PETIEMEF 2026 FF F28 % H2H)

DOI 10.15302/J-SSCAE-2025.10.014

AR E SISO R RS EES AT SR
RRA R fR K N FH HE SR

Y, PR, EEY, b, BEE, bt
. AR IS KSR 2P/ XIBE e A EE S 9ig =, b 100875, 2. W E R A LB, #H 571100; 3. b=
VIR IR 54 ST A S TR / | R B TSKAE BT ST R S0 E, | ARERIEE 519087; 4. ) R Tl KA
AR ERIRER / KIS XTI %4 540 KRG E AW, M 510006)

WBE: HRESRGAYERERRIEARNAES b R OER, HABACOGI SRS ARMEE . Tk 54
ST EEILR . £ 57 R LR R B A SRR S5 M 2 18] 7 B A R AR R R B e RIS, A SCSE A
BT HOLEIE (LIDAR) 5 ATHERE (AD BhABOARTE DM B K SO REE b b i) 2 b JE R RE L VS 0 0 #r T AR Si 7k
AR 7K ST BT e B4 24 R AR A R B B i i 2 7 B S L OB, B AR 1 M3 545 K LIDAR 7EM B i o EL AR bR = 445
M TR HIBAR R, AL s RSB B 20K B BRI Bl & P oS E A . DO R HGE AR E R A E N
B, RLRGAL T “LIDAR+AL” BlEHBORTEIE THE41 = 445 M Ao 2 B B 5. SRS 5 45 MR e 2R B R 5
P 5E SR 3 HT DA S AR AE 25 R GRS BORS QAL I B 3 NS U Y SR ;. 45 R R, “LiDAR+AL” Bl & AR &
TR TR 2R 8] 0 R SIS, e RS AR AR L T BRI O T A S O R R O LA . )R, BRIET
TH] 1) AR AR A 2K SO AR I “ B — T P — Bt — bl A i BHE LR, R T 22 Je B o L R TR R R A ) SR T
X, IR T RS IE bR WU R A R AR T T Pk . S O R R . TR B RN
FTHIFRMA DA R T ROR KR, ARE MRS RGP 54 S TR B 7R,

FERE: WOLEIE: NLREE: BMAESAKCOIRE; AR RGP, Bl A

FESES: X3  XEFFRRG: A

Precision Modeling of Forest Eco-hydrological
Process via LIDAR and Al Integration: Advances and
Application Framework

Xu Qiao', Liu Gengyuan"*, Dong Ke', Yang Qing’, Zhao Yanwei', Yang Zhifeng "*

(1. State Key Laboratory of Regional Environmental and Sustainability, School of Environment, Beijing Normal University, Beijing
100875, China; 2. Hainan Institute of National Park, Haikou 571100, China; 3. Guangdong Provincial Key Laboratory of Wastewater
Information Analysis and Early Warning, Advanced Interdisciplinary Institute of Environment and Ecology, Beijing Normal University,
Zhuhai 519087, Guangdong, China; 4. Key Laboratory for City Cluster Environmental Safety and Green Development of the Ministry
of Education, School of Ecology, Environment and Resources, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Forest ecosystems play a fundamental role in sustaining global water cycles and ecological security, and accurate modeling of
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their eco-hydrological processes is essential for forest management, watershed regulation, and eco-engineering design. To address the
limitations of conventional methods regarding high-precision quantification of the spatial heterogeneity of forest structures and its
nonlinear coupling with hydrological processes, this study reviews the advances and engineering application potentials of light detection
and ranging (LiDAR) and artificial intelligence (Al) fusion technologies in forest eco-hydrological modeling. The study first analyzes the
limitation of homogeneity assumption in conventional models and the challenge of insufficient spatiotemporal data coverage. It highlights
the technological breakthroughs of terrestrial and spaceborne LiDAR in constructing high-fidelity forest three-dimensional (3D) structures,
as well as the critical role of Al in leaf-wood separation from point clouds , complex hydrological process simulation, and physics-
informed machine learning (PIML). Using the National Park of Hainan Tropical Rainforest as a representative case, the study evaluates the
application performance of LiDAR + Al fusion in three key areas: estimation of rainfall interception by forest canopies based on fine-scale
3D structures, quantitative analysis of the effects of forest age and structure on evapotranspiration and runoff, and refined accounting of
forest water-related ecosystem services. The results demonstrate that LIDAR + Al fusion significantly improves the spatial resolution and
predictive accuracy of models, effectively revealing the micro-scale regulation mechanisms of forest vertical structures on rainfall
redistribution and evapotranspiration processes. Finally, a “data—model—platform—feedback” fusion modeling framework for forest eco-
hydrological processes is proposed. This framework explores the implementation of deep integration between multi-source data and
mechanistic models, and identifies current challenges in data standardization, fusion complexity, and computational cost. This study further
provides a technical pathway toward high-precision, interpretable forest eco-hydrological modeling with potentials for engineering

application, offering scientific support for forest water-related ecosystem service assessment and ecological engineering management.
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