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Abstract: With global warming, urbanization, and the intensification of human activities, great pres-
sures on river ecosystems have caused ecosystem degradation, the decline in habitats and biodiversity,
and the loss of function. Ecological restoration technologies (ERTs) in rivers are effective measures
for improving habitat and biodiversity, which has the advantage of recovering ecosystems and
biodiversity and promoting the formation of healthy rivers. Several applications of ERTs, including
ecological water transfer, fish passage construction, dam removal/retrofit, channel reconfiguration,
river geomorphological restoration, natural shoreline restoration, floodplain reconnection, revege-
tation, etc., are summarized. The classifications of ERTs are highlighted, aiming to distinguish the
difference and relationship between structure and the processes of hydrology, physics, geography,
and biology. The pros and cons of these technologies are discussed to identify the applicability and
limitations on the river ecosystem. In the dynamic processes in the river, these interact with each
other to keep ecosystem balance. ERTs are more helpful in promoting the restoration of the natural
function of the river, which contribute to the management of river ecological health. Some proposals
on river management are suggested. Establishing a unified river health evaluation system will help
promote positive feedback on rivers and the further development of ERTs.

Keywords: ecological restoration technologies; function; biodiversity; ecosystem; habitat

1. Introduction

Global climate changes, urbanization, and environmental pollution have caused
tremendous pressure on river ecosystems [1]. Increasing water scarcity and water pollution
have led to shrinking river habitats, declining biodiversity, and deteriorating ecosystems.
Consequently, the degradation, damage, and destruction of the structure, functions, and
biotic integrity of river ecosystems increase the health risks to the water security [2–5].
Ecological restoration is the process of assisting the recovery of an ecosystem that has been
degraded, damaged, or destroyed [6]. Technologies referred to the ecological restoration
in the river are imperative to improve river habitat and biodiversity, and recover river
ecosystem functions [7,8].

As a “four-dimensional” comprehensive ecological system in vertical, horizontal,
spatial, and temporal aspects, the river system has various functions (Figure 1), such
as self-purification, rainwater storage, flood regulation, and shipping [9,10]. The river
ecosystem contains many processes and can provide substances, energy, and ecosystem
values for human beings. As a geographic landscape, the river changes with history
and can derive ecological service value, social service value, leisure value, cultural value,
and aesthetic value. The resilience of its ecosystem depends on several processes such
as hydrology, geomorphology, biogeochemistry, biology, ecology, and the corresponding
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circulation processes of water source, substances, and ecology in the catchment [11,12]. Bio-
geochemical processes affect substance circulation and then change the water quality. The
interrelationships present synergistic effects among influencing factors, including climate,
river geomorphology, hydrological conditions, hydraulic characteristics, biogeochemistry,
etc. The climatic and hydrological conditions mainly affect the ecological processes, the
structure, and function of the river system on the river basin scale, while the river geomor-
phology, the hydraulic characteristics, and the biogeochemistry have a significant impact
on the ecosystem diversity and integrity of small-scale river sections and corridors [13–15].
The geochemical properties of rivers make different processes have spatial effects on
different scales.
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Figure 1. Processes, structures, and functions of the river. Processes are associated with physical, 
chemical, and biological processes in the river. The structure is linked with the composition of the 
river. The function is the use the river provides for human beings or society. 
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agricultural irrigation through agricultural water pumping stations also shorted the river 
flow. All of them brought out the loss of biological habitats and affected the growth of 
animals, plants, and microbes [19,20]. In addition, the urbanization and hardening of 
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Figure 1. Processes, structures, and functions of the river. Processes are associated with physical,
chemical, and biological processes in the river. The structure is linked with the composition of the
river. The function is the use the river provides for human beings or society.

Over the past one or two hundred years, large-scale artificial “over-engineering” treat-
ments, including embankment, dam construction, channelization, and bend straightening
of rivers have been carried out [16–18]. Dam construction or hydropower stations hinder
the connection of the upstream and downstream of the river, resulting in the obstruction of
river habitats and unfavorable impacts on river biodiversity. The straightening of the river
flow path reduced the surface area of the river and destroyed the natural form of the river,
affecting the ecological flow. Increased demand for agricultural irrigation through agricul-
tural water pumping stations also shorted the river flow. All of them brought out the loss
of biological habitats and affected the growth of animals, plants, and microbes [19,20]. In
addition, the urbanization and hardening of banks or channels reduced the area of riparian
zone and floodplains, made rivers lose ecological resilience, and weakened their functions.
The development of cascade power stations damaged the habitats of major fish, and con-
sequently species resources declined [21–23]. The channelization of rivers destroyed the
living environment of animals and plants and caused the ecological imbalance of the river
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system. Eutrophication of river water, including degradation and disappearance of the
river, was the malignant consequence of the above results, so that river health and the
safety of water quality are undergoing serious threats.

With the demand for the balance of the river ecosystem, ecological restoration technolo-
gies (ERTs) in the river came into being. The exploration of ‘River Restoration’ originated
in developed countries in the last century. ‘Ecological Engineering’ was used to restore the
natural form, ecological function, and processes of the river [24,25]. Currently, the ERTs
include ecological water transfer, fish passage construction, dam removal/retrofit, river
geomorphological restoration, floodplain reconnection, revegetation, etc.

This study focused on investigating the characteristics of these technologies and in-
depth understanding of the engineering effects of their applications, aiming to identify
the pros and cons of these technologies, explore the applicability and limitations on river
ecosystem, clarify the relationship between river ecological function and river restoration
technology and provide technical support for the management of river ecological health.

2. Definition and Concept of Ecological Restoration Technologies in the River

Ecological restoration in the river is the process of recovering the degraded, damaged,
and destroyed ecosystem of the river by restoring the ecological structure, function, and
biotic integrity. Technologies were applied to recover water quality, habitat, biodiversity,
and biotic integrity in the river, including engineering techniques or projects, methods,
theories, management strategies, etc. [5–8]. Researches on ERTs are various and continues
to deepen with the development and changes of rivers.

The earliest research on the ecological restoration of urban rivers started in Germany,
Austria, and Switzerland. In 1938, the concept of “near-natural river management” pro-
posed by Seifert, referring to a river ecological treatment plan that is close to nature,
economical and practical, and maintains a beautiful appearance, marked the beginning
of river ecological restoration [26,27]. In 1962, American ecologist Odum proposed the
concept of ecological engineering that humans mainly used natural energy-based systems
for environmental control. In 2003, the American Society of Civil Engineers [28] proposed
that river restoration was an environmental protection measure for a nearly natural state
of the river ecosystem restoration. The river ecosystem has sustainable characteristics,
consequently promoting the value of the ecosystem and biodiversity.

