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Vorticity, Potential Vorticity and Stratospheric Dry Intrusion:
Origin, Application and Misuse of Potential Vorticity Concept

TAO Zuyu' ZHOU Xiaogang® ZHENG Yongguang®

1 Department of Atmospheric and Oceanic Sciences, School of Physics, Peking University, Beijing 100871
2 Training Centre of China Meteorological Administration, Beijing 100081
3 National Meteorological Centre, Beijing 100081

Abstract: In weather forecasting, there are some improper uses of the concept of stratospheric dry air in-
trusion into troposphere deduced from the isentropic potential vorticity (PV) analyses. This paper re-
viewed the history of weather forecast from pressure change to vorticity change, and discussed the origin of
PV concept. Furthermore, based on the definition, mathematical expression, physical meaning, and com-
putation of PV, this paper showed that PV value is mainly determined by the vertical gradient of potential
temperature, and PV distribution reflects tropopause distribution, and thus indirectly reflects the distribu-
tion of polar air mass, front, upper-level trough and jet stream. The trajectories and model simulation
both show that the PV anomaly in the lower atmosphere is resulting from the strong deepening of surface
cyclone and the feedback of latent heat, instead from dry intrusion. This paper also pointed out that the
law of PV conservation cannot be used to replace the dynamic mechanism of baroclinic disturbance develop-
ment. The misuse of PV is from the heuristics of PV conservation and the confusion between trajectories

and streamlines used in fluid mechanics.
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Fig. 1 Schematic illustration of the conservation
of isentropic potential vorticity
(Curved surface is isentropic surface, and closed

vector line denotes vorticity of air column)
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(Red lines are PV contours, unit:PUV; blue lines are isobaric lines at 1 km altitude, unit: hPa)
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Fig. 10 View from south of three-dimensional trajectories in the simulated

the Yellow Sea explosive cyclone on 2 June 1993

(Two groups of colored ribbons, the west group is {from the back of upper-level

trough, the different colors in a ribbon denote different height; the two

horizontal lines are 9 and 1.5 km altitude, separately)
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