will continue in the future
is significantly higher in Gerês-Xurés than in Meseta Ibérica
(Appendix 1, Tables A6, A7). Finally, transboundary
coordination effectiveness is better valued in Meseta Ibérica than
in Gerês-Xurés (Appendix 1, Tables A10, A11).

DISCUSSION

Stakeholder perceptions

Fire and its changes in the landscape
Although fires are an ecological driver in Mediterranean forests,
and species have developed different strategies to trigger, resist,
and recover from fires (Keeley and Fotheringham 2000), the

perception that fires are catastrophic still prevails (Appendix 1,
Table A3). Fire is seldom viewed positively by society, given its
impacts on peoples’ properties and lives (Doerr and Santín 2016,
but see also Pereira et al. 2016 in which fire severity is low to
moderate). However, media reporting is very often uninformed
and biased, overstating the negative impacts of fire, focusing on
the firefighting response, and lacking fire ecology concepts, e.g.,
Smit et al. (2022). The perception of more high-intensity fires in
the study regions than in the last 30 years is supported by the
literature in the case of increased burned area in northwest
Portugal (Silva et al. 2019). Although previous studies showed a
strong belief  that arsonists are causing wildfire ignitions (Calviño-
Cancela and Cañizo-Novelle 2018, Palaiologou et al. 2021), this
is not the case in our study area (Appendix 1, Table A4). Rural
abandonment is a major social-ecological issue in the mountain
areas of southern Europe, where agriculture abandonment drives
shrubland encroachment and conversion to forests (Moreira et
al. 2011, Ameztegui et al. 2021). The low support for fire
suppression policies (Appendix 1, Table A3) suggests a paradigm
change from the idea that fire must always be suppressed (Snider
et al. 2006, Mateus and Fernandes 2014). In fact, suppression
alone as a strategy to avoid large wildfires has been proven to be
costly and ineffective (Williams et al. 2011, Wunder et al. 2021),
potentially feeding back into increased landscape flammability
(Fernandes et al. 2020, Moreira et al. 2020). Indeed, stakeholders
prioritized wildfire prevention through integrated fuel
management policies, which has been previously suggested as the
main challenge to decrease fire impacts and the vulnerability of
social-ecological systems (Tedim et al. 2013, Mateus and
Fernandes 2014).

Fuel management
Stakeholders perceived benefits of all fuel management
alternatives to reduce large wildfires, except chemical treatments
(Fig. 4) mainly because, in contrast to other regions, the social
acceptability of using herbicides to control understory vegetation
is low in Europe (except for Eucalyptus plantations in Portugal;
Mirra et al. 2017). Other methods, such as mechanical treatments,
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Fig. 4. Likert-scale plots of the stakeholders’ responses regarding perceptions on fuel-related fire management strategies to prevent
large wildfires depicting different levels of priority: absolutely unnecessary, somewhat unnecessary, slightly unnecessary, slightly
necessary, somewhat necessary, and absolutely necessary.

are much more common and receive economic incentives (Ammer
et al. 2011, McCarthy et al. 2011). Considering that rural
abandonment was the most claimed driver of wildfires in the two
study areas, it seems reasonable that stakeholders also strongly
support agriculture and livestock promotion (Fig. 4). Hence,
methods such as mechanical thinning are preferred (Toman et al.
2014, Pereira et al. 2016), even if  their hazard-reduction
effectiveness is lower (Wimberly et al. 2009).  

The highest positive impacts of fire management are perceived in
provisioning services (wood and timber, agriculture and livestock;
cf. Fig. 6), probably because most of the stakeholders benefit from
these services (e.g., the forestry sector benefits from wood).
Although prescribed fire was not widely accepted, reducing
biomass through burning is perceived as beneficial for agriculture
and livestock, mainly because fire has been historically used to
clear land for agriculture purposes (Regos et al. 2015).
Interestingly, management strategies that have fewer negative
visual impacts (i.e., promoting agriculture and livestock and
introducing large herbivores) are the management activities
perceived to provide more cultural services (Fig. 6). Less aesthetic
management, such as fuel breaks and thinning, was previously
perceived as negative for cultural ES (Depietri and Orenstein
2020).  

