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Table SM-2.1. Design criteria for various NBS discussed in the study, sourced from Credit Valley Conservation Authority (2010).
	NBS type
	Design criteria

	Extensive GR
	Substrate depth: ≤150 mm
Vegetation: drought-tolerant sedum, grasses
Roof slope: ≤10%
Runoff reduction: 45–55%

	Intensive GR
	Substrate depth: >150 mm
Vegetation: deep-rooted plants
Structural capacity: Required for pedestrian use and high loads

	BRC
	Soil depth: 1–1.25 m (≥500 mm for constrained areas)
Infiltration rate: ≥25 mm/hr
Ponding depth: 85–100 mm
Vegetation: Native, ornamental; mulch: 75 mm hardwood

	RGN
	Soil media depth: 300–600 mm
Ponding depth: 50–150 mm
Vegetation: Native species tolerant of soil moisture variability

	RWH
	Tank size: 750–40,000 L
Pretreatment: Leaf screens, in-ground filters
Overflow: Directed to soakaways, swales, or storm sewers with check valves

	IT
	Gravel depth: ≥600 mm
Void ratio: 0.4
Geotextile: Non-woven needle-punched
Stone: 50 mm clear, washed
Surface slope: ≤5%

	PP
	Base depth: 300–600 mm
Void ratio: 0.4
Surface infiltration rate: ≥20 mm/hr
Surface types: Porous concrete, asphalt, pavers

	RRT
	Soil volume: ≥15 m³/tree
Infiltration rate: ≥50 mm/hr
Root zone protection: Structural soil or permeable pavers for root growth





Table SM-2.2. Definitions, purposes, and key features of the NBS practices for stormwater management based on Low Impact Development Stormwater Management Planning and Design Guide (Credit Valley Conservation Authority 2010).
	NBS practice
	Description
	Purpose
	Key features

	BRC
	A landscaped area designed to treat stormwater runoff by allowing it to infiltrate into the soil.
	Stormwater management, water quality improvement, and habitat creation.
	Requires a drainage layer, filter medium, and vegetation.

	GR
	A roof system covered with vegetation and a growing medium.
	Reduces runoff, provides insulation, and mitigates the urban heat island effect.
	Consists of layers such as waterproofing membrane, drainage, and filter layer.

	IT
	A trench filled with gravel or stone to allow stormwater to infiltrate into the soil.
	Reduces runoff and improves water quality through filtration.
	Typically lined with a geotextile filter to prevent clogging.

	PP
	Paving material that allows water to pass through into the ground.
	Reduces impervious surfaces and runoff volume.
	Can be made from various materials like porous asphalt or interlocking blocks.

	RB
	A container used to collect and store rainwater from rooftops.
	Provides water for non-potable uses and reduces runoff.
	Often used for irrigation; have limited capacity.

	RGN
	A planted depression that captures runoff water from impervious surfaces.
	Enhances infiltration and provides aesthetic and environmental benefits.
	Vegetation and soil absorb and filter stormwater.

	RRT
	Trees designed to receive and manage rainwater through their root systems.
	Helps manage stormwater in urban environments.
	Integrates water management with tree planting.

	VS
	A shallow, vegetated channel that conveys stormwater.
	Reduces runoff speed and improves water quality.
	Features vegetation and sometimes stone or gravel to filter water.
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Table SM-2.3. Summary of various characteristics of experimental setups and key findings compiled from the information included in Canadian studies on BRCs.

