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Appendix A – Supporting material for methods
1. Overview and setup of LANDIS-II FLM 
LANDIS-II FLM simulates temporal and spatial landscape dynamics through a variety of ecological and social processes, such as fire and harvest disturbances, vegetation succession and recovery after disturbance (Scheller et al. 2007). LANDIS-II FLM has been applied worldwide although its application in Euro-Mediterranean ecosystems is scarce (Mairota et al. 2014; Sil et al. 2022; Suárez-Muñoz et al. 2021). Ecological and social processes in LANDIS-II FLM are embedded as software extensions (plug-ins) that operate at individual time-steps and interact through the LANDIS-II core modelling platform during the simulation process in a grid cell environment. Feedbacks between landscape processes and landscape spatial patterns allows continuous spatiotemporal outputs to simulate disturbances and vegetation dynamics. In this work, we applied LANDIS-II FLM by combining three model extensions, namely, the Age-Only succession (AOS), the BFOLDS-FRM, and the Base-Harvest extensions (Figure A1), which were run at 1-year time steps.

[image: ]
Figure A1: Schematic representation of interactions between the Age-Only succession extension and the BFOLDS-FRM and the Base Harvest disturbance extensions within the LANDIS-II Forest Landscape Model platform applied to the Sabor River upper basin.


1.1. Age-only succession extension parameterization
We applied AOS (Scheller and Domingo 2019) by parameterizing: i) initial communities file (species and cohort age classes assigned to each cell grid in the landscape), ii) species life history attributes table, iii) the species probability of establishment table, and iv) by conducting a sensitivity analysis and calibration to assess the performance of AOS in simulating patterns of ecological succession.
i. [bookmark: _Hlk110435155]The initial communities file for the Sabor River upper basin was built based on eight major land cover classes retrieved from COSc - Carta de Ocupação do Solo Conjuntural – 2020 (DGT 2020), the annual Portuguese Land Use/Land Cover spatial database in 2020. Land cover classes represent dominant species, plant communities or land use classes that commonly occur in the study area, including forests of deciduous broadleaved (Quercus pyrenaica), pine (Pinus pinaster), other conifers (Pseudotsuga menziensii), and evergreen broadleaved (Quercus rotundifolia) trees, shrublands (mainly Erica spp.), natural grasslands (Festuca elegans), agroforestry systems (Castanea sativa), and agricultural areas.
ii. The parameterization of vegetation life history and initial age for each of the main species/land cover types in the area was based on a literature review (Table A1.1).


Table A1.1: Life history traits and initial age for the modelled species/land covers in the Sabor River upper basin.
	Land cover
	Species
	Longevity
	Sexual maturity
	Shade tolerance
	Fire tolerance
	Seed dispersal Effective
	Seed dispersal Maximum
	Vegetative reproduction
	Resprout age
Minimum
	Resprout age Maximum 
	Post-fire regeneration
	Initial age

	Deciduous broadleaved forest
	Q. pyrenaica
	300
	15
	3
	4
	14
	200
	0.80
	0
	300
	resprout
	60

	Coniferous forest
	P. pinaster
	200
	15
	2
	3
	270
	900
	0
	0
	0
	serotiny
	35

	Other coniferous forest
	P. menziensii
	500
	12
	2
	5
	100
	244
	0
	0
	0
	none
	40

	Evergreen broadleaved forest
	Q. rotundifolia
	600
	15
	3
	4
	1
	250
	0.80
	6
	600
	resprout
	60

	Agroforestry systems
	C. sativa
	300
	35
	3
	4
	1
	1
	0.80
	10
	300
	resprout
	30

	Shrubland
	Ericaceae spp.
	40
	5
	1
	1
	1
	80
	0.60
	0
	8
	resprout
	10

	Natural grasslands
	F. elegans
	35 or 50
	1
	1
	1
	1
	80
	0.50
	0
	8
	resprout
	10

