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Glossary  
Term Definition  

Biofilter / bioretention / 
rain garden  

A vegetated filter system with engineered soil and an underdrain that captures 
and treats stormwater by removing sediment, nutrients, metals and 
hydrocarbons through filtration and biological processes.  

Bioswale  A bioretention system located within a swale that conveys stormwater while 
also providing filtration through engineered media, offering higher treatment 
performance than a standard swale.  

Circular economy (urban 
NbS context)  

An approach that maximises resource efficiency and local economic 
opportunities by reusing water, reducing waste, supporting eco-tourism and 
enhancing livelihoods, while reinvesting in community resilience.  

Constructed wetland  A designed stormwater treatment system using sedimentation, filtration and 
aquatic vegetation to remove pollutants and manage flows via inlet ponds, 
macrophyte zones and controlled outlets.  

Floodplain retention  Conservation or restoration of natural hydrological connectivity between rivers 
and adjacent low-lying land to allow periodic inundation, providing flood 
storage, biodiversity support and reduced downstream flood risk.  

GEDSI (gender, equity, 
diversity and social 
inclusion)  

An inclusive planning framework ensuring that women, people with disabilities, 
minorities and vulnerable groups meaningfully participate in and benefit from 
NbS and Wetland City development.  

Green façade  A vertical greening system where climbing plants grow up trellises or cables 
attached to a wall, providing shading, cooling and visual amenity.  

Green roof  A vegetated system installed on rooftops that includes waterproofing, drainage 
and lightweight growing media to reduce heat, stormwater runoff and energy 
use while increasing biodiversity and amenity.  

Green wall / living wall  A containerised vertical planting system attached to a building façade, 
incorporating vegetation, growing media and irrigation to provide shading, 
cooling, biodiversity and air-quality benefits.  

Hydrological connectivity  The movement of water between rivers, floodplains, wetlands and groundwater 
systems, essential to Wetland City function and NbS performance.  

Hybrid NbS  Integrations of nature-based and grey infrastructure (e.g., wetlands + drainage 
networks) that together deliver benefits such as flood mitigation, cooling, water 
purification etc.  

Macrophyte zone  The vegetated marsh component of a constructed wetland where aquatic 
plants support pollutant removal, habitat provision and flow attenuation.  

Multifunctional corridor  A network of connected green-blue spaces aligned with natural hydrology, 
supporting ecological functions, mobility, recreation, cultural activities and flood 
pathways across a city.  

Nature -based solutions 
(NbS) 

Actions that protect, manage or restore ecosystems to address societal 
challengesðincluding climate adaptation, water management, biodiversity and 
wellbeingðwhile delivering environmental and social benefits.  

Passive irrigation 
rainwater tank  

A rainwater tank that slowly releases water via drip or hose systems to irrigate 
gardens or lawns, enhancing soil moisture, cooling and reduced runoff.  
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Permeable pavement  A load-bearing pavement system that allows water infiltration through its 
surface and subsurface layers, reducing runoff, filtering pollutants and 
supporting adjacent vegetation.  

Rainwater tank  A storage system that captures roof runoff for non-potable uses (e.g., toilets, 
laundry, irrigation) to reduce potable demand, stormwater volumes and flood 
pressure.  

Riparian zone  The vegetated buffer directly adjoining waterways, providing habitat, erosion 
control, temperature regulation, water-quality improvement and ecological 
connectivity.  

Street tree pit / passively 
irrigated street tree  

A designed pit that captures stormwater runoff to passively irrigate street trees, 
improving growth, cooling, shade and stormwater infiltration.  

Swale (grass or vegetated)  A shallow, vegetated stormwater channel that slows flow, traps sediment and 
supports infiltration while conveying runoff.  

Wetland City  An urban form that is intentionally aligned with hydrological and ecological 
processes of a functioning floodplain, integrating wetlands and NbS as core 
infrastructure to enhance resilience, biodiversity and liveability.  
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Executive summary  

Cambodiaôs urban centres are expanding rapidly, increasing pressure on wetlands and floodplains that underpin 
essential ecosystem services (including flood and stormwater regulation, water purification, groundwater 
recharge). At the same time, climate change is intensifying flood, drought and extreme heat risks, all of which 
compound health, economic and equity impacts. This catalogue aims to help Cambodian governments to respond 
to that challenge by offering practical options of nature-based and hybrid solutions that can be embedded early in 
master planning in a way that centres wetlands and floodplains as core urban infrastructure.  

A óWetland Cityô is one that works within a functioning floodplain, and integrates urban activities with natural 
processes and seasonal changes. The aim is to protect floodplain ecology through aligning development with 
natural hydrology and seasonal processes, while enhancing liveability. Integrating nature-based solutions (NbS) 
into urban planning, either as standalone or part of hybrid systems alongside conventional grey infrastructure, can 
support climate-resilient growth by delivering multiple co-benefits such as flood mitigation, improved water quality, 
urban cooling, biodiversity regeneration, public amenity, cultural value and sustainable livelihoods. 

This document is designed as a practical, conceptual reference to support early planning and design concepts 
and strategies that protect hydrological connectivity and reduce ongoing wetland loss. It builds on the Akreiy Ksatr 
case study developed through the Australian Government supported Resilient Urban Centres and Surrounds 
(RUCaS) program, with additional detail of NbS typologies that can be implemented more broadly.  

The catalogue is a practical reference for urban planners to classify, design and manage wetland spaces as 
integral parts of liveable and climate-resilient cities. It can inform initial design concepts and strategies (through 
existing planning processes) for Wetland Cities that integrate NbS to provide multiple co-benefits. It offers an 
alternative form of development that works with nature and promotes economic and community growth while 
retaining hydrological connectivity and reducing the loss of wetlands and natural waterways. 

Part A ï Background and Principles explains the Wetland City approach, outlines the Cambodian planning and 
environmental context, and describes how NbS can support more resilient, liveable and ecologically responsive 
urban development. It also clarifies how to use the catalogue and how it aligns with relevant policy and planning 
frameworks. Importantly, Part A sets out the following guiding principles for Wetland City design: 

1. NbS as urban infrastructure : Incorporate NbS as core urban planning infrastructure to balance urban 

growth with protection and integration of ecosystem services such as flood regulation, groundwater 

recharge and water purification. 

2. Water and land centred planning : Centre urban planning around natural hydrological systems and 

topography to support a Wetland City approach across multiple scales (building, precinct, city and 

watershed). 

3. Circular economies : Support local circular economies to build climate and community resilience. 

4. Inclusive NbS design : Deliver design that is inclusive, community and culture led. 

5. Prioritise long term value: Ensure mechanisms are in place (including funding) to support construction, 

operation and maintenance that delivers long-term value and sustainability for urban infrastructure and 

NbS. 

 



 Nature-based Solutions for Wetland Cities: Concepts for Cambodian Urban Master Plans | 8  

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas 

Part B ï Typologies translates these principles into practical planning and design responses. It shows how to 
operationalise the guiding principles through specific objectives and implementation actions, and presents a suite 
of NbS typologies relevant to a Cambodian Wetland City context. These typologies are organised across different 
spatial scalesðbuilding, precinct, city and catchmentðand include interventions such as biofilters, rainwater 
tanks, green roofs and walls, tree pits, permeable pavement, swales, wetlands, open water ponds, urban 
waterways, riparian zones and floodplain retention. In essence, Part B functions as the applied component of the 
catalogue, providing a practical menu of options that can be selected and combined according to site conditions, 
planning goals and development context. 
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1. Introduction  

In Cambodia, as in many countries, rapid urbanisation places intense pressure on natural systems, particularly 
wetlands that provide critical ecosystem services such as flood regulation, water purification and livelihood 
support. Cambodia urban centres are growing quickly, with the proportion of population residing in urban areas 
predicted to account for two thirds of the overall population by 2050.1 Current urban development practices 
contribute to the loss and degradation of natural systems, reducing environmental services and habitat, and the 
health and wellbeing of residents. For example, the International Union for the Conservation of Nature (IUCN) 
estimated more than half of Cambodiaôs wetlands have been lost which has follow on effects on the health and 
wellbeing of local communities and environments including increased risk of flooding and illness, loss of income 
and displacement of local peoples.2 

These pressures are further exacerbated by impacts of climate change. For example, a climate risk assessment 
undertaken by the World Bank and Asian Development bank noted the following:2  

ǒ Projected climate change trends indicate more severe floods and droughts, which is expected to affect 
Cambodiaôs gross domestic product (GDP) by nearly 10% by 2050. 

ǒ Cambodia is projected to experience warming of 3.1°C by the 2090s, against the baseline conditions over 
1986ï2005 under the highest emissions pathway, RCP8.5.  

ǒ Increases in annual maximum and minimum temperatures are expected to be larger than the rise in 
average temperature, increasing pressures on human health, livelihoods and ecosystems. 

ǒ Increased incidence of extreme heat represents a major threat to human health in Cambodia, especially 
for urban populations for whom heat rises are compounded by the urban heat island effect. 

ǒ Without action, the population exposed to an extreme river flood could grow by around 4 million by the 
2040s, however human development factors such as the damming of the Mekong River as well as the 
large-scale dams built on its tributaries, may alter future flood dynamics. 

ǒ The impacts outlined above may significantly exacerbate existing issues of wealth and income inequality 
and will hinder poverty alleviation efforts. 

The Cambodian Ministry of Land Management, Urban Planning and Constructionôs (MLMUPC) master plan 
development process presents a significant opportunity to influence major greenfield development by integrating 
a óWetland Cityô approach that supports multifunctional benefits, including ecosystem services (e.g. flood 
mitigation, improved water quality), social and recreational amenity. A óWetland Cityô demonstrates strong efforts 
to protect and sustainably use wetlands within and around the city, involving local communities in conservation, 
education and strategic use of wetlands that works with the natural environment, rather than against it. Integrating 
nature-based solutions (NbS) into design and planning can support climate-resilient growth within cities. 
Cambodiaôs connection with the Mekong and other waterways, particularly in urban areas such as Phnom Penh, 
means it is uniquely placed to incorporate NbS and design centred around the Wetland City concept.  

This document can serve as a practical reference for city planners to think differently about wetlands in urban 
development, encouraging them to see wetland spaces as integral parts of liveable and climate-resilient cities. It 
can inform initial design concepts and strategies for Wetland Cities that integrate NbS to provide multiple benefits. 
It offers an alternative form of development that works with nature and promotes economic and community growth 
while retaining hydrological connectivity and reducing the loss of wetlands and natural waterways.  

 

 
1 MLMUPC (2025). An Overview of the National Policy on Public Open Space and Public Green Space and Guideline for and Nature-based 

Solutions (NbS) for Implementing in Cambodia. Presentation. Government of Cambodia.  
2 World Bank Group and Asian Development Bank (2021). Climate Risk Profile: Cambodia. WBG. 
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2. What is a óWetland Cityô? 

A Wetland City functions in harmony with a living floodplain. The Wetland City approach aligns urban 
activities with natural processes and seasonal changes in the wetland environment, retaining the flood 
and drought mitigation benefits of the surrounding landscape.  It emphasises retaining floodplain ecology in 
places such as Akreiy Ksatr (located on the opposite bank of the Mekong River to Phnom Penh) which still has 
natural wetlands but is under increasing development pressures. Central to this approach is maintaining the 
connection between forested areas, the river, floodplain, fishing, agricultural production and local economy, while 
protecting the biodiversity these systems support.  

