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ABSTRACT

The Yellow River Basin is one of the greatest and most
important ecological barrier and economic belt in China.
When the Yellow River Basin is seen as an ecosystem in
whole, the floodplains in the lower reaches are critical
to the basin’s health and biodiversity. However, due to
the extreme complexity of the natural environment of
the floodplains, current flood control policies, long-term
agricultural activities, and extensive rural construction
and production dikes, the river ecosystem has suffered
from considerable damage and a serious decline of
ecosystem services. In the planning and design project
of the Zhengzhou Yellow River Floodplain Park, the
characteristics of the lower, intermediate, and higher
floodplains have been carefully identified, site-specific
ecological restoration measures for each floodplain type
were implemented, highlighting the authenticity and
natural qualities and improving the overall ecosystem
services. In addition, a slow traffic system and innovative
industries along the Yellow River are introduced to
enable high-quality cultural perception and recreational
experience of the improved ecosystem services, promote
green production and lifestyle. These measures help
make the Yellow River a river that truly benefit the locals.
In the context of ecological protection and high-quality
development of the Yellow River, as a national agenda,
the ecological restoration planning strategies proposed
in this article provides a reference for the development
of ecological management and green economy in other
sections of the lower reaches of the Yellow River.
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1. Hydrological and soil characteristics of the floodplains in Huiji section of Zhengzhou of the Yellow River
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2. Shoreline changes and existing flood-control projects in
Huiji section of Zhengzhou of the Yellow River. Changes in
the shoreline represent the impact of the wandering channel
on the floodplains; and the river-control works are to guide
the river flow and protect the embankment.
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6. Floodplain zoning and ecological restoration units of the
park

7. Existing condition of the site. The lower floodplain has
been converted into fish ponds, seeing heavy human
interference and serious wetland and vegetation loss. The
intermediate floodplain covers a large area of farmland
with unsustainable production patterns and vegetation
diversity also decreases. The higher floodplain is featured
with homogeneity of tree species; the natural habitats and
the river channel has been heavily impacted by human
activities.

1 Project Background

1.1 Ecological Characteristics of Floodplains in
Lower Reaches of the Yellow River

Since the Taohuayu Valley in Zhengzhou, He’nan
Province, the Yellow River comes into its lower
reaches with wider channels and gentler slopes,
for which floodplains are formed due to sediment
accumulation, where the river is well known as
the “river above the ground level” and confronted
with challenges of flooding and ecological
sensitivity!'*, Between the main channel and

the Yellow River Embankment, the floodplains
play an important role in flood discharge and
detention, as well as sedimentation. Normally,
they can carry about 10% ~ 40% flood, though
inferior to the main channel, so as to reduce the
flood peak and slow down the flood process".

The floodplains, with diverse ecosystems such
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as wetlands, farmland, and grasslands, can also
provide multiple ecosystem services of water
and soil conservation, biodiversity protection,
and climate regulation'”, After the completion of
the Xiaolangdi Water Control Project, the flood
control ability of the lower reaches of the Yellow
River has been enhanced, but the hydrological
changes lead to a significant reduction of the
annual maximum flood volume and highest
water level, which further causing problems of
wetlands lacking seasonal overflow and more
land reclamation from wetlands""*,

The flat and open floodplains that near the
main channel of the Yellow River are ideal land
for plowing. By now, a large area of living and
production space has been formed by a variety
of land use types including farmland, orchard,
forest, and construction land. Considering the

impact of flooding and river channel wandering,

Ecological restoration of villages

@o 500 1000 2000m

TEAEE
ical restorati

o~ © £ AR

local residents began to construct production

dikes against the banks by themselves and took
spontaneous repair and maintenance measures
to protect the farmland and villages in the
floodplains. Although favorable for living and
production security, these production dikes
have affected the water and sediment exchange
between floodplains and the river channel, or
even compromised the overall benefits of flood
control",
1.2 Site-Specific Management Strategies for
Floodplains in the Lower Reaches of the Yellow
River

