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Study on Mechanism of Formation and Development
of Heavy Rainfalls on Meiyu Front in
Yangtze River

ZHAO Sixiong TAO Zuyu SUN Jianhua BEI Naifang et al.

Abstract

In this book, the main results of the State Key Basic Research Project “study of
formation mechanism and physical processes of mesoscale systems during strong Meiyu
heavy rainfalls” are included. The above mentioned research was one part of the main
program—— “study of formation mechanism and prediction theory of main disastrous
weather in China”. Our work is associated with the synoptic scale characteristics,
especially focusing on mesoscale characteristics of some Meiyu (Baiu) front heavy rainfalls
during the recent years. Firstly, the dynamic analysis of mesoscale system was done by
using the various kinds of non-conventional data, including 3 or 6 hourly upper air
sounding, denser surface data, geostationary satellite images, Doppler radar data, wind
profiler data, TRMM data, ATOVS data and so on. Based on the mentioned above, the
formation and development of the heavy rainfalls have been reproduced successfully and
the impacts of the related physical processes have been simulated reasonably by using the
non-hydrostatic numerical model with high resolutions and complete physical processes.
Some new facts have been revealed and, therefore, the mesoscale physical model of Meiyu
front heavy rainfalls in East Asia has already been proposed.

It should be emphasized that the study of heavy rainfall is associated with multi-scale
system and the interaction between the different scale systems. It is very important and
very difficult. Therefore, not only mesoscale system, the direct influencing system on
heavy rainfalls, should be paid more attention to, but also synoptic scale systems, even
the general circulation, should be clarified. For this reason, the circulation characteristics
and the structure of larger-scale Meiyu front have also been discussed in this book. In
order to describe conveniently, five chapters and an introduction are included. Their main
points are as follows;

In the introduction, the importance of the studying of heavy rainfalls and mesoscale
systems are emphasized. Heavy rainfall is one kind of the main disastrous weathers, which
brings very serious damages to the Yangtze River Valley. Some scientific problems remain
to be clarified and prediction theories and techniques still need to be improved even though
some progresses have been made during the last thirty years since the severe flood in

Henan Province in August 1975. Particularly during June-August 1998, the severe heavy



rainfalls and flood occurred successively in the Pearl River, Yangtze River and Songhua
River. And especially the Yangtze River has suffered flood which was the severest one
since 1954. For solving the scientific problems and getting better understanding of the
strong heavy rainfall mechanism, the Ministry of Science and Technology of China set up
the State Key Basic Research Project mentioned above to study the heavy rainfalls and
mesoscale system in the Yangtze River Valley during Meiyu period.

In Chapter I, the circulation characteristics during Meiyu front heavy rainfall were
discussed, including those in rich and poor Meiyu years, respectively. The circulations of
longer Meiyu period year and the “two stages” Meiyu year were discussed, and the effect
of short range monsoon variation on Meiyu precipitation in Yangtze River was
investigated. The circulations were compared between rich year (1998) and poor year
(2001). In 1998, there were two stages during Meiyu season. At the second stage of
Meiyu rainfalls, strong convections were very active and strong heavy rainfalls occurred,
causing severe flood in the middle-lower reaches of the Yangtze River. It was closely
related with the maintenance of the two blocking highs (Ural Mountain and Okhotsk Sea)
in the mid-latitudes. This situation was very favorable for southward moving of the cold
air from North China and provided a very good environment for the occurrence of heavy
rainfalls. In addition, there existed a close relationship between the short range variation
of monsoon current and the position of rainbands, especially the convergence zone in lower
troposphere (20°— 30°N) which contributed to Meiyu front heavy rainfalls greatly.
However, basically, the circulation in middle-higher latitudes in 2001 was quite different
from that in 1998. They were out of phase.

In Chapter I, the synoptic scale systems related with Meiyu front heavy rainfalls
were studied. Firstly, the definition and previous research were reviewed, the typical
structure of Meiyu front was analyzed, and the complicated situation of Meiyu front was
revealed. Then the dynamics of formation and development of Meiyu front lows were
investigated. There existed two kinds of lows (disturbances) at least on the Meiyu front,
and there were some differences in the mechanism of formation and development of the two
kinds of lows (disturbances).

In Chapter T, the research was focused on the characteristics of mesoscale systems
because the Meiyu front heavy rainfalls were caused by the mesoscale systems directly.
The basic characteristics of the mesoscale systems were discussed and in addition, the
sudden heavy rainfall in July 1998 and frequent heavy rainfall in June 1999 were
diagnosed, respectively. The former possessed obvious characteristics of meso-B scale
systems, the latter could develop to a larger scale system besides the effect of meso-8 scale
systems, furthermore, with baroclinicity in a certain degree. At the formation stage of the
mesoscale low and heavy rainfall, the dynamical process was predominant. And at the

developing stage of the mesoscale low and heavy rainfall, the thermodynamic effect can not



be neglected. In addition, in comparison with Meiyu heavy rainfalls, the mesoscale
systems during non-Meiyu rainfall were studied.

In Chapter N, the numerical simulations of Meiyu front heavy rainfalls have been
conducted by using non-hydrostatic mesoscale numerical models. The structure of Meiyu
front, the formation and development of mesoscale vortex, and the characteristics of
mesoscale rain clusters have all been successfully reproduced. Meanwhile, the physical
and dynamic factors influencing heavy rainfall formation have been extensively investigated
by using numerical simulation results. It was noticed that the effects of latent heating
release, the physical processes in planetary boundary layer, the cloud microphysical
processes, and the terrain on Meiyu heavy rainfall should be considered in detail,
respectively.

In Chapter V, there are summary and conclusions. Based on the above mentioned
research work, the large scale and mesoscale physical models of Meiyu heavy rainfall were
proposed. In addition, the basic characteristics of heavy rainfalls in East Asia monsoon
area and South Asia monsoon area were compared and the differences and similarities
between them were revealed. The heavy rainfalls in East Asia are associated with Meiyu
front whereas the heavy rainfalls in South Asia are related to monsoon trough. When the
monsoon prevails, the perturbation of the summer monsoon current causes the heavy
rainfall in South Asia and the vortex (or disturbance) on Meiyu front produces heavy

rainfalls in East Asia.
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