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Fig. 1 Best track of Typhoon Yagi (No. 202411) and spatial
coverage of spaceborne SAR observations (The solid black line
denotes the typhoon’s trajectory, with colored dots indicating
intensity levels along the track. Colored rectangles mark the
footprints of 13 SAR scenes acquired from multiple satellite
missions, while solid boxes highlight the 9 scenes with minimal

land contamination that are analyzed in this study)
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Fig. 3 Typhoon center localization based on SAR-derived sea surface winds
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Abstract: Typhoon Yagi (No. 202411) formed east of the Philippines and moved northwestward. After entering the South China Sea, it
rapidly intensified and reached super typhoon status. The storm subsequently unleashed severe winds, torrential rain, and catastrophic
flooding across the Pearl River Delta. A thorough characterization of the fine-scale surface wind structure and its temporal evolution is
fundamental to unraveling the physical mechanisms governing typhoon intensity variations and to enhancing the skill of operational
forecasts. Conventional observing systems are generally insufficient for resolving fine-scale surface winds, while synthetic aperture radar
(SAR) provides a unique capability for all-weather, high-resolution wind retrieval. The growing constellation of SAR satellites now enables
multi-source collaborative observations that are critical for resolving the fine-scale wind-field evolution and boundary-layer structure of
rapidly intensifying tropical cyclones.

The present study exploits a multi-temporal SAR dataset consisting of 13 images acquired by Sentinel-1, Radarsat-2, and RCM (all
C-band) throughout the lifecycle of Typhoon Yagi, of which 9 scenes covering the inner core were retained for analysis spanning from
tropical storm to super typhoon stages. Using the 500-m-resolution sea surface wind retrieval products, we performed land masking and
applied Gaussian smoothing to suppress speckle noise, along with a uniform filter to effectively remove scalloping and inter-swath stitching
artifacts inherent in wide-swath SAR imagery. In addition, we developed a multi-criterion automatic localization algorithm that identifies the
typhoon center by detecting wind speed minima within the eyewall and accounting for the radial wind structure. Based on these processed
wind fields, we extracted and analyzed the structural parameters during the evolution of Typhoon Yagi, including maximum wind speed,
95th and 99th percentile wind speeds, 50-kt and 64-kt wind radii, and the radius of maximum wind, and further applied azimuthal Fourier
decomposition to quantify the wind field asymmetry.

The results reveal that during rapid intensification, the radius of maximum wind contracted markedly while maximum wind speed,
50 kt and 64 kt wind radii expanded considerably, and the winds became more asymmetric than before, all of which stabilized upon the
storm’s attainment of super typhoon intensity. Owing to its 500-m spatial resolution, the SAR-derived wind field allowed for the
unambiguous identification of kilometer-scale roll vortices in the atmospheric boundary layer. Two-dimensional Fourier transform spectral
analysis was employed to extract the dominant orientations and wavelengths of the roll vortices. revealing that these wavelengths are
predominantly concentrated between 2 and 3 km, and that the roll orientations are broadly aligned with the ambient shear field of the
typhoon. Furthermore, the spatial distribution of the rolls shows no significant variation between the severe typhoon and super typhoon
stages, which is consistent with the prevailing understanding that the formation and maintenance of roll vortices are primarily governed by
local wind-shear instability dynamics.

Despite limited sample size, this study demonstrates the unique potential of high-resolution SAR in capturing both axisymmetric
structural evolution and kilometer-scale boundary-layer processes of typhoons. The established preprocessing and center-localization
methodologies provide a robust framework for future large-sample multi-typhoon analyses, while underscoring the urgent need to
incorporate boundary-layer roll effects into numerical parameterization schemes, given that current coarse-resolution models fail to resolve
these fine-scale dynamical features essential to air-sea interaction.
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