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Foreword

Recently, large scale fluvial mass transport has become an important issue. Fluvial mass
transport is one of the core themes of the three core projects of the International Geosphere — Bio-
sphere Programme (IGBP) , viz. Land-Ocean Interactions in the Coastal Zone (LOICZ), Bio-
spheric Aspects of the Hydrological Cycle (BAHC), and Past Global Changes ( PAGES). The
programmes of Land Margin Ecosystems Research (LMER) and International Long Term Ecologi-
cal Research (ILTER) projects have carried out long and systematic investigations on the Land —
Ocean Interactions and the many processes that are involved.

The Changjiang River is the biggest river in China, flowing from the glaciers on the Tibetan
Plateau in Qinghai eastward across the southwest, central and eastern regions of China before dis-
charging into the East China Sea through the Changjiang River Delta, viz. “golden delta”. The
Changjiang River is the most significant waterway flowing from west to east in the central region of
China, and plays a key role in to the exponential growth of the Chinese economy. The annual
mean freshwater discharge into the estuary is 28 518 m’ + s ™' and the annual runoff is 897. 8 bil-
lion m’ (based on observations at Datong gauge station from 1950 to 2006 ). It is the third biggest
river in the world, in terms of discharge, next to Amazon River and Congo River. The annual
mean sediment discharge of the Changjiang is about 0. 41 billion tones, which is the fourth largest
in the world, next to Ganges River, Huanghe River and Amazon River. The large amount of fresh-
water and sediment input to the estuary and its temporal and spatial variation not only greatly af-
fects the river bed evolution salt intrusion and ecology of the estuary, but also influences the tem-
perature and salinity distributions, flow fields and sedimentation processes of the adjacent sea,
and even the Pacific Ocean. Consequently, the study of the both water and sediment transport of
the Changjiang River has significant theoretical and practical implications, attracting attention
from various members of the scientific community and regulation administration.

The author has worked at the East China Normal University since graduation from the Depart-
ment of Geography in 1957. Between 1960 and 1962, he specialized in the study of the physical o-
ceanography in Shandong Ocean College. After that, he was a lecturer in the ocean hydrology and
meteorology between 1962—1965, giving lectures on“ocean tides” and*coastal morphodynamics”
. Since 1969, he has focused his career on the study of estuaries by combining the fields of geog-
raphy and oceanography. This research focused on the hydrodynamics of estuaries and its interac-
tion with morphology and sedimentation in the primary stage.

In the 1970s, the Chinese government paid special attention to improving ports and water-
ways. The author was involved in the feasibility study on the project to improve the navigability of
the waterway to the Shanghai Harbour. The objective of this project was to deepen the waterway
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from 6 m to 7 m, making it possible for ships in the 10 thousand ton class to navigate to this har-
bour during both low and high tides and for ships in the 20 thousand ton class to navigate to the
harbour during high tide. In this feasibility study, the characteristics of the runoff, tides, mixing
of freshwater and saline water, residual currents, residual circulation and their effects on the sedi-
ment transport and channel evolution were investigated systematically. Consequently, a series of
important new results were obtained, which not only served as the fundamental hydrodynamic ba-
sis for the project, but also partly illustrated the dynamical mechanisms of the evolution of the
Changjiang River Estuary. Thereafter, the water and sediment transport of the Changjiang River
Estuary was investigated in the following projects: the construction of the Three Gorge Dam Water
Diversion Project, the deep waterway regulation project and several international research pro-
jects, e. g. JGOFS and LOICZ. The research results have been widely used as instructions of the
regulation and management of the Changjiang River Estuary. Many articles were published, and
were acknowledged with numerous citations.

The co-author, Prof. Li Jiufa, works in East China Normal University since graduation from
the Department of Geography of this university in 1973. He specialized in the study of sediment
dynamics in Wuhan University of Hydraulic and Electric Engineering ( now Wuhan University )
and Tsinghua University in the period of 1978—1980, and worked with the world famous expert
on sediment dynamics, Qian Ning. He now studies suspended sediment transport, bedload trans-
port, fluid mud and evolution of estuaries by combining geography and sediment transport me-
chanics, working together with the author. Numerous valuable results were achieved, and more
than 100 articles have been published.

The present work is the integration of six research aspects. Firstly, tens of field observations
of flow and sediment characteristics were conducted in the estuary. We were responsible for the
planning process, preparing instruments, taking samples, analysing the data and writing the nec-
essary reports. Secondly, field work on flow structure, micro-morphology and sedimentation
processes were also arranged over several observation periods in the Jiuduansha Shoal, the
Zhongyangsha Shoal, the Biandansha Shoal, the Ruifeng Shoal, the Qingcao Shoal, the Nanhui
Shoal and the Chongming East Shoal. Thirdly, we consulted many locals who provided useful
knowledge on the characteristics of the flow and sediment in the estuary, as well as the evolution
of the estuary. These included those who either work on the ships or live on the island of the estu-
ary, e. g. the Chongming Island, the Changxing Island, the Hengsha Island, the Sheshan Island,
and the Jigujiao Island. Fourthly, vast knowledge was gained from the co-workers, viz. prof. Yan
Kai, prof. Chen Jiyu, ir. Huang Wei-jing, ir. Ding Chengxian, prof. Huang Sheng and
prof. Huyan Rulin. Fifthly, all the main research questions were the problems of most importance
which needed urgent solutions, and the articles published were written by improving the relevant
reports. Sixthly, special importance was attached to the integration of different disciplines, seeking
a way to integrate the hydrodynamics with morphology and sedimentation.

