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Obijective: Deforestation is one of the primary challenges and environmental threats
facing forest ecosystems, including the Hyrcanian forests, and occurs under the influence
of various natural and anthropogenic drivers. This study aimed to model the probability
of deforestation occurrence within the Loveh forest management district located in
northern Iran.

Methods: The dataset comprised 104 documented deforestation points and 14
explanatory variables, derived through spatial analysis using GIS and environmental,
topographic, and anthropogenic data. To assess the relationships among variables and
predict the likelihood of deforestation, two statistical models were employed: logistic
regression and the Generalized Additive Model (GAM).

Results: The results revealed that the GAM outperformed the logistic regression model,
achieving a higher Kappa coefficient (0.84) and Area Under the Curve (AUC) value
(0.956), and providing a more realistic spatial distribution of deforestation risk. The most
influential variables included distance from roads, slope, wind effect, and elevation.
Based on the GAM output, approximately 20% of the study area was categorized as high
and very high risk.

Conclusions: These findings underscore the pivotal role of access infrastructure, human
pressure, and climatic factors in accelerating deforestation processes. The results of this
study can serve as a scientific basis for prioritizing conservation interventions, reassessing
road development policies, and enhancing spatial planning for sustainable forest
management in northern Iran.
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EXTENDED ABSTRACT

Introduction

The Hyrcanian forests of Iran, as a unique natural heritage, are under threat from deforestation.
This study aims to identify the key factors influencing forest degradation in the Loveh region
of Golestan Province and predict its spatial patterns. The research examines the relationships
between topographic, climatic, and anthropogenic factors and deforestation, employing a
combination of spatial analysis and advanced statistical modeling techniques.

Methods

The required data included 104 deforested points collected through rigorous field surveys and
local inspections. Fourteen environmental and anthropogenic variables—comprising
topographic features (elevation, slope, aspect), climatic factors (mean temperature, maximum
temperature, precipitation), and human-induced indicators (distance from roads, distance from
settlements, distance from agricultural lands)—were incorporated as thematic maps. Two
modeling approaches, logistic regression and Generalized Additive Model (GAM), were
applied to analyze the data and estimate model parameters. The statistical modeling outputs
were computed as continuous probability values (ranging from 0 to 1) for each cell in the study
area. These values were extracted using prediction functions in the R software environment and
subsequently transferred to a Geographic Information System (GIS). Point data were converted
into a raster layer with a spatial resolution of 12.5 meters. For final map preparation,
optimization of intra-group deviation was performed using the natural breaks classification
method, categorizing the maps into four probability levels: low, moderate, high, and very high.
Model validation was conducted using two criteria: the Area Under the Curve (AUC) and the
Kappa coefficient.

Results

The findings revealed that the GAM model, with an AUC of 0.956 and a Kappa coefficient of
0.84, outperformed logistic regression in accurately modeling the complex relationships
between deforestation drivers. The GAM's capability enabled more precise identification of
high-risk zones, assigning elevated probabilities only to areas with strong statistical evidence
of deforestation likelihood. In contrast, traditional linear models like logistic regression
classified a broader range of areas as at-risk. This selective approach of GAM offers significant
practical advantages in natural resource management, particularly in reducing Type | errors
(false positives), where low-risk areas are mistakenly labeled as high-risk. This feature is
especially critical when financial and human resources for conservation programs are limited.
Analysis of key deforestation drivers in the study area identified four primary variables with
the highest relative importance: distance from roads (29%), slope (24.5%), wind effect (18.4%),
and elevation (16%).

Conclusion

A detailed examination of these relationships showed that distance from roads, as the most
influential factor, exhibits an inverse exponential relationship with deforestation probability.
The results demonstrated that deforestation likelihood increases significantly as proximity to
roads decreases, highlighting the exacerbating effect of accessibility on forest degradation.
Slope, the second most important factor, displayed a nonlinear relationship with deforestation,
peaking in moderately sloped areas. This pattern likely results from a combination of
concentrated human activities and higher ecological vulnerability in such terrains. Wind, as the
third key factor, played a crucial role in modeling deforestation probability. I1ts most notable
impact is the spread of wildfires, particularly when agricultural residue burning occurs near
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forest edges. Studies indicate that during dry seasons, strong winds rapidly transfer fires from
farmlands to forests. Additionally, wind reduces soil and vegetation moisture, increasing
susceptibility to fires and degradation, ultimately accelerating deforestation. Elevation, the
fourth significant factor, showed a decreasing relationship with deforestation, with higher
probabilities observed at lower altitudes. This distribution clearly reflects intensified
anthropogenic pressure in low-lying areas. The study underscores the urgent need for a
fundamental revision of regional development policies. Key management priorities include
restricting road expansion in sensitive zones and enforcing strict measures against illegal
logging, particularly in low-elevation forests. Complementary strategies—such as community
engagement, education, and economic incentives for rehabilitating degraded areas—could
significantly enhance forest conservation efforts. These integrated approaches not only improve
cost-effectiveness but also yield more sustainable long-term outcomes.

Keywords: Probability of Occurrence, Road Development, Kappa Coefficient, Human Factors,
Kappa coefficient, Sustainable Management.
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