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Fig. 7 Trends in the number of publications and citation frequency in the field of remote sensing of coastal wetland

vegetation health since 1990
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vegetation biomass since 1900
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Ecosystem Functions Since 1900
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Abstract: Coastal wetlands are transitional zones connecting terrestrial and marine ecosystems, characterized by unique structures and
functions, encompassing mangroves, salt marshes, tidal flats, coral reefs, seagrass beds, and so on. These ecosystems collectively represent
one of Earth’s most productive biogeochemical systems, where the interplay of tidal dynamics, vegetation zonation, and sediment transport
creates distinct ecological niches. They play a crucial role in carbon sequestration and provide critical habitats for various plant and animal
species, thereby effectively supporting biodiversity and ecosystem health. The complex feedback mechanisms and dynamic changes in these
areas require monitoring approaches capable of capturing multi-scale dynamics. Remote sensing has the capacity to assist in the monitoring,
conservation, and sustainable management of these vital ecosystems by providing spatially explicit, cost-effective, and temporally consistent
observations. Coastal wetland remote sensing, as an interdisciplinary field, dates back to the 1970s. Over the past 50 years, the focus of
coastal wetland remote sensing research has evolved from mapping distribution and retrieving ecological parameters to investigating
ecosystem functions and material cycles. This trend indicates that the remote sensing of coastal wetlands has a promising future in
supporting ecosystem-based management and global change research. In this study, we retrieved relevant publications on coastal wetland
remote sensing from the Web of Science Core Collection and used VOSviewer to identify key research themes, which were then
chronologically divided into five historical phases: before 1989, 1990—1999, 2000—2009, 2010—2019 and 2020 to the present. By linking
research themes to the emergence of new sensors, we revealed the historical evolution and current status of coastal wetland remote sensing.
This sensor-theme coupling analysis revealed pivotal technological transitions that facilitated novel insights into coastal wetland remote
sensing processes. For each research theme, we analyzed the first published article and the most cited articles, providing an in-depth
examination of the developmental trajectory of each theme. Importantly, our analysis demonstrates that coastal wetland remote sensing has
evolved from early extent mapping to structural parameter retrieval, then physiological trait estimation, and ultimately ecosystem function
assessment and biogeochemical cycle quantification, reflecting a paradigm shift from pattern observation to in-depth ecological process.
Finally, we outlined future research directions from four aspects: large-scale classification and mapping, fine-scale inversion of ecological
parameters, remote sensing and climate change model and comprehensive remote sensing of ecosystem services. These priorities emphasize
the need for multi-sensor fusion, tighter integration with ecological process models, and transformative applications of artificial intelligence
technologies. This study provides valuable insights into the history, key research areas and future directions of coastal wetland remote
sensing, and reinforces the significance of coastal wetland remote sensing in ecosystem-based management, particularly in addressing
emerging global and climate change challenges. Through a systematic review of multidisciplinary research progress over the past five
decades, this study synthesizes the co-evolutionary dynamics between sensor technology advancements and wetland ecological research
needs. It also outlines critical future development trajectories, offering guidance for researchers in developing forward-looking and targeted
research strategies, and providing policymakers with scientific evidence to promote effective conservation and sustainable management of
coastal wetlands under accelerating environmental pressures.
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