	Croplands
	-
	50
	1
	1
	5
	1
	1
	0.50
	0
	30
	resprout
	1






Longevity: species maximum age. Units: years. Sources: Quintano et al. (2016) for deciduous broadleaved forests (Quercus pyrenaica); Suarez-Munoz et al. (2021) for coniferous forests (Pinus pinaster) and evergreen broadleaved woodlands (Quercus rotundifolia); Uchytil (1991) for other coniferous forests (Pseudotsuga menziensii); Newton et al. (2013) and Cantarello et al. (2017) for agroforestry areas (Castanea sativa). For modelling purposes, the longevity of shrublands (Ericaceae spp.) and croplands were assumed as 40 and 50 years, respectively, while for natural grasslands, longevity was assumed as 35 years in BAU and FFS fire management strategies, and 50 years in SPFS and FFS+SPFS fire management strategies, the latter with the purpose of simulating the management of these areas to fostering grazing activities.
Sexual maturity: the age at which the species matures sexually. Units: years. Sources: Suarez-Munoz et al. (2021) for deciduous broadleaved forests (Quercus pyrenaica); Soares et al. (2020) for coniferous forests (Pinus pinaster) for coniferous forests (Pinus pinaster); Cantarello et al. (2017) for other coniferous forests (Pseudotsuga menziensii); Suarez-Munoz et al. (2021) for evergreen broadleaved woodlands (Quercus rotundifolia); Newton et al. (2013) and Cantarello et al. (2017) for agroforestry areas (Castanea sativa); Tavsanoglu and Pausas (2018) for shrublands (Ericaceae spp.). For modelling purposes, sexual maturity of natural grasslands and croplands were assumed as 1 year.
Shade tolerance: species tolerance to shade. Units: scale between 1 (lowest tolerance) and 5 (highest tolerance). Sources: Quintano et al. (2016) for deciduous broadleaved forests (Quercus pyrenaica); Soares et al. (2020) for coniferous forests (Pinus pinaster); Cantarello et al. (2017) for other coniferous forests (Pseudotsuga menziensii); de Rigo and Caudullo (2016) for evergreen broadleaved woodlands (Quercus rotundifolia); Newton et al. (2013) and Cantarello et al. (2017) for agroforestry areas (Castanea sativa); Cruz et al. (2003) for shrublands (Ericaceae spp.). For modelling purposes, shade tolerance of natural grasslands and croplands were assumed as 1.
Fire tolerance: species tolerance to fire. Units: scale between 1 (lowest tolerance) and 5 (highest tolerance). Sources: Catry et al (2013) for deciduous broadleaved forests (Quercus pyrenaica), evergreen broadleaved woodlands (Quercus rotundifolia); Conedera et al. 2010 for agroforestry areas (Castanea sativa); Fernandes and Rigolot (2007) for coniferous forests (Pinus pinaster); Uchytil (1991) for other coniferous forests (Pseudotsuga menziensii); Calvo et al. (2002) for shrublands (Ericaceae spp.). For modelling purposes, fire tolerance of natural grasslands and croplands were assumed as 1 and 5, respectively.
Seed dispersal effective and maximum: species effective and maximum distance for dispersing seeds. Units: meters. Sources: Valbuena-Carabana et al. (2005) for deciduous broadleaved forests (Quercus pyrenaica); van Wilgen and Siegfried (1986) for coniferous forests (Pinus pinaster); Uchytil (1991) for other coniferous forests (Pseudotsuga menziensii); Muhamed et al. (2015) and Gomes (2003) for evergreen broadleaved woodlands (Quercus rotundifolia); Vittoz & Engler (2007) for shrublands (Ericaceae spp.). For modelling purposes, seed dispersal of agroforestry areas (Castanea sativa) and croplands were assumed as 1 meter, while for natural grasslands was assumed to range between 1 (minimum) and 80 meters (maximum).
Vegetative reproduction probability: the probability that the species resprouts (vegetation reproduction). Units: scale between 0.0 and 1.0. Sources: Tavsanoglu and Pausas (2018) for deciduous broadleaved forests (Quercus pyrenaica), coniferous forests (Pinus pinaster), evergreen broadleaved woodlands (Quercus rotundifolia), agroforestry areas (Castanea sativa), and shrublands (Ericaceae spp.); FEIS - Fire effect information system (web database) for other coniferous forests (Pseudotsuga menziensii). For modelling purposes, vegetative reproduction probability of natural grasslands (Festuca elegans) and croplands were assumed as 0.5.
Resprout age minimum and maximum: minimum and maximum age required for the species to resprout. Units: years. Sources: Suarez-Munoz et al. (2021) for deciduous broadleaved forests (Quercus pyrenaica); Tavsanoglu and Pausas (2018) for coniferous forests (Pinus pinaster); Cantarello et al. (2017) for other coniferous forests (Pseudotsuga menziensii); Tavsanoglu and Pausas (2018) and Suarez-Munoz et al. (2021) for evergreen broadleaved woodlands (Quercus rotundifolia); Newton et al. (2013) and Cantarello et al. (2017) for agroforestry areas (Castanea sativa); Miller and Miles (1970) for shrublands (Ericaceae spp.); For modelling purposes, resprout age of natural grasslands were assumed as 0 (minimum) and 8 (maximum), and croplands were assumed as 0 (minimum) and 30 (maximum).
Post-fire regeneration: the form of reproduction (regeneration) that the species does after fire events. Units: options available are resprout, serotiny, none (seed). Sources: Tavsanoglu and Pausas (2018) for deciduous broadleaved forests (Quercus pyrenaica), coniferous forests (Pinus pinaster), evergreen broadleaved woodlands (Quercus rotundifolia), agroforestry areas (Castanea sativa), shrublands (Ericaceae spp.) and natural grasslands (Festuca elegans); Uchytil (1991) for other coniferous forests (Pseudotsuga menziensii). For modelling purposes, post-fire regeneration of croplands was assumed as “resprout”.
Initial age: species age at the beginning of the simulation. Units: years. Sources: Sil et al. (2017, 2019) for deciduous broadleaved forests (Quercus pyrenaica), coniferous forests (Pinus pinaster), other coniferous forests (Pseudotsuga menziensii), evergreen broadleaved woodlands (Quercus rotundifolia), agroforestry areas (Castanea sativa) and shrublands (Erica spp.). For modelling purposes, initial age of natural grasslands and croplands were assumed as 10 and 1 years, respectively.