Since the 1990s, China has gradually focused on developing ERTs. In 1999, the the-
oretical framework of “big water conservancy” emphasized that the development of the
restoration in the river should take more consideration of the comprehensive watershed
management on the integrated functions of water resources, environment, and ecology.
The embryonic stage of the concept of ecological restoration in the river was from 2000 to
2005. However, the concept of “ecological hydraulics” demonstrated the shortcomings of
water conservancy projects from the perspective needs of the ecosystem, and put forward
engineering perspectives on a series of theories and methods [29]. The five-in-one theory of
urban water ecosystem was composed of multiple processes, including water safety, water
environment, water landscape, water culture, and water economy. Since 2005, ecological
restoration projects in the river in China have rapidly been developing. Thus, the concept
of ERTs in the river exhibits the typical characteristics of inter-discipline. In addition, if a
natural river combines with a basin, it is necessary to consider the natural geographical
characteristics of the watershed in the applications of ERTs in the river.

3. Factors Affecting River Biodiversity and Ecosystem

As one of the elements of geography, the natural properties of rivers are typically
affected by environmental factors. Rainfall and evaporation significantly impact water flow
into the river, affecting its hydrological conditions and hydraulic characteristics [30]. With
the climate changes of global warming, the influence of natural factors cannot be ignored.
Rainfall-induced runoff causes non-point source pollution and threatens the water quality
of the river. Generally, non-point source pollution is linked with land use and human
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activities in the catchment. The deterioration of water quality easily causes the growth of
algal blooms. Algae consume a lot of dissolved oxygen, cause hypoxia in the water, and
lead to fish death [31]. Preferable water quality is the basis for maintaining the diversity
and integrity of river ecosystems and its ecological functions. The types of fish are linked
with human fishing due to the high consumption of certain fish by humans. In terms of
external interference, environmental factors and human factors affect river biodiversity
and the ecosystem through direct and indirect effects.

In terms of the river system itself, a healthy river with rich biodiversity depends on
the coordinated operation of multiple river processes and the stability of the structure, and
then provides various functions for nature and humans. Intersection and integration effects
among different processes caused the complexity of hydrological, chemical, ecological,
and biological processes, thereby interacting with each other and affecting many factors.
River geomorphology is associated with the shape of the river channel, riparian zone,
bank, etc. These structures help create different micro-habitats and provide corresponding
habitats for organisms and microorganisms [32]. Aquatic organisms, as the most impor-
tant component of a river system, were linked with the health and diversity of the river
ecosystem and affected water quality by multiple factors. However, the activity of aquatic
organisms and microorganisms can react to water quality through processes such as the
absorption, transformation, assimilation, and degradation of pollutants. Aquatic plants can
increase the roughness of beaches through the blocking effect of stems and leaves, reduce
flood discharge capacity, and affect sediment deposition, transportation, and evolution of
river beds.

Various factors affect the complex processes of rivers, directly or indirectly impacting
river biodiversity and ecosystem. The interaction between factors and processes has
potential effects on river biodiversity and the ecosystem. ERTs based on hydrological,
geomorphological, and biological processes are developed in large numbers. These artificial
measures interfere with the processes and structure of the river. The near-natural restoration
of the river affects the growth of river creatures, and consequently, the ecological succession
of river creatures will improve biodiversity and the ecosystem. Finally, the interaction of
artificial engineering and ecological succession determines the ecological development of
near-natural restoration in a river system.

4. Classification of River Restoration Technologies

The practical exploration of river restoration has been widely carried out worldwide.
ERTs are generally related to ‘Ecological Engineering’, aimed at achieving the natural form,
ecological processes, and multiple functions of the river. The earliest practice of river
ecological restoration was carried out in Germany in 1965 when Ernst Bittmann protected
riverbank slopes with ecological reeds and willows along the Rhine [32]. Successively, there
were the projects on ‘multi-natural river ecological restoration’, ‘river renaturalization,
‘giving space to rivers’ performed in Netherlands, France, and Switzerland. In Asia, Japan
took the lead on the River Restoration plan with their ‘Multi-Natural Rivers Program’. A
large number of ecological river restoration studies have been reported [33]. For example,
Becker et al. [34] believed that the design of river restoration focused on establishing a
meandering shape with a turning structure to strengthen the ecological environment in
a river. Ecological restoration in the river should pay attention to imitating nature and
maintaining nutrition and water circulation to improve the habitat quality of organisms
and the biodiversity of species.

ERTs include dam removal/retrofit, fish passage construction, ecological water transfer,
floodplain reconnection, stormwater management, natural shoreline restoration, instream
species management, bank stabilization, revegetation, corridor restoration, channel recon-
figuration, habitat improvement, etc. [35,36]. These technologies applied in engineering
are referred to as restoration projects. They are very comprehensive and systematic, are
linked with many aspects of water quality and hydrological processes, land use in the
catchment, topography, bio ecology, and even have entertainment, economics, and cultural
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aspects [37–39]. According to the survey, some links between the structure of the river and
river restoration technologies exist, which also illustrated that the processes’ interactions are
typically key features in the river system. Herein, the classification of different restoration
technologies is proposed (Figure 2). Thus, the ecological impacts of river restoration tech-
nologies on rivers are so various that critically identifying characteristics of river restoration
technologies is the key to river restoration.
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4.1. Hydrological Technologies
4.1.1. Ecological Water Transfer

Urbanization and pollution increase seriously threaten the health of the river. Safe
water quality is required for the growth of plants and animals. A water transfer project
is one important measure of flow in the river, beneficial to improving water quality and
environment carrying capacity. For example, the Yangtze River-Taihu Lake Water Transfer
Project in Taihu Lake Basin was conducive to improving water quality [40]. However,
long-term environmental flow modification disturbed the sediments and brought too much
mud-sand into the lake, resulting in the release of phosphorus. So, the improvement of the
water environment by ecological water transfer is time-effective.

Table 1 illustrates several rivers in different countries using eco-hydrological tech-
niques. Weng et al. [41] presented that the water transfer project contributed to controlling
salinity and improving the migration of fish and their eggs in the Yongjiang River Basin.
The survey about ecological water transfer in the Yellow River Basin showed that eco-
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hydrological technology was helpful for the growth and reproduction of fish, and the
reproduction and population structure of fish [42]. The Three Gorges Project is by far the
largest hydropower station. After its completion, it had a great impact on the water ecology
in the catchment, especially the hydrological conditions of its upstream and downstream.
From 2012 to 2014, the Three Gorges Reservoir implemented four experimental environ-
mental flow modifications. The monitoring results of fish resources, hydrology, and water
environment processes showed that flow modification played a certain role in promoting
the natural reproduction of the four major home fishes [43,44]. Environmental flow mod-
ification may reduce the impact of the hazards of the Three Gorges Reservoir. However,
Kuriqi et al. [45] found a rain-flood state with high environmental flow modification in
winter is detrimental to fish habitats and the different life stages of fish in the Ocreza River
in Portugal. Nonetheless, reasonable human intervention may reduce the impact of its
natural hazards on the Ocreza River. The effects of ecological water transfer on the river
fish are two-sided.

