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ABSTRACT

The author firstly points out several problems that
commonly exist in China’'s watersheds and the
urgent need for multidisciplinary collaboration in
ecological planning. The theories and practices
on watershed ecological planning are reviewed
respectively from the aspects of waterway
planning, natural river and wetland protection,
ecological baseflow recovery, nonpoint source
pollution reduction, and biodiversity protection.
The author suggests that if we could reserve
multi-functional ecological zone in the new
territorial spatial planning by multidisciplinary
collaboration, ecological goals including flood
control, water quality improvement, ecological
base flow provision, and biodiversity protection
could be achieved. In this comprehensive solution,
only when water bodies and associated habitats
such as the ground and underground, upstream
and downstream, and rivers and banks are
coordinated as a whole, it will generate multiple
ecological benefits. Finally, the author believes
that planners and designers have the ability to
solve ecological problems. To fulfill this vision, we
must call for collaboration between land planning
and ecological watershed planning in the process
of territorial spatial planning.

KEYWORDS

Ecological Watershed Planning; Collaborative
Planning; Cross-Disciplinary Collaboration;
Territorial Spatial Planning; Ecological Corridor
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1 Ecological Problems in China’s Watersheds and Needs for
Collaborative Ecological Planning

During the urbanization in China, the number of environmental
concerns continues increasing. Over the past few years,

local governments have been required to carry out water
environmental remediation. Nonetheless, after investigating

a great number of remediation projects nationwide, the

author summarized the problems commonly exist in China’s
watersheds, including: 1) the water quality of rivers is poor,
with heavy point and nonpoint (particularly agriculture-related)
source pollution; 2) more and more natural rivers are being
transformed into hydraulic facilitates for flooding control,

3) the ecological base flow of rivers is degrading; 4) basic
farmlands are found in watercourses and flood plains that are
not supposed to; 5) more and more rivers no longer serve as
ecological corridors; 6) the flood prevention standards of rivers
fall behind the requirements; and 7) riparian mudflats and
coastlines have been extensively developed, reducing wetlands
in number and area.

In the practice of planning, ecological areas often provide
multiple services. For instance, the riparian corridors could
provide services like flood prevention, water quality and
biodiversity improvement, and recreational opportunities.

In addition, only after quantifying the ecosystem services of
natural elements such as river buffer zones, wetlands, and soil,
can we determine the layout and size of non-development (or
protected) land and then the boundaries of urban development.
However, China’s current territorial spatial planning usually
prioritizes traditional land use demands, especially arable and
development lands; the surface and underground water systems,
forests, and biodiversity are jointly managed by the Ministries of
Water Resources, Natural Resources, Ecology and Environment,
etc., where administrative overlaps, coordination deficiency,

or interest conflicts have led to the failure to establish an
integrated management of ecosystems such as mountains, water
bodies, forests, farmlands, lake, and grasslands.

As a response, the author here proposes a comprehensive
solution for China’s watershed planning and design practices,
offering ideas for the improvement of watershed ecology at the
level of territorial spatial planning.

2 Ecological Watershed Planning Based on Territorial
Spatial Planning and Cross-Disciplinary Collaboration

Essentially, ecological watershed planning is to build
watersheds and corridors where human and the nature live
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The original land use
plan of Lianping County
(above) shows that the
green space in Lianping
County was seriously
inadequate while the
planned river courses
were too narrow to
withstand 50-year
floods, bringing flooding
risk to 105 National
Highway passing by.
The revised land use
plan of Lianping County
(below) changes the
development lands
along the river into
non-development ones,
widens the riparian
corridor to improve the
flood control capacity,
and increases green
and recreational spaces
to restore the ecological
functions of the river as
much as possible.
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in harmony and various land uses are intensively and
collaboratively planned. Adopted the ideas from Design
with Nature by Ian McHarg, while considering the
changes of city and environment over time, an ecology-
prioritized comprehensive planning can be derived by
overlapping various subject plans for flood control,
biodiversity protection, recreational improvement, urban
development, regional industrial and tourism growth,
etc. Such a comprehensive planning requires disciplinary
knowledge and specialties from Geology, Hydrology,
Hydraulic Engineering, Water Supply and Drainage,
Water and Soil Conservation, Landscape Architecture,
Urban and Rural Planning, Tourism Management,
Economics, etc., to develop a synergic, time-phased
spatial plan for the entire watershed. To professionals, it
is important to realize that waterway planning is the basis
for ecological watershed planning, which further defines
the corresponding land use and urban development
planning. In ecological watershed planning, factors to be
considered including terrain, slope, geological disaster
risk, vegetation type, forest coverage, flora and fauna
protection, ventilation corridor, reduction of heat island
effect, and water and soil conservation.