According to the overflow difference, the
floodplains in the lower reaches of the Yellow
River could be classified into lower, intermediate,

171~

and higher ones”™"". Lower floodplain refers

to the shallows that emerge in dry seasons or

~ 0 tAigit
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formed by river channel wandering, aiding the
main channel in flood discharge and sediment
transport. Higher floodplain is located along the
Yellow River Embankment, part of which was
the previous claybank of the river. The terrain is
comparatively high as villagers mound the soil
so that villages can be free from inundation risks
in slight or moderate flood events. Intermediate
floodplain is located between the higher

floodplain and the river-control works®. It might

The river-control works are a control system built on the
floodplains between the Yellow River Embankment and the
wandering river channel. It can protect the embankment,
villages, and floodplains, and control the river regime.
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be flooded in certain cases and mainly serves for
flood and sediment detention (Fig. 1).

Existing studies have proposed a theoretical
framework that offers site-specific management
strategies for each type of floodplains: 1)
resettling locals on higher floodplain for living
and industrial development; 2) implementing
ecological management on secondary floodplain
for high-efficiency agriculture development;
and 3) restoring wetlands on lower floodplain
and limiting residential and production
development™. Graded flood control, zoned
sedimentation, and free water-sediment exchange
can not only help detain flood and facilitate

sedimentation, but also reserve residential and
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production spaces by differentiated flood-control
strategies."”!"! This framework has received
much attention from practitioners to verify the
new approaches for ecological restoration in the

Yellow River floodplains.

2 Site Profile and Challenges

In 2020, commissioned by the Planning and
Development Center of Huiji District, Zhengzhou
City, Turenscape started the planning and design
for Zhengzhou Yellow River Floodplain Park. It
is aregional demonstrative project of ecological
conservation and high-quality development of

the Yellow River Basin.

2.1 Site Context and Zoning of the Three Types
of Floodplains

The site, with a total area of 44 km?, covers
floodplains on the south bank of the Yellow
River between the channel and the embankment.
As the starting point of the lower reaches, this
reach is 15 km north from Zhengzhou with
gentle longitudinal and transverse gradients
(1/5,000 and 1/7,000 respectively). However,
due to severe sedimentation problems, the
wide and shallow river channel frequently
and unpredictably wanders. In recent years,
flood and sediment from the upper reaches
have decreased and the wandering of the river
channel alleviates, benefiting from the water
transfer and sediment dredging by projects such
as Xiaolangdi Reservoir. However, the reach
between Xiaolangdi Reservoir and Huayuankou
still faces problems of rapid and unforeseeable
floods, where the “large floods from the lower
reaches” happen frequently due to the lack of
engineered measures'>"*. Floodplains in the site
can function to store and detain floods, together
with important engineering infrastructures
such as Yellow River Embankment, Nanguotou
Critical Levee Section, and Baohezhai River-
Control Works (Fig. 2).

Under the north temperate continental



monsoon climate, the site is featured with an
average temperature of 15.7 °C (42.5 °C the
maximum and —-10.2 °C the minimum) and

an average annual precipitation of 641 mm,
mostly in June and July'"’. Fluvo-aquic soils
and saline-alkali soils are mostly seen on the

Ul The terrain generally slopes down from

site
the southwest towards the northeast, roughly
less than 5° (Fig. 3). Regarding the existing
land use, farmland in the floodplains covers an
area of approximately 480 hm’, most of which
are irrigated land and dry land planted with
vegetables and strawberries; fish ponds mainly
in the lower floodplain cover about 450 hm?;
the land for gardens is about 420 hm’, mainly
occupied as nurseries and orchards; and forest
land with an area of 1,460 hm” consists mainly
of economic forests and shelter forests for
farmland. Sunzhuang Village and Huangheqiao
Village of Guxing Town sit in the site, with a
total population of about 7,300, develop leisure
agriculture (Fig. 4).