Given that international boundaries rarely coincide with
ecological regions, protected areas often need to be expanded
beyond their national boundaries to create coherent landscape
and management entities (Wolmer 2003, Wiens and Bachelet
2010). Transboundary coordination is not only desirable from a
management effectiveness point of view, but also for efficiency
because greater benefits can be achieved at lower costs (Kark et
al. 2009); this includes transboundary coordination at the
landscape level for fire prevention and suppression. In our study
areas, transboundary collaboration/coordination is rated as quite
inadequate or even nonexistent (Appendix 1, Table A5) because

the only instruments to enable this coordination are the biosphere
reserve and a jurisdictional instrument for Gerês-Xurés and
Meseta Ibérica, respectively (https://www.reservabiosferageresxures.
eu/en/project-presentation; https://www.biosfera-mesetaiberica.
com/es), and these were established very recently. However,
previous studies point out that assessing the costs and benefits of
management and including the stakeholders at all levels would
ensure greater conservation objectives, even in the absence of
international cooperative management (Busch 2008, Wiens and
Bachelet 2010, de Castro-Pardo et al. 2019).

Differences among stakeholder sectors and study areas
There was consensus among different groups of stakeholders and
study areas about the perception about fire, its changes in the
landscape, and fuel management strategies’ effectiveness
(Appendix 1, Tables A6, A8, and A10). The absence of
discrepancies among stakeholders can facilitate planning and
implementation of the fuel management strategies that received
the most support (i.e., promoting agriculture and livestock, shrub
and understory clearing). Therefore, management decisions can
be better adapted to the socio-cultural and environmental
conditions of the areas, which would enhance their quality and
effectiveness (Reed 2008). Under these circumstances, a common
framing for wildfire management, including improving
performance measurement, supporting greater integration of fire
and land management planning, as well as increasing
transparency and collaboration, would be possible to effectively
address fire management (Schultz et al. 2019). The transboundary
coordination was better valued in the Meseta Ibérica mainly
because in this study area, a jurisdictional instrument of territorial
cooperation was specifically created to facilitate and promote
territorial cooperation among its members, as well as its economic
and social cohesion (https://www.biosfera-mesetaiberica.com).

https://www.reservabiosferageresxures.eu/en/project-presentation
https://www.reservabiosferageresxures.eu/en/project-presentation
https://www.biosfera-mesetaiberica.com/es
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Fig. 5. Percentage of benefits of the different fire management strategies perceived by the stakeholders in terms of reduction of large
wildfires, maintenance of ecosystem services, biodiversity conservation, and local economic development. Percentage values indicate
the total benefits for each management strategy (i.e., without including the category “I don’t know/not applicable”).

Reflections on stakeholder perceptions using the nature-based

solutions (NbS) criteria

Nature-based solutions have been suggested as mechanisms for
transformative change toward more resilient and sustainable
landscapes for people and nature. The results of the stakeholder
questionnaire allowed us to discuss to what extent fuel
management strategies can be accommodated in the frame of
NbS according to the IUCN global standards (IUCN 2020). In
particular, promoting agricultural and livestock uses, modifying
forest species composition to increase fire resistance, and
introducing large herbivores have the potential to become
effective NbS in the regions. In fact, agroforestry in southern
Portugal has been previously considered a NbS to improve
traditional and sustainable land use for semi-arid regions, and
rewilding of agricultural catchments in Slovenia has been also
considered a NbS with soil and landscape benefits (Keesstra et
al. 2018). Mainstreaming these fuel management strategies into
IUCN standards of NbS should facilitate their implementation
as sustainable and economically viable solutions to the increasing
wildfire hazard in the mountain abandoned landscapes of
southern Europe.  

Six of the eight criteria can be easily incorporated.

Criterion 1: NbS effectively address societal challenges
The societal challenges identified by stakeholders are the increase
in wildfire intensity and severity (exacerbated by insufficient
firefighting capacity in large fires, and inadequate transboundary
collaboration/coordination; Appendix 1, Tables A3-A5) and rural
abandonment, which compromises food security. These
challenges can be addressed by fire management by promoting
agriculture and livestock, modifying forest species composition
to increase fire resistance, and introducing large herbivores
because these strategies are receiving the greatest support from
stakeholders.

