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Abstract By utilizing three-dimensional non-hydrostatic WRF (Weather Research and Forecasting) model, a typical
Meiyu frontal rainfall which occurs in the mid-lower reaches of the Yangtze River in China is numerically simulated.
Based on credible model output data with higher spatial and time resolution, the correlation between three-dimen-
sional divergence and rainfall is analyzed.

It is found that the nonzero zone of three-dimensional divergence field in the middle and lower troposphere, es-
pecially at 4. 287 km level (about 600 hPa), has better corresponding relationship with storm rainfall in the location,
stretching orientation as well as range. They move southward gradually, and are basically located within the same
latitude zone in the same period. The rainfall centers and centers of three-dimensional divergence are nearly colloca-
ted. The precipitation has a positive correspondence to the intensity of mass divergence. The change tendencies of
precipitation quantity and intensity of three-dimensional divergence are identical. While regions where there is no
precipitation tally with zero-value areas of three-dimensional divergence.

Why the collocation between the non-zero value zone of the magnitude of three-dimensional divergence in the
lower troposphere and the negative value zone of three-dimensional divergence in the upper troposphere can better di-

agnose precipitation? To answer this question, the meridional-vertical cross sections along 118°E of the horizontal
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and vertical components of three-dimensional divergence and the vertical velocity are analyzed. The horizontal con-
vergence in the lower troposphere couples with the horizontal divergence in the upper troposphere. The vertical com-
ponent of three-dimensional divergence is out of phase with the horizontal component. Below 7 km, the increase of
updraft with height leads to the vertical divergence, whereas the contrary case causes the vertical convergence above
7 km. Three-dimensional divergence results from the residual between horizontal and vertical components of three-
dimensional divergence, and its sign is determined by the vertical component of three-dimensional divergence. Above
analysis shows that, three-dimensional divergence includes not only horizontal convergence/divergence effect of wind
field and the shear of vertical velocity, but also the mass field. It reflects the interaction between three-dimensional
wind vector (i. e. , atmospheric dynamic effect) and the mass field. Thus, it has predominance over pure horizontal
divergence in theory. Although the horizontal divergence is basically negative within precipitation regions in the
frontal rainfall case, the coverage area (negative horizontal divergence zone) is far larger than the precipitation re-
gion. For heavy rainfall events, thus, the three-dimensional divergence is superior to horizontal divergence in the di-
agnosis of precipitation.

The better detect of the rainfall by nonzero zone of mass divergence field in the middle and lower troposphere is
due to the evaporation in the lower troposphere and the condensation in the middle and upper troposphere determined
by the vertical velocity that forms cloud. The cloud-induced mass forcing also leads to the coupling pattern of three-
dimensional divergence in the lower levels and three-dimensional convergence in the upper levels, accompanying with
heavy precipitation. The three-dimensional divergence equation is derived to identify the major factors controlling the
tendency of three-dimensional divergence. The calculations show that the advection of three-dimensional divergence,
the term associated with the interaction between vertical vorticity and Coriolis force, the shear of three-dimensional
wind vector, baroclinic term are the major factors controlling the local change of three-dimensional divergence.

Key words three-dimensional, divergence, equation, diagnosis
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