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Abstract: Frequent outbreaks of Cladophora blooms in the newly formed littoral zone of Lake Qinghai have been observed due
to the warming and humidification of the Qinghai-Xizang Plateau climate. Previous studies on the extraction of Cladophora
blooms mainly relied on multi-source satellite remote sensing imagery. However, the limitations of image spatial resolution and
mixed-pixel effects hindered the accurate identification of the true distribution and detailed features of the blooms. This study
utilized low-altitude UAV imagery combined with the Attention DeepLab V3" deep learning model to automatically extract
Cladophora bloom features in Lake Qinghai. A comparative analysis was conducted with results derived from spectral indices
and machine learning methods, and the differences between UAV imagery and optical satellite remote sensing imagery in
extracting Cladophora blooms were explored. The subsequent results are outlined below: (1) It has been demonstrated that

DeepLab V3*is capable of accurately detecting Cladophora blooms without the necessity of prior thresholds, achieving a kappa
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coefficient, precision, recall, and F1 score of 0.985, 0.969, 0.983, and 0.976, respectively. (2) In comparison with both the random
forest model and the red-green-blue floating algae index, the model demonstrated a marked improvement in both the kappa
coefficient and the F1 score, with increases of 4.47% and 6.35%, respectively. This is particularly noteworthy in terms of its
superior adaptability to complex bloom distribution patterns, as evidenced by its ability to capture boundary details and
differentiate between voids. (3) Optical satellite remote sensing imagery tends to overestimate Cladophora blooms in Lake
Qinghai, with mean relative error values ranging from 5.5% to 323.47%. This study utilized the high-resolution capabilities of
UAV imagery to provide technical support for accurately assessing the true distribution of Cladophora blooms in Lake Qinghai,
thereby establishing a foundation for the monitoring and tracking of algal blooms features in other water bodies.
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Fig.1 Lake Qinghai and Cladophora blooms
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Tab.1 UAV imagery information

Fye e J8) fitan X s e HdEiE (GB)

20230801 Iy 1 2.82
20230808 SR 1 2.88
20230808 ORI 2 7.81
20240828  MAIATEIRIHL 1 6.81
20240828 A AT 1] 3 23.24
20240828 SRR HY 2 11.62
20240926  MRIAVEIEHL 1 7.73
20240926 A Y] 1] 3 18.68
20240926 SRR HY 2 11.4
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Fig.3 Schematic of data augmentation for sample and label
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Tab.2 Accuracy evaluation of different methods for extracting Cladophora blooms
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Fig.10 Comparison of the results of extracting Cladophora blooms using UAV imagery and Sentinel-2 MSI
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Fig.11 Comparison of the results of extracting Cladophora blooms using UAV imagery and Landsat OLI imagery
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Tab.3 Comparison of the area of Cladophora blooms extracted from UAV and optical satellite remote sensing
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