Criterion 2: design of NbS is informed by scale (recognizing the
complexity and uncertainty that occur in living dynamic
landscapes)
The different fuel management strategies can be implemented in
the two transboundary protected areas (Gerês-Xurés and Meseta
Ibérica), in which the economic, ecological, and societal aspects
are considered. Regarding local economic development, the
stakeholder questionnaire showed that promoting agriculture and
livestock was the fuel management strategy expected to have more
benefits (Fig. 6). The strategies that were thought to equally
benefit the four targets (i.e., reduction of large fires, ES
maintenance, biodiversity conservation, and economic development)
were agriculture and livestock promotion and the introduction of
large herbivores (Fig. 6). The EU’s common agricultural policy
(CAP) is a partnership between agriculture and society that
supports farmers and ensures Europe’s food security. Among its
objectives, the CAP aims to keep the economy alive in rural areas
by promoting jobs in farming, agri-food industries, and associated
sectors. In this sense, the ongoing reform of the CAP, adopted in
2021 (European Commission 2022), offers an opportunity to
promote these strategies over the next few years and solve a critical
issue in remote mountainous areas strongly affected by rural
abandonment. Considering member states’ specific needs,
national-level CAP strategic plans will combine a wide range of
local and EU-level objectives that can foster agriculture and
livestock activities as NbS to wildfires in our study areas.

Criterion 3: NbS result in a net gain to biodiversity and
ecosystem integrity
The highest support for biodiversity conservation was in
introducing large herbivores and changing forest composition to
increase fire resistance (Fig. 5). This is in line with on-going
initiatives of rewilding in Meseta Ibérica (https://rewilding-
portugal.com). However, previous studies in the Gerês-Xurés
Biosphere Reserve showed that the expansion of (high nature
value) farmlands has the highest outcomes for biodiversity
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Fig. 6. Bar plots showing stakeholders’ perceptions of the negative (left panel) and positive (right panel) impacts of fire management
strategies on ecosystem services (in relative percentages). Color bars represent different classes of ecosystem services: provisioning
services in blue (timber and wood, agriculture and livestock), regulating services in green (climate regulation, hydrological control),
and cultural services in orange (cultural identity and tourism and recreation). Percentage values indicate the total negative and
positive impacts on ecosystem services for each management strategy (category “I don’t know/not applicable” not included).

conservation in number of species, whereas rewilding initiatives
were more beneficial for species of conservation concern (Campos
et al. 2020, Pais et al. 2020). In addition, land-use management
policies aiming at promoting traditional agricultural activities
could reduce the potential area burned by large fires and improve
the effectiveness of fire suppression in the Gerês-Xurés (Campos
et al. 2020, Pais et al. 2020).

Criterion 4: NbS are economically viable
It is essential to frame fuel management strategies as NbS to
ensure their economic viability and, therefore, their applicability.
Promoting agriculture and livestock and introducing large
herbivores received the highest support from stakeholders for the
local economic development of the area (Fig. 5). The
questionnaire did not account for the economic costs and benefits
of implementing each strategy; therefore, cost-benefit analysis
should be developed to ensure their economic viability.
Nevertheless, the overall stakeholder acceptance is a firm step
forward. These economic assessments should account for the
effects of these fuel management strategies in wildfire damages
and avoided damages to the whole landscape, that is, considering
the ecosystem services that affect financial returns to landowners
(Lecina-Diaz et al. 2023). In addition, these strategies can
potentially generate economic savings by reducing wildfire
suppression costs. These socioeconomic assessments will help to
identify fuel management strategies that are more economically
viable, which will greatly facilitate their successful implementation.

Criterion 5. NbS are based on inclusive, transparent, and
empowering governance processes
The questionnaire showed overall agreement for the use of all fuel
management strategies to prevent large wildfires (78-97%, except
chemical treatments; Fig. 4). This could be a baseline for

facilitating the initial step in the life cycle of the co-design, co-
implementation, co-evaluation, and monitoring process of NbS
being transparent and accessible to all the stakeholders. However,
the inadequate transboundary coordination in the biosphere
reserves (especially in Gerês-Xurés) could probably impede the
governance process, thus additional mechanisms for enhancing
coordination should be reinforced.

Criterion 6. NbS equitably balance trade-offs between
achievement of their primary goal(s) and the continued provision
of multiple benefits
All management strategies except the use of chemical methods
are perceived to have more positive than negative impacts in ES
(Fig. 6). Previous studies in the areas have shown that promoting
agriculture would provide further fire-suppression opportunities
while simultaneously ensuring biodiversity conservation within
(and around) protected areas (Pais et al. 2020, Campos et al. 2022,
Cánibe et al. 2022). “Fire-smart” scenarios could be the most
advantageous for climate regulation services while also
contributing to fire regulation (Campos et al. 2022, Cánibe et al.
2022), facilitating the transition toward more fire-resilient
landscapes (Fernandes 2022, Regos 2022).  

