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Figure 1: In this summer
scene, the carefully graded,
interlocking bio-swales and
pond system along the valley
acts as a “green sponge”.
Storm-water is detained
and retained to capture or
transform the agricultural
and urban non-point source
pollutants. The designed
landscape creates diverse
native habitats for biodiversity
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enhancement. The working
wetland attracts thousands of
visitors every day from the city
and the far-reaching region.
Tourists and locals alike enjoy
the richly textured and colored
tapestry. Self-seeding flowers
were sown along the paths and
between bio-swales, to create
a low maintenance ground
cover. They create a vibrant and
pleasant walking experience.
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THE CONCEPT
OF ECOLOGICAL
INFRASTRUCTURE
For most of civilization, those who were successful in exploiting natural resources and transforming natural patterns through technological
advancements were considered to be highly civilized, while those who adapted to natural forces
were considered primitive and uncivilized. Cities
are by far the largest and most complicated artificial devises that human beings have constructed,
and they are considered by many to be the very
testament of human civilization. From the origin
of the city to its “modernized” form today, natural forces and patterns have become increasingly controlled and dependent on artificial processes. The quality of urbanization thus becomes
measured by how quickly rain water drains off
our streets, how stable temperature and humidity are maintained in our rooms (or even in open
spaces), and how garden trees and shrubs are
grown for ornamental purposes rather than for
their productivity.
This standard of civilization is built upon heavily engineered gray infrastructure. It comprises
complicated transportation systems designed for
vehicles to deliver goods and services, huge pipe
networks laid underground to drain excess storm
water, rivers reinforced with concrete walls to
control floods, large sewage plants built to treat
waste water, power lines to convey energy necessary to run all the machines and devices, et cetera. Built upon this gray infrastructure are showy
buildings with deformed heads and twisted bodies that deviate from what natural forces allow.
Such a model of urbanization, used by Western
cities during their early stages of development,
has unfortunately been adopted by developing
countries in general. In the past decade, hundreds
of new towns have been designed and built in
China. Many have been called Eco-cities, but most
are wasteful and poorly planned and designed,
with little consideration for their environmental
and ecological impacts.
Here, landscape is largely limited to tamed gardens and parks where lawns and flowers are irrigated with tap water, and storm water is drained
by underground pipes. Landscape becomes just
like other components of an artificial city; it is a
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sink of energy and services, rather than a source.
Landscape as a natural ecosystem in and around
cities is largely neglected; natural processes disintegrate and become contaminated; and natural
patterns are fragmented. The landscape therefore
completely loses its capacity to provide what
would have been free goods and services for
urban communities. Over time, we have drifted
away from nature and become disconnected
from our roots.
Looking at the history of city planning and
building, we find traditional designs treating
landscape as one physical and organizational
entity, rather than as isolated ornamental pieces.
Most cultures have a pre-scientific tradition of
using geomancy to organize settlements based
on the framework that a sacred landscape includes both spiritual and physical infrastructures.
Since the late 19th century, some cities in America used parks and green spaces as fundamental
infrastructures to resolve urban problems such
as congestion and sanitation. More recently, this
concept of greenways was further developed
into a more comprehensive and inter-connected
framework called the Green Infrastructure (GI),
which is considered as the basis for “urban form”
within urbanizing and metropolitan regions. For
example in early 20th century Europe, greenbelt,
green heart and green wedge were used by urban
designers in urbanizing cities as stoppers, separators, and connecters of urban development and
to create a good urban form. Today, ecological
networks are planned in metropolitan areas
across Europe.
What would an alternative city look like if its
natural forces were respectfully used and not
controlled? Vegetables and food would be produced on the streets or in parks; floods would
come and go to the benefit of the city; waste
would be absorbed and cleansed by the natural
processes; birds and native species would cohabit
the city with human beings; and the beauty of
nature would be appreciated in its authenticity,
not tamed nor heavily maintained. The key here
is that these alternative solutions do not rely on
gray infrastructure, but instead, use green or ecological infrastructure to deliver the goods and services the city and its urban residents need.
Ecological Infrastructure (EI) therefore can be
understood as the necessary structure of a susISOCARP
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tainable landscape (or ecosystems) in which the
output of the goods and services is maintained,
and the capacity of those systems to deliver the
same goods and services for future generations
is not undermined. What makes the concept of EI
a powerful tool for the alternative ecological urbanism is its marriage with the understanding of
Ecosystems Services. Four categories of services
are commonly identified: provisioning, related to
the production of food and clean water; regulating, related to the control of climate and disease,
and mediation of flood and draught; supporting,
related to nutrient cycles and providing habitat
(suitable living space) for wild plant and animal
species; and cultural, related to spiritual and recreational benefits.
It is important to recognize that the conventional approach to urban development planning,
which is based on population projection, builtinfrastructure, and architectural objects, is unable
to meet the challenges and needs of the ecological and sustainable urban form and development.
Conventionally, landscape and green elements
are usually negatively defined by architectural
and built infrastructure. By positively defining the
EI for the sake of Ecosystems Services and cultural
integrity of the land, the urban growth pattern
and urban form are negatively defined. Ecological Infrastructure builds a bridge between the
alternative ecological urbanism, the disciplines of
ecology, especially landscape ecology, the notion
of ecosystems services, and sustainable development. It is the bridge between smart development and smart conservation.