Challenges and requirements of ecological
restoration in the floodplain park include
natural protection—with Zhengzhou Yellow
River Wetland Provincial Nature Reserve located
in the north and Zhengzhou Yellow River
National Wetland Park in the east; protection
of underground source of drinking water in the
floodplains; and governance of a large area of
permanent basic farmland (Fig. 5).

The zoning of the floodplains was conducted
by the standards concerning inundation risks,
location of the river-control works, and the
water level in a 20-year flood (12,300 m’/s) event.
Lower floodplain is identified as the area between
the river-control works and the water boundary,
covering an area of 7.63 km”in the elevation of
85.77 ~ 100.74 m. The core area of the nature

reserve and buffer zones are also included.

2) The “secondary suspended river” refers to the situation
where the riverbed of the main channel is higher than the
floodplains.
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Secondary floodplain (14.86 km?) located in the
south of the river-control works are prone to the
20-year flood, where the elevation ranges from
88.77 m to 105.76 m. Finally, higher floodplain is
free from the 20-year flood, occupying an area of
11.74 km” in the elevation of 88.87 ~ 105.76 m
(Fig. 6).

2.2 Existing Problems

Under current flood control policies and
impacted by agricultural activities, construction
of villages and production dikes, etc., the
ecosystem of the site has been heavily damaged
(Fig. 7). This project intends to evaluate existing
site conditions by measuring its ecosystem
services. Ecosystem services, linking human
and the nature, are normally categorized as
regulating, provisioning, supporting, and
cultural services, are products and benefits
that humans obtain from the ecosystem'”"*.,
Analysis on ecosystem services can help come up
with solutions that could meet the requirements
of both ecological restoration and high-quality

development for the Yellow River Basin.

2.2.1 Regulating Services

Water and sediment regulation is the core
regulating service the floodplain park could
offer. However, the production dikes constructed
in the north of the river-control works block
the water—sediment exchange between the
lower floodplain and the main river channel.
Worse, tidal flat wetlands have been largely
converted into constructed fish ponds, resulting
in heavy sediment which aggravates the reaches’
condition of being a “secondary-level suspended

»@

river””, and the diagonal river would endanger

the total Yellow River Embankment.

2.2.2 Provisioning Services

The floodplains are significant source of
crops and water for local people. Though
large in the area of the prime farmland, the

floodplains are in a homogeneity of agricultural

production structure. The existing extensive
agriculture have further caused a low and
unsustainable grain yield. Severe water pollution
problems also exist in the floodplains due to the
overuse of pesticides and fertilizers, bringing
about hazards to the underground drinking

water source.

2.2.3 Supporting Services

Zhengzhou Yellow River Wetland Nature
Reserve in the north of site, a typical wetland in
the middle and lower reaches, is a key node in
China’s three main corridors for bird migration.
However, more and more concrete structures
damage the existing natural habitats, encroach
on the floodplain and wetland ecosystems,
and decrease vegetation coverage, declining
the floodplains’ performance in maintaining

biodiversity and biostability'*'"",

2.2.4 Cultural Services

Due to the restrict land use administration
over the floodplains for safety concerns,
supporting facility construction in villages
and agricultural parks is not encouraged.
As a result, existing industry and economic
development on the site keeps a low level. As
roads within the floodplains are mainly built
for production and flood prevention purposes,
the poor accessibility and experience to or along
roads without facilities to support slow traffic
which encourages walking and cycling may
neither meet visitors’ recreational demands nor
celebrate the unique floodplain landscape or its

eco-culture.

3 Design Strategies

The proposed floodplain park aims to
provide a demonstration case for the ecological
restoration in the lower reaches of the
Yellow River, and to create as a recreational
destination for the city. Guided by the site-

specific management for floodplains, the project
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will first improve the ecosystem’s regulating,
provisioning, supporting, and cultural services
by celebrating the floodplains’ natural quality;
and then advocate a greener lifestyle and
production mode by optimizing the slow
traffic system, so as to enhance the cultural

services (Fig. 8).