iii. [bookmark: _Hlk110435993]The probability of species/land cover establishment was estimated based on the land cover changes recorded in the Sabor River upper basin between 1995 and 2018 using COS - the official Portuguese Land Use/Land Cover spatial database (DGT 2019) (Table A1.2). The AOS default spatial seed dispersal algorithm (using two negative exponential distributions to compute the dispersal probability of a seed landing at a site) was used in the simulations.






Table A1.2: Land cover surface (in hectares) in 1995 and 2018 based on the Carta de Uso e Ocupação do Solo (COS) (DGT 2019) and the correspondent land cover changes (1995 – 2018) used to estimate the probability of establishment for the modelled species/land cover types in the Sabor River upper basin.

	Land cover
	1995
	2018
	Area change (ha)
	Probability of establishment

	
	Area (ha) 
	Area (ha) 
	
	

	Deciduous broadleaved forest
	3428.3
	3719.3
	290.9
	0.65

	Coniferous forest
	1684.1
	2174.9
	490.9
	0.70

	Other coniferous forest
	2663.4
	2787.6
	124.2
	0.61

	Evergreen broadleaved forest
	261.3
	282.5
	21.2
	0.59

	Agroforestry systems
	857.1
	2173.4
	1316.4
	0.90

	Semi-natural (shrubland and grassland)
	12536.4
	12091
	-445.4
	0.48

	Croplands
	8235.9
	6231.1
	-2004.8
	0.10



iv. We conducted sensitivity analysis and calibration to assess the performance of AOS extension in simulating patterns of ecological succession by running the model in stand-alone mode for 200 years for each of the 15 replicates and comparing the simulated surface area per species/land cover with areas in natural potential vegetation for the study area (Capelo et al. 2007) (Table A1.3)