Zhang et al. [46] illustrated that the water transfer project in the Hei River Basin
promoted the riparian restoration and rehabilitated the degraded habitat downstream,
while the groundwater level dropped by about 5.8 m, and the river vegetation was degraded
in the middle reaches. The different effects of ecological water transfer on the upstream
and downstream illustrated that environmental flow modification had great limitations on
the long-term sustainable development of the river.

Sun et al. [47] established a dynamic model for the ecological water replenishment
and groundwater of the Yongding River in Beijing. Ecological water replenishment was
conducive to the increase of groundwater levels. The rise of groundwater levels can
impact the growth of ground plants. The ecological water Diversion Project also has a
potential effect on the water quality of groundwater because of the exchange of different
water sources [48].

Table 1. Application of hydrological technologies in different areas.

Pros Cons Name of Rivers Locations References

Ecological water
transfer

Promoting the exchange
of energy and material,
improving hydrological

conditions

Great human disturbance
resulted in uneven

distribution of upstream
and downstream and other

pollutants input.

Heihe River China [46]
Ocreza River Portuguese [45]

Yongjiang River China [41]
Three Gorges China [43]

Channel
reconfiguration

Ensuring river
connectivity, provide fish

migration channels to
protect biodiversity

Limited space cannot meet
the needs of all fish.

Ahr River Italian [49]

Trebbia River Italy [32]

Lahn River Germany [50]

With climate change, many rivers have dried up. The ecological water transfer in
the river has a great impact on the biodiversity of species. Ecological water transfer can
effectively ensure the river’s ecological flow and contribute to fish diversity. Ecological
dispatch is a double-edged sword, which was helpful for the exchange of material between
different water sources and the improvement of the water environment. However, this
application of engineering will also bring negatively potential environmental impacts in
the long-term run. Environmental hazards include water erosion, sediment transport,
pesticides, harmful substances, and heavy metals.

4.1.2. Channel Reconfiguration

Channel reconfiguration is one important river ecological engineering measure. Chan-
nels in the river provide the available function for shipping. However, the sediment
deposition and narrowed river caused the degradation of habitat, the decline of functions,
and the loss of diversity, which threatened the health of the river ecosystem. The reconstruc-
tion and reconfiguration of the river channel is one vital way to restore the river’s health.
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In Campana’s [49] study, since the 1960s, the Ahr River has experienced a narrowing of the
river course, disconnection of the floodplain, river degradation, etc. Elevation reconstruc-
tion and shape restoration were carried out to realize the widening of the river course. River
width adjustment, changes in sediment matrix, and floodplain reconnection in the Trebbia
River helped restore river geomorphology [32]. Groll [50] confirmed that the section of
the Lahn River with ecological restoration had better biodiversity and diversified habitats
than the section without ecological restoration. Previous studies have shown that even in
undisturbed rivers, various degrees of change always happens in habitat and biological
succession over time and climate. Thus, using natural law to restore river functions is a
difficult problem for river ecological restoration.

4.2. Physical Infrastructure Projects
4.2.1. Fish Passage Construction

The dam construction on the river hindered the connectivity of the river, blocked the
links of the water environment between upstream and downstream, cut off the migration
path of aquatic animals such as fish, and not only affected the hydrological environment
but even influenced the local water temperature of the water column (Table 2). Frequent
human activities aggravated the changes in aquatic habitats, caused great effects on the
living environment of fish, severely restricted the growth and reproduction of fish and
their populations, and resulted in the decline of biodiversity and ecosystem functions. The
migratory characteristic of fish is their typically natural habit. However, the establishment
of dams made many kinds of fish lose their migration channels and affected their growth
habits [51]. The drastic changes in aquatic habitat caused some fish to die out, which
seriously affected the ecosystem and biodiversity of the river. Fish passage construction
provides migration channels for fish and promotes the protection of biodiversity, which
also contributes to the connectivity of rivers [52].

Table 2. Advantages and Limitations of different physical infrastructure projects.

Advantages Limitations Name of Rivers Locations References

Fish passage
construction

Ensure river connectivity, provide
fish migration channels and

protect biodiversity

Space is limited
and cannot meet

the needs of all fish
Yanglong River China [51]

Dam
Removal/Retrofit

Contribute to the reduction of
water temperature, can cope with

climate change, the river expansion,
restore the natural circulation of the
river, increase water environment
carrying capacity, and biodiversity

Bring disturbance
to the sediment,
and the recovery

period is too long.

Wuling Basin China
Taiwan [1]

Elwha River, USA [53]

Wisconsin’s river
US USA [54]

Concerning the technologies of fish passage construction aimed to help fish shape
migration channels, the following several principles were proposed: understanding the
requirements of the project, applying the existing design and specifications, increasing the
knowledge of fish, and ensuring controllable space. However, due to the limitations of the
artificial design of fish passages, its function cannot meet the unique habits of each fish and
all requirements of various fish. To satisfy the increased material growth needs of human
beings, more and more hydropower stations are constructed on the river, which greatly
changes the hydrology and water environment. In such circumstances, the construction
of fishways contributed to protecting the interests of some fishes, alleviating the negative
impact of human activities, and promoting the biodiversity of the damaged river.

4.2.2. Dam Removal/Retrofit

The United States started to dismantle old weirs and dams to restore river ecology in
the 1990s. A total of 168 dangerous dams on small tributaries were demolished from1999 to
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2003. After the dams were demolished, the ecological environment of most rivers got well
restored and improved, especially fish migration channels and living environment. So far,
about 500 dams (weirs) have been demolished. Battle et al. [1] confirmed that when dam
removal, the flow path of the upstream and downstream rivers reconnected, enhancing the
river expansion and water environment carrying capacity.

The decrease in water temperature in the Wuling Basin after the removal of the
dams indicated that the river connection through dam removal/retrofit was conducive
to coping with climate change, regulating water temperature, maintaining biodiversity,
and even the growth of salmon [1]. However, after dam removal/retrofit, the habitat
restoration takes a long time, and it may not be able to restore the original state [53,54].
The dam removal/retrofit also causes disturbances and releases nutrients at the interface
between water and sediment, affecting the water quality and even the ecology of the river,
which could explain the reason why the ecological restoration and biodiversity of the river
through dam removal/retrofit takes longer to recover [55]. Generally, in practice, some
other restoration technologies for recovering basic functions and accelerating the self-repair
capacity of the river channel are almost simultaneously carried out along with the dam
removal/retrofit.