	Study
	Location
	Study type
	Underlying soil type
	Rainfall
	BRC description
	Reduction
	Time period

	Khan et al. (2012)
	Calgary, Alberta
	Observation
	Loam (34–36% sand, 45–46% silt, 19–20% clay, organics 2-6%)
	12–56 mm
	0.5 m x 0.5 m x (0.45 or 0.8 m), standard lumber lined with geotextile, 40 mm drainage rock under-drain, growing media compacted, with shrubs, 75 mm mulch, and 250 mm runoff storage zone
	96.3% (runoff volume)
	July 2008 to July 2010, all seasons

	Khan et al. (2013)
	Calgary, Alberta
	Simulation-observation
	Not mentioned
	24–112 mm
	75 mm mulch, 1,200 mm growing medium, 300 mm underdrain at the base, sandy loam soil
	91.5% (avg. volume)
95.3% (avg. peak flow)
	24 experiments in all seasons

	Feltmate and Fluder (2018)	Woodbridge, Ontario
	Observation
	Silt to silty clay soils with clayey silt till material (clay 7–30%; hydraulic conductivity 10-4 to 10-6 cm/s). Water table several meters below the surface
	Not specified
	System drains 1,150 m² with a surface ponding depth of 200 mm
	70% (runoff volume) 80% (peak flow)
	Spring 2016 to Spring 2018, all seasons

	Bacys et al. (2019)
	North York, Ontario
	Simulation
	Silt to silty clay soils (clay 7- 30%; hydraulic conductivity 10-4 and 10-6 cm/s).
Water table several meters below the surface
	1-h event from IDF curve. Hurricane Hazel 12-hr event. Twelve years of continuous simulations
	Various configurations. Storage depth: upper limit set at 90 cm. Internal water storage depth: set to 70 cm. Underdrains: installed 100 mm above the bottom of the cell. Runoff collection: designed to receive 100% of runoff from sub-catchment impervious area.
	47–78% (event-based runoff volume). 99% (continuous simulation-based runoff volume)
	April 2005 to January 2017, all seasons

	Spraakman et al. (2020)
	Vaughan, Ontario
	Observation
	Silty and clayey sand
	83 mm
44 mm
	10-cm perforated pipe, 15-cm clear stone, permeable geotextile, silty sand
	100% (median volume)
	Spring, summer, and early fall for two years: 2013 to 2014 and 2017 to 2018

	Khalid (2021)
	Toronto, Ontario
	Simulation
	Silty loam and loam (hydraulic conductivity < 15 mm/h)
	2-, 5-, 10-, 25-, 50-, and 100-year storms of 6-, 12-, and 24-hour durations
	Area between 150–400 m2. Growing media depth 0.5–1 m. Gravel storage depth 0.3–0.4 m
	100% (runoff volume for 25-year storm). 89% (runoff volume for 100-year storm)
	no time consideration

	Li et al. (2021)
	Edmonton, Alberta
	Observation
	Silt loam or silty clay loam
	9.8–45.2 mm
	Different bioretention media, including loam soil and sandy loam soil, all include 4 cm of mulch, 25 cm of gravel at the bottom and an underdrain
	31–91% (runoff volume) with an average of 67%
	1.6 years, all seasons

	Fuamba (2022)	Montreal, Quebec
	Observation
	Silty clay soil with low hydraulic conductivity
	1.01–63.49 mm
	24 bioretention cells with 3.5 meters constant width and variable length. Inlet and outlet (overflow) sump, pre-treatment zone, different substrates, vegetation, and trees
	90% retention for over 80% of all rainfall events
	2018 to 2020, all seasons




Table SM-2.3. Continued.

	Study
	Location
	Study type
	Underlying soil type
	Rainfall
	BRC description
	Reduction
	Time period

	Spraakman et al. (2022)
	Vaughan, Ontario
	Observation
	Silty clay
	466 events between May-Nov of years 2018–2020
	30 m2 with a 9:1 drainage to BRC ratio, 0.4 m deep sand media covered with wildflowers & grasses, 10-cm diameter perforated pipe underdrain inside 15-cm deep clear stone layer
	97% (avg. volume of runoff for all events)
	May–November (2019); 
Aug–November (2018)

	Gougeon et al. (2023)
	Trois-Rivières, Quebec
	Simulation
	Silty clay soil (infiltration rate 1.3 mm/h)
	453 mm (8 months)
260 mm (7 months)
243 mm (7 months)
	Storage depth 75 mm. Soil thickness (sandy loam) 450 mm. Storage layer thickness 150 mm. Underdrain at the base
	33–70% (runoff resulting from rainfall and snowmelt)
	November–June, 2018 to 2021



