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Abstract: Abstract: Lake Dianchi is a typical eutrophic lake on the Yunnan-Guizhou Plateau. Its cyanobacterial blooms show

fragmented and scattered patchy distributions, which cannot be accurately captured by conventional monitoring methods.
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Therefore, medium- and high-resolution remote sensing imagery is needed to achieve accurate identification and long-term
dynamic monitoring of these blooms. This study aims to clarify the spatiotemporal variation characteristics and response
mechanisms of cyanobacterial blooms, and to provide scientific support for targeted management and regional ecological
conservation of Lake Dianchi. Based on 378 multi-source remote sensing images from GF-1, Sentinel-2, and Landsat 8 acquired
during 2014-2025, this study uses the previously developed lightweight deep learning model MBAUNet to extract long-term
cyanobacterial bloom information from Lake Dianchi. We further analyze the spatiotemporal variation characteristics of the
blooms over the past 12 years and explore the driving factors of bloom outbreaks. The results show that: (1) The combined use
of multiple remote sensing data sources effectively improves the temporal continuity of bloom monitoring, with monthly time
coverage reaching 82.64%. This value is markedly higher than that of single data sources, which are 63.89% for GF-1, 42.36%
for Sentinel-2, and 41.67% for Landsat 8. The multi-source approach greatly reduces monitoring gaps caused by single-sensor
revisit cycles, cloud and rainfall coverage, and data missing. (2) Temporally, cyanobacterial blooms exhibit obvious interannual
fluctuations and seasonal variations, with an overall trend of initial increase, subsequent decrease, and then stable minor
fluctuations. Summer and autumn are the dominant outbreak seasons, with the maximum bloom intensity occurring in August.
Bloom intensity declines in winter and spring, with the lowest value recorded in March. Spatially, the bloom distribution
follows a pattern of "high in the north and east, low in the south and west". Xinghai Bay and its adjacent northern waters are
the key high-incidence areas of cyanobacterial blooms. From 2021 to 2025, the overall coverage and outbreak intensity of
cyanobacterial blooms have remained at a relatively low level. (3) Meteorological conditions, hydrological regimes, and
nutrient levels jointly regulate the short-term fluctuations of cyanobacterial blooms. Source pollution control and ecological
restoration are the key drivers of the reduced bloom scale after 2018. However, residual nutrients, local pollutant input, and
climate variability may still trigger periodic bloom resurgences. These findings provide a reliable scientific basis for long-term
dynamic monitoring, risk early warning, and ecological management of Lake Dianchi.
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Fig.1 Overview of the study area (Left, elevation map; Right, remote sensing image of Lake Dianchi)
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Tab.1 Correspondence between various bands of remote sensing satellite data

PRAWK WP B 3224 AR/ 224 BURAR /) 22
GF-1 450~520 nm (B1) 520~590 nm (B2) 630~690 nm (B3) 770~890 nm (B4)

Landsat 8 450~515nm (B2) 525~600 nm (B3) 630~680 nm (B4) 845~885 nm (B5)

Sentinel-2 490 nm (B2) 560 nm (B3) 665 nm (B4) 842 nm (B8)
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Fig.3 Distribution of multi-source remote sensing satellite image data
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Fig.6 Spatial variation of annual algal bloom frequency in Lake Dianchi,2014-2025
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