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ABSTRACT

Urban water systems fulfill a variety of purposes, such as providing
water resources, performing ecological functions, and supporting
city life. The design of urban water systems optimizes the spatial and
temporal distribution of water resources, improves the hydrographic
circulation and water quality, bringing important influences to the
urban ecosystem. This article aims to discuss how to maximize the
protection of the original aquatic ecosystem, the repair of damaged
water ecology, and the restoration of urban water system functions
so as to endow the city with resilience to adapt to environmental
changes and natural disasters, while enhancing the economic and
aesthetic value of the land adjacent to water. A general discussion is
provided on the establishment of water-land ecotones, symbiosis of
aquatic organisms, and establishment of aquatic habitat.
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Introduction

Water is the source of life, the key to
production, the base of ecology, one

of the prerequisites of human and
urban civilization, and one of the most
important components of the human
settlement. Urban water systems fulfill
a variety of purposes, such as providing
water resources, performing ecological
functions, and supporting city life. The
design of urban water systems optimizes
the spatial and temporal distribution
of water resources, improves the
hydrographic circulation and water
quality, bringing important influences
to the urban ecosystem. The quality

of the ecological water system, to a
certain extent, determines a city’s level
of sustainable development and its
ability to withstand natural disasters.

A healthy water environment is an
important guarantee of sustainable urban
development.

With the rapid development of social
economy and improvement of living
standards, wastewater and sanitary
sewage from industry and agriculture
have been increasing year after year.
Urban water shortages, runoff pollution,
river and lake pollution, and other
issues have become increasingly serious,
making the function of the water system
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simplified and specialized. The basic
conditions of the urban ecological
corridor have been lost, which seriously
threatens residents’ health and ecological
security, and has become an important
factor restricting the sustainable
development of the city.

This article aims to discuss how to
maximize the protection of the original
aquatic ecosystem, the repair of damaged
water ecology, and the restoration of
urban water system functions so as to
endow the city with resilience to adapt
to environmental changes and natural
disasters, while enhancing the economic
aesthetic value of the land adjacent to
water, and building water landscapes rich
in regional characteristics that meet the
recreational needs of people.

Collaborative Establishment of Water
Ecological Restoration and Landscape
Architecture

In the design of urban water
ecological restoration, the spatial analysis
technology of GIS is used to consider the
damage and degeneration of urban water
ecology, urban climate characteristics,
topography, biological types, and
related drainage conditions, as well as
to analyze the relationships between
human activities, landscape patterns,
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and the ecological processes of urban
water systems. This analysis helps to
define different levels of water ecological
restoration areas, and to determine

the functions of different water bodies
and their water environment capacity.
Urban water ecological restoration
design integrates gray infrastructure and
green infrastructure. In conformity with
environmental engineering technology,
landscape engineering technology, and
economic and social regulation and
control, and through the control of water
sources and interception of wastewater,
this process conducts comprehensive
planning and design in aspects including
water form and structure, biodiversity,
water quality and quantity, and rainwater
management.

Establishment of Water-Land Ecotones
The water-land ecotone is the
confluence of energy, nutrient, and
species flows which connect the water
ecosystem and the terrestrial ecosystem.
Its various functions include stabilization
of biochemical cycles, filtration barrier,
flood control, habitat, and bank
protection and stabilization. Urban
water-land ecotones should be established
according to the direction of river flow
and river bank ecology characteristics.
First, the network of riparian sewage



interception pipes should be improved,
and a satisfactory internal structure

and ecological function of the riparian
ecosystem should be maintained, so as to
restore the self-purification function of the
water-land ecotone. In appropriate zones,
diversified riverside landscapes can be
established, and hydrophilic public spaces
created.

According to the unique ecological
niche of aquatic plants, water-land
ecotones should be established with
terrestrial plants, wet plants, emergent
plants, and floating plants which can
effectively block surface runoff, improve
water quality, filter non-point source
pollution, and provide habitat space for
aquatic animals. The natural zigzag bank
line creates variations in the flow of water
— fast and slow, deep and shallow, steep
and gentle — which helps to maintain the
riparian habitat and water biodiversity.
Hardened shorelines, by contrast, tend
to weaken the ecological function of the
water-land ecotone. In areas where hard
shorelines must be used, the shoreline can
be covered with creeping plants in order
to achieve the landscape effect of softening

the shoreline.

Symbiosis of Aquatic Organisms
Urban water restoration design should
establish structures of distribution, time

and space, and nutrition for aquatic
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species, build mutual benefits and
symbiosis among species, and form a rich
food chain, so as to help the water body
perform its ecological and landscape
functions.