Criterion 7 (i.e., NbS are managed adaptively, based on evidence)
and 8 (i.e., NbS are sustainable and mainstreamed within an
appropriate jurisdictional context) cannot be directly assessed
with the results of the questionnaire, but further research can
incorporate them. In particular, adaptive management can be
implemented in the process of design, implementation,
evaluation, and monitoring of the NbS life cycle (criterion 7).
This will allow changing the strategy or actions if  required in any
step of the feedback loop process of continuous learning (IUCN
2020). Given that local decision makers and other key
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stakeholders have given support to most of the fuel management
strategies, this is a first, although very preliminary, step to make
significant contributions to the economic, social, and
conservation targets of the areas, ensuring the long-term
implementation and sustainability of these management
strategies (criterion 8). Nevertheless, additional studies are needed
to engage the stakeholders more actively in the management of
these areas, as well as to evaluate the cost-effectiveness of fuel
management strategies. Indeed, in this era of megafires, this study
is a baseline for the co-design and co-implementation of these
fuel management strategies as NbS, which could be a first step to
its successful application in solving the societal challenges and
contributing to the sustainable development of the areas.

CONCLUSION

There is evidence that incorporating the stakeholder perceptions
into management decisions improves its societal acceptability and
effectiveness (Rauschmayer et al. 2009, Apostolopoulou et al.
2012). This study showed stakeholder perceptions about fire, its
impacts on the landscape, and the fire management opportunities
in two transboundary biosphere reserves in Portugal-Spain
(Gerês-Xurés and Meseta Ibérica). Overall, there is general
agreement among stakeholders across sectors and study areas.
They state that fire must be managed and support fire prevention
rather than suppression policies. They also perceive that rural
abandonment is the main cause of large wildfires, with more high-
intensity fires impacting the study regions than in the last 30 years,
a trend expected for the future in the absence of management.
Regarding fuel management, all strategies except chemical
treatments were accepted by the stakeholders, who perceive more
positive than negative effects of fire management on forest ES. In
particular, promoting agricultural and livestock uses, modifying
forest species composition to increase fire resistance, and
introducing large herbivores have great potential to become
effective NbS in these regions. Despite the lack of cost-benefit
analysis, the overall stakeholder acceptance of these management
options and their alignment with the IUCN standards of NbS is
a firm step toward successful implementation. In addition,
mainstreaming these fuel management strategies as NbS into the
toolkit of decision makers offers environmentally and
economically viable solutions to the societal challenge that large
wildfires pose to mountain regions across southern Europe.  

Nevertheless, additional studies are needed to engage the
stakeholders more actively in the management of these areas, as
well as to evaluate the cost-effectiveness of fire management
strategies. Indeed, this study is a first-step analysis representing a
base for future co-design and co-implementation of these fire
management strategies as NbS, which can help in its successful
application to solving the societal challenges and contributing to
the sustainable development of the areas.
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Stakeholders’ perceptions support Nature-Based Solutions for wildfire
management in two Iberian Biosphere Reserves

Appendix

Table A1. Summary of the fire-management approaches considered (name, definition, 
stakeholders involved, use in the study areas and example).

 Type of
management

Definition Stakeholders’
groups involved

or affected

Usage in the
study areas

Example

Changing 
forest 
composition

Vegetation type conversion based on 
changing forest species composition 
to less flammable and fire-susceptible 
stands 

Forest actors 
and civil 
protection

Low/very low Replacement of conifer
by broadleaved native 
species

Fuel breaks Promoting and maintaining fuel-
treated linear strips that create 
opportunities for safe and effective 
firefighting operations. Fuel loads are 
reduced and vertical and horizontal 
fuel continuity are disrupted

Forest actors 
and civil 
protection

Moderate Fuel break networks
Treatments along 
power lines, roads and 
trails

Shrub and 
understory 
clearing

Removal of understory and shrub 
vegetation to reduce fuel load and 
continuity

Forest actors 
and civil 
protection

Moderate Motomanual 
understory cutting

Prescribed 
fire

Technical application of fire under 
specified weather conditions to reduce
fuel load and continuity

Forest actors 
and civil 
protection (fire-
fighters)

Low Prescribed burning in 
shrubland

Mechanical 
treatments

Use of machinery to reduce fuel load 
and continuity

Forest actors 
and civil 
protection

Low Thinning (tree density 
reduction), tree pruning
(increasing canopy 
base height)

