
Engineer ing  Vegetated Roof  Systems to  Opt imize  Stormwater  
Management  Webinar  (1  hr )

Learning Objectives

1. The distinction between stormwater retention and detention 
2. The importance of detention in urban centres 
3. Existing roof top technologies 

4. Using biomimicry to re-engineer vegetated roofing system 
5. Collaboration: Landscape Architects, Architects, Civil Engineers

STEP Webinar Series 2022-03-24



Why is stormwater 
management (SWM) 

important?

Green roof overview

Green Roof’s SWM abilities:
• Retention: Rain volume reduction
• Detention: Peak flow delay & reduction

Recap

Alvin Curling Public School, Scarborough, ON



Green Roof 
Buildup

Climate Data

Evaporation & Runoff

Water Stress

https://www.purple-roof.com/model



Urban stormwater challenges



Rural - Natural Ground Cover

40% evapotranspiration

10% 
runoff

25%  shallow 
infiltration 25%  deep 

infiltration

35% evapotranspiration

30% 
runoff

20%  shallow 
infiltration 15%  deep 

infiltration

Suburban - 35-50% Impervious Surface Urban 75 - 100% Impervious Surface

30% evapotranspiration

10%  shallow 
infiltration 5%  deep 

infiltration

55% 
runoff

Urban stormwater challenge: 
Imperviousness 



Urban stormwater challenge: 
Aging infrastructure



Combined Sewer Overflow (CSO)



Mississauga: (2016) Single family: Five tiers of billing units based on roof area. Stormwater rate ($108.20) x 
stormwater billing units. Multi-residential and non-residential: hard surface individually assessed. 

Brampton: (2020) Single family: Five tiers of fees based on roof areas ($45-160). Multi-family and non-
residential: hard surface measured directly. $89.00 x every 234 m2 of hard surface.

Newmarket: (2017) Size of the property (m2) x runoff level group rate ​($0.016 - ​$0.082). 

Aurora: (1998) Tiered flat rates. Residential: $5.44/month. Non-residential: $69.0/month Expected to double in 
next 10 years.

Toronto: None currently, however a charge for parking lot owners is being considered. 

Stormwater charges
Property taxes → water bill



Green Roof

Permeable
Pavement Rain Barrel

Rain Garden

Stormwater 
Planter

Rainwater
Storage Tank

Storm Drain

Living
Wall



Why Vegetated Roofs?

1. Manage rain where it falls (source control)

2. Rooftop are untapped real estate



Land Area of Toronto: 63,175 ha
Building Roof Area: 13,478 ha (21%)?????



Storm Water Management benefits:

1.   Runoff volume reduction

2.   Peak flow delay & reduction



Additional environmental benefits

• Reduce energy demand
• Mitigate urban heat island
• Extend roof membrane life
• Improve air quality
• Enhance biodiversity
• Amenity space



Why is stormwater 
management (SWM) 

important?

Green roof overview

Green Roof’s SWM abilities:
• Retention: Rain volume reduction
• Detention: Peak flow delay & reduction

Recap

Broadway Tech Centre, Vancouver, BC



50 kg/m2 (10 psf) 100 kg/m2 (20 psf) 150 kg/m2 (30 psf) 200+ kg/m2 (40+ psf)

Weight

new

7.5 cm 15 cm 20 cm0
(3”) (6”) (8”)Growing medium depth

Extensive Semi-intensive Intensive

Vegetated Roof



Typical Components

Growing 
substrate 

Plants

Edging

Filter

Drainage

Root protection  

Edge restraint 

Engineered GM 

Water retention 
layer













Why is stormwater 
management (SWM) 

important?

Green roof overview

Green Roof’s SWM abilities:
• Retention: Rain volume reduction
• Detention: Peak flow delay & reduction

Recap

Golf Park Maisonneuve, Montreal, QC



VOLUME REDUCTION



How Green Roofs Perform Retention 
(wetting cycle) 

Excess runoff
to roof drain



Evapotranspiration

How Green Roofs Perform Retention 
(Drying cycle) 



How can retention be improved? 



Water storage capacity comparison 
(normalized to 25 mm / 1” thickness)
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Lightweight water storage layer



Water storage layer 
provides enhanced 

retention







Typical green roofs 

PRO – Retention: Volume reduction

PRO – Additional environmental benefits

CON – Do not retain SW when already wet.

CON – Dependant on dry weather to “recharge”    
in order to handle the next rain event











Why is stormwater management 
(SWM) important?

Green roof overview

Green Roof’s SWM abilities:
• Retention: Rain volume reduction
• Detention: Peak flow delay & reduction

Recap

Private residence, White Rock, BC



PEAK FLOW DELAY & REDUCTION





TIME (min)
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(l/
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Detention –
Peak Flow Delay

Detention –
Peak Flow Reduction

RAIN
RUNOFF Detention: 

water still comes out but at a 
lesser rate over a longer time



Toronto received 100mm ra in  in  2  hrs (Aug 7 ,  2018)

TIME
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STORM SEWER CAPACITY
peak > capacity => flood

peak < capacity => fine

Detention is key to stormwater management

RUNOFF

DETENTION



• Frees up real estate

Storage Tank

PRO – Detention (run off delay) 

