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Abstract

To clarify the influence mechanisms of river cross-section characteristic factors on the surface velocity
coefficient and enhance the accuracy of visual flow measurement methods along with the intelligence level
of hydrological monitoring, this study proposes a systematic method for extracting and generalizing cross-
section characteristic factors based on field data from multiple hydrological stations in Fujian Province of
China. A theoretical model of logarithmic velocity distribution was developed using multi-scale factor anal-
ysis to investigate the response relationships between surface velocity coefficient and cross-section charac-
teristic factors—including hydraulic radius, channel width, cross-sectional area, bank slope coefficient, sec-
ondary flow, aspect ratio (B/H), bed roughness, and aquatic vegetation density. Dimensionality reduction
was performed via principal component analysis (PCA). The results indicate that: 1) Distinct significant re-
sponse relationships exist between the surface velocity coefficient and factors such as hydraulic radius and
channel width; 2) Three core common factors were extracted through PCA: hydraulic characteristic factor,
channel morphological factor, and bed roughness factor; 3) The theoretical model revealed variation pat-
terns of surface velocity coefficient under different cross-section morphologies and hydrological condi-
tions. This research provides theoretical foundations and technical tools for improving visual flow meas-
urement accuracy and advancing intelligent hydrological monitoring.
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