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Enhancing the Spatial Representativeness of Mangrove Soil Carbon

Stock Estimates Using High-Density Soil Sampling and Kriging
Method
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Abstract

Mangrove soil organic carbon (SOC) is one of the most significant and stable carbon
reservoirs within blue carbon ecosystems, accounting for approximately 50-90% of the total
carbon stock. However, due to the complex terrain, tidal influence, and high cost of field
sampling in mangrove environments, conventional monitoring approaches often rely on a small
number of sampling points (e.g., 3—10) to estimate mean carbon density, which is then
multiplied by the total area to infer carbon stocks. This method does not account for the spatial
heterogeneity of SOC, especially in areas with significant anthropogenic disturbance or
microtopographic variation, potentially leading to substantial under- or overestimation. Despite
this, research focusing on the spatial variability of SOC in mangroves and corresponding
sampling design remains relatively limited. This study focuses on three mangrove areas in
Taiwan (Guandu, Wenzitou, and Fangyuan) where approximately 50 to 60 high-density soil
samples were collected per site to serve as a basis for spatial statistical analysis. The objective
was to construct reliable SOC spatial distribution maps using dense empirical data and to
explore differences in spatial heterogeneity across different mangrove regions. We conducted
empirical variogram fitting and applied ordinary kriging to estimate spatial distributions. Three
commonly used variogram models (spherical, exponential, and gaussian) were compared, and
the best-fitting model and parameter combination for each site was selected based on root mean
square error (RMSE). SOC prediction maps and uncertainty maps (MSE, RMSE) were
generated accordingly. The results indicate clear spatial heterogeneity in SOC across different
sites, with notable differences in optimal models and parameters among regions. This suggests
that a unified model is not suitable for all areas, and site-specific modeling is necessary. This
study establishes a practical workflow for small-scale spatial modeling of mangrove SOC in
Taiwan and lays the groundwork for future analyses such as sampling optimization and cost-
effectiveness assessment. Overall, the study contributes to addressing the current gap in blue
carbon monitoring regarding the quantitative relationship between sample size and spatial
representativeness and offers methodological references for developing localized mangrove

carbon monitoring strategies.
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