3.1 Three Types of Floodplain Restoration to
Improve Ecosystem Services

Based on the concept of site-specific
management for floodplains, the project
proposed detailed plans on floodplains, fish
ponds, farmland, river channels, forests, etc.
respectively for the lower, intermediate, and
higher floodplains according to their distinct
hydrographical characteristics and land use.
The ecosystem services of the Yellow River
floodplains are to be improved by reshaping the

ecological landscape on the site (Fig. 6).

3.1.1 Lower Floodplain Ecological Restoration
Although adjacent to a nature reserve of
wetlands, the lower floodplain has suffered from

wetland loss due to the construction of fish
ponds and production dikes, seriously impacting
the ecosystem’s regulating and supporting
services and its flood control ability. Thus, the
ecological restoration in this area concentrates is
to limit human interference and implement rigid
ecological protection.

First, by introducing wetland compensation
policies, all permanent prime farmland and
arable land within the core area of the nature
reserve should be withdrawn, and those in

other parts of the lower floodplain can be

withdrawn by phases. Production infrastructure
construction is not allowed while preserving
space for wetlands and grasslands. Second,
nature-based restoration approaches are
proposed including demolishing production
dikes and enhancing the overflow capacity of
the floodplains via warping measures which take
sediments from the main channel going through
the lower floodplain then to the intermediate
and higher floodplains. In this process, the
improved efficient water—sediment exchange can
reduce flood discharge and sediment transport
stress to the main channel. Other restoration
strategies include improving and encouraging
hydrological cycle, native plant germplasm
sources, and the natural fertility. Dominant
species on the floodplains such as Phragmites
australis, Imperata cylindrica, and Cynodon
dactylon can also accelerate plant community
succession and the establishment of native
habitats'” (Fig. 9).

3.1.2 Intermediate Floodplain Ecological
Restoration

The intermediate floodplain is a larger
area of medium inundation risk. Centuries of
agricultural production has shaped the area
into a complex land-use pattern, ranging from
farmlands, orchards, fish ponds, and settlements.
Considering the large human interference,
it is necessary to improve all the ecosystem
services in flood and disaster prevention,
while reinforcing ecological conservation and
agricultural development.

Agricultural yield of existing farmland

and orchards are low and inadequate, while
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094

RET R
Reclaim floodplain from fishery

9. BEESEBERR
9. Ecological restoration model
of the lower floodplain

o © tAigit

VOLUME 9 /ISSUE 3/ JUNE 2021

the protected agriculture develops lacking
supervision. One strategy is to establish an eco-
farmland base by replacing part of artificial
facilities with local natural measures. For
instance, beitang (a retention pond in traditional
agriculture) can perform as sponge facilities™”!
that retain water in rainy seasons and irrigate
the farmland in dry seasons. Gradually, the
floodplains’ water conservation capacity can be
improved to cope with water volume decrease
and land desertification'”'. Meanwhile, technical
advances in water-saving, recycling, and organic
agriculture can help conserve water resources
to better support production and ecological
conservation . The further introduction of the
compound agriculture will cultivate a diversity
of forests, orchards, vegetables, and crops
through varied crop rotation, intercropping,
and interplanting. This could improve both
land use efficiency and physical and nutrient
structures of the soil to help prevent plant
diseases, pests, and weeds, by which non-point
source pollution, as well as the use of pesticides
and fertilizers, could be reduced. The synergetic
and high-quality development of urban
agriculture and eco-recreation can bring about
both ecological and economic benefits (Fig. 10).

In current aquaculture, concrete fish ponds
and artificial nutrient feed have commonly
adopted, which further damages natural
wetland stability and aggravates water
pollution. In response, the project proposes to
restore wetland habitats following principles of
food chain and coevolution, for better material
exchange. While the water environment is
improved, higher-quality aquatic products
may also drive the eco-economy development
(Fig. 11).