Chemical 
treatments

Use of chemical substances to put out
fires

Forest actors 
and civil 
protection (fire-
fighters)

Moderate Use of chemical fire 
retardants

Promoting 
agriculture 
and livestock

Increasing agricultural and livestock 
areas to increase landscape 
heterogeneity and reduce fire hazard

Local 
development; 
Government

Low Promotion of 
“Cachena” cattle (local 
breed cattle)

Introducing 
large 
herbivores

Introducing local or native herbivor 
species that reduce fuel load by 
feeding

Government; 
Local 
development; 
Nature 
conservation

Low Promotion of 
“Cachena” cattle
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Table A2. Number of respondents in each of the sectors and study areas. Note that some 
stakeholders belong to more than one sector so that the total is higher than the number of surveys 
answered (129 and 114, respectively).

Study areas
Sectors Gerês - Xurés Meseta Ibérica Whole region

Forest actors and civil protection 27 9 19

Government 5 4 5

Local development 11 10 5

Nature conservation 9 5 3

Research 3 1 8

Other 2 1 2

Total 57 30 42

Table A3. Number of answers in the Fire section grouped by study areas (Gerês-Xurés, Meseta 
Ibérica and Whole region - not directly associated with the two study areas but influential in the 
region). Percentage of respondents is the percentage over all the respondents (i.e., 114). Note that
questions 1.1, 1.4 and 1.5 are multiple choice, so that the total number of answers can be higher 
than the total number of questionnaires answered (114), and the total percentage can be higher 
than 100%.

Study areas
Percentage of
respondents1.1. What’s your perception about fire?

Gerês -
Xurés

Meseta
Ibérica Whole region

Fire has catastrophic effects on landscape and 
human lives 26 15 15 49.1
Fire must be suppressed under any 
circumstance 1 5 0 5.3
Fire is an ecological process necessary to 
ecosystems 18 12 12 36.8

Fire must be managed by humans 42 18 28 77.2

Total question 1.1 87 50 55
1.2. How has fire regime changed in the study 
areas during the last 30 years? 

Less fires with less intensity/severity 2 0 2 3.5

Less fires with more intensity/severity 31 3 15 43.0

More fires with less intensity/severity 2 5 1 7.0

More fires with more intensity/severity 16 20 17 46.5

Total question 1.2 51 28 35
1.3. How will fire regime change in the study 
areas the future 30-40 years (in absence of 
management)?

Less fires with less intensity/severity 4 2 0 5.3

Less fires with more intensity/severity 27 5 12 38.6

More fires with less intensity/severity 1 0 4 4.4

More fires with more intensity/severity 19 21 19 51.8

Total question 1.3 51 28 35
1.4. Which are the main causes of large 
wildfires?

Climate change 22 16 16 47.4

Rural abandonment 47 26 32 92.1

Intensification of forest monocultures 17 12 8 32.4

Lack of management of forest monocultures 22 7 17 40.4
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Fire extinction systems inefficient and/or with 
lack of resources 7 6 4 14.9
Fire prevention systems inefficient and/or with 
lack of resources 28 15 17 52.6
Fire extinction systems efficient in low intensity 
fires, but inefficient in high intensity fires 14 4 10 24.6
Lack of collaboration/coordination between 
landscape management (prevention) and fire 
(extinction) organizations 26 11 16 46.5

Absence of an integrated fire management policy 28 17 20 57.0

Arson 3 0 2 4.4

Other 4 1 2 6.1
Lack of collaboration/coordination between 
countries and local people 4 0 0 3.5

Total question 1.4 222 115 144

1.5. How can large wildfires be prevented?

Increasing fire extinction resources 4 4 7 13.2

Increasing fire prevention resources 38 21 20 69.3

Increasing the professionalism of fire-fighters 14 10 8 28.1
Landscape management to create more fire-
resilient and resistant landscapes 37 18 23 68.4
Integrated fire management policies, balancing 
the distribution of resources and following the 
main land management objectives 36 19 28 72.8
Increasing collaboration/coordination at local and
international levels 2 1 1 3.5
Reducing arson ignitions by increasing 
punishment or social investments 2 1 0 2.6

Economic viable rural opportunities 0 1 1 1.8

Other 0 0 1 0.9

Total question 1.5 133 75 89

Table A4. Number of answers in the Landscape section grouped by study areas (Gerês-Xurés, 
Meseta Ibérica and Whole region - not directly associated with the two study areas but influential in
the region).