Table A1.3: Percentage of surface area occupied by each modelled species/land cover based on sensitivity and calibration tests carried out using the Age-Only extension (AOS).
	Land cover
	Species
	Baseline 
(T = 0 years)
	Test 1 
(T = 30yr)
	Test 1 
(T = 200yr)
	Test 2 
(T = 30yr)
	Test 2 
(T = 200yr)

	Deciduous broadleaved forest
	Q. pyrenaica
	10.8%
	12.4%
	68.2%
	14.4%
	80.9%

	Coniferous forest
	P. pinaster
	2.9%
	7.9%
	15.1%
	3.3%
	1.6%

	Other coniferous forest
	P. menziensii
	6.3%
	6.7%
	1.4%
	7.8%
	2.1%

	Evergreen broadleaved forest
	Q. rotundifólia
	0.9%
	0.9%
	2.9%
	1.0%
	2.8%

	Agroforestry systems
	C. sativa
	12.4%
	12.4%
	12.4%
	12.4%
	12.4%

	Shrubland
	Ericaceae spp.
	43.7%
	41.5%
	0.0%
	41.9%
	0.1%

	Natural grasslands
	Festuca elegans
	13.5%
	8.6%
	0.0%
	9.6%
	0.1%

	Croplands
	-
	9.5%
	9.5%
	0.0%
	9.6%
	0.0%



Methods: We parameterized (see Table A1.1) and run the AOS extension in stand-alone mode for 200 years, using 15 replicates, to simulate vegetation ecological succession in the study area. Also, we tested to what extent the variation in input data for the seed dispersal distance (effective and maximum) parameters influences the model results, considering the species Pinus pinaster under two different assumptions, namely Test 1: seed dispersal distances affected by fire, and Test 2: seed dispersal distances in natural regeneration without the effect of fire. Thus, we run the model using as inputs for the seed distance parameters in Pinus pinaster the values ​​estimated by van Wilgen and Siegfried (1986) - effective distance = 270m and maximum distance = 900m (Test 1), and using the values ​​estimated by Fernandes et al. (2016) - effective distance = 15m and maximum distance = 105m (Test 2). Then, we compared the surface area occupied by species/land cover after 200 years simulating natural succession with the cartography of natural potential vegetation for Portugal proposed by Capelo et al. (2007).
Results: After 200 years, the area of deciduous broadleaved species (i.e., Q. pyrenaica) increased considerably in both tests and would dominate the area (Table A1.3). During this period, the surface occupied by ​​evergreen broadleaved species (i.e., Q. rotundifolia) also increased (Table A1.3). On the other hand, the area occupied by Other Conifers (i.e., P. menziensii) decreased, as well as the area occupied by shrubland and grasslands, which showed a substantially decrease in both tests (Table A1.3). The area occupied by coniferous species (i.e., Pinus pinaster) differed substantially between the two tests. In Test 1, after 200 years, the area of Pinus pinaster increased moderately, representing approximately 15% of the vegetation cover in the study area, while in Test 2 the area occupied by this species showed a slight increase, but representing approximately only 2% of the vegetation cover in the study area (Table A1.3). As expected, the area occupied by agroforestry plantations (i.e., C. sativa) remained unchanged in both tests, while croplands tend to disappear.
Discussion: Overall, our results are in line with the general cartography proposed by Capelo et al. (2007) for the potential natural vegetation in the Northeast region of Portugal (where the Sabor River upper basin is located), which predicts a general dominance of the area by deciduous broadleaved species (i.e., Q. pyrenaica). Despite climate is not considered in our simulations, something that is fundamental in the construction of the cartography proposed by Capelo et al. (2007), the results obtained suggest that the parameterization of the AOS extension can simulate the ecological succession in the study area satisfactorily.
Also, the results showed that the inputs for the seed dispersion distance parameters have a major effect on the model results. Therefore, when we used longer dispersal distances, representative of fire-induced seed dispersion (Test 1), P. pinaster is clearly favoured, maintaining a relatively high representation in the study area. On the contrary, when we used smaller dispersion distances, representative of P. pinaster natural regeneration (Test 2), their occupancy drops considerably. The implications of choosing the different seed dispersal distances applied to the 30-year period (for which we performed the simulations with LANDIS-II) are that, in Test 1, the potential replacement of grasslands and shrubland areas tends to be shared between deciduous broadleaved species (Q. pyrenaica) and coniferous species (P.pinaster), while in Test 2, the deciduous broadleaved species (Q. pyrenaica) tends to easily colonize these semi-natural areas. Based on these results, and not disregarding the effect of fire on seed dispersal in species with serotonin cones, i.e., the capacity to retain seeds in cones in the canopy and delay its release until a heat shock (e.g.: fire) occurs (Hernandez-Serrano et al. 2013, Lamont et al. 1991), such as Pinus pinaster, we opted to apply a large dispersion distance (i.e., Test 1 values), since these would better represent the interactions between vegetation and fire in the area.
Moreover, the area of agroforestry systems remained practically unchanged in the future. This is because we assumed that human activity (i.e., planting) controls the potential changes in their surface area, and thereby we assigned very small dispersion distances to C. sativa (1 meter). This assumption accounts for the potential effect of future climate change and diseases affecting C. sativa (Freitas et al. 2021, 2022) that may hinder the natural dispersion of the species in the landscape. Nevertheless, our aim was to model their dynamics using the Base Harvest extension, specifically by increasing the area of agroforestry plantations over time (i.e., over the 30 years of simulation between 2020 and 2050), assuming that in the future chestnut production will continue to be an important economic activity in the region.

