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Abstract

Background and Objectives: To reduce deforestation and the degradation of natural forests,
reforestation and afforestation projects are rapidly expanding worldwide. In northern Iran, the use
of native species has been suggested as an effective approach for restoring degraded forests. Acer
velutinum Boiss., one of the tallest and most abundant maple species in the Hyrcanian forests,
plays an important ecological role in terms of both quantity and quality. It has been widely applied
in afforestation programs, either as pure stands or in mixture with other native species.
Understanding its current and future suitable habitats is therefore essential for the success of
restoration projects, especially under the increasing pressure of climate change. The present study
aimed to model and identify suitable habitats for A. velutinum in the Hyrcanian forests.
Methodology: The study was conducted across the entire Hyrcanian forest region in Iran,
covering Gilan, Mazandaran, and Golestan provinces. Three species distribution modeling
approaches were employed: Random Forest (RF), Support Vector Machine (SVM), and
Maximum Entropy (MaxEnt). Bioclimatic variables at 1 km spatial resolution were obtained from
the WorldClim database. Future climate variables were derived from the MPI-ESM1-2-HR
general circulation model under four scenarios (SSP 126, SSP 245, SSP 370 and SSP 585) up to
the year 2100. Modeling algorithms and variable importance were implemented in the caret
package in R. Model performance was evaluated using Kappa statistics, area under the curve
(AUC), and accuracy.

Results: The RF model outperformed the others, achieving the highest accuracy in predicting
suitable habitats for A. velutinum (AUC = 0.9). Variable importance analysis indicated that
isothermality and temperature seasonality were the most influential predictors in the RF and
MaxEnt models, while precipitation of the driest month and temperature seasonality were the
most important variables in the SVM model. According to RF projections, under the most
optimistic scenario (SSP 126), suitable habitats in the central parts of the Hyrcanian forests will
remain largely stable, but the species is expected to lose about 43% of its suitable habitat in the
eastern and western regions. Under the most pessimistic scenario (SSP 585), only limited areas
in central and western Mazandaran province will remain suitable, with 33% habitat loss by 2100.
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Furthermore, the MaxEnt model predicted that under SSP 370 and SSP 585 scenarios, no suitable
habitat will remain for the species by 2100.

Conclusion: The RF model provided the most reliable predictions of A. velutinum distribution
under future climate change. Overall, all models and scenarios indicated substantial habitat loss,
especially in the eastern and western regions of the Hyrcanian forests. The habitat suitability maps
generated in this study provide a valuable basis for forest restoration planning, particularly in
highly degraded areas. The RF model highlights the importance of this species in restoration
efforts and supports its use in sustainable forest ecosystem management, offering a reliable
reference for managers in conservation and reforestation planning.

Keywords: Climate change scenarios, Hyrcanian forests, maximum entropy model, random
forest model, suitable habitat.
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Figure 1. The location of sampling plots across the entire Hyrcanian Forest, Iran
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Table 1. Bioclimatic variables used in this research

Bioclimatic variables Abbreviation Bioclimatic variables Abbreviation
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Table 2. Mean evaluation metrics of the applied models for predicting the presence/absence of Acer velutinum

Boiss.
Model AUC Accuracy Kappa
RF 0.9 0.83 0.62
SVM 0.81 0.75 0.44
MaxEnt 0.7 0.68 0.38
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Figure 3. Evaluation metrics of the applied models using cross-validation
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Figure 5. Predicted suitable habitats of Acer velutinum Boiss. in the Hyrcanian forests using the applied models
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Table 3. Percentage of suitable habitat of Acer velutinum Boiss. across the entire Hyrcanian forests
Model RF SVM MaxEnt

Percentage of suitable habitat 49 38 67
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Figure 9. Suitable habitat of Acer velutinum Boiss. predicted by the applied models under the SSP 370 climate
change scenario in 2100
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Table 4. Predicted percentage change in the area of suitable habitat of Acer velutinum Boiss. in the future
compared to the current habitat, based on the Random Forest model

Model SSP 126 SSP 245 SSP 370 SSP 585
Loss 43 36 30 33
Gain 27 40 44 43
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