The research career of the author can be divided into four periods. The first period is from
late 1960s when I started my research on estuary, focusing on the hydrodynamics and its impact
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on the sediment transport and the evolution of the river bed, and several articles in the book Dy-
namic processes and morphological evolution in the Changjiang Estuary ( Shanghai Science & Tech-
nology Press, Shanghai, 1988 ) are the representative work. In the second period, which started
from late 1970s, the research was about the effects of the large-scale hydraulic engineering pro-
jects (water diversion project and Three Gorges Dam) on the ecology and the environment of the
estuary. The books Three Gorges Dam and the ecology and the environment of the estuary (Science
Press, Beijing, 1994 ) and Salt intrusion in the Changjiang Estuary ( China Ocean Press, Bei-
jing, 2003 ) are the representative work of this period. In the third period, which started from late
1980s, we recognized that the sediment in the estuary is mainly the fine sediment which is non-
Newton mass. The mechanisms of sediment transport cannot be well understood only by investiga-
ting its physical process, and the chemical and biological processes should be included. The prob-
lem on the estuarine environment, mainly related to chemical and biological processes, became
more and more severe, hence became important in the estuarine research. Hereafter, the chemical
and biological processes was combined with physical process in my research. The mechanisms of
formation of the estuarine turbidity maximum and the characteristics of its spatial and temporal
variation were investigated, and the book Turbidity maximum in the Changjiang Estuary ( China
Ocean Press, Beijing, 2001) was published. The fourth period is from late 1990s, when the re-
search was related to the two core research projects of the IGBP, which are JGOFS and
LOICZ. The research work done in this period focused on the mass flux and land -ocean interac-
tion, with publications of Mass flux in the Changjiang Estuary ( China Ocean Press, Beijing,
2001) and Interface of the land — ocean interaction in the Changjiang Estuary ( China Ocean
Press, Beijing, 2009).

This book is the integration and synthesis of the related research results. The book consists of
six chapters. The first chapter presents the water and sediment flux of the Changjiang Estuary. It
introduces the water and sediment flux of the middle and lower reaches of the Changjiang River,
and the water and sediment flux to the estuary and to the North Channel, the South Channel and
nearshore area of the estuary. The second chapter focuses on the hydrodynamics in the Changjiang
Estuary and its impact on the channel evolution, investigating the characteristics of the tides, re-
sidual currents, residual circulations and their effects on the sediment transport and channel evo-
lution. The third chapter is devoted to suspended sediment transport and water and sediment ex-
change among shoals and channels. This includes characteristics of suspended sediment transport
mixing of fresh water and salty water and its impact on the suspended sediment transport. It also
discusses mechanisms of suspended sediment transport in the North Passage and the South Pas-
sage, suspended sediment transport in the Nanhui Shoal and the sediment exchange between the
Changjiang Estuary and the Hangzhou Bay as well as nearshore suspended sediment distribution
and diffusion. The fourth chapter concentrates on the formation and evolution of the flood channels
and the characteristics of water and sediment transport in flood channels. The fifth chapter investi-
gates the water and sediment transport in the Turbidity Maximum of the Changjiang Estuary, in-
cluding temporal and spatial variation of the Turbidity Maximum and its determining factor, mech-
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anisms of water and sediment transport in the Turbidity Maximum, the effect of the geometry of
the estuary on the formation of the Turbidity Maximum and the formation and the variation of the
fluid mud. The sixth chapter studies bed load transport, consisting of grain size distribution of the
bed load and migration of sand waves and subtidal sand bars.

It is necessary to point out that this book belongs to the project collective. The other main
members involved are Pan Dingan, Zhu Huifang, Xu Haigen, Hu Hui, Guo Chengtao, Mao
Zhichang, Shi Weirong, Jin Yuanhuan, Wu Jiaxue, Wu Hualin, Liu Xincheng, Yang Qingshu,
Wang Yonghong, Shen Jian, Wan Xinning, Gu Guochuan, Li Shenduo, Ying Ming, Chen Xiao-
hua, Zhang Chen, Fu Dejian among others. We would like to thank the colleagues in the State
Key Laboratory of Estuarine and Coastal Research and numerous international collaborators who
have provided help. The help of Wang Peiqin for making figures and typing the manuscript is
gratefully acknowledged. Special thanks to Amy F. Waterhouse, who helped in writing this Fore-
word. Support for this research was provided by CCCC Shanghai Dredging Co. , Ltd and several
NSFC Grants (No: 50939003, 40071013,50579021, 50179012, 40576042 ). We gratefully ac-
knowledge support from publication foundation of the State Key Laboratory of Estuarine and Coast-
al Research, East China Normal University.

As the book is a synthesis of the research results since the 1970s, the results may have been
presented in different manners. To keep the original results authentic, these results have not been
modified when preparing this book. The water motion, water and sediment transport and river-bed
evolution interact with each other, which result in an open and complicated system. In this sys-
tem, water motion is the driving force of the mass transport as sediment transport; sediment is the
bridge between the water motion and the river-bed evolution; and the river-bed evolution is the
forced result in the system. There are still many open problems that need to be investigated, espe-
cially with the effects of human interventions, such as dam constructions, waterway regulations in
the estuary and exploiting shoals.

Limited by time and due to the interdisciplinary span of this work , errors and defects are sure

to exist. We would be greatly appreciated your comments and criticisms if errors are indeed found.

Shen Huanting
Winter of 2010
At Long Island, New York, the U. S. A.
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