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Executive Summary

Deliverable 3.1 (WP3) outlines the methodology and key findings from wildfire simulations
developed within the REWILIFIRE project. The goal is to assess the potential of rewilding
strategies (afforestation and proforestation) in Alpine environments, edrikdering for tradeffs

with increasing wildfire risk. This work adapts and extends the REMAINS landscape model (pixel
based, 30 x 30 m; see Deliverable 1.1), using time since abandonment (TSA) as a proxy for both age
and fuel load dynamics.

The study focused on four representative landscapes of Italian Alpine ecoregions ~&&cRm
parameterize@long gradients of flammability and lainde abandonment. Fire data were derived
from a national wildfire perimeter dataset (202@24), used to calibrate annual burned area (BA)
and firesize distributions. To incorporate future climate impacts, thevetalble projects expected
BA distributions for 20262100 by linking observed BA to seasonal Fire Weather Index (FWI;
Copernicus/CEMS) metrics through ridge regression, considering landscape effects. Tioageorst
climatic scenario (i.e., HadGEM RCP8.5)suased to parameterize fire.

The fire module integrates: (i) spatial fingek maps (hazard x damage), (ii) sestochastic fire
spread with rates dependent on slope and susceptibility, (iii) three suppression/prevention
mechanisms (fuel suppression, agrosaic, and firebreaks (thettier introduced as a novel
component), and (iv) po$ire effects including land over transitions and
through ageclass reduction.

Four policy scenarios were compared: Business as Usual (BAU), Strict Rewilding with enhanced
Suppression (StR_S), Ffmart Rewilding with Direct Prevention (FSR_DP), and fSneart
Rewilding with Direct and Indirect Prevention (FSR_DIP).

BAU generally resulted in the highest total burned area, while FSR_DIP and FSR_DP produced the
lowest BA, particularly in the most figprone landscape. FSR_DIP also maintained lower forest ages,
due to the combined effects of agrmsaic and preventionnud e r s ¢ o r i-snrga rt théeff. tirf d d €
This approach reduces wildfire risk but may limit extensive forest ageing and proforestation.
Multivariate analyses suggest that recurrent fires can rejuvenate landscapes over time, lowering mean
forest age and potaally hindering carbon stock accumulation.

In conclusion, the deliverable suggests thatgireart strategied targeting lowethazard areas for
rewilding and integrating firebreaks with agmmsaic managemerd are most effective in
preserving the climate benefits of rewilding under rising widfisk. However, it also acknowledges

the model 6s sensitivity and I imitations in tt
model.
Keywords

Fire risk, Rewilding, Modelling, Fire prevention
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Acronyms

BA: Burned Area (or Burnt Area)

BA_TOT: Total Burned Area

BAU: Business as Usual

CDR: Carbon Dioxide Removal

FSR_DP: Fire Smart Rewilding and Direct Prevention
FSR_DIP: Fire Smart Rewilding and Direct and Indirect Prevention
LCC: Land Cover Change

LCT: Land Cover Type

PCA: Principal Component Analysis

SR: Spread Rate (fire spreeate parameter)

StR_S: Strict Rewilding and Suppression

TSA: Time Since Abandonment
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Definitions

1 Firerisk: theexpected impaatf a wildfire at cell level, defined &Sre Risk = FireHazardx
Potential Damage

1 Fire hazard: thelikelihood and potential intensityf fire spread, computed as the product of
ignition probability x a slope@erived topographic multiplier x fire susceptibility

1 Fire danger. the likelihood that a fire occurs in a given period as a consequence of
predisposing fire weather, i.e. dry and windy conditions.

1 Potential damage theexpected damage if a fire occuatscell level (paired with fir@azard
in the risk formulation).

1 Fire susceptibility: the effective flammabilityafter accounting for (iL.CT age effectsand
(i) managemenin the deliverable it is summarised as:

0 aging LCTs (except broadleaflammability x linear multiplier (1.4) per age class
o broadleaf aging LCTdlammability x exponential multiplier per age class
o0 managed LCT&E | ammabi |l ity 1 0.3

1 Wildfire event: each fire starts from single ignition cellchosen probabilistically from the
fire-risk layer; by definition, ignitions occur only fammable LCTsandoutside firebreaks
spreaduses&@inei ghbour (ruewrtkeB0&39 Mg s e )

1 Spread Rate(SR). a celllevel parameter expressing tredative potential for propagation
from a burning cell to a neighbour; SR is defined lisemr combination of slope effects and
fire susceptibility

1 Fire suppression mechanismssuppression is modelled with three dellel mechanisnis
Fuel suppressigrMosaic suppressiorrirebreak suppressiénandfirebreak suppressiois
explicitly presented as annovationadded for REWILDFIRE.

1 Fuel suppressiona cell is suppressed wh&R < fuel.th SR below the threshold represents
low-intensity behaviouthat can be controlled by firefighting.

1 Mosaic suppressionsuppression occurs when the fire front encounters sufficient agricultural
continuity, expressed as a minimum number of consecutive crop roelésaic.th set to2 in
all scenarios).

1 Firebreak suppression cells designated disebreaksstop spread; it hgsiority over mosaic
and fuel suppression (and mosaic has priority over fuel).

1 Rewilding: anintentional i.e., plannedpassive management stratdggving vegetation to
two maindynamics (i) afforestation: the dynamic of transition from crop and pasture to
forests; (ii) the stop of forest management activities leading to forest @mofgrestation)

In REWILDFIRE, rewilding areamcrease in age byne year per simulation yeéaniitary
aging ) .

1 No management differs from rewilding because it i$ot intentional even though it also
undergoesinitary aging

9 Strict rewilding : rewilding allocation strategy prioritising areas in a sequence of pools
(protected/unprotected; unmanaged/managed), with expansion via buffers from protected
areas if needed.

1 Fire-smart rewilding: same as strict rewilding, plus the rule thawilding established in
previously managed areasi t hi n Pr o Rwend ganmbt bA plaeeal on pixals whose
unmanaged flammability exceeds 0.7
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1. Introduction

Work Package 3 (WP3) of the REWILBIRE project focuses on simulating fires and carbon
dynamics, under different management and climate scenarios, with REMAINS landscape model.
Within Task 3.1, the model was parameterized to assessdffsdeetween firgisk and rewilding
strategies across multiple policy scenarios. Landscape dynamics were simulated over 80 years across
4 representative landscapes, each corresponding to distinct Alpine ecoregions.

