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Performance Evaluation of an Extensive Green Roof∗ 
 

Karen Liu, John Minor 
 

National Research Council of Canada / City of Toronto 
 
ABSTRACT 
 
This study aims to provide technical data on the performance of green roofs in the City of 
Toronto, and to illustrate their benefits in an urban context.  Two extensive green roof systems 
were installed on a community centre in Toronto.  Both systems contained the same 
components that differed in materials and designs.  The green roofs contained lightweight 
growing medium, 75 - 100 mm in depth, that supported a variety of vegetation.  The green roofs, 
and a reference roof, were instrumented to provide thermal performance and energy efficiency 
data, as well as runoff measurements.  Although the vegetation was not well established in the 
first year of monitoring, nevertheless, the extensive green roofs reduced the building’s energy 
demand by lowering the heat flow through the roof, especially in the summer.  The green roofs 
were shown to be effective in delaying and reducing stormwater runoff and the retention 
efficiency depended upon the characteristics of the rain event (intensity and amount) and the 
wetting history of the growing medium.  Preliminary observations and membrane temperatures 
recorded also suggest that green roofs could likely improve membrane durability by reducing 
heat aging, thermal stresses, ultra-violet radiation and physical damages. 
 
Background of the Study 
 
The City of Toronto, Ontario, is the largest municipality in Canada, with a population of about 
2.5 million.  Like other urban centres in North America, Toronto is facing various environmental 
challenges including poor air quality, urban heat island effects and stormwater management 
issues.  The City of Toronto is committed to make the city “clean, green and healthy”.  It has 
established a Roundtable on the Environment, which serves as a forum for information sharing, 
idea exchange, and the promotion of innovation on environmental sustainability. One of the 
main issues is to examine the benefits of green roofs to the City and discuss policies and 
incentives to encourage green roof implementation in the city. The City initiated a 2 year study 
in 2004 (“Municipal Cost Savings Benefit of Green Roofs”) to examine the quantifiable 
environmental and social benefits particular to the local environment and climate. 
 
In 2002, the National Research Council and the City of Toronto collaborated to conduct a multi-
year study on green roof technology, with additional financial support from the Technology Early 
Action Measures (TEAM) and the Great Lakes Sustainability Fund.  The main objective of the 
project  is to provide local thermal and stormwater runoff data to assist with the evaluation of 
potential benefits of green roof technology in  the City of Toronto.  In this study, the National 
Research Council instrumented an extensive green roof on the Eastview Neighbourhood 
Community Centre in Toronto to quantify its thermal performance . The City of Toronto installed 
magnetic flowmeters to measure the roof runoff. Stormwater quality was not tested during this 
phase of work.  This paper will discuss the initial observations and findings of this study. 
 
Experimental Method 
 
                                                 
∗ Part of the paper has been submitted to the SB05 Conference to be held in Tokyo, Japan, September 2005 



The Eastview Neighbourhood Community Centre is situated in a neighbourhood of low-rise 
residential and commercial buildings, in the City of Toronto.  The green roof was established on 
top of the gymnasium, which has a low slope industrial roof.  The 460m2 roof area was divided 
length-wise into two sections where two extensive green roof systems were installed.  The roof 
of the adjacent mechanical room was used for reference purpose. 

 

The green roof installation was done in several stages due to administrative logistics.  Various 
sensors were first embedded in the roofing systems in May 2002.  The green roof systems were 
then installed in late July 2002 and sowed with seeds.  Due to slow plant growth, the vegetation 
coverage was low (about 5%) during the first year of monitoring.  The data will provide a 
baseline comparison for future analysis when the plants have established higher foliage density. 

 

The roofs of the gymnasium and the adjacent mechanical room (Reference Roof) consisted of 
steel deck, gypsum board, vapor retarder, thermal insulation, fibreboard and modified 
bituminous membrane.  Green Roof System G consists of a composite semi-rigid polymeric 
drainage and filter mat and a root-anchoring mat.  It has 100 mm of lightweight growing medium 
containing small light-colored granules.  Green Roof System S consists of expanded 
polystyrene drainage panels and a geotextile filter fabric.  It has 75 mm of lightweight, dark-
colored growing medium containing porous ceramic granules. 

 

The three roof sections were instrumented to measure the temperature profile within and heat 
flow across the roofing system, microclimate created by the vegetation and stormwater runoff.  
A weather station was installed on the rooftop to monitor atmospheric conditions.  The roof 
drainage system was retrofitted such that runoffs from the three roof sections are directed into 
individual magnetic flowmeters for measurement.  All sensors were connected to a data 
acquisition system, which can be remotely accessed via a modem, for continuous monitoring.  
Figure 1 shows the major components of the roofing systems and the instrumentation locations.   

