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1 Introduction

1.1 River ecosystem degradation

Over the past century, almost throughout the whole world,
streams and rivers have been heavily polluted and
morphologically degraded due to industrial, household
and agricultural sources, leading to significant declines in
biodiversity, water quality and ultimately water supply [1–
5]. In the last decades, river system design has been
practiced from an engineering viewpoint that focuses on
water abstraction, sanitation, generation of energy, trans-
portation and safety, rather than from a socio-ecological
perspective. The technical management altered the under-
standing of a functioning river system itself and its social
context. This strongly modified the physical and cultural
nexus between rivers and the nearby human population [6].
Individual or combined effects of stressors usually lead to a
reduction in biodiversity due to reduced water quality,
habitat degradation, dispersal barriers, unsuitable biologi-
cal flow regimes, changes in the input of organic matter or
sunlight, etc.[7]. Given the importance of freshwater
systems in providing ecological services and diverse
habitats for many species, it is clear that restoration is
needed to maintain sustainable ecological services while
restoring ecosystem function and habitat scope [8].

1.2 Hydromorphology came into being

The insight that a restored river ecosystem can deliver
multiple interconnected benefits to society has led to a

change in the perception of functional river systems and to
an expansion of river restoration [9]. The Water Frame-
work Directive (200/60/EC, WFD) and the US Clean
Water Act (US CWA) emerged as a formalized demand for
healthy freshwater ecosystems and acts as a catalyst for
river restoration projects, consequently meeting the
implementation of upcoming directives like the UN’
sustainable development goals (SDGs). A universal river
restoration approach includes a wide range of possible
target issues. In a first step the solution of a water pollution
problem is a key issue of river restoration projects. Also,
human activities. Besides that, human activities have a
huge impact on the hydromorphlogical conditions of
rivers. Therefore, hydromorphology is one key discipline
in river restoration projects. Hydromorphology combines
the disciplines of hydrology and geomorphology in order
to classify both jointly for stream conditions [10].
Over the past 40 years, the destruction of the physical

habitat of river ecosystem is especially serious due to the
rapid urbanization speed in China, however, due to the
huge pressure to face the increasing water pollution and
frequent floods at the same time, river management still
mainly concentrated in the flood control and water
conservancy infrastructure construction and water envir-
onmental pollution control, and even many river regulation
and flood control projects themselves have exacerbated the
river ecosystem physical habitat destruction. It is necessary
to learn from the lessons of developed countries and
formulate the physical river habitat protection policy as
early as possible, to reverse the declining physical habitat
quality of river ecosystem, examine and develop hydro-
morphology, an emerging discipline in river ecosystem
restoration practice.Article history: Received Feb 29, 2020; Accepted Jul 22, 2020
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2 Application in river restoration

River hydromorphology represents physical structures and
dynamics of rivers which is useful for establishing links
between physical and biological conditions [11]. Within
the WFD hydromorphology plays an important role to
assess and support an integrated management of river
systems. By means of hydromorphological assessments,
large-scale processes and channel dynamics can be
integrated in the planning of restoration projects. Further-
more, it provides the foundation for the evaluation of
ecological responses to restoration measures. In this
context the WFD is acting as a catalyst for hydromorpho-
logical assessment methods in countries of the European
Union. With the implementation of the WFD in national
law each member state developed one or more approaches
to assess hydromorphological parameters. Belletti et al.
[12] mentions in their review on existing hydromorpho-
logical methods a shift from approaches focusing mainly
on occurrence and spatial configuration of habitats in the
end of the 20th century to broader river condition
assessments including pressure and response variables
focusing more on dynamics and processes.

2.1 Hydromorphological assessment method

Current hydromorphological assessment methods can be
distinguished in 4 main approaches: 1) physical habitat
assessment, 2) riparian habitat assessment, 3) morpholo-
gical assessment, 4) hydrological stream alteration [13].
All 4 approaches have different backgrounds and have
been developed with certain aims. Physical habitat
assessment methods are the most common approach and
focus mainly on the presence and characteristics of
physical habitats [12]. From a spatial context, they are
applied in site to reach scale, laterally some methods are
confined by the channel width most of them include
riverbanks and some methods are extended to the whole
floodplain [14]. However, historical evolution of the
assessed river is seldom taken into account in this method
[12]. It is important to understand biological-physical
feedbacks in rivers. This applies to physical changes on
microhabitat scale where, i.e., the properties of substrate
and the pool/riffle system due to the variations of runoff
and sediment transport is a relatively fast response of
hydromorphology in a smaller spatial and temporal scale.
And this applies to geomorphological change in a larger
spatial and temporal scale, which can give more mechan-
ism explanations, i.e., the cause-effect relationship.
Riparian habitat methods focus mainly on the riparian
zone and vegetation, some of these methods include also
channel features. The integration of vegetation in the
assessment of the river status links physical features with
biota. Structures of the riparian zone represent main
hydromorphological elements supporting the biological

