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Introduction

The Adoption Guidelines for Stormwater Biofiltration
Systems deliver a robust, research-backed framework
for designing, constructing, operating and maintaining
biofiltration systems (also known as rain gardens or
bioretention systems). These low-energy, vegetated
systems reduce runoff volumes by 30-80%, attenuate
peak flows by ~80% and achieve high pollutant removal
(>95% TSS, >65% TP, >50% TN, >90% metals) when
properly sized and maintained (Payne et al., 2015).

For Thai government agencies, regulators and
universities, biofiltration presents a practical response
to intensified flooding, water pollution, urban heat

and groundwater challenges associated with rapid
urbanisation, impervious surfaces and climate
variability (Prahadchai et al., 2023). Thailand’s tropical
monsoon climate, flood vulnerability and combined
sewer systems make this approach particularly
relevant. Thai research-through-design pilots and
large-scale sponge-city projects already demonstrate
strong performance using local plants, soils and
biochar amendments.

Biofiltration systems treat stormwater at source using
dense vegetation, engineered sand-based media and
underdrains (or infiltration). The Australian guidelines
integrate hydrology, water-quality treatment, business-
case analysis, technical design, construction and

maintenance into one practical document (Chapters 1-4

and 11 appendices; Payne et al., 2015).

This brief outlines how the Australian guidelines can
be adapted for Thailand through targeted, evidence-
based changes and how public agencies, regulators
and universities can help scale implementation under
the BCG (Bio-Circular-Green) Economy Model (2021-
2030), 13th National Economic and Social Development
Plan (2023-2027), Sponge City Program and national
environmental laws.
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Core principles that transfer directly include raised
outlets for extended retention, submerged zones for
denitrification, media specifications (Appendix C)

and vegetation selection. Thai adaptations address
monsoon intensity, local materials (including biochar),
flood-tolerant plants and integration with combined
sewer overflows. Early Thai pilots confirm that systems
designed to these principles outperform conventional
drainage while delivering co-benefits (amenity,
biodiversity, cooling and groundwater recharge).
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Climate, Geography and Design
Adaptations

Thailand receives average rainfall ranging from 1,500
mm in the Northern and Northeastern regions to
3,000+ mm in the Southern Peninsula and Southeast
coast (Prahadchai et al., 2023; Chaiwino et al., 2025),
experiences year-round high evapotranspiration
(Supriyasilp et al., 2023) and has varied topography
ranging from upland permeable soils to low-lying saline
zones (Wongsomsak, 1986). These conditions require
the following considerations to adjust the guidelines for
local application:

¢ Sizing & Hydraulics (Sections 3.6.2-3.6.3):
Use local rainfall-runoff data and modelling to
derive context-specific sizing curves and hydraulic
calculations for cost-effective applications
depending on the application objectives: for
stormwater harvesting fully lined system
configuration is required to maximise the yield and
fully lined systems with raised outlets are essential
in low-lying Bangkok to prevent backflow and
saline intrusion. For groundwater replenishment,
unlined configurations (as soak away system)
work well in permeable upland areas (e.g. Chiang
Mai foothills).

¢ Filter Media (Appendix C): Start with sandy loam
specifications and create the mix with locally
available materials. Add locally produced biochar
(from rice husk or coconut shell) at 5-10 % by
volume. Thai research (Sittisom, 2022) shows
rice-husk biochar significantly enhances nutrient
and micropollutant adsorption, pathogen removal,
water-holding capacity and hydraulic conductivity
while maintaining >100-150 mm/h saturated
conductivity. Column experiments and inverse
modelling further confirm that optimised rice-
husk biochar-amended sand achieves superior
removal of lead (Pb2*) and ammonia (NHs), with
overall improvements in nutrient, metal and organic
pollutant removal (Preota et al. 2025). Biochar also
sequesters carbon and utilises agricultural waste —
directly supporting the BCG Economy Model.

¢ Vegetation (Section 3.6.5 & Fact Sheet): Use
proven species (Cyperus alternifolius, vetiver grass,
Cannaindica, Heliconia spp., Lanna natives) that
are present in Thailand. A systematic literature
review of 10 studies in tropical and wet equatorial
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climates (Koppen-Geiger zones Aw, Af, Am)

by Suppakittpaisarn et al. (2025) emphasises
climate-specific planting selection and substrate
composition to handle intense rainfall and high
humidity. This study highlights key performance
metrics and research gaps for future tropical
designs with due consideration given to local
culture, aesthetics and amenity. These species
support rapid root development, high biomass,
nutrient uptake and evapotranspiration in tropical
conditions.

e Combined Sewer Overflow (CSO) Mitigation: Older
urban centres (Bangkok, provincial cities) rely on
combined sewers that overflow during monsoons,
discharging untreated sewage and stormwater
into canals and rivers. Biofilters installed at street-
scale and carpark outlets capture first-flush runoff
upstream, reducing inflow volumes by 30-80 %
(guidelines sections 1.1.1 & 2.4.2) and lowering
CSO frequency and reducing pollutant loads into
the water environment. Modelling in dense urban
Bangkok settings (Majidi et al., 2019) and the
Benjakitti Forest Park implementation confirm
cost-effective integration with existing polder
and canal systems. This decentralised approach
complements large-scale grey infrastructure and
aligns with Pollution Control Department (PCD)
water-quality improvement targets.

