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(1.College of Geomatics, Xi’an University of Science and Technology, Xi’an 710054, China; 2.National Satellite Meteorological
Center, Beijing 100081, China; 3.Aerospace Information Research Institute, Chinese Academy of Sciences, Beijing 100094, China;
4.University of Chinese Academy of Sciences, Beijing 100049, China; 5.School of Geology and Geomatics, Tianjin Chengjian
University, Tianjin 300380, China; 6.China Institute for Geo-Environmental Monitoring, Beijing 100081, China). China
Environmental Science, 2026,46(3): 1509~1521

Abstract: Conventional remote sensing platforms like Landsat and Sentinel face inherent limitations in achieving continuous
dynamic monitoring of cyanobacterial blooms due to their inadequate temporal resolution. Similarly, existing FY satellite-based
monitoring and prediction approaches are constrained by unidimensional analyses and oversimplified models dependent on
single-variable inputs. To overcome these challenges, this study developed a comprehensive multidimensional monitoring and
prediction system utilizing high-temporal-resolution FY3D/MERSI data for Taihu Lake cyanobacterial blooms. Our methodology
integrated spectral indices with an optimized Otsu algorithm for accurate bloom detection, coupled with innovative dual-scale (pixel
and sub-pixel) quantification techniques. Through this framework, we conducted systematic multidimensional analysis of Taihu
Lake's cyanobacterial blooms (2019~2023), examining critical parameters including bloom intensity, frequency patterns, and
outbreak severity dynamics. Concurrently, integrating meteorological and water quality factors, we constructed a BP neural network
model to predict bloom areas. Validation analyses demonstrated the strong performance of FY3D/MERSI data in cyanobacterial
bloom extraction, showing excellent agreement with in-situ measurements (R*> = 0.98, RMSE = 21.6km?). Cyanobacterial bloom
areas in Lake Tai exhibited seasonal double-peak patterns, with peaks occurring in May and October. Bloom severity predominantly
ranged from mild to moderate, while severe blooms remained at low levels throughout the year. Outbreak frequency was
significantly higher in the western, southern coastal, and central lake areas than in the eastern region, and higher frequencies occurred
during summer and autumn. Inter annual outbreak intensity showed a gradual decreasing trend, with the proportion of “no

cyanobacterial blooms” rising to 89% in 2023. Correlation analysis indicated that factors such as temperature and relative humidity
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promote bloom outbreaks, while turbidity and fluorescent dissolved organic matter exerted inhibitory effects. The BP neural network

model demonstrated robust predictive capability, achieving a root mean square error (RMSE) of 27.07km? and a Pearson correlation

coefficient (r) of 0.94 on the validation set. Notably, 83% of predictions fell within £25km> of observed values. These metrics

collectively confirm the model's effectiveness in capturing the dynamic spatiotemporal trends of cyanobacterial bloom areas.

Key words: FY3D/MERSI; cyanobacteria blooms; time series monitoring; prediction model; BP neural network
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Table 3 Statistical table of predictive model training results

REPER 5 6 7 8 9 0 11 12 13
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W%k 14 15 16 17 18 19 20 21 22
RSME i, 44.56 49.48 46.30 45.36 49.20 44.56 41.35 36.23 47.01
TiSs 23 24 25 26 27 28 29 30
RSMEi, 54.30 48.68 51.83 46.23 45.82 47.53 47.25 51.34
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