communities at different scales [15]. Both methods
(physical and riparian habitat method) are focusing mainly
on the actual state on a small scale and are highly time
consuming due to extended field work. A lack of both
methods is a poor consideration of the involved processes
and the causes of the alteration at a larger scale [13]. The
morphological assessment method is strongly based on a
geomorphological approach [12]. The focus of this
approach is not pointing on providing information on the
current status of a river but on measuring both “pressure”
and “response” variables and provide the means to develop
a clear understanding of cause-effect relationship that
regulate the system response [16]. The approach is
including a larger time scale approach and is applied
mostly on a reach scale. This would imply repeated
assessments at different times of the year and further which
is unlikely to handle within a rapid hydromorphological
assessment. Thus, recorded indicators are often generated
from a static visual assessment of the presence of processes
[12]. The same authors mention that morphological
assessment methods have the limitation that generally
physical processes are hard to assess properly and that
parameters as the vertical connection to the groundwater or
the consideration of habitats are not explicitly included
within these methods. Methods for the assessment of
hydrological regime alteration are based on producing
hydrological assessment data, especially focusing on
hydrologic alterations [17]. Hughes et al. [18] suggests
that reference system need to be carefully used with six
reasons: 1) there is usually no proper reference system to
use, 2) since the selection of the historical reference
system, many watershed parameters have changed, 3)
climate change has been continuous throughout the
Holocene, 4) projected climate change is of uncertain
magnitude, 5) alien species cannot be avoided, 6)
landscape changes in the environment. The need of long
time series which not always are available are a downside
of these methods. Furthermore, the definition of reference
conditions is critical if not enough long-time scales are
present. However, reference conditions can support the
understanding of pristine ecosystem states and guide our
management that to what extent the river system should be
restored, i.e., a balance of the restoration efforts and the
societal and ecological functions.

2.2 The development of hydromorphological assessment

There has been an evident trend over the past few years to
increase the scientific development of geomorphology-
based approaches to attempt to understand the function and
evolution of rivers as a basis for interpreting the current
conditions [19]. A new approach was developed by Rinaldi
et al. [19] first for application in Italy and then adapted to
the European framework. This approach (Morphological
Quality Index) can be classified as a “process-based”
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method, which is embedded in an overall hierarchical
open-ended framework [20]. The hydromorphological
assessment proposed by Rinaldi et al. [19,21] provides a
flexible set of procedures, with four main stages:
1) catchment-wide delineation and spatial characteriza-

tion;
2) assessment of temporal changes and current condi-

tions;
3) assessment of scenario based future trends;
4) identification of management actions.
The approach described by Rinaldi et al. [19,21] was

developed and tested within a research project and is
embedded in a wider hydromorphological framework [22].
The framework incorporates the morphological character-
istics of the channel and its corridors into a larger spatial
and temporal assessment of the dynamic control of the
reach, as well as a process-based interpretation of the
current status, historical dynamics and possible future
trajectory of the reach [21]. Stage 2 of the approach
(assessment of temporal changes and current conditions) is
focusing on the hydromorphological assessment of the
river reaches which is assessed by the Morphological
Quality Index. It is based on three main components:
artificiality, geomorphic functionality and channel adjust-
ment, whereby indicators of artificiality can be seen as
“pressure” and indicators of geomorphic functionality and
channel adjustment can be seen as “response” indicators
[13]. The MQI approach is based on an expert’s
judgement, expecting from the user specific knowledge
and experience. It is designed to be relatively simple and
not excessively time consuming. The approach is based on
the consideration of processes and is aiming to assess
morphological quality, including explicitly temporal
components by specific indicators. Reference conditions
are defined within the approach on dynamic processes and
functions that are expected to normally occur in a given
physical context. The key scale of the approach is the river
reach, which can be delineated as follows: general
identification and setting of landscape units as well as
fragments; confinement typologies definition; scope of
identification of morphological types and consideration of
other factors. The Morphological Quality Index consists of
28 indicators, divided into three main components:
geomorphologic function, channel and artificiality adjust-
ment. This approach seeks to provide a comprehensive and
overall assessment of river condition to facilitate an
understanding of stress and response conditions (i.e.,
cause and effect), thus supporting the identification of
possible management operations [19].
River restoration focuses on a reestablishment of

specific river-type conditions, where different processes
are induced to a state of dynamic equilibrium, reflecting
the characteristic structure, processes and functions of
similar river/river types with only slight human influence,
at least in accordance with the “good ecological and

chemical state” required by the WFD. River restoration
therefore refers to measures that incorporate river mor-
phology and hydrology as key components, as well as
measures linked to land-use practices and spatial planning
[4].
Restoration of rivers must be undertaken within the