Canal in Thailand

These changes follow the guidelines’ conceptual design
process (Section 3.4), linking objectives to site-specific
conditions.
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Thai research and implementation already provide a
useful local evidence base for adaptation.

Chiang Mai University Research-through-Design
Pilots (2022-2023): Two prototypes using local Lanna
plants (Wanitchayapaisit et al., 2022) outperformed
conventional drainage in retention and infiltration. The
2023 expansion produced six conceptual designs at
Tha Phae Gate Plaza, confirming strong community
support (Wanitchayapaisit et al., 2023).

Tha Phae Gate Plaza (left), the site (top right), and the alley connecting
the site to the main plaza (bottom right).

Examples of rain gardens across Australia (top) and the United States
(bottom). Images from Pongsakorn Suppakittpaisarn and Xiangrong
Jiang.
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Benjakitti Forest Park, Bangkok (2023): A former
tobacco factory site was transformed into a 42-hectare
urban forest with bio-swales, mini-islets, terraced
wetlands and linear subsurface-flow wetlands. The
park retains up to 200,000 m3 of stormwater during
monsoons and treats ~8,152 m3/day, lifting adjacent
canal water quality from Grade V to Grade lll (Yu, 2023).
It demonstrates large-scale biofiltration for flood
control, biodiversity and public amenity in a dense
urban setting.

Modelling in dense urban environments shows that
combinations of rain gardens and other nature-

based solutions can achieve up to 39 % runoff volume
reduction and 40 % peak-flow attenuation for 2-year ARl
events (Majidi et al., 2019).

Key Lessons:

* Local plants and soil mixes especially with biochar
amendment perform very well.

» Community engagement is essential for long-term
acceptance.

* Long-term monitoring (guidelines appendices
G-H) is needed to generate Thai performance
curves.

These lessons are particularly relevant for Thai
government agencies, regulators and universities
seeking to strengthen the evidence base for wider
adoption.
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Regulatory and Policy Context

Thailand’s policy framework strongly supports
biofiltration and offers clear pathways for nationwide
adoption:

¢ Bio-Circular-Green (BCG) Economy Model (2021-
2030): Explicitly promotes nature-based solutions
(NbS), circular use of agricultural waste (ideal for
biochar) and carbon sequestration. Biofiltration
delivers all three outcomes while meeting BCG
urbanresilience targets.

¢ 13th National Economic and Social Development
Plan (2023-2027): Prioritises sustainable
urban development, flood mitigation and green
infrastructure. Biofiltration directly contributes to
water-resource management and liveable-city
goals.

¢ Sponge City Program (ADB TA 56159-001, 2025):
Actively promotes bio-swales, rain gardens
and bioretention in Thai cities. The Australian
guidelines provide the technical backbone for
these projects.

¢ Enhancement and Conservation of National
Environmental Quality Act B.E. 2535 (1992) and
Environmental Quality Management Plan: PCD
water-quality standards and Environmental Impact
Assessment (EIA) processes can incorporate
biofiltration performance targets (80 % TSS, 50 %
TN removal) as mitigation measures. Local zoning
and building codes can award floor-area-ratio
(FAR) bonuses for water sensitive urban design
(WSUD) features.

¢ Local Implementation: Bangkok Metropolitan
Administration (BMA) Drainage Master Plan, Chiang
Mai and Chiang Rai municipal plans increasingly
reference NbS.

Alignment Actions

Adopt the guidelines’ design procedure (section 3.6)
and performance metrics to demonstrate compliance
with PCD effluent standards and national climate goals.
Universities can generate Thai-specific validation data;
regulators can issue technical circulars referencing the
adapted guidelines. Together, these actions can help
move biofiltration from pilot practice to a more standard
feature of new developments and retrofits.

! Australian Government

Department of Foreign Affairs and Trade

University

% MONASH Water Sensitive Cities
@

Australia

Conclusion and
Recommendations

In the absence of local research, the Australian
biofiltration guidelines can be used as a reference to
guide local piloting and testing in Thailand. They provide
a credible technical starting point, but they should not
be treated as a final or directly transferable solution.

Local research, testing and monitoring are still required
to translate the Australian evidence base, integrate Thai
knowledge, materials and operational conditions, and
develop place-based solutions suited to different urban,
hydrological and institutional contexts. A practical

next step is to use the guidelines to inform targeted
pilots with universities, government agencies and city
partners, generating the local evidence needed to
support future technical adaptation, policy uptake and
wider implementation.

LFEEN.

Context matters. In this outer suburban bushland setting (above),
some raingarden designs sit more naturally than others.
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