1.1 Introduction to REMAINS

Achieving netzero greenhouse gas emissions requires effective carbon dioxide removal (CDR)
strategies. In the Alpine region, rewilding through natural afforestation and proforestation is a
promising approach to enhance carbon sinks. However, theseisgateght also increase wildfire
risks, which could lead to carbon losses. The REWRIRE project developed a modified version

of the REMAINS model (Duane et al., 2016; Pais et, al. 2023) to assess theftsautween forest
growth and wildfire risks mder different landise scenarios driven by integrated policies and climate
change. Since REMAINS is a procdsssed model suited for simulating rewilding and fire
management policies, and is implemented in the R programming language, it was seleded for u
within the REWILD-FIRE project. With the agreement of the original developer, the source code was
modified and adapted to meet the specific objectives of the project.

REMAINS is a landscape model which simultaneously simulates land cover changes, fire, and
landscape management strategies, including fire management approaches. The model is composec
by three modules: fire module, vegetation dynamics module, and landarsgeanodule (Figure 1).

The model is pixel based (30x30m grid) and each pixel is associated with a land cover type, and a
time since change value (or O6aged), where cha
Time since change is assumed ggaxy for biomass content and, consequently, for carbon stock.

All simulated processes and management affect both land cover type and on the time since change,
albeit in different ways.

To implement the REWILEFIRE hypotheses, experiment design and project goals, several
innovations were introduced into the functioning of REMAINS. These modifications enable the
simulation of the processes and strategies required to address the resestainsjwof the
REWILDFIRE project. The introduced innovations are detailed in the following sections of this
report.

REWILEFIRE Deliverable 3.1



Land-use change module

Rural abandonment
Plantations (economic and fire-smart)
Agriculture intensification

Figure 1. REMAINS model structure.

1.2 Fire process simulation functioning

In the REMAINS modelling framework, wildfire dynamics are simulated within the fire module (Fig.

1), through a spatially explicit, seratochastic model operating at annual time steps, as built by
Duane et al. (2016). Fire dynamics are simulated in the REMAINSsuld e | s 6wi | df i
of i re. ri s k-thodel reduiatesfthe spsetid andusizeiresf while the second locates fire
ignition points. Within the REWILDFIRE project, we modified or expanded these two functions to
addr ess s p egoalsfas it willpbe dejaited ih hesnext section. Along with the functions
editing, we also did a different data calibration and introduced the simulation of landscape and fire
management strategies. These include forest and agropastoral managemeimgrediiect fire
prevention through the establishment of firebreaks, and indirect fire prevention through the extension
of the agricultural mosaic. The implementation of these innovative strategies within REMAINS wiill
also be described in the followingcsiens. Before introducing the functioning of fire risk and wildfire
models, it is worth describing the fire input data needed to run the simulations.

2. Methods

2.1Study areas

We implemented REMAINS across four different landscapes (Figure 2) covering the Italian alpine
region. Each landscape represents a different ecoregion (Figure 2), and so a differeetclogelal
context. In addition, the landscapes represent gradi¢ritsmmability and land use abandonment,
increasing from east to west (Table 1), while precipitation and humidity increase in the opposite
direction.
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Legend

Ecoregions
) Landscapes

Figure2. Alpine Ecoregions and Landscapesed for the REWILEFIRE project.
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Tablel. Landscapes features. The meaning of each vaimblglained irtext.

Variable Type Variable Unit 1A1b 1A2a 1A2b 1A2c
Total land Landscape ha 4514 41855 43418 44642
surface
Land cover type barren ha 160.92 111.15 664.11 133.02
broadleaf ha 29348.55 34036.74 30060.18 15737.04
conifer ha 3958.02 836.1 6284.97 15946.74
crop ha 386.46 1502.28 321.21 859.68
pasture ha 3905.82 2338.65 3003.39 3771.72
shrub ha 3346.92 1261.8 1351.35 3624.12
sparse ha 134.28 7.11 398.79 2587.95
urban ha 3707.82 1645.02 1160.19 1258.74
water ha 195.12 116.55 174.06 722.52
Land cover type barren % 0.36 0.27 1.53 0.30
broadleaf % 65.01 81.32 69.23 35.25
conifer % 8.77 2.00 14.48 35.72
crop % 0.86 3.59 0.74 1.93
pasture % 8.65 5.59 6.92 8.45
shrub % 7.41 3.01 3.11 8.12
sparse % 0.30 0.02 0.92 5.80
urban % 8.21 3.93 2.67 2.82
water % 0.43 0.28 0.40 1.62
Burnable land ha 40945.77 39975.57 41021.1 39939.3
% 90.70 95.51 94.48 89.47
Firebreaks ha 819 800 820 799
Protected area ha 9189.81 4532.49 4302.18 8485.56
% 20.36 10.83 9.91 19.01
Initial management forest 30% ha 9991.89 10461.78 10903.5 9505.08
forest 40% ha 13322.61 13949.1 14538.06 12673.44
pasture_20% ha 781.11 467.73 600.66 754.29
crop_100% ha 386.46 1502.28 321.21 859.68
Initial management in  forest 30%  ha 837 763.2 1187.82 898.92
protected areas
forest 40% ha 1100.61 976.95 1594.08 1226.7
pasture_20% ha 298.8 42.84 103.5 119.07
crop_100% ha 28.08 17.19 4.5 36.36
Rewilding rw ha 4069.35 3393.9 2526.48 4166.73
rwm ha 0 454.14 1583.37 0
rwu ha 0 0 0 0
Rewilding fire smart fs_rw ha 4069.35 3393.9 2526.48 4166.73
fs_rwm ha 0 454.14 1450.98 0
fs_rwu ha 0 0 132.39 0
9
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2.2 Fire Input Data

Fire input data were derived from an Italian national dataset containing all wildfire perimeters
recorded by local authorities between 2007 and 2024 (Moris et al., 2024). The landscapes were chosen
to represent a gradient of fire activity (Figure 3; Figirdable 2).

Fire size distribution by landscape

10000.0000 4
1000.0000 4
100.0000 1
10.0000 4
1.0000 4
0.10004 Q

0.01004

Fire size (ha)

0.00104

0.0001 4

B latb B 1a2a IB_1a2b 1B fa2e
Landscape

Figure3. Fire size distribution (in hectares, log scale) derivech the Italian national dataset
(20072024), considering fires occurring within each landscape or within a 5 km buffer around it.

