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Effect of Seasonal Baseline Selection on Estimated Annual Soil Carbon
Change in Mangroves
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Abstract

Mangrove wetland soils are among the most critical and stable carbon sinks within blue
carbon ecosystems. As global efforts toward net-zero emissions intensify, the monitoring of
mangrove carbon sinks has become a central issue in blue carbon management and carbon
accounting. While numerous studies have indicated that mangrove soil carbon stocks tend to
remain relatively stable across seasons, uncertainties remain in estimating their annual changes,
highlighting the need to explore potential causes and improve estimation strategies. This study
conducted surveys of 0-30 cm soil carbon content at three mangrove sites in northern and
central Taiwan (Guandu, Wenzitou, and Fangyuan) between 2023 and 2025. Annual changes in
soil carbon stock were estimated using cross-year data from the same season. The estimation
design included three seasonal pairings: (1) summer 2023 vs. summer 2024, (2) spring 2023 vs.
spring 2025, and (3) winter 2024 vs. winter 2025, allowing comparisons across seasons and
sites. Results showed that Guandu consistently exhibited carbon sequestration across all three
seasonal comparisons (14.85-30.30 Mg C ha™ yr'). In contrast, results from Wenzitou and
Fangyuan varied by season: both sites were carbon sinks in summer but shifted toward carbon
sources in winter, with Wenzitou also exhibiting carbon emissions in spring. These findings
suggest that seasonal baseline selection may influence carbon budget estimates. Such seasonal
variability may be influenced by unquantified environmental conditions, although this study
did not systematically investigate environmental factors. Future studies should integrate longer-
term and multi-dimensional datasets to clarify their potential effects on the robustness of annual
estimates. In addition, spatial heterogeneity in mangrove soils poses challenges for
representation. The surveys in 2023 and 2024 were limited to only three sampling points per
site per season, which are likely insufficient for spatially heterogeneous environments like
mangroves. The observed inconsistencies may thus also reflect sampling limitations. Short-
term (one- to two-year) estimates are subject to observational and sampling uncertainties,
whereas long-term monitoring can better reveal the true trajectory of soil carbon accumulation.
It 1s recommended that future work incorporate representative sampling designs and spatial
analysis, supported by multi-year, consistent data collection, to establish a robust and

interpretable blue carbon monitoring strategy for mangrove ecosystems.
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