The Akreiy Ksatr case study3 developed through the Australian Government supported Resilient Urban 
Communities and Surrounds (RUCaS) program demonstrated how NbS could be integrated into urban planning 
that also supports climate-resilient growth. This catalogue expands and generalises those concepts for wider 
application in other riparian Cambodian cities.  

 

 

Akreiy Ksatr Case Study (RUCaS)  

Akreiy Ksatr, across the Mekong from Phnom Penh, is a peri-urban community with markets, temples, 
schools and government services, surrounded by wetlands that support agriculture, fishing and flood 
management. These wetlands provide seasonal flood storage and biodiversity habitat, but rapid, 
unplanned urban growth is increasingly infilling low-lying areas and degrading the floodplain in the 
absence of a coherent municipality-wide plan. 

RUCaS worked with the Ministry of Land Management, Urban Planning and Construction and the 
Akreiy Ksatr Provincial Government to identify pathways and principles for integrating NbS into the 
municipalityôs development. The study site presented a vision for a new Wetland City, where urban 
form and infrastructure are designed to work with, rather than against, the floodplain. 

Within this broader framework, the study used Prek Luong High School as 
a building-scale example of how NbS can be incorporated into new 
development. For example, green courtyards, water sensitive drainage and 
shading connect students with nature-positive design. Ramps and rails 
throughout the campus improve accessibility, while female-centred design 
included additional toilets for female students and staff.  

An analysis of benefits and costs estimated community benefits of USD3.7 
million, or a return of USD2.40 of value for every USD1 invested. For more 
information visit: https://wscaustralia.org.au/akreiy-ksatr-wetland-living-
cambodia/  

Figure 1.  Akreiy Ksatr Case Study  

 

 
3 WSCA and ICEM (2025). Case Study Report ï Cambodia, Phnom Penh ï Akreiy Ksatr Prek Wetland City. Resilient Urban Centres and  

Surrounds (RUCaS). Prepared for DFAT. 

https://wscaustralia.org.au/akreiy-ksatr-wetland-living-cambodia/
https://wscaustralia.org.au/akreiy-ksatr-wetland-living-cambodia/
https://wscaustralia.org.au/wp-content/uploads/2025/01/AK-case-study_FINAL.pdf
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3. Wetland Cities and the role of NbS  

NbS use and support healthy ecosystems to protect people, create inclusive economic opportunities, improve 
infrastructure and enhance biodiversity. The IUCN defined NbS as óactions to address societal challenges through 
the protection, sustainable management and restoration of ecosystems, benefiting both biodiversity and human 
wellbeingô.4 

The diversity, flexibility and scalability of NbS 
mean they can provide cost effective, place-based 
responses in very different contexts. They can be 
integrated with and add value to conventional grey 
infrastructure such as roads, rail and buildings. 
These óhybridô NbS unlock a broader range of 
benefits. For example, wetlands and urban forests 
can deliver cooling, improved air quality and 
recreational opportunities even when not actively 
mitigating floods.  

The Akreiy Ksatr case study highlighted the 
following benefits delivered by integrating NbS into 
urban design: 

ǒ Managing floods, enhancing water quality 
and supporting biodiversity 

ǒ Improving urban liveability through cooler 
microclimates, public green spaces and 
cultural recreation. 

ǒ Reinforcing cultural identity and fostering 
community ownership of wetland 
conservation 

ǒ Enabling and supporting sustainable 
livelihoods. 

In many urban developments, infrastructure needs and urban form are designed first and only later are 
opportunities to integrate nature considered. A Wetland City flips this approach. Planning and design starts by 
considering the ecological functions already in place and asks how we can sustain them to develop a high value, 
lower cost community that celebrates the locationôs past and provides a foundation for a sustainable and liveable 
future.  

NbS can be delivered as a standalone intervention such as at the scale of a building, street or a local park, or 
planned as a connected system at the precinct, city, and up to watershed scale. Different scales and relevant 
NbS typologies for each are discussed in Part B.  

 

 

 
4 IUCN (2022). Ensuring effective nature-based solutions. IUCN. 

 

Figure  2. NbS supporting human wellbeing and 
biodiversity  

Source: IUCN.  

https://iucn.org/resources/issues-brief/ensuring-effective-nature-based-solutions
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4. About the catalogue  

4.1. How the catalogue was developed  

This catalogue was developed with the support and collaboration of MLMUPC, building on outputs from the 
Akreiy Ksatr case study, developed as part of RUCaS. RUCaS aims to improve the value generated by 
investment in urban infrastructure by better integrating conventional large grey infrastructure with NbS. The 
program is being implemented across Cambodia, Lao PDR, Thailand and Vietnam, and is supported by the 
Australian Government through the Mekong Australia Partnership. 

The Akreiy Ksatr case study outlined how to use NbS to support a Wetland City concept and provided a suite of 
options. The concept for the catalogue was presented to MLMUPC, and then developed as a draft document that 
links the Wetland City concept into practice and policy via MLMUPCôs District & Municipal Land Use Master Plan 
and Handbook, as well as other Cambodian strategies and frameworks (discussed later in this section).  

A workshop with MLMUPC, other Cambodian government ministries and departments, educational institutions, 
non-government organisations and community organisations was held in January 2026, to present the draft 
implementation principles of NbS for Wetland Cities, and showcase the NbS typologies. The principles were 
refined and updated to reflect feedback and discussion points, making them fit for purpose.  

4.2. How to use the catalogue  

The catalogue aims to support government agencies such as MLMUPC to integrate multifunctional wetlands into 
Cambodiaôs national and regional land use and urban planning strategies, plans and practices by providing a 
suite of NbS concepts to apply during Wetland City planning.  

ǒ Provides an overview of NbS typologies to support a Wetland City suited to different sites, scales and 
management goals, and includes evaluation criteria to support decision making and selection 

ǒ Aligns with MLMPUCôs 9-step urban planning guide. 

It is designed as a practical reference to guide selection and integration of NbS during the early phases of urban 
master planning and land use planning, embedding them into the spatial structure of new developments rather 
than adding them later as retrofits. The catalogue outlines principles that guide óhowô to use NbS to create and 
support Wetland Cities, including protecting hydrological connectivity and ecosystem services; planning in 
response to natural hydrology and topography; and applying inclusive and culture-led design. The typologies 
demonstrate the ówhatô of using NbS for Wetland Cities, and provide technical and practical information.  

Planners, designers and decision makers should use the catalogue as a menu of wetland NbS options that can 
be matched to specific site conditions, planning objectives and community needs. Each typology entry provides 
an overview of its functions, benefits and implementation considerations, making it a starting point for integrating 
NbS into master plan concepts and informing subsequent stages of feasibility studies, design development and 
implementation. 

Please note the catalogue focuses on NbS typologies applicable for riverine and floodplain environments; it does 
not include options specific to mountainous, estuarine and coastal geographies.  
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4.3. Alignment with policy and frameworks  

The NbS typologies that support a Wetland City also align with and support implementation of existing 
Cambodian planning policies and frameworks: 

¶ The Pentagonal Strategy  
Priority areas identified in Cambodiaôs national Pentagonal Strategy ï Phase 15 include sustainability, 
resilience and ecological balance in urban development, and support national goals to retain and 
increase green spaces. Integrating Wetland City concepts aligns with and supports these priority areas.  

¶ Cambodia Climate Change Strategic Plan (2024 ï2033) 
Using NbS strongly aligns with the strategic objectives outlined in Cambodiaôs Climate Change Strategic 
Plan (2024ï2033).6 These objectives include actions to support climate resilience and inclusive and 
sustainable development. The strategic plan has provisions for integrating NbS into urban planning and 
development, expanding urban green corridors and expanding protected areas including floodplains and 
coastal environments, while supporting livelihoods.  

¶ The 9-Step Master Planning Framework (MLMUPC)  
The MLMUPC District & Municipal Land Use Master Plan and Handbook7 outlines 9 steps for developing 
and finalising Master Land Use Plans in Cambodia. The concepts outlined in the catalogue can support 
and inform this process.  
Annex 1 provides additional guidance on how integrated NbS for a Wetland City approach fits into the 
existing master planning process, including guidance and examples that can be applied at key steps 
relating to baseline assessment, visioning, strategy formulation and concept design. 

¶ Gender, Equity, Diversity and Social Inclusion (GEDSI)  
Inclusion and participation is integrated into existing Cambodian standards and policies that outline 
requirements and targets to support Gender Equality, Diversity and Social Inclusion (GEDSI) (see Annex 
2).  
 

5. Principles for using NbS in Wetland 

Cities  

A set of principles guide integration of NbS concepts to support Wetland Cities. These principles aim to deliver 
ecological integrity, social wellbeing and economic resilience across urban and peri-urban landscapes. They 
closely align with Cambodiaôs ôs Pentagonal Strategy, with both sets of principles aspiring to resilience and 
harmony with the natural environment, economic development, inclusion and support of communities, and 
integration and respect for Khmer culture. 

Principle 1: NbS as urban infrastructure  

Incorporate NbS as core urban planning infrastructure to balance urban growth with protection and 

integration of ecosystem services such as flood regulation, groundwater recharge and water purification . 

ǒ Consider how different types of NbS (see Part B) can add value to existing infrastructure and 
development plans as part of hybrid greenïgreyïblue investments. NbS designs can also be applied as 
pathways to upgrade and retrofit existing landscapes such as existing urban parks and gardens.  

 
5 Government of Cambodia (2023). Pentagonal Strategy-Phase I: Building the foundation for a high-income Cambodia in 2050. Government 

of Cambodia.  
6 National Council for Sustainable Development (2025). Cambodia Climate Change Strategic Plan 2024ï2033. Ministry of Environment.  
7 MLMUPC (2016). District & Municipal Land Use Master Plan and Land Use Plan Handbook. Spatial Planning Series No. 3, General 

Department of Land Management. 

https://pressocm.gov.kh/wp-content/uploads/2023/08/PM_COM_Pentagonal-Strategy-Phase1_EN-24-Aug-2023.pdf
https://lib.ncdd.gov.kh/storage/app/public/library_backend/1748936060_CCCSP_2024-2033_English__Final_Print.pdf
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ǒ Consider networks of NbS at different scales (building, precinct, city and watershed scale) to add more 
value and sustain existing ecological assets (i.e. natural wetlands).  

ǒ Design and integrate multifunctional mixed-use corridors and hubs (see principle 2) to connect 
communities, ecosystems and infrastructure, supporting ecological values, multifunctional land use and 
climate resilience. 

ǒ Minimise the ecological footprint of urban development by adopting sustainable practices and prioritising 
long-term ecosystem health.  

Aligns with Pentagonal Strategy Principle 5: Achieving balance between development and environmental 
conservation. This alignment ensures that urban growth safeguards wetlands, floodplains and ecological 
processes that underpin Cambodiaôs resilience. 

Principle 2: Water and land centred planning  

Centre urban planning around natural hydrological systems and topography to support a Wetland City 
approach across multiple scales (building, precinct, city and watershed).  