In the ecological restoration of
urban water, we should scientifically and
rationally design the plant communities,
improve the microbial growth
conditions, rationalize and stabilize
the population structure of the aquatic
biology, and balance the nutrients of the
biomass and density, in order to achieve
effective material circulation and energy
flow. Through introducing or capturing
fish, shrimp, crab, shellfish, and other
animals in certain amounts, we can
transfer nitrogen and phosphorus to
different trophic levels, and thus control
water eutrophication. For example, a
certain number of filter-feeding fish (silver
carp, bighead carp) and benthic animals
(Corbicula fluminea, clams, snails, etc.)
can effectively control the amount
of plankton in the water. Through
artificial regulation of the indigenous
microorganisms in the water, we can
improve the effective biomass and
efficiency of microorganisms, decompose
pollutants, improve the self-purification
ability of the water ecosystem, create
habitat suitable for a variety of aquatic
plants and animals, improve biodiversity,

prevent biological invasion, and promote

the stability of the water ecosystem.
While establishing the highly efficient,
symbiotic, and ecological purification
system for aquatic plants, benthonic
animals, fishes and microorganism, we
can also deploy organisms that act as
water ecosystem sensitivity indicators.
These indicator organisms promptly and
intuitively reflect levels of water pollution
and other aquatic ecological conditions,
establishing a water ecosystem health

assessment and early warning system.

Establishment of Aquatic Habitat

Biodiversity is based on habitat
diversity, and the establishment of
aquatic habitat can improve biodiversity
and self-purification. Therefore, it is
necessary to pay attention to the pattern
of water systems, ensure water flow,
and maintain riverbeds and mudflats in
the spatial planning of water bodies. It
is also necessary to pay attention to the
relationship between water systems and
landscape patterns, so as to avoid habitat
fragmentation. The tidal wetlands
created by water level fluctuation are
also an essential factor of maintaining a
healthy river.

The establishment of the deep or
shallow, steep or gentle waters, the
islands and flood land, the complex
wetlands, swamps, and underwater

forests, helps form rich habitats for
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aquatic organisms and birds, thus
creating a comprehensive ecological
landscape. Cascades and fountains
aerate the waters, increasing the amount
of dissolved oxygen and restoring the
vitality of aerobic organisms. With
enhanced water purification capacity,
water quality and landscape conditions
are improved as well.

In bowl-shaped urban riverbeds, the
deep-water and shallow-water areas
form a variety of conditions that support
fish migration routes, providing diverse
habitats and growth space for aquatic
organisms.

Bottom mud is one of the endogenous
contributors to water pollution —
the organic matter in bottom mud is
decomposed by bacteria, which reduces
the dissolved oxygen in water and
produces malodorous gases such as
hydrogen sulfide and phosphine, making
the river black and smelly. Regular
ecological dredging can effectively reduce
water pollution, and create conditions
for the restoration of benthic animals
and submerged plants.

Selection of Materials

In rock-fill areas of ecological
shorelines, zeolite and limestone
can be used as the foundation of the
landscape. Their capacity for adsorption

of ammonia nitrogen and phosphorus
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can be used to remove ammonia
nitrogen from the water, as the water
flow promotes the regeneration and
formation of the biofilms for microbes
in these systems. Agricultural waste
materials and aquatic plants, integrated
with denitrification technologies, can

be used as carbon-storing biomass to
build ecological floating bed systems that
improve water quality. Another option

is the fountain-type floating bed system,
which uses solar energy and regulates
limiting factors for algae growth, such as
changing the incoming water spectrum,
to inhibit algae growth and improve
water quality.

Reduction and Utilization of Water
Pollution

A healthy urban water system
depends on clean water resources. Due
to varying levels of pollution, pollutant
sources, and water pollution capacity,
the interception of pollution at its source
is one of the most important methods
of urban water system ecological
restoration.

A variety of infrastructures can be
designed to block, intercept, and prevent
polluted water by controlling pollution
sources, intercepting the wastewater of
various types of sewage drainage and
combined sewer systems, dealing with

sewage, and recycling and reclaiming
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water. Take the integrated constructed
wetland of the municipal sewage
treatment plant as an example — by
controlling the hydrodynamic process of
the wetland scientifically, simultaneous
nitrification-denitrification can be
promoted and pollutant concentrations
reduced, therefore effectively preventing
the tailwater from the sewage treatment
plant from draining directly into the

river.
Conclusion

Water is an important natural,
economic, social, and ecological
resource for urban development. The
design of urban water systems should
step across academic domains and
knowledge areas to integrate ecology
and environment, city and nature,
planning and design through the
interdisciplinary methodologies of
science, art, engineering, and technology,
involving the fields of water conservancy,
urban greening, agriculture, fisheries,
tourism, architecture, and landscape
architecture. In this way, we will be able
to realize the collaborative development
of water resources, water environments,
water ecology, water security, water
culture, and water landscapes, and
comprehensively improve environmental
quality. LAF