1.2. BFOLDS-FRM extension parameterization
BFOLDS-FRM extension is a spatially explicit process-based model that simulates fire ignition, growth and extinguishment at hourly time steps based on daily ignitions and weather conditions, fuel type and terrain conditions as well as user-defined assumptions to derive spatial and temporal patterns of fire regime indicators (Ouellette et al. 2020; Perera et al. 2014). BFODLS-FRM application involved the preparation of several inputs, as shown in Table A1.4.

Table A1.4: BFOLDS-FRM inputs and data used in model parameterization for the Sabor River upper basin.
	Model input
	Data 
	Grid cell size
	Source

	Initial communities map
	COS 2020 land Cover map 
	10 m
	DGT (2020)

	Aspect
Slope
Latitude
Longitude
	DEM - Digital elevation model 
	25m (resampled to 10 m)
	Gonçalves and Morgado (2008)

	Daily fire weather data: Canadian Forest Fire Weather Index (FWI) System codes (BUI, DMC, FFMC) and wind speed and direction at 10-m height
	Daily mean values of temperature and wind speed and direction measured at 10-meters height, daily minimum relative humidity and cumulative daily precipitation. 
	Point data from a 9 x 9 km grid cell
	Data made available from the FirESmart project (PCIF/MOG/0083/2017) for four climate models: CNRM, ICHEC, IPSL and MPI under RCP 4.5 and 8.5 climate scenarios based on the EURO-CORDEX project (Jacob 2020)

FWI codes were computed with the cffdrs package (R CoreTeam 2020) and two supplementary software applications companion of BFOLDS-FRM (Ouellette et al. 2020; Perera et al. 2014)

	Daily fire ignitions
	Historical number of fires per day 
	-
	Portuguese fire database (ICNF 2021)

	Ignition probability surface
	Historical fire locations (ignition data points)
	10 m
	Modelled based on Kernel Density methods (Fotheringham et al. 2000) using data from the Portuguese fire database (ICNF 2021)