context of the suite of local and landscape factors that drive
instream conditions. Loss of habitat for fishes, inverte-
brates and macrophytes and morphology sediment regime
are strongly influenced by urbanisation and climate
changes. Within the scope of a river restoration project,
all of the above-mentioned modified conditions have to be
taken into account. The Society for Ecological Restoration
(SER 2004) identified key attributes of successful restora-
tion that fall into four main categories: 1) ecosystem
stability, 2) ecosystem function, 3) species composition,
4) landscape context. It further defined potential indicators
for each category that could be used to assess the outcome
of projects in the field [23]. Several studies have proven
that river restoration projects can lead to an improvement
of the morphological river condition but not from a biotic
point of view [7]. Various reasons where found, e.g., still
polluted rivers by the surroundings, or too little time has
passed since the restoration, so there exist still open
research questions why certain restoration activities didn’t
reach their goals. Deffner and Haase [24] also highlight the
need to include social aspects in restoration projects in
order to create acceptance and understand societal relation
to the nature and to include this relation in the planning
process.
Gurnell et al. [20] propose a broader view of urban river

restoration by evaluating possible ecosystem service
potentials and highlight the need of internalising the
ecosystem service approach in a readily-used planning
tool. For urban rivers, Francis suggests enhancing
ecological function alongside novel conditions, rather
than by trying to return urbanized rivers to their previous
state [25]. This fundamental change in state is extremely
difficult to reverse while maintaining the societal function
of the system. The concept of “reference conditions” as
expressed by the WFD is static and does not fully
recognize the dynamic nature of river systems at multiple
spatial and temporal scales [26]. This is particularly true
for urban river systems, demanding a novel ecological
modeling approach that is based on a sound scientific
understanding of the effects of combination of stressors.

2.3 Practical application in East Tiaoxi River and Nanxi
River

Experts from Tongji University (Water Ecology Labora-
tory) and Kyushu University (Japan, river research
laboratory) conducted ecological health assessment of
inflowing rivers in the Taihu Lake Basin (Fig. 3), sino-
Japanese joint research team identified 84 species of fish
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through the comprehensive evaluation of the biggest into-
lake river East Tiaoxi River in Taihu Lake Basin [27], the
evaluation results show that in the natural reach with less
human intervention, the hydrogeomorphic diversity was
significantly positively correlated with the habitat and fish
diversity. The habitat diversity index increased with the
increase of the river width-depth ratio (Fig. 1), and the fish
diversity increased with the increase of the habitat diversity
index (Fig. 2).

The Nanxi River is located in the river basin along the
south-east coast of China, the basin area is 2436 km2

(including 2223 km2 in Yongjia county, accounting for
91.2%), and the mainstream river length is 142 km, with an
average gradient of 6.0‰. The sino-European team
carried out a joint survey on the Nanxi River since 2018
(Fig. 3), using 5 specific indicators from the MQI to assess
the rivers morphological quality, which include Cross-
section Configuration, Bed structure and substrate, vegeta-
tion and Interventions of maintenance and removal, and
found that the hydrogeomorphic diversity played an
important role in maintaining the river ecosystem function
and protecting the aquatic biodiversity of the river. Benthic
fauna and fish were in good condition.

3 Discussions

Despite much research on river systems over the last
decade, critical questions remain to be resolved [25,28].
We lack an understanding of the mechanisms involved in
linking rivers to the larger landscape and fundamental
knowledge of urban aquatic ecology [25]. Knowledge gaps
exist in aquatic habitat restoration in particular. The field of
engineering disciplines can support the environmental
restoration work in different ways. For example, at present
China mainly focuses on pollution control of surface and
groundwater. A high developed information technology
and artificial intelligence technology provide automatic
measurements, automatic sample collection, automatic
water-quality-monitoring systems, automatic algae filter-
ing and cleaning systems, and autonomous navigation for
surface garbage cleaning and surface cleaning robots [29].
The results are most important first steps for river
restoration and they provide a large-scale data basis for a
sustainable integration of the ecological improvements.
Further research should provide a clearer view of the
outcomes of restoration measures based on pre- and post-
project analysis [28]. Hydromorphological restoration that

Fig. 1 Correlations between river width-depth ratio and habitat
diversity.

Fig. 2 Correlations between habitat diversity and fish species
richness.

Fig. 3 Hydromorphological assessment in (a) Nanxi River and (b) East Tiaoxi River.
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aims to improve the ecological status of river systems is
often rather limited in scope and scale.
The socio-ecological approach we propose for urban

rivers is based on the dynamic structure of river systems
and incorporates societal, physical, chemical, biotic factors
as well as their cumulative, antagonistic and synergistic
effects. It also needs to be explored in future practice.
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