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Abstract: Investigating the trade-offs mechanisms among ecosystem services (ESs) can deepen ES theory and provide theoretical support
for ecological protection, restoration and sustainable development of river basins. In this study, the In'VEST model was used to quantify
soil conservation, carbon sequestration, and water yield in the Xinshui River Basin from 2000 to 2020. The root mean square deviation
method was used to identify Type 1 trade-offs when soil conservation and carbon sequestration were relatively dominant, and type 2 trade-
offs when water yield was relatively dominant; trade-offs intensity were also quantified. Partial correlation networks and the Shapley

Additive exPlanations (SHAP) method were utilized to reveal relationship networks and driving thresholds of ecosystem service trade-offs.
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The results showed that: (1) From 2000 to 2020, both Type 1 and Type 2 carbon sequestration-water yield trade-offs showed increasing
trends. By 2020, the previously dominant spatial pattern of Type 1 trade-offs were reversed, and Type 2 trade-offs began to expand from
the northwest to the south. Meanwhile, Type 1 and Type 2 soil conservation-water yield trade-offs exhibited fluctuating decreasing and
increasing trends, respectively. Although Type 1 trade-offs generally dominated spatially, their intensity weakened and spatial extent
contracted by 2020. (2) The Type 1 trade-offs between carbon sequestration and water yield were positively correlated with the proportion
of forest area and negatively correlated with the proportion of cropland area and annual precipitation, respectively. The Type 1 soil
conservation-water yield trade-offs showed a negative correlation with annual precipitation. Both categories of Type 2 trade-offs exhibited
similar patterns, being negatively correlated with the proportion of forest area and mean annual temperature, and positively correlated with
the proportion of construction land area. Land-use type, annual precipitation, and population density showed high node strengths and acted
as key regulatory nodes within the trade-offs network. (3) The proportion of forest area exerted its strongest promoting effect on the Type
1 carbon sequestration-water yield trade-offs when it ranged between 25% and 75%. Annual precipitation exceeding 680 mm significantly
suppressed the trade-offs. The proportion of construction land area consistently enhanced the Type 2 carbon sequestration-water yield
trade-offs. Nonlinear responses of Type 2 trade-offs to proportion of cropland area, proportion of forest area, proportion of grassland area,
mean annual temperature, and annual precipitation differed markedly from those of Type 1 trade-offs, highlighting the ecological
differences between the two types of trade-offs. Precipitation suppressed the Type 1 soil conservation-water yield trade-offs, but a trend
reversal occurred beyond 650 mm. An increase in GDP led to a fluctuating decline in trade-offs intensity. With mean annual temperature
thresholds at 8 °C and 10 °C, its effect on Type 2 trade-offs exhibited a three-phase pattern of ‘slow inhibition-rapid inhibition-promotion’.
When annual precipitation exceeded 620 mm, its effect shifted from suppressing trade-offs to intensifying them. Overall, there are
differences in the spatiotemporal trends between Type 1 and Type 2 trade-offs, and the integrated application of partial correlation
networks and SHAP dependence analysis effectively reveals both macro-scale patterns and local nonlinear characteristics of the complex
system of ecosystem service trade-offs.
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Fig.3 Temporal changes of ecosystem services in the Xinshui River Basin from 2000 to 2020
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