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Fig. 1  Overview of the study area and photographs of ground surveys
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Fig. 3 Flow chart of the construction of 3D vegetation point cloud dataset in karst wetland
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Fig. 5 3D vegetation distribution of Huixian karst wetland
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Fig.7 Composite volume statistics of 24 types of features in Huixian karst wetland
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Fine 3D mapping and vegetation spatial differentiation study based on
UAYV LiDAR point cloud in karst wetland

DENG Liwei'?,ZHANG Hongyan',FU Bolin>'

1. China University of Geosciences, School of Computer Science, Wuhan 430078, China,
2. Guilin University of Technology, College of Geomatics and Geoinformation, Guilin 541006, China

Abstract: As a critical link between terrestrial and aquatic ecosystems, wetlands provide essential ecological services and are vital for
biodiversity conservation. However, the complex vertical layering of vegetation and unique hydrological conditions in karst wetlands pose
remarkable challenges for effective vegetation distribution monitoring, thereby limiting deeper insights into wetland ecology. Aiming to
address this issue, this paper proposes and implements a 3D vegetation mapping and analysis method based on LiDAR point cloud semantic
segmentation, using the Huixian Karst Wetland of International Importance in Guilin, China, as the study area. This method adopts a deep
learning point cloud semantic segmentation algorithm, DWS-KP-FCNN, to perform detailed 3D mapping of wetland vegetation. Several
post-processing methods are applied to refine the 3D mapping results and improve their quantification potential. Based on the 3D vegetation
map, the proposed method quantifies the volume distribution, proximity to water, and inundation frequency of each vegetation type,
revealing the relationship between vegetation distribution and wetland hydrology. Results of the study reveal the following: (1) The deep
learning algorithm, DWS-KP-FCNN, accurately identifies and classifies various vegetation types from LiDAR point clouds, effectively
addressing challenges such as vegetation overlap and water body detection through post-processing techniques. Thus, this algorithm
ultimately produces fine-grained high-precision 3D vegetation distribution maps. (2) Using the 3D vegetation distribution map, a quantitative
analysis of vegetation volume, proximity to water, and inundation frequency reveals clear distribution patterns along the hydrological
gradient. These patterns include vegetation clustering, mutual shading, optimal proximity to water, inundation frequency ranges, and the
sensitivity of vegetation to hydrological changes. (3) Using a hierarchical clustering algorithm, the study area is divided into zones featuring
distinct vegetation patterns based on proximity to water and inundation frequency. In shallow and near-water areas, karst wetland endemics,
such as some bamboo and shrub species, are dominant, contributing to high species diversity and ecological value. Conversely, deeper zones
reveal dense populations of invasive species such as water hyacinth, thereby posing potential management challenges that require effective
control measures. These findings emphasize variations in vegetation communities across hydrological environments and provide valuable
data for targeted wetland ecosystem management. Overall, the 3D vegetation mapping method, based on LiDAR point cloud semantic
segmentation, offers an efficient, accurate, and comprehensive remote sensing approach for monitoring vegetation in karst wetlands, offering
substantial benefits for ecological protection and management.

Key words: karst wetland, UAV LiDAR, 3D vegetation mapping, point cloud semantic segmentation, deep learning, vegetation distribution
pattern
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