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ABSTRACT 

 
 

Ecosystems as Models for Plant Selection on  
Extensive Green Roofs in Southern Ontario 

 
 
 
Mathis Natvik       Advisor: 
University of Guelph, 2012      Professor Karen Landman 

 

 

 

Research on green roofs has shown their potential to moderate stormwater runoff and excessive 

heat in large cities.  This has supported the implementation of a bylaw in Toronto, Canada which 

mandates large scale green roof construction.  However, designers lack knowledge on 

appropriate plant selection for local green roofs.  European research has demonstrated that 

healthy plant cover can significantly improve stormwater capture and cooling on green roofs.  

This thesis employed two methodologies to select native plants suitable for green roofs.  Plants 

species were first identified from Ontario ecosystems with conditions similar to extensive green 

roofs including alvars, rock barrens, talus and cliffs.  Secondly, plant surveys of existing 

extensive green roofs in Toronto and other southern Ontario locations to discover plant species 

already in use.  Formal testing of the plant species generated from both methodologies can 

eventually provide designers with knowledge of dependable plant assemblages for extensive 

green roofs in Toronto. 
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Chapter One: Introduction 

1.1 Research Need  

 The past decade has brought a significant increase in green roof construction in the 

Greater Toronto Area.  This can be attributed in part to the multiple community and building 

benefits that green roofs provide.  In addition there have been financial incentives and a green 

roof by-law that mandates green roof construction on certain building types in Toronto.  Toronto 

has been a leader in the green roof field as the City has made an organized effort to promote 

green roofs (Currie and Bass, 2010).  These efforts include green roof demonstration projects on 

city buildings, grants, and the aforementioned green roof bylaw (City of Toronto, 2009a). Given 

that the green roof industry is a growing field in southern Ontario, it is important that landscape 

architecture’s role in this form of “living architecture” is evidence based and appropriately 

customized to southern Ontario ecosystems.  This thesis will contribute to the necessary evidence 

base by taking a two pronged approach to answering the question “what plants are best suited to 

southern Ontario green roofs?” After a brief review of the literature, the thesis will explore the 

application of the Ecological Land Classification (ELC) system to green roof plant selection. The 

second approach to answering the question posed by this thesis is to survey plant populations on 

a series of existing extensive green roofs in southern Ontario.  Observations from these case 

studies will be combined with the ELC generated plant list to create a final list of plants 

recommended for further study with regard to applications.  

1.2 Green Roof Types 

 Green roofs are variable in their construction and fall into two main classifications: 

intensive and extensive.   Extensive green roofs (EGRs) are characterized by thin layers of 

growing medium (less than 15cm) that support drought tolerant vegetation.  An EGR has broader 
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application potential for construction, due to light weight.   EGRs require minimal irrigation, 

fertilizers, and weeding inputs when compared to IGRs and at grade gardens (FLL, 2010)   The 

potential wide scale application of EGRs offers a variety of environmental benefits for 

municipalities such as Toronto  including the mitigation of urban heat island effect and storm 

water discharge (Bass and Currie, 2010).  At a site scale, EGRs reduce thermal heat gain from 

roofs with a secondary reduction in energy use for air conditioning.  Extensive green roofs also 

have been shown to extend the life span of roof membranes (Bass and Baskaran, 2003; Banting 

et al., 2005; Bass et al., 2005). 

  

Figure 1.1 An EGR at Wellington County Housing in Fergus, Ontario with Penstemon hirsutus in 
bloom on June 18, 2011. 
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 Intensive green roofs (IGRs) are characterized by pedestrian access, deep soil beds, 

paving elements, water features, and diverse vegetation that may include trees, shrubs, and large 

perennials.   The significant weight of IGRs makes them feasible only on buildings with heavily 

reinforced frames of steel and concrete (Osmundson, 1999; Cantor, 2008).  Nathan Philips 

Square in Toronto, built on the roof of a parking structure, is an example of an IGR.   This IGR is 

unrecognizable as a green roof to most park users because it is situated at grade.  This green roof 

includes concrete pavers, trees, shrubs, perennials, and large water feature (Dunnett and 

Kingsbury, 2008).  The courtyard garden on the Toronto Sheridan Centre Hotel is more 

recognizable as an IGR, which is a third storey accessible garden including paths using concrete 

pavers, trees, shrubs, perennials, large boulders, and a water fall.  Semi-intensive green roofs are 

a hybrid between IGRs and EGRs.  They have mostly extensive vegetation layouts combined 

with light weight elements for human access such as decking, seating, small planters, and 

decorative items (Cantor, 2008).   

 
 
Figure 1.2 A semi-intensive green roof in Toronto, the Central YMCA with Coreopsis lanceolata, 
Nepeta racemosa, Onethera fruticosa ssp. glauca, and various Sedum in bloom on June 26, 2011. 
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1.3 Ontario’s First Green Roofs 

 Having gained significant momentum in only the last decade, EGRs in Ontario are a 

recent trend as compared to northern Europe. The early days of EGR construction in Ontario saw 

the emergence of a series of projects in Toronto and nearby cities.  Only a small number of 

pioneering EGR projects exist from the 20th century, with most being small-scale, isolated 

residential or institutional applications. One example is the EGR found at a YMCA Camp 

located north of Waterloo. This roof was designed by Architect, Charles Simon, a Canadian 

green roof pioneer (Simon, 2010).  Early EGRs in Ontario were custom designed as green roof 

systems were not commercially available.  The first EGR constructed in Ontario using 

commercially available green roof components is found at Mountain Equipment Coop (MEC) 

located at 400 King Street West in Toronto.  The MEC green roof was designed using an EGR 

system provided by Soprema Canada, the Canadian branch of a France-based manufacturer. This 

roof was planted in 1999 with a mix of non-native Sedum species and native meadow species 

known to be drought tolerant in gardens (Robinson, 2007). 

 
 
Figure 1.3 Toronto’s first commercial EGR, Mountain Equipment Coop with Desmodium 
canadensis, and Rudbeckia hirta in bloom in August, 2007 (note that this roof is irrigated). 
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 The larger scale adoption of EGRs in the City of Toronto was prompted by key research 

conducted by Ryerson University and the University of Toronto.  In 2004, the City of Toronto 

commissioned Ryerson University to study the potential benefits of green roofs for the city.  This 

study estimated substantial positive effects from green roofs such as storm water mitigation, 

reduction of peak energy demand, mitigation of the urban heat island effect, and a reduction in 

particulate air pollution (Banting et al., 2005).  Based on this study’s estimates of potential cost 

savings for the municipality, the City of Toronto proceeded by installing demonstration green 

roofs on buildings such as at Toronto City Hall. Accompanying the demonstration roofs was the 

Green Roof Pilot Program which provided green roof grants to private building owners in 2006-7 

(Currie and Bass, 2010).  The subsequent “Eco-roofs Grant” program was implemented in 2008 

and provided financial assistance to larger commercial and institutional-scale green roofs.   More 

recently, a Green Roof Standard and Green Roof Bylaw were implemented and became effective 

in 2011.  The Green Roof Standard sets out design requirements for green roofs while the Green 

Roof Bylaw mandates green roofs on many forms of new construction in the city (City of 

Toronto, 2009a).   Neither of these documents provides specific details for the establishment of a 

broad range of native plants that are appropriate for EGR application, and specify that planting 

density is required to be a minimum of 11 plants per m2

1.4 Toronto Green Roof Bylaw 

.           

 Toronto’s Green Roof Bylaw is a first of its kind for North America (Currie and Bass, 

2010).  If maintained and abided by, this bylaw will mandate the construction of green roofs at a 

scale not yet seen in North America.  Toronto’s Green Roof Standard provides a standard for 

green roof construction using the Ontario Building Code (OBC) as a template.  However, when 

compared to the German green roof standard found in the that country’s landscape architecture 
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guidelines, the FLL,  and the ASTM green roof standard out of the United States, the Toronto 

standard provides much less detail.  This is particularly true with regard to growing medium and 

plant selection criteria.  This may reflect the fact that most EGR research in Ontario has dealt 

with issues relating to building performance, engineering, and broader scale environmental 

benefits.  This author is aware of little published research on long term plant ecology for 

extensive green roofs in Ontario generally and the GTA specifically. Research on a series of 

mature green roofs by the University of Toronto found that most plant species surveyed in the 

study were not in the original design (Hahn, 2009).  The research green roof at Ryerson 

University has provided much of the initial data for physical aspects green roof research in 

Toronto such as on stormwater and heat transfer.  However, the role of how vegetation can affect 

green roof performance has not been the focus of the study (Banting at al., 2005).  With the scale 

of green roofs expected to be built in Toronto, it is important to ask whether enough is known 

about how to select stable plant assemblages and growing mediums that will perform in a 

predictable and reliable manner over multiple decades without the need for supplementation and 

replanting.  At this time, it appears that Landscape Architects, Architects and other involves in 

the green roof industry, lack Ontario-based research to inform comprehensive horticultural 

specifications for large scale EGRs (>500 m2)  such as those expected to be built in Toronto due 

to bylaw requirements.  

1.5 European Green Roof Bylaws 

 Several European cities, mostly in Germany, have had bylaws mandating green roof 

construction that predate the Toronto’s bylaw.  These European city bylaws differ significantly 

from the Toronto version in that they include clear and detailed horticultural specifications 

updated regularly by information from ongoing research (Köhler and Keeley, 2005). Crucial 
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characteristics of plants and growing mediums are included in these standards such as the highly 

detailed those provided by the German Society of Landscape, Research, Development, and 

Construction (FLL, 2010).  The standards themselves are based on research findings from long 

term studies on large extensive green roofs managed without irrigation and other related 

maintenance (Dunnett et al., 2008a; Köhler and Poll, 2010; Köhler, 2006).  Toronto’s Green 

Roof Bylaw has emerged prior to an extensive body of regional horticultural research being 

available to the authors of the bylaw.   

1.6 Research Area of Emphasis 

 This research is focused on beginning the process of identifying plant species that can be 

used to create stable, predictable EGRs in Ontario.  With the scale of green roofs planned in 

Toronto, green roof designers need knowledge of the plant species, establishment techniques, 

and growing medium recipes that will deliver stable, predictable plant communities for EGRs.  

Currently, pre-grown EGR systems that deliver stable plant cover are commercially available in 

Toronto. However, the high cost of pre-grown EGRs is a significant barrier to large scale 

application (Carter, 2008; Kosareo and Ries, 2007; Saiz et al., 2006).  Green roof standards in 

Europe, such as the FLL, allow Landscape Architects and Architects to design built in place 

EGRs.  These green roofs have equivalent or better performance than pre-grown systems while 

also being delivered at a fraction of the cost of pre-grown systems (Porsche and Köhler, 2003).  

In order for built in place EGRs to be successful in Ontario, evidence based horticultural 

specifications must be easily accessible to the green roof design community. This would include 

lists of suitable plant species and detailed information for specifying appropriate growing 

mediums.  
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1.7 Main Research Question 

 The main research question to be answered by this thesis is as follows:  What plant 

species are likely to survive on the extensive green roofs mandated by Toronto’s 2010 green roof 

bylaw?   To answer this question, identification of natural ecosystems that resemble green roofs 

from the perspective of the ELC was undertaken.  This allowed for generation of a plant list that 

can inform future green roof plant research.  This was followed by a plant survey of extensive 

green roofs in Toronto and southern Ontario that have demonstrated ecological stability over 

time. For the purposes of this thesis, ecological stability refers to a stable plant community 

uninterrupted by dramatic episodes of die-off of unsuitable plant species. 

  

Figure 1.4 A native plant EGR in Kitchener, Ontario with a plant from alvar ecosystems, Geum 
triflorum (Prairie Smoke), in bloom on May 12, 2011. 
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1.8 Research Objectives 
 
 The research objectives relate primarily to identifying plants appropriate for use on 

extensive green roofs designed to receive little to no maintenance. This type of green roof is 

expected to become increasingly common in Toronto and other eastern North American cities as 

they take on a larger scale of applications.  It is important to identify plant species that will thrive 

in these conditions to ensure that extensive green roofs in Ontario are successful from a financial 

and performance perspective.  The steps to be undertaken in this thesis to assist in discovering 

which plants are best for green roofs include the following:  

1) Describe the range of conditions that plants must cope with on unmaintained extensive green 

roofs in southern Ontario’s climate. Such roofs do not depend on irrigation or fertilizer 

application. 

2) Identify natural ecosystems in Ontario with conditions that closely resemble those on 

extensive green roofs. 

3) Identify plant species from the ecosystems identified in step 2 that warrant testing for green 

roofs,  

4) Identify the plant species growing on ten existing, unmaintained, extensive green roofs in 

Ontario. 

5) Identify important experimental variables to be used in when researching candidate green 

roof plant species.  Potential experimental variables include plant spacing, species 

assemblages (or guilds), seeding rates, and other establishment steps found in the 

horticultural industry.  
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1.9 Significance of the Research 

 Green roofs have been promoted with incentives and mandates for decades in Europe and 

more recently in North America.  The rationale for the green roof promotion has included 

benefits incurred at the city or municipal level that are based on theoretical extrapolation of 

measurements taken from individual research roofs (Takebayashi and Moriyama, 2007; Clark et 

al., 2008).  These benefits fall broadly under two categories: potential for storm water mitigation 

and thermal moderation.  However, several researchers have cautioned that green roof benefits 

may have been overstated by researchers, designers, and cities (Berndtsson, 2010; Simmons et 

al. 2008).  The issue is that not all green roofs generate the same benefits.  Individual green roofs 

vary greatly in their performance based on growing medium characteristics and type of plants.  

For example, the Ryerson green roof tests were conducted on 15cm of growing medium created 

from mostly compost.  This test green roof was planted with a Hemerocallus species (daylily) 

that failed to survive over the long term.  Extrapolations of the data collected on this roof may 

not be accurate enough to predict the benefits of large scale green roof cover in Toronto.   