ǒ Consider the ecological functions already in place and ask how they can help deliver a high value, lower 
cost community that celebrates the locationôs past and provides a foundation for a sustainable and 
liveable future.  

ǒ Plan for development along existing drainage lines and local topography, with protection of natural 
systems the default aim as much as possible (to avoid órestore laterô approaches). This approach helps to 
avoid high-risk flood zones and reduce costs associated with extensive landfilling/flood damage, while 
supporting benefits of cooler, safer, healthier neighbourhoods.  

ǒ Protect and enhance hydrological connectivity and local and ecosystem services, and maintain the 
integrity of environmental processes such as seasonal flooding and groundwater recharge. 

ǒ Use multifunctional corridors, a development approach that increases the range of commercial and 
recreational opportunities while simultaneously reducing flood risks and costs. Create multifunctional 
hubs at the confluence of corridors for further benefits.  

ǒ Allow for adequate data and resourcing to plan and develop in ways that account for hydrology and 
topography, and support beneficial ecosystem services. Data required may include environmental hazard 
and flood mapping and climate projections. Additional monitoring systems may be needed to guide 
decisions. 

ǒ Acknowledge the value of small scale-interventions at local levels, as well as the value of connecting 
local small-scale actions (building / street level) to larger-scale actions (floodplains and connected 
ecological corridors) across cities and regions to amplify ecological, social and economic outcomes. 
Planning could integrate smaller-scale, óeasy-winô typologies as a starting point, with larger-scale 
typologies integrated over time through master planning and zoning. Integrating NbS applications 
holistically across multiple spatial scales strengthens the impact of interventions and magnifies the 
benefits of each individual solution. 

Aligns with Pentagonal Principles 2 and 3: Multi-scale NbS integration builds economic resilience by 
reducing climate-related risks and lowering infrastructure maintenance costs; and implementing NbS 
across scales promotes learning, innovation and technical skill development. 

Figure 3 shows how designing cities around corridor structures can help preserve floodplains and wetlands. While 
conventional urban development typically separates cities from floodplains (top image), Wetland Cities design is 
centred around water and hydrology, leading to enhanced biodiversity outcomes (lower image).  
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Figure 3. City as corridors to preserve the flood plain and wetlands  

The wetland corridor city concept is further illustrated by Figure 4, which outlines how different urban structures 
and activities are incorporated and aligned with existing land and topography. It includes: 

ǒ Linear multifunctional green and blue corridor sandwiched by roads and development for area with high 
concentration of commercial/residential development activities 

ǒ Terraced platforms to accommodate various commercial and recreational activities based on flood risks  
ǒ Different ecosystems and habitat 

ǒ Paths and elevated promenades incorporated to provide distinctive viewpoints. 

 

Figure 4. Illustration of Wetland City corridor and hub development concept, planned in alignment with existing 
topography  
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Principle 3: Circular economies  

Support local circular economies to build climate and community resilience.  

A circular economy aims to achieve ómore efficient and sustainable use of energy and material resources, while 
maximising resource value and creating new economic opportunitieséô8 

ǒ Build climate and community resilience through NbS, innovative building typologies and local circular 
economy solutions. 

ǒ Identify and leverage opportunities for sustainable income generation and economic value creation from 
environmental initiatives. Examples include eco-tourism and urban agriculture, with reinvestment into 
local communities and environmental improvements. NbS benefits should be framed as part of an 
economic resilience approach (less flood damage, cooler/shadier streets, better air quality, improved 
wellbeing). 

ǒ Design for multifunctional corridors and land uses that integrate ecological, social and economic 
outcomes across environmental fluctuations (e.g. dry and wet seasons). 

ǒ Consider local livelihoods i.e. how NbS can support tourism, fishing and community income, as well as 
biodiversity. 

Aligns with Pentagonal Strategy Principle 2: Supporting economic resilience, climate resilience and 
equitable reinvestment into local communities. Wetland City design promotes local circular economies, 
eco-tourism and sustainable livelihoods. 

 

Principle 4: Inclusive NbS design  

Deliver design that is inclusive, community and culture led.  

Inclusive and participatory approaches are critical for fair decision making and for ensuring that approaches to 
Wetland City development are effective and sustainable over time.  

These approaches go beyond consultation; they involve working directly with local people, government agencies, 
civil society and other groups throughout all stages, from planning to development and implementation. To 
achieve meaningful participation, all groups must have the opportunity to contribute and benefit: women and men, 
people with disabilities, youth, ethnic minorities and low-income households. Inclusion must be integrated into 
governance and adequately resourced, with structured and ongoing representation.9 

ǒ Celebrate Cambodiaôs cultural heritage and strengthen community connection through inclusive, place-
based design and engagement that reflects Cambodian architecture and culture, and combine historical 
identities with modernisation. Developments should reflect Khmer culture and strengthen community 
connection to water, not just deliver technical performance. Foster an informed and empowered 
community that is able to live with high and low river levels. 

ǒ Embed GEDSI principles into the design, planning and implementation of actions for inclusive 
participation and equitable benefit distribution. Integrate and require GEDSI design standards (lighting, 
safe night spaces, inclusive toilets, flexible community spaces) and consistent use of existing accessibility 
guidelines. 

ǒ Build local-level accessibility into approaches (early site visits, engagement, clear/direct/safe access for 
vulnerable groups). 

ǒ Use NbS as a capacity-building mechanism, involving communities and providing learning opportunities 
to support understanding and application of practical approaches for climate change adaptation and 
resilience. 

 
8 UNDP and Kingdom of Cambodia (2021). National Circular Economy Strategy and Action Plan. UNDP. 
9 WSCA (2025). Inclusive and Equitable Urban Nature-based Solutions: A Practical Guide. WSCA. 

https://www.undp.org/cambodia/publications/circular-economy-ce-strategy-and-action-plan
https://bridges.monash.edu/articles/report/_b_Inclusive_and_Equitable_Urban_Nature-based_Solutions_A_Practical_Guide_b_/30783020?file=60092624
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Aligns with Pentagonal Strategy Principles 1 and 4: Building a vibrant society where people live with 
dignity, equal rights and opportunities for participation. This approach fosters social cohesion and 
empowers communities to live in harmony with variable water conditions. 

 

Principle 5: Prioritise long -term value  

Ensure mechanisms are in place (including funding) to support construction, operation and maintenance 

that delivers long -term value and sustainability for urban infrastructure and NbS.  

Using NbS requires a long-term vision and alignment with policy and planning, as well as adequate regulation and 
enforcement to protect NbS and associated ecosystem services. Incentives and funding can support compliance 
and long-term stewardship. 

ǒ Plan for the full life cycle of wetland assets by prioritising sustainable asset management, operation and 
maintenance.  

ǒ Fund projects adequately and consider appropriate funding models (e.g. could include co-contribution / 
community funding as part of resourcing strategy). Understanding costs and benefits will support decision 
making and investment strategies.  

ǒ Plan for and consider long-term environmental, social and economic returns rather than short-term gains. 
ǒ Embed operations and maintenance (O&M) planning, roles/responsibilities and funding from the design 

stage for NbS and hybrid infrastructure. Consider long-term stewardship over assets, including waste 
management responsibilities, and community participation so assets remain functional over time. 

ǒ Ensure designs account for seasonal variations to maintain functionality across high and low rainfall/flow 
periods, including through context-specific water management plans and custom plant species selection.  

ǒ Build local community and stakeholder awareness and support, which is integral to sustainability of NbS 
approaches. Consider shared ownership models that integrate local authorities and community into 
governance and maintenance. 

ǒ Establish user feedback mechanisms to report issues and improve performance over time. 
ǒ Foster clear communication and coordination between national and local authorities so communities 

understand tangible benefits. 

Aligns with Pentagonal Strategy Principles 2 and 4: Long-term investment in sustainable and well-
managed infrastructure supports economic resilience and reduces maintenance costs. Reliable 
infrastructure enhances quality of life, promotes access to essential services such as clean water and 
flood protection, and supports economic opportunities. 
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6. Concept to practice for Wetland Cities in Cambodia  

Table 1 demonstrates how the principles outlined above (column A) translate to corresponding objectives for Wetland Cities (column B), and provides practical examples 
of implementation actions (column C) that operationalise principles and objectives. This table is not an exhaustive list of actions, but demonstrates how the Wetland City 
concept can be implemented in practice.  

Table 1. Examples of how Wetland Cities can be implemented in practice  

Principle (What)  Objective (Why)  Implementation (How)  

1. NbS as urban 
infrastructure  

 

ǒ Ecosystem services are 
understood and 
prioritised through urban 
planning processes 

ǒ The ecological integrity of 
the floodplain wetlands is 
maintained 

ǒ Establish knowledge of local hydrology, including mapping seasonal water flows, flood patterns and 
groundwater interactions between the wetlands and surface water. 

ǒ Protect existing wetland habitats by designating no-build zones in ecologically sensitive areas to preserve 
native flora and fauna. 

ǒ Minimise disruptions to natural hydrological processes, e.g. by implementing green infrastructure and 
NbS to maintain natural water infiltration. 

ǒ Establish buffer zones along the waterways to prevent encroachment and ensure unobstructed water 
exchange during flood and dry seasons. 

ǒ Plan and implement adaptively while continuing to build understanding of local ecosystem service 
opportunities. 

ǒ Strengthen and utilise policy and planning levers where applicable, e.g. enforcement of environmental 
impact assessments (EIAs) for all development projects to evaluate potential effects on wetlands and the 
Mekong River ecosystem at a holistic level. 

ǒ Promote low-impact construction techniques, such as prefabricated modules or lightweight foundations, to 
reduce soil compaction and wetland disturbance. 

ǒ Consider stormwater and wastewater treatment systems that use natural wetland filtration processes (e.g. 
constructed wetlands) to manage urban runoff and wastewater, and prevent pollution. 

2. Water and land 
centred planning  

 

ǒ Floodplains and drainage 
systems are preserved 
and enhanced through 
multifunctional 
interconnected corridors 

Plan for multifunctional, connected and resilient corridors:  

ǒ Design urban corridors along elevated or naturally higher ground to avoid flood-prone areas, ensuring 
minimal land filling or alteration of wetland topography. 

ǒ Create multifunctional hubs at the confluence of corridors to increase the range of commercial, 
recreational opportunities while reducing flood risks and costs.  
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ǒ The ecological sensitivity, 
flood risk and 
management goals 
(conservation, 
productivity, recreation) 
of wetlands are 
understood and 
integrated into planning 

ǒ Design corridors and wetlands to deliver multiple ecological, social and economic benefits across 
seasonal fluctuations e.g. urban and constructed wetlands that simultaneously provide recreation and 
amenity, urban cooling, flood retention and biodiversity habitat. 

ǒ Incorporate mixed-use zoning within corridors, combining housing, small-scale commerce and community 
spaces to reduce urban sprawl and promote walkability. 

ǒ Align corridors along natural topographic contours to minimise earthworks and preserve the natural flow 
of water across the floodplain. 

ǒ Connect corridors with green infrastructure, such as vegetated channels or wetland restoration areas, to 
enhance hydrological connectivity and support wildlife movement. 

ǒ Plan for flexible and adaptive corridor expansion to accommodate urban growth under climate pressures 
without impacting priority ecosystems. 