4.3. Ecological Geomorphological Restoration
4.3.1. Topographical Restoration

The natural river ecosystem is linked with the interaction effects of ecology, hydrology,
and geomorphology. River geomorphology associated with geography affected water
flow and provided various habits for the organisms. When carrying out river ecological
restoration, understanding the gap in knowledge of ecology, hydrology, geomorphology,
and the relationship between them was notable [22,56]. Traditional river restoration projects
focused on specific species recovery and habitat reconstruction. However, this often
overlooked the processes of the formation of river geomorphology, so the restoration
plans cannot be self-sustained. Some river geomorphological technologies are shown in
Table 3. With the continuous development of geomorphology, more and more techniques
are used for river restoration. For example, Langat et al. [57] found river geomorphology
was closely related to river biodiversity and riparian vegetation in the Tana River Basin.
The topography changes affected river flow, sediment migration and transformation, and
boundary conditions of the river bed. Different landform environments of geomorphology
create different suitable habitats for the growth of various organisms, such as aquatic
plants, animals, benthic organisms, microorganisms, etc. The geomorphology of the river
is also associated with the biogeochemical process of the materials, plays an important
role in the circulation of energy and materials, and affects the ecology and diversity of the
river. For example, the influence between surface water quality and groundwater quality
in the section with large curvature is greater compared with that in the straight section
of the river [58,59]. Thence, ecological restoration should consider the impact of river
geomorphology.

4.3.2. Natural Shoreline Restoration

Natural shoreline restoration is one part of river geomorphological restoration. The
hardened channel along the water shoreline made the river lose its natural attributes
and deprived the creatures of their habitats in the coastal zone. Following the formation
conditions of natural geomorphology is conducive to restoring natural shorelines. From
the perspective of the urban landscape, riverside vegetation is necessary for maintaining
the meandering river flow path, which is conducive to the stability of the riverbank and
provides a habitat for aquatic animals [60]. Thus, diverse modern elements and the needs
of ecological tourism were incorporated during the restoration of the river bank. Many
walking passages, rest areas, and viewing areas were established to achieve socioeconomic
value, promoting the balance between riverbank restoration and the ecological corridor
of tourism development [61]. Natural shoreline also has a preferable buffer function, an
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important part of the riparian buffer zone. The connectivity processes between land and
water depend on restoring natural shorelines. The permeable revetment project was the key
to constructing natural shorelines conducive to creating a favorable growth environment
for the organisms. Plants are key elements of the natural shoreline. A three-dimensional
natural plant shoreline on both sides of the river composed of trees, shrubs, and grasses
was conducive to the continuity of the ecosystem between the water and land. It could
also form unique hydrological, physical, chemical, and biological processes that contribute
to the growth of different aquatic species [62]. Hence, using a multifunctional ecological
embankment and planting large aquatic plants to shape the natural shoreline and construct
buffer zones had much more advantages compared to other embankments with permeable
material. These plants (reeds, cattails, wicker, etc.) formed a plant grid and ecological
slope protection. Furthermore, these plants create a fantastic landscape effect and can
regulate the local climate [63]. Chen & Hou [64] found that the shoreline restoration of the
Yangtze River helped construct the riverside buffer. The vegetation, natural shoreline, and
connected wetland systems are healthier than the bare bank. Thus, the shoreline restoration
in a river basin should consider the condition of riverbank vegetation and stability of the
bank slope.

4.3.3. Floodplain Reconnection

Riparian areas are generally associated with wetlands, floodplains, and vegetation.
Floodplains characterized by carbon storage, purification, and regulation, are an impor-
tant component of the river. Some infrastructures, such as artificial dikes, canals, gravel
dredging, and flow regulation systems, easily cause the horizontal disconnection of river
floodplains. The reduction of floodplain hinders the connectivity of the river and also
reduces floodplain productivity, nutrient exchange, and the spread of biota between rivers
and floodplain wetlands [65]. Pander [66] confirmed that the expansion of the original
floodplain of the Danube River in Europe was conducive to the recovery of fish, especially
endangered fish, and the self-healing of the floodplain. According to the simulation result
on the Tisza River in Europe, Guida et al. [67] found the reconstruction and reconnection
of floodplains promoted the restoration of estuaries and riparian wetlands, as well as
the reduction of flood peaks, and enhanced the buffering capacity of the river regarding
floods. Singh et al. [68] confirmed that floodplain reconnection contributed to the increase
of benthic biodiversity. Addy & Wilkinson [69] also proved that floodplain reconstruction
achieved the reconnection of river and wetlands, helped to enhance the geographic and
hydrological functions of the river, and improved the water storage capacity of the river
and its resistance to floods. Floodplains could become good seedbanks with the trans-
portation of water, atmosphere, migratory birds, and fish, which help vegetation grow in
non-flooded areas and favor different habitats on vertical gradients when flooded. Hence,
the macroscopic ecological effect came into being with floodplain reconnection.

4.3.4. Revegetation

The restoration of river plants and riparian plants can reduce soil erosion, increase the
water storage capacity of rivers, improve the connection between rivers and groundwater,
improve the biochemical and non-biochemical functions of rivers, and ultimately enhance
ecosystem services, such as biodiversity, habitat, and entertainment [70]. Hu et al. [71]
found that ensuring continuous river flow is the key to restoring river vegetation during
their study of the inland river network in northern China. In recent years, ecological
restoration projects in the Yellow River basin were carried out to enhance the vegetation
coverage, but plant absorption and transpiration caused a lot of water loss from the sedi-
ment, exacerbated the water shortage, and resulted in the unsustainability of revegetation.
Hence, revegetation restoration requires adequate water resources.
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Table 3. Advantages and Limitations of different ecological geomorphological restoration.

Advantages Limitations Name of Rivers Locations References

Topographical
restoration

Contributing to
navigation, enhancing

river morphology
restoration, increasing

diversity of habitat

Impacting benthic habitats,
controversial morphological

theory limited the
engineering applications.

Tana River Kenya [57]

Natural shoreline
restoration

Restoring the riparian
buffer, natural

geomorphology,
reconnecting the terrestrial

and water ecosystem

Limited buffering effect and
poor purification function

Yangtze River China [64]

Tarim River China [60]

Floodplain
reconnection

Enhancing the resistance
capacity against flood,

reconstructing damaged
wetlands and biodiversity

Great investment, taking
effect slowly, occupying a

large area, difficult
to manage.

Danube River Europe [66]
Tisza River Europe [67]
Mad River USA [68]
Dee River UK [69]

Vegetation
restoration along

the riverbank

Recovering river function,
reducing soil erosion

Plant growth requires a
large amount of water and a

high groundwater level.

