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Abstract: [Objective] This study reveals the spatiotemporal differentiation characteristics of trade-offs and
synergies among ecosystem services at the county scale in the hilly-gully region of the Loess Plateau, as well as
their driving factors, thereby providing a scientific basis for optimizing ecological restoration zoning and promoting

refined ecological management at the county level. [Methods] Based on multi-source remote sensing and
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geospatial data, the IN'VEST model, trade-off and synergy analysis, and the PLLS-PM model were integrated to
quantitatively analyze the variation characteristics, trade-off and synergy patterns, and driving factors of four
ecosystem services in Yongshou County: carbon storage, habitat quality, soil conservation, and water yield from
2000 to 2020. [Results] 1) The land use pattern in Yongshou County was characterized by an increase in forest
land, a decrease in grassland, expansion of construction land, and relative stability in cultivated land. The main
land use conversions were reflected in the conversion of grassland to forest land and the mutual conversion between
cultivated land and grassland. 2) Total carbon sequestration increased continuously, whereas habitat quality
generally declined. Soil conservation and water yield exhibited a fluctuating "increase-decrease-recovery” pattern.
The high-value areas of all four ecosystem services remained stably concentrated in the northern and northwestern
parts of Yongshou County. 3) At the county scale, all pairwise relationships among ecosystem services showed
significant synergies that gradually strengthened over time, with their spatial patterns characterized mainly by
interlaced patches of low-intensity trade-off and synergy relationships. 4) Slope exerted a stable influence on soil
conservation, while precipitation and potential evapotranspiration had stable effects on water yield. In contrast,
land use underwent multiple directional reversals in its impacts on carbon sequestration, habitat quality, and water
yield, representing a key source of uncertainty in ecosystem service changes. The direct effects of the normalized
difference vegetation index on ecosystem services showed a weakening trend. [ Conclusion] The ecosystem
services in Yongshou County and their relational patterns are shaped by both natural constraints and human
interference, among which land use change serves as the key anthropogenic factor affecting the stability of these
service relationships.
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