Histogram of fire sizes
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Figure4. Number of fire events per size cldksy scale).
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Table?2. Fire characteristics of the landscapes during PR0Z4.

Landscape n fires min ha median ha mean ha max ha sd ha

lalb 297 5.7E04 1.14 22.66 2181.22 143.91
la2a 64 6.0E03 0.43 4.71 66.47 13.14
1la2b 252 1.8604 0.20 5.67 376.68  28.99
la2c 134 3.2E04 0.20 8.40 211.18 28.86

2.1.1.Burnt area and Fire sizdistributions.

Burnt area distribution quantifies the frequency of occurrence of a given total yearly burned area
across the calibration period (20R@24) for each landscape. The frequency interval of the yearly
burnt area was set as 100 ha ye&ire size distribution, on the other hand, represents the frequency
of individual fire events, with a frequency interval of 10 ha ye&pollowing the approach of Duane

et al. (2016), burnt area distribution was calibrated at the landscape (study area) level, while fire size
distribution was calibrated at the ecoregion level to better capture the characteristics of the fire regime.
Since the fire size distribution also included the largest fires within each ecoregion, we intentionally
selected landscapes located in the mosf{ione areas of each ecoregion, based on the historical fire
locations documented in the national dataset ZPA. Further enhancement of burnt area
distribution was achieved by incorporating the potential impacts from climate change (see chapter
2.1.2).

2.1.2.Generateddture burned area distributions for REMAINS landscapes

Fire Weather Index (FWI) is a widely used indicator of meteorological fire danger (Shmuel et al.
2025). A key practical question is whether changes in FWI translate into comparable changes in
burned area (BA) at regional scale (for example, Di Nunno aaddga, 2025). Such question should

be addressed by keeping in mind that climate change can alter not only average conditions, but also
the frequency and intensity of extreme fire weather (Seneviratne et al. 2021), which are often the
major responsible foyearly burned area at landscape and regional level. Our analysis first links
observed gridded FWI data to annual burned area in the four landscapes. We thdrWise
projections from climate models to simulate future BA distributions under two emissiemari®s
(RCP4.5 and RCP8.5) and two global climate models (HadGESI2nd CNRMCM5). The BA
distributions are incorporated in the REWHHEIRE modelling framework to inform the REMAINS
simulator of expected burned area in the simulation period £2028).While FWI provides a useful
indicator, it can be weak predictor of BA because it captures only the meteorological component of
fire danger. BA is also influences by factors such as ignitions, fuel continuity and availability,
suppression capacity and resge time, topographic constraints, and stronglimearities (e.g.,
thresholds, saturation, and years with severe fire weather but few ignitions or rapid containment).
Many of these drivers are regional landscapepecific. Moreover, aggregating F\\ seasonal or
annual means can smooth out the sheed extremes that often dominate fire initiation and growth.

To address these limitations, we aligned FWI predictors to the relevant fire season (October to
March), derived seasonal metrics capturinthkeverage conditions and extremes (peaks and upper
guantiles), included landscape fixed effects to account for persistent site differences, and applied ridge
regression to stabilize estimates under collinearity and weak signal. Finally, rather thamg epéyt

11
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mean BA, we parameterized the full forecast distribution for 22@64, enabling support Monte
Carlo sampling and explicitly represent variability and uncertainty.

This work is carried out in the following steps:

A Extract historical monthly FWI maps over each landscape and derive seasonal aggregated
FWI predictors aligned with the fire season in Northern Italy (JarMamnch and October
December).

A Quantify changes in mean level and variability of FWI mean and extreme metrics between
historical and future periods.

A Calibrate an empirical BA model using observed historical aggregated FWI @270 and
observed BA (20072024, overlapping years used), using landscape as a random factor.

A Apply the calibrated model to future monthly FWI projections to obtain annual BA
simulations and compare BA distributions across periods.

F WI dat a was sChnate ¢ndicghtor$ forduoropé from 1940 to 2100 derived from
reanalysis and climate projectiodglatasetprovided by the Copernicus Emergency Management
Service (CEMS; last updated January 2025). The dataset includes FWI from a histeanedl/ sés

(1979 to 2021), based on the ERAS5 reanalysis and produced for the Global ECMWF Fire Forecasting
(GEFF) modebnd EFFIS, as well as projections from thiee danger indicators for Europe from

1970 to 2098i v e r s i o AccordingOt@ the data provider, simulations have daily temporal
resolution and 0.1° spatial resolution, coveriR@P4.5 and RCP8.5scenarios. We selected
simulations fromHadGEM-ES (UK) and CNRM-CM5 (France) to capture variability between
climate models. herein this study, daily data were providedaahly aggregates at 0.25by the
Copernicus. Aias-correction procedureadjusted the mean and variance of simulated FWI to match
the reanalysis over the 198010 reference period, ensuring statisticabstency between observed

and simulated FWI, a key reason for choosing this dataset despite its coarser spatial and temporal
resolution. Overall, 16 simulated scenarios were available (4 landscapes x 2 GCMs x 2 climate
scenarios).

Landscape polygons were read from a shapefile, with the landscape identifier taken from the attribute
'layer'. For each NetCDF file, grickll values intersecting each polygon were extractedaaeat
averaged FWI was aggregated to an annual ‘Bre as on r el e v aonth® Januay u e ,
March and October-December(, corresponding to the same solar year as the burned area data.
From these, we derived seasonal predictors:

1 fwi_mean_6mo: mean of monthiyean FWI over the 6 fireeason months
1 fwi_mean_peak: maximum monthigean FWI in the season
1 fwi_max_peak: maximum of monthijmaximum FWI in the season.

Temporal trends in FWI were estimated separately for each landscape and for each scenario x GCM
using ordinary leassquares regression of each annual metric against year. Changes in mean and
variability (SD, IQR, and CV) were summarized for the historieahalysis period (1972021) and

two future windows (2022064 and 20652083). Observed BA (in ha) were aggregated from
monthly to annual totals per landscape. The response variablegd8¢x) +1transformed to reduce
heteroscedasticity and stabilizariance. We fitted adge regression(glmnet) using the three FWI
predictors (fwi_mean_peak, fwi_mean_6mo, fwi_max_peak) and landscape fixed effects, with
regularization strength selected via crealidation. Predictions were batiansformed to hectares.

