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(Source: Cui et al. 2021, Tale of two cities: how nature-based solutions help create adaptive and resilient urban water management practices in Singapore and Lisbon, reproduced with permission from PUB) 

Welcome to Singapore

Population: 5.5 million
Location: 137 km N of Equator
Area: approx. 720 km2

Rainfall: 2400 mm/yr

372

Singapore is a water-
stressed country



Water issues in 
Singapore

(Source: National Archives of Singapore, presented in https://blogtoexpress.blogspot.com/2011/10/flood-as-natural-disaster.html, https://singapore-river.sg/where-it-all-began/) 

Flooding 
Poor water quality
Sea level rise 
Water availability

(Singapore River, 1970) 

https://blogtoexpress.blogspot.com/2011/10/flood-as-natural-disaster.html
https://singapore-river.sg/where-it-all-began/


Urban stormwater management in Singapore

Bukit Timah Flood Alleviation scheme (1966)
(Source: CLC, 2017, The Active, Beautiful, Clean Waters Programme: Water as an 
Environmental Asset)



(Source of images: Google images, http://www.straitstimes.com/singapore/parts-of-nus-campus-flooded-after-heavy-morning-showers-at-kent-ridge-area)

But it still flooded

Paradigm shift with a holistic approach



1965-
1980

Post independence
1966 Bukit Timah flood alleviation scheme

1980s –
2000

1972 – Drainage Department set up
Mid-1970 – Drainage Master Plan

• Demarcation of drainage reserves
• Land along waterways were reserved for future expansion
• Singapore River banks stabilised
• Construction of concrete drainage network

1980s – shift in thinking (integrate water with urban space)

1989 – Interagency panel set up, Waterbodies Design Panel (WDP)
Demonstration sites

1991 – 1991 Concept Plan
Waterbodies were included in urban plans 

• Green and Blue Plan, 
• Singapore River Development Guide Plan

Development Control Submission Guidelines (URA) Sungei Api Api demonstration site

(Source: https://wildshores.blogspot.com/2009/04/peek-at-sungei-api-api.html, https://www.flickr.com/photos/wildsingapore/16943252001

Stormwater management - timeline

https://wildshores.blogspot.com/2009/04/peek-at-sungei-api-api.html


2000-
present

Institutional reorganisation
Changes in perception (public-centric approach)

2001 – reorganisation of the Public Utilities Board
Responsible for the entire water loop

2002 – Parks and Waterbodies Plan 
(enhance Singapore’s living environment)
NEWater Programme launched

2004 – waterbodies opened to the public for recreational activities
2005 – Green Mark Certification Scheme

(Source: CLC, 2017, https://www.flickr.com/photos/cowyeow/19802750048, https://biblioasia.nlb.gov.sg/vol-14/issue-1/apr-jun-2018/four-taps-sg-water/, https://untouristsingapore.files.wordpress.com/2013/10/pubs-map-of-
bedok-reservoir.jpg)

2006 – Active, Beautiful, Clean Waters Programme launched
• Demonstration sites
• Guidelines/handbooks
• Certification schemes

2009 - ABC Waters Design Guidelines 
Engineering Procedures for ABC Waters Design Features

2007 – ABC Waters Master Plan unveiled
2009 – LUSH programme launched

(Landscaping for Urban Spaces and High Rises)
2010 - ABC Waters Certification Scheme
2011 - ABC Professional Program launched
2013 - ABC Professional Registry launched

Handbook of Managing Urban Runoff

Constructed wetland 
demonstration site (Grove Drive)

Rain garden
demonstration site (Balam Estate)

Skyrise greenery
(Dulwich Estate)

Kampung Admiralty

https://www.flickr.com/photos/cowyeow/19802750048
https://biblioasia.nlb.gov.sg/vol-14/issue-1/apr-jun-2018/four-taps-sg-water/
https://untouristsingapore.files.wordpress.com/2013/10/pubs-map-of-bedok-reservoir.jpg
https://untouristsingapore.files.wordpress.com/2013/10/pubs-map-of-bedok-reservoir.jpg


Key elements of the ABC Waters Program
Paradigm shift

Regulatory and administrative reform

Technical development and implementation

3P approach
• People
• Public 
• Private

• Demonstration sites
• Field monitoring sites
• Guidelines 
• Design plans 
• Maintenance requirements
• Worked examples

https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines

https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines


Building capacity

• Training and certification programs

Building social capital

ABC Waters Learning Trail activities and teaching material

Key elements of the ABC Waters Program



Using blue and green to 
manage stormwater in a 
holistic manner

(Source: PUB, 2018, Active, Beautiful, Clean Waters, Design Guidelines)



Using blue and green to manage stormwater

Bioretention swale (Liao 2019)

Vegetated swale, Waterway Ridges 
(Yau et al., 2017)

Bioretention lawn, Waterway Ridges
(Yau et al. 2017)

Re-designed urban waterways, Alexandra Canal (Liao, 2019)

Rooftop greenery, Oasis Terraces (Alarmy stock photos)



River restoration: 
Bishan Park- Kallang River

Kallang River overflows into adjacent floodplain (23/1/17)
(Source: https://www.facebook.com/PUBsg/photos/pcb.1208420725915273/1208420425915303, Ian Siah) 



Future plans for the Kallang 
River

Blue-green infrastructure 
with multiple benefits

(Source: URA, 2017)

