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ABSTRACT

The problem of the influence of climate changes and anomalies on the development of e-
conomics and societies has drawn more and more attentions not only in the worldwide scien-
tific circle but also in many governments. In the last decade , the floods and droughts occur-
ring in China and many other countries cause severe damages and lead to the crises of grain
production , water resources and energy source. These greatly affect the long-term develop-
ment of nations , economics and societies in the world. Therefore , the researches on climate
change and its forecast are urgently placed before us. In this paper , based on Wavelet Theo-
ry which is thought an important breakthrough to Fourier Analysis , we study the multiscale
diagnos Tic analysis method of climate changes , and analyse the multiscale features and reg-
ularities of climate variations during the last 100 years in Globe , China and Yunnan
Province. We also study the varied methods of short-range climate forecast by combining the
wavelet theory , the dynamics theory of climate changes , the statistics theory and the chaos
theory of nonlinear science.

Firstly , an adaptive multiresolution data filter has been established by using multireso-
lute theory of wavelet analysis. This filter not only has advantages such as locality , multi-
scale , multiresolution , which the traditional methods lack , but also is as accurate to deter-
mining catastrophe points as the M-K method. In addition , this filter can determine the se-
veral catastrophe points at the same time without smoothing the large-scale structure. The
application results show that: (1) The main features of the air temperature variations during
the last 100 years in Globe are warming and they can be described as 3 hierarchies corre-
sponding to the larger-scale changes , which include the cold period before the 1919, the
warm period from 1920 to 1978 and the warmer period after the 1979. Corresponding to the
larger-scale climatic changes , the air temperature variations in Globe obviously show the
catastrophe features whose jumping points occured in 1920 and in 1979. Corresponding to
the smaller-scale climatic changes , the air temperature variations in Globe increase more the
hierarchies and jumping points with the cold and warm vicissitudes. Then the filtered data of
multiresolution not only conserve the hierarchical structure and jump points of the larger-
scale changes , but also increase the new hierarchical structure and the new jumping points.
(2) The air temperature variations during the last 100 years in China have passed three main
cold and warm vicissitudes of lasting 30 years , which include the cold period before the 1919
» the warm period from 1920 to 1954 and the cold period from 1955 to 1986. Corresponding
to the larger-scale climatic changes , the air temperature variations in China also obviously
show the catastrophe features whose jumping points occured in 1920 , in 1955 and in 1987.
Though the air temperature variations of Yunnan Province are similar to those of China ,
they are different from those of the Northern Hemisphere and Globe. Their main differences
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are that there is a weaker cold period in air temperature variations from 1955 to 1978 and a
jumping point of warming in 1979 in the Northern Hemisphere and Globe , but there is a
stronger cold period from 1955 to 1986 and a jumping point of warming in 1987 in China and
Yunnan Province. (3) The hierarchical structures and the jump features of surface air tem-
perature variations during the last 100 years in Winter , Spring , Summer and Autumn of
Yunnan Province are rough similar to each other but exist differences. The main differences
are that the air temperature variations in the Winter and in the Spring of Yunnan Province
are similar to those of China , but the air temperature variations in the Summer and in the
Autumn of Yunnan Province are similar to those of the Northern Hemisphere and Globe. In
addition , there is a large difference among the amplitudes of the air temperature variations
in the 4 seasons of Yunnan Province , the amplitude of the Winter is the largest and the one
of the Summer is the least. (4) The chilling damage weathers of Yunnan Province in August
are main during the cold period from 1955 to 1986. Corresponding to the smaller-scale air
temperature variations , the chilling damage weathers of Yunnan Province in August gene-
rally take place in the climatic hierarchy which the surface air temperature is lower. The fea-
ture can appear before several months of chilling damage weather occurring in Yunnan
Province.