This article will introduce the theories and practices
of ecological watershed planning in aspects of waterway
planning (mainly for flooding control), natural river and
wetland protection, ecological base flow restoration of
rivers and wetlands, nonpoint source pollution reduction,

and biodiversity protection.

2.1 Waterway Planning — The Basis of Ecological
Watershed Planning

As a foundation of ecological watershed planning,
waterway planning is expected to primarily meet flooding
control requirements (based on hydraulic calculation)
while maximizing ecological benefits. The planning
should consider watershed as a whole and distribute
flooding control infrastructures dispersedly to reduce
the discharge pressure of river courses. Flooding control
requires not only engineering approaches but also non-
engineering ones that can help enlarge the cross section of
rivers to enhance drainage capacity. The following non-
engineering measures are widely applied worldwide:

First, widening riparian corridor and cross section.
The definitions of riparian corridor vary. In this article,
it refers to the riverside areas at ordinary water level.
According to exiting hydraulic engineering studies, the
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ideal width of a riparian corridor should be at least as wide as @

its cross section which could withstand 100-year flooding'"’

In view of farming activities and urban development, the
corridor width of a fifth- or sixth-order stream on one side
better be 100 ~ 300 meters; 60 ~ 200 meters for fourth-order
streams; 30 ~ 100 meters for third-order streams; and 15 ~ 50

meters for first- or second-order streams.” In central urban ©)

areas, riparian corridors could be partly narrowed, or at least
on one side, in order to increase accessible waterfront spaces.
Widening riparian corridors not only helps increase the size
of cross section, but also facilitate the protection of riparian
vegetation. For example, by creating wider riparian corridors
through waterway planning, the Lianping River in Guangdong
Province has improved ecological performance of the river
itself and regional environmental benefits (Fig. 1, 2).

Second, protecting or introducing large-scaled flooding
areas along rivers or at confluence reaches if possible, so as
to detain flood as much as possible within the tributaries.
Detention spaces therefore should be created along all the
streams and rivers within the watershed, while avoiding urban
construction — in the inevitable cases, large flooding lands or
wetlands should be planned in the upper reaches to alleviate
the impact of floods on the city, where the riparian corridor
needs to be widened as large parks with flood storage and
retention functions, depending on specific conditions. In some
segments, riparian wetlands or marshlands can be planned in
combination with animal and plant habitats, eco-farms or eco-

tourism sites.
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Transverse section

of the Lianping River
before and after the
treatment project.

The project increases
the width of riparian
corridor and the size
of cross section while
decreasing the 50-year
flood level.
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Third, protecting wetlands and lakes for floodwater
storage and retention in the watershed, as key spaces for
water resource utilization, groundwater recharge, and
habitat protection. In United States, the Clean Water Act
taking issued in 1972 not only stipulates the standards of
sewage discharge, but also systematically protects wetlands
nationwide by maintaining the total area of wetlands.

Any wetland filling for development is strictly consented
and required to recreate a compensating wetland with the
same size and ecological functions somewhere else’”. China
enjoys a rich wetland resources and has begun to strengthen
wetland protection since the total wetland area has seen

a reduction of 8.8% from 2006 to 2016""™, In territorial
spatial planning, a nationwide survey of wetlands is needed
for further systematic protection, as what China has done
with basic farmlands.

Waterway planning often needs to deal with massive
calculation of hydraulic data in a long time span, where
planning professionals and hydraulic experts should work
together. Moreover, most Chinese cities are vulnerable
to floods, especially due to their poor discharge capacity.
Green space system planning should be combined with
flood control planning to maximize the benefits of green
and grey infrastructures. In the planning cases when
different administrative jurisdictions are involved, a higher
administrative agency, ideally a provincial one, should play

the leading role in coordination.

2.2 Protection of Natural Rivers and Wetlands

In recent years, more and more natural rivers in China
are canalized or cut off by water conservancy facilities
built parallel with riparian wetlands and marshes, which
has compromised the ecological services of natural rivers
and banks that cannot be compensated by simply creating
vegetated revetments. Moreover, the high dikes are adverse
to stormwater discharging into the rivers. Based on an
investigation of river remediation projects, the author also
learned that most people cherish the high accessibility and
ecological quality of natural rivers before the urbanization
and have an urgent need for a restoration.

The World Wildlife Fund (WWF) has long called for
natural river protection”’. The United States has launched
many river channelization projects in the 20th century;
however, it soon began to protect the landscape, geology,
fishes, wild animals and plants, and historical and cultural
quality of natural rivers, and enacted the National Wild
and Scenic Rivers Act in 1968""! strictly limiting human
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intervention within the protected rivers and avoiding
development on the river banks. Later, Canada, New
Zealand, and Australia also issued laws on natural river
protection, where the biggest difficulty lies in land tenure
acquisition — governments have to purchase land tenure
of the river banks and then to protect. In China, measures
of natural river protection can be enforced as mandatory
requirements in territorial spatial planning.

