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Abstract: Proposing a novel algorithm for identifying atmospheric pollutant transport pathways by coupling optical flow vectors
with movement distance constraints—Farneback-Distance Transmission Path Recognition Algorithm (FBD-TPRA). Based on high
spatiotemporal-resolution (2km spatial resolution, 1h temporal resolution) PM, 5 concentration satellite remote sensing inversion data
generated via a one-dimensional deep convolutional neural network (1D-CNN), this algorithm extracts inter-frame motion features of
polluted air masses using optical flow and incorporates movement distance constraints to achieve continuous and refined
reconstruction of pollutant transport pathways. Validation experiments conducted during three typical air pollution events in
Changsha, Hunan Province (January 14, October 12, and October 27, 2024) demonstrate that the transport paths identified by the
FBD-TPRA algorithm can reasonably explain the temporal relationships of urban concentration variations (Xiantao-Jingzhou-
Yueyang-Changsha, Yueyang-Changde-Yiyang-Changsha, and Yueyang-Yiyang-Changsha). Compared with the widely used
HYSPLIT model, the FBD-TPRA achieves strong consistency in net displacement direction(cosine similarity up to 0.99), but differ
in path morphology, as reflected by dynamic time warping (DTW) values of 2.99°, 9.58°, and 3.69°, respectively. The study indicates
that the FBD-TPRA algorithm enhances the characterization of pollutant transport processes by integrating high-resolution
spatiotemporal pollutant concentration data and movement distance constraints, providing a new technical approach for identifying
atmospheric pollution transport pathways.

Key words: PM,s; atmospheric pollution; farneback optical flow; FBD-TPRA algorithm; HYSPLIT
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