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Groundwater, representing nearly 99% of Earth's liquid freshwater, is crucial for billions of people and ecosystems
worldwide, providing potable water and maintaining hydrological stability. However, its sustainability relies on
groundwater recharge processes that replenish aquifers. Inadequate recharge can lead to decreased storage, threatening
sustainability. In humid-temperate regions like Japan, groundwater significantly contributes to downstream flows due
to high infiltration capacity and steep slopes. Despite abundant precipitation, the steep hillslopes and rapid river flows
in Japan lead to frequent water shortages. Japanese catchments face two unique challenges: the upper mountains and
highlands are periodically covered in snow and vulnerable to climate change, while the lowlands and plains are highly
urbanized, increasing water demand. These characteristics impact the water balance, necessitating further investigation.
Japan's large areas of coniferous forest plantations, established after WWII for timber production, and native broad-
leaved forests contribute to higher evapotranspiration (ET), affecting water yield and usable water resources. Rapid
forest growth, fueled by increased atmospheric CO, and a warming climate, has accelerated ET, potentially reducing
groundwater recharge (GWR). Despite groundwater management efforts since the 1900s, studies on spatiotemporal
variability and long-term effects of forest growth on recharge are limited. This thesis applied the Soil and Water
Assessment Tool (SWAT) model to estimate the spatiotemporal variability and magnitudes of shallow groundwater
discharge and deep groundwater recharge over a decade in chapter three. Chapter four evaluated the impact of forest
growth dynamics on hydrological processes and groundwater recharge by improving the SWAT forest growth module
using remote sensing data, long-term historical forest inventory data, and multi-calibrating for Leaf Area Index (LAI),
ET, and streamflow. Results showed significant variability in shallow and deep groundwater recharge influenced by
climatic conditions and slopes. Upper mountainous areas, influenced by snow, accounted for most groundwater recharge,
while urbanized lowland areas contributed less. During the driest year, both shallow and deep groundwater recharge
were insufficient to meet daily water demand, indicating the need for alternative water storage methods. Long-term
forest growth increased ET and reduced GWR in the first 20 years after forest establishment, with ET increasing 7.6
times per year of forest growth. Deciduous broadleaf forests showed stable ET and GWR trends, suggesting mature trees
have more consistent water use. The study found that forest growth impacts hydrological flows more than climate
change, emphasizing the need to consider forest growth dynamics in the long-term catchment water balance studies.
Improved forest growth representation and ET calibration in the SWAT model enhanced hydrological flows and
groundwater recharge estimates as evidenced by the improved statistical model performance indicators. This thesis
contributes valuable knowledge to forest hydrology and groundwater management, elucidating the interactions between

forest growth, hydrological processes, and groundwater recharge.
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