In territorial spatial planning, the orientation of natural
rivers, as well as diversion plains, should be preserved
to lower flow velocity and create diverse habitats. The
vegetation in the river course can help maintain a low-
temperature habitat for fishes; the shoals and rock beds are
ideal habitats for fish spawning; dead branches not only
offer food and habitats for fishes but also provide stopping
places for birds during fish hunting; and mudflats create fish
habitats in varied water depths and flow velocities. For the
first-order streams in the watershed, a 15 ~ 50 m forest buffer
should be preserved on each bank'™ so as to protect key
waterhead areas. Thus, ecological engineers, hydrographic
planners, hydraulic engineers, and landscape architects need
to closely work with each other to develop comprehensive
plans for habitat protection of the entire watershed.

Besides, river course planning should also consider the
requirements of cross section in size and flow velocity that
can be calculated with hydraulic simulation. The former can
be realized through waterway planning approaches, while the
latter should be addressed with revetment design. In order to
maintain the natural water cycle between river and its banks,
pervious ecological revetments are recommended. The variety
of flow velocity designs, locally available materials, and
landscape requirements defines the selection of revetment
design methods: When the flow velocity is less than 1 m/s,
mud revetment with grass is recommended; for 1 ~ 2 m/s, the
banks can be paved with 10-cm-deep gravel beds or planted
with willows (Salix babylonica); for 2 ~ 3 m/s, the depth
of gravel beds can increase to 20 cm, or couchgrass can be
planted; for 3 ~ 4 m/s, 40-cm-deep gravel beds or gabions
can be used; and, when the flow velocity is higher than 5 m/s,

rock beds would be a better choice!.

2.3 Restoration of Ecological Base Flow of Rivers and Wetlands
70% ~ 80% of the water resource in a watershed is from

and most nitrogen and phosphorus
[11]

[10]
the upper reaches"",
pollutants are from the first- and second-order streams' ', of
which ecological qualities are the key indicators to reflect the

health level of rivers. However, in China, a number of rivers
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are now faced with problems such as the loss of ecological
base flow, water pollution, and watercourse hardening that,
however, are often treated in unscientific way: In many
ecological water compensation projects, the water flow cycle
is maintain by pumping water from the lower reaches to the
upper ones. To avoid water loss by infiltration, some natural
riverbeds are capped with impermeable materials — or worse,
in some projects in a name of restoring ecological base flows,
pollutant concentration is thinned by transferring water to the
river meet the water quality requirements at cross sections.

It is unrealistic to recover ecological base flow overnight.
As short-term measures, surface water storage and wetland-
purified tail water from sewage plants can be adopted to
increase ecological base flow. Besides, rivers can cleanse
themselves if the pollution concentration is not high. For
the long run, planning approaches must be employed:
land, working like a huge “sponge,” maintains the water
cycle between the surface and underground, and forests
and wetlands serve as major medium to recharge the
groundwater' ?""’!. The territorial spatial planners need to
advance their knowledge about groundwater hydrology so
as to better collaborate with groundwater experts: First,
groundwater experts identify the surface area of confined
water; then territorial spatial planners can come up with
measures to protect the terrains and vegetation of sensitivity
to facilitate aquifer recharge; meanwhile, efforts in forest
protection and restoration, pollution control, and reduction

of development impact are also needed.

2.4 Nonpoint Source Pollution Reduction

In recent years, China has devoted significant effort
to remediate black and malodorous water bodies, seeing
a short-term effect in water quality improvement through
sewage interception, pollution control, and dredging. While,
the key to a long-term success is to reduce nonpoint source
pollution, where sponge city construction is proven as an
ideal approach, because technically it is mainly employed to

U4 that makes it play

deal with the rainfall of 40 mm or less
a significant role in long-term water quality improvement,
rather than flood control. Besides being used to address the
problem of black and malodorous water bodies, sponge city
construction can also continue providing service of water
pollution reduction for ordinary cases, to decrease nonpoint
source pollution in urban areas.

An effective approach to decrease agriculture-related
source pollution is to plan part of riparian corridors as

wetlands or buffers. Studies have proven that riparian
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corridors can efficiently prevent rivers from agriculture-
related nonpoint source pollutants""", For example, a
20-meter-wide vegetated buffer can remove over 60% of
nitrogen and phosphorus, as well as other agriculture-related
nonpoint source pollutants®. Moreover, chemical-fertilizer-
free farming practices and other sustainable agricultural
activities can also help reduce pollutants. The performances
of all these measures can be quantified with the Riparian
Ecosystem Management Model (REMM). In addition,
naturally-grown native trees and shrubs on river banks can
help improve water quality by absorbing nitrogen in the
groundwater. Submerged plants and the microbes on the
pebbles in rivers can help reduce water pollutants as well.

