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mediated stabilization of rhizodeposited carbon and its influence on soil structure in
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TS WA RN B E KRR TE R M AT & S A5 9T
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carbon dynamics and stabilization F- R EESEFAYRE H & " Advancing models for
estimating soil organic carbon deficits using legacy-data-driven dynamic baseline and
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Using Regression-Based Models to Estimate Soil Organic Carbon Saturation
Capacity and Sequestration Potential in Taiwan

Chien-Hui Syu ¥, Budiman Minasny 2, Yu-Ting Liu3, Chun-Chien Yen !, Shih-Hao Jien?
Agricultural Chemistry Division, Taiwan Agricultural Research Institute, Ministry of
Agriculture, Taichung 413, Taiwan

2School of Life and Environmental Sciences, Sydney Institute of Agriculture, The University
of Sydney, NSW 2006, Australia

3Department of Soil and Environmental Sciences, National Chung-Hsing University,
Taichung 402, Taiwan

*Corresponding email: chsyu@tari.gov.tw

As global attention increasingly turns to Soil Organic Carbon (SOC)
sequestration as a climate change mitigation strategy, this study estimates
Taiwan’s SOC sequestration potential (SOCsp) at a national scale. Fine
fraction soils (<53 um) are known to stabilize SOC over the long term and
are assumed to have an upper accumulation limit—referred to as the SOC
saturation capacity (SOCsat). The difference between SOCs,: and the current
SOC content in the fine fraction soil is used as an indicator to assess the
topsoil (0—30 cm) SOCs,. Using a high-density soil sampling dataset (>1
sample km™2 in cultivated areas), we developed localized SOCs.t estimation
equations based on three regression approaches: Hassink (1997),
boundary line (BL), and quantile regression (QR). Using digital soil mapping
(DSM) combined with environmental covariates, and employing a random
forest model for spatial prediction, a national-scale 90-meter resolution
SOCs, map was created. Results show that the BL method produced a
higher slope (0.41) compared to the QR method (0.27), resulting in SOCsp
stock estimates from the BL and Hassink methods (107-119 Mt) being
approximately twice as high as that from the QR method (51 Mt). This
highlights that SOCsa: estimation is sensitive to sample composition, data
characteristics, regression methods, and underlying assumptions. Random
forest model validation showed good predictive performance (R%: 0.54—
0.57). Variable importance analysis revealed that soil type, temperature,
and precipitation were the most important environmental covariates
driving the spatial distribution of topsoil SOCs;. Finally, the prediction
interval results revealed greater uncertainty not only in mountainous areas
with lower sampling density but also in southwestern Taiwan, where both
predicted SOCsp and sampling density are higher. This study generated the
first national-scale SOCsp map of Taiwan, which can serve as a valuable
reference for policymakers in setting goals and strategies to enhance soil
organic carbon sequestration in Taiwan.
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