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Phenological monitoring of coastal salt marsh vegetation using high
spatiotemporal resolution remote sensing imagery with
object—oriented method

LI Jinyuan'*?,KE Yinghai'*’,MIN Yukui'*’,ZHUO Zhaojun'>?,
ZHANG Mengyao'*?*,SHA Jinghan'?? HAN Xiaoran*®

1.State Key Laboratory Cultivation Base of Urban Environment Process and Simulation, Beijing 100048, China;
2.Beijing Laboratory of Water Resources Security, Beijing 100048, China;
3.College of Resource Environment and Tourism, Capital Normal University, Beijing 100048, China;
4.University of Chinese Academy of Sciences, Beijing100049, China;
5.State Key Laboratory of Tibetan Plateau Earth System, Environment and Resources (TPESER),
Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijingl 00101, China

Abstract: Accurate monitoring of salt marsh vegetation phenology is crucial for understanding the carbon cycle in “blue carbon”
ecosystems. High spatiotemporal resolution satellite remote sensing technology facilitates detailed monitoring of vegetation phenology;
however, the presence of “salt-and-pepper” noise is an inevitable challenge. This study focuses on the Yellow River Estuary Wetland and
adopts an object-oriented method combined with high-resolution remote sensing data to investigate coastal salt marsh phenology. First,
multiscale segmentation is applied to Jilin-1 images to extract salt marsh vegetation objects, serving as basic units for phenological
parameter extraction. Using time-series NDVI from PlanetScope images, phenological parameters, including the start date of the growing
season (SOS), end date of the growing season (EOS), and length of the growing season (LOS), are extracted using S — G(Savitzky-Golay)
filtering, a double-logistic model, and dynamic thresholding methods. Results are assessed from the following three aspects: (1) the fitting
accuracy of the time-series NDVI, (2) the spatial heterogeneity of the extracted phenological parameters, and (3) consistency with
observations from a phenological camera. Results indicate the following: (1) Compared to pixel-based approaches, the object-based time-
series NDVI fitting achieves lower root mean square error (RMSE), mean absolute error (MAE), and mean absolute percentage error
(MAPE). Specifically, the area with RMSE<0.05, MAPE<15%, and MAE<0.035 increased by 11.46%, 12.93%, and 10.72%, respectively,
demonstrating improved fitting accuracy at the object scale. (2) The extracted phenological parameters are similar for object- and pixel-
based approaches, which capture the spatial heterogeneity of salt marsh vegetation phenology. Conversely, object-based parameters are
spatially smoother, mitigating the small-scale variability in pixel-level phenological parameters. Spatial heterogeneity analysis through semi-
variogram functions reveals substantially lower nugget (C,) and partial sill (C) values for object-based parameters than those for pixel-based
parameters. (3) Object-based phenological parameters exhibit a high degree of consistency with those obtained from the phenological
camera (with SOS matching exactly, and EOS and LOS differing by only one day), whereas pixel-level parameters exhibit remarkable
variations. This study reveals that object-oriented image analysis effectively reduces salt-and-pepper noise in high-resolution remote sensing
images and holds strong potential for high-resolution phenology extraction in salt marsh wetlands.
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