A3Z5| &I / Please cite this article as

Liu, Y., Wang, R., Lu, W., & Peng, C. (2019). A Social-Economic-Natural Compound Ecosystem
Constructed for Urban Rivers — Planning and Design for the Remediation and Ecological
Restoration of the Guitang River Watershed in Changsha City, China. Landscape Architecture
Frontiers, 7(4), 114-127. https://doi.org/10.15302/J-LAF-1-040004

g s e

RittaE
—RKISHEFETRESESES

MEligit

A SOCIAL-ECONOMIC-NATURAL

COMPOUND ECOSYSTEM

CONSTRUCTED FOR

URBAN RIVERS

— PLANNING AND DESIGN FOR

THE REMEDIATION AND

ECOLOGICAL RESTORATION OF

THE GUITANG RIVER WATERSHED

IN CHANGSHA CITY, CHINA

% -BNESES
S8

1 515
SRR R AL L TP AR RS TR E S ES RS,
WA NFETEZ . WA . SO s AL o AR AR AR, TE L R

T (0 R 1 25 BT R E AR S TNRERY A AR ARSI R, LU UR 7 2638
PRl 3T 22t e R SR I A N SR O R AR T A SR

T R T A B R, N R AR S RGP
A2 NZETEF IR o H A HEA T SCHIRAR LK, 38T i 4 7k

B RE T AN, WA EEE R, SHER, T AR
K R, AT AN i 5 ey A B B 00, Ay P s i) ™

RTINS IR Z B ARR A ARKP BN R, 2 A
KT R, TR GRS R Z AP

114

https://doi.org/10.15302/J-LAF-1-040004 FSATIE] RECEIVED DATE / 2019-06-28

FESZES [ TV212.4, TU9BA. SHRRIRES / B

XzE*

BEINERKERABDESRIDEE

@

Eid
BENERXERASRIDERE

P32 R
RO HERUREF AR BRATEIS

G
BENERKERABSEE

LIU Yuan
Executive Deputy General Manager of Wasser Hannover GmbH

WANG Run

Deputy General Manager of Wasser Hannover GmbH

LU Wengin
Deputy General Manager of Changsha Guitang River Watershed
Development and Construction Co., Ltd.

PENG Chiyan

General Manager of Wasser Hannover GmbH

* A A

Mk WE A AR TN B E NN R E =
#5 4% . 415000

48 y.liu@wasser—hannover.cn

ok

U AR E R HRIKAEH R,
BE—FAKMENEATR, WSHEERDR
BYSK, EUKRIR. AKIREFIK ST B 2™
g, EEpATIHHARNER. ZRIOHEHE
WS RZRERATEE, NEFAKAEE
EVETERKBENIRE NIRRT BiR, SHIERAX
FKENDEEL . KEIREL HKERKEDER
MRk SRR SHREEMKIL R, &
IIRERM S ESRETSHESHHINES XK. KE
BATE. UFE=E. WEREREELSE
BEBHLEEXRESBHEHERERE, TRT
HE (BMREEE ) k& (=BT ) , BH%
I (FXRENAERIE ) NBEREREEAR
B . ZHKEEIDTREIFEA, ﬂkﬂﬁ
= BFNEAT—ARNEHIRES
%, %%W$EE5$#%%MLZ@%EE%
&, SEEEHHURIASERE.

Xigia
= -25% - BRAERES

R miEialE;
FEA; HhARE; BEWHME

ABSTRACT

Guitang River, a once natural river breeding a
harmonious human-water relationship, is now
the longest inland river of Changsha City, Hunan
Province, China, suffering from severer water
problems such as water shortage, environmental
polloution, and ecological degradation, which
heavily impede the urban development.
Commissioned by Changsha Guitang River
Catchment Development and Construction Co.,
Ltd., the project team employed 4 mathematic
models including a hydrodynamic model of water
systems, a water quality model, a hydrodynamic
model of drainage networks, and a hydrological
model of watersheds to generate an optimal
planning scheme for restoring the natural water
circulation with the most appropriate planning
scheme. Strategies were proposed including the
blue and green ecological network combined with
urban functional zoning, natural river restoration,
riparian space improvement, watershed-

scale ecological corridor construction, and
neighborhood-scale sponge city construction. The
whole planning and design, from a coordinated
planning at the watershed scale to the river
scale, and to specific neighborhood projects, is to
establish a social-economic-natural compound
ecosystem to balance urban development with
ecosystem improvement, while promoting the
sustainability of the river.