TWO EXAMPLES
OF ECOLOGICAL
INFRASTRUCTURE
Kunming
Kunming (population 5.7 million) is the capital
and the largest city in the Yunnan Province in
southwest China. It is surrounded by lakes and
limestone hills and lies in the fertile lake basin
of the Yungui Plateau 1900m above sea level.
It is near the borders of several Southeast Asian
countries and has always had a special link to that
region, as well as to India and Tibet. Kunming is
known for having one of the mildest climates in
China and for its Dianchi Lake (“the pearl of the
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plateau”) - China’s sixth largest fresh water lake.
The city and region make up a huge horticultural
center, the largest flower export base in Asia, and
a growing tourist destination. Its scenic landscape
is an aspect of the region that requires safeguarding and land stewardship.
Kunming’s Pan Long River stretches 23km
through the city’s central business district between the Song Hua Ba Reservoir in the north and
the Dianchi Lake in the south. The river is quite
narrow (between 10-20m wide) and over the
years has become channelized and embanked
with 100-year-flood concrete steep slopes; it
barely resembles a river anymore. Recently, urban
development has proceeded at breakneck-speed
and, as the permeable surface areas of the city
decrease, the general risks of flooding in Kunming increases (especially during the summer,
as the city has a subtropical highland climate). In
addition, pollution in the river is increasing, due
to, on the one hand, the fact that the city has an
incomplete sewer network, meaning that a great
deal of raw sewage discharges directly into the region’s waterways and, on the other hand, the fact
that there are a number of inappropriate landuses along the riverfront (including industries
and warehouses). Once the river was the cultural
and social center of the city, and although there
are number of important relics remaining, they
are mostly neglected and need re-linking to the
‘mother river.’ Today, there is no convenient access
to the riverfront and no natural buffers between
the cityscape and the water.
Strategy and Approach
The Pan Long River Rejuvenation project plan was
developed between 2008-2009 and works across
multiple scales (region, city, and district) as well
as in a realized stretch of the riverfront. In a most
general sense, it has four major objectives:
1. To reconfigure the Pan Long River as a waterway to mitigate the city’s floods (100-year flood)
and (purified) storm water, while, at the same
time, giving public access to the riverfront in a
friendly and landscape/ soft-engineered manner (requiring demolition of the hard concrete
embankments).
2. To upgrade the Pan Long River and thereby
rejuvenate the economy of the inner city and
to more specifically increase the land values
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3.

4.

of the properties immediately adjacent to the
riverfront itself.
To pay particular attention to the upper and lower reaches of the river, where the farmland and
rural land-use is dominant. It is evident that the
territory is one in transformation, but the project
seeks to build upon the inherent qualities of the
particular landscape features adjacent to the
northern reservoir and the southern lake.
To initiate ecological restoration along the Pan
River and the region as a larger system to increase biodiversity (including to collect water
in the wet season and to release it in the dry
season), to strengthen the link between the
natural and cultural heritage and to create new
systems for recreational and public space uses
for Kunming and the Yunnan Province.

