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Abstract: River restoration can be defined as an ecological conservation action in order to restore
the river ecosystem back to natural conditions and improve ecological integrity and sustainability by
taking structural and non-structural measures on the basis of giving full play to the role of ecosystem
self-restoration. On the basis of giving an in-depth discussion on the process and function of river
ecosystem, the author systematically expounds the planning method, technical measures, monitoring

and evaluation methods of river restoration.

This book consists of 5 chapters, the author firstly expounds the structure, function and process
features of river ecosystem and analyzes the impact and disturbances of various economic activities
on the river ecosystem. Based on that, the author discusses river investigation and analysis methods
related to river geomorphology processes, landscape patterns and hydrological processes, physical
and chemical processes and environmental pressure versus biotic impact. In this book, emphasis is
placed on the river eco-restoration planning methods, including the spatial and temporal scales, the
rating systems of river ecological conditions, targets and tasks of restoration, principles of planning
formulation, technical procedures and the tool box. A detailed introduction is also given to various
technologies of river restoration, including the restoration and reinforcement of habitats in river
courses, slope protection, protection of migratory fishes, evaluation of environmental flows, reservoir
operation considering ecological conservation, treatment of pollution sources and water connectivity.
Many domestic and international project cases are attached to this book. Finally, the author introduces
monitoring and evaluation technologies of river restoration, proposes full-indicator river health
assessment system and methods of decision-making and supporting system of adaptive management
strategies for river restoration on the basis of negative feedback analysis.

This book incorporates the author’s research outcome accumulated during past years by building
upon and applying international cutting-edge theories and methods It is both of th
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The source of life lies in rivers.

The river ecosystem provides man with resources of fresh water, food and medicine, etc. It can
conserve moisture, regulate climate, store flood and keep water body clean; maintain hydrological
and nutrient cycling and primary production; and provide aesthetic values and space for rest, tourism
and education. River ecosystem services can not only support and maintain the earth’s life-supporting
system, but also constitute the basis of human existence and modern civilization, which are closely

related to human’s well-being.

During the past century, global economic and productive activities developed on an unprecedented
scale and at a dreadful rate, bringing great prosperity to human society, but with huge pressures to
natural environment and serious disturbances to the river ecosystem. In the industrialized process,
human transported various products from factories, dumping sewage and polluted water into rivers.
During the urbanization process, patterns of land use and natural water cycle were changed on a
large scale. Activities such as over-deforestation, reclamation of rivers and lakes, over-fishing and
over-breeding resulted in soil and water erosion, vegetation damage, shrinkage of rivers and lakes
as well as bio-diversity reduction. The construction of large-scale infrastructure, such as roads,
railways, mines changed the landscape pattern, caused soil and water erosion, land collapse and
declined biodiversity. In particular, the construction of water conservancy and hydropower projects,
on one hand, played a vital role in guaranteeing water supply, irrigation development, hydropower
generation, and flood control security, thus making big contribution to socio-economic development;
on the other hand, greatly changed the appearance of rivers and lakes. Dams and various projects
constructed on the river greatly changed geomorphology and hydrological regime of the river while
the over-exploitation and utilization of water resources caused dry and intercepted rivers, dealing a

serious impact on the river eco-system. It will be far-reaching of the impact of disturbances induced



by large-scale economic and productive activities on the river ecosystem. The degradation of river

ecosystem and reduced bio-diversity will inevitably do harm to man’s well-being and the sustainable

development of our offspring.

It has become a consensus to protect global homeland, maintain natural ecology and uphold
sustainable development. The Chinese government has regarded conservation culture as the
fundamental policy for national development by advocating the concept of conservation culture
featuring the respect for, compliance with and protection of the nature. It has promulgated guiding
principles and policies of aquatic ecosystem conservation and restoration in order to strengthen the
ecological conservation. It is required to deal with the relationship between ecological development
and protection, energetically develop hydropower on the basis of protecting ecology and vigorously

promote eco-restoration projects in eco-vulnerable areas.