3.1.3 Higher Floodplain Ecological Restoration
Higher floodplain homes many villages, a

large area of shelter forests along the Yellow

River Embankment, and the seasonal Kuhe

River, where regulating, supporting, and
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cultural service enhancement is the primary
task to the ecological restoration. Considering
the possible land degradation and inefficient
protection resulted from the homogeneity of
tree species, the project first enriches native
tree species and ground cover for higher plant
community stability'”. The diverse forests will
create a landscape of seasonal sceneries along
the embankment (Fig. 12). In Kuhe River
restoration, the project plans to create sponge
wetlands along river banks while piling up
earthworks to build tree islands. This strategy
not only lengthens the shoreline for better water
purification, but also diversifies habitats to

form a robust blue-green ecological interface,
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increasing citizens’ recreational opportunities of

accessing to the river (Fig. 13).

3.2 Riverside Slow Traffic System to Optimize
Ecological Perception

The project suggests a low-impact mode
of traveling by limiting vehicle traffic and
introducing public traffic and slow traffic
system (walking and cycling) in the floodplain
park. According to relevant research on slow
traffic, the park is to be divided into a series
of units (2 km x 2 km). These units will be
connected via roads for shuttles, while vehicle
parking lots and transfer stations are provided

in several nodes. In each unit, paths for walking

and cycling will be separated to provide safety
and diversified experience for all visitors.
Roads for slow traffic are to be constructed
by renovating the existing rural roads and
field ridges with natural materials such as
gravels, where hard paving is avoided. The
newly constructed roads should not affect
the floodplains’ flood control ability. Service
stations along the slow traffic roads should be
fully equipped, together with public facilities
for villages nearby and visitors’ centers in
agricultural parks, so as to meet visitors’
demands for transfer, rest, and tourism
information. To linking the slow traffic units

on the both side of the river, bridges can be
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constructed under the requirement of flood

control.

3.3 Exploration of Green Lifestyle and
Ecological Products

Since the floodplain park is primarily
planned to serve for the long-term flood
control, ecological restoration, and production
purposes , the project proposed four other
strategies to foster high-quality and distinct local
development. First, encourage environmental-
friendly tourism utilizing the ecological and
cultural resources which can in turn support
ecological conservation. Second, introduce
innovative industries and projects on cultural
heritage and water conservancy facilities from
historical Yellow River management legacy.
During the on-site education, visitors can better
appreciate the aesthetics of nature and the
history of the mother river. Third, expand the
market for local ecological products to realize
greater value. Fourth, explore green production

mode and lifestyle with technological support,
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for a synergy between ecological conservation

and economic development.

4 Conclusions

The floodplain park, putting the site-specific
management strategies into practice, can provide
an exemplar for ecological restoration of other
floodplains in lower reaches of the Yellow
River, under the national policy of large river
protection. The strategies adopted may improve
the site’s ecosystem services holistically, especially
regarding flood control, ecological security, and
green economy.

First of all, the floodplains have a long-
term, high flood risk, while extreme flooding
and drought events happen more frequently
and fiercely.""” Thus specific strategies were
proposed for different floodplains. For instance,
the flood discharge and detention capability can
be enhanced via land preservation of wetlands
and grasslands by withdrawing farmland and

fish ponds in the lower floodplain, and farmland
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for shelter forests in the higher
floodplain

13. Ecological restoration model for
the river channel in the higher
floodplain
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sponge facilities constructed in the secondary
floodplain. The higher floodplain can also be
inundated when 20-year or more serious flood
events occur, and all the people in the floodplains
shall be properly relocated.

Second, by restoring the ecological
environment via differentiated strategies for the
three types of floodplains, ecosystem services such
as water and sediment regulation, water and soil
conservation, biodiversity protection, and climate
regulation can be improved. Meanwhile, citizens
and visitors can be inspired by the aesthetics of
natural landscapes and cultural heritages, re-
harmonizing the human-nature relationship.

Third, land use in the floodplains should
be regulated to ensure the implementation of
ecological restoration strategies. For the lower
floodplain, no more construction land is allowed
except that for necessary water conservancy
projects; ecological red lines should be strictly
delimited; and industries and residents should be
gradually relocated. For the secondary floodplain,

some of the permanent prime farmland can
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