Tarim and
Hei river China [72]

Tarim River China [60]
Rhône River France [70]

Yu [60] found that the vegetation coverage of the dominant species P. euphratica in
the Tarim River increased, but natural reproduction of seedlings did not occur. P. euphrat-
ica seeds were not easy to germinate, and the seedlings had difficulty surviving. The
restoration of vegetation was also closely linked with soil moisture, groundwater level,
and water circulation in the basin. The above analysis proved that vegetation restoration
required a good supply of water resources. Revegetation along the riverbank, similar to
floodplain restoration, was also an important technology for mitigating river degradation
and maintaining river functions [72].

4.4. Biological Restoration
4.4.1. Biological Water Purification Technologies

Water quality is one of the most important indicators of the ecological health of
the river. Ecological purification technologies to improve water quality attracted much
attention in river restoration. Some in-situ technologies have also been used for river
rehabilitation to keep a fine water environment and habitat for the river. For example,
combination technologies (compound tower biological filter treatment process, five-level
load reduction treatment process, the combination of floating islands with emergent plants,
and ecological landscape restoration technology) were applied in Xiazhuangbang, Luoxi
River, and Fenggou River. In addition, in-situ aeration is helpful in removing suspended
matter, clarifying the water quality, and degrading the pollutants. The multi-stage series
of constructed wetlands were established by combining different types of constructed
wetlands to meet inflow fluctuations with complex water quality and hydrology in the
Huai river [73]. The demonstration area of a multi-natural purification river was obtained
through near-natural ecological reduction technology. Constructed wetlands were charac-
terized by the function of purification, water storage, recycling wastewater resources, and
diverse habitats, which is advantageous to the watershed ecology. Ultimately, such ecologi-
cal engineering will affect the health and biodiversity of the river through the exchange of
matter and energy between the river and constructed wetlands adjacent to rivers.

4.4.2. Bio-Chain Reconstruction

The integrity of the biological chain is an important indicator of river health. River
comprehensive evaluation according to the ecological survey and biological indicators
were used to diagnose problems of river health and ecosystem in a basin, which meet the
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needs of current development [7,74]. Fish is an excellent biological index and can provide
complete information about the ecological status of water bodies on various scales (regional
or watershed scale) and even with different disturbances (organic and nutrient pollution,
hydrology, or land changes) [75,76]. However, when the river was damaged, the river
ecology was often out of balance, and large animals and plants gradually declined and
seriously affected the integrity of the food chain. Therefore, ecological restoration based on
the integrity of the bio-chain play a vital role in the sustainable ecosystem of the river.

The prohibition of fishing is an important way to promote the recovery of fishery
resources. Breeding release is also a feasible measure for restoring the water ecological
environment and biological populations. In addition, ecological water transfer also helps
regulate the river environment and create suitable water levels and water conservancy
conditions for the natural reproduction of fish [77]. These technologies provide specific
measures for bio-chain reconstruction. In fact, the integrity of the bio-chain includes plants,
animals, and even microorganisms. The ecological restoration project in the Huaihe River
basin ensured the biological integrity by coupling algae, benthic organisms, and fish, which
was conducive to maintaining ecological health and preserving water resources [78,79].
Aquatic or terrestrial animals and plants for the continuous integrity of bio-chain and
revegetation in the permeable bank slopes were applied in the No. 4 River and Spoon River
Project in Chenjia Town, Chongming, Shanghai, China [29].

5. River Management

The concepts of ERTs and management are interrelated. Generally, the theory of
management contributes to identifying strengths and weaknesses in ERTs and enhances
the improvement of ERTs. The management of ERTs plays an important role in improving
river health. Taking into account the macro theory of managing the restoration in a
basin is conducive to restoring the biodiversity in the river watershed. For example, the
management model of ‘three-level control, three-level circulation, and three-level standards’
was targeted and developed in the typical polluted area in the Huai River. This aimed to
purify, recycle wastewater resources and recharge river water resources for the severely
polluted rivers with a shortage of baseflow. Various comprehensive targeted technologies in
this model were developed. Finally, a set of in-situ water ecological restoration technologies
and management strategies in the Huaihe River Basin were formed [80–82]. The division of
the functional protected area and profile of protected species of mainstream fish (30 species)
were proposed to ensure the integrity of the biological chain in the Liaohe River Basin
of China.

The combination of different technologies in river management was used against one
single technology, which contributed to the overall restoration and macro-control of the
whole river ecosystem [83]. Several technologies, such as restoration of fish spawning
sites, combined control technologies with hydrodynamic-water quality- aquatic organisms.
Hydraulic regulation between rivers and lakes was used to recover the structure and
function of ecosystems in the Dongjiang River basin in China [84]. Since the projects,
aquatic community degradation has been effectively controlled, and biodiversity increased
by 15–40%. The habitat restoration technologies in the main and tributary open channels
were conducive to slope protection, revegetation, and buffer function in the riparian zone.

Many long-time follow-up investigations before and after the restoration technology
should be highlighted in river management. These investigations are important to clarify
the recovery effect of the technology, which is the basis for establishing a river health
assessment system. Improving the evaluation system contributes to accurately identifying
problems and promoting the optimization of technologies.

Due to increased human demand, drinking water safety has become increasingly
prominent. Ecological technologies for improving self-purification performance in a river
and the enhancement of environmental carrying capacity in a basin were highlighted in the
global river governance and management. The interaction of river ecosystems and natural
environmental indicators presents a great challenge for river management. With global
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warming and the increase in rainfall, it is necessary to strengthen water storage resilience
to resist continuous rain and flood. Multiple functions (e.g., unobstructed watercourse,
clear water, green shore, rich fish, beautiful scene, and harmonious humanities) of a healthy
river depend on the coordination and harmonious development of multidimensional
processes, structure, and function. Perfect habitat structure, ecological flow guarantee,
restoration of aquatic vegetation, and construction of an aquatic ecosystem are essential for
healthy rivers. The diversity of the river ecosystem relies on friendly habitat conditions, so
improving the natural habitat of the river and ensuring the needs of species survival is a
prerequisite for multiple functions of rivers. The sustainability of the water environment
and the rich biodiversity of aquatic organisms are typical signs of health in the river. The
integration and perfection of multidimensional processes, structure, and function is the
ultimate manifestation of ecological value.

6. Problems and Prospects

Due to the physical geographical properties of rivers, studies on ecological restoration
at the basin level should be strengthened, and relevant technical standards and norms
should attract more attention. The current studies have the following potential problems:

(1) The systematic ecological monitoring system is imperfect, and the monitoring meth-
ods are difficult to be unified. Monitoring data such as fish, algae, benthic animals,
habitat topography, and flow fields mostly relies on short-term measurements of
scientific research, which is far from the conventional monitoring system [85].