Simmons et al. (2008) identify one of the key reasons questions driving green roof promotion is 

a special interest in achieving specific benefits such as stormwater mitigation, without adjusting 

predictions for local climate and type of green roof vegetation.  Simmons et al. 2008 also note 

that “green roofs vary so much in their design and performance, they must be designed according 

to specific goals rather than relying on assumed intrinsic attributes (pg 339).”  The aim of this 

research is to provide valuable information towards the development of reliable plant selection 

while using appropriate growing mediums that can increase the accuracy of predicting the 

potential benefits of green roofs in southwestern Ontario. 
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Chapter Two: Literature Review 

 A review of the literature reveals a number of pertinent topics within the field of green 

roof research.  Topics to be reviewed include the following: green roof history, green roof 

benefits, modernization of green roofs implementation and standardization, horticulture and 

ecology as applied to green roofs, ecological and other research priorities for green roofs, and 

ways to enable large scale implementation. 

2.1 Green Roof History 

 The historical use of vegetation on roofs has been found in various countries ranging 

from the rooftop gardens of Babylon to the sod huts in Iceland during the Viking era (Dunnett 

and Kingsbury, 2008).  However, for the purposes of this thesis, the focus will be on the origins 

of roof vegetation that led to the modern extensive green roof rather than a broader examination 

of green roofs throughout the globe.  The green roofs of particular relevance to this thesis clearly 

have their origins in Scandinavia with modernization occurring primarily in Germany (Köhler 

and Keeley, 2005).  

2.1.1 Earliest Extensive Green Roofs 

 The earliest extensive green roofs have been documented to originate in Iceland and 

Norway during Viking times at approximately 900 A.D.  The emergence of these green roofs is 

attributed to abundant local availability of sod on northern Scandinavian coastlines and its 

excellent insulating value (Berg, 1999, pp. 70-73).  Extensive green roofs have been used 

continuously in Scandinavia for over 1000 years on timber framed buildings such as rural homes, 

barns, and outbuildings.  Early versions of Norwegian green roofs were constructed over wooden 

decks using birch bark and pine pitch as water proofing and sticks and gravel as a drainage layer.  

The final layer consisted of a sod layer harvested from natural meadow vegetation assemblages 
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close to the building site (Vreim, 1966).  Thatch roofs, more common further south in the rest of 

Europe were built using the marsh reed-grass, Phragmites australis.  This grass species is less 

adapted to the cooler climate in Scandinavia and was not abundantly available for use in roofing.  

Clay tiles used for roofing have also been used in much of Europe to the present day.  However, 

much of Scandinavia is covered in granite typical to the Baltic Shield, and clay deposits needed 

for making roofing tiles was also scarce.  Extensive green roofs in Norway and Iceland were 

essentially a result of using locally available materials (Vreim, 1966). 

2.1.2 Origins of the Modern Extensive Green Roof 

 The modernization of extensive green roofs occurred gradually in Scandinavia. 

Significant milestones in this modernization included replacing the birch bark water proofing 

with clay roofing tiles. These tiles were later on replaced by roll out plastic layers such as those 

developed by Platon, a Norwegian plastics company (SINTEF, 2009).  In Scandinavia, green 

roofs have been primarily found on rural sloped roof buildings and are much less common on 

urban, flat-roofed buildings.  Interestingly, this is in direct contrast to the modern trend in 

southern Ontario where green roofs are more commonly used on urban, flat-roofed buildings and 

are rarely found on sloped, residential roofs.   

 Compared to Scandinavia, EGRs have developed in a different manner in German 

speaking regions of mainland Europe.  Driven by shortages in large timbers and other building 

materials, flat roofs became increasingly common in the Germany of the late 1800s.  Flat roofs 

are more efficient than timber-framed, sloped roofs from a construction material perspective.  

Also, the use of steel and concrete for roof construction allowed for the design of buildings with 

large roof spans uninterrupted by supporting walls.  Overlapping roofing systems such as clay 

roofing tiles, stone tiles, and wooden shakes were not effective on these large flat roofs.  The 
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result was that the flat roof membranes consisted of monolithic layers of waterproofing such as 

oil tar.  Two problems were associated with these tar roofs.  The first was that they were 

extremely prone to fire.   The second was that the flat black surface of the roof caused the 

buildings to absorb much more solar heat than on older sloped-roof buildings with tiles.  

Consequently, these early industrial era buildings were extremely uncomfortable and reduced 

worker productivity due to unbearable summer heat.  These two problems eventually lead to 

solutions that resulted in the emergence of the modern, urban, extensive green roof as an 

unintentional secondary result. During the early 1900s, builders in Germany began to cover tar 

roofs with a thin layer (approximately 50-75 mm) of coarse sand as a fire suppressant.  This sand 

layer was deep enough to support plant life.  These roofs were naturally colonized by local 

species such as native stonecrops, alpine wildflowers, and grasses (Köhler and Keely, 2005). 

   

Figure 2.1 Modern EGR on Townhouses in Trondheim, Norway in July, 2007. 
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2.1.3 The Emergence of Extensive Green Roofs: Benefits and Challenges 

 In the early 1930s, the first benefits associated with extensive green roofs were 

documented in Germany.  Prior to World War II, Botanist W. Kreh noticed that spontaneous 

green roofs improved the comfort of ambient air temperatures inside flat-roofed buildings and 

began measuring the thermodynamic performance of green roofs.  World War II put an end to 

this research, until it was resumed by botanist Reinhard Bornkamm in the late 1950s after the 

war (Köhler, 2006).  By this time problems with green roofs had been noted, including plant 

roots penetrating and damaging the water proofing layer.  Root damage to membranes lead to the 

eventual development of separated layers in extensive green roofs in Germany that are used 

today.  These layers include the root barrier, drainage layer, and growing medium. North 

American EGRs also include a filter cloth layer (Köhler and Keely, 2005). 

2.1.4 Intentional Extensive Green Roofs in Europe 

 The first modern European green roof built specifically to prevent a building from 

overheating is found on the water treatment plant found in Moos, Switzerland (Brenneisen, 

2003).  Due to high water temperatures, the facility was having problems with concerning 

bacterial counts in the water. When the water treatment plant was re-roofed using a vegetated 

approach, this problem was solved.  Built in 1911, the Moos green roof was constructed using 

soil and sod from surrounding meadows. These meadows contained a variety of native 

wildflowers and grasses, including several orchid species.  Today, this green roof is viable and is 

home to endangered plant species that have disappeared locally from at grade meadows due to 

intensive livestock grazing and urban development.  For this reason, the Moos water treatment 

green roof is very significant from an ecological perspective. It has preserved a living example of 

local meadow plant species from 100 years ago.  This roof is currently under consideration as a 
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federally protected habitat site (Brenneisen, 2006).  This would be the first green roof recognized 

as an important habitat remnant for endangered plant species, speaking to another potential 

benefit of green roofs in Ontario: a place in which to conserve biodiversity.   

 Based on German green roof research spanning the from 1932 to1970, green roofs began 

be increasingly used to improve building performance.  It was the thermodynamic characteristics 

of vegetated roofs that underlay the improved performance (Köhler and Keely, 2005).  This 

development was followed by a green roof guideline authored by the Landscape Research, 

Development & Construction Society, known as the FLL for short.  The FLL green roof 

guideline has been continuously updated as research is added to the knowledge base on how to 

create better, longer-lasting green roofs (FLL, 2010).  Today, Germany leads the world in 

percent of flat roofs which are extensively vegetated.  In Stuttgart, it is estimated that 30% of flat 

roofs are vegetated, the highest rate of any city in the world (Dunnett and Kingsbury, 2008).  

Extensive green roofs are gradually becoming common in other areas of Northern European 

including Switzerland, Holland, Denmark, Norway and Sweden.  In Norway, where extensive 

green roofs have a 1000 year history of use, they are still mainly used on sloped rural buildings 

including cottages, farm houses, barns, and outbuildings.  Extensive green roofs on flat-roofed 

buildings have only arisen in recent years in Norway.  Sweden, on the other hand, has seen high 

rates of extensive green roof construction on urban, flat roofs in addition to existing traditional 

sod roofs.  Switzerland is another centre of green roof research, where research has emphasized 

the value of green roofs for biodiversity and mitigation for lost habitat (Brenneisen, 2006).  

2.1.5. State of the Green Roof Art in Germany 

 Germany has been a consistent leader in green roof innovations. The green roof industry 

in Germany has been supported by a combination of research, political will, industry 
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infrastructure and public demand.  Dr. Manfred Köhler, a landscape architect, has played an 

important role in the development and updating of green roof guidelines (Köhler and Poll, 2010).  

Revised and updated versions of the FLL green roof guidelines are released regularly and 

quickly reflected within the industry. The FLL guidelines are readily available to industry, 

academia and the public (FLL, 2010).  In response to the presence of such a widely distributed 

and detailed standard, there has developed a market of readily available green roof building 

materials manufactured in compliance with the FLL.  One recent key change in the latest version 

of the 2010 updated FLL green roof guidelines has been a further reduction in the organic 

content of growing mediums (<4% organic content by mass).   This is in marked contrast to the 

range of organic content commonly used on Ontario green roofs which can be in excess of 25% 

which is not limited in the Toronto Green Roof Construction Standard (City of Toronto, 2009a).  

However, a supplement to the Toronto green roof bylaw was prepared where best practices are 

listed for green roofs.  This document contains recommendations that growing mediums are 

designed in accordance with the FLL standards, but it is not legally binding (City of Toronto, 

2009b).        

 In Germany research has driven standards which have lead to widespread product and 

service availability for green roofs with costs much lower than in North America (Carter and 

Keeler, 2008).  Results from the application of the green standard have been constantly 

monitored by the research community. There is a continuous cycle of research, implementation 

and industry feedback that increased the success of green roof installations.  In the case of 

Toronto’s bylaw and construction standard, the driving force has not so much been from the 

research community but rather from cities seeking solutions to infrastructure challenges (See 

Figure 2.2 for illustration).  Industry seems to have had more influence in the formulation of 
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Toronto’s standard as compared to the German’s FLL green roof standard which is more heavily 

backed by scientific evidence. 

 

Germany Toronto 
  

Delivery & Application  
of Green Roofs  

City Lead Green Roof  
Demonstration Projects 

  
Industry Develops Standard-based 

Products & Services 
Implementation of Demonstrations 

by Private Companies 

  
Constantly Updated, Published  

Green Roof Standards 
Standard Development With Input 

Mostly From Private Sector  
(lack of input from long term 

academic research) 

  
Academic Research  

on Green Roofs 
Implementation of Mandatory 

Green Roofs with Standard  
 

Figure 2.2 Comparison of EGR implementation in Germany to Toronto, Canada.  
 

2.1.6 Adoption of Extensive Green Roofs in Toronto 

 The adoption of modern, extensive green roofs in North America began approximately 30 

years after several European countries had embraced this building science.  While intensive 

green roofs such as Nathan Phillips Square are fairly common in North America, extensive green 

roofs are still relatively rare and make up a very small proportion of all flat roofs.   The green 

roof movement in North America has been particularly strong in a number of centres including 

Chicago, Portland, Oregon, and Philadelphia (Snodgrass and McIntyre, 2010).  In the case of the 

latter, the strength of the local green roof field is likely related to its relationship and proximity to 

Penn State University, a leading centre for green roof research.  In Chicago, green roof 

implementation was facilitated by the enthusiastic Mayor Daly who developed a strong 
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relationship with the roofing, horticultural and construction industries.  The many green roof 

suppliers in the Chicago region are possibly a result of Mayor Daly`s efforts.  In Portland 

Oregon, city engineer, Tom Lipton, championed green roofs during his tenure.  In particular, he 

promoted storm water mitigation through a number of means including green roofs and rain 

gardens (Dunnett and Clayden, 2007).  

In Canada the green roof movement has been strongest in Toronto and Vancouver.  

Driving forces in Toronto have included supportive members of the City council, particularly the 

work of former Deputy Mayor, Joe Pantalone from 2003 to 2010.  Mr. Pantalone joined forces 

with both industry and academic sources to spearhead a demonstration project on City Hall 

property.  During his tenure, Ryerson authored an instrumental green roof study at the request of 

the City of Toronto. This report identified the benefits that Toronto could obtain through wide 

scale green roof implementation.  Major categories of benefits included impacts on the 

environment, infrastructure, finances and city reputation.  Based on the rationale outlined in the 

Ryerson report, a green roof grant program was developed for the City. 

  

Figure 2.3 An EGR in Toronto built with Eco-roof grant funding, in the Junction neighbourhood. 
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2.1.7 Importance of Green Roof Standards 

 In Germany, the commercialization of green roofs has been relatively seamless.  The FLL 

standard has been published using language compatible with existing standards in industries.  As 

a result it has been easier for suppliers to create products and services that meet the published 

standard.  The presence of a standard has also meant that industry players are competing on a 

“level playing field” where all are held to the same third party standards that verify product 

quality.  For example, the highest cost component of an FLL extensive green roof is the growing 

medium.  In the absence of a standard, the growing medium can be the one of the cheapest 

components of a green roof if inexpensive materials such as compost are substituted for more 

costly lightweight aggregates.  However, the cheapest growing mediums available are unlikely to 

be ecologically and horticulturally appropriate for green roof application (Beattie and Berghage, 

2004).  The use of improper growing mediums incapable of supporting the intended planting 

designs are costly to repair and frustrating for building owners (see Figure 2.4).  Hence, within 

the confines of the FLL, there are limited options for growing mediums.   

The FLL does not provide an explicit list of green roof plants but requires that they be 

“locally adapted.” This reflects the number of ecosystems found within Germany and the need 

for local growing conditions to be taken into account when creating a plant list for any green 

roof.   In Ontario, green roof growing mediums have been marketed despite not being well suited 

for the conditions found on green roofs.  Green roof growing mediums must be stable in high 

winds and in heavy downpours.  They must also be fire-proof, even when completely dried out.  

Finally, they must be stable for decades of use and contain buffers against acidification by rain.  

Traditional peat and compost based growing mediums used for containerized plant production do 

not meet the widely accepted FLL criteria (Snodgrass and McIntyre, 2010).  A detailed green 
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roof standard also serves the purpose of protecting the consumer and property owner and 

taxpayer.  A strong standard prevents the installation of projects with problematic growing 

mediums and other structural issues such as a lack of a root barrier. 

