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ABSTRACT
Haikou is a coastal tourist city in Hainan Province
of South China with beautiful natural landscapes.
During the rapid urbanization in the past decades,
the role of natural rivers as city’s water ecological
infrastructure has been long-time neglected,
resulting in a sharp deterioration of urban
ecological resilience and security. Fengxiang Park,
sitting at the middle reaches of the Meishe River,
is a key ecological node in the watershed, which
however had suffered from severe ecological
problems. In this demonstrative project, the site
was envisioned as an urban park which mitigates
urban flooding and water pollution and provides
citizens a quality waterfront with pleasant,
slow living environment through a substantial
ecosystem improvement with means of Design
Ecology.

Techniques of green sponge construction
and the reinforced constructed wetland system
deployed in the park have effectively slowed down
the flow of water and nutrients, restored habitats
for fauna and flora, and increased biodiversity; the
introduction of a diversity of slow traffic system
has brought vitality to the city by encouraging
green traffic modes among citizens and tourists,
creating a new tourism, recreational, and cultural
destination for the city. More importantly, in view of
increasingly severe issues such as water pollution
and shortage around the globe, this project
shows an obvious reference significance to other
practices in urban water quality improvement,
flooding control, and the creation of public spaces
to provide social and cultural services.

KEYWORDS

Sponge City Construction; Constructed Wetland
System; Ecological Restoration; Slow Life;
Designed Ecology
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1. Meishe River, before the
launch of the project.
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A bird’s eye view of the
Fengxiang Park
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The site was envisioned
as an urban park
providing citizens a
quality waterfront with
pleasant, slow living
environment through a
substantial ecosystem
improvement with
means of Designed
Ecology.

1 Project Background

Haikou is a coastal tourist city in Hainan Province of South
China with beautiful natural landscapes characterized for its
typical monsoon climate. Urban construction has been given a
high priority during the rapid urbanization in the past decades,
while the role of natural rivers as city’s water ecological
infrastructure has been long-time neglected, resulting in a sharp
deterioration of urban ecological resilience and security.

Meishe River, stretching for 23 kilometers, is the mother river
that has nourished the growth of the City of Haikou. However,

LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

over the decades, the river course became a dump of sewage

and waste; for a faster flood drainage, city governors canalized
the river and replaced the natural banks with constructed high
embankments, destroying its ecosystem services, accompanying
with the disappearance of the slow lifestyle honored by the
locals through generations.

Fengxiang Park, sitting at the middle reaches of the Meishe
River, is a key ecological node in the watershed with the largest
hinterland, which however had suffered from severe ecological
problems. The canalized watercourse was only used for flood

discharge with little environmental resilience, resulting in

~ © AR
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frequent waterlogging in rainy seasons and water shortage
during dry months, while ruining the landscape aesthetics; As
construction of a sewage pipe network in the surrounding area

was not completed, about 3,500 tons of sewage was directly

discharged into the watercourse every day, where the water
quality declined to the worst level (Class V), stinking the site
terribly; The walk path system along the river was discontinuous
with few accesses to the water; The Qiankun Lake and Immortal
Caverns, both high-reputation tourist destinations included
within the project territory, no longer served for citizens’
recreational opportunities due to the heavy pollution of sewage
and waste; In addition, in the Qiankun Lake that previously

VOLUME 7/ISSUE 6 / DECEMBER 2019
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F1: REBARIBSOERTSAOKESNER (KRNENE: 2017438 )
Table 1: Water quality test results on the site of the Fengxiang Park before the launch of project
(March, 2017)