 

 

Figure 1 Schematics showing the principle components and the sensor locations within 
the roofing systems: Green Roof S, Reference Roof and Green Roof G. 
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Results and Findings 
 

Thermal data collection started in May 2002; stormwater data collection started in March 2003. 
Note that the vegetation coverage was minimal during the observation period, therefore the 
thermal and stormwater runoff performance observed was due mainly to the growing medium. 

 The network of thermocouple measured the temperature profile while the heat flux transducers 
(HFT) recorded the heat flow across the roofing systems.  The HFT were calibrated such that a 
positive reading represents heat entering the building while a negative reading shows heat 
leaving the building.  The heat flow across the roofing system depends on the thermal 
performance of the roofing system, and other factors such as the difference between indoor and 
outdoor temperatures, snow coverage and solar radiation.  

 

Temperature and Heat Flow Profile Examples 
Summer:  Figure 2 shows the temperature and heat flow profiles within the roofing systems on 
a typical summer day.  The roof membrane on the Reference Roof absorbed solar energy and 
its temperature rose to 66°C at around 14:00 (Figure 2b).  The green roofs significantly lowered 
the roof membrane temperature and delayed the peak (Figure 2c-d).  The roof membrane 
temperature peaked at 38°C at 18:30 for Green Roofs S and 36°C at 19:30 for Green Roof G.  
Figure 2e-f show the heat flow across the roofing systems.  Heat started to enter the building 
through the Reference Roof not long after sunrise (around 06:00), reaching a maximum 
intensity of about 15 W/m2 and continued until the evening before sunset (around 18:00), at 
which time heat gain changed to heat loss.  The Green Roofs significantly reduced the heat flow 
(both gain and loss) through the roofing systems to a peak intensity of less than 2.5 W/m2.  Note 
that both Green Roofs lost heat in the morning and did not start to gain heat until the afternoon.  
The green roofs had effectively delayed/reduced heat transfer through the roofing systems. 

Green Roof G has deeper and lighter coloured growing medium (100 mm) than Green Roof S 
(75 mm).  The temperature of the growing medium in Green Roof S rose higher and more 
quickly (Figure 2c-d).  Heat flow data confirmed that Green Roof G exhibited slightly lower heat 
gain/loss across the roofing system than Green Roof S (Figure 2e-f).  Since there was little 
contribution from the vegetation, these observations indicate that the deeper growing medium in 
Green Roof G improved the thermal performance of the green roof system in the summer. 

 

Winter:  Figure 3 shows the temperature profile within the roofing systems on a typical winter 
day with light snow coverage (less than 25 mm).  The roof membrane temperature on the 
Reference Roof was stable at around 0°C throughout the day (Figure 3b).  The growing media 
in the two green roofs were frozen, as indicated by the growing medium temperature (E4 and 
E5) (Figure 3c-d).  Note that the indoor temperature under the Green Roofs was cooler in the 
early evening but warmer during the day, due to the operational needs of the gymnasium 
compared to the more stable indoor temperature in the mechanical room under the Reference 
Roof.  Figure 3e-f shows the heat flow across the roofing systems.  All three roof sections lost 
heat throughout the day.  The Reference Roof lost heat at a relatively steady rate of about 8 –
 9 W/m2 due to the snow coverage.  The Green Roofs reduced the heat loss from the building to 
about 6 – 8 W/m2.  Note that the slight increase in heat loss during the day was due to the 
increase in indoor temperature due to the operation of the gymnasium under the green roofs. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Temperature and heat flow profiles of the roof sections on a typical summer day 
(June 26, 2003).  Refer to Figure 1 for locations of sensors.  Note that the 
temperature scale of the green roofs have been expanded for clarity in (c) and (d). 

 

Although Green Roof G has deeper growing medium (100 mm) than Green Roof S (75 mm), the 
growing medium was frozen and did not contribute extra insulation to the roofing system in the 
winter.  However, the polystyrene drainage panel in Green Roof S provided extra insulation 
value compared to the semi-rigid polymeric drainage mat in Green Roof G, as indicated by the 
roofing membrane temperatures: 4°C and 2.5°C for Green Roof S and Green Roof G, 
respectively.  Heat flow data confirmed that Green Roof S lost less heat compared to Green 
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Roof G – at a rate of 1 W/m2 consistently throughout the day, again confirming the insulation 
value of the polystyrene drainage panel in Green Roof S. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 3 Temperature and heat flow profiles of the roof sections on a typical winter day with 
light snow coverage of less than 25 mm (January 5, 2003). 