   

Figure 2.4 Failed EGR planting due to unsuitable growing medium in Waterloo, Ontario showing 
mix of dead plants, bare soil and weedy species on July 9, 2010. 
 
  
2.2 Benefits of Extensive Green Roofs 

 Historically, much of the academic research on green roofs has emerged out of Europe. 

However, in recent years, prominent sources of Canadian green roof research include work by 

the National Research Council and Ryerson University (Liu, 2003; Banting et al., 2005).  An 

examination of key findings in the green roof literature is provided below.  Broad areas of 

extensive green roof research to be discussed include site scale and community benefits, 

ecological modeling on green roofs, plant selection criteria, planting variables, growing medium 

composition and results of native plant testing in North America.  

2.2.1 Site Scale Benefits of Extensive Green Roofs 

 Modern green roofs deliver multiple benefits at a building scale.  These benefits include 

longer lasting roof membranes, improved building energy performance and an overall reduction 

in roof maintenance requirements when compared to traditional modern roofing systems such as 

exposed modified bitumen (Köhler et al., 2002).  In mature European markets, green roofs are 
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now being installed independent of any environmental benefits as their potential to improve costs 

associated with building maintenance alone justifies the additional up front-cost associated with 

green roofs (Getter and Rowe, 2006; Denardo et al., 2005).   

The lifespan of roofing membranes is extended by green roofs.  In traditional roofing, the 

membrane is fully exposed to UV light which degrades the oil polymers found in the 

membranes.  In addition, the dark colour of traditional roof membranes absorbs solar energy 

readily which results in drastic temperature fluctuations between night and day.  This is 

especially problematic in cold winter climates where roof membranes are exposed to freezing 

temperatures at night and temperatures well above zero during day time hours.  This freeze-thaw 

cycle results in a weakening of the roof membrane. Both photo degradation and the temperature 

fluctuations found on traditional roofs are substantially moderated vegetation (Porsche and 

Köhler, 2003).  Traditional roofs also have to contend with the deposition of organic debris such 

as tree leaves and windblown topsoil particles.  This material accumulates near parapet walls and 

decomposes into humus.  Weed seeds are able to sprout in the composted material. The roots of 

these weeds can invade the roof membrane by secreting enzymes that degrade the integrity of the 

membrane.  In green roofs, a high density polyethylene (HDPE) root barrier, scientifically 

proven to resist root invasion, is placed under the entire roofing system to prevent this (FLL, 

2010).  Exactly how long HDPE root barriers can withstand the enzymes of plant roots is still 

unknown, as the earliest installations are still in service after over thirty years of use and they 

may last for many more decades.  Traditional roofing systems last only 10-20 years in cold 

winter climates such as Ontario (Saiz et al., 2006; Liu, 2003).  Predictably, the notion of a roof 

that can last for many decades is very attractive to long term building owners.  In addition to the 

financial benefit, environmentally-conscious owners may be motivated to reduce landfill waste 
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due to the extended life span of the roof membranes on green roofs.  In addition to deferring re-

roofing, green roofs also reduce the need for year to year maintenance activities on rooftops.  

The drainage layers and soil on well designed green roof are placed in such a way that the roof 

drains are protected from debris. On traditional roofs, clogging from airborne debris leads to 

maintenance issues such as roof drain blockage and secondary roof flooding.  

Especially in North America, with its large inventory of low rise buildings, roof tops 

consist of a significant portion of the building envelope or surface area.  In such buildings, up to 

70% of the heat gain occurs through the roof surface (Teemusk and Mander, 2010).  This process  

 

Figure 2.5 Aerial view of exposed roofs Fanshawe College in London, Ontario which contribute to 
local stormwater runoff and urban heat island effect (courtesy of Fanshawe College). 
 
can be almost entirely interrupted by the presence of a green roof such that solar heat gain 

through the roof is all but blocked.  A NRC study found that typical black roof surfaces are up to 

70 degrees Celsius during summer weather.  Green roofs can reduce energy used for air 

conditioning up to 90% in low rise Canadian buildings.  The same energy reduction benefit does 

not accrue during the winter months as frozen green roof substrates have been shown to have 
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little insulating value (Liu, 2003).   Outside of building performance benefits, there are related 

benefits to building inhabitants.  The top floors of residential and commercial buildings are often 

uncomfortable due to the heat gain during summer months.  By reducing this heat gain as 

explained above, the building’s ambient temperature is much more tolerable for the people 

inside.  

As green roofs are young in Canada, there are several examples of projects undertaken as 

a demonstration of an organization’s environmental ethic.  The green roof on the Toronto Mount 

Equipment Coop, has returned the store’s initial investment as the green roof has garnered more 

media attention than direct advertising itself.  It is a popular site on Toronto’s “Doors Open” 

annual event (Robinson, 2007).  In this way, green roofs can provide marketing and public 

relations benefits for commercial and institutional enterprises.   

2.2.2 Community Scale Environmental Benefits 

 Rooftops comprise 21% of the surface area of Toronto (Currie and Bass, 2010).  Urban 

development has placed rivers and streams under extreme stress.  Historically, storm water was 

captured and slowly released by natural soils and vegetation.  Cities are extensively covered in 

hard surfaces that lack the vegetation to absorb storm water.  These hard surfaces include roofs, 

roads, sidewalks, parking lots and industrial pads.  Water from individual rain events abruptly 

surge into rivers through storm water systems, bypassing all the natural filtration processes that 

vegetation and soil traditionally provided.  By providing a site for vegetation, green roofs can 

slow the flow of storm water into city streams and compensate for some of what has been lost to 

urban development (Van Seters et al., 2009).  Green roofs are potential tools to help decrease the 

surges of storm water runoff after intense rain events.  This, in turn, could result in significant 
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water quality improvements for city streams and local hydrology (Buccola and Spokel, 2011; 

Berndtsson et al., 2006).   

 As urban development continues and hard surfaces increase throughout a city, stormwater 

infrastructure will come under increasing stress as the growth in hard surfaces outpaces the 

expansion of city stormwater infrastructure (Carter and Jackson, 2007).  To illustrate, a 

significant storm water surge in 2005 overwhelmed the Toronto’s pipe system, resulting in a 

costly and dangerous road collapse involving a major thoroughfare, Finch Avenue. The treatment 

demand associated with surges of storm water also lead to an increased and substantial cost for a 

city.  A significant number of older stormwater systems combine sewers with stormwater pipes.  

A large load of stormwater can overload this system and lead to pressure on the sewage system 

and the release of untreated sewage into local waterways.  The cost of “catching up” with 

Toronto’s stormwater infrastructure deficit is immense and financially difficult.  As a result, 

there is a great need for more economical source or site scale solutions across the city to hold 

back stormwater.  Green roofs can be part of such a solution (Banting et al., 2005).  

Note that green roofs are often marketed as a “fix all” solution to urban environmental 

problems (Berndtsson, 2010; Simmons et al., 2008).  Although green roofs can perform 

important functions with regard to urban waterways, this author believes they should be 

integrated with a number of other approaches to optimize the mitigation of storm water.  The 

other approaches include bio-swales, rain gardens and subterranean methods such as structural 

soils which are able to accommodate both the weight of road surfaces and the root zones for 

urban vegetation.  

Like other urban vegetation, green roofs also have the potential to cool the urban 

environment.  In large cities, widespread dark hard surfaces such as asphalt and rooftops absorb 
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greater amounts of solar energy than the surrounding vegetated country side.  The temperature 

difference between the urban and adjacent rural settings can be up to 4 to 5 degrees (Teemusk 

and Mander, 2010).  The heat absorbed by hard surfaces is released into the surrounding area and 

greatly affects human comfort levels as temperatures are measurably increased.  This 

phenomenon is termed the urban heat island effect and may be familiar to those who have 

walked through an asphalt parking lot on a hot summer day.  This effect can be considered a 

potential public health issue as high summer temperatures are associated with an increased 

incidence of mortality and morbidity.  Green roofs and other forms of urban vegetation could 

conceivably significantly mitigate the urban heat island effect (Simmons et al., 2008). 

Decreased electrical demand is another potential community benefit of the urban 

temperature mitigation provided by green roofs (Denardo et al., 2005). Urban brownouts and 

blackouts are generally caused by peak energy use that is beyond the capacity of the provider.  

Air conditioning demand often underlies such brownouts and blackouts.  The peak demand on 

hot summer days is the basis for the baseline or “idling” level of production of energy by coal 

and nuclear plants.  As such, these plants must “idle” at a higher rate than often necessary as they 

must be able to respond to maximum demand. An important determinant of this demand is the 

use of air conditioning on the hottest days of the year.  By reducing peak or maximum demand, 

these plants can “idle” at a lower level on a regular basis and reduce the emissions due to coal 

combustion (Bass and Baskaran, 2005).  

 The potential of green roofs to increase urban biodiversity has been a significant driver in 

the promotion of green roofs (Currie and Bass, 2010).  Traditional rooftops host few species of 

flora and fauna. Cities in general have low biodiversity compared to the natural ecosystems that 

previously covered areas now occupied by urban development. Green roofs allow a variety of 
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plants to inhabit an area that would otherwise be poor quality habitat.  Stephan Brenneisen’s 

(2006) work in Switzerland has succeeded in demonstrating that green roofs provide habitat for a 

variety of spiders and beetles.  The green roof on one Swiss train station is home to a rare Swiss 

lizard species. This was the end result of a plant community that supports insect pollinators. 

Spiders and beetles fed on these pollinators. The lizard in turn specializes in feeding on spiders 

and beetles. The roof was designed to provide habitat for a food chain that eventually led to the 

arrival of the lizard.  The lizards are able to access the roof by a intentional green façade linking 

the green roof to ground level habitats.  In Switzerland, river valleys are in demand for human 

habitation.  Historically this rare lizard inhabited this area.  Green roofs that can accommodate 

this creature now provide an alternative habitat for a species under immense survival pressure.  

As green roofs are often not accessible to a large variety of organisms, they are sometimes 

described as too isolated to support truly functional habitats.  However, Brenneisen overcame 

this challenge by designing the train station to include a vine trellis that acted as a roadway for 

the lizards.  This one small example demonstrates that cities are indeed capable of integrating 

recreated habitat systems into the built environment. Brenneisen has studied the Moos water 

treatment roof extensively and asked the question “Can we intentionally recreate such 

biodiversity on newly constructed green roofs?”  He has experimented with various techniques, 

such as mixing native soils from harsh rocky habitats into green roof growing mediums to make 

use of seed banks.  His green roofs throughout the city of Basel have resulted in highly diverse 

urban ecosystems supporting many plant species, rare insects and even lizards (Brenneisen, 

2006). 

Biophilia (Wilson, 1986), the love of nature/greenery by humans, is a firmly established 

characteristic of the human population. By increasing urban biodiversity, green roofs may be 
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able to improve the quality of people’s life.  Greenery in urban environments creates more 

interesting and varied aesthetics. 

2.3 Ecological Modeling 

 Ecological modeling is the use of natural habitats as templates when designing for plants 

in the built environment.  It has been suggested by some researchers that certain habitats such as 

rock outcrops and cliffs be used as templates for green roofs.  These templates are often called 

analogues, where physical features (e.g. growing medium depth and composition) and plant 

communities are mimicked in built systems such as green roofs.  The design field often refers to 

this process as biomimicry (Lundholm, 2006).  

2.3.1 Ecological Modeling of Natural Ecosystems on European Green Roofs 

 With its longer green roof history, Europe is home to many examples of native plants 

acting as green roof vegetation. Use of native plants in these situations has been both intentional 

and unintentional.  One of the best known examples of a native plant green roof is the Moos 

water treatment facility in Switzerland discussed earlier (Brenneisen, 2006). 

In London, England, Dusty Gedge, of the organization Living Roofs, has promoted the 

mimicking of brown fields on green roofs.  London’s brown fields support a high diversity of 

meadow and grassland songbird species such as the endangered red start.  These brown fields are 

rapidly disappearing as the City of London develops them in favour of green fields at the edge of 

the city.  In the case of London, England the loss of brown fields may result in loss of urban 

biodiversity even when replaced by “green” projects.  Living Roofs has used brown field 

materials such as crushed brick and concrete as growing medium in green roofs.  These 

substrates are often inoculated with seed banks from brown fields that are slated for 

redevelopment (Oberndorfer et al., 2007).   
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Similar to the water plant in Moos, Switzerland, there are many farm outbuildings in 

northern Norway that support century-old green roofs that include rare plant species that have 

almost disappeared from at grade meadows due to intensification of livestock grazing. Several 

northern Norwegian farms have barns that are host to the federally protected, aptly named, 

Chimney Onion (Allium fistulosum).  The Norwegian government has classified the status of this 

species as “critically endangered” on the Red List (the classification system used for endangered 

species by European countries).  In 1993, the Chimney Onion was found to exist on the green 

 

Figure 2.6 Allium fistulosum growing on rural green roof in Otta, Norway (Høiiland, 1995). 

 roofs of two old buildings in the County of Otta in northern Norway (Høiiland, 1995).  At the 

time the “Chimney Onion Project” was launched to recover this species and nine new 

populations have been established in suitable habitats from plants stocks originating from these 

two green roofs in Otta.  This is a remarkable case of green roofs have serving to prevent a 
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species from becoming extinct in the wild.  Today, farmers across Otta have affectionately 

adopted the Chimney Onion as their plant mascot.  Using seeds carefully collected from the 

successfully re-established populations, the roof onion is being planted on dozens of barns, 

farmhouses, and cottages across Otta (Høiiland, 1995).  Seeds of the Chimney Onion are also 

preserved in the International Gene Bank project on the arctic island of Svalbard, Norway.  

In the future, it is conceivable that Ontario green roofs may be host to larger populations 

of rare alvar grassland species than in the wild.  Ontario’s alvars are at very high risk due to 

cottage lots development as much of this habitat is located on the scenic coastlines of the Bruce 

Peninsula and Manitoulin Island.   Alvars close to large urban centres (eg. Carden Plain) are 

always at risk due to the underlying limestone and the high price paid for aggregate extraction.   

