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Abstract

Wildfires significantly contribute to land degradation and threaten forest and rangeland ecosystems in arid
and semi-arid areas. They reduce vegetation cover, speed up soil erosion, and weaken ecosystem stability.
This research focused on modeling wildfire risk distribution and examining how climate change might shift
fire-prone zones in the Central Zagros, using the Maximum Entropy (MaxEnt) model. The model was
developed using 1,910 wildfire records from 2020 to 2024, along with 14 environmental variables, including
bioclimatic factors, topography, land use, and the Normalized Difference Vegetation Index (NDVI). After
removing multicollinearity among predictor variables, the MaxEnt model was applied. Climate change
impacts were assessed using the HadGEM2-CC and MRI-ESM2-0 General Circulation Models (GCMs)
under SSP2-4.5 and SSP5-8.5 scenarios for 2050 and 2070. The model showed strong predictive ability with
an AUC of 0.82. Key predictors of wildfire risk included annual precipitation, land use, and slope, which
together accounted for 67.9% of the model. About 27.9% of the area was classified as high risk, mainly in
the western, northwestern, and central regions of the Central Zagros. Climate projections suggest that climate
change may create new fire-prone zones across the region, affecting between 5.87% and 15.58% of the area
depending on the climate model and emission scenario. This indicates a spatial shift in wildfire hotspots. The
results offer crucial insights for prioritizing management areas, optimizing vegetation fuel control,
establishing early warning systems, and planning proactive strategies to prevent land degradation and
promote sustainable use of arid and semi-arid ecosystems.
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Extended Abstract

Introduction

Wildfires significantly contribute to land degradation and threaten forest and rangeland ecosystems in arid
and semi-arid areas. They reduce vegetation, speed up soil erosion, and weaken ecosystem stability. In
Central Zagros, wildfires are a recurring disturbance with serious effects on biogeochemical cycles, canopy
dynamics, and biodiversity (3, 8). Since fire regimes depend heavily on climate factors such as temperature,
precipitation, and fuel moisture, predicting where fires might occur under different climate scenarios is
essential for adaptive management (6, 26). Previous studies of wildfire susceptibility in the Zagros have
generally focused on individual climatic, vegetation, topographic, or anthropogenic drivers, with limited
integration of these factors under future climate scenarios. In this study, climatic conditions, vegetation fuel
characteristics, land use, topography, and human-accessibility factors were integrated within a unified
MaxEnt framework to identify spatial patterns of wildfire susceptibility. The study further examined the
potential redistribution of fire-prone areas under CMIP6-based SSP2-4.5 and SSP5-8.5 scenarios for 2050
and 2070. This integrated framework provides a spatially explicit basis for identifying emerging wildfire
hotspots and supporting climate-adaptive fire management and land-degradation prevention in the Central
Zagros.

Materials and Methods

The study area, approximately 289,219 km2 in size, covers the central, western, and northwestern parts of
the Zagros range, including the provinces of Lorestan, Chaharmahal va Bakhtiari, Kohgiluyeh va
Boyer-Ahmad, Fars, and Isfahan (Fig. 1). We used 1,910 wildfire occurrence points recorded from 2020 to
2024, which were spatially filtered to reduce spatial autocorrelation effects. The initial predictor set
included 19 bioclimatic variables from WorldClim, three topographic factors (elevation, slope, aspect),
land use/land cover, Euclidean distances to roads, rivers, and settlements, and NDVI from Landsat 9
images processed in Google Earth Engine. We checked for multicollinearity using Pearson's correlation
coefficient (threshold r > 0.8) and VIF (threshold > 5) with the usdm package in R, resulting in 14 final
predictor variables (see Table 1 and Fig. 2). The modeling employed the MaxEnt algorithm, with 75% of
occurrence data for training and 25% for testing, across 15 bootstrap runs and 10,000 background points.
Future climate scenarios were based on two GCMs (HadGEM2-CC and MRI-ESM2-0) under SSP2-4.5
and SSP5-8.5 pathways. Model accuracy was assessed via ROC curves and AUC scores, while variable
importance was determined using the Jackknife test. The binary risk map was thresholded at the 10th
percentile of training presence, and spatial changes were analyzed by calculating the areas of stable, lost,
and newly vulnerable fire zones.

Results

The validation results showed an AUC of 0.82, indicating good discriminatory performance of the MaxEnt
model in identifying wildfire-prone and non-prone areas (Fig. 3). The relative contribution analysis showed
that annual precipitation (BIO12), land use/land cover, and slope were the most influential predictors, jointly
accounting for 67.9% of the model contribution (Fig. 4). Approximately 27.9% of the study area was
classified as high wildfire risk, with high-risk areas mainly concentrated in the western, central, and
northwestern parts of the Central Zagros, including Lorestan, Chaharmahal va Bakhtiari, Kohgiluyeh va
Boyer-Ahmad, northern Fars, and western and southern Isfahan provinces (Fig. 5). Future climate
projections under SSP2-4.5 and SSP5-8.5 indicated the emergence of new wildfire-prone areas across the
region, with their extent ranging from 4,735 to 11,541 km?2 for HadGEM2-CC and from 7,294 to 12,561 km?
for MRI-ESM2-0. The largest expansion of newly suitable wildfire-prone areas occurred under SSP5-8.5 in
2070 based on MRI-ESM2-0, reaching 12,561 km?, equivalent to 15.58% of the currently susceptible areas.
In contrast, some areas currently classified as wildfire-prone were projected to lose their susceptibility, with
the largest reduction reaching 9,937 km? under SSP5-8.5 in 2070 based on MRI-ESM2-0. Overall, newly
emerging wildfire-prone areas exceeded the areas losing susceptibility under all climate scenarios, resulting
in a positive net change in the spatial extent of wildfire-prone areas ranging from 0.91% to 8.65% (Figures 6
and 7, and Table 2).

