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Abstract Torrential rain and flood are the main meteorological disasters in China, which cause enormous losses
coming to hundreds of million yuan every year. So it is the main object of the weather-forecasting organ in the flood
season to predict the heavy rain accurately. According to analysis, during the development of a heavy rain system, it
is usually accompanied by strong convergence of air flow and vapor in the lower troposphere, so analyzing the dy-
namic process of convergence increase is conducive to reveal physical mechanism of the evolution of torrential rain
process. The fact that there are connections between the continual rainfall and the low jet as well as the energy front
with strong baroclinity indicates that not only the dynamic fields of the atmosphere can change the divergent field,
but also the interaction of the dynamic field and the thermodynamic field can be regarded as a result of their different
distributions. So when studying the excitation and maintenance of heavy rain according to the evolvement of the di-
vergence of air flow, the interaction between the dynamic field and the thermodynamic field must be considered.

Traditionally, the divergence equation is obtained from the horizontal dynamic equations. In this paper, based
on the thermodynamic equation, which can strongly connect the dynamic field (containing the horizontal wind and
the vertical velocity) and the thermodynamic field, a new type of divergence equation is deduced from the primitive
equation with the wet and baroclinic features. The divergence equation includes obviously the coupling effect of dy-
namic fields and thermodynamic fields. From the divergence equation, the authors can conclude that the evolvement
of divergent field is a result of the actions of the dynamic field and the thermodynamic field, and the latter is a direct
factor. Further more, the stratified stability also plays an important role in the divergence evolvement. With differ-
ent stability, it may diverges or converges and the velocity of the air flow may be also different. It is a new theory
that offers an explanation for the thermodynamic fields forcing the divergence fields.

The vapor that provides the rain is mainly conveyed by the convergent flow between the surface and the undi-
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vergent level. Based on this, the authors make an integral of the new divergence equation from the surface to the un-

divergent level depend on the air pressure, and get an equation that is able to describe the evolution of the divergence

in the air column between the two levels. Meanwhile, the authors find the main factors that dominate the excitation

and maintenance mechanisms of the heavy rain, and illustrate its dynamic mechanisms.

In conclusion, the barotropic imbalance forcing of the lower atmospheric motion is close related to the change of

mesoscale flow, which has a relatively faster speed and lasts a shorter time, thus it has an impact on the excitation

of the heavy rain. Contrarily, the terms that have close connection with the baroclinic thermodynamic effects vary

slowly and can be maintained easily. It is associated with the distribution of the weather systems and can cause the

continuous convergence of the air flow, thus lead it to grow. It is the main dynamic mechanism on the maintenance

of the heavy rain.

Key words heavy rain, evolvement of divergence, barotropic non-equilibrium force, coupling forces between dy-

namic and thermodynamic fields
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