Domestic development of river ecological conservation is inspiring, but still urgently needs theoretical
guidance and technical support. There are different understandings and practices on river restoration
in China, so it is necessary to scientifically define river restoration. In terms of river restoration, it
does not mean the creation of a new river ecosystem, a complete recovery of natural river ecosystem,
or garden and landscape construction. However, it means the formulation of rational restoration
planning on the basis of investigation, monitoring, evaluation following natural laws and rules; and
the maintenance of bio-diversity and improvement of the structure and functions of river ecosystem
by moderately interfering in and improving hydrological conditions, river geomorphology and water
quality. River eco-restoration thus can be referred to as an ecological conservation action in order to
restore the river ecosystem back to partially natural conditions and improve ecological integrity and
sustainability by taking structural and non-structural measures on the basis of giving full play to the

role of ecosystem self-restoration.
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This book aims to provide a theoretical basis and technical methods for the planning, design and
ecological management of the river ecosystem. The first chapter expounds the process and function of
river ecosystem. Since natural rivers are in the ideal state of river eco-restoration, so the knowledge
of natural river features before large-scale artificial interferences constitutes the necessary theoretical
preparation for defining river eco-restoration planning targets. In the first chapter, the author analyzes
the impact and disturbances of man’s various production and construction activities on the river
ecosystem. It will be the main content of river eco-restoration planning to remove disturbing factors
or implement compensation measures. The second chapter introduces river investigation and analysis
methods, which constitute the basis for river eco-restoration planning and design. This chapter firstly
discusses the division of ecological zoning and classification of river types, and further gives a
detailed discussion on topographic processes, landscape patterns and analytic methods of hydrological
processes, introduces physical and chemical rating methods and biotic monitoring methods, and
expounds the analytic method of environmental pressure versus biotic response. The third chapter
explains river eco-restoration planning methods. To be specific, it defines spatial and temporal scales,
constructs rating systems of river ecological conditions, sets targets and tasks of restoration, expounds
principles of planning formulation, and proposes technical procedures and the tool box. The fourth
chapter gives a detailed introduction to various technologies and applicable conditions to provide
technical support for river eco-restoration project design, including the restoration and reinforcement
of habitats in river courses, slope protection, migratory fish protection, environmental flow evaluation,
reservoir operation considering ecological conservation, treatment of pollution sources and water
connectivity restoration. The fifth chapter discusses river ecosystem monitoring and evaluation
methods, including the construction of ecological monitoring system, river health evaluation methods
and indicator system. It also discusses the uncertainties and adaptive management strategies of river
eco-restoration, proposes technical methods of decision-making and supporting system of adaptive
management strategies for river eco-restoration on the basis of negative feedback analysis. Many
project cases and extension knowledge are also attached. This book also includes excellent pictures
and texts and many diagrams and exquisite photos, which are conducive to enhancing readers’

understanding and reading interest.

A large number of research achievements with no lack of innovative content have been incorporated
into this book thanks to the support from Ministry of Water Resources Special Research Funds for
Public Welfare Projects. It is worthwhile pointing out that the author was lucky enough to participate

in the technical consultancy for 13 pilot projects of aquatic ecological conservation and restoration



as a consultant, which were carried out nationwide by the MWR and have produced fruitful practical

experience for the full implementation of eco-restoration of rivers and lakes. This book has also
drawn upon experience from theoretical and technical achievements on river eco-restoration from
developed countries. In particular, the author obtained an in-depth understanding and enlightenment
in terms of policies and new technical progress on water resources protection and aquatic eco-
restoration in EU through thorough communications and discussions with EU counterparts such as
Prof. Martin Griffiths, Mr. Simon Spoone, etc. and through consulting numerous scientific papers
and technical reports during the past five years as the chair of the senior adviser group of China-EU
River Basin Management Programme. It can be said that all above-mentioned efforts embodied in the
theoretical exploration, practical experience summary and international exchanges and cooperation

have laid a solid foundation for this book.