Wedge-shaped islands
transformed from the

concrete embankments

A bird's eye view of the
wedge-shaped islands
A bird's eye view of the

terraced purification

wetland
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Table 3: Water quality test results of the constructed wetland of the Fengxiang Park after completion
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_ KBS .
KSR HNEHA MR Indicators NER
. Indicators Date Test location Result
IS NH,-N P coD,,
Test agency NH;-N TP COD, TN
PH (mglL) (mglL) (mglL) (mglL) — TR R G K 6.21 014 36.80 FRIFR I KK
20195 Outlet of the integrated pretreatment system ’ ’ ’ HE—RAHEBGRAE
BOTESHERIPB Mo gh ;f;(zfg Met the Standard of Surface
Ecological and Environmental 78 13.7 5.11 199 457 areh 2z, BRS LK 013 001 127 Water Class Il and the Discharge
Protection Bureau of Haikou Outlet of the terraced wetland ’ ' ’ Standard of A Level, Class |
BAOREXRDTRIEFRAST — LTI R GE K 28.26 1.96 736 HRMER I EKARE
Haikou Sangde Meisha 711 146 20192 Outlet of the integrated pretreatment system . ’ : HRE—BAHERGRE
Eco-Protection Engineering ) ) ' i MO gh ;f;g?g Met the Standard of Surface
Co., Ltd. arch <4, B S L K Water Class Il and the Discharge
0.90 0.03 16.8
Outlet of the terraced wetland Standard of A Level, Class |
hERF R A SRR O
- — rE RS ; Avi:
Reslearch Center for Eco 76 17.1 526 138 4.2 Wfﬁﬁkﬂi?*ﬁ:ﬂﬁk 1411 158 166.0 RN §$7ka 73
Environmental Sciences, Outlet of the integrated pretreatment system B —RAHERAR A
Chinese Academy of Sciences 201935258 Met the Standard of Surface
March 25, 2019 P .
BB K 0.90 0.05 17.0 Water Class Il and the Discharge
—-— Outlet of the terraced wetland ’ ' ’ Standard of A Level, Class |
BOMESKERIPF/T2019EE R ABATESKER,
NOTE — LR HK 6.43 0.59 36.2
K - - - s g VR,
The Ecological and Environmental Protection Bureau of Haikou was renamed Bureau of Ecology and 2019435268 Outlet of the integrated pretreatment system R —RAHAT A
h ) . Met the Discharge Standard of A
Environment of Haikou in 2019. March 26, 2019
’ BB K 344 0.07 15.1 Level, Class |
Outlet of the terraced wetland ’ ' ’
— MER G
PRACTUSE i?fﬁﬂj K 16.35 0.24 17.7 o
20192 Outlet of the integrated pretreatment system HE—RAHEBGRAE
019437278 Met the Discharge Standard of A
March 27, 2019 BEZU% L K
R2: REAREIRIHEHEAKE (8462: mg/L) ! / 279 0.08 14.0 Level, Class |
Table 2: Design goal of water quality improvement of the Fengxiang Park (mg/L) Outlet of the terraced wetland
KEfEtR SRR G K 14.76 0.03 18.3
Indicators 20195 Outlet of the integrated pretreatment system ’ ’ ’ HE—RAHEBGRAE
Mo gh :f;gi Met the Discharge Standard of A
NH.N TP COD; BOD; aren <9, BSL K Level, Class |
4.96 0.33 17.6
sk Outlet of the terraced wetland
20 7 200 100
Inlet
R
ok g I K KFRfE: NHy-N<1, TP< 0.2, COD;,<20; —RAHFMIRAE: NH;-N<5, TP< 0.5, COD, <50,
Outlet 5 0.5 50 10 NOTE
Standard of Surface Water Class Ill: NH;-N < 1, TP < 0.2, COD, < 20; Discharge Standard of A Level, Class |: NH,-N < 5, TP £ 0.5, COD, < 50.
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Table 4: Plants used at the terraced purification wetland in the Fengxiang Park

ESid) ERAE WTH&
Type Common name Latin name
7% Common reed Phragmites communis
E5% Sweet flag Acorus calamus
JKHEZEANE Maraca amarilla Canna glauca
%38 Bulrush Typha orientalis
Z3 White ginger lily Hedychium coronarium
735 Arrowhead Sagittaria sagittifolia
HEKIEY)

Emerging plants

24 Umbrella papyrus

Cyperus alternifolius

FJEZ Purple loosestrife

Lythrum salicaria

#B&EE Pickerelweed

Pontederia cordata

HH# Hardy water canna

Thalia dealbata

ZKISE Paper reed

Cyperus papyrus

M4 Striped gant cane

Arundo donax var. versicolor

FHEF Mexican petunia

Ruellia simplex

1t Lotus Nelumbo spp.
SZIKAEY) B Water lily Nymphaea spp.
Floating plants KK Ottelia cordata