2.3.2 Ecological Modeling of Natural Ecosystems on North American Green Roofs 

 A review of the literature did not identify North American examples of green roofs 

protecting plant species from extinction. This is likely due to the North American green roof 

industry being relatively young. There are, however, numerous examples of green roofs designed 

to mimic natural ecosystems, especially in regions where typical Sedum species used in 

European green roof systems are not well adapted (Earth Pledge, 2005).  One of the oldest 

examples of native plant use on a Canadian green roof can be found at the headquarters of Ducks 

Unlimited in Manitoba.  This roof was built in 1993 using native prairie species.  As with prairie 

plantings at grade, the green roof is periodically burned in early spring in order to emulate 

natural prairie fires which stimulate the growth of native prairie species (Dvorak and Volder, 

2010).  Other examples of green roofs using plants from North American grassland ecosystems 

include the GAP headquarters in California designed by Rana Creek Inc. and the Philips Eco-

Enterprise Centre in Minneapolis designed by the Kestrel Group (MacDonagh et al., 2006).  
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Both of these green roofs differ greatly in aesthetics from the low carpets of Sedum species 

typically found on green roofs.  In the case of the GAP green roof, the plant community goes 

dormant during the dry season and its yellow-brown colour matches the coastal savannah 

grasslands on distant hills beyond the city limits.  One of the ecological challenges for such 

“native” greens roofs is the encouragement to irrigate such the roof in order to “green” it up. 

Such irrigation would result in the emergence of a plant community significantly different from 

the original and intended plant population.  The plant communities in California’s coastal 

grasslands are shaped by natural forces including seasonal droughts and would poorly tolerate 

such irrigation (Earth Pledge, 2005).   

 In the author’s experience, grassland species from Ontario’s alvar habitats have 

performed well on several green roof projects.  Like the projects previously mentioned, the 

aesthetics of these projects has been an issue with property managers and building users.  In the 

design of more environmentally-friendly buildings, such as LEED certified projects, many 

municipalities have requested green roofs using only native wildflowers.  However, the common 

aesthetic associated with green roofs in Ontario is the neat, uniform carpets of Sedum species 

typical to many European green roofs.  No species of Sedum are native to Ontario, and native 

plants suitable to green roofs have a very different aesthetic consisting of taller, clump forming 

grasses and wildflowers that create a “wilder” look.  In Ontario’s urban society where neatly 

clipped lawns are the norm, promoting the appearance of native green roofs may be a greater 

challenge than finding plant species suitable for these projects.  

2.4 Overview of Native Plant Testing in North America 

 Vegetation communities differ greatly across North America in response to a number of 

ecosystem variables.  Although green roof construction materials might be nearly identical from 
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project to project, there is no universal set of plants that can be used successfully for all green 

roofs in all regions.  There are, however, some species of plants that have a broader geographic 

range.  Exotic stone crops (Sedum genus) have been used successfully on green roofs across a 

number of climatic regimes, especially in eastern Canada and northeastern United States (Miller, 

2010; Lundholm, 2006).  

Older extensive green roofs in Europe are diverse from a plant perspective and include 

not only stonecrops but species from other plant families such as mints, grasses, mosses, 

composites and wild onions (Emilsson, 2008; Dunnett et al., 2005, Dunnett and Nolan, 2004).  It 

may be that the relative immaturity of the green roof field in North American has made it 

hesitant to venture beyond plants with the most predictable and well established results.  If this is 

to change, evidence-based plant selection must be presented to the industry so as to ensure a 

predictable degree of vegetation success on green roof projects. North American has a much 

higher diversity of herbaceous plants to choose from than northern Europe, and as such the 

importance of selection criteria cannot be overstated.  Rigorous selection criteria are needed to 

allow for a scientific approach to the selection of native North American plants for green roof 

application.  

With an interest in creating greater biodiversity on green roofs, some practitioners and 

researchers across North America have been experimenting with testing various native species. 

In many of these studies, the selected native plants have been compared to stonecrops in terms of 

survival rates.   Various growing medium composition have been used in these studies making 

comparison of the results difficult.  For the purposes of this study, the aim is to review research 

that has been conducted using FLL compliant growing mediums. 
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Many researchers have chosen plant species considered to be drought tolerant in 

landscape plantings as a starting point for testing on green roofs.  However, apparent drought 

tolerance on the ground does not necessarily translate into drought tolerance on green roofs.  

Consequently, most studies on North American native plants have generally shown little 

potential for predictable survival and coverage on green roofs (Monterrusso et al., 2005; 

Werthmann, 2007).   

It is this author’s hypothesis that native plants selected for many green roof testing 

projects have not been selected based on specific enough criteria. As such, the results have not 

been that surprising since describing a group of plants as “native” is much too broad a concept.  

Many plant species tested in these studies such as butterflyweed (Asclepias tuberosa) and dense 

blazing-star (Liatris spicata) are drought tolerant due to very deep root systems which offer no 

special advantage for survival on green roofs.  Species such as these should be ruled out for 

testing as probable candidates for green roofs, and offer little to compare with commonly used 

Sedum species. 

2.4.1 Sedums versus Native Plants at Michigan State University 

 Some of the earliest native plant testing on green roofs was conducted at Michigan State 

University (Monterusso et al., 2005).  This study compared the survival of typical, non-native 

green roof species (mostly Sedum species with one Sempervivum species) and a group of selected 

native plants from Michigan. All species were testing in 4 inch and 6 inch depths and used a 

commercial green roof growing medium made from expanded shale.  Although the testing 

conditions were appropriate for typical extensive green roofs, the native species generally 

performed poorly while stonecrops did well.  However, most of native plant species tested 

originate from prairie ecosystems with deep soils that were known to be drought tolerance in 
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landscape plantings.  Only two of the native species tested survived over the two season testing 

period including Opuntia humifusa (eastern prickly-pear) and Coreopsis lanceolata (sand 

coreopsis).  Opuntia, like sedums, is a succulent species that spreads by vegetative means.  It had 

very good survival. The Coreopsis lanceolata, a bunch-forming wildflower species, had very 

limited survival. One methodological problem with the testing of bunch-forming species in this 

study was that they were established using nursery grown plants. These plants were grown in 10 

cm pots with high organic, peat-based growing mediums. When planted into green roof growing 

mediums, the residual organic growing medium becomes problematic because it wicks away 

moisture from the crown and puts the plant under extreme stress.  The opposite occurs in the 

winter.  During the winter season the organic growing medium absorbs excessive moisture 

making these plants susceptible to root rot.  In Europe, bunch forming plants are propagated in 

containers using green roof growing mediums that match that found on the recipient green roof. 

This circumvents the problems caused when transitioning from a high organic to a low organic 

growing medium.  This author has informally tested Coreopsis lanceolata on 15cm green roofs 

by using potted plants grown in green roof growing mediums.  The survival rates in this case 

were over 90%.  More recent testing of plants for green roof application has been conducted 

using a larger number of plant selection criteria.  Another species, Schizachyrium scoparium 

(little bluestem), did not survive the first season.  However, this species has been one of the most 

tolerant native species to green roof conditions in projects planted by the author.  Little bluestem 

has also performed well in other research in Minneapolis and Nebraska described below. 

Even after selecting potential green roof plant species, there are many important factors 

that must be addressed by researchers before setting up the experimental design.  When dealing 

with a very broad range of native plants, an equally broad range of horticultural techniques will 
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need to be utilized when establishing and propagating on green roofs.  For example, the native 

plants were planted with the same 15cm spacing as the Sedum species in a Michigan State 

University study (Monterrusso et al., 2005).   Native species such as little bluestem grow at much 

wider spacing in natural habitats and would experience stress and die offs at 15cm spacing even 

if planting in at grade plants.   Just as within agricultural production, different species are grown 

at a wide range of spacing.  For example, tomatoes would not grow and produce fruit 

successfully at 15cm spacing while that would not be dense enough for wheat to thrive.  An 

experiment testing performance of tomatoes versus wheat across various soil conditions (or even 

green roofs) would not yield useful results if both were planted at 15cm spacing.  Native plants 

may have been at a competitive disadvantage from the very beginning of many research projects 

comparing them to Sedum species, as they have been planted with inappropriate spacing or using 

container stock grown in mediums with high organic content. 

2.4.2 Bedrock Bluff Green Roofs in Minneapolis 

 The use of bedrock bluff ecosystems as a model on Minneapolis roofs greatly narrowed 

down plant selection resulting in several successful native plants for green roofs (MacDonagh et 

al., 2007).  A landscape architect firm, The Kestrel Group, designed several green roofs using 

native species from local bedrock bluff prairies which are ecosystems with shallow soils over 

bedrocks.  Many species showed excellent adaptability to extensive green roofs conditions 

including Schizachyrium scoparium, Sporobolus heterolepis, Bouteloua curtipendula, Geum 

triflorum, Tradescantia ohioensis, Solidago nemoralis, and Liatris punctata (Canter, 2008). 

2.4.3 Green Roof Soil Inoculation on Nebraska Green Roofs 

 A Nebraska study used prairie plants found growing on local outcrops as a research 

starting point with plants such as little bluestem (Schizachyrium scoparium) that perform very 
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well on green roofs with 15cm of growing medium (Sutton, 2008).   Bedrock bluff prairie 

habitats in Nebraska hosts species such as little bluestem that thrive in as little as 3 inches of 

growing medium, where conditions are even harsher than those in extensive green roofs.  

Bedrock bluff prairies have an overall negative water balance where annual evapo-transpiration 

greatly exceeds annual precipitation.  Sutton (2008) proposed that these little bluestem 

populations may have metabolic adaptations that allow them to weather through harsh periods.  

Little bluestem can be found in many habitats, and genetics could also play an important role in 

these populations.  Furthermore, Sutton (2008) wondered if soil fungus and bacterial 

relationships may assist the survival of herbaceous plants such as little bluestem in harsh 

habitats.  He pondered the conclusions drawn from the previous Michigan State University 

research (Monterusso et al., 2005) where little bluestem completely failed on both the 4 and 6 

inch green roofs.  Sutton designed a different experiment where he collected soil samples from 

these harsh rock outcrops and blended these soils in small amounts into commercial green roof 

growing mediums in order to inoculate them with beneficial microorganisms.  A control green 

roof was also run without inoculation.  Survival rates and the time to complete plant coverage 

were compared, significant differences were found. The inoculated green roof significantly 

decreased establishment time of the plants, with little bluestem surviving in both conditions.  The 

initial conclusion from this research is that both genetics and soil micro-organisms are important 

factors and need further examination.  

2.4.4 Saint Mary’s University and Coastal Barrens 

 Researchers at Saint Mary’s University in Nova Scotia have conducted extensive testing 

of plant species growing in coastal barren habitats which have thin soil layers as green roofs do.  

As with bedrock bluff prairies, coastal barren habitats provide a habitat based approach to plant 
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selection that greatly narrows down plant selection to more likely plant species with potential for 

use on green roofs.  These plant species show excellent potential for green roofs mainly in the 

Maritime climate from eastern Canada to perhaps Boston (Lundholm et al., 2010). 

2.4.5 Ontario Green Roof Plant Testing 

 To the best of this author’s knowledge, there has been no formal research published on 

native green roof plants grown in commercial FLL compliant green roof mixes in Ontario. A 

study along these lines is currently being conducted at Vineland Research Centre.  This study is 

researching the performance of Ontario native species grown in commercial green roof growing 

mediums.  Initial reports are of high survival rates of several species despite the harsh summer of 

2011 (Note that this author was involved in both the design/build and supply for this project). 

 

Figure 2.7 Native plants on EGR in Chatham-Kent, Ontario built in 1999 with Opuntia humifusa 
and Schizachyrium scoparium growing in 75mm depth of course beach sand on July, 2007.  
 
 Various green roofs have experimented with native plants, but growing mediums may 

have been non compliant to green roof standards along with the use of irrigation which allows 
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plant species not completely suited to green roof extremes to persist.  Toronto’s green roof bylaw 

(2009) refers readers to a native plant list generated by York University however these roofs are 

irrigated and the growing mediums are much richer than typical extensive green roof growing 

mediums that comply to established green roof standards (ASTM, 2006; FLL, 2010).  The results 

from the York University green roofs are therefore not applicable to standard extensive green 

roofs.  The Toronto Region Conservation Authority planted a small green roof on a model, eco-

house using plants found in Ontario alvars.  This green roof is more typical of standard based 

extensive green roofs, and the results of the plant tests are therefore much more valid.  Some of 

the plant species that performed well on this roof include Allium schoenoprasum, Allium 

cernuum, Geum triflorum, and Aquilegia canadensis (Miller, 2010).      

2.5 Effects of Green Roof Growing Medium Composition on Plant Selection 

 As the green roof industry has developed in North America, many growing mediums of 

variable compositions have been tried as part of green roof pilot projects and research.  In some 

cases, the application of horticultural knowledge at the time of growing medium and plant 

selection has not been optimal.  Horticultural scientists have led much of the green roof plant 

research.  In some cases, it appears that the green roof growing medium has been selected with 

the intention of compensating for the relatively harsh conditions found on green roofs.  An 

example of this would be adding organic material with extra water-holding capacity to 

compensate for the drought-like conditions found on green roofs (Snodgrass and McIntyre, 

2010).  The components of ground level, traditional horticultural soil mixes such as peat, 

compost, vermiculite, perlite have been included in some green roof mixes. These components 

are lightweight and although they perform well in temporary growing conditions such as 

greenhouse containers, longitudinally they tend towards compaction, collapse and/or decay.  All 
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of these latter conditions are not amenable to a low maintenance, long-lasting extensive green 

roof (Beattie and Berghage, 2004).  

As the intention is for green roofs to last for decades, these common growing medium 

components and their shorter period of optimal performance are not an appropriate fit with this 

application.  Typical horticultural mixtures are ultralight, porous and have high water carrying 

capacity.  At first glance, this may seem very well suited for green roofs.  However, it is the 

longitudinal performance of these growing medium components that serve green roofs poorly. 