KEYWORDS

Social-Economic-Natural Compound Ecosystem;
Watershed Remediation; Mathematic Models;
Urban Development; Multi-Disciplinary
Collaboration
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1. The Guitang River
watershed covers a
large territory of urban
area while consisting
of asmall rural area in
the upper reach.
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The winding Guitang
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the river with canalized
middle reach in the
1990s (middle), and
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straight and shortened
main channel (right).
The existing Guitang
River urgently requires
a restoration.
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4. The watershed
remediation and
ecological restoration
of the Guitang River will
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1 Introduction

Urban rivers are compound ecosystems formed by social,
economic, and natural systems, covering the social factors
such as human activity, urban life, culture, and history; natural
factors such as rivers, wetlands, and green corridors with
specific ecological services; and economic factors such as the
constraints and requirements of urban economic development

within watersheds or along shorelines'".
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In the early days of human history, rivers were a significant
consideration of city siting, when river ecosystems were rarely
disturbed by human activity. However, since the Industrial
Revolution era, rapid urban expansion has gradually
encroached on riparian spaces and resulted in more and more
rivers canalized. It has dramatically reduced the number of
natural rivers, requiring higher embankments to prevent
floods, which make cities severely disconnected from rivers
and break the natural water circulation. Water pollution
is also getting increasingly serious. The conflicts between
urban development and ecological protection of rivers keep
intensifying.

At present, these issues can no longer be resolved simply by
any single discipline or linear development within riverbanks.
Designers should turn to exploring how to build a compound
river ecosystem that can restore the natural functions of rivers
and promote social and economic development at the same
time. In river treatment and watershed management, therefore,
it requires designers to think systematically, analyze problems
by tools such as mathematical models, and comprehensively
consider and coordinate the needs of different stakeholders,
to create a harmony among all ecological components of
the watershed and explore their potential for sustainable
development, while balancing the ecosystem construction and
urban development.

2 Project Background and Problems

Located at the southeast of Changsha City, Hunan
Province, the Guitang River is the longest inland river of the
city. It is a typical seasonal mountain river draining from
the Shiyan Lake Reservoir in Tiaoma Town and running
northward into the Liuyang River. According to the latest
observation in 2017, the river course is 25.3 km in length, with a
catchment area of 108.6 km” (Fig. 1).

In the mid-20th century, the Guitang River was a
meandering and crystal-clear natural river in a length of 37.3
kilometers. Along it there were many natural ponds for fish
farming and irrigating water storage, covering a total area of
868 hectares together with the river. In the 1990s, the middle
reaches of the Guitang River were partly straightened, resulting
in the disappearance of tributaries and a severe shrinkage of
the river course. Today, 84% of its catchment area has been
occupied with urban development, which leads to obvious
changes in the structure of upstream farmlands and drastic or
complete changes of land use in other reaches, significantly
erasing the hydrological characteristics of the river (Fig. 2).
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With only two small upstream reservoirs whose total
catchment area are about 4 km?, the lower reaches of Guitang
River is suffering from a shortage of water supply, which has
been even aggravated by tourism development projects near the
reservoirs. Meanwhile, the channelized banks cut off the natural
exchange of surface and underground water in the watershed,
causing a shrinkage of ecological baseflow in the river, which
is mainly kept by water discharged from sewage treatment
plants in dry seasons. The massive impervious surfaces and loss
of space for stormwater retention result in a higher frequency
of urban waterlogging and keep raising the highest flood
water level record. The water pollutants in the Guitang River
watershed mainly come from the combined drainage system,
where the rainwater gets mixed by sewage and then directly
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discharged into the river, together with the tailing-water, non-
point agricultural pollutants, and wastes from the slaughter
houses and outdoor markets along the river. In light of water
ecology, the flat, straight, and hardened water course sees a
degradation in natural structure and biodiversity, and facilities
such as weirs also break the ecological connectivity of the river.
In addition, riverside express lanes separate the city from the
river, discouraging citizens accessing the waterside. In a sense,
the Guitang River has become a barrier to Changsha’s urban
development (Fig. 3).