JLKAEY)
Submerged plants

EE Eelgrass

Vallisneria natans

2% Waterthyme

Hydrilla verticillata

SEE Curly pondweed

Potamogeton crispus
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11. Avariety of aquatic
plants are used in the
terraced purification
wetland

12.  Children have an
opportunity to observe
aquatic plants, insects,
and fish in close.

13.  Children playing with
the water, surrounding
with flowering lotuses.

14. Egrets back to the site

CEIN

inhabited by egrets and various fish species, the birds vanished
away and a lot of fish died.

In recent years, city governors carried out a series of ecological
restoration projects, ranging from sewage interception, riverbed
dredge, pilot water quality control projects to regulation
improvement. However, the lack of systematic treatment measures
has resulted in inefficiency in addressing those environmental
problems — The slow life that people longed for with a
harmonious relationship with water seemed like an unreachable
dream. To promote the ecological civilization construction, the Haikou
City launched an ecological restoration project of the Meishe River, as

a waterfront demonstration of the re-establishment of a slow lifestyle.

2 Design Objectives

As a demonstrative node in the entire ecological restoration
project, the Fengxiang Park was envisioned as an urban park which
mitigates urban flooding and water pollution, provides citizens
a quality waterfront with pleasant, slow living environment, and

creates a new tourism, recreational, and cultural destination for the

VOLUME 7/ ISSUE 6 / DECEMBER 2019
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city, through a substantial ecosystem improvement with means
of Designed Ecology.

Covering an area of 78.52 hectares (including water areas),
the designed topologies on the site include forests, terraces,
wetlands, marshes, and tree islands, which were all designed to
withstand a 20-year storm event; a constructed wetland system
was designed to retain urban floods and purify sewage; a walk
path system was planned to encourage pedestrian opportunities
while minimizing construction impact on the egret reserve
and wetlands; and diverse programs were conceived to invite
visitors to experience slow lifestyle. Particularly, the design was
expected to address the on-site flooding problem and to absorb
the nutrients from the daily 3,500 tons of sewage before it
discharges into the river.

3 Design Strategies

Based on their experience from previous practice in water
ecological restoration, as well as extensive literature review on
. 1]~ .
recent research of post-occupancy evaluation''™”!] the design

team proposed the following major design strategies:

3.1 Building a Green Sponge System to Slow down the Flow of
Water and Nutrients
3.1.1 Green Sponge System

The site terrain sees a slope gradient from flat to 35°.
Calculated according to the runoff flow and drainage capacity,
the site was divided into 23 drainage zones which collects on-site
rainwater and runoffs from several roads in the surroundings;
the flow of water would slow down through sponge measures
such as eco-swale, sunken green space, and terraced purification
wetland before it joins the Meishe River. Such a green sponge
system can radically solve the urban flooding problem and help
recharge underground water. In 2017, the park went through a
storm upon its completion, but no floods occurred even in the
historically vulnerable areas, which proved that park’s sponge
system effectively works.

3.1.2 Ecological Riverbanks

The design reclaimed the grey embankments into water
areas and green spaces to the largest extent: while maintaining
the existing civil drainage network, the concrete embankments
on both riversides (a total of 484 meters in length) were
demolished and replaced with floodable marshes and wetlands,
covering an area of 14.82 hectares, which can withstand 20-year
storm events. The rebuilding of the revetments of the Qiankun
Lake was one of the highlights in the design: For a minimum
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construction impact, on-site cutting-and-filling was conducted
adapting to the existing terrain, to create micro-topographies
that help improve water quality and restore habitats, including
special sanctuaries for egrets. The design increases the water
surface and the constructed wedge-shaped islands that form
certain angles with water flow and thus can slow it down
effectively — The distinctive wedge shape has also become an

iconic landscape symbol of the park.