Kallang River at Potong Pasir
(The Straits Times)



Location and siting
Minimise the use of land, integrate features within streetscapes
Size: usually 2% of catchment area (up to 5% of catchment area)

Growing media 
Sandy loam mixture
Approved ASM soil mix: 
clay 5-30%), silt (5-60%), sand (20-75%)

Plant selection
National Parks Board Centre for Urban Greenery 
and Ecology (CUGE)

Design elements of ABC Waters features

(Source: National Parks Board, CUGE)



Sizing and performance curves for a bioretention system showing the relationship between bioretention 
surface area and total nitrogen (TN) removal for different ponding depths (no ponding, 100 mm, 200 mm, 300 
mm ponding) when Ks of the filter media is 360 mm/hr Source: Fig. 6.6, PUB (2011) Engineering Procedures 
for ABC Water Design Features.

Sizing and performance curves for ABC design features 

Performance targets:
Treat 1 in 3-month ARI 
event

Water quality targets:
TSS (< 10 mg/L)
TN (< 1.2 mg/L)
TP (< 0.08 mg/L)



Design templates for 
hydraulic 
calculations 
available on the 
Public Utilities Board 
(PUB) website :

https://www.pub.gov.
sg/Professionals/Wo
rking-on-ABC-
Waterways/ABC-
Waters-Design-
Guidelines

https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines
https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines
https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines
https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines
https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines
https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines


Why the ABC Waters Programme was so 
successful

Singapore’s challenges

Focus on planning for the future

Holistic approach

Strong leadership

Institutionalisation and strong governance

Collaborative spirit

• interagency, private, public

(Source: Public Utilities Board, PUB, Singapore)



Singapore 
Liveability
Framework

(Source: Centre for Liveable Cities, 2017. The Active Beautiful Clean Waters Programme: Water as an Environmental Asset)



(Source: https://bridges.monash.edu/articles/figure/Revitalisasi_Pulo_Geulis_2045_Pulo_Geulis_Revitalisation_2045/8052089)



Stormwater issues facing Southeast Asian 
cities

Bangkok flooding
(Source: The Straits Times)

Jakarta floods and poor water quality
(Source: The Guardian)



Stormwater management in Southeast 
Asian cities

Sky Park Bangkok, Thailand
Recreational space
Ecological habitat connectivity



Chulalongkorn Centenary Park, Bangkok

(Source: https://archello.com/de/story/109945/attachments/photos-videos/1)
Wetland, Bogor Indonesia
(Dr. Cynthia Henny, LIPI)

Grey infrastructure dominant

Ad hoc implementation

Externally driven

Importance of locally driven initiatives 



(Source: Asian Development Bank, 2019, Nature-based solutions for cities in Vietnam, Water Sensitive Urban Design) 

Recommendations from the ADB for nature-based 
solution implementation in Vietnam



Traditional concepts 
of space in Bali

The telajakan is a profane space between the front 
wall and road. 
This place functions as a garden where people plant 
vegetation such as flowers, foliage, and trees.

(Source: https://www.bulgarihotels.com/en_US/bali/whats-on/article/bali/in-the-city/Telajakan,-the-Traditional-Green-Open-Spaces,-Physically-Provides-Beauty-and-Fresh-Air)



Traditional methods of 
water management: 
Subak system in Bali, 
Indonesia

• Diverse stakeholders
• People-centric approach
• Adaptive co-management
e.g., community work with local government, 
decisions made after consensus reached

(Source: https://www.nowbali.co.id/balis-subak-system-irrigation/)



Re-design to suit local 
contexts/cultures

Temporary retention zones
(monkey cheeks, kaem ling)
Multipurpose use of land for flood 
mitigation

(Source: https://www.bangkokpost.com/thailand/general/1320751/community-creates-monkey-cheeks-without-state-funding

Sena district of Ayutthaya, Thailand



Scenario workshop focus group discussions
(Source: 
https://bridges.monash.edu/articles/figure/Revitalisasi_Pulo_Geulis_2045_Pulo_Geulis_Revitalisation_20
45/8052089)

Co-development with the 
community



Looking to the future – key challenges facing 
Singapore

Climate change and sea level rise

Increasing population 

Longevity of ABC Waters features

Performance for extreme events

(Source: https://www.youtube.com/watch?v=2QKBvcZz6n4)



Centre for Liveable Cities (CLC) 2017. The Active Beautiful Clean Waters Programme: Water 
as an Environmental Asset.

Guidelines more suited for the tropics:

Singapore Active, Beautiful, Clean Waters Design Guidelines (PUB, 2018)

Darwin Water Sensitive Urban Design Practice Guide (McAuley, 20009)

Water Sensitive Urban Design for the Coastal Dry Tropics (Townsville): Technical Design Guidelines 
(AECOM, 2011, Creek to Coral, 2011)

https://www.nparks.gov.sg/-/media/cuge/pdf/rtn-04-2012---a-selection-of-plants-for-in-the-tropics.pdf
https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines

Useful resources:

https://www.nparks.gov.sg/-/media/cuge/pdf/rtn-04-2012---a-selection-of-plants-for-in-the-tropics.pdf
https://www.pub.gov.sg/Professionals/Working-on-ABC-Waterways/ABC-Waters-Design-Guidelines
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