(2) The unified river ecological health evaluation system was almost unreported, which
limited the development of management and the implementation of river ecological
restoration. Although the biological indicator method can reflect the health of the
river ecosystem, it is not enough to reflect the comprehensive health of the river due
to limitations of the bio-chain [76].

(3) Driving factors, mechanisms, and processes of the changes in the health of the mature
river are not clear yet. The lack of long-term basic data, technical limitations, and
insufficient funding led to the lag of research on the mechanism and processes.

(4) The suitability management mechanism is not yet perfect concerning river ecological
restoration technology, especially in China. Many restoration projects are often aban-
doned due to poor management. Little attention to the overall planning was paid
between the river basin ecological restoration and local ecological restoration.

We propose the following development suggestions:

(1) Strengthen continuous long-term monitoring with robust indicators before and after
the restoration of the river to identify the restorative effects of restoration techniques.
Indicators include hydrological, physicochemical, plants, animals, algae, zooplankton,
microorganisms, benthic organism parameters, etc.

(2) Based on current information processing technology, processing first-hand river data
and establishing a multi-dimensionally unified dynamic evaluation system that adapts
to the changing need of the times. Theoretical research was carried out step by step
according to the research sequence of ‘phenomenal basic data processing-impact
factor extraction-mechanism generation-construction of evaluation system’.

(3) Establishing a feedback and correction mechanism or processes model. Continuously
learning from experience and lessons and improving and perfecting river ecological
restoration measures.

(4) Integrating the actual conditions of the river, planning by sections with ‘one district,
one policy’, reasonably dividing the proportions of each district to limit interference,
strengthening river basin cooperation, intensively developing and maintaining nature.
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quality as an indicator of stream restoration effects—A case study of the Kwacza River restoration project. Water 2018, 10, 1249.
[CrossRef]

38. Kunwar, S.B.; Bohara, A.K.; Thacher, J. Public preference for river restoration in the Danda Basin, Nepal: A choice experiment
study. Ecol. Econ. 2020, 175, 106690. [CrossRef]

39. Hung, C.L.J.; James, L.A.; Carbone, G.J.; Williams, J.M. Impacts of combined land-use and climate change on streamflow in two
nested catchments in the Southeastern United States. Ecol. Eng. 2020, 143, 105665. [CrossRef]

40. Zhou, H.; Liu, J.; Hua, P.; Dong, L.; Gao, C.; Hong, G.X.; Li, W.D.; Xie, H.W.; Wu, Y.W. Performance of water transfer in response
to water environment issues in Wuxi, China. Environ. Sci. Pollut. Res. 2020, 27, 13963–13975. [CrossRef]

41. Weng, X.; Jiang, C.; Yuan, M.; Zhang, M.; Zeng, T.; Jin, C. An ecologically dispatch strategy using environmental flows for a
cascade multi-sluice system: A case study of the Yongjiang River Basin, China. Ecol. Indic. 2021, 121, 107053. [CrossRef]

42. Yi, Y.; Liu, Q.; Zhang, J.; Zhang, S. How do the variations of water and sediment fluxes into the estuary influence the ecosystem?
J. Hydrol. 2021, 600, 126523. [CrossRef]

43. Chen, J.; Li, Q. Assessment of Eco-operation Effect of Three Gorges Reservoir During Trial Run Period. J. Yangtze River Sci. Res.
Inst. 2015, 32, 1–6. (In Chinese)

44. Xue, X.H.; Sun, Y. Effects of the Three Gorges Reservoir impoundment on the hydrological conditions for potamodromous fish
spawning. Arab. J. Geosci. 2021, 14, 327. [CrossRef]

45. Kuriqi, A.; Pinheiro, A.N.; Sordo-Ward, A.; Garrote, L. Water-energy-ecosystem nexus: Balancing competing interests at a
run-of-river hydropower plant coupling a hydrologic-ecohydraulic approach. Energy Convers. Manag. 2020, 223, 113267.
[CrossRef]

46. Zhang, M.; Wang, S.; Fu, B.; Gao, G.; Shen, Q. Ecological effects and potential risks of the water diversion project in the Heihe
River Basin. Sci. Total Environ. 2018, 619, 794–803. [CrossRef] [PubMed]

http://doi.org/10.3390/w11040672
http://doi.org/10.1016/j.ecoleng.2020.105974
http://doi.org/10.1016/j.biocon.2020.108589
http://doi.org/10.1093/biosci/bix148
http://doi.org/10.3375/043.040.0408
http://doi.org/10.3390/w12113043
http://doi.org/10.1002/ldr.3351
http://doi.org/10.1061/(ASCE)0733-9429(2003)129:7(491)
http://doi.org/10.1016/j.ecolind.2019.105516
http://doi.org/10.1016/j.envpol.2020.114838
http://www.ncbi.nlm.nih.gov/pubmed/32563804
http://doi.org/10.1016/j.geomorph.2014.06.007
http://doi.org/10.1061/(ASCE)0733-9410(1992)118:9(1395)
http://doi.org/10.1016/j.ecoleng.2013.04.051
http://doi.org/10.1006/jema.2001.0496
http://www.ncbi.nlm.nih.gov/pubmed/12141156
http://doi.org/10.1016/j.jenvman.2021.113197
http://www.ncbi.nlm.nih.gov/pubmed/34274615
http://doi.org/10.3390/w10091249
http://doi.org/10.1016/j.ecolecon.2020.106690
http://doi.org/10.1016/j.ecoleng.2019.105665
http://doi.org/10.1007/s11356-020-07787-4
http://doi.org/10.1016/j.ecolind.2020.107053
http://doi.org/10.1016/j.jhydrol.2021.126523
http://doi.org/10.1007/s12517-021-06677-4
http://doi.org/10.1016/j.enconman.2020.113267
http://doi.org/10.1016/j.scitotenv.2017.11.037
http://www.ncbi.nlm.nih.gov/pubmed/29161604


Water 2022, 14, 1402 15 of 16

47. Sun, K.; Hu, L.; Guo, J.; Yang, Z.; Zhai, Y.; Zhang, S. Enhancing the understanding of hydrological responses induced by ecological
water replenishment using improved machine learning models: A case study in Yongding River. Sci. Total Environ. 2021, 768,
145489. [CrossRef] [PubMed]

48. Nong, X.; Shao, D.; Zhong, H.; Liang, J. Evaluation of water quality in the South-to-North Water Diversion Project of China using
the water quality index (WQI) method. Water Res. 2020, 178, 115781. [CrossRef] [PubMed]

49. Campana, D.; Marchese, E.; Theule, J.I.; Comiti, F. Channel degradation and restoration of an Alpine River and related
morphological changes. Geomorphology 2014, 221, 230–241. [CrossRef]