 
Temperature and Energy Statistics 
Membrane Temperature and Diurnal Fluctuation:  Figure 4 shows the daily temperature 
extremes experienced by the roof membrane under the Green Roofs in the first year of 
monitoring.  Before the green roofs were installed (later July 2002), the exposed roof membrane 
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absorbed solar energy during the day and its temperature rose.  The daily maximum membrane 
temperature reached over 70°C for Green Roof S (light grey coloured membrane), and close to 
80°C for Green Roof G due to the dark coloured membrane.  After the green roof systems had 
been installed, the daily maximum membrane temperature dropped significantly – by about 
30°C for Green Roof S (light coloured) and about 40°C for Green Roof G (dark coloured). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Daily maximum and minimum membrane temperatures on the green roofs.  The 
green roofs were installed late July 2002, as marked by the dotted line on the graphs. 

 

The green roofs also reduced the difference between the daily maximum and minimum 
temperatures (the diurnal temperature fluctuation) experienced by the roof membrane: from 
over 50°C to about 10°C, after green roof installation in late July during summer 2002 (Figure 
4).  High temperature accelerates the ageing process while diurnal temperature fluctuations 
create thermal stresses in the roof membrane, thus affecting its long-term performance.  The 
green roofs reduced the temperature and fluctuations experienced by the roof membrane, thus 
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contributing positively to its durability.  The daily membrane temperature extremes were minimal 
in the winter due to snow coverage. 

 

Heat Flow and Energy Demand:  Assuming the temperature inside the building was to be kept 
constant, then any heat flow between a building and its environment creates energy demand for 
space conditioning.  Therefore, the energy demand for space conditioning due to the roof can 
be estimated by the sum of the heat entering and leaving through the roof.  The heat flow 
through the roof was obtained by integrating the heat flux over time or computing the area under 
the heat flux curve (kWh/m2/day).  The daily heat flow through the roof section was further 
averaged over each month to smooth out day-to-day variations. 

The normalized average daily heat flow through the roof sections over the observation period 
are summarized in Figure 5.  Note that the roof membranes on the three roof sections were 
bare during May – July 2002 before the green roofs were installed.  The Green Roofs 
consistently reduced the average daily heat flow through the roof throughout the year – more in 
the summer (70-90%) and less in the winter (10-30%).  This again confirmed that extensive 
green roofs could improve the energy efficiency of the roofing system, particularly effectively in 
reducing heat gain in the summer.  In the first year of monitoring, the green roofs reduced the 
total annual heat gain through the roof by 95% but the heat loss by only 23%. 

 

 

Figure 5 Comparison of the average daily heat flow through the green roofs and reference 
roof.  Note that the green roofs were installed late July 2002 (BI = before installation 
of green roof, AI = after installation of green roof). 

 

Green Roof G was more effective in reducing heat gain in the summer.  Green Roof G has a 
deeper growing medium (100 mm) compared to Green Roof S (75 mm).  Figure 5 shows that in 
the warmer months (August – September, 2002 and May – June 2003), the heat flow through 
Green Roof G was slightly less (about 3%) less than Green Roof S.  The extra growing medium 
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Figure 6    Piping and MAGmeter layout

provided higher insulation, thermal mass and retention of moisture for evaporative cooling to 
reduce heat gain in the summer. 

Green Roof S was more effective in reducing heat loss in the winter due to the extra insulation 
value of the expanded polystyrene drainage panel.  Figure 5 shows that in the colder months 
(October – April, 2002), the heat flow through Green Roof S was less (about 10%) than Green 
Roof G.  The insulation value of the growing medium diminished as it became frozen in the 
winter but the expanded polystyrene drainage panel in Green Roof S provided extra insulation 
and improved the system’s energy efficiency in the winter. 

Note that the analysis was based solely on heat flow through the roofs; it did not take into 
account of heat flow through the other parts of the building envelope (e.g. walls and windows), 
which could contribute a much higher fraction of the energy demand of the whole building.  Also, 
the actual dollar saving depends on the type and efficiency of the heating and cooling 
equipment and the heating/cooling distribution systems, which are building specific. 

 

Stormwater Runoff Monitoring 
 
Drainage pipes from the three roof plots were separated from each other under the roof deck. 
All  three pipes ( original 6 inch for each of the 200 m2 test plots; 4 inch for the 100 m2  control 
roof) were diverted to the adjacent mechanical room where individual flow meters were installed 
in each pipe (Figure 6).   
 
The flow meters chosen for this application were 
magnetic induction instruments (MAGmeters). They 
provided minimal flow restriction compared to positive 
displacement meters, and provided an output signal 
of 4-20ma current loop which was fed to a data 
acquisition system. Rainfall was measured using a 
“tipping-bucket” rain gauge mounted between the two 
test plots.  All data was collected and recorded on a 
1-minute time interval. 
 