Table SM-2.4. Summary of key features and findings compiled  from the Canadian studies on GRs.
	[bookmark: _Hlk154568654]Study
	Location
	Analysis type
	Rainfall amounts, events and their durations, and period of study
	Runoff  volume reduction
	Time period

	Bass et al. (2003)
	Ottawa, ON
	Modeling
	70 mm (24-h event)
	100%
	November 2000– September 2001

	
	Ottawa, ON
	Modeling
	1,025 mm (16-h event)
	29%
	

	
	Ottawa, ON
	Monitoring
	450 mm (6 months)
	54% of the total volume over the study period
	

	Liu and Minor (2005)	Toronto, ON
	Monitoring
	Continuous (May 2002– June 2003)
	57% on average and up to 100% for some events
	May 2002–March 2004, all seasons

	Van Seters et al. (2009)
	Toronto, ON
	Monitoring
	Monthly rainfall, on average < 90 mm per month
	Between 34–95% for different months
	May–November (2003), June–November (2004), April–August (2005)

	Roehr and Kong (2010)
	Kelowna, BC
	Modeling
	371 mm (average annual rainfall)
	100% reduction due to much drier climate
	1998, all seaons

	
	Vancouver, BC
	Modeling
	1,212 mm (average annual rainfall)
	Between 29-58% for different plant species over the entire period
	2006, all seaons

	Lundholm et al. (2010)
	Halifax, NS
	Monitoring
	10 mm events
	Between 57–77%
	May–August 2009

	Sims et al. (2016)
	London, ON
	Monitoring
	Small events (51 events, with <3 mm amount)
	94% on average
	March–November: 2013 and 2014

	
	
	
	Medium events (81 events, with 3–15 mm amount)
	77% on average
	

	
	
	
	Large events (28 events, with > 15 mm amount)
	43% on average
	

	
	
	
	All events
	76% on average
	

	
	Calgary, AB
	Monitoring
	Small events (51 events, with <3 mm amount)
	94% on average
	March–November: 2013 and 2014

	
	
	
	Medium events (81 events, with 3–15 mm amount)
	92% on average
	

	
	
	
	Large events (28 events, with >15 mm amount)
	58% on average
	

	
	
	
	All events
	90% on average
	

	
	Halifax, NS
	Monitoring
	Small events (51 events, with <3 mm amount)
	90% on average
	March–November: 2013 and 2014

	
	
	
	Medium events (81 events, with 3–15 mm amount)
	52% on average
	

	
	
	
	Large events (28 events, with > 15 mm amount)
	36% on average
	

	
	
	
	All events
	60% on average
	

	Hill et al. (2017)	Toronto, ON
	Monitoring
	May to October rainfall in years 2013  and 2014
	50–70% total reduction based on the irrigation setup used
	May–October: 2013 and 2014

	Cristiano et al. (2022)
	Waterloo, ON
	Modeling
	Daily rainfall for 38 years
	*up to 17% for dainly events over h95
	Spring and early summer (April–June)

	
	Vancouver, BC
	Modeling
	Daily rainfall for 79 years
	*up to 22% for dainly events over h95
	Winter (November–February)

	
	Montreal, QC
	Modeling
	Daily rainfall for 43 years
	*up to 25% for dainly events over h95
	Late spring and summer (May–August)

	
	Airdrie, AB
	Modeling
	Daily rainfall for 32 years
	*up to 18% for dainly events over h95
	Summer and early fall (July–September)

	Jahanfar et al. (2019)
	Toronto, ON
	Monitoring
	57 events (summer and fall 2016 and spring 2017)
	Between 57–62%
	August 2016–June 2017

	Talebi et al. (2019)
	Toronto, ON
	Modeling
	**518 mm (average annual rainfall)
	Between 32–48% for different plant types
	March–October: 2000 to 2006

	
	Vancouver, BC
	Modeling
	**535 mm (average annual rainfall)
	Between 23–35% for different plant types
	March–October: 2000 to 2006