Study areas
Percentage of
respondents

2.1. How has landscape changed in the study 
areas for the last 30 years?

Gerês -
Xurés

Meseta
Ibérica Whole region

Rural abandonment, with a consequent increase
of forest and shrubland areas 38 23 32 81.6

Decrease in forests and increase in shrublands 13 4 2 16.7
Increase in agricultural areas and forest 
pastures, and decrease in shrublands and 
forests 0 1 1 1.8

Total question 2.1 51 28 35
2.2. How will landscape change in the study 
areas the future 30-40 years (in absence of 
management)?
Rural abandonment, with a consequent increase
of forest and shrubland areas 31 18 28 67.5

Decrease in forests and increase in shrublands 17 9 6 28.1
Increase in agricultural areas and forest 
pastures, and decrease in shrublands and 
forests 3 1 1 4.4

Total question 2.2 51 28 35

2.3. How should landscape change in the study 
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areas?

Towards an agricultural landscape 1 0 1 1.8
Towards a landscape with forests more resistant
to fire 7 3 4 12.3
Towards a re-naturalized landscape (rewilding), 
and with more forest 4 1 2 6.1
Towards a landscape with a combination of the 
above-mentioned scenarios 39 24 28 79.8

Total question 2.3 51 28 35

Table A5. Number of answers in the Fire-management section grouped by study areas (Gerês-
Xurés, Meseta Ibérica and Whole region - not directly associated with the two study areas but 
influential in the region). Percentage of respondents is the percentage over all the respondents 
(i.e., 114). Note that question 3.6 is multiple choice, so that the total number of answers can be 
higher than the total number of questionnaires answered (114), and the total percentage can be 
higher than 100%.

Study areas

Percentage of
respondents

3.6. How would you value the success in 
preventing large wildfires?

Gerês -
Xurés

Meseta
Ibérica Whole region

Contribution to biodiversity conservation 32 21 22 65.8

Creation of new jobs 11 7 12 26.3

Maintenance of the sustainable provision of 
ecosystem services 24 19 15 50.9

Reduction of fire severity 33 18 28 69.3

Reduction of the impacts on people and 
properties 30 13 14 50

Reduction of total burned area 33 13 15 53.5

I don’t know/not applicable 1 0 0 0.9

Total question 3.6 164 91 106

3.7. How do you value the transboundary 
collaboration/coordination between landscape 
management and fire prevention organizations?

Inadequate 32 13 11 49.1

Nonexistent 10 6 4 17.5

Adequate 4 2 6 10.5

Very good 0 4 0 3.5

I don’t know/not applicable 5 3 14 19.3

Total question 3.7 51 28 35

3.8. How do you value the transboundary 
collaboration/coordination between fire 
extinction organizations?

Inadequate 30 12 12 47.4

Nonexistence 8 5 4 14.9

Adequate 7 5 8 17.5

Very good 1 3 1 4.4

I don’t know/not applicable 5 3 10 15.8

Total question 3.8 51 28 35

4



Table A6. Results of the Chi-squared tests (Chi-squared and p-value) testing the differences 

among sectors and study areas on the survey answers for the sections of fire (section 1) and 

changes in the landscape (section 2). Significant values are shown in bold.

Sectors Study areas

Question  2𝜒 p value  2𝜒 p value

1.1. What’s your perception about fire? 16.2 0.178 14.5 0.027

1.2. How has the fire regime changed in the study areas 
during the last 30 years?

19.1 0.086 26.6 0.000

1.3. How will the fire regime change in the study areas in 
the future 30-40 years (in absence of management)?

25.2 0.014 22.7 0.002

1.4. Which are the main causes of large wildfires? 43.0 0.512 19.1 0.651

1.5. How can they be prevented? 34.0 0.569 15.7 0.653

2.1. How has the landscape changed in the study areas 
for the last 30 years?

6.8 0.561 9.9 0.030

2.2. How will the landscape change in the study areas in 
the future 30-40 years (in absence of management)?

11.0 0.184 5.2 0.263

2.3. How should the landscape change in the study 
areas?

8.5 0.777 6.8 0.359

Table A7. Bonferroni posthoc analysis (p-value) for the significant questions in Table A5. Significant

values are shown in bold.

