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Abstract

Global climate changes and hydrological and water resources issues have considerable
implications for human society and development, and also concerns social security,
socio-economic development and international collaboration. Climate changes alter the
hydrological cycle processes, influencing structure and functions of water resources system,
posing new challenges for human exploitation of water resources and meaning too much for
development, usage, planning and management of water resources. In this sense, hydrological
cycle and related changing properties and possible mechanisms are the core issues in the
hydrology and water resources and are also the scientific problems needing urgent attentions. In
recent decades, the hydrological cycle was considerably altered by global changing climate, and
hence the frequent occurrences of weather and hydrological extremes such as rain storms, floods
and droughts and wind hazards etc., which have profound impacts on human society, inflicting
tremendous losses on socio-economy. Hydrological alterations are one of the consequences of
climate changes and which is the key factor resulting in alterations of fluvial hydrological
alterations. Besides, fluvial hydrological variations are also heavily impacted by human activities.
Human activities caused changes of underlying surfaces, such as land use and land cover
changes, construction of water reservoirs, conservation of soil and land and urbanization, and all
these factors tend to contribute to the alterations of fluvial hydrological processes. The influences
of human activities on hydrological processes are sometimes local or regional, however the
degree of intensity of human influences are usually significant and can not be ignored. In this
sense, quantitative evaluation of impacts of climate changes and human activities on fluvial
streamflow and ground-surface streamflow variations and related influences on eco-hydrological
requirements are the relevant scientific issues and also the key issues the policy-makers concern
much. Historical development of hydrology science tells the story that the social requirements
are the fundamental impetus and the major driving factor for the improvement of the hydrology
as a subject. Entering the 1990s, mitigations of natural hazards, sustainable usage of water
resources, and conservation of ecological environment and sustainable development of the
socio-economy continue to pose increasing and enhancing challenges for the development of
hydrology. The research group focuses on the foregoing scientific problems and contributes great
efforts to the study of hydrological phenomena by taking the Yangtze River and the Pearl River
as case studies.

In recent years, increasing hydrological problems such as shortage of water resources in a

wide sense and also the improving knowledge of water resources emphasize the study of



meteor-hydrological phenomena and related mechanisms. With this mind, the major objectives of
this series of studies are: (1) to investigate the changing properties and related underlying causes
of the hydrological cycle at a regional scale in the rivers of the south China, analyzing the way
and the degree of the impacts of the hydrological cycle alterations on the regional precipitation
processes and ground-surface hydrological processes; to probe into the impacts of human
activities such as construction of hydraulic facilities on the fluvial streamflow processes
including the sediment load and streamflow changes; to evaluate in a quantitative way the
impacts of the alterations of regional water system on the fluvial ecological environment. This
study is the integrated study involving interdisciplinary methods or techniques in terms of
different spatial and temporal scales. The current report summarizes the research results of the
research group since 2005 and the theoretical system is coming into being after the considerable
efforts of study and analysis. The report is based on more than 60 publications in Chinese and
English. Generally, the report involves nine chapters and the contents of the chapters will be
introduced briefly in the following:

Chapter 1 This chapter introduces the key scientific issues in terms of hydrological cycle,
ground-surface streamflow variations and also related frontier scientific problems;

Chapter 2 Precipitation is the key component of the hydrological cycle. Precipitation is
sometimes regarded as the starting point of the hydrological cycle. The research group analyzed
the precipitation changes in the Yangtze River, the Pearl River and also the entire China, showing
six regions with homogeneous precipitation changes. Besides, different precipitation patterns
have been identified for different regions. Besides, the study also obtained another important
finding that hydrological alterations are reflected mainly by the altered precipitation structure
such as decreasing rainfall days and increasing rainfall events. The precipitation total is in
moderate changes but is characterized by larger-magnitude of changing variability which
undoubtedly increases the probability of flood and drought hazards;

Chapter 3 This chapter discusses the significance and the major scientific problems in
terms of evapotranspiration. Our work in this field mainly focuses on the comparisons between
the evapotranspiration changes in the arid and humid regions. The evaporation changes over
China, changing properties and influences factors are also investigated;

Chapter 4 This chapter summarizes the research results by the research group with respect
to the weather and hydrological extremes. The research group studied and analyzed the changing
characteristics and attributions. By taking the Yangtze River basin and the Pearl River basin as
case studies, the research group analyzed the changes of hydrological extremes including
sediment load and streamflow changes. Besides, hydrological extremes defined by consecutive 7
day high flow and consecutive 7 day low flow components are also analyzed by using the copula
functions, probing into the joint probability behaviors of these two hydrological extremes;

Chapter 5 Historical documented records of floods and droughts are invaluable for the



investigation of changes of natural hazards from the viewpoint of long time interval. The
research group reconstructed and analyzed the changes of floods and droughts in a last 1000
years, exploring the impacts of the Tibet Plateau on the occurrences of floods and droughts in the
Yangtze Delta region. In addition, the predictability and fractal properties of the flood and
drought series are also anatomized by using IFS and RIFS models. These studies further clarified
the feasibility of study on historical floods and droughts based on the historical documented
records;

Chapter 6 This chapter summarized the study in terms of scaling properties of streamflow
series. The major findings are the invariant scaling properties of streamflow series and different
correlation structures of streamflow series in the upper, the middle and the lower Yangtze River
basin. Besides, the impacts of the water reservoirs on the downstream hydrological processes are
analyzed by using multifractal detrended fluctuation analysis;

Chapter 7 This chapter summarizes the work about the hydrological alterations, such as the
features, degree and causes of hydrological alterations of the hydrological processes in the rivers
of the south China, specifically the Yangtze River and the Pearl River;

Chapter 8 Due to rapid urbanization and industrialization, the PRD region has witnessed
environmental changes within only one to two decades and comparable changes in developed
countries may have occurred only after up to one century of development. Human activities such
as engineering constructions and other modifications of the Pearl River network in such a
changing environment might cause hydrologic alterations in terms of river flows, stages, and
flow partition at river bifurcations, channel cross-sections and hydraulic gradients. Changes in
these hydrologic regimes may have crucial implications for almost all aspects of water resources
management in the region, including flood protection, land use, water supply, channel navigation,
and water pollution control. Abnormally high or low water level has the potential to give rise to
the salinity intrusion, flood inundation and water logging, negatively influencing the economic
development and human activities in the PRD. This chapter summarized the major findings by
the research group in the Pearl River Delta region.

Chapter 9 Hydrological model is the power tool in the simulations of the hydrological
changes. This chapter summarizes the major findings in this field.
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