3.1.3 Terraced Purification Wetland

To meet the requirement of dealing with huge amount of
domestic sewage, the design conceived a terraced purification
wetland which integrates engineering (grey) and ecological
(green) treatment measures, to capture nitrogen and phosphorus
nutrients from sewage. Such nutrients can be recycled as

fertilizers for plants, which would be regularly maintained and
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harvested so as to slow down the flow of nutrients as well.
The water cleansed by the terraced purification wetland is
required to meet the Discharge Standard of A Level, Class I,
according to the Standards for Pollutant Discharge by Sewage
Treatment Plants in Cities and Towns (GB18918-2002), which
stipulates that the removal rates of BOD;, TN, and TP need to
reach 90%, 67%, and 93 %, respectively (Table 1, 2). A primary
treatment system is employed at the sewage inlet on the site,
where an integrated pretreatment equipment is used to remove
odor, heavy metals, and pathogens hazardous to public health.
After pretreatment, water enters a secondary treatment system
— a terraced reinforced vertical flow constructed wetland
system, covering an area of about 19,700 square meters, with
eight layers of terraces, the bases of which are made with local
volcanic rocks. The wetland was divided into 10 subzones of
equal size to evenly distribute pretreated water for a higher
cleansing efficiency. After purified layer by layer through the
terraced wetland, water quality is largely improved. At last,
water flows into a river-like surface flow wetland for a further
purification. The wetland covers an area of about 4,000 square
meters, where suspended particulate matters in water are
captured by plant roots and stems and pollutants are removed
through the bio-degradation by plants"”. This whole wetland
system extends and slowers the water flow and nutrients are
sufficiently absorbed from sewage. Finally, tested by the Water
Quality & Testing Center of Haikou Sangde Meisha Eco-
Protection Engineering Co., Ltd., water at the outlet of the
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entire treatment system can meet the Discharge Standard of A
Level, Class I — the quality of purified water reached the Class
III Standard in March 2019 and the concentrations of NH;-N,
TP, BOD;, and CODcr were far less than the Standard required
(Table 3). The terraced purification wetland also connects

a number of spatial nodes such as the terraces, islands, and
marshes, creates a resilient wetland landscape that combines a
variety of dynamic elements together, and provides water supply

for the Meishe River in dry seasons.

3.2 Planting Design and Habitat Restoration

Aquatic plants in the constructed wetland play an important
role in water purification. They can absorb nutrients from
sewage, increase oxygen level of water, inhibit the reproduction
of hazardous algae, and mitigate the release of nutrients from
sediments, which are key to maintaining the water ecological
balance. On selection of aquatic plants, specific characteristics
were taken into consideration, including strong resistance,
vigorous metabolism and growth, long persistency, and robust
root system, as well as outstanding ornamental aesthetics or
economic values. 19 species of aquatic plants are used on the
site (Table 4), including 14 species of emerging plants, two
floating plants, and three submerged plants. Sorts of vegetated
habitats are well established for wild birds, the observed avian
species (including Egretta garzetta, Ardeola bacchus, and
Ixobrychus cinnamomeus) and total bird number in the park

keep increasing.

3.3 Pedestrian-Cycling System and Spaces for Slow Lifestyle
3.3.1 Pedestrian-Cycling System

Based on Overall Urban Planning of the City of Haikou
(2006-2020), the city implemented a planning of a green
slow traffic system, becoming the first city-scale project of
such planning practices among provincial capitals in China.
According to the route planning, the included sections of Meishe
River are envisioned to serve citizens’ cycling and walking needs,
and the Fengxiang Park, as a key node in the slow traffic system,
connects with the urban slow traffic loop for tourism and public
recreation.

On the east and west sides of the park are bicycle trails, 4
meters in width and nearly 1.7 kilometers in length in total,
connecting with city cycling lanes. In consideration of the
important role of the park to the city and the growing needs for
bike-sharing, 11 parking areas were built in the park, providing
482 parking lots for shared bikes. Adjacent to the bicycle trails,
there are jogging trails paved with red pervious concrete, about
1.4 kilometers in length in total, where many residents can be



seen walking or jogging along the beautiful river at dawn and
dusk, bringing dynamics and vitality into the park. Since the
park’s completion, several green traffic events have been held
here ranging from cycling, jogging to marathons, popularizing
the concepts of slow traffic and slow lifestyle among the public.

