NATIONAL UNIVERSITY OF SINGAPORE - SINGAPORE
Enhancing Ecosystem Services
in HDB Estates

Singapore is 100% urban. Population growth and infrastructure
development call for design interventions that mitigate deterioration
of ecosystem services. This study is at two scales: site and
country. From the early 1960’s, Housing Development Board
(HDB) has provided affordable public housing. Today, over 80% of
Singaporeans live in HDB flats. Changing socio-cultural context,
requires rejuvenation of HDB landscapes that consider rapid
economic growth, greening policies, and innovative technology.
This project focuses on two estates: Teck Ghee and Yu Hua.

Yuhua HDB Estate

Teck Ghee HDB Estate

Project Area: 80 x 80 km
Design Strategies

Strategy 1

Strategy 2

Note: This project was integrated with a separate studio module,
necesitating divergence from IGC scenarios; students produced
independent projects.

Image: PUB_Active, Beautiful, Clean Water Guideline

Natural Hydrology Map
Artificial Hydrology Map
Singapore is home to one of the most diverse ecosystems in the
world. Vegetation covers 56% of Singapore’s land mass: 27%
actively managed, 29% spontaneous vegetation. Four nature
reserves cover >4.5% of land area. A network of green space
and park connectors comprises another 4.5%. Singapore is
comprised of natural and artificial hydrological planning. Natural
water protection includes 17 freshwater reservoirs and PUB’s
ABC Waters Programme to achieve sustainable stormwater
management. Yuhua HDB is located in the Jurong catchment
area; surface water flows into Jurong River, draining into the sea,
making water quality and discharge control particularly important.
Current concretized drainage networks in the HBD sites lack peak
clipping and control of runoff.

Average result of evaluation

Strategy 3

Major assumptions and
innovations adopted

Land-use 2014
1. (GLOBAL 2035/2050 1)
Population will continue to grow
2. (GLOBAL 2035/2050 2)
Populations will grow older
3. (GLOBAL 2035/2050 8) Global
average temperature will rise,
and regions will face increased
Land-use 2030
climate variability
4. (GLOBAL 2035/2050 9) Sea levels will
rise
5. (AGR 2035/2050 10) Urban farming Urban agriculture
6. (AGR 2035/2050 12) Rooftop gardening
7. (GRN 2035 3) Increased vegetation linked with stormwater
infrastructure
8. (GRN 2035/2050 5) Integration of vegetation into building
design
9. (GRN 2035/2050 7) Connectivity and elements
10. (GRN 2035/2050 8) Ecosystem services of green
infrastructure
REFERENCE: https://www.ura.gov.sg/maps/#

Early adopter scenario

Project Title: Nature as Medium (Yu Hua) -- This project seeks
to: improve soil quality by increasing the retention of rainwater,
complete nutrient cycling and create good micro-habitat.
According to analysis, change should happen at places with
high risk of soil erosion combined with water pooling/stagnation.
Six methods are proposed: (1) Bioretention basin & swales; (2)
Temporary wetlands; (3) Multi-tiered planting; (4) Water harvesting;
(5) Permeable pavement; and (6) Resident participate & education.
They translate into four strategies: Playgrounds, Hard & soft
slopes, Carparks, and the Main Water Catchment in Lowlands.
The strategy uses different methods at different places. At every
point, rainwater should be retained on-site, so that it completes
all cycles before the overflow overruns.

Strategy 4

Before intervention, high rainwater volume causes stress to the
drainage system. Nutrients flow away from the site. After the
intervention, rainwater is reused and absorbed by vegetation,
and nutrients remain on the site. By 2035, the habitat corridor
and flexible land use can absorb population growth. By 2050, the
habitat connection pathway will be more established and able to
adapt to extreme weather.

Existing situation: 2020

Early adopter: 2035

Early adopter: 2050

Late adopter scenario

Project Title: Metamorphosizing the Nature of Idle Spaces (Teck
Ghee) -- This project seeks to: familiarize people with the concept
of Nature at the Doorstep through a long-term plan for gradual
re-integration of natural habitat.
There is distinct segregation between people and nature. This
project envisions to bridge the gap between people and nature by
a gradual shift in how the urban landscape functions. “Idle Spaces”
are low activity zones with high space allocation.The strategy is to
develop these areas into interaction zones for people and nature.
Development is planned in three phases:
Phase 1: 2020 – HEAL: Introducing urban agriculture practices
right in front of the HDB’s to encourage spontaneous vegetation
and reducing hardscape.
Phase 2: 2035 – INTEGRATE: Thematic gardens, event spaces,
cycling/ PMD networks, accompanied by educational signage to
make communities aware of the natural ecosystems.
Phase 3: 2050 – ENHANCE: Increasing avenues for community
participation, encouraging growth of biodiversity and enhancing
further the physical environment.