The sizing of the MAGmeters was conservatively 
chosen to provide maximum resolution at low flows, 
yet avoid peak flow restrictions, which might cause 
back-ups and ponding on the roof. Each test plot 
received a 3” Endress and Hauser ‘Promag’ meter 
having a maximum flow of 100 US gal/min. The 
smaller control roof received a 2½” Promag meter 
having a maximum flow of 50 US gal/min.  Post 
installation calibration verified the accuracy to be 
better than ± 2%.  
 
The maximum flow rate measured over a two year 
time period never exceeded 28.5 US gal/min for either size of meter (maximum rainfall intensity 
measured was 12.2 mm/5 min interval). No restrictions, blockages or back-ups were detected.  
It was concluded that in the future, the meter size could be safely reduced for the test plots to 
achieve improved low flow accuracy. 
 



Stormwater Runoff  Results 

 
A reduction in runoff volume and/or runoff flow rate from the test plots, compared to the control 
roof, was expected. Such reductions could benefit stormwater management on both a lot-level  
and on a municipal sewershed basis. 
 
Flow volumes, from both test plots, provided an average annual reduction of 57% compared to 
the control roof.  
 
Maximum volume reduction (on an event by event basis) occurred during summer months when 
100% reduction was achieved for certain rain events that totalled less than 15mm , and that 
were preceded by six days of dry weather. Both test plots behaved similarly during these 
conditions, however, the SOUTH plot (Roof S) exhibited less of a reduction as the interceding 
dry period became shorter. During the typically wet spring and fall conditions, the NORTH plot 
(Roof G) consistently exhibited a reduction in volume, while the SOUTH plot (Roof S) 
periodically saturated and responded similar to the control roof. This may be the result of the 
thinner growing medium on the SOUTH plot (Roof S). 
 
Flow rates, from both test plots, were significantly reduced during all seasons compared to the 
control roof. Flow rates  from the test plots during summer (Figure 7) typically showed a lag time 
(detention time) of 20 to 40 minutes, with a calculated peak flow rate reduction of 25% to 60% 
(when adjusted on a per m2  basis). 
 

 
 Figure 7 Typical SUMMER  Flow Rate Response to an 18.8 mm rain event following 10

days of dry weather . Note that the Y axis shows the runoff in US gal/minute;
the rainfall is shown as mm  (accumulated). 



During late fall conditions (Figure 8), flow rates from the test plots showed a shorter lag time 
compared to summer.  As the green roof media became saturated, the response rates behaved 
similar to the control roof. The peak flows rate reductions were not as dramatic, compared to 
summer conditions, but still exhibited a calculated peak flow rate reduction of 10% to 30% 
(when adjusted on a per m2  basis). 
 
 

 

 
Conclusions 
 

Monitoring of two in-service extensive green roofs in Toronto showed that green roofs are 
effective in reducing heat flow through the roofing system, thus lowering the energy demand for 
space conditioning in the building.  Although the vegetation coverage was minimal during the 
first year of establishment, the two green roof systems, with 75-100 mm of lightweight growing 
medium, reduced the heat flow through the roof by 70-90% in the summer and 10-30% in the 
winter.  Green Roof G was more thermally effective (about 3% extra) in the summer due to its 
deeper and lighter coloured growing medium.  However, Green Roof S was more thermally 
effective (about 10% extra) in the winter due to the extra insulation value of its component.  The 
green roofs also reduced the maximum roof membrane temperature in the summer by more 
than 20°C and daily temperature fluctuations experienced by the roof membranes by about 

Figure 8 Typical late FALL Flow Rate Response to a 15.0 mm rain event  following 7
days of stormy weather with multiple small rain events. Note that the Y axis
shows the runoff in US gal/minute; the rainfall is shown as mm (accumulated).



30°C.  These reductions will lower the ageing and thermal stresses associated with temperature 
fluctuations, thus contributing positively to membrane durability. 

Monitoring the stormwater runoff characteristics of the two test plot green roofs has shown that 
a significant reduction in both runoff volume and rates of flow can be achieved compared to the 
control roof. The Green Roof G response was more consistent throughout all seasons, 
compared to the Green Roof S, however both extensive green roof systems provided 
measurable reductions throughout the year. The annual average reduction in volume of 57% is 
a significant reduction when viewed as a lot-level control.  The reductions of peak flow and 
detention time may provide some sewershed benefits in the form of reduced infrastructure 
capacity needs.  Evaluating sewershed benefits will require intensive stormwater modelling in 
the future. 
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