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Figure 1. The location of the sample plots in the Hyrcanian forest inventory data bank
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Table 1. List, basic descriptive statistics, and abbreviation of environmental variables used in this study
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Figure 2. Results of the Pearson correlation of the studied variables - green and blue colors indicate significant
positive and negative correlation, respectively, and blank squares indicate no significant correlation.
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Table 2. Evaluation results of the general linear model for predicting the above-ground biomass in Hyrcanian forests
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Root Mean Square Error R squared Mean Absolute Error
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Table 3. Values of the coefficients of the studied variables for above-ground biomass prediction
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Figure 3. The relative importance of the studied variables for predicting the above-ground carbon storage of trees
in Hyrcanian forests
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Abstract

Introduction: As one of the vital ecosystems of the planet, forests play a key role in sequestering and storing carbon, and the
process of storing carbon helps to moderate climate changes and maintain environmental balance. Therefore, knowledge of
the changes in above ground carbon storage in relation to environmental and ecological factors is important because of
providing a suitable prediction of the carbon balance at the regional and global levels, in relation to the changes in the future
climate characteristics, and knowledge of them is important and can be used in order to prepare programs for the protection,
restoration and development of forest resources. However, the studies about the factors affecting carbon storage in these
forests are limited, and carried out on small areas. Therefore, the purpose of this research was to determine the most
important factors affecting the above ground storage carbon in the entire area of Hyrcanian forests.

Material and Methods: This research was carried out in the entire area of Hyrcanian forests in the north of the country. For
this purpose, the database of forest inventory in the north of the country was used (available data include: coordinate, height
above sea level, slope and aspect, diameter at breast height, and type of species and total height of trees for each sample plot).
Meteorological data, including precipitation and temperature, were obtained from the POWER project of the National
Aeronautics and Space Administration of the United States of America (NASA Power). Soil data (bulk density, percentage of
sand, silt and clay, pH, percentage of nitrogen and organic carbon) were also prepared for each sample plot from SoilGrids
2.0. In order to calculate carbon storage, biomass was first calculated using allometric models of forests in the north of the
country, and finally the amount of carbon storage was calculated by taking into account the coefficient of 0.47% of biomass
value. Finally, the data analysis was done using the generalized linear model and block cross validation method in R software
using blockcv and caret packages. Then, the relative importance of the variables affecting on the carbon storage was
calculated. Finally, in order to prepare an interpolation map of carbon storage in the forests of the north of the country, the
raster package in R software was used.

Results: The results of the running of the generalized linear model showed that this model had a suitable evaluation (R?: 0.31
+ 0.09) for predicting the above-ground biomass of trees in Hyrcanian forests. The results of the model coefficients showed
that slope, air temperature, silt percentage and soil nitrogen had a positive and significant relationship with above-ground
biomass of trees in Hyrcanian forests. While precipitation, bulk density and percentage of sand had a negative and significant
relationship with above-ground biomass of trees. The results of the relative importance of the variables showed that bulk
density, nitrogen percentage, and silt were the most important variables in predicting above-ground biomass of trees in
Hyrcanian forests using a generalized linear model. Also, according to the interpolation map, the above-ground biomass of
trees was higher in the central parts (west of Mazandaran province) than in other parts of the Hyrcanian forests.

Conclusion: Studying the spatial changes in above-ground tree biomass and carbon storage can help to prioritize
conservation measures. Central areas with higher biomass and carbon storage should be protected to maintain carbon storage
capabilities. In low biomass areas, sustainable forest management practices, such as afforestation and soil management, can
help improve soil structure and nutrient availability, thereby increasing carbon sequestration and storage potential. In general,
the protection and management of Hyrcanian forests can be a significant help for management of carbon storage at the
regional and national levels. Given the importance of the topic, it is recommended that future studies do a more thorough
analysis of the anthropogenic and environmental factors affecting above-ground biomass dynamics.

Keywords: Carbon sequestration, Generalized linear model, Soil properties, Topographic factors, Tree biomass.
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