[ Downloaded from ifej.sanru.ac.ir on 2025-12-08 ]

[ DOR: 20.1001.1.24237140.1402.11.22.13.1 ]

[ DOI: 10.61186/if€j.11.22.57 ]

Ecology of Iranian Forests, Vol. 11, Issue 2, 2023 p: 62-72

Research Paper

Spatial Distribution Modeling of Pistacia atlantica using Artificial Neural
Network in Khohir National Park

Shahab Bakhtiari!"”, Teimour Rostami Shahraji’, Reza Akhavan® and
Reza Ebrahimi Atani*

1- Ph.D. Student of Forest science, Guilan University, Rasht, Iran, (Corresponding author: sh.bakhtiari@frw.ir)
2- Professor, Guilan University, Rasht, Iran
3- Associate Professor, Research Institute of Forest and Rangelands, Agricultural Research Education and Extension
Organization (AREEO), Tehran, Iran
4- Associate Professor, Guilan University, Rasht, Iran

Received: 6 March, 2023 Accepted: 13 June, 2023

Extended Abstract

Background: Investigating the presence of species in forest habitats is crucial for identifying
areas suitable for planting and successfully restoring species, as well as understanding the
relationship between species presence and environmental factors. This research focuses on
predicting the probability of the presence and absence of the Pistacia atlantica forest species
in relation to environmental variables, specifically topography and soil science data. The study
was conducted in a section of Khojir National Park in Tehran province, covering an area of
120 hectares. Modeling was performed using artificial neural networks and geostatistics to
achieve reliable predictions.

Methods: o prepare the necessary maps, slope, aspect, and altitude data were derived from the
Digital Elevation Model (DEM) of the study area. Tree sampling in the region was conducted
using a regular-random sampling method based on a grid of 100 x 150 meters, resulting in 61
sampling points. Soil sampling was carried out in 17 sample plots, taking into account the
diversity of soil conditions by recording the spatial coordinates of each plot. A variety of soil
variables were measured in the laboratory, including apparent specific gravity, true specific
gravity, absorbable potassium, nitrogen percentage, absorbable phosphorus, organic carbon
percentage, electrical conductivity, acidity, soil saturation percentage, lime percentage, and the
percentages of sand, silt, and clay. The environmental factors related to soil variables were
mapped using geostatistics and GS+ software. Subsequently, a multi-layer perceptron artificial
neural network model was designed and validated, correlating the environmental features as
model inputs with the presence and absence of Pistacia atlantica as the model output. This
validation was conducted using SPSS Modeler software. Finally, based on the model results
and the digital map of environmental factors, a prediction map indicating the probability of the
presence and absence of Pistacia atlantica was generated using ArcGIS software.

Results: The results of the study revealed that the artificial neural network demonstrated high
accuracy, achieving a prediction accuracy of 91% for the presence and absence of Pistacia
atlantica. The analysis indicated significant relationships between the presence of Pistacia
atlantica and several environmental variables, including electrical conductivity, apparent
specific gravity, geographical direction, nitrogen percentage, and altitude. The importance
coefficients for these variables were determined to be 0.43, 0.21, 0.17, 0.15, and 0.05,
respectively. Furthermore, the agreement between the prediction map and the ground reality
map was assessed as good, with a Kappa coefficient of 0.651, indicating a reliable model
performance.

Conclusion: In conclusion, the results of this study demonstrate that it is possible to utilize a
combination of topographic and soil data to accurately estimate the characteristics influencing
the presence of Pistacia atlantica in the researched forests. The generated maps can serve as
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valuable tools for identifying areas that are conducive to the restoration of this species' habitat.
This approach not only enhances our understanding of species distribution in relation to
environmental factors but also provides practical applications for conservation efforts aimed
at restoring and managing forest ecosystems. By integrating advanced modeling techniques
with ecological data, we can better inform strategies for biodiversity conservation and habitat
restoration in forested areas.
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Figure 4. Artificial neural network design for predicting the presence of Wild Pistachio
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Table 1. Statistical information of the input variables in preparing the artificial neural network model
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Figure 5. Importance of the input variables in the artificial neural network model
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Table 2. Classification of the presence of Wild Pistachio, the percentage of correct classification = 90/7%
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Table 3. The structure of the best neural network model and the statistical results of its implementation
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Figure 6. Predicted map of the presence and absence of Wild Pistachio in the area under study from the artificial
neural network model

Table 4. Checking the match of the actual map with the forecast map
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