ǒ Integrate transportation networks (e.g. elevated walkways, bike paths or water-based transit) within 
corridors to reduce reliance on land-intensive roads. 

ǒ Utilise wetland zoning to establish local development objectives e.g.: 
o Conservation Zones: protect high-sensitivity wetlands and critical biodiversity areas 
o Productivity Zones: support sustainable, low-impact activities e.g. aquaculture 
o Recreational Zones: provide low-impact public amenities (boardwalks, trails, observation platforms) 
o Buffer Zones: Establish transitional areas to mitigate flood risks and protect adjacent urban areas. 

Utilise adaptive, nature -based urban infrastructure:  

ǒ Embed NbS as core infrastructure, supported by smart technologies for monitoring, adaptive 
management and data-driven decision making. 

ǒ Integrate green spaces, such as linear parks and urban forests, within corridors to enhance biodiversity 
and provide recreational amenities (e.g. urban cooling, flood retention). 

ǒ Use modular and adaptable urban planning so corridors can evolve with changing population needs and 
environmental conditions. 

ǒ Maximise use of existing conditions, e.g. prevailing winds for airflow and cooling. 
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3. Circular 
economies  

 

ǒ Local-scale circular 
economy opportunities 
are considered in 
planning 

ǒ Communities thrive 
throughout seasonal 
changes in water levels 
and water availability 

 

ǒ Embed climate resilience into planning to support communities during wet periods and to deliver water 
security and amenity during dry periods, e.g. flood and drought resilience measures, urban cooling, 
carbon sequestration opportunities.  

ǒ Explore amphibious or floating architecture for buildings in flood-prone areas, so structures can adapt to 
rising water levels without levees or extensive land filling. 

ǒ Use elevated building designs (e.g. stilt houses, raised platforms) to minimise flood risk while maintaining 
ground-level permeability for water flow. 

ǒ Incorporate passive cooling techniques ï such as small-scale food forest, green roofs, reflective 
materials, and natural ventilation ï to combat urban heat islands. 

ǒ Promote the use of locally sourced, sustainable materials (e.g. bamboo, recycled aggregates) to reduce 
environmental impact and enhance cultural integration.  

ǒ Identify and leverage opportunities for sustainable income generation and economic value creation from 
environmental initiatives. Examples include eco-tourism, urban agriculture, with reinvestment into local 
community and environmental improvements. 

ǒ Ensure equitable access to green and blue spaces, promoting health, wellbeing and social cohesion. 
Engage local communities in the design, stewardship and monitoring of projects to build ownership and 
capacity, and embed long-term sustainability.  

4. Inclusive NbS 
Design  

ǒ Cambodiaôs cultural 
heritage and diverse 
local communities are 
reflected in planning and 
development and 
planning 

ǒ Inclusive participation 
and equitable benefit 
distribution  

ǒ Apply participatory processes to involve local communities in planning processes to ensure the master 
plan aligns with their needs, values and knowledge of the wetland environment. 

ǒ Incorporate traditional Khmer architectural elements, such as open-air designs and elevated structures, 
into modern building typologies to honour cultural identity. 

ǒ Develop educational and eco-tourism programs to raise awareness of wetland conservation and generate 
economic opportunities for residents. 

ǒ Create public spaces within corridors for cultural events, markets and community gatherings to foster 
social cohesion. 

ǒ Embed GEDSI principles into the design, planning and operation of wetland initiatives to ensure inclusive 
participation and equitable benefit distribution. 

5. Prioritise long -
term value  

 

ǒ Assets and infrastructure 
deliver long-term value 
and benefits 

ǒ Plan for the full life cycle of wetland assets by prioritising sustainable asset management, operation and 
maintenance.  

ǒ Consider ongoing maintenance and operation at the design stage and plan for funding, roles and 
responsibilities.  

ǒ Build public and private capacity to build, own and operate NbS and hybrid infrastructure as part of the 
design phase. 
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ǒ Benefits and costs are 
understood and support 
strategic investments  

ǒ Undertake ongoing performance monitoring to demonstrate benefits to community, public and private 
decision makers in Khmer context and to improve future designs.  

ǒ Embed GEDSI principles into the design, planning and operation of wetland initiatives to ensure inclusive 
participation and equitable benefit distribution. 
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7. NbS Scales  

NbS can be implemented across a range of scales, from Building Scale > Precinct Scale > City Scale > 
Watershed Scale. These different scales are mentioned in the Akreiy Ksatr case study and are described in this 
section.  

Figure 5 shows these concepts at individual scale level (e.g. individual buildings), and also how they can align 
together to deliver Wetland City corridors: 

 

7.1. Building Scale  

ǒ Building(s):  At the smallest implementation scale, NbS strategies can be applied to single or multiple 
buildings, small clusters of houses, schools and community facilities. These interventions focus on 
making structures resilient to seasonal flooding while reducing heat, harvesting rainwater and treating 
wastewater on site. 

Example Akreiy Ksatr : Prek Luong High School design models NbS mechanisms of natural cooling and 
renewable energy that align with the Wetland City concept. Features include stilt foundations, extensive 
green roofs, living green walls, rainwater tanks and small greywater reed beds. They anticipate natural 
cooling (up to 4ï6°C indoor temperature reduction), renewable energy integration and zero-discharge 
wastewater management. 

 

Figure 5. Water and energy management using NbS Typologies at a building scale  
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7.2. Precinct Scale  

ǒ Precinct:  NbS extends from individual or clusters of assets to shape shared open spaces, streets and 
local hydrological systems and create multifunctional mixed use development corridors. Measures such 
as terracing, multifunctional parks, ponds and productive landscapes store and slowly release floodwater 
while providing daily amenity (including shade, recreation and greener neighbourhood environments). 

Example Akreiy Ksatr: A terraced step-down on either side of the development corridor links built areas 
to the floodplain. Higher ground on the terraced area can be used for stilt-supported housing and 
buildings then transitioning to space for crops, food forests and agriculture, then flooded forest habitats 
and finally the wetland zones. 

 

Figure 6. The terraced step down linking the development corridor and wetland area  

 

7.3. City Scale  

ǒ City: NbS operate across a broad urban area to maintain hydrological connectivity, protect natural 
storage areas and reduce flood and heat risk across the urban area through integrated planning, zoning 
and corridor protection. 

Example Akreiy Ksatr:  The case study highlights the importance of preserving floodplain and wetland 
storage and using corridor-based planning approaches that keep water moving and stored safely across 
the city as it grows.  
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Figure 7. Hydrological connectivity across a Wetland City  

A comparable implemented example to Akreiy Ksatr at a city/ catchment scale is the Kunshan Ring Road 
green corridor in China, which integrates elevated transport infrastructure with 100ï300 m wide 
multifunctional wetland and forest buffers that provide city-wide flood detention, biodiversity habitat and 
recreational trails.10 

 

7.4. Watershed Scale  

At watershed scale, NbS focus on protecting and restoring the broader floodplainïriver system so urban 
growth does not sever flows, reduce storage or shift risk downstream. This approach includes 
safeguarding wetlands and floodplains as connected assets, maintaining seasonal flood pathways and 
avoiding infill that constricts natural water movement. 

Example Akreiy Ksatr:  The Wetland City concept is framed around Akreiy Ksatrôs position on the 
Mekong floodplain, where wetlands and low-lying areas act as storage basins during high flows and 
support fisheries, livelihoods and biodiversity. Protecting these connected systems at the watershed level 
underpins local flood mitigation and long-term resilience for both the city and downstream communities. 

 
10 CRCWSC (2019). Kunshan Ring Road. WSCA; CRCWSC (2018). Forest Park Ecological Wetland. WSCA.  

https://watersensitivecities.org.au/wp-content/uploads/2019/10/191001_V5_CRCWSC-Kunshan-Ring-Road-Case-Study.pdf
https://watersensitivecities.org.au/wp-content/uploads/2018/10/21-China-Forest-Park_FINAL.pdf


 Nature-based Solutions for Wetland Cities: Concepts for Cambodian Urban Master Plans | 27  

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas 

 

Figure 8. NbS at watershed scale  

 

Because NbS at each scale generates benefits, designing NbS as an integrated, multi-scale network improves 
long-term sustainability, resilience and value (e.g., by linking site-based measures to precinct drainage and city-
scale floodplain function). The Akreiy Ksatr case study illustrates this systems approach where complementary 
NbS interventions work together across multiple scales to support a Wetland City that thrives within a functional, 
healthy floodplain. 

 

Figure 9. NbS interventions across various scales 

Building          Precinct                 City      Watershed 
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8. NbS Typologies  

This section outlines the NbS typologies that are intended to support early concept development and master planning by translating 
Wetland City principles into implementable asset options. They include small-scale interventions that can be integrated into buildings and 
streets, as well as larger landscape typologies that protect hydrological connectivity, and storage and ecosystem function across precinct, 
city/catchment and watershed scales. Each typology includes an overview, recommended contexts for application, design considerations, 
and their operation and maintenance requirements to help embed long-term value from the outset. 

8.1. Typology overview  

Table 2 provides a quick-reference summary of the NbS typologies in this catalogue, including where they can be applied, what they 
deliver and the key considerations for ongoing management within a Wetland City. 

Table 2. Summary of nature -based solution typologies  

Typology  What it is  Typical 
scale(s)  

Where to apply  Issue being 
addressed  

Core benefit  Common co -benefits  O&M considerations 
summary  

Biofilter,  
rain garden, 
bioretention 

Planted filter bed 
with engineered 
media and 
underdrain 

Can be in ground 
or raised planter 

Building, 
precinct, 
larger park or 
catchment 
biofilters 

Lots, 
streetscapes, 
carparks, parks, 
floodplains 

Stormwater 
pollution, runoff 
volumes 

Stormwater 
treatment, 
sediment, 
nutrients, metals, 
hydrocarbons 

Cooling via 
evapotranspiration, 
passive irrigation, 
infiltration groundwater 
recharge, amenity 
greening 

Annual inspection, clear 
inlets overflows, weed, 
prune, replace plants, 
manage sediment forebay, 
address clogging, replace 
top media if needed 

Rainwater tank Roof runoff storage 
for non-potable 
reuse, toilet, 
laundry, irrigation 

Building Houses, 
commercial, 
industrial, multi-
unit 

Water supply 
pressure, 
stormwater 
volumes 

Water reuse, 
reduced roof 
runoff 

Drought resilience, 
reduced flooding 
pressure, reduced 
pollutant loads 

Annual checks of gutters 
screens, first flush, pump, 
sediment build up, service 
pump as needed 

Passive 
irrigation 
rainwater tank 

Rainwater tank with 
slow release drip 
hose to garden 
lawn 

Building Residential lots, 
gardens, lawns 

Runoff 
volumes, dry 
season 
irrigation needs 

Slow release, 
infiltration to 
landscape 

Greener gardens, 
cooling, soil moisture 
support 

As per tank, monitor 
irrigated area saturation 
compaction, adjust redirect 
slow release in wet periods 
if needed 
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May still supply 
non-potable 
demands 

Green roof Vegetated roof 
system, 
waterproofing, 
drainage, 
lightweight growing 
media 

Building New builds, 
retrofits where 
structure allows 

Heat, runoff 
volumes, lack 
of green space 

Thermal 
performance, 
runoff reduction 

Biodiversity, amenity, 
reduced energy costs, 
added property value 

Up to quarterly, clear 
drains, check pooling 
structural issues; weed, 
prune, replace plants 