Existing situation: 2020

Late adopter: 2035

Late adopter: 2050
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Non-adopter scenario

Singapore is influenced by global impacts, with internal pressure
like population increase and urbanization and external pressure
like extreme climate and sea-level rise. With the oldest society
among Asean’s 10 member nations; by 2030, the gap between
the young and old in Singapore is expected to widen considerably;
the percentage of seniors will rise to 27 per cent, and that of
youths will fall to 10.8 per cent. This will put Singapore on a
similar footing with current-day Japan.
Yuhua Development Map

Percentage of
urbanization by
region (19502050)

(Source: URA)

Version

Building decentralized and easily accessible community gardens for better
nutrient cycle, via integrating
community gardens with soil rehabilitation
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For Community:
Maintained and thrived community gardens
Production from permaculture and kitchen garden
Usage of Organic salad cafes and libraries on the site
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This design is a prototype of a forest that is planned
Prototype A:
to be replicated around the HDBS of the city as for
this, each park site may have different limitations and
conditions. Sunlight, underground clearance, soil,
water and accessibility are the main things that should
change by each site but will have to be equilibrated
much as possible for a successful forest creation.
The forest prototype has some target species of flora
and fauna, but there can be variations between each
prototype do to different targets species. Singapore is
a diverse country do to its location and if we plan to
increase flora and fauna habitats one prototype should
not be limited.
The prototype will be the way of planting and the way
of landing in the HDB but each prototype can change
according to different ecosystem services present of
Prototype B:
site and target new ones.
To define a successful forest, things not only like
succession have to be monitored. First of all, mortality
of the primary and secondary forest species which are
the most delicate should be prioritized. Growth rates
and new presence of species from the patch will have
to be monitored as well.
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Tier 4

Tier 1

Phases of Structural Layering
Tier 4
Tier 3Tier 2

Tier 1

Tier 3

Tier 4

Nutrient cycle
Tier 2
Tier 3

Tier 2
Tier 4

Tier 2

ConnectedTree Canopies
The place where everyones lives in harmony

Connecting Tree Canopies + Multi layer vegetation
Green Roofs
Green Screens
Green covers

Fair Share:
The integrated waste management system
The growth of spontaneous
vegetation
Healthy Soil Nutrient cycle

Green Space
Connection in Biophilic pockets

Impact Model

Changes

Through the intervention, the C-value reaches 0.52 (target is
0.55). The ability of treat, retain and infiltrate stormwater is
greatly improved. So overall, the changes are beneficial.
Changes are good for residents, increasing activity spaces
and activity types. While greening and water bodies can lower
temperatures, providing shade and enhancing outdoor comfort
for people. In terms of ecology, microclimate and biodiversity
are enhanced, while it provides more habitats for animals
and plants. At the same time, the site can be a demonstration
point, having
educational significance. It's also good for the
2030 : Permaculture
Zone
economy, as resilient landscape, if there is extreme rainstorm
in the future, the repair cost is relatively low.
The biggest change of the site is the addition of three main
water bodies. They all composed of bioretention basin and
vegetated swale, but the function of each area is different.
The first area is leisure and restoration, and the second is
demonstration area, showing residents the operation of the
ABC Waters feature in HDB. The function of the third area
is recreation. Meanwhile, the corridors are reconstructed to
connect the various areas, and improve the accessibility.
The second change is car park, to give more space to ABC
Waters Features, I transformed a low-rise residential building
2030 : Open
Library in the Nature
(4 floors) into a parking building, because the residential
building is facing the trash station, which is seriously affected
by the odor. So I remove some of the car parks into the multistorey parking building.
C-value can be a rational standard to measure whether the
intervention is successful. And in 2035, with the resilient
landscape in HDB, it can easier to adapt the extreme weather.
While the blue-green infrastructure can be repaired soon after
being damaged, and the cost is relatively low. In 2050, if
almost all of the HDB's C-value reach 0.55, the temperature
and rainfall may reduce, and the frequency of extreme
weather will decrease. Achieving more sustainable water
cycle in a wide range, and the microclimate and microhabitat
will be improved finally.

Intervention (con’t)


 





Target species of Flora addressed in
Sinagpore:

    

 
 
 

 
  
 
 
 
 
 

  
 

 

3. Forest Acupuncture (Villegas)
Imapct Target

Resilient landscape in HDB
Short-term

The gardening in community garden can be held on
of the
basin, which will be more interesting
ABC Waters Featuresthe
withslope
different
functions
for children. While more children are attract to this
place, more education can be held. And also, people
can have family activities here to promote parent-child
relationship.