Discussion and Conclusions
This study validates the effectiveness of the Maximum Entropy (MaxEnt) model in spatially predicting
wildfire risk within the Central Zagros region. The model’s strong performance, indicated by an AUC of
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0.82, confirms its ability to reliably differentiate between fire-prone and non-fire-prone areas, aligning with
previous research that supported MaxEnt's use in environmental hazard modeling in arid and semi-arid
ecosystems (6, 10, 27, 42). Key predictors include annual precipitation, land use, and slope, which together
explain nearly 68% of the model’s influence. The significance of annual precipitation suggests that fire risk
is linked not only to low rainfall but also to the seasonal timing of precipitation and biomass buildup. Wetter
years promote vegetative growth, increasing fuel loads that become more combustible during dry seasons.
This indirect effect of rainfall on fire risk matches findings from several studies (7, 21, 32, 33, 39, 45). Land
use ranks as the second most important factor, with dense forests, woodlands, and thick rangelands showing
higher susceptibility, emphasizing that fuel quantity and continuity are vital for fire spread, consistent with
research highlighting vegetation structure as a key control of fire behavior (16, 31). Conversely, rocky and
bare areas show the lowest risk, reaffirming that vegetation fuel is essential for ignition and fire propagation.
Slope revealed a counterintuitive pattern: higher fire probabilities were on low to moderate slopes, contrary
to studies emphasizing steeper slopes due to faster flame spread (10, 12, 37). This likely reflects greater
vegetation cover, higher human activity, and better accessibility in flatter terrain, suggesting that indirect
effects of slope outweigh its direct physical impact in this region. The final risk map indicates that about
27.9% of the study area is in the high-risk zone, mainly in western, northwestern, and central Zagros. These
areas, with dense vegetation and favorable climate conditions, should be prioritized for fire prevention.
Climate change projections under SSP2-4.5 and SSP5-8.5 scenarios show that fire risk will not grow evenly.
Instead, fire-prone zones are expected to shift spatially: some high-risk areas may become less susceptible,
while new areas will become vulnerable. Across all scenarios, the size of these new vulnerable zones is
larger than those that decline, leading to a net increase in exposed land. This shift aligns with global research
linking altered fire regimes to rising temperatures, changing rainfall patterns, and frequent droughts (13, 20,
23, 51). From a management viewpoint, these findings highlight the need for adaptive, proactive strategies
that go beyond depending solely on historical fire hotspots. Ongoing monitoring, regular updates of risk
maps, early warning systems, and targeted fuel removal in newly vulnerable zones are crucial for reducing
future environmental and economic impacts in the delicate Zagros ecosystems. Future studies should
incorporate multi-model ensembles and higher-resolution data to minimize uncertainties and improve
predictive accuracy.

Keywords: Wildfire hazard zonation, General Circulation Models (GCMs), Emission scenarios, and
Geographic Information System (GIS).
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Fig 1. Location of the study area
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Table 1. Environmental Variables Used in Spatial Modeling of Forest and Rangeland Fire Risk in the Central Zagros

Abbreviation

Variable Description

Source

BIO; Annual Mean Temperature http://www.worldclim.org
BIO; Isothermality http://www.worldclim.org
BIO, Temperature Annual Range (B10s-BIOg) http://www.worldclim.org
BI1O,, Annual Precipitation http://www.worldclim.org
B10y, Precipitation of Driest Month http://www.worldclim.org
BIOys Precipitation Seasonality (Coefficient of Variation) http://www.worldclim.org
BlO;g Precipitation of Warmest Quarter http://www.worldclim.org
DEM Digital Elevation Model http://www.worldclim.org
Slope Slope Derived from DEM
NDVI Normalized Difference Vegetation Index http://earthengine.google.com
Landuse i Organization of Natural Resources and Watershed
Management of Iran
River Distance to River National River Network Map
Roads Distance to Roads National Road Network Map
Settlement Distance to Settlement National Village Settlement Map
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Fig 7. Projected wildfire hazard shifts under future
climate scenarios

Fig 6. Projected wildfire hazard classification under
future climatic scenarios

Table 2. Spatiotemporal dynamics of wildfire susceptibility under different climate change scenarios compared
with the baseline condition (km2 and %)

Year Scenario Persistent Resistant Retreat Percentage Emergence of Percentage Net
Zones Stable Areas Area Decrease Novel Area Increase Changes
HadGEM2-CC
2050 SSP2-4.5 72899 151661 7697 9.55 10866 13.48 +3.93
SSP5-8.5 75611 197759 4986 6.18 10862 13.47 +7.29
2070 SSP2-4.5 76023 197081 4574 5.67 11541 14.32 +8.65
SSP5-8.5 76593 203887 4004 4.96 4735 5.87 +0.91
MRI-ESM2-0
2050 SSP2-4.5 77420 201327 3176 3.94 7294 9.05 +5.11
SSP5-8.5 76079 198259 4518 5.6 10363 12.85 +7.25
2070 SSP2-4.5 75846 200252 4751 5.9 8370 10.38 +4.48
SSP5-8.5 70660 196060 9937 12.33 12561 15.58 +3.25
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! Artificial Neural Network (ANN)
2 Geographic Information System (GIS)
® Fuzzy Analytic Hierarchy Process (FAHP)
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! General Circulation Models (GCMs)

? Euclidean distance

® Normalized Difference Vegetation Index (NDVI)
* Google Earth Engine (GEE)

® Landsat
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! Jackknife test

2 Receiver Operating Characteristic (ROC)

% Area Under Curve (AUC)

# 10 percentile training presence logistic threshold
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