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Abstract: \ortices over Tibet Plateau often bring heavy rain and other disasters to China. Generally, they are believed to be
generated from bottom to top through sensible heating and latent heating. In this study, however, we find that the May 2013
plateau vortex, which has caused severe precipitation downstream, is actually induced by the synoptic-scale eddies in the upper
layer of the troposphere. Using a recently developed functional analysis tools, i.e. the multiscale window transform (MWT), and
the MWT-based localized multiscale energy and vorticity analysis (MS-EVA), we reconstruct the ERAS reanalysis fields into
three subspaces of scale, or scale windows, i.e., the basic flow scale window, synoptic scale (plateau vortex scale) window and
high frequency window. By the reconstructions, it is shown for the first time that the vortex is generated on the northwestern
side of the Plateau, and the generation is through the barotropic instability of the basic flow, i.e., the canonical transfer of kinetic
energy from the basic flow window to the vortex scale window, which develops downward from top to bottom. Moreover, the
ultimate source of energy for the vortex development is the baroclinic transfer from the basic flow, rather than the non-adiabatic
heating as commonly believed. Further analysis shows that there exists a “path” of energy redistribution on the vortex scale
window: In the lower layer, the vortex receives available potential energy on the western side, which is then converted into kinetic
energy, and transported via vertical pressure work into the upper part. In the upper layer, he kinetic energy on the western side is
transported horizontally (via horizontal pressure work) to the east, while the vertical pressure work there carries the gained kinetic

energy downward to the lower layer. In doing this the energy
JA5 B 272 2020 -9 A1 6 B ; 5 =IHHA: 2020 £ 11 A 20 A received in the lower-western part of the vortex is redistributed
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Fig. 1 A schematic of the local Lorenz cycle for a three—
window decomposition. The arrows in blue stand for
canonical transfers, and those in red, yellow, green,
and black are for buoyancy conversions, transports,

vertical stratifications, and external forces and dissipation

processes, respectively
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Fig. 2 The geopotential (isoline, interval: 400/200/100 m?/s®
at 200/500/850 hPa, respectively), zonal temperature anomaly (deviation from zonal mean between 60°-140°E) (shaded,
unit: “C), and horizontal velocity (vector) as the vortex generates (00:00 GMT, May 22), develops (06:00 GMT, May 24), and
leaves the plateau (06:00 GMT, May 25). The black triangle at 500 hPa marks the plateau vortex No. C1320, and the green
star marks the one studied in this paper (No. C1321)
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Fig. 3 The geopotential time series (a) (unit: 100 m?/s?)
and its wavelet power spectrum (b) at 32°N, 100°E on
Tibetan Plateau from 00:00 GMT on 5 May 2013 to
15:00 GMT on 16 June 2013
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Fig. 7 Same as Fig. 6, but for inverse buoyancy conversion (—b")
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Fig. 8 Same as Fig. 6, but for the transport of kinetic energy (—V'Q;)
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Fig. 9 Same as Fig. 6, but for pressure work (—V - Q})
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