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Pollution &  eutrophication Species extinctionFlow Cutoff 
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River restoration: an ecological

protection action that takes engineering

and non engineering measures to restore

the river ecosystem to a more natural

state and improve its ecological integrity

and sustainability on the basis of giving

full play to the self restoration function of

the ecosystem.
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Objective
Analyze and study the predominant theories and

practices of river restoration in different countries

and regions , and formulate a river restoration

roadmap applicable to developing countries.

With this roadmap, the World Bank task teams and

clients can approach and design solutions a series

of challenges.

The World Bank can also use river restoration as

instrument for evaluating the investment in regional

transformationand high-quality development

O

1 Introduction
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2 Conceptual framework for river restoration

• Predominant theories of river restoration

• River restoration policies, standards and practices around the world

• Strengths and weaknesses of different strategic approaches

• Conceptual framework for phased strategic approaches

18th ARRN International Forum on Waterfront and Watershed Restoration (December 7 2022)
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Predominant theories of river restoration

River continuum concept

Flood Pulse Concept

Zonation concept

Spiralling resource concept

Serial discontinuity concept

River health assessment RIVPACS , AUSRIVAS

Ecohydrology

Eco-hydraulic engineering

River restoration policies, standards and practices around the world

Seifert, Germany: pro-
river improvement

Odum ecological 
engineering

Schlueter
Near-natural 
governance

Hohmann
Engineering 
governance and 
harmony of 
natural 
landscapes

American Academy of 
Sciences hosts 
ecological engineering 
symposium, introduces 
concept of "ecological 
engineering"

Dong Zheren pioneered 
eco-hydrology 
Engineering

Adaptive management planning at Glen Canyon
Dam, Colorado, USA and environmental flow
management on the Murray-Darling River,
Australia.

In terms of engineering practice, the "Salmon-
2000"plan on the Rhine, initiated in 1987, has been
successfully implemented.

U.S. Congress Passes 
Everglades Restoration 
Plan With $8.2 Billion 
Budget Over 30 Years

Sturgeon 2020 in
the Danube Basin
since 2012

management planning at Glen Canyon

EU Water 
Framework 
Directive

Fishway of Itaipu
Binacional in Brazil

cological engineering Design approaches that integrate 
human society with the natural environments to achieve 
the mutually beneficial and sustainable ecosystems

In 1962, Odum, famous ecologist, proposed the 
application of self-organizing behavior of ecosystems 
to engineering. He presented the term "ecological 
engineering" to promote the integration of ecology 
and engineering.

Ma Shijun: 
Ecological 
Engineerin
g Concept

Guidelines for River and Lake 
Health Assessment and Technical 
guidelines for river-lake ecosystem 
conservation and restoration 
engineering are published

Opinions on the Overall 
Implementation of the 
River Chief System 

Routes of restoring the the
ecological environment of 
rivers and lakes 

2030 Agenda for SDG
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NbS

River restoration policies, standards and practices around the world
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The Sustainable Development Goals (SDGs), also known as the Global Goals, 
were adopted by the United Nations in 2015.

River restoration policies, standards and practices around the world
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Related technical standards in developed countries 

River restoration policies, standards and practices around the world
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River restoration policies, standards and practices around the world

Related technical standards in China
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Strengths and weaknesses of different strategic approaches

Strategic approaches
Strengths Weakness

Typical approaches Aspects

Flood defence with
concrete river works

Water resources
exploitation for the
increasing water demand

Pollution control by waste
collection and treatment
plants

Construction for
recreation rather than
ecological purposes

Limited purposes 
(flood control / water 
supply / water quality, 
etc.)

Focus on solving the outstanding problem.

Relatively easier for coordination and 
implementation, quick effect, lower 
investment

Lack of systematic thinking and 
solutions. Potential impacts of social / 
environmental / ecological / cultural 
issues

River reach scope
Concentrating on higher pressure regions. 
Obtain obvious economic, social or 
recreational benefits, e.g., urban reaches

A lack of coherent strategy at the 
river basin or transboundary scope. 
Weakness when faced with the 
uncertainty of activities in related 
regions.

Grey(engineering) 
solution

Effective in flood control and drainage. 
Easier regulation and maintenance. 
Relatively quick outcome

Potential impacts of 
environmental/ecological/cultural 
issues. Higher cost.

Technical instruments 
Effective in solving specific challenges and 
technical difficulties. 

The actual effects would depend on 
financial and management capacity.

Developing strategic approaches
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Strengths and weaknesses of different strategic approaches

Strategic approaches
Strengths Weakness

Typical approaches Aspects

Flood risk management with integrated
measures

Pollution and erosion control by
managing the entire process

Maintaining ecological flow and river
connectivity

Improvement of natural functions,
native ecosystem and self-sustaining
capacity

Enhancement of natural landscape,
amenity and cultural value

Multiple purposes
Optimization of different 
goals based on multi-
disciplinary solutions.

Higher cost. Longer duration to 
have the effect.

River basin scope
Holistic and coherent 
solutions from the 
watershed angle

Difficulty in the coordination of 
different regions. Longer duration 
to have the effect.