PRO – Volume reduction 

PRO – Additional environmental benefits

PRO – Frees up real estate

CON – Clogging 

CON – Uses up valuable real-estate 

CON – Serves only one purpose 

CON – Rooftop personnel safety

CON - Diseases

CON – 0% slopeUnderground Storage Tank 



Storage Tank Blue Roof

PRO – Detention (run off delay)  

PRO – Volume reduction 

PRO – Additional environmental benefits

PRO – Frees up real estate 

CON – Clogging  

CON – Uses up valuable real-estate 

CON – Serves only one purpose 

CON – Rooftop personnel safety 

CON - Diseases 

CON – 0% slope Blue Roof



Storage Tank Blue Roof Bioswale

PRO – Detention (run off delay)   

PRO – Volume reduction  

PRO – Additional environmental benefits 

PRO – Frees up real estate 

CON – Clogging   

CON – Uses up valuable real-estate  

CON – Serves only one purpose 

CON – Rooftop personnel safety 

CON - Diseases 

CON – 0% slope Bioswale



Storage Tank Blue Roof Bioswale Blue-Green Ponding Roof

PRO – Detention (run off delay)    

PRO – Volume reduction   

PRO – Additional environmental benefits  

PRO – Frees up real estate  

CON – Clogging    

CON – Uses up valuable real-estate  

CON – Serves only one purpose 

CON – Rooftop personnel safety 

CON - Diseases 

CON – 0% slope  Blue-Green Roof



Partitions

Pond Depth 
(mm)

Roof Length 
(m)

Roof Width 
(m)

Roof Slope 
(%)

Storage 
Volume (m3)

Storage 
Efficiency (%)

50 7 10 0 3.50 100

50 7 10 1 1.25 36

50 7 10 2 0.62 18

Pond Depth 
(mm)

Roof Length 
(m)

Roof Width 
(m)

Roof Slope 
(%)

Storage 
Volume (m3)

Storage 
Efficiency (%)

100 7 10 0 7.00 100

100 7 10 1 4.55 65

100 7 10 2 2.50 36

0% Slope

Blue Roofs need 0% slope for efficiency 

2% Slope (not to scale)



Biomimicry 

A vegetated roof that emulates friction in nature
(tall reeds, plants, leaves on a forest floor)

Is there a more efficient solution?



Blue meets (smart) Green

Retention 

Detention

Substitute the typical free-flow
drainage mat for a “friction“ layer that

slows water flow. 

Friction Detention Green Roof



Friction Detention Green Roof

A “friction” layer or 
“detention mat” has thousands of 
vertical fibers that slow water flow. 



Blue-Green (Friction) Roof

Storage Tank Blue Roof Bioswale Blue-Green 
Ponding Roof

Friction Detention 
Green Roof

PRO – Detention (run off delay)     

PRO – Volume reduction    

PRO – Additional environmental benefits   

PRO – Frees up real estate   

PRO – Smaller/Irregular shape roofs 

CON – Clogging    

CON – Uses up valuable real-estate  

CON – Serves only one purpose 

CON – Rooftop personnel safety 

CON - Diseases 

CON – 0% slope  



Runoff Hydrographs of Different Profiles

Data Source: Green Roof Diagnostics
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Collaboration between disciplines
Civil Engineering • Architecture • Landscape Architecture



Collaboration between disciplines
Civil Engineering • Architecture • Landscape Architecture



Why is stormwater 
management (SWM) 

important?

Green roof overview

Green Roof’s SWM abilities:
• Retention: Rain volume reduction
• Detention: Peak flow delay & reduction

Recap

Charles P. Allen High School, Bedford, NS



Key Takeaways
Green roof manages runoff via 2 key mechanisms – retention & detention

• Retained water does not become runoff 
• Important for plant survival and annual 

volume reduction

• Unreliable – depends on weather 
to dry out and recharge

• Detained water does runoff, only 
later and at lesser rate

• Important for SWM in individual 
extreme storm events

• Reliable – delay mechanism built 
into the system



Key Takeaways

TIME
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O

W
 R
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E 

RUNOFF

STORM SEWER CAPACITY

DETENTION

peak > capacity => flood

peak < capacity => fine

Detained water still 
comes out but at a 
lesser rate over a longer time

Detention is key to stormwater management



Storage Tank Blue Roof Bioswale Blue-Green Roof Friction-Detention Green Roof

PRO – Detention (run off delay)     

PRO – Volume reduction    

PRO – Additional environmental benefits   

PRO – Frees up real estate   

PRO – Smaller/Irregular shape roofs 

CON – Clogging    

CON – Uses up valuable real-estate  

CON – Serves only one purpose 

CON – Rooftop personnel safety 

CON - Diseases 

CON – 0% slope  

Key Takeaways
Friction Detention Green Roof stood out among detention tools



Questions?



Technical advice, 
design and planning 

Budgetary estimates 
and quotes

Certified installer 
training

Single source 
solutions – one stop 

shop

Coordinate delivery 
of all products to site

Supervise, inspect 
and review final 

installation

Warranty

THANK YOU!
Karen Liu – Green Roof Specialist karen@nlsm.ca 604-396-5772

James Weldon – Technical Sales Representative James@nlsm.ca 647-290-4460

Alpine Meadow LiteN’LessTM StormCapTM StormCapTM+Detention

mailto:James@nlsm.ca
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