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Assessment of Carbon Sequestration within Forest Watershed via
SWAT+ Modeling
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Abstract

Global climate change presents a serious challenge, as the large-scale emission of
greenhouse gases leads to global warming, more extreme weather events, and variance in
rainfall distribution. These changes threaten both natural ecosystems and human societies. To
address this, the United Nations released the Millennium Ecosystem Assessment in 2001 to
evaluate how ecosystem changes affect human well-being. Building on this, the Common
International Classification of Ecosystem Services (CICES) was introduced in 2013, which
integrated the Millennium Ecosystem Assessment with The Economics of Ecosystems and
Biodiversity (TEEB). The CICES framework categorizes ecosystem services into three main
groups: provisioning, regulating and maintenance, and cultural services. In 2015, the UN
launched the 2030 Agenda for Sustainable Development (SDGs), which includes strategies
for both climate change mitigation and adaptation. Human activities have severely impacted
the diversity of life and environments within ecosystems, significantly reducing Earth's
resilience and biological carrying capacity. The continuous increase in atmospheric carbon
dioxide concentrations due to human activity highlights the importance of carbon storage.
This is classified under the CICES regulating and maintenance services, specifically as
"regulation of climate and chemical composition™ and "regulation of water flows and cycles."

The SWAT+ (Soil and Water Assessment Tool+) model, which incorporates spatially
distributed parameters and enables long-term continuous simulation, is capable of modeling
various ecosystem processes such as hydrology, sediment transport, crop growth, and nutrient
cycling within a watershed. This study applies the SWAT+ model to evaluate the forest carbon
storage services in the Feitsui Reservoir watershed, aiming to analyze the carbon
sequestration potential of forested areas. Through simulation of hydrological and nutrient
cycling processes, soil erosion and sediment transport, and crop biomass production within
the terrestrial ecosystem of the watershed, the model can be used to estimate carbon storage.
Finally, the performance of various forest management practices and tree species—such as
Lauraceae, Japanese cedar, and broadleaf forests—will be analyzed in detail to concretely
assess their contributions to enhanced carbon sequestration.

The SWAT+ model was used to simulate forest growth within the Feitsui Reservoir
watershed. The simulation, which encompasses the entire growth process from planting and
germination to a mature, stable forest, spans approximately 12 years. This duration aligns
with the natural growth cycle of the region's native tree species. The model’s results
effectively illustrate the biocarbon storage benefits at different stages of forest development.
The simulations reveal that younger forests exhibit a faster growth rate, leading to a greater
increase in carbon storage. In contrast, mature forests maintain a stable state, with carbon
storage remaining in a dynamic equilibrium. During the simulated period, the average annual
carbon sequestration was approximately 7.6 tons per hectare, which is equivalent to absorbing
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roughly 27.9 tons of carbon dioxide per hectare per year. This demonstrates the significant
contribution of this forest watershed to carbon storage.
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