12
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The calibrated model was then applied to projected FWI predictors for each landscape, scenario and
GCM. To represent thdull range of plausible annual burned area (Bfgy 2025 2064, we
parameterised the predicted annual BA distribution separately for each landscape x scenario x GCM
combination (n = 40 years). A twmart (hurdle) structure was considered: (i) the probability of a
zeroBA year (p_zero), and (ii) a contious distribution for positive BA values (candidate families:
lognormal and gamma, seted by AIC). For the 2022064, p_zero was 0 in all combinations
(simulated BA was always positive after backnsformation), so the distribution was effectively
continuous. Finallypredicted BA distributions were compared across periods (2824, 2025

2064, and 20632083) and against observed distributions to assess model performance and projected
changes.

2.1.2.1. Yearly burnt area distributiossults

Across all calibration records (n=58 landscgpars), the ridgeegressionmodel accounted for
moderate variance on the log scale (R2=0.535, correlations0laBte 3; Fig. 5 and)6

Table 3. Performance by landscape (log scale)

Landscape Years (n) RMSE (loglp) R?(loglp) Corr (loglp) RMSE (ha)

1A1B 15 15 0.394 0.683 718.8
1A2A 13 1.2 0.100 0.408 21.9
1A2B 15 14 0.147 0.395 121.9
1A2C 15 1.3 0.425 0.690 39.7
1A1B 1A2A
n=15 RMSE(log)=1.46 n=13 RMSE(log)=1.25
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Figure 5. Observed vs predicted burned area (calibration period)
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Changes were summarized for two representative indicators: fwi_mean_avg (the mean of-monthly
mean FWI during the fire season) and fwi_max_p99 (the 99th percentile of monthly maxima during
the fire season). These changes were compared between the sipetaidd20182098) and the
observed historical FWI (197@021) (Figure 7). All combinations of landscape x GCM x scenario
showedan increase in mean FWI and its standardieviation, while changes in the coefficient of
variation (CV) were not consistent.
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Figure 7.Temporal trend in observed and simulated FRfbsdour landscapes, for two climate
scenarios (RCP4.5, RCP8.5)wo simulation source(HadGEMES and CNRMCM5). FWI mean
(top 4 panels) and 99th percentile (lower 4 panels).

Applying the calibrated model to projected FWkulted inmarkedly different BA distributions
across GCMs and scenarioBhe esults were summarizeasing themean, median, and upper
guantiles of predicted annual BA (Table 4 and 5; Fig. 8 and 9). The HadGem GCM consistently
predicted higher BA levels, while CNRM tended to maintaiore stable distributions &A over

time. RCP 8.5 did not always produce higher or more variable burned area values than RCP 4.5.
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Table 4. Median percent change relative to 19@21 (range across landscapes in parentheses)

period metric RCP GCM  Mean change (%) SD change CV change
(%) (%)
20252064 fwi_max_p99 rcpd45 cnrm 19.4 €10.6 to 122.7) -4.7 -16.8
20252064 fwi_max_p99 rcp45 hadgem 87.2 (29.4 to 163.8) 72.3 -10.4
20252064 fwi_max_p99 rcp85 cnrm 32.1¢3.5t0147.5) 66.4 15.5
20252064 fwi_max_p99 rcp85 hadgem 86.1 (17.9to 197.3) 59.8 -15.4
20252064 fwi_mean_avg rcp45 cnrm 29.0¢€1.7t0 76.5) 15.9 -16.0
2025 2064 fwi_mean_avg rcp45 hadgem 77.8 (27.9 to 132.5) 64.5 -8.2
20252064 fwi_mean_avg rcp85 cnrm 30.4¢4.6t076.6) 36.0 6.8
2025 2064 fwi_mean_avg rcp85 hadgem 91.4 (29.6 to 150.6) 76.5 -2.9
20652083 fwi_max_p99 rcp45 cnrm 23.0 €10.3t0 152.2) 16.8 -1.4
20652083 fwi_max_p99 rcpd45 hadgem 119.5 (14.5t0 184.3 79.4 -18.5
20652083 fwi_max_p99 rcp85 cnrm 101.1 (5.6t0 211.1) 131.6 15.4
20652083 fwi_max_p99 rcp85 hadgem 72.0 (2.6 to 168.6) 15.8 -20.5
2065 2083 fwi_mean_avg rcp45 cnrm 26.5¢4.3t091.6) 331 7.8
2065 2083 fwi_mean_avg rcp45 hadgem 124.6 (25.9 to 183.0 45.8 -29.1
2065 2083 fwi_mean_avg rcp85 cnrm 76.1 (7.71t0 134.3) 495 -4.6
2065 2083 fwi_mean avg rcp85 hadgem 92.7 (12.1 to 153.1) 29.0 -34.4

Table 5.Summary statistics of predicted BA 202864

Landscape RCP GCM period Mean Median P90 (ha) P99 (ha)
(ha) (ha)
1A1B rcpd5 cnrm 2025 2064 196.7 1205 407.8 1019.6
1A1B rcp45 hadgem 2025 2064 1023.6 277.7 1183.7 13759.8
1A1B rcp85 cnrm 2025 2064 168.1  110.9 391.7 920.9
1A1B rcp85 hadgem 2025 2064 1881.7 266.8 1439.3 30681.0
1A2A rcpd5 cnrm 2025 2064 10.6 6.6 23.1 65.1
1A2A rcp45 hadgem 2025 2064 45.9 11.8 58.0 573.2
1A2A rcp85 cnrm 2025 2064 9.8 4.9 17.3 64.5
1A2A rcp85 hadgem 2025 2064 1248 11.8 88.8 24455
1A2B rcpd5 cnrm 2025 2064 1189 47.9 181.1 1265.0
1A2B rcp45 hadgem 2025 2064 2019 916 623.3 846.0
1A2B rcp85 cnrm 2025 2064 102.2 427 183.6 833.7
1A2B rcp85 hadgem 2025 2064 662.5 83.6 476.7 12245.1
1A2C rcpd5 cnrm 2025 2064 15.6 9.4 18.0 89.7
1A2C rcp45 hadgem 2025 2064 37.1 13.8 53.7 390.4
1A2C rcp85 cnrm 2025 2064 184 7.0 56.1 110.0
1A2C rcp85 hadgem 2025 2064 60.3 14.8 109.3 743.9

To account for the worst scenario, the ye&#y distribution predicted wterthe RCP8.5 Hadgem
scenario for each landscape was used for simulation analyses with the REMAINS model.
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Figure 8. Distributions of BA in the observation window and three simulated periods (conditional
mean, binnedYor CNRM GCM
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Figure 9. Distributions of BA in the observation window and three simulated periods (conditional
mean, binned), with HadGem GCM
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2.2. Fuel input data
2.2.1. Postfire transition matrix

A postfire transition matrix was generated by evaluating land cover type (LCT) transitions following
fires of the 20072024 national dataset. LCT mafisorine Land Cover CLC) related to 2000 and

2018 were compared to assess these transitions. We did not differentiate among areas that were
burned only once or multiple times. In the matrix, both columns and rows represent LCTs, with cell
values indicating the proportion of eac8T that transitioned to another LCT during the periad.

postfire transition vas assessed if a cell that experienced fire at any time during the study period had

a different LCT in the 2007 and 2018 data sets.-Ra@stransition matrices were produced for each
ecaegion.