Green wall 
green facade 

Vertical planting 
system, 
containerised wall 
or climbing plants 
on trellis 

Building Building 
envelopes, 
streets with 
limited space 

Heat, glare, 
limited greening 

Shading, cooling 
of building 
surface 

Amenity, biodiversity, air 
quality, screening 

Up to quarterly, inspect 
irrigation drainage; prune, 
replace plants; pest 
disease checks, manage 
substrate top up 

Street tree pit, 
passively 
irrigated street 
tree 

Tree pit receiving 
runoff 

Includes storage, 
infiltration, soil 
volume, overflow 

Precinct Streetscapes, 
verges, medians, 
carparks 

Heat, poor tree 
health, runoff 
volumes 

Passive 
irrigation, urban 
cooling 

Treatment through root 
zone, amenity, shade, 
biodiversity 

Annual, clear debris 
overflow, manage scour, 
remove surface crusting 
and clogging, prune, avoid 
fertiliser, replace top media 
if clogged 

Permeable 
pavement 

Load bearing 
pavement allowing 
infiltration into 
subsurface layers 

Building, 
Precinct 

Driveways, paths, 
low traffic 
carparks, retrofits 

Runoff 
volumes, 
pollution 

Runoff reduction 
via infiltration 

Local cooling, passive 
irrigation to nearby 
vegetation 

Annual, sweep, weed 
removal, periodic pressure 
wash vacuum, manage 
clogging and structural 
defects 

Swale grassed 
vegetated 

Shallow vegetated 
channel for 
conveyance and 
sediment litter 
trapping 

Precinct Medians, 
carparks, low 
density areas 

Flow 
conveyance, 
sediment litter 

Flow slowing, 
basic pre-
treatment 

Infiltration, greening 
amenity 

Routine, weed debris 
removal, repair erosion 
scour, mow prune, replace 
plants, manage sediment 
and standing water 

Bioswale, 
bioretention 
swale 

Swale conveying 
flows with biofilter 
media in base and 
underdrain 

Precinct Medians, 
carparks, low 
density areas 

Water 
treatment need, 
flow 
conveyance 

Treatment, 
conveyance 

More infiltration than 
swales, greening 
amenity 

Routine, similar to swale, 
inspect filter surface, 
manage clogging sediment, 
replace plants 
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Constructed 
wetland 

Inlet sediment 
pond, vegetated 
marsh open water, 
extended detention, 
outlet control 

Precinct, City, 
Watershed 

Parklands, public 
open space, 
floodplains 

Stormwater 
pollution, peak 
flows 

High volume 
treatment, 
detention 

Habitat, amenity, cooling Routine, clear inlet outlet 
bypass, remove sediment 
from forebay, weed control, 
maintain vegetation cover, 
manage establishment 
water levels 

Open water 
pond lake 

Permanent open 
water with fringing 
vegetation 

Primarily amenity 
receiving 

Precinct, City, 
Watershed 

Parks, public 
spaces, 
floodplains, low 
areas 

Amenity, flood 
detention 

Amenity, passive 
cooling 

Recreation, landscape 
focal point, some 
sediment settling 

Periodic, clear inlets and 
outlets, sediment clean out, 
weed control, maintain 
upstream treatment to 
protect water quality 

Urban 
waterway ï 
natural, 
modified, 
constructed 

Channel providing 
drainage plus 
habitat and social 
value 

City, 
Watershed 

Waterway 
corridors, parks, 
floodplains 

Erosion, 
degraded 
habitat, flood 
conveyance 

Hydraulic 
function, habitat 
corridor 

Recreation, amenity, 
cooling, biodiversity 

Routine, remove debris silt, 
repair erosion, weed 
control, revegetation, 
maintain flow paths and 
structures 

Riparian zone Dense native 
vegetation buffer 
adjacent to 
waterways within 
corridor 

City, 
Watershed 

Waterway edges, 
parks, floodplains 

Habitat loss, 
bank instability, 
water quality 

Biodiversity, 
bank protection 

Shade cooling, improved 
aesthetics, connectivity 

Routine, revegetate gaps, 
weed control, erosion 
works, protect from 
infrastructure impacts, 
manage access tracks 

Floodplain 
retention 

Protect restore 
floodplain 
connectivity for 
periodic inundation 
and storage 

City, 
Watershed 

Floodplains, 
corridors, low 
lying areas 

Flood risk, loss 
of natural 
storage 

Flood storage 
room for water 

Biodiversity, recreation, 
sediment nutrient 
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Biofilter  

Overview of asset  

A biofilter (also referred to as a rain garden or bioretention) is a garden bed with several filter layers and an 
underdrain connected to the stormwater drainage system. Biofilters can be either: 

1. Constructed in-ground and receive stormwater runoff from adjacent impervious surfaces (e.g. driveways 
and paved areas) or an upstream catchment, or  

2. Constructed above ground (raised planter box) and receive stormwater from roof areas (that are not 
already draining to a rainwater tank).  

Biofilters temporarily hold water on the surface, allowing time for it to infiltrate through an engineered growing 
media. The filter media works in combination with the vegetation and microbes that live in the soils and on the 
plant roots. The media filters the water, removing sediment and dissolved nutrients. Nutrient pollutants trapped 
within the media undergo chemical and biological processes and uptake by microbes and plants. Heavy metals 
can be held within the filter media and hydrocarbons are held and break down. This process reduces pollutant 
loads discharged to waterways. The clean water flows to the stormwater drains via an underdrain. They also 
passively irrigate the plants and allow water to be returned to the atmosphere via evaporation and plant 
transpiration (evapotranspiration) or to infiltrate and recharge groundwater. Reducing surface runoff volumes 
reduces pressure on drainage systems and downstream waterways. Evapotranspiration also helps to cool the 
surrounding area. 

  

Figure 10. Biofilter function  

Source: E2Designlab. 
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Appropriate context for the asset  

Biofilters are generally preferred in: 

ǒ Building: Residential, commercial and industrial lots 
ǒ Building: Apartment complex, townhouse and multi-unit residential developments 
ǒ Precinct: Streetscapes and carparks 
ǒ Precinct: Larger biofilters at precinct or catchment scale in parks or floodplains. 

Design considerations  

Biofilter design should consider the following key elements: 

ǒ (1) Inlet ï Allows flows to enter the asset safely. 
ǒ (2) Sediment pond or sediment forebay ï Dedicated pond or area at inlet to trap coarse sediment. 
ǒ (3) Batter and edges ï Provide a safe and stable transition from surrounding areas down to level of 

biofilter surface. 
ǒ (4) Biofilter surface ï Rests on a bed of filter media. The filter media infiltrates freely, is stable, can 

support vegetation growth, has low nutrient content and provides appropriate pollutant removal. Water 
ponds above the biofilter surface up to the extended detention depth and an overflow weir. This must be 
designed to attenuate and retain flows to allow time for infiltration while balancing safety risks. 

ǒ (5) Outlet, overflow and underdrainage ï Outflows and overflows can be safely conveyed downstream 
and asset is protected from damaging flow velocities. 

ǒ Vegetation ï Vegetation is selected to tolerate wetting and drying cycles and provide nutrient removal 
benefits. 

 

Figure 11. Biofilter key elements  

Source: Blacktown City Council. 
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Operation/maintenance considerations  

The property owner/manager or responsible drainage authority must maintain the biofilter. Once installed, 
biofilters are low maintenance and low cost, and they should be inspected annually for the following: 

ǒ Remove leaves and debris from the overflow pipe or inlet structure. 
ǒ Remove any weeds or plants looking unhealthy, prune overgrown plants or replace dead plants. If plants 

keep dying, replace them with a different type. Replant any bare patches. 
ǒ Regularly clean out sediment pond or forebay to prevent sediment from clogging biofilter surface. 
ǒ Re-profile the surface if scour or erosion has occurred where water enters the biofilter. 
ǒ Do not use fertiliser to improve plant health as this will cause nutrients to flow from the biofilter. 
ǒ If the biofilter is holding water for more than an hour after the rain has stopped, remove accumulated 

sediment and up to 100 mm of filter media as required to remove all clogging sediment and replace any 
removed filter material with new filter media (typically loamy sand). 

Figure 12. Biofilters providing stormwater treatment within parks and roadways  

Sources: Paul McMillan, E2Designlab, AECOM, Kevin Barton. 

 

Rainwater tank  

Overview of asset  

Rainwater tanks collect rainwater runoff from roofs and store it for reuse for non-potable uses such as toilet 
flushing, laundry and garden irrigation. Reusing rainwater on site using tanks provides an alternative water source 
and reduces reliance and pressure on the potable water supply during the dry season and drought.  

Rainwater tanks reduce stormwater flow volumes discharged. This capture reduces pressure on drainage 
systems and collectively can reduce frequent flooding in built up urban areas. It also reduces impacts of more 
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frequent and larger urban stormwater excess flows on local waterways. And it helps reduce nutrient pollution 
discharged to downstream waterways. 

 

Figure 13. Rainwater tank schematic  

Source: ACT Government. 

Appropriate context for the asset  

Rainwater tanks are generally preferred in: 

ǒ Building: Residential, commercial and industrial developments 
ǒ Building: Apartment complex, townhouse and multi-unit residential developments. 

Design considerations  

Rainwater tank design should consider the following: 

ǒ The rainwater tank should be sized and configured to achieve desired objectives including reuse, flood 
mitigation, and reduced flow volumes and pollutant loads to downstream waterways. 

ǒ Rainwater tanks should be connected to as much available roof area as possible.  
ǒ Consider the location of the tank to: 
ƺ avoid impeding access to underground services 
ƺ ensure easy connection of the overflow to the drainage system 
ƺ ensure proximity of a power supply for pump connection. 

ǒ Above ground rainwater tanks are ideally adjacent to an external wall. The location must avoid access 
areas such as doors and windows. 

ǒ Tank reuse could consist of one or more of toilet, laundry and irrigation demands. 
ƺ Use a rainwater tank pump controller to automatically switch the supply to the potable mains water 

when the tank level is low. 
ǒ The tank should be installed as per the manufacturerôs specifications by a qualified plumber.  
ǒ Provide access to tanks for future maintenance and an area to put the pump and its housing.  
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ǒ Rainwater tanks should generally be avoided for catchments where: 
ƺ there may be high levels of pollutants or contamination (i.e. non-roof trafficable areas or ground 

surface catchments). 

Operation/maintenance considerations  

The property owner is usually responsible for the future operation, maintenance and replacement of the combined 
rainwater tank and pump system. Once installed, tanks are low maintenance and low cost, and they should be 
inspected annually for the following: 

ǒ Check gutters for leaves and debris. Clean them, if necessary. 
ǒ Clean out the first flush diverter if part of the system. 
ǒ Clean the mesh cover on the tank of leaves and debris. 
ǒ Check the tank for large volumes of sediment in the base. Have the sediment removed via suction if it 

gets too deep. This can be done by looking into the tank from the inlet. If the sediment is approaching the 
level of the outlet, you should consider pumping it out. 

ǒ Ensure the pump is running effectively; it may need to be serviced periodically.  