This book is innovative in the following five aspects: Firstly, it introduces and incorporates the
international cutting-edge concepts and achievements in the ecology-related fields, including MA
(Millennium Ecosystem Assessment) report, IPCC (Intergovernmental Panel on Climate Change)
report and WFD (Water Framework Directive); secondly, it promotes disciplinary crossing and
integration. River eco-restoration is a brand-new technological front, covering many related
ecosystem subjects, such as ecology, biology, eco-hydrology, eco-hydraulics, river geomorphology,
landscape ecology, environmental protection science and water conservancy engineering, etc., with
evident cross-disciplinary characteristics. The author has made bold explorations into the integrated
application of almost all the above-said subjects. Thirdly, it tries to make the theory quantitative. The
subject of restoration ecology is a newly emerging one, and many of its theories, rules, paradigms
and patterns have been explained in a qualitative manner. The author tries to conduct a quantitative

explanation and analysis as well as computer operation modeling on the evaluation of ecological



factor conditions, prediction analysis, landscape pattern analysis and ecological regulation of

reservoirs. Fourthly, it strengthens the application of information technologies. The author tries to
apply more information technologies in river restoration, including remote sensing (RS), geographic
information system (GIS), global positioning system (GPS) and decision-making system (DMS),
which will be expected to promote the informationization and digitization of river eco-restoration
projects. Fifthly, it highlights the integral feature of eco-restoration technologies. In addition to
a detailed introduction of conventional technologies, including habitat strengthening technology
and ecological slope protection technology, the author also introduces migratory fish protection
technologies, reservoir regulation and environmental flow evaluation technologies while considering
ecological protection, with a focus on the integration and application of technologies. In brief, the
author hopes this book can fully reflect the domestic and international fronts about the scientific and
technological developments in the river eco-restoration field, which will hopefully benefit China’s

flourishing development of river eco-restoration.

This book is a crystallization of the collective wisdom. All the research team members led by the
author have been engaged in the compilation of this book with a rigorous attitude, contributing
theirefforts to this book. They are SUN Dongya for 2.3,4.1,4.2,4.3, ZHAO Jinyong for 1.3,2.2,2.4,
2.5,5.1,5.3,ZHANG lJing for 1.4,2.7,3.7,5.2, WANG Junna for 2.6, 4.5, 4.6, ZHANG Aijing for 2.8,
4.7,5.1, LI Futian and WANG Hongtao for 4.3.

The publication of this book would not have been possible without support from many friends and
experts. We are very grateful to Mr. GAO Bo from the Ministry of Water Resources (MWR), Mr.
DONG Baohua from MWR-affiliated Yellow River Conservancy Commission, Prof. CHANG Jianbo
from Institute of Hydroecology, MWR & Chinese Academy of Sciences (CAS), Mr. ZHANG Fenglin
from Water Resources Department of Hebei Province for their generosity in providing exquisite
photos and technical graphs. We thank Prof. HU Ping and Prof. TANG Kewang from China Institute
of Water Resources and Hydropower Research (IWHR) and Prof. FAN Baoshan from the Research
Institute of China Water Northeastern Investigation, Design and Research Co., Ltd for their valuable
technical materials. A special acknowledgement goes to the fellow Prof. CHANG Jianbo, associated
research fellow Mr. QIAO Ye, associated research fellow Mr. ZHAO Xianfu and assistant research
fellow CHI Shiyun, all from Institute of Hydroecology, MWR & CAS;to Mr. LI Wei, a research
fellow from Wuhan Botanical Garden, CAS, and to Mr. YU Yuhe, a research fellow from Institute of

Hydrobiology, CAS for their examination of chapters related to biology. We also thank Dr. ZHAO



Xianfu from Institute of Hydroecology, MWR & CAS for his examination for section 3.8. A great
deal of appreciation is extended to Ms. ZHANG Daidi from the secretariat of Chinese National
Committee of Global Water Partnership (GWP) for her collating all the words in this book. We thank
Dr. Bao Shujun from (IWHR) for translation of the preface and abstract. The excellent collaboration
and timely contributions from Mr. WANG Zhaoyu, a senior editor from China Water & Power Press
critical throughout the compilation process, and Mr. Lifei, a page designer, for his elaborate design of
the illustrations. When this book is about to be sent to the press, we would like to express our heartfelt

gratitude to all of them.

River restoration is a new technological front, and we sincerely hope readers from various circles
oblige us with your valuable comments and opinions on those in evitable inadequacies or errors due

to the authors’ knowledge limitations.
Authors
In Muxidi, Beijing
September, 2013