[bookmark: _Hlk105601095]Model parameters (Table A1.5) were adopted from a previous model evaluation study for the Sabor River upper basin (Sil et al. 2022), wherein model sensitivity was tested against different assumptions in input data quality and model calibration and validation were carried out by adjusting model parameters to accurately emulate key fire regime attributes. A combination of standard and custom fuel types from the Canadian Fire Behaviour Prediction System (Forestry Canada Fire Danger Group 1992) were assigned to each of the eight major land cover classes retrieved from COSc (DGT 2020) for the Sabor River upper basin in 2020: M2 – 75% hardwood (Deciduous broadleaved forest), C6 (conifer forest), C7 (other conifer forests), D2 (evergreen broadleaved woodland), O1a custom (shrublands), O1b custom (grasslands and agroforestry systems), and S1 custom (agriculture). In addition, fuel type dynamics were modelled based on the site age of each grid cell (time since last disturbance) to determine the fuel type to assign to each burnable land cover class over time (Table A1.6). In the BAU and SPFS fire management strategies, canopy base height (CBH) was set to 0 m in M2 – 75% hardwood fuel and 3 m in C6 and C7 fuel types. In the FFS and FFS+SPFS strategies, to mimic pruning operations, we set CBH to 4 m in M2 – 25% conifer fuel type and 7 m in C6 and C7 fuel types. Fuel load of the O1b custom fuel type was set to 0.3 kg/m2 in the BAU and FFS strategies and to 0.18 kg/m2 in the SPFS and FFS+SPFS strategies to mimic fuel reduction by grazing and mechanical operations (Table A1.6).

Table A1.5: BFOLDS-FRM settings for the Sabor River upper basin adopted from (Sil et al. 2022), except for the fire intensity threshold (kW/m) parameter, which was calibrated based on works of Van Wagner (1973) and Hirsch and Martell (1996) to simulate the threshold for tree injury by fire and the limit for direct fire control by firefighting crews using hand tools, respectively.
	BFOLDS-FRM parameter
	Description
	Value

	Age burnable (years)
	Determines when there is valid fuel to burn based on the site age. No fire will occur at that site until the site age is greater than the value defined in the parameter.
	10

	Ignition DMC threshold
	Determines whether a fire ignition is successfully placed in the landscape or fails based on the daily duff moisture code (DMC) value.
	5

	Spread DMC threshold (adjustment in %)
	Determines whether the fire should keep spreading or becomes extinct based on the daily duff moisture code (DMC) value.
	44 (0.2)

	Smoulder interval (hours)
	Determines the period of time before the fire spread from the current site attempts to spread again if it was smouldering.
	23

	[bookmark: _Hlk88238283]Fire intensity threshold (kW/m)
	Defines the fire intensity threshold from which all cohorts in a site are killed and the fire is considered a replacement fire.
	500








Table A1.6: Correspondence between land cover classes and the Canadian Fire Behaviour Prediction System fuel types for the Sabor River upper basin, showing site age, fuel crown base height and fuel load for each fire management strategy (BAU – Business-as-usual; FFS – Forest-oriented fire-smart management; SPFS – Silvopasture-oriented fire-smart management; FFS+SPFS – combined Forest- and Silvopasture-oriented fire-smart management). n.a.: not applicable.
	[bookmark: OLE_LINK1]Land cover class
	Site age (yr)
	Fuel type
	Canopy base height (m)
	Fuel load (kg/m2)

	
	
	
	BAU and SPFS
	FFS and FFS+SPFS
	BS and FFS
	SPFS and FFS+SPFS

	
	
	
	
	
	Spring
	Summer
	Fall
	Spring
	Summer
	Fall

	Deciduous broadleaved forest
	<15
	O1a custom
	n.a.
	n.a.
	0.25
	0.50
	0.62
	0.25
	0.50
	0.62

	
	>15
	M2 – 75% hardwood
	0
	4
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.

	Coniferous forest
	<10
	O1a custom
	n.a.
	n.a.
	0.25
	0.50
	0.62
	0.25
	0.50
	0.62

	
	>10
	C6
	3
	7
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.

	Other coniferous forest
	<10
	O1a custom
	n.a.
	n.a.
	0.25
	0.50
	0.62
	0.25
	0.50
	0.62

	
	>10
	C7
	3
	7
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.

	Evergreen broadleaved woodland
	>0
	D2
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.

	Shrublands
	>0
	O1a custom
	n.a.
	n.a.
	0.25
	0.50
	0.62
	0.25
	0.50
	0.62

	Natural grasslands
	>0
	O1b custom
	n.a.
	n.a.
	0.30
	0.30
	0.30
	0.18
	0.18
	0.18

	Agroforestry systems
	>0
	O1b custom
	n.a.
	n.a.
	0.30
	0.30
	0.30
	0.18
	0.18
	0.18

	Cropland
	>0
	S1 custom
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.
	n.a.