 

Figure 14. Rainwater tanks collecting water from the roof  

Source: Clearwater 
 
 

Passive irrigation rainwater tank  

Overview of asset  

A passive irrigation rainwater tank releases water very slowly via a garden hose or drip irrigation into a nearby 
garden or lawn area. They may still feature pipe connections to non-potable water demands for use. The main 
difference between the two is the óslow releaseô function of the passive irrigation rainwater tank where water is 
allowed to continuously drain at a limited rate from the tank to irrigate the garden and infiltrate into underlying 
soils.  
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Figure 15. Passive irrigation rainwater tank schematic  

Source: E2Designlab. 

The passive irrigation component of the rainwater tank can come in different configurations: 

ǒ An independent tank capturing rainwater solely for passive irrigation of garden and lawn areas. A pipe at 
the bottom of the tank gradually drains all of the available storage volume of the tank. 

ǒ A pipe near the top of a standard rainwater tank that drains excess captured rainwater above a defined 
capture storage. 

Appropriate context for the asset  

Rainwater tanks are generally preferred in: 

ǒ Building: Residential, commercial and industrial developments 
ǒ Building: Apartment complex, townhouse and multi-unit residential developments. 

Design considerations  

Passive irrigation rainwater tank design should consider the following: 

ǒ The total demand from the rainwater tank will be the sum of the non-potable water demands (if 
applicable) and the irrigation demand of the lawn or garden to which the tank is directed. 

ǒ The garden or lawn area receiving slow release flows should be able to absorb, evapotranspire and/or 
infiltrate most of the inflow volume without being saturated excessively. As a simple guide, this outcome 
can be achieved by directing no more volume of water to the asset than the difference between 
evapotranspiration and rainfall for the garden or lawn area. This estimate does not account for seasonal 
variations and that overflows should be anticipated in wetter months and accommodated within the 
design.  

ǒ An overflow pit or pathway that connects excess flows to the drainage system must be provided to ensure 
that the area is drained quickly following high rainfall events that may otherwise result in flooding. 
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Operation/maintenance considerations  

The property owner is responsible for the future operation, maintenance and replacement of the combined 
passive irrigation rainwater tank, and is similar to rainwater tanks. The main difference is considering the 
passively irrigated garden or lawn area and its capacity to absorb the additional flows supplied from the tank. 

The following additional considerations apply: 

ǒ The garden or lawn area may be wetter than other areas and may be more susceptible to compaction 
damage when wet. 

ǒ The passive irrigation from the tank will usually occur automatically immediately following rain events. If 
the garden or lawn area becomes excessively wet, it may be necessary to limit flows, particularly during 
winter or wet periods. This outcome may be achieved by shutting off passive irrigation flows or redirecting 
flows to drainage infrastructure (recognising these actions compromise the intended function of the 
system and should be restored to standard operation as soon as possible). 

 

Figure 16. Passive irrigation rainwater tanks  

Sources: Dale Browne, E2Designlab. 

 

Green roof  

Overview of asset  

A green roof is a garden that sits on a roof and comprises a waterproofing layer, a drainage system and growing 
media planted with a variety of drought tolerant species. Typically, they are designed with a shallow growing 
media with a depth of less than 300 mm and a waterproof membrane. The media is not the same as the ground 
soil used in a garden. Instead, the growing media is made up of a mix of mineral or rock-based materials that 
together are lightweight, provide good drainage, support healthy plant growth, hold nutrients and water, and do 
not break down or degrade easily.  

A green roof delivers a range of benefits including reduced stormwater flow volume and pollutants entering the 
drainage system, increased biodiversity, as well as offering economic benefits in terms of reduced energy costs 
for the building. A green roof is also a great way to increase the amount of ógreenô in and around the building and 
adds value to the property. 
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Figure 17. Cross -section of a green roof  

Source: City of Melbourne. 

Appropriate context for the asset  

Green roofs are generally preferred in: 

ǒ Building: Residential and commercial developments 
ǒ Building: Apartment complexes, hotels, commercial buildings 
ǒ Well suited at a podium level. 

Design considerations  

The design of a green roof should consider the following: 

ǒ Successful installation requires careful planning with professionals who can advise on design, 
implementation and maintenance including a structural assessment of the roof area (i.e. the amount of 
weight that it adds to a roof must be considered). 

ǒ If the green roof is for an existing building, engage a structural engineer to assess whether the building 
can sustain the added weight ï which can be more than 100 kg/m2. 

ǒ If the green roof is for a new building, determine its size and location early in the design process to 
minimise the installation cost and ensure that the roof is structurally strong enough to support it. 

ǒ Products for building a green roof are generally supplied by companies that offer a ófull rangeô service ï 
from site assessment and design to installation and maintenance.  

ǒ While it is possible to grow a wide variety of plants on a green roof, the most successful plants naturally 
adapt to drought conditions due to the drainage properties of the growing media, possible high winds and 
temperatures, and a restricted depth for root growth.  
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Operation/maintenance considerations  

The property owner is responsible for the future operation, maintenance and replacement of the green roof. Once 
installed, green roofs are low maintenance and low cost, and they should be inspected up to 4 times a year for 
the following: 

ǒ Ensure roof drains are clear and functioning, remove dirt, litter and other deposits from drain inspection 
chambers, check plumbing hardware. 

ǒ Check for signs of water pooling and structural issues. Contact supplier if evident. 
ǒ Remove any weeds or plants looking unhealthy, prune overgrown plants or replace dead plants. If plants 

keep dying, replace them with a different type. Replant any bare patches. 

 

Figure 18. Examples of green roof areas on buildings  

1 Council House 2 in Melbourne has a non-irrigated, non-trafficable green roof comprised of modular trays. 
2 The demonstration green roof at the University of Melbourne, Burnley campus, is an accessible roof used by staff and students. It 
demonstrates different irrigation regimes, growing substrates and plant species. 
3 A small-scale green roof at a public amenity block in Healesville, designed as an architectural feature and for biodiversity. It includes 
indigenous species with the intent to create habitat. Image: Fytogreen. 
4 Lady Gowrie Child Care Centre, Docklands, is a roof garden designed for use and play. Image: City of Melbourne. 
5 The Venny, Kensington is a non-accessible, light weight green roof with solar panels. Image: Andrew Wutke.
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Green wall and facade  

Overview of asset  

A green wall has plants growing in supported vertical systems that are attached to an external wall of a building. 
They incorporate vegetation, a growing medium, irrigation and drainage. Green walls incorporate multiple 
ócontainerisedô plantings to create the vegetation cover. They are also known as óliving wallsô or óvertical gardensô. 

A green facade grows on vertical surfaces and is often supported by a trellis system that holds the climbing plants 
and allows them to grow upwards across the external wall of a building. 

 

Figure 19. Cross -section of a green wall  

Source: City of Melbourne. 

Appropriate context for the asset  

Green walls are generally preferred in: 

ǒ Building: Residential and commercial developments 
ǒ Building: Apartment complexes, hotels, commercial buildings. 
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Design considerations for green walls  

The design of a green wall should consider the following: 

ǒ Ensure access for maintenance is possible. Consider hydroponic system if weight loading is likely to be a 
problem. Ensure species selection is appropriate for the specific light and wind exposures at different 
heights. 

ǒ Include a variety of species with different flowering times; consider planting in patterns and consider 
textures, foliage colours.  

ǒ Consider watering needs of plants and incorporation of self-contained units that recirculate water to 
irrigate the plants. 

ǒ Water sources. Ideally green walls will use rainwater, treated stormwater or recycled wastewater with 
potable backup.  

Design considerations for green facades  

The design of a green facades should consider the following: 

ǒ Use a direct attaching species of plant, grown from the ground at the base of the wall. 
ǒ Include containers at different heights. Include cabling or lattice support structures for twining plants. 

Ensure access for maintenance; provide irrigation; consider secondary protection of plants against stem 
damage, e.g. wind protection trellis. 

ǒ Use evergreen species to ensure year-round screening. Create a structure for the plants to grow on. 
ǒ Use deciduous species if heat gain is desired in winter. Ensure very leafy plants, covering the entire wall 

for providing best shade in summer, particularly on north and west facing walls. Provide a structure at 
least 100 mm off the building wall for the plants to grow on, leaving an air gap between the building and 
green plants to maximise cooling effects. 

Operation/maintenance considerations  

The property owner is responsible for the future operation, maintenance and replacement of a green wall or 
facade. Once installed, green walls and facades are low maintenance and low cost, and they should be inspected 
up to 4 times a year for the following: 

ǒ Ensure roof drains are clear and functioning. Remove dirt, litter and other deposits from drain inspection 
chambers. Check plumbing hardware. 

ǒ Remove any weeds or plants looking unhealthy, prune overgrown plants or replace dead plants. If plants 
keep dying, replace them with a different type. Replant any bare patches. 

ǒ Undertake annual pruning to maintain density and cover, and to remove growth from fixtures (windows, 
drains). Rejuvenate the asset to renovate habit and growth. 

ǒ Inspect for signs of pests or disease and treat as needed.  
ǒ Top-up of growing substrate may be required due to wind, rain or animal activity. (Check the depth of the 

growing substrate before any additions are made to ensure weight loadings are not exceeded.) 
ǒ Make seasonal adjustments to irrigation volume and frequency as needed. 
ǒ Manually test and inspect the irrigation system regularly and monitor any automated systems. 
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Figure 20. Green roof  

Left: Victoriaôs Environmental Protection Authority has a green wall outside its head office in Carlton, Melbourne. Right: Illura Apartments in 
West Melbourne have four green walls facing north-east, which helps to shade the wall surface in summer. Image: Fytogreen. 

Street tree pit  

Overview of asset  

Street tree pits (also known as passively irrigated street trees) receive stormwater runoff from surrounding paved 
areas directed towards the tree pit. A street tree pit typically consists of: 

ǒ A reservoir that stores water and allows it to infiltrate into the soil (such as extended detention volume on 
the surface, infiltration trench or leaky pipes within the soil profile) 

ǒ Adequate soil volume and quality (including filter media or other soils) providing suitable conditions for 
tree growth. 

Street tree pits can provide treat stormwater through the tree root zone and increase water retention within the 
landscape, keeping the tree healthy.  

 

Figure 21. Example of a street tree pit showing at -surface water storage and underlying soil volume  

Source: E2Designlab. 
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Appropriate context for the asset  

Street tree pits are generally preferred in: 

ǒ Precinct: Streetscapes including, verges, median strips 
ǒ Building/Precinct: Carparks in commercial and industrial developments, residential subdivisions and 

apartment complexes. 

Design considerations  

The design of a street tree pit should consider the following: 

ǒ The surface area of the tree pit should not be less than 1 m2. 
ǒ Location of street tree pits should be on grades <5%. 
ǒ The depth of the soil surface should be at least 150 mm beneath the paving level (and 100 mm or more 

to the overflow structure) to provide for temporary storage of stormwater runoff at the surface to allow for 
infiltration. 