	
	Halifax, NS
	Modeling
	**834 mm (average annual rainfall)
	Between 17–27% for different plant types
	March–October: 2000 to 2006

	
	Calgary, AB
	Modeling
	**362 mm (average annual rainafll)
	Between 37–53% for different plant types
	March–October: 2000 to 2006

	
	Regina, SK
	Modeling
	**307 mm (average annual rainfall)
	Between 47–61% for different plant types
	March–October: 2000 to 2006

	
	London, ON
	Modeling
	**665 mm (average annual rainfall)
	Between 24–38% for different plant types
	March–October: 2000 to 2003

	Almaaitah et al. (2022)	Toronto, ON
	Monitoring
	368 mm (several events)
	Between 47–63% overall reduction
between 78–83% over the fall season
between 95–100% over the summer season
	June–November 2021

	Saade et al. (2023)
	Toronto, ON
	Monitoring
	Small events (61 events, with <5 mm amount)
	Between 85–100%
	June–October 2023

	
	
	
	Medium events (21 events, with 5–20 mm amount)
	Between 55–100
	

	
	
	
	Large events (8 events, with > 20 mm amount)
	Not mentioned
	

	
	
	
	All events
	77%
	



*h95 is defined as the 95%-quantile of the non-zero rainfall time series of each location over the years analyzed
**A time discretization of one hour was used in simulations, conducted for an eight-month period from March 1st to October 31st for the years 2000–2006 for each location

Table SM-2.5. Summary of key features and findings compiled from the Canadian studies on PPs.
	Study
	Location
	Type of PP
	Underlying soil type
	Duration
	Maximum rainfall
	Maximum SIR
	Reduction in surface flow attributes
	Time period

	Van Seters et al. (2006)
	King Township, Ontario (observation)
	PICP
	Silty clay
	36 months
	34 mm
	Not mentioned
	60% less than conventional asphalt
	September–December 2005

	Huang et al. (2012)
	Calgary, Alberta
(observation)
	PICP
	Not specified
	3 months
	27 mm
	7,548 mm/h
	< 50% (peak flow)
	October 2011–March 2012

	Drake et al. (2014)
	Vaughan, Ontario
(observation)
	PICP
PC
	Clayey silt and silty clay till
	22 months
	52 mm
	57,000 mm/h (PC)
9,450 mm/h (PICP)
	43% (outflow volume)
>50% (peak flow)
	September 2010–June 2012

	Crookes et al. (2015)
	St. Catharines,
Ontario (observation)
	PC
	Not mentioned
	2 months
	42 mm
	Mean: 12,800 mm/h, Median: 14,900 mm/h
	46% (volume)
73% (peak flow)
	July–August 2014

	Huang et al. (2016)
	Calgary, Alberta
(observation)
	PICP
PC
PA
	Impermeable (0.58 mm/h)
	26 months
	27 mm
	7,548 (PICP)
112,886 mm/h (PC)
43,767 mm/h (PA)
	64.3% (PICP–peak runoff)
52.7% (PC–peak runoff)
59.5% (PA–peak runoff)
	October 2011–December 2013 

	Crookes et al. (2017)	St. Catharines, Ontario
(observation)
	PC
	Impermeable HDPE liner
	4 months
	42 mm
	24,800 mm/h
	46% (volume)
>50% (peak flow)
	July–November 2014

	Vaillancourt et al. (2019)
	Montreal, Quebec
(observation)
	PICP
	Low permeability soil (as low as 0.12 mm/h)
	12 months
	65 mm
	23,121 mm/h
	26–98% (runoff volume)
	September 2015–January 2016; June–December 2016; April –September 2017

	
	Montreal, Quebec
(simulation)
	PICP
	Low permeability soil (as low as 0.12 mm/h)
	96 months
	65 mm
	150 mm/h (arbitrary)
	30–65% (runoff volume)
6–45% (peak flow)
21–80% (flood duration)
	May–November: 2004 to 2011