On a regional scale, “security patterns” and “ecological infrastructure” were developed following
analysis of existing conditions. An ecological security pattern is intended to secure the integrity
and identity of the landscape in a specific area
by identifying and working with the essential
natural, biological, and cultural processes within
that area. Ecological security patterns include
both “defensive measures” (protecting threatened ecological networks) and “opportunistic”
interventions to restore, complete, and integrate
the damaged water network into the urban fabric. “Security patterns” identify the natural capital
of ecology and stress its non-renewable, processembedded value. Ecological infrastructure is designed based on integrated ecological security
patterns that safeguard individual natural and
cultural processes. The ecological infrastructure
for Kunming works as a powerful tool for open
public space conservation and reconstruction,
focused on the integration of three categories of
processes: abiotic (mainly water management),
biotic (native species/biodiversity conservation),
and cultural (heritage protection and recreation).
The strong analytical base for the project was
provided by natural, cultural, and socio-economic
data from GIS. The resulting interpretative maps
led to projective design cartographies that were
used to safeguard the three different processes
in the landscape. The flood-security patterns at
the regional scale sought alternative solutions to
the usual engineered flood mitigation by capital16

izing on the assets of the natural landscape and
low-, medium-, and high-security patterns were
developed for 20-, 50-, and 100-year floods, respectively. Landscape security patterns were set
up to provide maximum natural water-retaining
capacity. Storm water management and flood
protection depend on these interconnected networks of wetlands, low-lying grounds, waterways,
and lakes-providing a sound substitute for concrete dams and riverbanks.
The strategy for biodiversity conservation was
built on analytical maps of land use and vegetation, combined with an analysis of habitat suitability (based on the spatial relationships between
habitats and landscape ecological principles).
Strategic points and critical areas were identified
as the primary concerns for the management and
design of interconnected ecological corridors.
At the intersections of roads and natural corridors, the proposed design interventions include
underpasses for certain wildlife species and for
water flows, plus bridges for animals.
Security patterns for cultural heritage protection and recreation are also included, and these
are based on careful analysis of the existing heritage site and potential links to it.
At the scale of the river itself, the 23km trajectory was analyzed very carefully and recognized
to have a number of different inherent qualities.
The north and south are presently rural, agricultural areas, and this was considered a quality that
could be respected in the new densification and
development that would inevitably take place as
urbanization continues. In a development plan for
the area adjacent to the Song Hua Ba Reservoir,
new housing clusters are developed, together
with constructed wetlands and swales (in addition to protecting as many existing rural fish
ponds and villages as possible) to create a new
urban/rural morphology and housing typologies.
In the area just north of the Dianchi Lake, existing villages are also maintained; the rice fields are
converted into a wetland park to (re)purify water
that is cleaned in a mechanical sewage treatment
plant before releasing it into the Pan Long River.
New urban development would complement
the existing settlement structure, again creating
a marriage of tradition and modernity and a host
of new mixed-use morphologies and typologies.
In the central stretch of the river — particularly
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Figure 2: Design of New Flood
Security Pattern.
The rivers, canals, ponds and
wetlands are enlarged and new
water bodies created to form
a self-sustaining water system.
Other landscape urbanism
strategies include the design
seasonal flood pockets and new
river/canal embankments.
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Figure 3: Regeneration of the
Pan Long River as the Spine of
Kunming and a demonstration.
As a demonstrative project
for the rest of the ecological
infrastructure that include 35
river greenways, the 23km
trajectory of the Pan Long River
is designed as a new center for
Kunming and the region. The
ecological restoration of the