Green (NBS) solution

Restore the natural capacity, 
e.g. self-purification. Lower 
cost. Positive impact on 
environment and 
ecosystems

Requirement of long-term to 
have the effect

Technical and 
institutional instruments

Effective in solving general 
challenges and 
implementation of 
restoration measures

Requirement of multi-dispensary 
collaboration, coordination of 
different governmental 
departments, and a higher-level 
enabling environment.

Advanced strategic approaches
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Conceptual framework for phased strategic approaches
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3 Case studies and lessons learned

Conditions of
the river

Developed country Developing country

Complex/Trans
boundary Less Complex Complex/Trans

boundary
Less
Complex

Predictable
Flows

Kissimmee
River Lake Inba Yangtze river

Episodic Murray-Darling
River

Room for the 
river in the 
Netherlands

Lake Victoria Bogota
River

Bogota River
Murray-Darling River

Lake Victoria

Lake Inba

Kissimmee River

Room for the river in the Netherlands

Yangtze river

• Case studies focused on four main aspects: 1) pollution; 2) 

ecosystem degradation; 3) eutrophication; 4) flood.

• 7 cases was selected.

18th ARRN International Forum on Waterfront and Watershed Restoration (December 7 2022)



17

3 Case studies and lessons learned
Yangtze river

Specific Measures in Inba-numa Watershed Position of the Victoria Lake

The Murray-Darling Basin 

Project area and construction of 
Kissimmee River Restoration Project

The Island in the river Waal project 

Overview of Yangtze River Protection and Ecological 
Restoration Project

Victoria Lake

Murray-Darling River

Kissimmee River

Results Framework

Coordination among provinces and components
Steady implementation of the river chief system
Improve the demonstration counties water pollution 

Improved collaborative management
Reduced environmental stress 

Improved livelihoods of communities

Increases river connectivity, 
Manages environmental water use 

Promotes the movement of native fish

Develop complete assessment indicators 
Recovery of hydrodynamic properties

Improved water quality, flood control 
and transparencyReduced algal 

blooms and improved water odor

Lake Inba

Based on increasing the long-term vision
Crosses several disciplines

Established an integrated river basin management system

Room for the river in the Netherlands

Bogota River 

1 Reduced flood risk
2 Incorporating Ecological 
Design into Flood Control Works
3 Created a multifunctional and 
dynamic river.
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I

h N th l d

m

18

Menu of Interventions for River Restoration

• River ecological restoration measures can be classified into structural measures (14) and non-structural measures (17).

Type of measures Restoration measures

Structural
measures

Hydrological 
restoration

Ecological flow guarantee
Ecological scheduling
Ecological water replenishment

Water quality 
improvement

Total Pollutant Control
Prevention and control of eutrophication in lake 
reservoirs
Governance of small watersheds

River 
geomorphology 
restoration

Shore protection and restoration
River connectivity restoration
River basement ecological improvement
Winding repair

Biological 
diversity 
protection

Important Wetland Protection
Migration channel protection
Fish Habitat Conservation and Restoration
Endangered, rare and endemic species 
protection

Type of measures Restoration measures

Non-structural
measures

Management 
system

Sustainable management of river basin
Adaptive Management
River ecological protection management system
Protected area delineation and management
Environmental law enforcement and supervision

Institutional 
mechanism

Ecological compensation mechanism
Public participation mechanism
Cross-departmental and cross-industry coordination and 
cooperation mechanism
Setting of management institutions

Monitoring 
and 
evaluation

River health assessment
Ecological value assessment
Monitoring network construction and maintenance
Assessment methods and data sharing

Capacity 
building

Staff training
Interdisciplinary scientific research
Ecological conservation concepts and knowledge 
dissemination
Informatization Construction

3 Case studies and lessons learned

18th ARRN International Forum on Waterfront and Watershed Restoration (December 7 2022)



19

• Coordination of river restoration and socio-economic development

River protection should be carried out in phases, specifically, pollution control followed by ecological restoration

• Spatial and temporal scope of river restoration 

Planning should be conducted at the scale of river basins, and consider the relationships between the upper, middle and lower 

reaches of rivers.

• Ecological integrity in river restoration

River restoration must consider the ecological integrity of rivers, i.e. the structural and functional integrity of water ecosystems. 

• Negative feedback regulation-based design

Negative feedback regulation-based planning is adapted to reflect the uncertainty of ecological processes in the design of 

ecological engineering based on monitoring, evaluations and adjustments. 

• Cost-benefit analysis

Cost-benefit analysis enables to showcase the economic rationale of river restoration projects.

3 Case studies and lessons learned

Key elements for river restoration 
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4 Roadmap for River Restoration

•

Variability of river ecosystems
Limitations of people's knowledge

•

•

Negative feedback analytical for river restoration

Fuzzy assessment

Expert experience

Minimum variance
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4 Roadmap for River Restoration

•

•

•

•
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4 Roadmap for River Restoration

A roadmap for adaptive management for river restoration

The planning, design and implementation of river restoration 

follows the following processes:

• project analysis, 

• formulation of overall objectives, 

• project planning, 

• formulation of implementation objectives, 

• construction and monitoring, 

• and post-evaluation of the project location. 

Adaptive management is involved at the overall and 

intermediate stages of river restoration projects to achieve the 

objectives.

18th ARRN International Forum on Waterfront and Watershed Restoration (December 7 2022)



23

18th ARRN International Forum on Waterfront and Watershed Restoration (December 7 2022)