	Aglida (2022)
	Quebec City, Quebec (observation)
	PP
	Sandy silt to silty sand
infiltration rate 26 to 61 mm/h
	24 months
	115 mm
	14,658 mm/h
	68–100% (runoff volume)
91–100% (peak low)
	May–October (2005, 2007, 2008, 2014, 2015, 2017); September 2020–October 2022
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Table SM-2.6. Summary of key findings on the stormwater management abilities of NBS combinations.
	Source
	
Study area
	Characteristics of storm events
	Stormwater management
	Time period

	
	
	Maximum rainfall intensity (mm/h)
	Duration (h)
	Return period (years)
	Runoff reduction
	Peak flow reduction
	

	Eckart et al. (2018)
	Windsor, Ontario
	40
	12
	5
	0.7–13%
	1–27%
	Oct 2012–Jan 2014 

	
	
	-
	-
	25
	0.6–10%
	1–26%
	

	
	
	-
	-
	100
	0.5–9%
	1–29%
	

	Joksimovic and Sander (2016)
	Toronto,
Ontario
	2
	22
	-
	53%
	57%
	7 months

	
	
	2
	16
	-
	52%
	43%
	

	
	
	3
	18
	-
	44%
	65%
	

	
	
	7
	16
	-
	33%
	14%
	

	Guay et al. (2024)	Boucherville, Quebec
	70
	2.3
	>2
	91%
	98%
	May–November: 2020 and 2021 





Table SM-2.7. Selected information about provincial flood mitigation programs in Canada.
	Program/Study
	Summary
	Funding
	Source

	Flood Risk Infrastructure Investment Program 
	Provides matching funds to communities for flood mitigation infrastructure.
	$500,000 per year
	Government of Nova Scotia (2023)
	Dyke Improvement and Reinforcement
	Funds dedicated solely to improve existing dykes to reduce flood risk in vulnerable communities.
	$2 million per year
	Government of Nova Scotia (2023)
	Programme de résilience et d’adaptation face aux inondations (PRAFI)
	PRAFI boosts flood safety, resilience, and ecosystem protection via flood management, hazard mapping, resilient infrastructure, and relocation.
	$270 million over 5 years (2021–2026)
	Gouvernement du Québec (2023)
	Ontario Community Infrastructure Fund
	Provincial funding for local infrastructure projects, including flood mitigation.
	$400 million in 2023
	Government of Ontario (2023a)
	Municipal Disaster Recovery Assistance
	Aid for municipalities after natural disasters, such as flooding or earthquakes.
	Varies
	Government of Ontario (2023b)
	Mitigation and Preparedness Program
	Assists municipalities in mitigating future disasters. Established for cost-shareable disasters with the federal government when a Disaster Financial Assistance (DFA) program is approved.
	Varies
	Government of Manitoba (2023a)
	Residential Flood Protection Subsidy
	Offers funding to DFA claimants who experienced basement flooding in spring 2022 for home flood protection equipment.
	Varies
	(Government of Manitoba 2022)
	Mitigation Funding
	Grant and funding opportunities available to individuals and Manitoba municipalities.
	$50 000 per project
	Government of Manitoba (2023b)
	Flood Damage Reduction Program (FDRP)
	FDRP aids municipalities in funding long-term flood mitigation initiatives through cost-sharing arrangements.
	$100 000 per project
	Government of Saskatchewan (2023)
	Alberta Community Resilience Program
	A grant program supporting flood and drought resilience projects. Eligible applicants include municipalities, First Nations, and others.
	Over $3 million per project
	Government of Alberta (2023a)
	Watershed Resiliency and Restoration Program
	Offers funding for projects enhancing watershed resiliency against floods and droughts. Open to municipalities and non-profit organizations.
	$3.5 million per year
	Government of Alberta (2023b)
	Fraser Valley Flood Mitigation Program
	A multi-year $20M program funded by the Government of BC for flood mitigation projects, including riparian and habitat restoration.
	$20 million (over several years)
	Investment Agriculture Foundation of British Columbia (2023)