18

river is designed hand-in-hand
with new economic urban
development. The qualities of
the 23km riverfront are diverse
and the proposal seeks to enhance differences, dividing the
trajectory into 4 zones: north
as rural farmlands; mid-upper
as riverfront CBD; mid-lower
as living riverfront; south as
agricultural landscape.
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Figure 4: North Development
Plan (near Song Hua Ba Reservoir). New housing cluster
is developed as warp-andwoof with forests, swales and
wetlands. The existing sunken
ponds and villages are maintained and reprogrammed as
cleaning machines, recreational spaces and new rural/
urban hybrids.
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Figure 5: Typical Development of
Kunming Center Riverfront.
In the center of Kunming, the
hard edges of the riverfront are
reconfigured with ecologicalengineering methods, shallow
slopes that allow increased access
to the water and with planting
that mitigates flood risks.
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Figure 6: Pilot Project
Implementation.
Reconfiguration of 8.3km in the
downstream river section created
a vibrant new public realm, while
solving problems of pollution and
riverbank stabilization (with livestaking and riprap). Native hydrologybased planting created a new nature
for Kunming.
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through the CBD of Kunming— the river is upgraded and developed as a system of parks and
gardens that links cultural amenities and creates
public promenades and a low-speed traffic system
for Kunming. A modification and adjustment of
the existing morphologies and typologies along
the greatest length of the river’s trajectory would
significantly change the quality of life in the city,
and shallow slopes along the banks would give
citizens accessibility to the riverfront again and
bring Kunming back to the Pan Long River.
Implementation of a Pilot Project
Phase 1 of the project was constructed between
September 2009 and March 2010, and realized
8.3 km of the riverfront restoration of the downstream section of the river, from the Guannan
Bridge to the mouth of the Dianchi Lake. The
project includes riverbank stabilization using ecological engineering (live-staking and riprap) to
strengthen the structure of the soil and provide
added resistance to the erosive force water flows;
newly placed porous-paving bicycle and pedestrian trails along the river; native hydrology-based
planting to restore the riparian system; and the inclusion of wooden platforms and urban furniture
to create new social spaces along the riverfront.
The dilapidated riverside has been transformed
into a highly used public green space and the
river has once again been returned to the city as
its central spine.
Finally, the Pan Long River (as the mother river
of Kunming) project is an important step, and a
replicable demonstration, for the recovery of the
region’s 35 rivers (which are the source of pollution of the Dianchi Lake’s pollution). The mayor of
Kunming has himself taken personal responsibility and supervised projects on the river and assigned each of his deputy mayor’s responsibility
for the other rivers. The political will of the local
government is recorded in the city’s July 18, 2008,
Communist Party record.
Liupanshui
Liupanshui is located in the west part of Guizhou
Province, on the Yungui Plateau. The Shuicheng
River begins in the mountainous Zhongshan District and flows towards the Sancha River. The 13
kilometers of the river, which flows through the
city, make up the only channel in the Shuicheng
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Basin into which surface water is discharged. As
the ‘mother river’ of Liupanshui City, the river has
witnessed how the city has been transformed
during the past few decades and carried a collective memory of the inhabitants.
The city was historically surrounded by the river
and named Shuicheng (Water City), or Lotus Leaf
City. The city looked like a floating lotus leaf in
the rainy season because the river rose and surrounded it. Since the agrarian age, Shuicheng
River naturally meandered across the city. Then in
1966, together with the establishment of Industrial Construction Headquarters in Liupanshui,
large-scale industrialization, urbanization, and
mobilization began in the region. The Shuicheng
River Reconstruction project, started in 1975 and
completed in 1980, completely changed the river
into a straightened and channelized one with a
concrete embankment. As a result of the region’s
continuous industrial development and urban
population growth, the channelized river no
longer has the capacity for flood control or selfpurification through ecological processes, which
leads to its continuing degradation. Badly polluted by sewage and waste, the mother river lost
its charm.
As an element of a major campaign of environmental improvement, the city government commissioned the landscape architect to develop a
holistic strategy to address multiple serious problems including:
1. Water pollution: As one of the major heavy industrial cities built during the Cold War period,
Liupanshui has been dominated by coal, steel,
and cement industries. Consequently, the citizens have suffered from air and water pollution
for a long time. From the industrial chimneys,
decades of air pollution deposits fell onto the
surrounding slopes and washed into the river
along with the storm water that also carries
chemical fertilizer runoff from the farmland
on the slopes and sewage from the scattered
settlements on the slope.
2. Flood and storm-water inundation: Situated
in the valley, the city is subject to floods and
storm water inundation during the monsoon
season, but also to severe drought in the dry
season due to the porous limestone geology.
3. Recovery of the ‘mother river’: Channelization
of the River Shuichenghe was carried out in the
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1970s as a solution to inundation and flooding.
The channel transmitted the storm water from
upstream but caused even more severe flooding problems downstream. Hence, the former
meandering ‘mother river’ became an ugly concrete, lifeless ditch, and its capacity for flood
retention and environmental remediation was
totally lost.
Creation of public space: Recreation and green
spaces are inadequate due to the population
explosion in the city. The water system that was
once a blessing to the city has become a deserted backyard, garbage dump, and the dangerous backside of the city. Pedestrian access to a
restored green space system is badly needed in
such a densely populated community.

