
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
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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)

14



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)

25


