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Abstract: [Objective] To accurately trace sediment sources of water conservancy facilities such as rivers and

reservoirs in alpine regions under combined wind-water erosion environments by using multiple composite
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fingerprint methods. [ Methods] In the Shagou River Basin, a tributary of the Longyangxia Reservoir on the
Yellow River, soil samples were collected from aeolian sand and fluvial sediment source areas, along with {resh
sediment samples at the basin outlet. Forty elemental fingerprint factors were analyzed using X-ray fluorescence
spectroscopy. Three fingerprint methods were used to analyze sediment sources, including the multi-group
fingerprint factor method, the machine learning optimal composite fingerprint method, and the Walling-C optimal
composite fingerprint method. [ Results] For fingerprint factor screening, the CT-KW-DFA method achieved a
cumulative discrimination rate of 82.40% using discriminant function analysis (DFA) , while the CT-RF-DFA
method reached 100% , demonstrating a 17.60% improvement in discrimination capacity over the CT-KW-DFA
method. The CT-RF-DFA method better distinguished sediment source regions. The multi-group fingerprint
factor method indicated that aeolian sediment contributed 53.40% while fluvial sediment contributed 46.60% . The
machine learning optimal composite fingerprint method revealed that aeolian sediment contributed 63.00% , and
fluvial sediment contributed 37.00%. The Walling-C optimal composite fingerprint method revealed that aeolian
sediment contributed 50.11% and fluvial sediment contributed 49.89%. The average contribution rates across the
three methods were 55.50% for acolian sediment and 44.50% for fluvial sediment. The sediment sources revealed
by the multi-group fingerprint factor method were closest to the average of the three methods. In the machine
learning optimal composite fingerprint method, the Bayesian model demonstrated good convergence and excellent
fitting performance. In the Walling+C optimal composite fingerprint method, the goodness-of-fit of the Walling-C
multivariate mixing model was 94.50%. [ Conclusion] The computational processes of all three composite
fingerprint methods perform well in tracing sediment sources in alpine river regions. All three methods indicate that
in the Shagou River Basin, aeolian processes contribute a higher proportion of sediment than fluvial processes. The
combined effects of seasonal aeolian activities and changes in river ice conditions are the dominant factors
controlling sediment transport. This study is important for revealing sediment sources under combined wind-water
erosion in alpine regions, and provides technical support for the erosion prevention and control of water
conservancy facilities such as rivers and reservoirs in alpine regions.
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Fig. 1 Spatial distribution of topography and sampling sites in Shagou River basin
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Fig.2 Box plots showing intra—group distribution characteristics and inter—group differences in fingerprint factors screened
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Fig. 3 Calculation results of contribution rates using the
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