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[Abstract] Based on the MOD13A2 NDVI datasets of the Gansu—Shaanxi section of the Weihe River Basin
from 2001 to 2020, this study adopted Empirical Orthogonal Function (EOF) decomposition to identify the
dominant spatial patterns of vegetation changes. Combined with three—phase GLC30 land use data, areas under
strong and weak human activity disturbances were classified, and a unified spatial framework for attribution
analysis was established. Within this framework, two analytical approaches were applied in parallel: the linear
residual trend attribution method (RESTREND) and the 3D—UNet deep learning—based nonlinear attribution
method. The relative contributions of climate change and human activities were quantitatively assessed, and the
attribution differences between the two methods were systematically compared. The results show that: (1) The
cumulative NDVI increase in the basin reached 36.26% during the study period, with a decadal trend rate of
12.57% per decade. Vegetation improvement was most prominent in the Weibei—Eastern Longdong loess hilly
region, while local vegetation degradation occurred in the Guanzhong urban agglomeration; (2) The first EOF
mode contributed 86.3% to the total variance, and its positive anomaly areas were highly consistent with key
zones of the Grain for Green Project; (3) Linear attribution results indicated that the contribution rates of human
activities were 86.18% and 86.71% in strong and weak disturbance areas respectively, with a difference of less
than 1%; (4) The corresponding nonlinear attribution values were 93.77% and 96.60%, which were 7% to 10%
higher than linear results on average. It proves that nonlinear models can better capture the complex response
relationships between climatic factors and vegetation dynamics.
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