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Abstract The development of vertical vorticity under adiabatic condition is investigated by virtue of the view of potential vortic-
ity and potential temperature (PV-0) and from a Lagrangian perspective. A new concept of generalized slantwise vorticity de-
velopment (GSVD) is introduced for adiabatic condition. The GSVD is a coordinate independent framework of vorticity devel-
opment (VD) which includes slantwise vorticity development (SVD) when a particle is sliding down the concave slope or up the
convex slope of a sharply tilting isentropic surface under stable or unstable condition. The SVD is a special VD for studying the
severe weather systems with rapid development of vertical vorticity. In addition, the GSVD clarifies VD and SVD. The criteria
for VD and SVD demonstrate that the demand for SVD is much more restricted than the demand for VD. When an air parcel is
moving down the concave slope or up the convex slope of a sharply tilting isentropic surface in a stable stratified atmosphere
with its stability decreasing, or in an unstable atmosphere with its stability increasing, i. e. , its stability 4. approaches zero, its
vertical vorticity can develop rapidly if its Cp is decreasing.

The theoretical results are employed to analyze a Tibetan Plateau (TP) vortex (TPV) which appeared over the TP then
slid down and moved eastward in late July 2008, resulting heavy rainfall in Sichuan Province and along the middle and lower
reaches of the Yangtze River. The change of PV, contributed to the intensification of the TPV from 00:00 UTC to 06:00 UTC
22 July 2008 when it slid upward on the upslope of the northeastern edge of Sichuan basin, since the changes in both horizontal
vorticity 1, and baroclinity @, have positive effects on the development of vertical vorticity. At 06:00 UTC 22 July 2008, the
criterion for SVD at 300 K isentropic surface is satisfied, meaning that SVD occured and contributed significantly to the devel-
opment of vertical vorticity. The appearance of the stronger signals concerning the VD and SVD surrounding the vortex indi-
cates that the GSVD concept can serve as a useful tool for diagnosing the development of weather systems.

Key words Potential vorticity, Vorticity development, Slantwise vorticity development, Generalized slantwise vorticity devel-

opment
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(Yellow marks the region underneath the ground surface, the same for following figures)
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Fig.2 Schematic diagram showing the development
of vertical vorticity in a stable atmosphere owing to the
slantwise sloping of the isentropic surface when the
directions of horizontal vortical n, and baroclinity @, are
opposite. Initially, a particle is at position A’ on the
horizontal part of a ¢ surface, and PV, = 7.0, 1s conserved.
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Fig.4 Zonal vertical cross-sections across the center of the TPV at (a;, a,, a;) 18.00 UTC 21, (b;, by, by) 00:00 UTC
22 (b), and (c1, ¢z, c3) 06:00 UTC 22 July 2008. The vertical dashed line denotes the center of TPV.

The shadings in a; s by s¢; 585 ,by ¢y 5 and as s bs ,c3 columns are the Lagrangian change of qz(d{;; 10°° m®/(kg+s+6h),

dl;:/p; 10" PVU/6 h), and Q (K/6 h). respectively

the Lagrangian change of PV, (
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Fig.6 Development on the 330 (a; ,b;) and 315 K (a; .b,) isentropic surface of vertical vorticity 7. (aj-1saz-1bi-1 s byo13

10 °m®/(kg *+ s + 6 h)), and the associated contributions due to the changes in horizontal potential vorticity —
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at (a) 00:00 UTC and (b) 06:00 UTC 22 July 2008. The contour and vector in the first column are pressure in hPa and
horizontal wind, respectively. The unit of shading in the last three columns is 0. 5X10 °m®/(kg * s+ 6 h)
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