3 Restoration and Management Planning of the Guitang
River at the Watershed Scale

3.1 Design Objectives

Through nature-based solutions, the design team hopes to
restore the natural water circulation and form a sustainable
operation mechanism for water ecosystem across the Changsha
City. Specific measures include reshaping the natural pattern
of the Guitang River to prevent flooding and waterlogging
and maintain the ecological baseflow for the river; optimizing
land use and cover patterns in the watershed through sponge
city construction and river restoration; integrating ecological
treatment facilities and formulating higher discharge standards
for sewage treatment plants to improve the water quality and
finally restore the ecosystem of the watershed.

The planning and design of the Guitang River watershed
requires the cooperation of multiple fields including urban
planning and design, landscape architecture, ecological
restoration, and hydraulic engineering. First, a coordinated
planning at the watershed scale is needed to combine the
river ecosystem restoration with the holistic development of
Changsha, to come to a cross-scale planning and design from the
watershed scale to the river scale. Then, some site-scale projects
along the river would be proposed, such as the Jingtang Sponge
City Demonstration Park, to promote the city’s industrial
transformation and upgradation. Such a multi-scaled approach
can not only improve the river’s environment, but also explore
its more ecological potentials to help build a social-economic-

natural compound ecosystem (Fig. 4).

3.2 The Design Process — Mathematical Models Assisted
Planning and Design

The project involves different systems including the whole
water system of the Guitang River, the urban drainage system,
and the sponge city system, and requires coordination of
different disciplines, implying multiple and complex factors
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and interactions to be considered. Therefore, four coupling
mathematical models were employed to find a scheme that
coordinates the watershed treatment performance with socio-
economic benefits: a hydrodynamic model of water systems,
a water quality model, a hydrodynamic model of drainage
networks, and a hydrological model of watersheds (Fig. 5).
The hydrodynamic model of water systems can simulate
the characteristics of many ecological elements, such as the
shape and slope of the main channel in the dry season, the area
of shallow water and wetlands, and materials for ecological
revetment, as well as their states under different flooding
scenarios, which are all important references for the flood
control and ecological restoration design of the river. In this
project, a hydrodynamic model of the current water system
of the Guitang River was first built up, and calibrated and
validated with data on actual precipitation and measurements
of the river till the model’s reliability was high enough. Then the
model was used to simulate a 100-year flood to find out how to
improve the current embankments of the river: in the upstream
farmlands, arrange space for water retention depending on the
current terrain; in the urban area in middle and lower reaches,

enlarge the size of the cross section and replace the impervious
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shorelines with diverse ecological ones according to different
water levels. Afterwards, the water level, flow speed, and erosion
of the banks and riverbed in 2-, 10-, 20-, 50-, and 100-year
floods, with these measures implemented, were respectively
simulated as the basis for further design. The water level
simulations helped the riparian landscape and flood control
design, and indicated the influence on rainwater outlets along
the river in different precipitation scenarios. The simulations of
erosion effects caused by floods with different flow speeds can
guide the selection of suitable ecological measures and materials
to prevent the river banks from inadequate or excessive
construction and allocate investment properly (Fig. 6).

The water quality model, the hydrodynamic model of
drainage networks, and the hydrological model of watersheds
were coupled (all checked and calibrated) to simulate the
status quo and treatment scenarios of the watershed. First,
with the water quality model, this project determined the
pollution load capacity of the Guitang River, discovered that
its largest pollution source was the urban drainage system
by the hydrological model of watersheds, and identified the
areas vulnerable to waterlogging through simulation by the
hydrodynamic model of drainage networks. These results
suggested an optimization of the urban drainage network
including a planning of rain and sewage diversion (Fig. 7), a
blue and green ecological corridor planning determining the
channels for draining excessive rainwater based on terrain
analysis, and a terminal pollutant-intercept system consisting
of sedimentation / overflow ponds, and eco-filters at outlets
to purify the rainwater before it is discharged into the river.
However, a second watershed hydrological simulation showed
that only with these measures, the water quality of the Guitang
River may not reach the standard totally. Thus, a source control
approach should be added through sponge city construction at
the neighborhood scale. Finally, the effectiveness and feasibility
of all these measures were tested again with the water quality
model. In the process of iterative argumentation and adjustment
of the design and modeling, the cost-benefit performances of
many different solution arrangements have been quantified and
compared to find out the most appropriate one for the Guitang

River watershed.