Question Posthoc (bonferroni) p value

SECTORS

1.3 Less fires with more intensity/severity - Forest actors & civil protection 0.01

STUDY AREAS

1.1 Fire must be suppressed under any circumstance – Meseta Ibérica 0.01

1.2 Less fires with more intensity/severity – Gerês-Xurés 0.00

1.2 Less fires with more intensity/severity – Meseta Ibérica 0.00

1.2 More fires with more intensity/severity – Gerês-Xurés 0.00

1.3 Less fires with more intensity/severity – Gerês-Xurés 0.00

1.3 More fires with more intensity/severity – Gerês-Xurés 0.00

2.1 Decrease in forests and increase in shrublands – Gerês-Xurés 0.05
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Table A8. Results of the Chi-squared tests (Chi-squared and p-value) testing the differences 

among sectors and study areas on the survey answers for the questions 3.1. Significant values are

shown in bold.

Sectors Study areas

Question 𝜒 2 p value 𝜒 2 p value

3.1.1. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Shrubland fires in gentle slopes

30.2 0.017 13.2 0.099

3.1.2. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Shrubland fires in steep slopes

30.3 0.016 18.6 0.013

3.1.3. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Forest fires in gentle slopes

28.0 0.028 12.4 0.126

3.1.4. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Forest fires in steep slopes

31.0 0.012 9.8 0.269

3.1.5. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Fires of small and medium size

33.7 0.009 9.7 0.286

3.1.6. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Large fires

14.4 0.564 9.2 0.336

3.1.7. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Ability to protect assets and people

18.4 0.308 8.9 0.362

3.1.8. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Accessibility and use of extinction resources

31.2 0.016 9.6 0.303

3.1.9. Considering the current availability of resources and in the 
absence of extreme weather conditions, how do you value the 
firefighting capacity? Possibility to act without restrictions

35.8 0.003 7.6 0.495

Table A9. Bonferroni posthoc analysis (p-value) for the significant questions in Table A7. Significant

values are shown in bold.

Question Posthoc (bonferroni) p value

SECTORS

3.1.1 Nature conservation – inadequate 0.08

3.1.2 Forest actors & civil protection – inadequate 0.18

3.1.2 Local development – good 0.22

3.1.3 Forest actors & civil protection – very good 0.44
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3.1.4 Forest actors & civil protection – inadequate 0.35

3.1.4 Local development – good 0.40

3.1.5 Nature conservation – inadequate 0.05

3.1.5 Local development – very good 0.01

3.1.8 Local development – good 0.01

3.1.9 Forest actors & civil protection – I don’t know/not applicable 0.01

3.1.9 Government – I don’t know/not applicable 0.28

STUDY AREAS

3.1.2 Adequate – Whole region 0.04

Table  A10.  Results  of  the  Chi-squared tests  (Chi-squared and  p-value)  testing  the differences

among sectors and study areas on the survey answers for the questions 3.2-3.8. Significant values

are shown in bold.

Sectors Study areas

Question 𝜒 2 p value 𝜒 2 p value

3.2.1. Which type of management is necessary to prevent large 

wildfires? Changing forest composition to increase resistance to 
fire

27.1 0.133 19.6 0.022

3.2.2. Which type of management is necessary to prevent large 
wildfires? Increase in fuel breaks

20.2 0.224 16.8 0.019

3.2.3. Which type of management is necessary to prevent large 
wildfires? Shrub and understory clearing

12.4 0.736 5.5 0.745

3.2.4. Which type of management is necessary to prevent large 
wildfires? Decrease in fuel using prescribed fire

24.5 0.227 10.3 0.414

3.2.5. Which type of management is necessary to prevent large 
wildfires? Decrease in fuel using mechanical methods

8.7 0.940 9.3 0.328

3.2.6. Which type of management is necessary to prevent large 
wildfires? Decrease in fuel using chemical methods

19.4 0.522 18.8 0.029

3.2.7. Which type of management is necessary to prevent large 
wildfires? Promoting agriculture and livestock

15.1 0.530 6.8 0.612

3.2.8. Which type of management is necessary to prevent large 
wildfires? Introducing large herbivores

27.8 0.105 14.3 0.142

3.3.1. Which areas can benefit more depending on the type of 

management? Changing forest composition to increase resistance
to fire

6.9 0.980 6.3 0.642

3.3.2. Which areas can benefit more depending on the type of 
management? Increase in fuel breaks

15.9 0.457 14.5 0.064
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3.3.3. Which areas can benefit more depending on the type of 
management? Shrub and understory clearing