50. Groll, M. The passive river restoration approach as an efficient tool to improve the hydro-morphological diversity of rivers-case
study from two river restoration projects in the German lower mountain range. Geomorphology 2017, 293, 69–83. [CrossRef]

51. Zhang, P.; Qiao, Y.; Jin, Y.; Lek, S.; Yan, T.M.; He, Z.; Chang, J.B.; Cai, L. Upstream migration of fishes downstream of an
under-construction hydroelectric dam and implications for the operation of fish passage facilities. Glob. Ecol. Conserv. 2020, 23,
e01143. [CrossRef]

52. Katopodis, C.; Williams, J.G. The development of fish passage research in a historical context. Ecol. Eng. 2012, 48, 8–18. [CrossRef]
53. Doyle, M.W.; Stanley, E.H.; Orr, C.H.; Selle, A.; Sethi, S.S.A.; Harbor, J.M. Stream ecosystem response to small dam removal:

Lessons from the Heartland. Geomorphology 2005, 71, 227–244. [CrossRef]
54. Gelfenbaum, G.; Stevens, A.W.; Miller, I.; Warrick, O.A.; Ogston, A.S.; Eidam, E. Large-scale dam removal on the Elwha River,

Washington, USA: Coastal geomorphic change. Geomorphology 2015, 246, 649–668. [CrossRef]
55. Warrick, J.A.; Bountry, J.A.; East, A.E.; Magirl, C.S.; Randle, T.J.; Gelfenbaum, G.; Ritchie, A.C.; Pess, G.R.; Leung, V.; Duda, J.J.

Large-scale dam removal on the Elwha River, Washington, USA: Source-to-sink sediment budget and synthesis. Geomorphology
2015, 246, 729–750. [CrossRef]

56. Polvi, L.E.; Lind, L.; Persson, H.; Miranda-Melo, A.; Pilotto, F.; Su, X.L.; Nilsson, C. Facets and scales in river restoration:
Nestedness and interdependence of hydrological, geomorphic, ecological, and biogeochemical processes. J. Environ. Manag. 2020,
265, 110288. [CrossRef] [PubMed]

57. Langat, P.K.; Kumar, L.; Koech, R.; Ghosh, M.K. Characterisation of channel morphological pattern changes and flood corridor
dynamics of the tropical Tana River fluvial systems, Kenya. J. Afr. Earth Sci. 2020, 163, 103748. [CrossRef]

58. Pein, J.; Staneva, J.; Daewel, U.; Schrum, C. Channel curvature improves water quality and nutrient filtering in an artificially
deepened mesotidal idealized estuary. Cont. Shelf Res. 2021, 231, 104582. [CrossRef]

59. Vermeulen, B.; Hoitink, A.J.F.; Labeur, R.J. Flow structure caused by a local cross-sectional area increase and curvature in a sharp
river bend. J. Geophys. Res. Earth Surf. 2015, 120, 1771–1783. [CrossRef]

60. Yu, G.A.; Li, Z.; Yang, H.; Lu, J.; Huang, H.Q.; Yi, Y. Effects of riparian plant roots on the unconsolidated bank stability of
meandering channels in the Tarim River, China. Geomorphology 2020, 351, 106958. [CrossRef]

61. Isely, P.; Isely, E.S.; Hause, C.; Steinman, A.D. A socioeconomic analysis of habitat restoration in the Muskegon Lake area of
concern. J. Great Lakes Res. 2018, 44, 330–339. [CrossRef]

62. Ramler, D.; Keckeis, H. Effects of large-river restoration measures on ecological fish guilds and focal species of conservation in a
large European river (Danube, Austria). Sci. Total Environ. 2019, 686, 1076–1089. [CrossRef]

63. Yu, K.; Sun, P.; Jia, J. Ecologies for an Urban River System across Scales: Dianchi Greenways in Kunming. Landsc. Archit. Front.
2013, 1, 94–103.

64. Chen, D.; Hou, L. Strengthening efficient usage, protection, and restoration of Yangtze River shoreline. Water Sci. Eng. 2021, 14,
257–259. [CrossRef]

65. Gumiero, B.; Mant, J.; Hein, T.; Elso, J.; Boz, B. Linking the restoration of rivers and riparian zones/wetlands in Europe: Sharing
knowledge through case studies. Ecol. Eng. 2013, 56, 36–50. [CrossRef]

66. Pander, J.; Mueller, M.; Geist, J. Succession of fish diversity after reconnecting a large floodplain to the upper Danube River. Ecol.
Eng. 2015, 75, 41–50. [CrossRef]

67. Guida, R.J.; Swanson, T.L.; Remo, J.; Kiss, T. Strategic floodplain reconnection for the Lower Tisza River, Hungary: Opportunities
for flood-height reduction and floodplain-wetland reconnection. J. Hydrol. 2015, 521, 274–285. [CrossRef]

68. Singh, N.K.; Wemple, B.C.; Bomblies, A.; Ricketts, T.H. Simulating stream response to floodplain connectivity and revegetation
from reach to watershed scales: Implications for stream management. Sci. Total Environ. 2018, 633, 716–727. [CrossRef] [PubMed]

69. Addy, S.; Wilkinson, M.E. Embankment lowering and natural self-recovery improves river-floodplain hydro-geomorphic
connectivity of a gravel bed river. Sci. Total Environ. 2021, 770, 144626. [CrossRef] [PubMed]

70. Janssen, P.; Stella, J.C.; Räpple, B.; Gruel, C.R.; Seignemartin, G.; Pont, B.; Dufour, S.; Piégay, H. Long-term river management
legacies strongly alter riparian forest attributes and constrain restoration strategies along a large, multi-use river. J. Environ.
Manag. 2021, 279, 111630. [CrossRef] [PubMed]

71. Hu, S.; Ma, R.; Sun, Z.; Ge, M.Y.; Zeng, L.L.; Huang, F.; Bu, J.W.; Wang, Z. Determination of the optimal ecological water
conveyance volume for vegetation restoration in an arid inland river basin, northwestern China. Sci. Total Environ. 2021, 788,
147775. [CrossRef]

72. Zhu, Y.H.; Chen, Y.N.; Ren, L.L.; Lü, H.S.; Zhao, W.Z.; Yuan, F.; Xu, M. Ecosystem restoration and conservation in the arid inland
river basins of Northwest China: Problems and strategies. Ecol. Eng. 2016, 94, 629–637. [CrossRef]