3.3 Planning and Design Scheme
3.3.1 The Blue and Green Ecological Network Combined with
Urban Functional Zoning

A blue and green ecological network is proposed to
integrate the forest conservation sites green patches south to the
watershed (e.g., the Changsha-Zhuzhou-Xiangtan Ecological
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Green Heart Area), the urban woodlands (e.g., the Hunan
Forest Botanical Garden), and some green patches (e.g.,
the linear Liuyang River Ecological Corridor) (Fig. 8). On
this basis, according to various hydrologic characteristics,
functions, and urban development demands along different
segments of the river (Fig. 9), specific watershed management
strategies, ecological restoration objectives, and urban
development agendas (Fig. 10, 11) could be determined. For
instance, to set aside floodwater storage space, connect ponds
network, and develop tourist destinations in the upstream
agricultural area; to implement serves to water pollution
control and urban function integration around the middle
reach; and to conduct sedimentation management and flood
control in the lower reach.

This ecological network, coordinated deeply with the
urban development, will bring significant improvement for
the ecological environment of the Guitang River, both in
riparian landscape and recreational space. The resulting land
appreciation and living quality improvement would promote the
industrial upgradation along the Guitang River.
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3.3.2 Natural River Restoration 13.
The calculation results based on the handbook for rain storm

calculation and verified by modeling shows that the Guitang
River watershed sees a dramatic variation in the runoff flow. For
example, the peak flow of the estuary in a 100-year flood is about
604 m’/s, while that in a 2-year flood is 118 m?/s, and in the dry
season 1.1 m’/s. Thus, with the hydrodynamic model of water
systems, it is necessary to simulate the water levels, flow speeds,
and erosion effects on the river bank caused under three scenarios
of non-precipitation baseflow, normal rainfall drainage, and flood
discharge, for which the project team proposed respective strategies >
of employing a narrower channel in the dry season, restoring the
natural river, and widening the flood discharge channel, each with
suitable revetment materials and aquatic plants. To be specific,

the narrower channel constructed in the river could rise the water

level during the dry season, shaping a meandering river course

with ponds and shoals to create diverse habitats for animals and

plants and a self-purifying water environment; some riparian parks

or green space can be temperately flooded to increase the flood y

storage capacity of the river (Fig. 12).

© Wasser Hannover GmbH

=

VOLUME 7/ISSUE 4 / AUGUST 2019

ARARE
- Riverside park

JEARE

TBGEER

Municipal roads

HKEBRYIE A, ™
RIEDOEFEEEAR
WETEER (£); &
F—BFKRKRET,
EXKEITEMARE
B($); BFE—8
HACRET, TFEQ
EETRPETHRE
B(a) .

TE LB X s A5 E
AEMLI AR RE
S5REnE (£); &
IS RERIERNKEE
MEE=E, "D
HOKERD () -

In dry seasons, the
natural river course
can accommodate
citizens' recreational
activities (left); in the
high-water period

with a 2-year rainfall
event, the riverside
promenade can still be
used (middle); in a 100-
year flood, the riverside
parks can store
floodwater temporarily
(right).

To plan floodable
farmlands and

storage ponds in the
upper reaches of the
river (left) to reduce
the flooding risk
downstream during
when necessary (right).

Riverside park

© Wasser Hannover GmbH

@



15, EEUTERARER

15.  The downstream of
the Guitang River can
be restored as an
ecological corridor.

SRS / ERLH

@ 0 100 200

IBLRIERS R HARR I IAE = (8]

Sponge road and adjacent green space to store stormwater

Neighborhood-scale
sponge city construction

400m

3.3.3 Riparian Space Improvement

The riparian space improvement at the middle and lower
reaches of the Guitang River should respond to both ecological
and social requirements, most of which are to be set in areas
lower than the flood control level such as promenades,
recreational facilities, water treatment facilities, and flood
discharge channels. Therefore, the project adopts a resilient
approach in horizontal and vertical designing based on the
simulated results of the hydrodynamic models. For example,
the frequently used squares and municipal roads are set higher
than the 100-year flood water level; children’s playground
between the 100- and 50-year flood water levels; temporary
spaces for flood discharge or retention like waterscape sites and
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sports grounds between the 50- and 20-year levels; and riverside
promenades slightly higher than the 5- or 2-year level to be
frequently flooded (Fig. 13). Besides, water treatment facilities,
such as sedimentation ponds and eco-filters to reduce pollution
from combined drainage systems, should also be planned in
combination with the riparian spaces, and the purified water
could recharge the river directly.