The scale of green roofs makes it economically unviable/unrealistic to intensively amend the 

growing mediums over time. Amendments are used in a limited capacity on green roofs but only 

for the early years. For example, early plant nutrition may be supplemented until root systems 

are able to maintain the plants on their own.  This type of temporary supplementation is distinct 

from structural amendments that would be required if the original growing medium collapses, 

degrades or blows away (Dunnett and Kingsbury, 2008).  

The most important constraints for green roof growing mediums are as follows: porosity, 

weight and chemical stability.  The porosity has to be high enough to pass intense rain fall 

without slumping or being displaced horizontally. The growing medium must be able to 

withstand intense rain events without displacement. If not, the risks are as follows: clogged roof 

drains, growing medium movement to an area of the roof unable to bear the load, and loss of 

growing medium over the edge of the roof. The second important constraint is weight. Although 

green roof growing mediums can be designed to be lighter than soil, they should not be so light 

as to blow away in the face of gale force winds (or in the case of Florida, hurricane force winds). 

Thirdly, growing mediums must be chemically stable over time. One of the most important 

aspects of this stability is the presence of a multi-decade’s supply of calcium carbonate to buffer 
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acid rain and protect the green roof from acidification.  On the ground level, the acid rain is 

mitigated by access to calcium carbonate rich rocks which can quickly neutralize the acid.  Green 

roofs are subject to high solar radiation and winds (Snodgrass and McIntyre, 2010).  Growing 

mediums will dry out sharply under these conditions.  Soils with a higher organic content may 

become so dry as to be a fire risk due to the low water content. These constraints limit one when 

selecting appropriate green roof growing mediums. There are a small number of green roof 

recipes that would meet all of the necessary specifications.  

With a 30 year history of green roof standards, Germany regularly updates its growing 

medium standards, based on the results of field and research experience. The FLL has been 

consistently responsive to field trial and includes all of the growing medium constraints noted 

above.  For example, the latest green roof guidelines by the FLL (2010) limit the organic content 

to 2% by mass (reduced from the 4% found in the previous version of the guidelines). This 

recent update also increased the porosity requirements for growing mediums in order to further 

reduce the chances of a roof drain blockage. This feedback mechanism from frontline experience 

to industry standard has not been consistently developed in North America. As a growing 

medium standard as detailed as that provide by the FLL does not exist in Ontario, local green 

roof growing mediums do not always reflect the latest in green roof research. This puts the 

Ontario green industry at risk of making and repeating growing medium selection mistakes (see 

Figure 2.4). The materials that do satisfy the FLL growing medium requirements are light-weight 

aggregates, including crushed brick, expanded shale, expanded clay, crushed pumice,  These are 

materials that are often significantly more expensive than other more readily available growing 

medium components such as compost blends.  
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Even though these standards seem to severely restrict the choices for green roof growing 

mediums, they define characteristics strikingly similar to those of the harsh dry habitats found in 

alpine meadows, alvars, coastal barrens, and coarse riparian deposits.  In natural soils, the 

organic content is highly negatively correlated with oxygen content of the soil.  Where porosity, 

and therefore oxygen, is high, organic content is extremely low. These are the conditions found 

in the harsh dry habitats that resemble the growing conditions found on green roofs (Anderson et 

al., 1999; Burley and Lundholm, 2010; Schaefer and Larson, 1997; Stark et al., 2004).  In 

contrast, natural soils with high organic content are found where there is substantial plant 

material build up combined with low oxygen levels. An example of this kind of habitat would be 

marshes, peat bogs and other wetland ecosystems. Wetlands drained for agriculture result in 

exposed soil and high amounts of carbon are released into the atmosphere. The same process 

would occur on green roofs if a high organic content growing medium is used. The release of 

carbon is reflected by loss of mass from the growing medium – a process that would preclude the 

low maintenance state sought for extensive green roofs. 

Appropriate green roof plant selection should reflect an appreciation of growing medium 

constraints. When selecting plants for green roof use, one must be sensitive to the “fit” between 

the growing medium and the vegetation. Some green roof projects have an ecological disconnect 

between the specified growing medium and the plant list. In these cases, the selected growing 

mediums and plants have been incompatible with each other and/or green roof conditions.  For 

example, this author has reviewed a green roof plant list which included Indian grass.  As a 

drought tolerant plant, there is some logic to considering Indian grass for green roof application.  

However, Indian grass is drought tolerant on grade because it has roots that are 4 to 6 metres in 

depth (Smith et al., 2010).  This cannot realistically be replicated on a green roof.  This may be 
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one of the results of the underrepresentation of ecological succession monitoring on green roofs. 

Research conclusions based on short term monitoring of green roofs may not be entirely 

applicable to extensive green roofs which are intended to have extended life spans.   

The habitats that have soils that resemble the FLL growing medium requirements are rich 

in plant life. In Europe, mountain meadows, alvars, and other bedrock communities are home to 

many of the same plants found on local green roofs (Partel et al., 1999).  In North America, 

habitats analogous to green roofs are found all across the continent.  Within these habitats there 

are many potential plant species for green roof installation or testing. 

 

Figure 2.8 Common EGR plants growing in wild on coastal barrens of Sotra, Norway including 
Armeria maritima, Allium schoenoprasum var. schoenoprasum, and Sedum album (Courtesy of 
University of Bergen, June 17, 2009).  
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Chapter Three: Research Methods 

 Lists of drought tolerant plants are readily available for selecting plants for use in at-

grade landscape designs.  Such lists have provided a starting point for plant selection on 

extensive green roofs across North America.  However, these lists are often minimally applicable 

to green roofs as many of the listed plants are adapted to water storage via deep root systems.  

Deep root systems provide no advantage on extensive green roofs where growing mediums are 

15cm or less in depth. 

This study rationalizes green roof plant selection based on two approaches with the goal 

of creating a list of native plants that are truly well suited for green roofs.  The first approach 

involves identifying Ontario ecosystems with environmental conditions that exhibit close 

similarities to those on extensive green roofs.  From the resulting list of such habitats, plant 

species that are reasonable choice for green roof application or testing will be identified.   

The second method of generating a list of candidate green roof plants requires reviewing 

the plant cover on existing extensive green roofs in Ontario designed and installed by the author.  

These green roofs range from plantings with typical European stonecrops, stonecrop / native 

species mixes, to exclusive native plant assemblages.  The growing medium on all projects 

consists of FLL compliant blends, with a range of depths.   As the main goal of this research is to 

identify plant species that are suitable for large scale plantings, only green roofs that have been 

maintained without irrigation or weeding will be reviewed.  This decision was made because 

regular plant maintenance is generally financially prohibitive on large extensive green roofs 

likely to become the norm in future Toronto buildings. 

 Some overlap in the results is expected between the two methods of generating a list of 

plants likely to do well on green roofs.  For example, Sedum acre is common on successfully 
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vegetated extensive green roofs Ontario.  This European species is also commonly found 

naturalized in Ontario ecosystems such as Carboniferous Rock Barrens, a habitat that has 

conditions overlapping with those found on green roofs.  

3.1 Comparing Green Roofs to Natural Ecosystems 

 In order to create self-sustaining plant cover on green roofs, it is important to understand 

how native plants in ecosystems similar to green roofs function and survive (Lundholm et al., 

2010, Lundholm, 2006).  The following discussion will provide an overview the first 

methodology employed by this thesis: the categorization of green roofs using an ecosystem-

based approach.  An ecosystem is defined as a land form in a particular climate with associated 

plant and animal assemblages. It is the interaction and relationships between land, climate and its 

life systems.  

3.1.1 Ecosystem Structure 

 All natural ecosystems have defining physical parameters which help determine which 

plant species are able to survive and form long term plant communities within the habitat.  The 

most defining limitation to plant growth on extensive green roofs is the shallow growing 

medium.  Other physical parameters include extreme fluctuations in soil temperatures, full sun, 

and drying winds.  Certain ecosystems such as rock outcrops have very similar physical 

parameters to green roofs (Burley and Lundholm, 2010; Stark et al., 2003; Schaefer and Larson, 

1997).  Most plant species listed on drought tolerant reference lists for landscape architects 

originate from grassland ecosystems.  This broad category of ecosystems includes dry meadow, 

shortgrass prairie, tallgrass prairie, and oak savannah.  Grassland ecosystems have been 

repeatedly considered by researchers and practitioners for emulation on green roofs in North 

America as they share certain characteristics of green roofs including low moisture content, 
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exposure to full sun and contending with dry winds (Monterusso et al., 2005).  However, nearly 

all grassland plant species owe their drought tolerance to deep root systems.  As a result, most 

species from North American grassland communities are poorly suited for green roofs.  Green 

roof researchers are encouraged to study other ecosystems that have a closer resemblance to 

green roof conditions in order to generate a list of suitable green roof plant species.     

3.1.2 Survival Strategies of Plants in Extreme Environments 

Extensive green roofs are exposed to extended periods of severe water shortage in typical 

growing seasons.  This is particularly true in summer months when evaporation rates on green 

roofs far exceed the water storage capacity of growing mediums.  In natural ecosystems, there 

are a number of strategies used by plant species to overcome extremities of temperature and 

water availability. 

Seasonal dormancy is one such adaptation.  “Cool season” species survive summer 

extremes by entering into a dormant phase during this season.  These are species of plants that 

carry out active growth in spring and fall seasons (e.g. Penstemon hirsutus).  Many cool season 

grass species employ C3 metabolism and shut down temporarily when weather is hot and dry 

such as Elymus canadensis (Smith, 2010).   

 A variety of water storage strategies for extreme environments is seen in plants families.  

Succulent plants have water storage tissues in leaves which allows for survival during extended 

periods of severe drought.  Cacti (e.g. Opuntia humifusa) are well-known examples of these 

along with Sedum and Sempervivum species.  Root and stem structures can also serve as 

specialized water storage locations such as seen in the bulbs of many Allium species and corms 

of Liatris cylindracea.  Plants of the Sedum genus employ an adaptation called Crassulean Acid 
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Metabolism (CAM) where stomata are sealed during the day and open at night to avoid losing 

water during hot daytime temperatures (Lee and Kim, 1994).   

  A complex array of water conservation strategies, such as a downy cover of hairs to slow 

drying winds and shade tissues of the leaf surface (e.g. Rudbeckia hirta), allow plants for 

survival in extreme droughts.   Other water conservation strategies include thick leaf cuticles 

(e.g. Coreopsis lanceolata). 

Many plant species that grow on extreme habitats also grow in less extreme 

environments.  They are able to survive because their life cycles can be altered in harsh 

environments such as rock outcrops.  For example, Rudbeckia hirta may grow as a perennial in 

prairie habitats with a lifespan of several years.  On alvar ecosystems, this species can mature 

and set seed in one or two seasons making it act as an annual or biennial in more harsh 

environments (Schaefer and Larson, 1997).  True annuals and biennial plant species that are 

large components of harsh ecosystems with similarities to extensive green roofs warrant further 

exploration rather than relying on perennial species that are common and therefore conveniently 

available in the horticultural industry.  

Ecosystems can have plant communities that include a matrix of individual long-lived 

plant species, juveniles of long-lived species, short-lived individuals, and dormant seed banks.  

The plant cover can therefore change and adjust to seasonal extremes along with events that 

occur more infrequently such as fire and extreme droughts (Stark et al., 2003).  This mature 

matrix can be of great use in designing plant assemblages for extensive green roofs that are 

capable of forming long term, reliable plant cover on large, unmaintained extensive green roofs. 
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3.1.3 Community Structure across Varying Climatic Regimes 

The same physical environment can lead to differing ecosystems across varying climatic 

regions.  For example, an ecosystem consisting of shallow soil (100-150mm) over bedrock will 

differ greatly whether located in the dry climate of Colorado, temperate climate of Ontario, or 

boreal rain forest climate of Norway.  The aesthetic and ecological structure of unmaintained 

extensive green roofs can also be expected to differ across these climates even if they have 

identical physical makeup.  For example, a green roof with a 15 cm expanded clay growing 

medium would support the colonization of coniferous trees in coastal Norway, alvar grassland in 

Ontario, and widely spaced forbs and cacti in Colorado.  Nevertheless, the same structural-based 

ecosystem analysis could potentially lead to the identification of suitable extensive green roof 

species for any climate.    

3.2 Describing Green Roofs Using the Ecological Land Classification Method 

 Ontario ecosystems have been classified under the Ecological Land Classification (ELC) 

system by the Ontario Ministry of Natural Resources (OMNR).  The ELC system provides a 

consistent system for describing natural ecosystems (Lee et al., 2001).  The use of ELC 

terminology is required by the Ontario Planning Act for documents such as environmental 

assessments that take place prior to land development.  The ELC method describes ecosystems 

based on details including landform characteristics, soil composition, hydrology, drainage, and 

plant community.  The ELC method is effective in identifying an association between the 

physical characteristics of a particular site and its plant community (Lee et al., 1998).  The basis 

for any plant community is landform, climate, and microclimate.  Disturbances add an additional 

influence on the makeup of local plant communities.  The ELC system is an extremely useful 

ecological restoration tool.   By accurately measuring the physical parameters of a potential 
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restoration site, an ecologist can better plan which plant species are best suited for restoring the 

site.  The same strategy can potentially work for vegetating extensive green roofs.   

The ELC is a consistent method used to describe natural ecosystems by many state and 

provincial jurisdictions across North America and offers potential for identifying potential plant 

species for green roofs in many climates.  This study made use of the ELC defined ecosystems in 

Ontario using the database created by the Natural Heritage Information Center (NHIC) operated 

by the OMNR. 

