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Automatic extraction of glacial lakes from Landsat imagery using
deep learning across the Third Pole region
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The Tibetan Plateau and surroundings, commonly referred to as the Third Pole region, has the

largest ice store outside the Arctic and Antarctic regions. Glacial lakes in the Third Pole region are

expanding rapidly as glaciers thin and retreat. The Landsat satellite series is the most popular for

mapping glacial lakes, benefiting from long term archived data and suitable spatial resolution

(30m since ~1990). However, the homogeneous mapping of high-quality, large-scale, and multi

temporal glacial lake inventories using Landsat imagery relies heavily on visual inspection and

manual editing due to mountain shadows, wet ice, frozen lakes, and snow cover on lake

boundaries, which is time consuming and labour-intensive. Deep learning methods have been

applied to glacial lake extraction in the Third Pole and other regions, yet these methods are either

concentrated on small test sites without large-scale applications or in polar regions. In this study,

several classical deep convolutional neural networks were evaluated, and the DeepLabv3+ with

Mobilenetv3 backbone performed best, with a high accuracy of mean intersection over union

(mIoU) of 94.8 % and a low loss error of 0.4 %. The proposed method demonstrated robustness in

challenging conditions such as mountain shadows, frozen or partially frozen lakes, wet ice and

river contact, all without requiring extensive manual correction. Compared with manual

delineation, the model’s prediction has a precision rate of 86 %, recall rate of 85 %, and F1-score of

85 %. The area extracted by the model shows a strong correlation with the manual delineation (r

2

= 0.97, slope = 0.94) and a high intersection over union (IoU > 0.8) of the predicted areas. A test of

large-scale glacial lake mapping based on the developed automated model in 2020 across the

Third Pole region shows the robust performance with 29,429 glacial lakes larger than 0.0054 km

2

with a total area of ~1779.9 km

2

(including non-glacier-fed lakes). The model trained in this study

can be fine-tuned for large-scale mapping of glacial lakes in other mountain regions worldwide.
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