1.3. Base Harvest extension parameterization
BH extension simulates landscape disturbance driven by vegetation-management activities combining spatial, temporal and cohort removal components (Gustafson et al. 2000). Management activities are based on user-defined criteria that indicate how stands in a defined management area are selected and what happens after stand selection, and when, to what extent, and for how long a harvest prescription is applied (Scheller et al. 2019).
We applied BH to simulate potential land cover transitions driven by farmland abandonment and conversion, and fire management strategies (Table A1.7). The simulation of potential agricultural areas abandoned or converted to agroforestry was implemented across all fire management strategies for a period of 30 years (2020 - 2050), every 2 years in the case of conversion to semi-natural areas, and 5 years in the case of conversion to agroforestry (Table A1.7). The potential agricultural abandonment areas were selected based on land marginal areas (i.e., areas that are 600 m or more away from rural and urban areas) located on land with moderate to steeper slopes (>10%) and >500-m elevation. The conversion of agriculture to agroforestry areas was based on the selection of agricultural areas located on gentle slopes (<10 %) and between 600- and 900-m elevation.
In the FFS strategy, four potential management areas were added:
1) Conversion of forests (coniferous and deciduous broadleaved forests) to holm oak woodlands in northwest, east and west-facing moderate to steeper slopes (>10%), and 500 m away from pre-existing holm oak woodlands, implemented every year for a period of ten years (2020 – 2030); 
2) conversion of shrublands to holm oak woodlands near water streams (100 m) in northwest, east and west-facing and moderate to steeper slopes (>10%), implemented every year for a period of ten years (2020 – 2030); 
3) management of stand density in potentially hazardous fuels (coniferous and deciduous broadleaved forests) by trees removal in south-facing (90º - 270º) steeper slopes (>30%), followed by vegetation removal mimicking fuels reduction by prescribed burning implemented every 5 years, for a period of 30 years (2020 – 2050); and
4) removal of potentially hazardous shrubland fuels near coniferous and deciduous broadleaved forest stands (100m) in south-facing (90º - 270º) steeper slopes (>30%), followed by vegetation removal mimicking fuel reduction by prescribed burning implemented every 5 years for a period of 30 years (2020 – 2050). 
Regarding the SPFS strategy, one management area was added to simulate the conversion of shrublands to managed grasslands (i.e., with low fuel load) near coniferous and deciduous broadleaved forest stands (100m) in south-facing (90º - 270º) steeper slopes (>30%), implemented every 2 years for a period of 30 years (2020 – 2050). In the FFS+SPFS strategy, we combined the measures described previously for FFS and SPFS strategies.









Table A1.7: Base Harvest settings used in each fire management strategy (FMS) in the Sabor River upper basin. BAU – Business-as-usual; FFS – Forest-oriented fire-smart management; SPFS – Silvopasture-oriented fire-smart management; FFS+SPFS – combined Forest- and Silvopasture-oriented fire-smart management. Mgmt. = Management area; MTSLH = Minimum Time Since Last Harvest; n.a.: not applicable.
	FMS
	Potential Mgmt. (ha)
	Harvest prescription
	Harvest implementation
	

	
	
	Name
	Stand qualification
	Stand ranking
	Site selection
	Area harvest
	Cohort removal
	Plant
	Harvest area (%/yr time step)
	Begin
	End

	
	
	
	
	
	
	% area/yr
	Patch size (ha)
	
	
	
	
	

	BAU
	266.12
	Agriculture abandonment
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	1
	Clear cut
	Grassland
	20
	2020
	2050

	BAU
	266.12
	Agriculture abandonment
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	1
	Clear cut
	Shrubland
	20
	2020
	2050

	BAU
	1173.96
	Agriculture conversion
	MTSLH = 5 yr
	Random
	Patch cutting
	10
	5
	Clear cut
	Sweet chestnut
	10
	2020
	2050

	FFS
	266.12
	Agriculture abandonment
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	1
	Clear cut
	Grassland
	20
	2020
	2050