 The ELC system in Ontario is a dynamic list of ecosystems, which has grown as new 

ecosystems are described and added to the list over time.  As new ecosystems are found and 

described, they can be added to the database by following a specific process.  When an ecologist 

surveys an ecosystem not yet described in the ELC database, a submission is made to the Ontario 

Ministry of Natural Resources.  These submissions are reviewed by OMNR ecologists, and those 

approved are added to the ELC database as officially recognized ecosystems.  Ecosystems are 

named using a system of codes that first describe the ecosystem category, and then specific 

subtypes of ecosystems under those categories (Lee et al., 2001).  For example, forest 

ecosystems are broadly described under a two letter code (FO).  Forest ecosystems are further 

divided into broad subtypes of forests using three lettered codes.  This included mixed forests 

(FOM), deciduous forests (FOD), and coniferous forests (FOC).  Each of these three broad forest 

subtypes can be subdivided to two more levels using a numbering system such that very specific 

types of forest communities can be described.  For example, “Dry-Fresh Oak Deciduous Forest 

Ecosite” (FOD1) divides into four additional ecosystems such as the “Dry-Fresh Black Oak 

Deciduous Forest Type” (FOD1-3).   

   



48 
 

 

 In this research, the ELC method was used to first classify and describe extensive green 

roofs as ecosystems.  The resulting ELC parameters for green roofs were then used to scan all 

ELC described habitats of Ontario for comparison.  Ecosystems that share the same ELC 

parameters with green roofs were identified for further investigation. A list of the recorded plant 

species of these ecosystems is included in the results section.  Plant communities on extensive 

green roofs (EGRs) vary somewhat in Ontario. This variance is mostly based on differences in 

the depth of the growing medium, proximity to seed sources, and the composition of the original 

planting.  In general, all EGRs share certain characteristics that lead to predictable plant 

communities over time.  This is true provided irrigation, yearly fertilizer application, and 

weeding is absent. Under such conditions, a self-sustaining plant community is allowed to 

develop.  

 The most important ELC parameter (relating to extensive green roofs) is the 

measurement of the soil depth and the type of parent material.  In both the American and German 

green roof guidelines, extensive green roofs are described as supporting a thin layer of growing 

medium no more than 15cm thick (FLL, 2010; ASTM 2006).   Within this range of depth, more 

specific sub-types of plant communities can be observed.   The following headings compare ELC 

parameters as they relate to describing EGR’s.    

3.2.1 Depth and Presence of Organic Layer 

 The “O-layer” in the ELC system refers to the depth of humus at the soil surface due to 

decomposing plant material.  In natural ecosystems, deep humus layers can be seen in moist 

habitats where water prevents oxidization of organic material and allows it to accumulate.  In dry 

habitats with porous soil types, oxygen can access dead plant materials, leaving organic materials 
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unable to accumulate because they are oxidized as air passes through the soils.  EGRs have 

porous, dry soils through which air readily passes. This oxidative process prevents build-up of 

organic materials. In the process of oxidization, carbon stored in organic humus combines with 

oxygen from passing air and forms carbon dioxide that is absorbed by the atmosphere.  

  Deep organic layers can be found in wetlands such as a cattail marsh.  When wetlands are 

drained of water and exposed to oxygen, such as in the Holland Marsh near Toronto, deep 

organic deposits are oxidized releasing carbon dioxide into the atmosphere at high rates.  Many 

Ontario green roofs have been built using compost blends that closely resemble wetland organic 

deposits, rather than more similar hot dry habitats.  These growing mediums are exposed to 

severe oxidization on un-irrigated green roofs.   Most Ontario green roofs with compost-based 

growing mediums compensate with saturating irrigation rates. Such saturation protects compost 

on green roofs from oxidization by greatly lowering oxygen levels.  On EGRs designed to meet 

FLL standards with mineral based substrates, the O-layer is very thin or absent (less than 1cm in 

thickness).  High exposure to oxygen prevents FLL type growing mediums from accumulating 

any significant organic layers.  The same can be observed in ecosystems such as sand dunes and 

rock outcrops.  

3.2.2 Depth and Composition of A and B Soil Horizons 

 The ELC system describes the depth and composition of A and B soil horizons.  On deep 

natural soils, soils develop distinct A and B horizons.  Very few ecosystems have A/B soil 

horizons less than 15cm in depth. 

 On newly constructed green roofs, mineral substrates are evenly mixed and applied at 

uniform, specified depths.  There is no distinct separation of soil particles that could be identified 

as separate A and B Horizons.  Under soil descriptions in the ELC system, EGR growing 
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mediums would be described as unconsolidated A/B horizons.  In Germany, EGRs are often 

constructed using a layer of coarse gravel for drainage.  A layer of finer gravel and sand-sized 

particles is placed on top as the growing medium.  Plants will root down into the coarse gravel 

used as a drainage layer.  In this type of construction, the two layers could be described as 

separate A and B soil horizons.  On Ontario green roofs, plastic drainage layers are most 

commonly used because of their light weight.  Growing mediums on Ontario green roofs will 

likely remain as unconsolidated A and B horizons on typical EGR applications with 7.5 to 15 cm 

depth of growing medium.  EGRs with deeper growing mediums (15 to 20cm) may change over 

time, and form more distinct A and B horizons as soil particles re-distribute after many rain 

events and freeze-thaw cycles.  Roofs with horizontal water movement due to low slope may 

also redistribute soil particles into distinct A and B horizons.   

3.2.3 Distance to Parent Material or C-Horizon 

 In natural soils, the C-horizon refers to the underlying materials from which the soils 

have developed.  On green roofs, the growing mediums are not formed in situ, but place 

deliberately on top of a solid surface protected by synthetic membranes.  Green roofs have soil 

conditions similar to ecosystems with shallow mineral soils that occur over solid bedrock layers.  

The roof deck and membranes behave much like a bedrock type C-horizon which prevents deep 

root development and exposes plants to severe water stress.  This ELC parameter alone leaves 

very few Ontario ecosystems suitable as ecological models for extensive green roofs.   

3.2.4 Type of Parent Material  

 Many parent materials in southern Ontario soils are loose substances such as sands, 

gravel, silts, and clays. These materials can be meters deep.  Ecosystems with such soils would 

not be similar to green roofs.  The solid roof decks of buildings function with greatest similarity 
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to bedrock, a solid parent material that serves as a barrier for roots to access  deep water tables.  

Bedrock also leads to high stormwater runoff rates, as is the case with roofs.  This ELC 

parameter is the least similar between natural habitats and EGRs as roof decks are intended to be 

100% watertight, while bedrock layers are never perfectly uniform.  Cracks and crevasses allow 

considerable heterogeneity resulting in smaller micro-habitats within larger ecosystems that 

occur on shallow soils over bedrock. This effect can be emulated on green roofs by adding 

microtopography. 

 

Figure 3.1 Riparian alvar at Shirley’s Bay, Ontario with Schizachyrium scoparium growing in thin 
substrates over limestone bedrock on June 19, 2011.  
 
3.2.5 Moisture Regime 

 Most extensive green roofs are built with rapid water drainage.  Growing mediums are 

shallow and coarse in order to ensure stability under conditions of high winds and heavy rains.  
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The resulting moisture regime as described using the ELC method would be considered extreme.  

FLL growing mediums have an overall low water holding capacity compounded with high 

evaporation rates during warm weather.   In Ontario’s climate, this exposes green roof plants to 

extended periods of extreme drought and temperature extremes on a yearly basis.  For most of 

the warm growing season, plants must adapt to survive prolonged drought without groundwater 

access.  In contrast, standing water often persists on roofs in cold weather when evaporation rates 

are low.  Although standing water on roof membranes is never encouraged, it is still common on 

many roofs.  When extensive green roofs are built over roof decks with areas that pool water, 

plants are exposed to low oxygen and other conditions associated with water logging.  This poses 

a challenge for green roof designers as it can cause large sections of Sedum species to die off in 

winter.  However, this condition is common on ecosystems with shallow soils over level bedrock 

where scattered pools of shallow water persist during cold weather.  The plant community 

adjusts with species that are both tolerant of winter water logging and extremely dry summer 

conditions during which the evaporation rate greatly exceeds rainfall and water storage capacity.  

It would be extremely useful to note which plants thrive in such conditions because this specific 

condition is inevitably present on EGRs.  

3.2.6 Plant Community  

 Extensive green roofs are dominated by particular plant species with observable patterns 

that vary according to growing medium depth.  On the thinnest growing mediums (less than 

7.5cm) plant communities are dominated by low carpets of succulent plants and mosses.  On 

deeper growing mediums (10-15cm), more forb and grass species are present.  During extended 

periods of moist weather, extensive green roofs in Ontario may support the temporary presence 

of larger herbaceous plants and even tree seedlings which have colonized from local seed 
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sources.  The return of hot dry conditions will “correct” the plant community, and leave only 

those species tolerant of the extremes experienced on a green roof.  This is equivalent to the 

process of colonization and periodic corrections of plant communities in wild ecosystems. This is 

especially well demonstrated by alvars where tree seedlings can be seen in great abundance 

during moist summers but die during drier seasons. 

3.3 Identifying Ecosystems with Close Resemblance to Extensive Green Roofs 

Once all the above ELC parameters had been described for extensive green roofs, a list of 

Ontario ecosystems was generated.  This list only included those ecosystems with exactly the 

same physical characteristics as extensive green roof conditions. Another matching process 

occurred between plants from the ELC method and the EGR case studies.  It was expected that 

the two plant lists would not match 100%.  The plant communities belonging to the selected ELC 

ecosystems will share some similarities to those currently described on extensive green roofs.  

However, it is expected that these natural ecosystems will consist of a much higher diversity of 

plants.  It is this higher diversity that will allow for the generation of a list of plant species 

suitable for green roofs that have not yet been identified as useful for this application.   

3.4 Extracting Plant Species from Green Roof Ecosystem Analogs 

 Plant species suitable for further testing for the purposes of identifying candidates for 

commercial production are limited to those best adapted for conventional propagation methods 

used by the Ontario horticultural industry.  Plant species that are difficult to propagate and 

establish are unlikely to be used in practice, regardless of their adaptability to extensive green 

roof conditions.  Plant species with complexities such as saprophytic relationships were avoided 

(e.g. Indian paintbrush).  In general, the selected species must be suited to one or more reliable 

propagation techniques using either seeds, crown division, stem cuttings, and/or root cuttings. 
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When creating a list of plants for green roof testing, it is also important to consider the 

potential impact on wild plant populations.  If a species suddenly becomes in demand for use on 

green roofs there can be significant pressure put on the wild population.  Alvars are a group of 

Ontario ecosystems which have highly similar conditions to those on green roofs.  Alvars are 

also highly threatened in Ontario due to human activities such as limestone extraction and 

recreational property development.   Many plant species on alvars are already classified as at risk 

species.  Wild harvesting could further threaten the demise of these populations. 

The final filter used to select plants was their permanence as members of the resulting 

plant communities.  As previously mentioned, a green roof may periodically support plants such 

as tree seedlings during periods of above average moisture.  These plant species will not form 

part of the permanent plant cover.  Each ecosystem described in the ELC database includes a 

plant list with all species observed in the plant survey.  It does not distinguish between transitory 

and more permanent members of the community.  More detailed comments are included as parts 

of many ELC surveys that describe ecosystem dynamics.  These descriptions describe which 

plants are characteristic to the overall plant community of a specific ecosystem (e.g. indicator 

species).  This research will limit the findings to plant species that are permanent parts of the 

ecosystem, and capable of surviving the environmental extremes shared with extensive green 

roofs.          

3.5 Plant Surveys of Ontario Green Roof Case Studies 

 The second part of this study involved surveying the plant composition of ten green roofs 

in Ontario designed install by the author.  All green roof case studies were extensive by 

definition, with growing medium depths varying from 2.5cm to 15cm.  The plant species that 

thrive without long term irrigation, fertilizing, and tedious weeding are of most interest to this 
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research.  Such species can enable the establishment of the very large green roofs needed to 

significantly achieve the benefits promoted by green roofs.  For the large roofs of airport 

buildings and warehouses, low input methods are crucial for ensuring that extensive green roofs 

are long lasting and affordable.     

The results of the plant surveys on case studies were compared to the plant list generated 

by using the ELC approach. The aim was to identify were finally used to find similarities and 

differences between the plants found on existing green roofs and those found in the natural 

ecosystems that share similar growing conditions with vegetated roofs.  These results were also 

intended to identify which Ontario native species have already been successfully utilized on local 

extensive green roofs.  Plant species included in the original planting design that did not persist 

over time were identified as potentially problematic for green roof applications. More details 

about the case studies are described in the results. 

 

Figure 3.2 The oldest EGR in case study, MacDonald Residence, built in 1985 showing vegetation in 
July, 2007. 
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Chapter Four: Results and Analysis 

Four subtypes of “green roof ecosystems” were described by using the ELC system.   

Section 4.1 describes these subtypes in more detail.  Out of hundreds of ecosystems described in 

the OMNR database, only four naturally occurring Ontario ecosystems had ELC parameters that 

overlapped significantly with those belonging to the four described green roof subtypes.  The 

plant lists generated from the four naturally occurring ELC ecosystems included a large number 

of species that can potentially be used successfully on extensive green roofs.  The plant surveys 

documented plant species already successfully grown on Ontario extensive green roofs.  There 

was some overlap between plant lists generated by both methods, but many potential species 

generated by the ELC method are as of yet untested on Ontario green roofs. 

4.1 Extensive Green Roofs Described as Ecosystems 

 Extensive green roofs in Ontario are constructed with growing medium depths between 

2.5cm to 15cm (1 to 6 inches).  Four distinct subtypes of EGRs can be identified based on the 

depth of the growing medium. The categories of growing medium depth are as follows: less than 

50 mm, between 50 and 75 mm, between 76 and 125 mm and greater than 125 mm.  The 

growing medium depth controls for vegetation characteristics for each of these four EGR 

ecotypes.  As growing medium goes from shallow (25mm) to deeper systems (150mm), the 

vegetation changes from short stonecrops and moss towards taller forbs and grasses. 

 The ELC naming system for ecosystems was applied to extensive green roofs in this 

research.  The code “GR” was used to represent green roofs as a broad ecosystem type.  