People Participation and activities

3.The traffic flow of the parking lot

Long-term

With the strictly controlling of vehicle, there will be less
cars in the site in the future. So the car parking in the
site can be moved when there are no longer that too
much need of parking lot. And the traffic flow can be
changed to make the garden a no vehicle place, which
is safer for children.

The traffic flow of the parking lot

4.Outside the site

①Economy: This project will cost a lot of money.
②Environment: This garden will increase the
biodiversity, effectively improve the microclimate, and
reduce the pressure of flood for Kallang River.

While, the elements of ABC Water Features can be replicated
in other HDBs. And according to the current situation and
culture of the site, combined these design elements with
2030 : Biophilic
Pocket
human
activities, achieving the unique context.

There may be garbage in the basin carried by rainwater.
Post-maintenance and management are important and
may require a dedicated organization.
Created by Jiahang

5.Maintenance

5. Sustainable Urban Water Cycle (Jiang)

Team credits
Jessica Ann Diehl
Assistant Professor

①Most of the rainwater will drain into the bioretention
pond through drainage and bioretention swale, the
pressure of underground sewer will be reduced.
②The area of the basin is around 2700㎡. According
to the MUSIC, this can reduce 84% of TSS, 67% of TP
and 38% of TN. So the rainwater that be drain into the
Kallang River will carry less soil and the qaulity will be
better.
③Part of the restored rainwater can is used for irrigation,
which can reduce the waste of water resource.
④The swale that exposed on the ground will be
ornamental and visualize rainwater restore and
treatment. This can enhance the combine of human
activities and environment protection.
④ In the extreme weather, the special flood control
drainage ditch will be used to directly discharge the
rainwater. The main goal is to quickly discharge the
rainwater while ensuring the safety of the site.

2.Activities

1. Restructuring Yuhua as a stepping stone for biodiversity
enhancement by integrating blue-green infrastructure. Future
impacts: Increased biodiversity; increased influx of visitors;
increased real estate value; improved outdoor comfort.
2. Soil plays a fundamental role in ecosystem service. Future
impacts: improved stormwater management; improved soil
condition to support biodiversity; employment opportunities;
improve healthy eating; nutrition education.
3. A forest patch can decrease the people-forest distance and
enhance biodiversity. The forest prototype has flexible target
species of flora and fauna depending on specific site conditions
and can function as a stepping-stone.
4. Reviving underutilized spaces as biophilic pockets can improve
human-nature interaction. Future impacts: increase greenprint
and network consistency; potential for productive landscapes
and kitchen gardens; integration of waste management; promote
healthy soil nutrient cycling.
5. Mimicking the natural water cycle. Future impacts: the target
c-value is 0.55 (current is 0.82); improved stormwater quality;
support growth of microhabitats and flora-fauna biodiversity.
6. Reconstruction of drainage system and parking lot re-distribution
to mitigate increasing rainfall. Future impacts: reduce 84% TSS,
67% TP and 38% TN; use for irrigation; extreme weather discharge
for safety; potential for integrating community gardens on slope.

Direction of rainwater dischage and reuse

1.In the site:

However, the limitations of the intervention is that the
construction cost is high for HDB, and it is difficult to balance
the cut and fill by using the cuts of the basins and swales to
shape the steps.

4. Biophilic Pockets (Waykool)


 









 
  
 
  
 

 

 
 
 
   

Representation of Forest in the HDB:

2. Community Gardens & Soil Rehab (Hou)
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PHASE 4
PROGRAMS & TRAFFIC
Combine with the rehabilitated green space and the green land on the site
that needs to be protected,and then merge them into a new garden road
and public community gardens, providing more choices for people to access
the landscape. People can also enjoy flowers, grow vegetables and flowers,
perform and so on.

1. Urban Biodiversity Network (Khan)

D in the future, design intervention
re public space on the peripheral side.
can help to impact the larger mass of
them aware about biodiversity on the
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Existing Urban birds at Yuhua HDB