ǒ Suitable catchment area to provide optimal soil moisture conditions. 
ǒ  Media specifications should comply with the CRCWSC Biofilter Adoption Guidelines. 
ǒ  Include an underdrain to allow for aerobic (above) and anerobic zones (below) within the tree pit and 

prevent water-logging. 
ǒ  A saturated zone (submerged zone) below underdrain provides a water storage to help the tree and 

plants survive dry periods through passive watering and improves treatment effectiveness.  
ǒ An overflow structure is used to divert excess runoff around the asset and into the drainage system. 
ǒ Ensure the soil volume and quality can support tree growth. 
ǒ Select a suitable tree species that can cope with wetting and drying regimes. Standard size trees for 

planting are 1.5ï3 m high with 45ï100 litre root balls in pots, bags or burlapped.  
ǒ The location and design of the tree pit should consider surrounding infrastructure and pedestrians.  
ǒ Design grates so they can easily be opened for maintenance. 

Operation/maintenance considerations  

The roads and drainage authority is responsible for the future operation, maintenance and replacement of a street 
tree pit. Once installed, they are low maintenance and low cost, and they should be inspected once a year and 
maintained as follows: 

ǒ Remove weeds, litter, leaves and debris from the overflow pipe and surface of the street tree pit. 
ǒ Re-profile surface if scour or erosion has occurred where water enters the tree pit. 
ǒ If moss or clay forming a crust on the surface of the filter media seem to slow water filtration, remove the 

crust from the surface and check water will filter through exposed media. 
ǒ  Prune the tree if needed. 
ǒ Avoid using fertiliser to improve tree health because this will cause nutrients to flow from the tree pit.  
ǒ If the tree pit is holding water for more than an hour after the rain has stopped due to sediment clogging, 

remove and replace the top 100 mm of filter material (loamy sand). 

 

https://watersensitivecities.org.au/wp-content/uploads/2022/04/guideline-specs-soil-media-july2006.pdf
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Figure 22. Passively irrigated street trees (a) Docklands, (b,c) Darebin Council, (d) Chapel St South Yarra  

Source: E2Designlab. 
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Permeable pavement  

Overview of asset  

Permeable pavements (otherwise known as pervious and porous pavements) are load-bearing pavement 
structures that are permeable to water. These systems allow water to pass through the surface layer into a sub-
surface base course, gradually infiltrating surrounding soils. There are several different types of permeable 
pavements including porous asphalt, porous concrete and permeable interlocking pavers. By reducing surface 
runoff, they reduce pressure on drainage systems and limit stormwater pollution carried to local waterways. 
Permeable paving can also help cool the area immediately adjacent to the pavement and support urban greening 
by passively irrigating surrounding vegetation. 

 

Figure 23. Structure of permeable pavement  

Source: Melbourne Water. 

Appropriate context for the asset  

Permeable pavement is preferred in low vehicle traffic or pedestrian traffic areas, including: 

ǒ Building/Precinct: Driveways and paths in residential lots, apartment complexes, multi-unit residential 
developments and commercial lots 

ǒ Building/Precinct: Carparks in commercial developments, apartment complexes and public facilities with 
low traffic volumes 

ǒ Building/Precinct: Retrofitted in existing developments 
ǒ Permeable pavement can be used in higher traffic and loading conditions but requires a higher level of 

design detail and expertise. 
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Design considerations  

The design of a permeable pavement should consider the following: 

ǒ They are most suited to flat or shallow grade driveways, paths and carparks to provide more time for the 
runoff to infiltrate. 

ǒ They can be located adjacent to trees and vegetation to allow water to infiltrate and passively irrigate 
them. 

ǒ Permeable paving must be installed as per the manufacturerôs specification/requirements and typically 
consists of the following elements: 
o Surface layer ï Porous material that allows the infiltration of water into the subsurface layers 
o Aggregate laying or bedding course ï The permeable pavement is directly underlain by a washed 

aggregate layer to provide a stable and even base for the surface layer 
o Basecourse ï Most commonly an unbounded, permeable and load-bearing aggregate is used. 

 In some cases, structural soils may be considered. Structural soils are a load-bearing substrate 
made largely of crushed stone (basalt) and a small amount of filler soil mix (loam to clay loam 
with nutrient additives). Under compaction, structural soils form a uniform, rigid, stone ólatticeô 
with dispersed spaces (pores or voids) that allows for the controlled passage of oxygen, water 
and tree roots deep beneath concreted pavements and roads. 

o Subgrade ï The subgrade underlying the basecourse (i.e. the native soil underlying the permeable 
pavement) should be lightly compacted where possible, or in the context of roads, compacted as per 
standard road construction.  

ǒ The total subsurface layers (bedding/aggregate layer and base course) should be at minimum 0.4 m. 
ǒ A range of proprietary permeable pavements and pavers is available. 
ǒ Permeable paving requires a higher level of attention to detail and skill throughout the design, 

construction and maintenance process relative to typical roads. 

Operation/maintenance considerations  

The property owner, or the roads and drainage authority, would be responsible for the future operation, 
maintenance and replacement of permeable pavements. Once installed, they are relatively low maintenance and 
low cost. They should be inspected once a year and maintained as follows: 

ǒ Regularly sweep to remove any soil, leaves, or debris. Remove weeds by hand. 
ǒ Clean pavements via high pressure washing at least once every 3 years for sites where they have no 

upstream catchment, and more frequently if other areas flow to the permeable pavements. 
ǒ Collect all discharged material and washed-off water from permeable paving cleaning by vacuum or other 

suitable methods (to avoid discharging down street drainage pits) and dispose of appropriately as it may 
contain elevated levels of heavy metals and hydrocarbons. 

ǒ Contact the manufacturer/supplier to inspect the paving if:  
ƺ cracking, potholes or undulating levels appear, or 
ƺ ponding of water appears more than a few minutes after rainfall indicating clogging failure. 
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Figure 24. Permeable pavement  

Source: Porous Lane, E2Designlab. 
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Swale (grass or vegetated)  

Overview of asset  

Swales are shallow, gently sloping open channels that are usually vegetated with either mown lawn or dense 
grasses/sedges. They serve a dual purpose, conveying stormwater flows and trapping sediments and litter. They 
also slow flows and promote infiltration into the soil within the base of the swale.  

A swale typically consists of a trapezoidal channel, with a planted base and sides. They can be used in 
combination with overflow pits to allow high flows to enter the underground drainage network. Flows may enter 
the swale either through direct runoff from adjacent impervious surfaces (such as a road or carpark), or from a 
piped outlet of an upstream network.  

 

Figure 25. Structure of a swale  

Source: E2Designlab. 

Appropriate context for the asset  

Swales are most commonly used in: 

ǒ Precinct: Median strips within wide roads  
ǒ Building/Precinct: Carparks 
ǒ Precinct: Low density urban areas in place of an underground drainage network. 

Design considerations  

The design of a swale should consider the following: 

ǒ Batter slope should be 1 in 4 or flatter. 
ǒ The longitudinal base slope of the swale should be > 0.5% and < 4% slope. 
ǒ If the site is flat (<1%), incorporate an underdrain to prevent standing water from becoming stagnant and 

creating boggy conditions (refer to bioswale section for further information).  
ǒ The cross-section of swale must ensure adequate capacity for flow conveyance and should have a flat, 

not triangular base so flows are distributed across the base. This design minimises scour risk and 
ensures water is treated as it passes through the vegetation.  



 Nature-based Solutions for Wetland Cities: Concepts for Cambodian Urban Master Plans | 49  

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas 

ǒ Batter slopes must be appropriate for plant growth, mowing (if required), maintenance access, and 
pedestrian and vehicular safety.  

ǒ Vegetation species selected should be at least 50 mm high for grass or higher for other species to reduce 
flow velocity and protect the batters and base of swale. If grassed, the grass should cover 100% of the 
swale. If planted, species density should be consistent at a minimum of 6ï10 plants per square metre. 

ǒ Stormwater flowing from the swale or beyond its design capacity must be safely and effectively conveyed 
to its receiving waters. 

Operation/maintenance considerations  

Usually, the roads and drainage authority is responsible for the future operation, maintenance and replacement of 
a swale. Once installed, they are low maintenance and low cost, and they should be maintained as follows: 

ǒ Remove weeds, litter, debris from the swale. 
ǒ Re-profile surface if scour or erosion has occurred where water enters the swale, along the batters and 

base, as well as at the outlet pit (if applicable). 
ǒ Prune and maintain any vegetation when required or regularly mow grass. 
ǒ Replace any plants that have died. 
ǒ Monitor and maintain sediment accumulation at inlets (if flow is delivered to the swale via pipes) and 

along the swale.  
ǒ Monitor for standing water, ponding or boggy conditions. 
ǒ Monitor if any vehicle damage has occurred, particularly in locations where vehicle crossings occur. 

 

 

Figure 26. Swales vegetated with mown grass and grasses/sedges  

Source: E2Designlab. 
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Bioswale  

Overview of asset  

Bioswales (also known as bioretention swales) are a type of bioretention system that both treats and conveys 
stormwater. A bioswale consists of all the main components of a biofilter (see the biofilter section) co-located 
within the base of a swale.  

They can receive lateral flows across grassed or vegetated batters or directly from pipe outlets where there is 
adequate protection from scour. Bioswales are densely planted with sedges and rushes. The swale component of 
a bioswale conveys and pre-treats stormwater to remove coarse to medium-sized sediment. The bioretention filter 
media removes finer particulates and contaminants. 

Bioswales facilitate more infiltration than conventional swales and therefore provide a higher level of treatment. 

 

 

Figure 27. Structure of a bioswale  

Source: Melbourne Water.  

Appropriate context for the asset  

Bioswales are most commonly used in: 

ǒ Precinct: Median strips within wide roads  
ǒ Building/Precinct: Carparks 
ǒ Precinct: Low density urban areas in place of an underground drainage network. 

Design considerations  

The design of a bioswale should consider the following: 

ǒ Incorporate an underdrain to prevent standing water from becoming stagnant and creating boggy 
conditions. 
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ǒ Surface of the filter media follows the grade of the swaleôs surface (> 0.5% and < 2% slope) and is 
generally 600ï1000 mm wide. 

ǒ The longitudinal base slope of the bioswale should be between > 0.5% and < 2% slope. 
ǒ Batter slope should be 1 in 4 or flatter. 
ǒ Batter slopes must be appropriate for plant growth, maintenance access, and pedestrian and vehicular 

safety. 
ǒ Vegetation species selected should be of sufficient density and height to reduce flow velocity and protect 

the bioswale batters and base. Species density should be consistent at 6ï10 plants per square metre. 
ǒ Stormwater flowing from the bioswale or beyond its design capacity must be safely and effectively 

conveyed to its receiving waters. 

Operation/maintenance considerations  

The roads and drainage authority is responsible for the future operation, maintenance and replacement of a 
bioswale. Once installed, they are low maintenance and low cost, and they should be maintained as follows: 

ǒ Remove weeds, litter, debris from the bioswale. 
ǒ Re-profile surface if scour or erosion has occurred where water enters the bioswale, along the batters 

and base, as well as at the outlet pit (if applicable). 
ǒ Prune and maintain any vegetation. 
ǒ Replace any plants that have died. 
ǒ Monitor and maintain sediment accumulation at inlets (if flow is delivered to the swale via pipes) and 

along the bioswale.  
ǒ Monitor for standing water, ponding or boggy areas. 
ǒ Monitor if any vehicle damage has occurred, particularly in locations where vehicle crossings occur. 