Secondly , by using the transforms of the Marr wavelet and the Morlet wavelet , the
variations of surface air temperature and yearly precipitation during the last 100 years in
Yunnan Province have been studied. Some multi-time scale and jump features of the varia-
tions have been discovered. These features are very important in short-range climate forecast
for Yunnan Province. They give the multi-time scale regularity and the background of cli-
matic changes in Yunnan Province. Wavelet transform is based on invariance under the affine
group , namely translation and dilation , which allows the decomposition of a time series into
contributions of both time and frequency. Wavelet transform is very effective in extracting
the modulation regularity of a complex time series and resolving the change features of the
time series at multi-time scales. Considering these advantages of wavelet transform . a cli-
mate forecast model of multi-time scale has been established by using the wavelet coefficients
of wavelet transform and their inverse transforms. The forecast experiments of monthly sur-
face air temperature variations in Kunming , Yuxi , Chuxiong and monthly precipitation
variations in Central Yunnan in 1991~1996 are run at month , season and year forecast time
scales. These experiments are very important for actual operational short-range climate fore-
casts. By verifying and evaluating the experimental forecasts , some important conclusions
have been obtained: The climate forecast model established by us is very significant in fore-
casting anomaly values of monthly surface air temperature variations at month , season and
year time scales , and the forecast accuracy of anomaly sign of the model can reach 73.1% ,
73.1% and 69. 4% at the 3 time scales respectively. The forecast effects of monthly precipi-
tation are less significant than air temperature and they are significant only at month and sea-
son time scales in rainy season (May~Qct. ) , but they are little effective in drought season
(Nov. ~Apr. ) and at year time scale,
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Thirdly , based on the climatic characteristics of chilling damage weather of Yunnan
Province in August , the short-range climate forecast method of chilling damage weather of
Yunnan Province in August has been introduced by combining the adaptive multiresolution
filtering data with the phase space theory of short-range climate forecast. The physical
thought of this method is describing the features of climatic hierarchical structure changes
and the properties of climatic dynamic changes with phase space. So the problem of short-
range climate forecast has been studied by combining the hierarchy theory of climate changes
with the phase space theory. The predictability experiments and the statistical forecasting
experiments of monthly precipitation are run by using analog principle of phase space. Con-
sidering the physical relations and dynamic properties among state variables of a climatic sys-
tem , a phase space projective method of short-range climate forecast has been established.
The physical thought of this method is describing the physical figure of statistical relation-
ships with phase space , then it effectively combines the relation theory with the phase space
theory to solve some actual problems. By this kind of combination , we not only consider the
direct factors of the local precipitations but also consider the influence of indirect factors and
outside on the precipitation when we forecast the precipitation. So we have developed the
phase space theory and models of short-range climate forecast and enable them to have wide
application field in operational uses. The effects of atmosphere general circulation back-
ground field , synoptic-climatolosical mechanism and forecasting thought on the precipitation
in May in Yunnan Province have been studied. The relationships between precipitation in
May in Yunnan Prpvince and 100, 500hPa geopotential height fields of the Northern Hemi-
sphere from January to March have been studied by using monthly mean data during 1956~
1992. The effects of atmospheric circulation systems and the variations of main atmospheric
active centres on drought/flood in May in Yunnan Province , and wave train construction of
teleconnection have been studied. Based on these analyses , the short-range climate forecast
method of precipitation in May in Yunnan Province has been formed.

Finally,based on these studies and forecasting experiments , a new Long-range Forecast
System for Yunnan Province has been established. Now this system has been used in the
operational long-range forecasts of Yunnan Province and produces the updating prediction
reports for the meteorological observatories or stations in Yunnan Province and the using de-
partments concerned. Because of the advantages such as high forecast accuracy , plentiful
forecast products and timely forecast service et al. , this system is very popular with the me-
teorological observatories or stations in Yunnan Province and the using departments con-
cerned and has obtained the significant social service effects and economic effects in the ope-
rational predictions in the Meteorological Observatory of Yunnan Province. In addition , the
Long-range Forecast System for Yunnan Province not only has the new forecasting theories
of establishing models but also has the advantages such as high automaticity , good safety
measures of system running , clear and friendly interface , rational and advanced structure ,
€asy to operate , easy to transplant , easy to spread , easy to improve , easy to expand ,
easy to perfect and so on.
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