-BELT AREA----ISLAND GARDEN
Multi-layer vegetation can help reduce the pressure of rain on the soil and
avoid soil compaction.
Bioswale combined with the undulating island terrain can slow down the water
flow and increase the infiltration, thus avoiding the loss of soil nutrients.
In addition, bioswale also guides the crowd and avoids excessive trampling.
-LITTLE PATCH AREA----TRRIPLE GARDEN
Slow down the stormwater runoff by shaping the undulating wavy terrain,
increasing infiltration and avoiding nutrient loss.
In addition, the undulating depression is mlched with organic matter, which is
beneficial to enhance soil fertility.
-CAR PARL----BIOSWALE& PHYTORIMEDIATION
The biggest problem the soil facing in the parking lot is the pollution by the
car exhaust. The location of the parking lot is at the low point of the entire
community. Bioswale can have the function of slowing down the stormwater
Few
Urban parks
and forest
birdshydrocarbons, etc.
runoff, and
thePotential
plants in bioswale
can absorb
the sulfides,
emitted by the car, and plant corn, water ferns, western wheatgrass and other
plants can better absorb the pollution components in the soil. .
-Football field------VEGETATION DETENTION BASIN
The football field is another low land of Yuhua, and its utilization rate is
extremely low, so it was converted into a vegetation detention basin. It can
temporarily store rainwater and maintain the quality of the soil.

Tier 1
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-BELT AREA
Detention
Pond
Considering that many areas with
poor soil
quality are close to residential
Rain
Garden
buildings, and the soil problems
in these
marginal areas are often more serious, the method adoptedGreen
is to first
dig and then join the compost soil.
Infrastructure
-LITTLE PATCH AREA
Young Secondary Forest
The soil problem of the little patch area often comes from the compaction
Parks
caused by the lack of nutrientsUrban
or heavy
rain, only need to loose the surface
soil and mulch with the organicGrasslands
matter.
-PARKING LOT
Urban Agriculture
The soil of Yuhua’s parking lot Existing
is very poor,
the method adopted is to directGreenso
roofs
ly replace the bad soil.
Proposed Green roofs (grass-LARGE PATCH AREA
lands+ urban agriculture)
For large areas with poor soil quality, it is necessary to use a loose soil machine - loosen the soil by the impact of heavy objects, and then fill the pit left
with organic material of not less than 3 inches.
PHASE 3
Masterplan of Yuhua
MAINTAIN SOIL QUALITY
After the soil remediation is completed, we need to maintain this state.

etwork is reduced by centralizing
l zones at various places in HDB.

cy

PHASE 2
Blue Infrastructure
TECHNICAL TACTICS
Swales

Conceptual

• Constructed Wetland/ Marsh
Bio-swales

pace and

Multilevel Parking
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Constructed Wetland/ Marsh

P

vegetated spaces and the 2 tiered
enhanced into young secondThe marshes are constructed in
e and in accordance with the waals of the HDB.
e surrounded by urban parks and
nds to aid human- fauna interacexperience. Grasslands and urnd certain ponds and rooftops are
such as Red- throated Pipit. High
corching sun make the rooftops
s.

Existing Play courts
and Plazas

PHASE 1
Covered Walkways
Classify areas with poor soil toInterior
determine
the most appropriate means of soil
Roads
recovery.
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fauna rich, intricate web of ecoB using blue- green infrastructure

ure:
Forests
• Grasslands
orridors
• Urban Parks
nd community gardens (fruit
e, food crops, vegetable farming)

Buildings

Strategy
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Shopping Mall in Jurong East

More early adopter scenarios
Intervention

network to enable fauna movement
nnection in the neighbourhood:
ions between Pandan Reservoircogarden- Bukit Timah- Central
Forest Corridor - Western CatchHDB (Macro- scale)

en print
flora and

Jurong East CBD Development

Non-adopter: 2050

as a stepping stone for biodiversihe neighbourhood, via integrating
ure at the HDB.

One future expected change is near the Yu Hua site: the Urban
Redevelopment Authority (URA) is going to transform the Jurong
Lake District (JLD) into Singapore’s second Central Business
District (CBD). JLD is well placed to grow into its full potential as the
largest regional centre outside the CBD in the central Singapore.
The Singapore-Kuala Lumpur High-Speed Rail terminus will make
JLD a new gateway to the region. Demand for home ownership in
Yu Hua may cause gentrification, which could have the possibility
of Yu Hua residents moving out to make way for younger and
wealthier future generations working in the area.

6. Community Garden & Bioswale (Dong)

MLA Students
Vinamra Agarwal | Lixia Bao | Tianqi Chai
Wing Fai Chan | Beifei Chen | Nan Chen
Yuke Dai | Yitong Dong | Eingeel Jafar Khan
Muhammad Rahmat Bin Khairudin | Mitali Kumar
Yanru Hou | Hyunji Je | Jiahang Jiang
Ziheng Li | Ye Liu | Isabel Villegas Molina
Manasi Venkatesh Prabhudesai | Mengjiao Tang
Zi Gui Toh | Radha Ajit Waykool | Xiaowen Yang
Xi Yu | Qinqin Zhang
Submission layout team
Vinamra Agarwal
Manasi Venkatesh Prabhudesai
Elsa Sim Rui Jia