2.2.2. Flammability and fire susceptibility

We calculated a selectivity index for each LCTs burned by fires of the 200 dataset across the
entire study area, defined as the ratio between,la€da burnt and total LGarea. This index was
assumed to be proportional to the intrinsic flammability of each LCT. Based on this assumption, we
derived a flammability vector, rescaled from 0 to 1.

Flammability vector: (urban = 0.00, crop = 0.20, pasture = 0.50, broadleaf = 0.71, conifer = 0.69,
sparse = 0.76, shrub = 1.00, barren = 0.00, water = 0.00, shrub2con = 0.58, shrub2brd = 0.62)

This flammability vector can be modified by additional overlapping landscape features or processes.
Moreover, it also varies with LCT age (Table 6). The resulting effective flammability, incorporating
these modificatios) is hereafter referred to as fire susceptibility.

Fire susceptibility was defined as follow:

O«

aging LCT (except broadleaf) = flammability vector * linear age class multiplier (1.4)

O«

aging LCT (broadleaf) = flammability vector * exponential age class multiplier

O«

managed LCTs = flammability vectef.3

firebreaks = 0

O«

Table6. Flammabilitymultiplicatorsper age class and land cover type

Age class  Multiplicator (all LCT except broadleaf)  Multiplicator (broadleaf)

new 1 0.6
6 2.4 0.8
12 3.8 1.15
18 5.2 2
28 6.6 2.5
64 8.0 3
So that:

Fire susceptibility= f(LCT;, LCT age,management firebreaksg
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wherei = 30x30 m landscape ceNVhile the variable of fire susceptibility variable was already
implemented in REMAINS, its calculation through aging LCT, managed LCT, and firebreaks
represents an innovation we introduced for the REWILDFIRE project. This approach was designed
to capturehe increase in flammability associated with greater available fuel loads in older vegetation
(see Deliverable 2.1). Importantly, we distinguished broadleaf from all other flammable LCTs (crop,
pasture, conifer, sparse, shr shrub2con, shrub2brd). For broadleaf forests, fire susceptibility was
assumed to increase exponentially with age, reflecting surface biomass estimates from WP2 that
showed an increase in deadwood and litter in aging stands (see Deliverable 2.1iyakt,don all

other flammable LCTs, fire susceptibility increased linearly with age. We also introduced a reduction
of fire susceptibility in managed LCTs to represent the effect that active management has on fuel
reduction (Spadoni et al., 2023, 2026hdHy, we assigned a null fire susceptibility to firebreaks,
assuming such areas are continuously maintained and monitored to ensure very low levels of
flammability and consequent efficiency in limiting fire spread (Ascoli et al., 2018).

2.3. Fire Risk sub-model

Within the o6fire.risk>d model, fire i-gsklayers.ons
Fire risk is quantified at the cell level as the expected impact of a wildfire, defined by the combination
of fire hazardand potential damage.

Fire Risk = Fire Hazard * Potential Damage
wherei = 30x30 m landscape cell

Fire hazard represents the likelihood and potential intensity of fire spread and is computed as the
product of an ignition probability layer, a topographic multiplier derived from slope, and fire
susceptibility. As explained above (sectiofl)2fire susceptibility reflects vegetation flammability

and fuel structure, incorporating baseline flammability values by-dandr type (LCT), age
dependent modifiers (notably differing between broadleaf and conifer forests), and reductions
associated wih management actions;i$ set to zero in nehurnable areas such as firebreaks.

Fire Hazard = Ignition probabilityi * Topographic factor* Fire susceptibility

where:
0 i=30x30 m landscape cell
0 Ignition probability =

O«

Topographic facter= multiplier given per slope classes
Fire susceptibility= defined in section 2.1.

O«

Potential damageis estimated as the product of lacmvertype specific vulnerability coefficients
and the economic or ecological value assigned per unit area, also assessed for each LCT.

Potential Damagg-t = vulnerability.ct * value.cr
whereLCT = Land Cover Type

Overall fire risk thus emerges as the interaction between the probability and capacity extent of fire
spread and the expected losses if fire occurs, explicitly linking ignition likelihood, landscape
properties, vegetation characteristics and exposure lokdaassets within a spatially explicit
framework. Within the REWILDFIRE project, we reviewed and updated LCT vulnerability and value
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coefficients to reflect the soctakological context of the alpine region and our specific landscapes.
Since firebreaks were assigned zero fire susceptibility, the resulting fire risk was also zero in these
areas

2.3.1. Fire Risk maps

With the fire risk sub model, weere able ta@alculate thdire risk variable and spatialise it to produce
fire risk maps (Figl10-13). The analysis clearlyevealeda gradient of fire risk among landscapes
with the 1A1b showing the highest values.
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Figurell. Fire risk map for the landscape 1A2a
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Figurel2. Fire risk map for the landscape 1A2c
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Figurel3. Fire risk map for the landscape 1A2b

2 4. Wildfire sub-model

2.4.1. Annual target burned area and fire events

In this submodel, wildfire spread is simulated on annual basis. At each simulated year, the model
first selects an annual target burned area (ha), by sampling from the input data of burned area
distribution, representing the area potentially affecteditgyduring that year. If the annual target

area is zero, no wildfires are simulated for that year, although this condition did not occur in our
simulations as we excluded years with zero fires from the selection. The annual target area is then
progressivel consumed by a sequence of individual fire events. For each fire eventspeftiéc

target area is sampled from the input data ofdire distribution and constrained so that it does not
exceed the remaining annual target area. Fire events aratthséquentially until the annual target

area is exhausted or no further spread is possible.
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Annual target burned are@ari= j=¢-n fire-specific target aregeari; fire |

However, firespecific target area is a potential measure, and it does not represent effectively burned
area as it also includes suppressed area. Mechanisms of fire suppression are detailed in the following
section 2.4.

fire-specific target aregeari; fire j= effectively burnt aregeari; firej + suppressed aregar i; fire j

The variables of annual target burned area and the singleptafic target area, randomly drawn
from the burned area and fire size distributions, introduce a stochastic component to the model, which
is further amplified by the spatial distribution ghition location and landscape configuration.

