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Abstract

This study investigates the structural changes of Typhoon Khanun (0515) as it traversed the Kuro-
shio front, utilizing precipitation data from the Global Precipitation Measurement (GPM) mission
and the best-track dataset of tropical cyclones in the Northwest Pacific issued by the China Meteor-
ological Administration. Numerical simulations were conducted using the Weather Research and
Forecasting (WRF) model to preliminarily analyze the underlying physical mechanisms. The results
reveal that during Khanun's passage over the Kuroshio front, the strong sea surface temperature
gradient of the Kuroshio provided intense asymmetric diabatic heating to the typhoon. Fourier har-
monic decomposition indicates that the heating was dominated by the wavenumber-2 component,
which enhanced the tangential wavenumber-2 activity of Khanun. The associated potential vorticity
perturbations, upon triggering convection, were further amplified by the favorable conditions pro-
vided by the Kuroshio, leading to the intensification of the wavenumber-2 structure. This process
resulted in the formation of two strong convective precipitation centers, ultimately increasing the
destructive potential of Typhoon Khanun.
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Figure 1. The track and intensity during the lifetime of Typhoon Khanun (0515)
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Figure 2. The distribution of the rainbands (shaded areas) during the movement of Typhoon Khanun (0515) over the Kuroshio
region (gray solid lines represent sea surface pressure, and black dashed lines indicate the axis of the Kuroshio Current)
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Figure 3. Distribution of rainbands (colored areas) during the period when Typhoon Khanun (0515) was far from the Kuroshio
region (solid gray lines indicate sea surface pressure, and dashed black lines indicate the Kuroshio axis)
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Figure 4. Distribution of rainbands (shading) during the movement of Khanun (0515) in the Kuroshio region as simulated in
the with-K experiment (solid gray lines indicate sea surface pressure, and dashed black lines indicate the Kuroshio axis)
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Figure 5. The wavenumber-2 component of the TC rainband in the with-K experiment (with gray dashed lines spaced at 50 km intervals)
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Figure 6. The wavenumber-2 component of the PV in the with-K experiment (with gray dashed lines spaced at 50 km intervals).
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Figure 8. Underlying sea surface temperature forcing fields for (a) the with-K experiment, (b) the half-K experiment, and (c)
the non-K experiment (units: “C; black dashed lines indicate the Kuroshio axis, and the black box represents the key Kuroshio
region, i.e., the area where Kuroshio sea temperatures were modified).
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Figure 9. Distribution of rainbands (shading) during the movement of Typhoon Khanun in the Kuroshio region as simulated in
the half-K experiment (solid gray lines indicate sea surface pressure, and dashed black lines indicate the Kuroshio current axis)
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Figure 10. Same as Figure 8, but for the non-K experiment
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Figure 11. Time series of the proportion of the second Fourier harmonic component of the TC rainband in (a) the with-K experiment,
(b) the half-K experiment, and (c) the non-K experiment (the gray shaded area indicates the period when the TC passed through the
key Kuroshio region).
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Figure 12. Latent heat flux at 09:00, 12:00, and 15:00 on September 10 in the with-K experiment (a)~(c), the half-K experiment (d)~(f),
and the non-K experiment (g)~(i) (solid gray lines indicate sea level pressure, and dashed black lines indicate the Kuroshio current
axis).
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Figure 13. Same as Figure 11, but for the sensible heat flux
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Figure 14. The wave number-2 component of diabatic heating in the three experiments (a: latent heat flux, b: sensible heat
flux, and the gray area represents the main influence period of the Kuroshio key zone)
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