 
Figure 28. Bioswale vegetated with grass and sedges  
 
Source: E2Designlab. 
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Wetlands  

Overview  

Natural wetlands provide connection between land and water, and support aquatic plants and animals. 
Constructed wetlands for stormwater treatment are designed to accept and treat stormwater runoff from urban 
catchments. Typical design elements of a constructed wetland are: 

ǒ Inlet zone (sediment pond) to capture and store coarse sediments protecting the downstream vegetated 
(macrophyte) zone 

ǒ Vegetated (macrophyte) zone that is mostly wet marsh and may include open water zones 
ǒ Extended detention that fills during rainfall events, above the normal water level, and then drains after the 

storm event 
ǒ Deep pool and outlet to control flows out of the wetland. 

They use sedimentation, fine filtration, adhesion and biological uptake and transformation processes to remove 
pollutants from stormwater.  

 

Figure 29. Schematic of a constructed wetland  

Source: E2Designlab. 
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Appropriate context for the asset  

Wetlands are most commonly used in: 

ǒ Precinct/City:Parklands and public open spaces 
ǒ Precinct/City: Floodplains and natural low-lying areas 
ǒ City/Watershed: Downstream of larger catchments, typically 10 ha or more. 

Design considerations  

The design of a wetland should consider the following: 

ǒ Locate on relatively flat sites. 
ǒ Long narrow or sinuous shape (4:1 length to width ratio) with inlet and outlet positioned to promote 

uniform distribution of flow through the wetland to eliminate short-circuit flow paths and stagnant zones.  
ǒ Inlet zone or sediment pond used to capture coarse to medium sediment (125 µm or larger) 
ǒ High flow bypass channel to protect the plants within the other areas of the wetland. 
ǒ Batter slopes into the water should not exceed 1 in 6 for a minimum 1 m distance below normal water 

level.  
ǒ Control water level and flows in the macrophyte zone to achieve a design residence time (Ideally ~72 

hours) and limit long periods of inundation of 100 mm or more above normal water level. 
ǒ Maximise the area of plants (more than 80% coverage of surface area) and the surface area of the plants 

in contact with the water column to increase the habitat for micro-organisms and improve water quality. 
ǒ Adopt a sequence of shallow and deep marsh zones as well as deep pools at either end and at significant 

bends. 
ǒ Provide access for maintenance machinery to periodically remove sediment from the inlet pond.  

Operation/maintenance considerations  

The catchment management authority is responsible for the future operation, maintenance and replacement of a 
wetland. Once installed, they require routine inspections and annual maintenance, and they should be maintained 
as follows: 

ǒ Remove blockage at the inlet, outlet and bypass system.  
ǒ Clean out sediment regularly from the inlet zone (sediment pond) before it builds up to within 0.5 m of the 

normal water level.  
ǒ Remove invasive weeds promptly to prevent spread and minimise future costs. 
ǒ Provide extensive vegetation cover, which is essential for effective treatment. Replace any gaps in cover 

in a timely manner. 
ǒ Maintain lower water levels during plant establishment to allow juvenile plants to grow. 
ǒ Provide access to all areas of the wetland and especially the hydraulic structures, for inspections and 

maintenance. 
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Figure 30. Constructed wetlands treating urban stormwater  

Source: E2Designlab. 
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Open water pond  

Overview of asset  

Open water ponds and lakes have the primary function of providing landscape amenity and recreation 
opportunities. They also provide passive cooling to the surrounding area.  

While they provide some level of stormwater treatment, in urban environments they are regarded primarily as 
receiving environments and need to have stormwater treatment assets located upstream to protect the water 
quality. Ponds are typically constructed open water bodies with fringing vegetation and may have submerged 
plants. They capture and slow storm flows and sediments (down to coarse to medium silts).They may provide 
flood mitigation with temporary detention of flood flows within the airspace above the permanent water surface. 

Naturally flood prone low-lying areas within the landscape as well as existing water bodies such as dams can 
sometimes be reconfigured as urban ponds and lakes, presenting a central water feature and focal point for urban 
design.  

 

Figure 31. Open water pond  

Source: E2Designlab. 
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Appropriate context for the asset  

Open water ponds are most commonly used in: 

ǒ Precinct/City: Parklands and public spaces 
ǒ Precinct/City/Watershed: Floodplains and natural low lying areas. 

Design considerations  

The design of an open water pond should consider the following: 

ǒ Simple shape with inlet and outlet placement to promote uniform distribution of flow through the water 
body and to eliminate short-circuit flow paths and stagnant zones.  

ǒ Minimum length to width ratio of 3 to 1. 
ǒ Consider inundation depth range and frequency of inundation at various depth ranges to support fringing 

vegetation. 
ǒ Batter slopes into the water should not exceed a slope of 1 in 6 for a minimum 2 m distance below normal 

water level. After this, steeper batters are acceptable to limit plant growth in the open water zone. 
ǒ Wedge shaped (deepest end towards the outlet) or a flat bottom with depths between 1ï4 metres to 

encourage good vertical water column mixing and avoid persistent stratification.  
ǒ Size compatible with the hydrology and size of the catchment to promote flushing of the system and avoid 

problems associated with stagnant water and algal blooms. 
ǒ Good quality inflows or pretreatment to reduce the accumulation of organics, nutrients and fine sediments 

that impact water quality. 
ǒ Densely vegetated batters are preferred to reduce weed growth and provide a barrier for improved public 

safety. 
ǒ Consider a bypass channel for high flows. 
ǒ Provide access for maintenance machinery to periodically remove sediment.  

Operation/maintenance considerations  

The catchment management authority is responsible for the future operation, maintenance and replacement of an 
open water pond. Once installed, they require routine inspections and periodic clean out of sediment, and they 
should be maintained as follows: 

ǒ Remove blockage at the inlet, outlet and bypass system.  
ǒ Clean out sediment occasionally from the pond before it builds up to within 0.5 m of the normal water 

level.  
ǒ Remove invasive weeds to prevent spread and minimise future costs; replant with native species. 
ǒ Maintain upstream treatment assets to minimise sediment and nutrient inputs to ponds and lakes. 



 Nature-based Solutions for Wetland Cities: Concepts for Cambodian Urban Master Plans | 57  

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas 

 

Figure 32. Open water ponds  

Sources: Burbank Urban, E2Designlab. 
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Urban waterway  

Overview  

Rivers and streams in urban areas can be natural , modified or constructed channels designed for drainage. They 
provide an important role for supporting plants and animals, and provide social, recreational and amenity values. 
More natural forms are preferred where feasible and practical. Waterways can be retained in a naturalised form, 
modified during development to retain a natural form or restored to a more natural condition from a concrete 
channel.  

 

Figure 33.  Example of constructed waterway cross -sections  

Source: Melbourne Water. 

Appropriate context for the asset  

Urban waterways are most commonly used in: 

ǒ City/Watershed: Floodplains and natural low lying areas 
ǒ City/Watershed: Parklands and public spaces. 
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Design considerations  

The design of an urban waterway should consider the following: 

ǒ Mimic the natural stream forms in the immediate region, wherever practicable.  
ǒ Meet drainage outfall, public safety and flood protection requirements. 
ǒ Designed to be stable within the tolerable shear stress limits so that channel bed and banks do not erode 

during design flow events. 
ǒ Safely convey large flood events within the waterway corridor.  
ǒ Provide for free draining outfall of stormwater drainage from the surrounding development. 
ǒ Incorporate pools, riffles and other natural features to enhance habitat value. 
ǒ Ensure bank slopes are safe and allow for natural water movement. 
ǒ Vegetation stabilises the channel form and provides habitat diversity along the waterway. 
ǒ Provide opportunities for social gatherings and connections along waterways where suitable. 
ǒ Ensure sufficient access and space for all required maintenance activities. 

Operation/maintenance considerations  

The catchment management authority is responsible for the future maintenance of an urban waterway. They 
require routine inspections and they should be maintained as follows: 

ǒ Remove silt, debris and rubbish from the water, banks and drainage elements such as pits and grates. 
ǒ Check banks and channels for erosion and implementation stabilisation works, such as rock protection 

and vegetation. 
ǒ Remove excess silt and build-up of sediment to maintain water depth and correct flow paths. 
ǒ Remove invasive weeds to prevent spread and minimise future costs; replant with native species. 
ǒ Re-vegetate degraded areas with native species using a combination of grasses, shrubs and trees to 

create a diverse plant community. 
ǒ Implement erosion control measures through bank stabilisation and revegetation. 
ǒ If stock is damaging the waterway, consider fencing to exclude them. This may require creating stock 

watering points outside of the waterway corridor. 
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Figure 34. Urban waterway restoration on Moonee Ponds Creek (top), Urban waterway restoration (bottom)  

Sources: Melbourne Water, E2Designlab. 
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Riparian zone  

Overview  

A riparian zone is an important component of waterway corridors and is characterised by high quality native 
vegetation immediately adjacent to the waterway to provide the greatest biodiversity benefit. They provide 
resilient habitat for native plants and animals within the waterway and its corridor. They also provide an interface 
between agricultural activities or urban development and waterways.  

 

Figure 35. Schematic of a riparian zone within a waterway corridor  

Source: E2Designlab. 

Appropriate context for the asset  

Riparian zones located next to waterways are most commonly used in: 

ǒ City/Watershed: Parklands and public spaces 
ǒ City/Watershed: Floodplains and natural low lying areas. 

 

 



 Nature-based Solutions for Wetland Cities: Concepts for Cambodian Urban Master Plans | 62  

Resilient Urban Centres and Surrounds | wscaustralia.org.au/rucas 

Design considerations  

The design of a riparian zone should consider the following: 

ǒ Riparian zones should be greater than 10 m wide and run immediately adjacent and parallel to the 
waterway. 

ǒ Have abundant and diverse native vegetation. Native vegetation is a key element in achieving both the 
aesthetics and habitat design objectives. Tree canopy cover can also contribute to a greener, cooler 
environment. 

ǒ Riparian trees strengthen waterway bank substrate and reduce erosion. 
ǒ Use native vegetation, rather than rock or other hard engineered materials. 
ǒ Trees and large wood pieces in the riparian zone provide nesting locations for birds. The shade provided 

by trees helps control instream temperature variations, which is important for fish. 
ǒ Underground services (power, water and sewerage) should be located outside riparian zones to maintain 

integrity of waterway function.  
ǒ Provide access tracks for maintenance vehicles and machinery to manoeuvre along riparian zones. 

These tracks can be integrated with pedestrian paths to minimise intrusion. 

Operation/maintenance considerations  

The catchment management authority is responsible for the future maintenance of a riparian zone. They require 
routine inspections and they should be maintained as follows: 

ǒ Re-vegetate degraded areas with native species using a combination of grasses, shrubs and trees to 
create a diverse plant community. 

ǒ Remove invasive weeds to prevent spread and minimise future costs; replant with native species. 
ǒ Implement erosion control measures through bank stabilisation and revegetation. 
ǒ Restore natural hydrological processes to improve water flow and quality. 
ǒ Enhance biodiversity by creating habitat features. 
ǒ If stock is damaging riparian zones, consider fencing to exclude them from the riparian zone and 

waterways. This may require creating stock watering points outside of the waterway corridor. 

 

Figure 36. Riparian zone with vegetation, including re -vegetation works next to a waterway  

Source: Melbourne Water 

 


