Strategy and Approach
The strategy is to slow the flow of water from the
hillside slopes and create a water-based ecological infrastructure that will retain and remediate the
storm water, and make water the active agent
in regenerating a healthy ecosystem to provide
natural and cultural services that transform the
industrial city into a livable human habitat.
At the macro scale, the plan focuses on both
the Shuicheng River drainage basin and the city.
First, existing streams, fishponds, and low-lying
land are all integrated into the flood control and
ecological purification system along the river,
forming a series of purification wetlands with different capacities. This approach not only helps to
regulate urban flooding but also river water recharging. Second, the concrete embankment of
the channelized river was removed. Natural riverbank was brought back to revitalize the riparian
ecology and maximize its self-purification capacity. Third, the creation of the continuous pedestrian and bicycle paths helps to integrate the
urban recreational and ecological space, increasing the accessibility of the riverfront. Last, the project combines waterfront development and river
restoration. Ecological infrastructure catalyzes the
urban renewal of Liupanshui City, significantly increasing the land value and enhances the urban
vitality.
The main urban planning concept for the city
is to use landscape as ecological infrastructure to
integrate various natural and cultural processes
to re-activate the city and to provide diverse ecoREVIEW 10

system services for the residents. Integration and
connectivity of natural, biological, and cultural
processes are central to the project. Water process and pattern are the bases. Here are the urban
planning and design strategies for the city:
∙ A water-based ecological infrastructure (EI) will
reactivate the city. The EI is designed around
the existing water systems and land forms.
The key functions are to retain and clean
storm water. ‘Slow down’ is the main strategy.
Different rainfall amounts are simulated to
determine the area and pattern of the pond/
wetland system so that all storm water will be
retained on site and will have little impact on
the regional water system. This will reduce the
construction costs of underground drainage
pipes and preserve or create habitat for native
wildlife and wetland vegetation.
∙ Public spaces are integrated with the EI.
Three levels of green and water corridors are
designed to accommodate various functions.
The main corridors will catch runoff from
the whole area during the severest storms.
Secondary corridors will catch runoff from the
subdivisions of the watershed during medium
rainstorms. The third level corridors and ponds
will catch the water from small storms.
∙ A network of pedestrian trails and bicycle
paths will make the town completely walkable
and allow residents to commute and have recreational experiences in the green space. While
the regional mobility of the city is still serviced
by a transit system and roads, and the city will
use the EI to help people move around. The
maximum walking distance from any corner of
the city to a bus station will be 600 meters, and
all residents will be able to reach the green
network within five minutes.
∙ Urban land is valued according to its relationship with EI. The land overlooking the ecological infrastructure will be given priority for
residential development. The overall city form
is defined by the EI.
The eco-friendly, environmentally sensitive,
and low carbon landscape and architecture create a new aesthetic environment and a new lifestyle. Native biodiversity, low maintenance, and
productivity are the main traits of the vegetation
in the green space around the EI. Buildings have
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Figure 7 (top): Liupanhsi: The
water security pattern as the
major component of the ecological infrastructure
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Figure 8 (bottom): Liupanhsi:
The landscape security pattern of recreational resources,
one of the major component
of the ecological infrastructure
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LOW SECURE
MODERATELY SECURE
HIGHLY SECURE
WATER FEATURE

WATER FRONT GREEN
COMMUNITY RAIN GARDENS
RIVER
BIOISWALES
WETLAND
FOCUS AREA

Figure 9 (top): Liupanhsi: The
ecological infrastructure of
Liupanshui, an integration of
various landscape security
patterns including security
pattern for water management,
security pattern of recreational
resources, security pattern for
native habitat protection, and
security pattern for cultural
heritages.
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Figure 10 (bottom): Master
plan of open space system
along the Shuichenghe River

25

DESIGNED ECOLOGIES FOR AN URBAN RIVER SYSTEM ACROSS SCALES IN KUNMING AND LIUPANSHUI

Figure 11 (top):
The conceptual diagram of
ecological infrastructure for the
city of Liupanshui
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Figure 12 (bottom):
The detailed diagram of ecological
infrastructure integrated with the
urban land use

