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Impacts of climate change and land use on agricultural ecosystem
services
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Abstract

Climate change and human activities are altering agricultural environments and farming
practices, profoundly impacting ecosystem services such as nutrient cycling, water regulation,
soil formation, carbon storage, and climate regulation. Assessing the effects of agricultural
activities on ecosystems is therefore essential for sustainable management. This study
investigates these dynamics in Yunlin County, Taiwan's highest agricultural production region,
by integrating datasets on topography, land use/land cover (LULC), soil types, and
meteorological variables. Using the Integrated Valuation of Ecosystem Services and Trade-offs
(InVEST) model, annual water yield and nutrient transport under 1995 and 2016 LULC
scenarios are quantified to evaluate the impacts of climate change and land use on water
resources and nutrient cycles. According to the model evaluation, significant LULC changes
between 1995 and 2016, with agricultural land (49.70%) remaining the dominant land usage,
including paddy and rain-fed fields. Increased rainfall enhanced surface and groundwater
recharge, while expanded forest areas reduced evapotranspiration, improved soil infiltration
and water retention, and mitigated runoff and erosion. Consequently, some regions showed
increased annual water yield in 2016 compared to 1995.Nutrient export exhibited spatial
variability; some areas (e.g., Zhuoshui River Basin, Lunbei Coastal Basin) experienced
increases, whereas others (e.g., Xinhuwei Basin, Beigang Basin) showed declines. These
differences were attributed to land use changes, adjustments in fertilizer application, and
climate variability. Higher rainfall intensity amplified surface runoff and nutrient loss, while
reduced rainfall or extreme precipitation events affected nutrient leaching and groundwater
contamination. Drought events heightened soil erosion risks, decreased soil moisture, and
disrupted evapotranspiration, reducing regulatory services. Conversely, extreme rainfall posed
threats to supporting and provisioning services, impairing agricultural productivity. These
findings underscore the critical importance of assessing climate and land use changes to inform
sustainable agricultural management policies and ensure the long-term viability of ecosystem

services.
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