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Estimation of forest stereoscopic above-ground biomass based on airborne LiDAR in Daxing'anling, China
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[bookmark: _Toc498243632]ABSTRACT
Forest Aboveground Biomass (AGB) serves as a pivotal indicator for assessing the carbon sequestration capacity and productivity of forests, holding significant importance for research into global climate change, ecosystem carbon cycling, and ecological environment protection.   Current approaches to estimating forest AGB based on LiDAR (Light Detection and Ranging) and optical remote sensing data primarily rely on the multiplication of planar AGB density by area, which only reflects the distribution differences of AGB in a two-dimensional plane.  Consequently, this methodology fails to capture the variations in AGB within the vertical structure. This study innovatively proposes a "stereoscopic" estimation method for forest AGB, adopting a novel paradigm of "multiplication of forest stereoscopic AGB density by volume", thereby enhancing the accuracy of forest AGB estimation. This approach aims to comprehensively represent the AGB distribution across both horizontal and vertical dimensions, offering a more comprehensive understanding of forest biomass dynamics. First, utilizing the individual tree measurement data and Unmanned Aerial Vehicle LiDAR point cloud data from the experimental study area in Daxing'anling, we extracted characteristic parameters and five types of average height data. By selecting the optimal average height parameter, we upgraded the planar AGB (tha-2) to a stereoscopic representation (tha-2m-1). Employing the stepwise linear regression method, we constructed both a plot-scale stereoscopic AGB density monitoring model and an optimal average height measurement model. The results demonstrated that the precision of the stereoscopic AGB monitoring model based on geometric mean height (R2 = 0.908) and that based on arithmetic mean height (R2 = 0.835) both surpassed the precision of the planar AGB monitoring model (R2 = 0.832). Subsequently, we incorporated terrain factors derived from Digital Elevation Model (DEM) data and vegetation indices extracted from Landsat 8 OLI multispectral satellite imagery into a linear regression approach to develop an AGB estimation model for the flight area. The outcomes revealed that the precision of the regional-scale stereoscopic AGB estimation model based on arithmetic mean height was R2 = 0.551, while the traditional planar AGB estimation model achieved a precision of R2 = 0.461. Lastly, we combined the stereoscopic AGB estimation model with a forest height model to map the forest AGB in Daxing'anling study area. This study's proposed method for estimating stereoscopic AGB offers superior estimation accuracy compared to traditional planar estimation methods, thereby presenting a novel perspective and pathway for assessing forest AGB.
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