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Dynamics of Front and Mesoscale Disturbances

WU Rongsheng GAO Shouting TAN Zhemin et al.

Abstract

Fronts and mesoscale disturbances associated are main weather systems that
frequently trigger rainstorms and sometimes cause ruinous disasters in China. The
research focusing on the development and evolution for those catastrophic weather systems
becomes an overarching objective. Under the persistent funding supported from the State
Key Program CHERE, the implementation of the research activities involving in frontal
dynamics and the development of the mesoscale disturbances has been indeed carried out
for years (1999—2003) and their main theoretical frameworks, and most importantly, the
emerging prospect in present achievement are summarily demonstrated in this book in
which the main context could be logically divided into two parts:

In Part I, the basic characteristics of the frontal dynamics, especially for Meiyu front,
are introduced. Furthermore, the geostrophic adjustment in frontogenesis is discussed in
two main streams, stemming from the theoretical analysis and argument to numerical
replication and modelling. It is found that, without the large-scale forcing, the front and
that strong cold front observed may also be replicated through geostrophic adjustment
process under some approximate conditions. Nevertheless, during the geostrophic
adjustment process, frontogenesis and frontolysis occur alternatively. Hence, the
oscillations of vertical velocity and the gradient of the potential temperature are in
evidence. On the other hand, in the real atmosphere circumstance, the frontal strength,
its structure and the corresponding circulation are closely influenced by so-called non-
conservative processes such as topographic effect, diabatic process, friction and so on.
Those effects on the frontal evolution are thus discussed in details of Part I. The main
results are as follows. 1) The slope of cold front and circulation across the front are
affected through the topography and the boundary-layer friction, significantly. The slope
of the cold front is decreased in the upstream side and increased in the lee side of a
mountain. On the contrary, the effect of the topography on the slope of the warm front is
relatively weak. The slope of the warm front is mainly determined by the geostrophic flow
in the warm side and the movement speed of the front. In addition, a narrow but strong
upward motion will occur near the surface warm front when the boundary-layer frictional
effect in consideration, which may trigger the convective system behind the warm front.
2) There exists a nonlinear positive feedback between the frontal circulation and the

diabatic heating fields, which will accelerate the formation of the front discontinuity.



3) The positive feedback between the convection and the inertio-gravity wave induced by
the geostrophic adjustment in Meiyu front system plays an important role in the formation
and maintenance of the mesoscale double rain-band.

The content and statement that surrounds Part II are intent to deal with the dynamic
problems ranged from stability of the mesoscale disturbance, the mechanism of moist
potential vorticity dynamics and the multi-scale interaction in the rainstorm systems.
Firstly, the selectivity of unstable growth rate to wavelength and the characteristics of
mesoscale instability are discussed. It is found that, when Richardson number is small,
the instability can appear in the whole mesoscale wave band, but there exists the
selectivity of different instabilities to different wavelength. The maximum unstable
growing ratios of symmetric, transverse wave and heterotrophic disturbance appear in
meso-B scale, sub-synoptic scale and meso-a scale wave band, respectively.

Secondly, a new criterion of generalized nonlinear symmetric stability is proposed.
With this criterion, the formation of the strong mesoscale rainstorm is well explained. In
fact, before the formation of the strong rainstorm, the upper-level latitudinal wind
referred increases rapidly and reaches a critical value, at which the sub-critical symmetrical
instability is likely to occur, even if the criterion of supercritical symmetrical instability is
not satisfied. Thus, the strong rainstorm is to be formed and the upper-level velocity
continues to be increased, vertical velocity shear to be increased, and finally the criterion
of the supercritical symmetrical instability is satisfied and consequently the rainstorm will
become much stronger.

Thirdly, the moist potential vorticity (MPV) equation is derived from atmospheric
primitive equations with both heat and mass forcing, with which the impermeability
theorem of the “MPV substance” is proved. It is clarified that both heat and mass forcing
induced by the intensive precipitation in torrential rain systems can lead to the MPV
anomaly. The “MPV substance” anomaly is a dynamical tracer for tracking a torrential
rain system. Based on the MPV equation and the theory of slantwise vorticity
development, the theory of up-sliding slantwise vorticity development (USVD) is
proposed. The numerical result of a torrential rain in Changjiang-Huaihe region shows
that the conditions of the theory of USVD are easy to be satisfied just in front of the
mesoscale rainstorms in the downwind direction, that is to say, the theory of USVD is
important to the development and movement of this kind of system.

Finally, some dynamical problems related to the interactions between mesoscale and
large-scale weather systems and the dynamics of Ekman boundary layer with complex
boundary and formula of the Ekman pumping are investigated. It is found that, due to the

influence of the boundary layer, the westward-moving dipoles on beta plane are unstable.
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