Extensive green roofs were classified as a green roof subtype under the code “GRE.”  Extensive 

green roofs were then divided into subtypes based on growing medium type.  In this study, all 

case studies are of extensive green roofs with FLL compliant expanded shale growing medium. 
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These ecosystems are described as “Expanded Shale Extensive Green Roof Ecosites” and given 

the code, “GRE1.”  This code was then further divided into four distinct subtypes. Table 4.1 

depicts how extensive green roofs would appear in the ELC database described as habitats. 

Table 4.1 Extensive Green Roofs Presented as Proposed ELC Ecosystems 

Nested ELC Community 
Units 

Code Vegetation 
characteristics 

Environmental 
characteristics 

Green Roof GR hardy plants adapted to 
extreme environments, 
species variable according 
to soil depths 

high exposure to wind, solar 
radiation, rapid daily 
temperature fluctuations, 
prolonged drought 

 Extensive Green 
Roof 

GRE varies from mosses and  
stonecrops to small forbs 
and grasses, occasional low 
shrubs 

less than 15cm growing 
medium, lack of irrigation 

 Dry Expanded Shale 
Extensive Green Roof 
Ecosite 

GRE1 varies from mosses and  
stonecrops to small forbs 
and grasses, occasional low 
shrubs 

less than 15cm growing 
medium consisting of coarse 
shale substrate, <4% organic 
matter, lack of irrigation 

Dry Moss-Stonecrop 
Expanded Shale Extensive 
Green Roof Type 

GRE1-1 low, vegetative colonies of 
moss and stonecrops 
(sedum mats) 

2.5-5cm depth, extreme 
dryness prevails 2-3 days 
after rain events  

Dry Stonecrop-Forb Carpet 
Expanded Shale Extensive 
Green Roof Type 

GRE1-2 mostly stonecrops, winter 
moss, annuals 

5-10cm depth  

Dry Stonecrop-Forb 
Meadow Expanded Shale 
Extensive Green Roof 
Type 

GRE1-3 larger stonecrops, hardy 
forbs (e.g. Allium) 

10-15cm depth 

Dry Bluestem-Forb 
Meadow Expanded Shale 
Extensive Green Roof 
Type 

GRE1-4 low meadow species, hardy 
forbs, small grasses 

15cm depth, moisture 
lasting 2 weeks after rain 
events, severe drought 

         

4.2 Ontario Ecosystems Similar to Extensive Green Roofs 

 There are three key environmental factors that limit which plant species can survive on 

extensive green roofs.  All of these factors lead to extreme variations in moisture and 

temperature that few plants can survive.  These key limiting factors include: 

1) A thin layer of growing medium, measuring 15cm or less.   
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2) A solid roof deck below which acts as an impermeable barrier to deep root development and 

which behaves much like solid bedrock layers. 

3) The course, rapidly draining nature of the growing medium. 

 The three factors described above were used to search the Ontario ELC database which 

resulted in a small number of ecosystems that are truly comparable to extensive green roofs.  

These Ontario ecosystems include cliff, talus, rock barren and alvar habitats. Although limited in 

number, these ecosystems host a diverse selection of plant species.  A total of 15 subtypes of 

plant communities are found within these four ecosystems. Many of the inhabiting plant species 

have not yet been tested for use on extensive green roofs and are listed in table 4.3 which also 

summarizes the limiting physical constraints and dominant plant species for each of the naturally 

occurring ecosystems. 

 

Figure 4.1 Open carbonate cliff with Aquilegia canadensis in Rockwood, Ontario on May 21, 2011.
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Table 4.2 ELC Plant Communities with Shared Extensive Green Roof Characteristics 

ELC 
Community 

O-layer 
A/B Horizons 

Depth to C-
horizon / parent 

material 

Moisture 
Regime 

Examples of Dominant  
Plant Types 

 
ALO 

Open Alvar 
(5 subtypes) 

 
-soil variable 

from clay, 
sands/gravels, to 
limestone rubble 

 
<15cm 

-carbonate bedrock 

 
Dry (0) to  

Fresh (1,2,3) 
-extremes b/n 
inundation to 

drought 
 

 

-Schizachyrium scoparium, 
Geum triflorum, Allium 
cernuum, Oligoneuron 
album 

Vegetation varies from 
barren to patchy meadow 

 
CLO 

Open Cliff 
(5 subtypes) 

 
-soil restricted to 
small crevices, 

ledges 
-mineral, basic 

 
< 15cm depth 

-vertical bare cliff 
faces 

-carbonate bedrock 

 
Dry (0,0) 
-extreme 

temperature 
variations 

 

-Poa compressa, 
Penstemon hirsutus, 
Aquilegia canadensis 

Patchy and Barren Cover 

 
TAO 

Open Talus 
(2 subtypes) 

 
-basic, coarse 
rocky debris 

 

 
< 15cm depth 

-steep slopes of 
carbonate boulders 

 
Dry (O,0) 
to Fresh 
(1,2,3) 

 

Poa compressa, Geranium 
robertianum, Asplenium 
trichomanes 

Patchy and Barren Cover 

 
RBO 

Open Rock 
Barren 

(3 subtypes) 

 
-basic or acidic, 
coarse, mineral 

soil 
-areas of exposed 

bedrock 
 

 
<15cm depth 

-solid carbonate or 
igneous bedrock 

 
Dry (0,0) 
-extreme 

temperature 
variations 

 
Patchy Cover & 

Campanula rotundifolia, 
Carex comosa, Aristida 
dichotoma, Danthonia 
spicata, Opuntia fragilis 

 Large Bare Areas 

 
 
 
 Of the four comparable ecosystems, open alvars are the most similar to extensive green 

roofs as they are essential level in topography.  Alvars occur on limestone deposits that have 

been scraped almost perfectly level by glaciers during the Pleistocene era.  Soils on alvars range 

from 15cm depth to barren, exposed rock (Stark et. al., 2004; Schaefer and Larson, 1997).  Due 

to the level topography, shallow patches of water may pool in the winter.  During the summer, 

high evaporation rates leave alvars extremely dry such that plants must cope without any access 

to water tables due to solid bedrocks.  Open Alvars tend to have few limestone fractures, and 

therefore do not support significant tree cover.  Shrub and Treed Alvars are subtypes of Alvars. 
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These alvars are located over more fractured limestone deposits that support more shrubs and 

sometimes stunted forest cover.  This research considered only the plants that occur on Open 

Alvar as it is the most similar to extensive green roofs.  Alvars are habitats that occur only in the 

Great Lakes and Baltic Sea regions (Stark et al., 2003; Partel et al., 1999).   Many of the 

European plant species known to thrive on green roofs are common elements of extensive alvars 

in Sweden and Finland.  These include Armeria maritima, Sedum acre, Sedum album, Sedum 

reflexum, Sedum telephium, and Allium schoenoprasum var. schoenoprasum.      

Open Cliffs are vertical, exposed rock outcrops which support only occasional pockets of 

soil found on small ledges or in cracks (Anderson et al., 1999).  The conditions are often more 

extreme than on green roofs, especially on south facing cliffs.  The plants that grow here have 

good potential for use on extensive green roofs.  Since the conditions are variable, attention 

needs to be made to select plants that are surviving in small pockets of soil without access to 

water in deep cracks.  Larger plants on cliffs such as Thuja occidentalis are likely surviving 

using roots anchored into deep cracks where water is available (Stark et al., 2003).  

 Talus slopes are ecosystems which are closely associated with cliffs.  They are the large 

stone and boulder deposits at the base of cliffs.  Talus is highly variable in terms of habitat.  

Smaller boulder deposits over finer materials support forests.  Open Talus occurs with deep 

deposits of large boulders with large spaces between.  Open Talus slopes drain rapidly, and are 

unable to store water for long periods.  Many of the boulders are so large that they support 

similar plant communities to those found on rock barrens (Anderson et al., 1999).  As with cliff 

tops, plant species can be selected as potential green roof candidates provided they are growing 

without access to deeper water below. 
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  Open Rock Barrens are ecosystems with a mix of exposed bedrock and pockets of thin 

soils over bedrock.  They vary in slope and can occur with acidic, igneous bedrock or carbonate 

bedrock types (Burley and Lundholm, 2010; Anderson et al., 1999).  Not all the plants that occur 

in acidic rock barrens can be used on green roofs, since growing mediums on green roofs tend to 

be created from carbonate rock such as shale.  The acidic, igneous bedrocks common in 

Ontario’s cottage country tend to support slow growing species such as lowbush blueberry that 

require acidic soils.  The plants that occur on carbonate Open Rock Barrens are better suited to 

green roofs.  Carbonate rock barrens are most common on the Bruce Peninsula, Manitoulin 

Island, and sections of eastern Ontario (McMurtry et al., 2008; Crins, 2002). 

 
 
Figure 4.2 Open Acidic Rock Barren near Ottawa, Ontario with Danthonia spicata on June 19, 
2011. 
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4.3 Potential Green Roof Plants Selected from ELC Generated Ecosystems 

 A list of plant species was generated from the online ELC records (NHIC, 2010) for open 

alvar, cliff, talus, and open rock barren ecosystems.  This list was further refined using additional 

criteria described in the methods.  These criteria included the practicality of propagating the 

species commercial within the Ontario horticultural industry. Table 4.4 presents the plant species 

selected as the most suitable for use on extensive green roofs, along with the Ontario ecosystem 

types they naturally grow in.  

Table 4.3 ELC Generated List of Plant Species Suited for EGR Testing 
 
 
Species Name 
 
(* non-native species found as naturalized 
populations in Ontario ELC habitats) 
  

Presence of Species in  
Ontario Ecosystems and Case Studies 

(Open Alvar, Open Rock Barren,  
Open Cliff, Open Talus) 

ALO RBO CLO TAO 

Achillea millefolium X X X  
Allium cernuum X    
Allium schoenoprasum var. sibiricum X X   
Allium stellatum   X   
Aquilegia canadensis X X X X 
Anemone multifida X    
Arabis hirsuta X    
Arabis lyrata X    

Artemesia caudata X    
Asclepias verticillata X    
Bouteloua curtipedula X X   
Campanula rotundifolia X X X X 
Cerastium arvense X X X  
Danthonia spicata X X X X 
Deschampsia cespitosa X X  X 
Echium vulgare* X X X X 
Geum triflorum X    
Houstonia caerulea X    
Hypericum kalmianum X    
Juniperus horizontalis X X X X 
Liatris cylindracea X    
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Micranthes virginiensis    X 
Minuartia michauxii  X    
Oligoneuron album X X   

Oenothera fruticosa ssp. glauca X    
Opuntia fragilis  X   
Panicum virgatum X X   
Penstemon hirsutus X  X X 
Phlox subulata  X   
Primula mistassinica X    
Ranunculus fascicularis X X   
Schizachyrium scoparium X    
Sedum acre* X X X X 
Sedum album* X X X X 
Sedum reflexum* X  X  

Sedum sexangulare* X X X  
Sedum spurium* X X X  
Senecio pauperculus X    
Solidago juncea X  X  
Solidago nemoralis X X X  
Solidago simplex X X   
Sporobolus heterolepis X    
Symphyotrichum ciliatum X    
Symphyotrichum cordifolius X X X X 
Symphyotrichum ericoides X X X X 
Symphyotrichum oolentangiense  X X X X 
Symphyotrichum pilosum var. pringlei X    

Trichostemo brachiatum X  X X 
Verbena simplex  X  X X 
 

 The Indian paintbrush (Castilleja coccinea) was omitted from this list due to complex 

saprophytic root relationships this species has which are difficult to emulate in commercial 

propagation.  However, designers may wish to consult a plant ecologist with specific knowledge 

on this relationship to attempt establishing this extremely showy species on a green roof.  The 

following species were omitted from the ELC generated results due to concern over their wild 
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populations.  They are all classified as species at risk by the Ontario government and there use 

may be subject to legal restrictions (Oldham and Brinkler, 2009). 

1) Hymenoxys acaulis – Lakeside Daisy (Threatened, Great Lakes endemic) 

2) Iris lacustris – Dwarf Lake Iris (Threatened, Great Lakes endemic) 

3) Solidago houghtonii – Houghton’s Goldenrod (Threatened, Great Lakes endemic) 

4.4 Case Study Plant Survey Results  

 Plant surveys were made on a series of case studies.  These case studies were surveyed to 

provide insight into the range of species already surviving on Ontario extensive green roofs.  All 

the projects in Chatham-Kent are designed by members of the Natvik family.  All the remaining 

projects are designed and built by the author and comply with FLL German green roof 

guidelines.  Except the Central YMCA, all projects are completely un-irrigated.  Only un-

irrigated portions of the Central YMCA project were surveyed as the interest of this research is 

in plant species adapted to survival without ongoing maintenance.  More details of the case 

studies are described below and through photographs: 

 

Table 4.4 Descriptions of Case Studies used for Plant Surveys 

Project Name, Location Growing Medium 
Depth (mm) 

Year 
Installed 

Green 
Roof Size 

(m2) 
Activia Sportsplex, Kitchener 150 2008 240 
Wellington County Housing, Fergus 150 2010 120 
Denso Manufacturing, Guelph 100 2008 600 
Delta Hotels, Guelph 100 2008 500 
Central YMCA, Toronto 150 2009 600 
Junction Residence, Toronto 100 2009 220 
River House, Brampton 125 2009 90 
Port Dalhousie Residence, St Catharine’s 125 2010 75 
Mazan Residence, Chatham-Kent 85 2007 200 
Orford Farm House, Chatham-Kent 75 1999 90 
MacDonald Residence, Chatham-Kent 75 1985 150 
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Table 4.5 List of Plant Species Growing Successfully on Case Study Green Roofs 
 

Species Name 
 

(* species not native to Ontario) 
P-planted as part of original design 

C-colonized green roof independently 

Case Study Name 

A
ctivia 

D
elta 

W
ellington 

Y
M

C
A

 

