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Abstract: [ Objective] To clarify the spatiotemporal evolution characteristics of the carbon-water compound use
efficiency (COM) and its driving mechanisms in the Loess Plateau ecosystem.[Methods] Taking the Loess
Plateau as the study area, the net primary productivity (NPP) was simulated using an improved Carnegie-Ames-
Stanford approach (CASA) model, and the COM for 2002—2022 was calculated to analyze its spatiotemporal
distribution and variation trends. The optimal parameters-based geographical detector COPGD) and partial least
squares structural equation modeling (PLS-SEM) were further employed to investigate the driving mechanisms
and influence pathways of COM. [Results] 1) The improved CASA model significantly enhanced the NPP
estimation accuracy, with R? improved from 0.53 to 0.63. 2) From 2002 to 2022, COM on the Loess Plateau
exhibited an overall improvement, with 87.8% of the area showing positive change. 3) Precipitation (Pre), vapor

pressure deficit (VPD) , and land surface temperature (LLST) had the strongest explanatory power for COM.
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Notably, the interactions of LST&.Pre, Pop&.Pre, and Pop& VPD were the most significant. 4) The total effects
of terrain, climate, and human activities on potential variables were 0.264, 0.805, and 0.014, respectively.
Among them, climate had a significant direct effect (0.800) , terrain turned the total effect from negative to
positive through indirect pathways (0.459) , and the influence of human activities was relatively limited.
[ Conclusion | Climate is the dominant factor affecting COM on the Loess Plateau, terrain plays a key regulatory
role through indirect pathways, and human activities mainly influence COM through interactions. The findings
provide theoretical support and methodological reference for improving resource use efficiency and promoting
sustainable ecosystem management in the region.

Keywords: carbon-water compound use efficiency (COM) ; improved CASA model; spatio-temporal evolution;

driving mechanism
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