24.2.Fire events ignition and spread

Each fire event begins from a single ignition cell, selected probabilistically according-tsKire
values assessed within the fnisk submodel. According to the definition of finesk, ignitions can
occur only in flammable LCTs and outside firebreak

Fire spread is simulated usinganeighte i ghbour (queends case) approc
At each spreading step, candidate neighbouring cells are evaluated and assigned-matspread
parameter (SR), which represents the relative potentialreopfopagation from an active burning

cell to a target cell. SR is defined as a linear combination of slope effects and fire susceptibility.

SR = slope * Wsiopet fire susceptibility* wicr

Where:

O«

i = 30x30 m neighbouring cell

Slope = is a normalized slope term derived from elevation differences between source and
target cells, ranging [0,1];

Fire susceptibility= defined in section 2.1.

Wsiope@NdwicT are weighting parameters controlling the relative influence of topography and
fuels; respectively equals to 0,35 and 0,65.

SR can vary among [@,3]

O«

O¢ O«

O«

For each evaluated neighbour cell, SR is translated iptokability of burning (ps) using an
exponential function.

Poi= 17 exp(facc* SR) + U

Where:
0 i=30x30 m neighbouring cell
0 facc=Iis a fireacceleration parameter equal to 3.

O«

U = is a stochastic t er mgentred®nzermandbouhded y a u
between {0,2; 0,2], that introduces local variability in fire patterns

Then, a cell is affected by the fire front wheyeRceeds a random thresholdRshoig Which is
drawn from another uniform distribution bounded betwe@8[1].

Pb>= Py treshoid: N€ighbour cell is affected by the fire front

Pb < Pb threshoid: Neighbour cell is not affected by the fire front
25
REWILB-IRE Deliverable 3.1



This formulati on, whi ch 1 n ohddnéeheeasuresvstochastic dire h a s
shapes. With U, cells with moderate or | ow SF
may occasionally fail to burn, |l eading to mor
represents small fuel disammuities and micregopographic effects that do not alter laigpale fire
directionality but increases the realism of local fire spread. Instead, the variable threshelesP
represents randomness of burning due to other unobserved factors (e.g., linked to suppression
decisions or combustion dynamics).

Neighbouring cells that satisfy the condition imposed on the probability of burning become part of
the active fire front. Fire fronts may consist of multiple cells, with their size depending-spédicdic

target area, spreading phase, and stochastiplsgto avoid unrealistically compact or overly
fragmented perimeters. In particular: larger fires are associated with larger fire fronts; fire fronts are
small at early phases of the fegent;they get the largest fire front size at intermedftasesand
recontract again in the late phases. Spreading phases are identified by the ratio given by the sum of
burnt and suppressed areas over thesfrecific target area.

Fire spread continues iteratively until one of the following conditions is met: (1) thepi@fic
target area is reached (including burned and suppressed cells); (2) no additional cells can be activated
from the current fire front.

2.5. Fire Suppression Mechanisms

Fire suppression is simulated through three complementary mechanisms, applied at the ¢&) level:
Fuel suppressiorn(2) Mosaic suppression, anf@) Firebreak suppression. While the first two were
already present in the original REMAINS model by Duane et al. (2016), the latter was an innovation
we introduced for the REWILDFIRE project. We also imposed that these three components equally
account to theotal suppressed area. Candidate cells for the advancement of the fire front and that
meet the condition® be suppressed by one of these mechanisms, are accounted as suppressed areas

So that:

suppressed are@ari; fire j= fuel suppressed argaar i; fire j+ Mosaic suppressed argg i fire j+
firebreak suppressed arau i fire |

Firebreak suppression has priority over other suppression mechanisms, and mosaic suppression has
priority over fuel suppression.

2.5.1. Fuel suppression

Cells are suppressed when their spredid parameter (SR) falls below a predefined threshold
6fuel . tho. Ce |l | sduelthtreipresent I@Rtensity fikeebehaviotrr dhat can be
effectively controlled by firefighting efforts. As it will be introduced in the next sections (3.2), we set
two different fuel .th according 65b RwHBr@ wesi mul
simulated increased suppression effoard an increased fuel.th (0.ddpmpared to the other scenarios

(0.3).

2.5.2. Mosaic suppression

Fires are suppressed when the fire front encounters sufficient agricultural continuity, expressed as a
minimum number of consecutive crop cells, mimicking suppression opportunities created by
landscape heterogeneity. This works for fire fronts ofany§izee mosai ¢ t hreshol d
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set equal to 2 cells for all the scenarios,, nearly 2000 & as it will be shown in section 3.2. We
set a low threshold to enhance the agricultural mosaic effect within our simulations.

2.5.3. Firebreak suppression

Cells designated as firebreaks cannot burn and immediately suppress fire spread when encountered.
This type of suppression was introduced as an innovative tool in this version of REMAINS, and
present only in the scenarios that involve direct fire preventimugh firebreaks.

2.6. Fire Effects
The passage of fire on the landscape can have multiple effects.

Land cover change based on the probabilities in the pst transition matrix, fire can lead
to a change in land cover type (LCT). When this occurs, the newiECT restarts aging
from zero.

Forest rejuvenation (nonstandreplacing fires): for forest cells (broadleaf and conifer), if
theposf i re LCT remains the same (broadleaf Y
the age of burned cells to the previous age class. This rejuvenation mechanism represents the
effect of fuel reduction caused by fire. Renewed forest thus has lower flammability and
reduced carbon storage, both of which depend on LCT age. Fires triggering this process are
referred to as nestandreplacing fireqTable 7) This rule applies only to forest cells, not to

other LCTs.

Stand-replacing fires: within the forest rejuvenation mechanism, if burned cells aredgst

class forests (broadleaf or conifer), they do not revert to age zero. Instead, they undergo land
cover change, remaining for four siubdo-l ati o
broadlead or -tdcsdmiufber 6. Fires triggeri-repglacihghi s p
fires. Any residual areas of these transitional classes at the end of the simulation are assigned
age zero to simplify the evaluation of carbon dynamics.

Table7. Age classefor forest landandthe effects ohonLCT-transitioning fires.