22.7 0.128 2.2 0.981

3.3.4. Which areas can benefit more depending on the type of 
management? Decrease in fuel using prescribed fire

14.0 0.616 5.0 0.752

3.3.5. Which areas can benefit more depending on the type of 
management? Decrease in fuel using mechanical methods

12.5 0.718 2.2 0.980

3.3.6. Which areas can benefit more depending on the type of 
management? Decrease in fuel using chemical methods

11.9 0.768 6.1 0.657

3.3.7. Which areas can benefit more depending on the type of 
management? Promoting agriculture and livestock

15.0 0.514 9.2 0.315

3.3.8. Which areas can benefit more depending on the type of 
management? Introducing large herbivores

7.5 0.970 8.3 0.404

3.4.1. Which ecosystem services can benefit more depending on the 

type of management? Changing forest composition to increase 
resistance to fire

19.5 0.719 12.0 0.433

3.4.2. Which ecosystem services can benefit more depending on the 
type of management? Increase in fuel breaks

18.2 0.806 11.4 0.502

3.4.3. Which ecosystem services can benefit more depending on the 
type of management? Shrub and understory clearing

15.8 0.914 12.1 0.444

3.4.4. Which ecosystem services can benefit more depending on the 
type of management? Decrease in fuel using prescribed fire

30.3 0.175 11.9 0.470

3.4.5. Which ecosystem services can benefit more depending on the 
type of management? Decrease in fuel using mechanical methods

22.4 0.557 8.2 0.782

3.4.6. Which ecosystem services can benefit more depending on the 
type of management? Decrease in fuel using chemical methods

21.1 0.651 13.5 0.352

3.4.7. Which ecosystem services can benefit more depending on the 
type of management? Promoting agriculture and livestock

18.9 0.741 13.2 0.346

3.4.8. Which ecosystem services can benefit more depending on the 
type of management? Introducing large herbivores

17.6 0.852 10.8 0.548

3.5.1. Which ecosystem services can be negatively affected by 

management? Changing forest composition to increase resistance
to fire

17.3 0.857 15.3 0.219

3.5.2. Which ecosystem services can be negatively affected by 
management? Increase in fuel breaks

36.2 0.048 18.0 0.114

3.5.3. Which ecosystem services can be negatively affected by 
management? Shrub and understory clearing

19.4 0.754 13.2 0.366

3.5.4. Which ecosystem services can be negatively affected by 
management? Decrease in fuel using prescribed fire

19.7 0.714 15.4 0.226

3.5.5. Which ecosystem services can be negatively affected by 
management? Decrease in fuel using mechanical methods

20.8 0.659 9.2 0.690

3.5.6. Which ecosystem services can be negatively affected by 
management? Decrease in fuel using chemical methods

16.3 0.888 21.7 0.047

3.5.7. Which ecosystem services can be negatively affected by 
management? Promoting agriculture and livestock

23.8 0.482 8.4 0.765
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3.5.8. Which ecosystem services can be negatively affected by 
management? Introducing large herbivores

23.9 0.473 10.4 0.594

3.6. How would you value the success in preventing large wildfires? 19.5 0.731 12.8 0.379

3.7. How do you value the transboundary collaboration/coordination 
between landscape management and fire prevention organizations?

20.4 0.201 30.1 0.001

3.8. How do you value the transboundary collaboration/coordination 
between fire extinction organizations?

28.1 0.034 17.7 0.023

Table  A11.  Bonferroni  posthoc  analysis  (p-value)  for  the  significant  questions  in  Table  A9.

Significant values are shown in bold.

Question Posthoc (bonferroni) p value

SECTORS

3.5.2 Forest actors & civil protection – Timber and wood 0.09

3.5.2 Local development – Timber and wood 0.18

3.8 Local development – adequate 0.20

3.8 Nature conservation – nonexistent 0.22

STUDY AREAS

3.2.1 Slightly necessary – Gerês-Xurés 0.01

3.2.2 Absolutely necessary – Whole region 0.03

3.2.6 Absolutely unnecessary – Whole region 0.00

3.5.6 I don’t know/not applicable – Whole region 0.01

3.7 I don’t know/not applicable – Whole region 0.01

3.7 Very good – Meseta Ibérica 0.00

3.8 Inadequate – Gerês-Xurés 0.07
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Figure A1. Questionnaire sent to the stakeholders (Portuguese version). Note that 
asterisks denote mandatory questions.
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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Figure A1. (continued)
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