ISOCARP

KONGJIAN YU

roof gardens and living green facades. Retired
people can spend their time fishing in the ponds
in front of their apartments or in the streets;
workers go along the EI to their workplaces; and
children play in the productive agricultural fields
where parents are growing vegetables in community gardens.
Implementation of the project
The Liupanshui Minghu Wetland Park project, 90
hectares (222 acres) in size, is the first phase and
a major part of the comprehensive ecological
infrastructure project planned for the city. As
one of the major projects included in the ecological infrastructure of Liupanshui, the Minghu
Wetland Park features ecological restoration of
the upper stream section of the channelized
river. Minghu Wetland Park was created on a
site composed of deteriorated wetland patches,
abandoned fishponds and strips of mismanaged cornfields. Its pre-development condition
was dominated by garbage dumps and polluted water. As a demonstration of the ecological
infrastructure project, this first phase project
was designed using all of the tactics for rebuilding ecological health leading to the recovery of
biodiversity and native habitat, retention and
water quality improvement of storm water, and
public access to high-quality open space, and
finally a catalyst for urban development. The
specific park elements that achieve these objectives are listed below:
1. The concrete river embankment was removed
to create two ecological zones. One encourages native vegetation to grow within the flood
zone, and the other establishes conditions for
emergent vegetation in the riverbed. Aerating cascades were created along the river to
add oxygen that fosters bio-remediation of the
nutrient-rich water.
2. Terraced wetlands and retention ponds were
created to reduce peak water flow and regulate
the seasonal rainwater. The terraces are inspired
by the local farming techniques that catch and
retain water and transform steep slopes into
productive fields. Their positions, forms, and
depths were based on geographic information
and a water flow analysis. Native vegetation
was planted (mostly sown) to establish associations adapted to the various water and soil
REVIEW 10

3.

conditions. These terraced habitats slow the
flow of water and speed nutrient removal from
the water by microorganism and plant species
that use excess nutrients as resources for rapid
growth.
Pedestrian paths and bicycle routes are overlaid on the green spaces along the waterways
and form a circuit around and between the
wetland terraces. Resting platforms with abundant seats, pavilions, and a viewing tower are
integrated into the designed natural system for
universal access. This fosters learning and recreational and aesthetic landscape experiences.
An environmental interpretation system was
designed to help visitors understand the natural and cultural meaning of the places. Clearly,
the most iconic built artifact is a warm-colored
rainbow bridge, in contrast with the frequently
cool and damp climate. This causeway connects three sides of the central wetland (lake),
creating unforgettable walking and gathering
places. These have quickly become favored
social and recreational environments of the citizens and attract visitors from near and far.

Through these landscape techniques, the deteriorated water system and peri-urban wasteland has been successfully transformed into a
high-performance and low maintenance municipal front yard. It beautifully regulates storm water,
cleans contaminated water, restores native habitats for biodiversity, and attracts residents and
tourists. It was officially designated as a National
Wetland Park in China in 2013, and won an ASLA
(American Society of Landscape Architects) Honor Award of General Design in 2014.
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The site plan of Minghu Wetland

Figure 13: Site scale: design
concept and site map: The
Minghu Wetland Park, a part
of the regional ecological
infrastructure that is planned
to remove the nutrients and
other pollutants by slowing
down water flow, restore
native habitats, as well as
create public green space for
both recreation and better
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pedestrian connectivity. The
planning and design studies
above demonstrate both
regional and parcel scale efforts to create an integrated
system. The two key tactics
to slow down water flow
are namely bio-swales and
terraced wetlands designed
to better conform to the
existing topography.
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Figure 14: This scene, looking
towards north, shows the sinuous design of the built project.
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Figure 15: A rainbow bridge
flies above the wetland park.
It serves as access into the
designed wetland and as
a linkage that invites the
ever busy residents to “slow
down” their pace just as the
bio-swales slows down the
water. The relaxed pace allows
people to enjoy the everyday
landscape surrounding the
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city, the beauty of which has
been forgotten and misused
over the past decades. It is an
iconic cultural landscape element that focuses views toward
the extensive karst landscape
surrounding the city. The bridge
provides a cultural route for
ordering and experiencing
and interpreting the otherwise
ordinary natural landscape.
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