Initial age classes (years) non-LCT-t ransitioning fir)s
<6 transiti-mbr bad®d s hAtwmcddnobselc
and permanence for 4 years

61 12 shift to <6

127 18 shift to 67 12

187 28 shift to 12i 18

281 64 shift to 187 28

> 64 shift to 28i 64

2.7. Fire management strategies

Strategies for fire management were simulated as: fire suppression, direct prevention through
firebreaks, and indirect prevention through the expansion of the agricultural mosaic. The
implementation of direct and indirect prevention was innovative with tipdated version of
REMAINS developedor the REWILDFIRE project.
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2.7.1. Fire suppression strategies

Fire suppression, simulated through the mechanisms described in s€gtrepr2sents the potential

to stop fire spread through firefighting (fuel suppression) and through the agricultural mosaic (mosaic
suppression). We also attributed a suppression potential to firebreaks to reflect improved firefighting
accessibility.

2.7.2. Direct fire prevention (firebreaks)

Direct fire prevention was associated with the implementation of firebreaks over around 2% of the
surface of each landscape, corresponding to approximately 800/850 hectares across landscapes. Tc
represent real conditions, firebreaks were located withim3tuffers from the road network (all
viability including forest roads), and so to intercept most of the historic fires from the2@d7

national datas€Figure 14) Firebreaks were built over flammable LCTs only.

Firebreaks did not imply any LCC, but they shifted back the covered surface by one age class. As
described in section 2.2.2, firebreaks were associated with a null fire susceptibility, so that they could
not burn, with the assumption that these infrastmest were constantly monitored and maintained to
have a minimal fuel load. However, as explained in section 2.4, candidate burnable firebreaks cells
were treated as areas where fire suppression occurs, representing the effects of firebreaks on limiting
fire spread.

4 Legend

[l Calibration fires (Italian National dataset 2007-2024)
[ Firebreaks perimeters
D Landscape 1A2b perimeter

Figurel4. firebreaks and fire perimeters from the 2@@24talian national dataset. Landscape
1A1b.
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2.7.3. Indirect fire prevention (enhanced agricultural mosaic)

Indirect fire prevention was simulated as an expansion of the agricultural mosaic, consistent with
literature indicating that landscape discontinuities, including LCTs with reduced fuel loads such as
crops, can limit both fire ignition and spread (Spadral., 2023).

To simulate indirect prevention, we modified the input landscapes by converting portions of forest
cover into crops. Specifically, we transformed 5% of broadleaf cover and 5% of conifer cover into
crops, selecting among forests younger than 18 years. Alithghese conditions, we also chose to

set new crops within blocks of at least 15 pixels and within successive 150 m buffers from firebreaks.
For instance, if selected percentages were not reached within 150 m buffers, then 300 m buffers could
be used. rdirect prevention was realised with these rules mimicking outcomes from rural
development strategies to retake recently abandoned crops, giving priority to those areas that,
combined with firebreaks, can contribute to shaping a fire resistant and telsihdscape. The
suppression mechanism associated with the expanded crop surface worked as explained in section
25.

3. Land usescenarios

3.1. Landscape management strategies

Before presenting the simulated scenarios, it is useful to describe the landscape management
strategies defined within REWILDFIRE. We implemented two landscape management strategies,
which, in combination with fire management strategies (section 2.7)etbiime basis for our
simulation scenarios.

W Active land management

Active land management in the model halted aging in the LCTs to which it was applied, specifically
broadleaf, conifer, pasture, and crop. In addition, managed areas were not affected by land cover
changes (LCC) as modelled by Icc.demand, except throegpasage of fire and according to the
postfire transition matrix. While these areas remain burnable, their age is frozen, resulting in reduced
fire susceptibility, which is further decreas
distributedwithin 150 m successive buffers along forest viability, while managed pastures were
located randomly but grouped into paddocks with a surface equal to total pasture surface divided by
50, and a minimum surface of one pixel. Crops were considered fullygedaaross all scenarios.

This set of conditions aimed to represent active landscape management and its positive effect of fuel
reduction under realistic conditions of accessibility (Spadoni et al., 2023, 2026).

W Rewilding

Rewilding was defined as a passive landscape management strategy aimed at allowing vegetation to
develop according to its natural dynamics, without any form of intervention (Spadoni et al., 2026).
According to this definition, within REWILEFIRE, rewildingwas meant as a process opposed to
active land management, where areas under rewilding undergo unitary aging, meaning that each
simulation year corresponds to one year of vegetation §ginggt ni t ary agi ngo) .

Rewilding differs from simpla@absence of mmagement, which also follows unitary aging but lacks
intentionality. In line with the EU Biodiversity and Forest strategies, 10% of land surface of each EU
country should not be subject to active interventions, assuming that rewilding leads to positive
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outcomes in terms of ecosystem services, including carbon stock. Accordingly, in REFARED
we set a target of 10% of each | andscapeds s
except urban, water, barren, and cropland.

Because unitary aging under rewilding can potentially increase fire impacts, we defined rules for
locating rewilding areas that optimize traoliés between ecosystem benefits, fire risk, and local
bioeconomy potential. In particular, we distinguished twete s of rewi | di ng: 0s
ofesmart rewildingod.

The strict rewilding area was divided into the following three sequential pools, which were filled,
one after the other, with each pool being completed before moving on to the next.

ORwdé pool: rewilding areas were establishe
ORwmdé pool : i f not possible to reach 10%
additional rewilding areas were placed within managed areas inside protected areas.

O0Rwud pool: if ORwd and ORwmbé were satura

unmanaged areas outside protected areas, though within successive 1 Km buffers from
protected areas.

Indeed, in line with European strategies, our hypothesis relies on the use of Protected Areas for
spontaneous vegetation dynamics, while carefully considering thedfsddiscussed above.

The fire-smart rewilding followed the same procedure as strict rewilding, with the additional rule
that Rwm could not be placed on pixels with an unmanaged flammability value trespassing the
threshold equal to: 0.7. This strategy complemented strict rewilding with an inclusima ok
mitigation. All strategies were implemented differently across Land Coypes (Table 8).

