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Abstract: To enable the retrieval of nearshore lake-water turbidity using spaceborne LiDAR data, this
study processed ICESat-2 data to extract photon-distribution characteristics over lake surfaces. Leveraging
the observed variation in photon-distribution patterns under different turbidity conditions, turbidity levels
were inferred accordingly. Lake Erie, one of the North American Great Lakes, was selected as the study
area. An adaptive-parameter pruned quadtree algorithm was employed to denoise the ATIL.03 photon data
from ICESat-2, isolating valid water-surface photon returns. Key photon features-penetration depth, pho-

ton density, and attenuation rate-were extracted from the processed data and matched with in situ turbidity
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measurements. A turbidity-retrieval model was then developed using machine-learning regression algo-

rithms. Experimental results demonstrate that the Random Forest algorithm yields the best performance,

achieving a coefficient of determination (R?) of 0. 91, a mean absolute error (MAE) of 1. 66 NTU, and a

root mean square error (RMSE) of 2.17 NTU, indicating high retrieval accuracy within the 0-50 NTU

turbidity range. To further assess the method s applicability under different turbidity conditions, the datas-
et is divided into low-to-moderate turbidity (0-30 NTU) and high turbidity (=>30 NTU) subsets. Results

show that retrieval accuracy is slightly higher for the low-to-moderate turbidity group. This study provides

a novel technical approach for remote sensing-based monitoring of lake water turbidity.
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Fig. 1 Overview of the research area and measuring station
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Tab.3 Photon distribution characteristics at each survey station

- -k / SBPLCFEDETE SRTELTE BYCFRE BYCrR T RRTERE
NTU JE/ (4 /km) JE/ (A /km) EHRIE/m EFRE/m P/ m
Toledo 27.4 2 200 570 0.27 0.24 0.21
Fermi 28.33 2 290 560 0.25 0.24 0.20
Marblehead 29.4 2 380 580 0.24 0.23 0.18
Cleveland 31.8 2450 590 0.19 0.18 0.16
Fairport 33 2520 610 0.17 0.17 0.13
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Tab.4 Comparison of retrieval results using different

algorithms
Model R® MSE MAE RMSE MedAE
RF 0.93 7.15 2.04  2.67 1.69

MLP 0.91 8.68 2.27 2.94 1.90
SVM 0.92 8.58 2.21 2.92 1. 86
XGBOOST 0.9 8.76 2.31 2.97 1.93
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Fig.9 Random Forest Regression Results
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Tab.5 Inversion results for different turbidity levels

Model R* MSE MAE RMSE MedAE
RF(a) 0.87 5.18 1.71 2.27 1.19
RE(b) 0.80 9.13 2.35 3.02 1.98
SVM(a) 0.83 6.77 2.00 2.60 1.53
SVM(b) 0.76 10.78 2.57 3.28 2.12
XGBOOST(a) 0.82 6.85 2.08 2.61 1.85
XGBOOST(b) 0.64 16.36 3.28 4.05 2.85
MLP(a) 0.83 6.79 2.01 2.60 1.54
MLP(b) 0.76 10.79 2.56 3.28 2.12
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Fig. 10 Time series of turbidity variations
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