For the farmland area in the upper reach, the hydrological
conditions could be improved through the adjustment in land
use. For instance, the river valley could serve as temporary flood
retention areas with flood-resistant crops. The ponds in the
upstream mountains may also be used for stormwater storage to
slow down the confluent speed (Fig. 14).
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3.3.4 Watershed-Scale Ecological Corridor Construction

To realize a more natural water circulation in the city, a
watershed-scale ecological corridor is to be constructed with
sound investigation of the watershed’s historical hydrologic data,
topography, existing green spaces, land use planning, and the
urban renewal requirements. Such an ecological corridor means
not only to connect existing green spaces or improve the water
system within individual parcels, but also to take full advantage
of the urban renewal agenda and the blue and green ecological
network at a larger scale.

The ecological corridor could connect the green nodes, the
urban built area, and the main course of the Guitang River, and
provide a drainage channel for excessive rainwater. It links the
individual habitat patches for living creatures while bridges the
urban open spaces and riparian spaces for citizens (Fig. 15).
Another function of the corridor lies in collecting the purified
rainwater from the sponge city structures to recharge both
the groundwater and the ecological base flow of the Guitang
River. When there is a heavy rainfall, the corridor can convey
the surface runoff from the urban area into the river to relieve
waterlogging (Fig. 16). On this basis, the landscape design for
the ecological corridor should fully consider its seasonal and

occasional variation of water volume.

3.3.5 Neighborhood-Scale Sponge City Construction
Neighborhood-scale sponge city structures, either distributed
or semi-distributed, are “capillaries” in the watershed-scale
ecological corridor. Their selection and arrangement should
consider the impervious degree of certain urban areas, as well as

126

Grass swales

HEK £ 7S RRIE
Drainage
ecological corridors

ZRBEM

FEEN
Green roof

JEEEX
Un-floodable area
TSKER

Sewage pipeline ARX

Floodable area

5> © Wasser Hannover GmbH

o

a holistic view integrating the urban-scale drainage system, the
watershed-scale ecological corridor, and the Guitang River, to

generate specific solutions for different assisted by the watershed

hydrological model (Fig. 17).

In practical planning, existing ponds should be reserved as
much as possible to keep the natural hydrological circulation.
With the sponge city structures, it is expected to realize a storage
and retention for 30 mm precipitation, an outflow control of 10
L/(s-hm?), and runoff purification for no less than 50 percent of

all the hardened surfaces. Considering the financial feasibility,
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these goals could compromise to a certain degree to save cost if
there is no water body on-hand to use in the built urban area.

4 Conclusions

The so-called comprehensive watershed management in
many cities has been long confronting with problems such as
ambiguous technical standards, insufficient interdisciplinary
collaboration, poor construction management, neglect on the
ecological functions of rivers, image-orientated concepts, as well
as frequently altered plans. Such practices not only put extra
pressure to local finance and land use, but also cause government
credit risk.

The practice of the Guitang River watershed management and
ecological restoration planning and design indicates the significant
integrity and complexity throughout the establishment of a
natural ecosystem and its coupling with urban socio-economic
ecosystems, which requires trans-disciplinary collaboration,
overall consideration of varied targets and stakeholders, and
rational analyses of the interactions between diverse ecological
elements to reach a sustainable solutions. Currently, most
pollutant-intercepting facilities have been equipped, some riparian
parks are built up, and a demonstration park for Jingtang
sponge city construction has just launched (Fig. 18). This overall
planning of the Guitang River watershed will also support the
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regional regulatory planning, river system planning, rainwater
discharge and flood control planning, and the study of sponge
city construction index system, and serve as principles for the
following urban development and riverbank improvement at the
watershed scale. Moreover, the overall planning could contribute
to systematic technical roadmap, short-term and long-term
agendas, and guarantee measures to regulate the development,

transformation, treatment and management of each river. LAF
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