3.3.2 Multi-Function Boardwalk System

To integrate educational and recreational opportunities,
a boardwalk system was constructed above the terraced
purification wetland, along which visitors can observe the
whole water purification process. The boardwalk passes across
wetland vegetation communities at different heights of plants,
creating a unique experience from intimacy to openness; its
width of 1.2 to 2 meters not only guarantees visitors’ safety but
also creates a pleasant landscape experience, meeting the needs
of travelling in small or large groups; by scanning QR codes on
boardwalk signages, visitors can learn about the ecological roles
of different plants in water purification and relevant ecological
knowledge; the boardwalk only 10 centimeters above the water
surface allows visitors to observe aquatic plants, insects, and
fish in close, or to play with the water; the lotus pond at the end
of the terraced purification wetland, covering an area of about
3,500 square meters, is a featured landscape in the park, where
the boardwalk meanders across the flowers, grasses, and trees,
creating a multi-dimensional sightseeing experience for people
who walk through; the floating platform at the end of the
boardwalk acts as a stage for visitors to appreciate the beauty
of nature, have a picnic, meditate or dance in the attractive
landscape. As the largest constructed wetland in Haikou, the
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terraced purification wetland has attracted a great attention
from the public after its completion and now becomes a popular
destination in the city.

3.3.3 Birdwatching Corridor

The design demolished the concrete embankments and
expands the area of egret reserve to 4.8 hectares: Habitats in
forms of marshes, wetlands, and islands were created for egrets
to forage and nest. On the premise of causing no disturbance to
the birds, a birdwatching corridor (not completed yet) about one
kilometer in length was designed 75 meters (the observed flight
initiation distance of egrets) away from the reserve boundary.

3.3.4 Elevated Trail Network

The site of the grand lawn at the entrance area was
previously occupied as a landfill of construction wastes, and a
mound was formed due to years of waste dumping. The design
made full use of this topographic feature, removed waste on
the surface and transformed it into a perfect overlooking spot
through on-site cutting-and-filling. The mound, atop which a
lot of native fruit trees were planted, has been turned into a
“public orchard.” A white elevated trail network was set over
the mound, leading visitors to the central areas of the park.
The trails are about 3.5 meters wide and 782 meters long, with
7 accesses that link up key landscape nodes such as the grand
lawn, children’s playground, and the terraced purification
wetland, offering people an unusual recreational experience
while causing minimum impact to the environment. Walking

along the trails, visitors can enjoy the lush and shades created
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The introduction of a
diversity of slow traffic
system has brought
vitality to the city by
encouraging green
traffic modes. Since

ARIESRAALD its completion, the

park has held several
green traffic events
ranging from cycling,
jogging to marathons,
popularizing the
concepts of slow traffic
and slow lifestyle
among the public.

by Ficus microcarpa and Cocos nucifera trees that highlight

tropical climate of the city.

4 Conclusion

Considered an important demonstration project in Haikou,
Fengxiang Park has gained a great attention from the society
since its launch. During its construction, city governors and
designers publicized the ideas of sponge city and green traffic to
the public society through all kinds of media communication.
Concerted efforts were made to smartly address the problems
of sewage and urban flooding on the site. Techniques of green
sponge construction and the reinforced constructed wetland
system deployed in the park have effectively slowed down the
flow of water and nutrients, and restored habitats for fauna and
flora; the introduction of a diversity of slow traffic system has
brought vitality to the city by encouraging green traffic modes
among citizens and tourists.

In 2018, Haikou was honored as the 18th city of Ramsar
Convention in the international society; in January 2019, Focus
Report of China Central Television reported the success of the
Meishe River in water remediation and landscape improvement.
More importantly, in view of increasingly severe issues such
as water pollution and shortage around the globe, the nature-
based solutions adopted by the project shows an obvious
reference significance to other practices in urban water quality
improvement, flooding control, and the creation of public spaces
to provide social and cultural services."" LAF
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