Table8. LCTs and associated processes and strategies

LCT process / strategy
fire (burnable LCTs) firebreaks landscape rewilding
management

urban NO NO NO NO
crop YES YES YES NO
pasture YES YES YES YES
broadleaf YES YES YES YES
conifer YES YES YES YES
sparse YES YES NO YES
shrub YES YES NO YES
barren NO NO NO NO
water NO NO NO NO

3.2. Simulatedscenarios.

We simulated four di fferent scenarios withir
Rewil ding and Suppressiond6 (StR_S), O6Fire Sma
Smart Rewilding and Direct;Fgni3l I ndirect Preve

1 BAU acted as a control scenario, in which no fire management, nor rewilding strategies were
implemented. Landscape management and suppression levels were set at their standard levels.
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1 In StR_S we introduced strict rewilding and increased suppression (fuel suppression). This
scenario represents policy choices that do not take into account fire behaviour and ecology.
Indeed, our hypothesis is that investing in fire suppression contributessating the scalled

ofdHfrghting trapo, as it |l eads to fuel accl
fires. And alsothat locating rewilding without accounting for fire risk can exacerbate impacts
from fires.

1 FSR_DP adopts firemart rewilding, introduces direct fire prevention, aretakes
suppression levels to those of BAU. This scenario reflects investments targeting both fire
prevention through green infrastructures (firebreaks) and overatidkenitigation.

1 FSR_DIP, as FSR_DP, involves planning rewilding in areas with low fire hazardgiimet
rewilding"), strategically implementing preventive infrastructure,, éugl breaks to protect
these rewilding zones, and combining direct fire prevention with investments in the
agromosaic (agriculture and forestry management), which indirectly help mitigate fire
activity. Table9r e sumes the scenariosd6 conditions.

Figurel5. Scenarios representation:isBAU; s217 StR_S; s3 FSR_DP s4i FRS_DIRP
Conditions represented in each scenario are listed in Bable

Table9. Simulated scenarios with associated strategies.

Scenario Fire management strategies Landscape management strategies
Suppression Prevention Landscape managemen  Rewilding
fuel mosaic firebreak direct indirect forest pasture crop strict fire-
() (cells) (%) (%) (%) smart
BAU 04 2 NO NO NO 30 20 100 NO NO
StR_S 075 2 NO NO NO 30 20 100 YES NO
FSR_DP 04 2 YES YES NO 30 20 100 NO YES
FSR DIP 04 2 YES YES  YES 40 20 100 NO YES

* values refer to initial managesiirface without accounting for managememeathat s withdrawn
due to rewilding (Rwm)
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4. Results

4.1. Burned and Suppressed Areas
4.1.1. Total burned arepatterns.

Trends in total burned area across the four landscapes (Figt® &8hibit heterogeneous patterns.

In landscape 1A1lb, the most flammable case study, scenarios with direct (FSR_DP) and indirect
(FSR_DIP) prevention consistently reduce burned area thootighe simulation period. Among

these, FSR_DIP yields the lowest overall burned area, while FSR_DP shows the lowest variance
around its mean (Figure 16). In the other landscapes, differences among scenarios are less
pronounced. However, particularly towlarthe end of the period, both FSR_DP and FSR_DIP tend

to maintain lower burned areas values compared to BAU (Figut®17
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BAU
SIR_S

== FSR_DP
FSR_DIP

Burned area (ha)
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5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Period (ending year)

Figurel6. Total burned area {pears totals; meat sd across runseplicates for each scenayio
Each point represents the sum of burned area in the previous 5 years. Results for the landscape:
1A1b
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Figure 17. Total burned area {ears totals; meat sd across runseplicates for each scenayio
Each point represents the sum of burned area in the previous 5 years. Results for the landscape:
1A2a
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Figurel8. Total burned area {ears totals; meat sd across runseplicates for each scenayio
Each point represents the sum of burned area in the previous 5 years. Results for the landscape:
1A2b
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Figurel9. Total burned area {fears totals; meat sd across runseplicates for each scenayio
Each point represents the sum of burned area in the previous 5 years. Results for the landscape:
1A2c
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4.1.2. Total suppressed area patterns

StR_S and FSR_DIP show the highest values of suppressed area across landscapes, as these
scenarios combine increase suppression efforts in terms of response (fuel suppression) with the
enhancement of the agromosaic (mosaic suppression). However, FSR il}3 &x highest
suppression peaks specifically in landscapes 1A2a, 1A2b, and 1A2c (Fig28g. 21
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5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
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Figure20. Total suppressed areayBars totals; meah sd across runseplicates for each
scenari. Each point represents the sum of suppressed area in the previous 5 years. Results for the
landscape: 1Alb
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Figure2l. Total suppressed area)(®ars totals; meat sd across runseplicates for each
scenari. Each point represents the sum of suppressed area in the previous 5 years. Results for the
landscape: 1A2a
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Figure22. Total suppressed area)(®ars totals; meat sd across runseplicates for each
scenari. Each point represents the sum of suppressed area in the previous 5 years. Results for the
landscape: 12b
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Figure23. Total suppressed area\(Bars totals; meah sd across runseplicates for each
scenari. Each point represents the sum of suppressed area in the previous 5 years. Results for the
landscape: 1A2

4.1.3. Total burned and suppressed area patterns comparison.

Suppressed area relative to burned area appears to follow a gradient across landscapes. In landscap
1A1b, suppressed area exceeds burned area in all scenarios throughout the simulation period (Figure
24). In landscape 1A2a, the difference is less proremifi€igure 25), while in landscapes 1A2b and

1A2c, suppressed area generally remains lower than burned area (Figure 26 and 27).
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Figure24. Burned vs suppressed areayéars totals; meahsd across runs), across scenarios.
Results for the landscape: 1A1b
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Figure 5. Burned vs suppressed areayéars totals; meah sd across runs), across scenarios.
Results for the landscape: 24
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Figure26. Burned vs suppressed areayéars totals; meahsd across runs), across scenarios.
Results for the landscape: 1A2b
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Figure Z. Burned vs suppressed areay€ars totals; meah sd across runs), across scenarios.
Results for the landscape: 1A2c
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4.1.4.Suppressed area typgaction.

The fraction of suppressed area types across scenarios is generally consistent across landscape:
(Figure 2831), and reflects the conditions defined for each scendiiebreak suppression occurs

only in FSR_DP and FSR_DIP scenarios, while mosaic sugppreseaches higher values in
FSR_DIP.Both firebreak and mosaic suppression are nregpentin 1A1b, likely because larger

burned area increase the probability of intersecting firebreaks or crop areas (Figure 28).

Figure 3. Fraction of suppression components per year, across scenarios. Results for 1A1b

Figure A. Fraction of suppression components per year, across scenarios. Results for 1A2a
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