Like other countries, China also encounters difficulties
in riparian land acquisition and huge costs to build buffer
zones. For a greater ecological benefit, it is imperative to
widen riparian corridors and buffers, as part of flooding
areas, where measures of non-engineering flood control
and reducing agriculture-related nonpoint source pollution
can be combined. Part of the expense for land acquisitions
or tenures can be covered by the saving from engineering
budget, which requires supports from the territorial spatial
planning and national policies.

2.5 Biodiversity Protection

Watershed biodiversity protection planning can adopt
the classic Patch-Corridor-Matrix model proposed by
Richard T. T. Forman and Michel Godron, which is one of
the most widely applied theories in Landscape Ecology'"”'""",
Patches can facilitate water conservation and serve as animal
habitats. A habitat reserve should be large enough to support
animal breeding of generations, or alternatively, consist of
a number of small habitat patches that are connected with
ecological corridors — Such ecological corridors should be
as long and wide as possible: the width of the corridors for
small animals can be hundreds of meters while that for the
large ones can be several or dozens of kilometers'"*, The
matrix of watershed itself is defined by factors like the width
and flow velocity of rivers, deposit amount, vegetation on
banks, sunlight, etc. The variations of these factors along the
river course generate continuous bio-energy flows and form
various ecological patterns in different river reaches'”.

In watershed biodiversity protection planning, the
habitat system of native flora and fauna species, and the
variety of habitat types (e.g., ridges, highlands, wetlands,
and aquatic ones) should be taken into account'®!. It is
commended that every watershed accommodates several
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large habitat patches whose sizes range from dozens square
kilometers to hundreds; all the patches should be connected
with the existing or planned national parks, integrating
biological protection with public recreational opportunities
such as ecological education and tourism activities.

By May 2018, there had been 11,800 designated
nature conservation areas (including 474 reserves) in
China, accounting for 18% of the total area of the
national territory”””. However, many of them are cut off
by the growing transportation networks and urbanized
constructions. In addition, the improper planning of
nature conservation areas has resulted in a poor protection
coverage of animal species and an increasing threat to the
survival of wild animals”"**, More efforts are expected
to improve the management of nature conservation areas
and the construction of ecological corridors to mitigate the
fragmentation and link up smaller habitats through planning
approaches.

Mountain and forest corridors, riparian corridors, and
the ecological corridors between rivers and mountains act as
migration paths for animals and birds. Habiting demands
of fishes, birds, insects, mammals, and demersal animals,
as well as the width requirements of corridors, should
be taken into consideration in watershed ecological
planning. Biodiversity-sensitive areas and corridors also
serve as nationally or regionally significant habitats
and gene corridors of key species, whose width should
be no less than one kilometer. If a road has to run across
such habitats and corridors, eco-bridges or box culverts
for animals should be provided. Continuous motorways
or bikeways should be avoided from important riparian
corridors. The width of riparian corridors is defined by the
habiting needs of indicator species that are more sensitive to
the environment of habitats — Usually, one or two species
of large and small mammals, as well as two or three species
of birds (forest birds, migrant and resident waterfowls),
are selected as the indicator species; species of amphibians,
fishes (especially migratory fishes), and insects can also
be selected if necessary. In planting planning, the dynamic
evolution of vegetation communities should be reflected
by creating sound hydraulic conditions and terrains for
plant growth. To sum it up, as the core tasks in ecological
watershed planning, the selection of indicator species
and the determination of the site and size of ecological
corridors need not only to meet animals’ migration
demands, but also make a smart use of land for future
development needs (Fig. 3).
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which sees a huge pressure in the maintaining basic farmlands
since in China agricultural development is often defined by river
systems. Another problem is that land utilization and protection
are divorced due to the fact that different ecological factors are
planned or managed by different departments independently.
Ecological watershed planning should be conducted at watershed
scales and envision an overall picture of all the rivers and
flooding areas included, while employing wetlands and lakes for
stormwater detention and storage, water resources distribution,
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groundwater recharge, as well as providing wildlife habitats.
Riparian areas and lakefronts should be planned as flooding
areas and animals’ eco-corridors, where agricultural and urban
nonpoint source pollution should be prevented. Areas valuable
for biodiversity protection, as well as the eco-corridors included,
should be planned as the habitats and gene corridors of key
species. All of these areas can be integrated into an ecological
network that might cross administrative boundaries of counties,
cities, or provinces, where limited ecological educational

and tourism activities can be carried out. Such an ecological
network also defines the territory of future urban development
and should be planned in phases and controlled dynamically

so as to ensure the connectivity of key eco-corridors. Planners
and designers are expected to strengthen cross-disciplinary
collaboration to maximize the ecological benefits of land and
water resources and leave room for future development —
integrating urban master planning with ecological watershed
planning into the territorial spatial planning process offers a
path to fulfill the vision. LAF
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