	FFS
	266.12
	Agriculture abandonment
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	1
	Clear cut
	Shrubland
	20
	2020
	2050

	FFS
	1173.96
	Agriculture conversion
	MTSLH = 5 yr
	Random
	Patch cutting
	10
	5
	Clear cut
	Sweet chestnut
	10
	2020
	2050

	FFS
	312.41
	Forest conversion to woodlands
	n.a.
	Random
	Patch cutting
	10
	5
	Clear cut
	Holm Oak
	10
	2020
	2030

	FFS
	1129.87
	Shrubland conversion to woodlands
	n.a.
	Random
	Patch cutting
	10
	5
	Clear cut
	Holm Oak
	10
	2020
	2030

	FFS
	187.25
	Density reduction in forest stands
	MTSLH = 5 yr
	Random
	Complete
	n.a.
	n.a.
	Clear cut
	n.a.
	100
	2020
	2050

	FFS
	194.45
	Density reduction in shrublands
	MTSLH = 5 yr
	Random
	Complete
	n.a.
	n.a.
	Clear cut
	n.a.
	100
	2020
	2050

	SPFS
	266.12
	Agriculture abandonment
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	1
	Clear cut
	Grassland
	20
	2020
	2050

	SPFS
	1173.96
	Agriculture conversion to agroforestry
	MTSLH = 5 yr
	Random
	Patch cutting
	10
	5
	Clear cut
	Sweet chestnut
	10
	2020
	2050

	SPFS
	260.38
	Shrubland conversion to grasslands
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	5
	Clear cut
	Grassland
	20
	2020
	2050

	FFS+SPFS
	266.12
	Agriculture abandonment
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	1
	Clear cut
	Grassland
	20
	2020
	2050

	FFS+SPFS
	1173.96
	Agriculture conversion
	MTSLH = 5 yr
	Random
	Patch cutting
	10
	5
	Clear cut
	Sweet chestnut
	10
	2020
	2050

	FFS+SPFS
	312.41
	Forest conversion to woodlands
	n.a.
	Random
	Patch cutting
	10
	5
	Clear cut
	Holm Oak
	10
	2020
	2030

	FFS+SPFS
	187.25
	Density reduction in forest stands
	MTSLH = 5 yr
	Random
	Complete
	n.a.
	n.a.
	Clear cut
	n.a.
	100
	2020
	2050

	FFS+SPFS
	1063.94
	Shrubland conversion to woodlands
	n.a.
	Random
	Patch cutting
	10
	5
	Clear cut
	Holm Oak
	10
	2020
	2030

	FFS+SPFS
	194.45
	Shrubland conversion to grasslands
	n.a.
	Random
	Patch cutting
	20
	5
	Clear cut
	Grassland
	20
	2020
	2050

	FFS+SPFS
	194.45
	Density reduction in shrublands
	MTSLH = 5 yr
	Random
	Complete
	n.a.
	n.a.
	Species list: Shrubland
	n.a.
	100
	2020
	2050

	FFS+SPFS
	65.93
	Shrubland conversion to grasslands
	MTSLH = 2 yr
	Random
	Patch cutting
	20
	5
	Clear cut
	Grassland
	20
	2020
	2050






2. Sample size study description
We conducted a sample size study based on Ritter et al. (2011) to define the number of LANDIS-II FLM simulation runs in our work. To do so, we run the model (n = 30) between 2020 and 2050 and recorded the burned area in each run. Then, we randomly selected model runs to test the effect of the number of runs (i.e., n = 1, n = 2, ... n = 30) on the cumulative standard error of the mean (SEM) and the change in the cumulative standard error of the mean. We used SEM stabilization as the indicator for the minimum number of runs we need to perform with the model so that we account for model variability. This means that although we perform an additional number of runs, the model variability remains small or negligible (Figure A2).
[image: ]
Figure A2: Determination of the number of model simulation runs based on procedures described in Ritter et al. (2011): a) Cumulative standard error of the mean (SEM) of total burned area for 30 runs with LANDIS-II Forest Landscape Model; b) Change (%) in the cumulative standard error of the mean (SEM) across the 30 runs of the model.
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