73. Liu, F.; Qin, T.; Girma, A.; Wang, H.; Weng, B.S.; Yu, Z.L.; Wang, Z.L. Dynamics of land-use and vegetation change using NDVI
and transfer matrix: A case study of the Huaihe River Basin. Pol. J. Environ. Stud. 2018, 28, 213–223. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2021.145489
http://www.ncbi.nlm.nih.gov/pubmed/33736350
http://doi.org/10.1016/j.watres.2020.115781
http://www.ncbi.nlm.nih.gov/pubmed/32353610
http://doi.org/10.1016/j.geomorph.2014.06.016
http://doi.org/10.1016/j.geomorph.2017.05.004
http://doi.org/10.1016/j.gecco.2020.e01143
http://doi.org/10.1016/j.ecoleng.2011.07.004
http://doi.org/10.1016/j.geomorph.2004.04.011
http://doi.org/10.1016/j.geomorph.2015.01.002
http://doi.org/10.1016/j.geomorph.2015.01.010
http://doi.org/10.1016/j.jenvman.2020.110288
http://www.ncbi.nlm.nih.gov/pubmed/32421567
http://doi.org/10.1016/j.jafrearsci.2019.103748
http://doi.org/10.1016/j.csr.2021.104582
http://doi.org/10.1002/2014JF003334
http://doi.org/10.1016/j.geomorph.2019.106958
http://doi.org/10.1016/j.jglr.2017.12.002
http://doi.org/10.1016/j.scitotenv.2019.05.373
http://doi.org/10.1016/j.wse.2021.10.001
http://doi.org/10.1016/j.ecoleng.2012.12.103
http://doi.org/10.1016/j.ecoleng.2014.11.011
http://doi.org/10.1016/j.jhydrol.2014.11.080
http://doi.org/10.1016/j.scitotenv.2018.03.198
http://www.ncbi.nlm.nih.gov/pubmed/29597165
http://doi.org/10.1016/j.scitotenv.2020.144626
http://www.ncbi.nlm.nih.gov/pubmed/33517009
http://doi.org/10.1016/j.jenvman.2020.111630
http://www.ncbi.nlm.nih.gov/pubmed/33213995
http://doi.org/10.1016/j.scitotenv.2021.147775
http://doi.org/10.1016/j.ecoleng.2016.06.107
http://doi.org/10.15244/pjoes/82900


Water 2022, 14, 1402 16 of 16

74. Ramos-Merchante, A.; Prenda, J. The ecological and conservation status of the Guadalquivir River Basin (s Spain) through the
application of a fish-based multimetric index. Ecol. Indic. 2018, 84, 45–59. [CrossRef]

75. Hering, D.; Borja, A.; Carvalho, L.; Feld, C.K. Assessment and recovery of European water bodies: Key messages from the WISER
project. Hydrobiologia 2013, 704, 1–9. [CrossRef]

76. Birk, S.; Bonne, W.; Borja, A.; Brucet, S.; Courrat, A.; Poikane, S.; Solimini, A.; van de Bund, W.; Zampoukas, N.; Hering, D. Three
hundred ways to assess Europe’s surface waters: An almost complete overview of biological methods to implement the Water
Framework Directive. Ecol. Indic. 2012, 18, 31–41. [CrossRef]

77. Baumann, P.; Stevanella, G. Fish passage principles to be considered for medium and large dams: The case study of a fish passage
concept for a hydroelectric power project on the Mekong mainstem in Laos. Ecol. Eng. 2012, 48, 79–85. [CrossRef]

78. Zhang, R.Q.; Wang, L.; Yang, J.; Xu, G.B.; Yang, W. Study on determination method of Target Fishes for Ecological Flow in the
main Stream of Huaihe River. J. Phys. Conf. Ser. 2020, 1637, 012073. [CrossRef]

79. Zhang, X.M.; Zhang, X.L.; Zhang, Z.H.; Zhang, J.S.; Fan, P.Y. Measures, methods and cases of river ecological restoration. In IOP
Conference Series: Earth and Environmental Science; IOP Publishing: Weihai, China, 2020; Volume 601, p. 012025.

80. An, S.Q.; Zhang, X.B.; Song, S.Y.; Zhao, H.; Jeelani, N. Wetland restoration in China: Principles, techniques, and practices.
Wetlands: Ecosystem Services, Restoration and Wise Use. In Wetlands: Ecosystem Services, Restoration and Wise; Springer: Cham,
Switzerland, 2019; pp. 187–218.

81. Dou, M.; Yu, L.; Mao, H.L.; Jin, M.; Li, G.Q.; Xu, H.Y. Analysis of characteristics of river system form structure in Huaihe River
Basin based on fractal theory. Eng. J. Wuhan Univ. 2019, 52, 303–310.

82. Luo, Z.; Zuo, Q.; Shao, Q. A new framework for assessing river ecosystem health with consideration of human service demand.
Sci. Total Environ. 2018, 640, 442–453. [CrossRef]

83. Matthews, J.; Reeze, B.; Feld, C.K.; Hendriks, A.J. Lessons from practice: Assessing early progress and success in river rehabilita-
tion. Hydrobiologia 2010, 655, 1–14. [CrossRef]

84. Vollmer, D.; Shaad, K.; Souter, N.J.; Farrell, T.; Dudgeon, D.; Sullivan, C.A.; Fauconnie, I.; MacDonald, C.M.; McCartney, M.P.;
Power, A.G.; et al. Integrating the social, hydrological and ecological dimensions of freshwater health: The Freshwater Health
Index. Sci. Total Environ. 2018, 627, 304–313. [CrossRef]

85. Buchanan, B.P.; Walter, M.T.; Nagle, G.N.; Schneider, R.L. Monitoring and assessment of a river restoration project in central New
York. River Res. Appl. 2012, 28, 216–233. [CrossRef]

http://doi.org/10.1016/j.ecolind.2017.08.034
http://doi.org/10.1007/s10750-012-1438-9
http://doi.org/10.1016/j.ecolind.2011.10.009
http://doi.org/10.1016/j.ecoleng.2011.06.032
http://doi.org/10.1088/1742-6596/1637/1/012073
http://doi.org/10.1016/j.scitotenv.2018.05.361
http://doi.org/10.1007/s10750-010-0389-2
http://doi.org/10.1016/j.scitotenv.2018.01.040
http://doi.org/10.1002/rra.1453

	Introduction 
	Definition and Concept of Ecological Restoration Technologies in the River 
	Factors Affecting River Biodiversity and Ecosystem 
	Classification of River Restoration Technologies 
	Hydrological Technologies 
	Ecological Water Transfer 
	Channel Reconfiguration 

	Physical Infrastructure Projects 
	Fish Passage Construction 
	Dam Removal/Retrofit 

	Ecological Geomorphological Restoration 
	Topographical Restoration 
	Natural Shoreline Restoration 
	Floodplain Reconnection 
	Revegetation 

	Biological Restoration 
	Biological Water Purification Technologies 
	Bio-Chain Reconstruction 


	River Management 
	Problems and Prospects 
	References