R
iver  

D
enso 

O
rford 

M
azan 

Port D
al 

M
acD

onal
d Junction 

Achillea millefolium P   P C C  C P C  
Allium cernuum P P P P P  P P P  P 
Allium schoenoprasum var. schoenoprasum* P P P P P   P P  P 
Allium senescens var.glaucum ssp. montanum*     P    P   
Allium stellatum    P  P   P P   
Aquilegia canadensis P P P P P   P P P  
Artemesia biennis*       P     
Asclepias verticillata P      P     
Bouteloua curtipedula P P  P P    P   
Coreopsis lanceolata P P P P P  C C P C  
Echium vulgare* C C  C C       
Festuca rubra*  C   C C  C  C  
Geum triflorum P    P    P   
Liatris cylindracea P P  P P       
Monarda punctata         P   
Nepeta racemosa*    P     P   
Oenothera fruticosa ssp. glauca    P        
Oligoneuron album P P P P P    P   
Opuntia fragilis        P  P  
Panicum virgatum       C C    
Penstemon hirsutus P P P P P  P P P  P 
Poa compressa*  C   C C  C  C  
Phlox subulata P  P P P    P P  
Schizachyrium scoparium P P P P P  P C P   
Sedum acre*  P P P P P P P P P P 
Sedum album*  P P P P P P P P P P 
Sedum kamstchaticum*  P P P P P  P P  P 
Sedum reflexum*  P P P P P P P P  P 
Sedum sexangulare*  P P P P P  P P  P 
Sedum spurium*  P P P P P P P P P P 
Sedum telephium*   P  P   P P   
Sempervivum sp.*  P   P  P   P  
Solidago juncea P    P   C    
Solidago nemoralis C C C  C C C C C C  
Sporobolus heterolepis     P    P   
Symphyotrichum ericoides P P P P P P P P P   
Taraxacum officinale* C C C C C C C C C C C 
Tradescantia ohioensis P P P P P    P   
Trichostemo brachiatum P P P P P   P   P 
Verbena stricta P   P        
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 Some plant species were omitted from case study results despite having performed well 

on these green roofs.   Their populations may be vulnerable to wild harvesting should they 

become sought after in the nursery trade.  They are also classified as species at risk by the 

Ontario government and there use may be subject to legal restrictions (Oldham and Brinkler, 

2009) and are summarized in the following list:   

1) Lakeside daisy (Hymenoxys acaulis) is a threatened, Great Lakes endemic species which was 

used on green roof at the Activia Sportsplex in Kitchener.  It performed well using stock of 

unknown provenance in the nursery trade.    

2) Eastern prickly-pear cactus (Opuntia humifusa) is classified as endangered in Ontario, but is 

common elsewhere in the eastern USA.  Plants of unknown provenance are readily available 

in the Ontario nursery trade, even at “big box” nurseries.  This native cactus performed very 

well on many of the case studies.   

 In addition to these species, the following species are also classified as at risk species in 

Ontario, but have been successfully grown on extensive green roofs in adjacent states.  An 

extensive green roof in Minneapolis, Minnesota supports many plant species also found in 

Ontario, including bird’s foot violet (Viola pedata) and showy goldenrod (Solidago speciosa) 

which are both classified as endangered in Ontario (MacDonagh et al., 2007).  Both of these 

species are also readily available in the Ontario nursery trade. 

 Also, there were species from the original planting designs that did not survive green roof 

conditions.  Most species which died off on these case studies did so in the first winter after 

planting.  These plants appeared to suffer winter kill despite withstanding hot, dry conditions in 

the first growing season.  The species that suffered winter kill early in the study included 

Asclepias tuberosa, Lupinus perennis, and Allium tuberosum.  Green roof growing mediums are 
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not buffered by thermal mass as natural ecosystems like alvars are.  Growing mediums can 

experience extreme temperature fluctuations beyond the range of tolerance for many species that 

the ELC analysis may suggest for green roofs (Boivin et al., 2001).  Another group of species 

that did not survive, suffered die offs during hot, dry periods which included Rudbeckia hirta, 

Rudbeckia triloba, Penstemon digitalis, Monarda fistulosa, Pycnanthemum pilosum, Liatris 

aspera, Liatris spicata, Symphyotrichum laeve, Desmodium canadensis, Sorghastrum nutans, 

and Andropogon gerardii.  Although all these species are drought tolerant when planted at grade, 

they are not adapted to the more extreme conditions of thin green roof growing mediums unless 

cared for through constant irrigation. 

4.5 Plant Species Missed by ELC Method 

 There were native plant species which were found in the case study plant surveys, yet 

were not identified from habitats the resulted from using the ELC method.  These plants included 

Ohio spiderwort (Tradescantia ohioensis), dotted mint (Monarda punctata), hoary vervain 

(Verbena stricta) and eastern prickly-pear (Opuntia humifusa).  However, all these species can 

be found on ELC defined habitats that occur in states adjacent to Ontario such as in Minnesota’s 

bedrock bluff prairies where they have been successfully used on extensive green roofs 

(MacDonagh et al., 2007).  To fully investigate potential green roof plants for Ontario, ELC 

records from adjacent states and provinces can be included in this process.  
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Chapter Five: Discussion 

 There are two primary results of this thesis: 1) a plant list derived by applying the ELC to 

the growing conditions that characterize FLL compliant extensive green roofs in southern 

Ontario and 2) a plant list derived from a survey of existing extensive green roofs that are FLL 

compliant.  There is considerable overlap between the two plant lists that resulted from this 

study.  Note also that the European sedum species found in the roof survey are commonly used 

in the green roof industry in Ontario and referred to as naturalized exotic species. These species 

were also found on native Ontario habitats when doing the ELC research.  Examples of such 

naturalized exotics include Sedum acre, Sedum sexangulare and Sedum reflexum, all of which 

have been found growing on many alvars. Exotic European non-sedum species such as catmint 

(Nepeta racemosa) and dandelion (Taraxacum officinale), which are commonly found on 

European green roofs, were also found during the case study portion of this research. Dandelion 

was a species that was present on all the case studies, and colonized on its own. 

 These findings generate some support for applying the ELC to green roof habitats.  By 

illustrating that certain ELC habitats are compatible with green roof plants, it follows that this 

system of classification may be applicable constructed ecosystems such as vegetated roofs.  In 

contrast to the exotic species, a few of the native species found in the ELC habitats were used 

intentionally and/or successfully on the surveyed extensive green roofs.  Nodding wild onion 

(Allium cernuum) is an exception to this observation. It is one of the few native species used 

successfully on most of the surveyed Ontario roofs.  It was the most common native plant found 

during the roof surveys and, in keeping with the study hypothesis, it is found in one of the ELC 

ecosystems identified as having conditions similar to those on green roofs, the Canada Bluegrass 

- Nodding Onion Alvar Grassland Type on Pelee Island.  Nodding wild onion forms a large, 
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localized population on a Pelee Island alvar and may have been brought there centuries ago from 

more western populations in the Great Plains by first nations people (Kirk, 1992).  

There are many more untried species that grow on Ontario’s alvars and other similar 

habitats that are potential candidates for green roof commercialization. They are worthy of 

commercial consideration as they pass both the ELC filter and the secondary industry related 

filters.  This author suggests that these species undergo further testing and be considered for 

commercial production based on the results of such studies.  If such a research/production 

project was undertaken, the number of native species that would be readily available to the 

commercial green roof industry would be much more diverse.  It is hoped that this gain in plant 

biodiversity would be accompanied by an increase in biodiversity of associated fauna on green 

roofs.  Plant diversity on green roofs has been shown to increase the habitat value for insects, 

spiders, and songbirds on European green roofs (Coffman and Waite, 2010; Currie and Bass, 

2010; Brenneisen, 2006; Kadas, 2006). 

5.1 How Green Roofs Are Not Like Natural Ecosystems 

Note that caution should be taken before proceeding aggressively with testing all plants 

found on the ELC generated list.  One initial pre-test which should be conducted for each 

species, is to test for winter hardiness to the extreme temperature fluctuations seen on green roofs 

due to the lack of thermal mass of parent materials that natural habitats possess (Boivin et al., 

2001).   

The ELCs are mature plant communities which are the result of years to decades of 

ecological succession and plant competition. These habitats are not completely uniform like 

green roofs.  Green roofs have almost homogeneous growing medium thicknesses.  On alvars, 

the mix of plant species is the result of competition amongst various species across variations in 
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physical qualities of the environment. The “winner” in any one area within the alvar may be due 

to regional differences in growing conditions such as variable soil depth.  Any natural habitat has 

a matrix of plants with some long-time members, some young juvenile seedlings, some annuals 

and some biennials (Stark et al., 2003). To review an example from the introduction, black eyed 

susans (Rudbeckia hirta) are often seen on alvars, but are not found in the same spot for any 

length of time. This is a short lived plant that can function in variable life spans including annual, 

biannual and short lived perennial.  After three consecutive wet years, black eyed susans may 

 
 
Figure 5.1 Drought stress to Rudbeckia hirta on EGR in Brampton, Ontario in July 31, 2011. 
 
 temporarily increase in number. Alternatively, a patch of black eyed susans may entirely dry out 

and disappear during extreme drought.  However, the plant returns in subsequent years because 

seeds move in from adjacent habitats that act as a source for this population.  As a result of the 

cycle just described, the black eyed susan is constantly trying to colonize the alvar yet never 
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arriving at a steady state.  This example helps explain why a critical eye must be used when 

looking at the ELC generated plant list. The aim is to identify which species can survive in the 

alvar alone (and thus more likely on an isolated green roof), unassisted by a local source that can 

drive re-colonization. Most green roofs are so isolated that a patch of black eyed susans may do 

well in a wet season, die in drought year and never return due to a lack of a re-colonization 

source.   

In summary, natural ecosystems are part of a larger mosaic that includes other 

ecosystems. The seed banks from the adjacent ecosystems will move into the alvar when 

conditions allow, and thereby provide the next generation of temporary plant residents. When 

selecting plants for green roof testing from the alvar plant list, one should focus on plants that are 

alvar specialists and not just short term visitors. The best time to make this determination is 

immediately after a very hot and dry period (e.g. on a year with no rain in July or August).  One 

limitation of this study is that ELC based plant lists identifies the plants that are most common 

but do not indicate if this is a result of an ongoing colonization/ die off/ re-colonization cycle. A 

candidate plant with this type of cycle would not fare well on an isolated green roof.  

5.2 Heat and Moisture Stress Response on Case Study Green Roofs 

 The 2011 growing season in southern Ontario included two periods of hot, dry weather 

including an official heat wave during July 2011.  The extensive green roofs in this study were 

exposed to extreme heat and moisture stress leading to observable responses in their plant 

communities.  Prior to 2011, the most recent heat wave occurred in summer 2007.  This heat 

wave was accompanied by a severe drought across much of southern Ontario.   Most of the 

studied green roofs were built after 2007 such that these roofs first experienced a heat wave in 

July 2011.  This allowed for observations of responses to such extremes for in plant species that 
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have apparently not been tested on extensive green roofs in southern Ontario.  Various adaptive 

strategies for coping with extremes of heat and moisture were observed.  Plants avoided 

extirpation from the studied green roofs by one or a combination of the following strategies: 

5.2.1 Temporary Dormancy 

 Some plant species go into dormancy when exposed to extreme heat and moisture stress.  

Upon the return of more favourable conditions, such species are able to resume growth and make 

the most of a particular growing season.  The amount of stress required to cause a plant to go into 

dormancy depends on the species and specific features of the green roof.  For example, the heat 

wave of 2011 caused complete death of Penstemon hirsutus planted in 10cm depth and full sun.  

However, this species survived on green roofs with part sun in 10cm and on all green roofs with 

15cm of growing medium.  Similar observations were made on Tradescantia ohioensis, Achillea 

millefolium, Allium cernuum, Allium schoenoprasum, Coreopsis lanceolata, Geum triflorum, 

Solidago ptarmicoides and Solidago juncea.            

5.2.2 Metabolic Adaptations of Grasses 

 Cool season grasses with C3 metabolisms are well adapted to Ontario extensive green 

roofs with 15cm or more of FLL compliant growing medium. These grasses grow most actively 

during the cooler weather of spring and fall.  They are dormant during hot summer weather, and 

therefore avoid the worst of the seasonal moisture and heat stress of green roofs (Smith et al., 

2010).  However, C3 grasses are vulnerable to hot, dry weather that occurs in May and early 

June.  C3 grasses that survived the July 2011 heat wave included Danthonia spicata, Festuca 

rubra and  Poa compressa on 10cm growing mediums with part sun.  They also survived on 

green roofs with 15cm depth regardless of sun or shade.  Elymus repens and Bromus inermis 

were C3 grasses observed as volunteers on 15cm growing medium depths.     
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Warm season grasses with C4 metabolisms may seem at first glance to be ill suited to 

extensive green roofs.   While Sorghastrum nutans failed on all studied green roofs, several C4 

species thrived on most projects including Schizachyrium scoparium, Bouteloau curtipendula, 

Sporobolus crytandrus and Sporobolus heterolepis.  This is in contrast to other studies on 

extensive green roof plant performance in the Great Lakes region in which these grasses were 

reported to have failed.   This author attributes these disparate results to the differences in both 

planting techniques and the condition of planted stock used in the studies.  For example, 

Schizachyrium scoparium experienced 100% mortality when planted using seedlings grown in 

10cm pots with peat or compost based growing mediums in the Ontario case studies.   Organic 

growing mediums were expected to wick away moisture from roots once planted on green roofs 

and expose roots to extremely dry, hydrophobic conditions (Snodgrass and McIntyre, 2010).  In 

contrast, Schizachyrium scoparium thrived on green roofs when spring planted using either field-

grown, bare-root plants or from field-grown, containerized plants grown in extensive green roof 

growing mediums (e.g. expanded shale).   Panicum virgatum and Andropogon gerardii failed on 

most green roofs but did survive on north exposures of sloped green roofs with 15cm of growing 

medium or more.  Both of these species have very deep root systems, which may explain why 

their performance is marginal on un-irrigated green roofs. 

5.2.3 Crassulacean Acid Metabolism 

Crassulacean Acid Metabolism (CAM) is a specialized metabolic adaptation found in 

plants within the Sedum genus.  It is a strategy to cope with environments that have extreme 

differences between night and day temperatures accompanied by moisture stress (Lee and Kim, 

1994).  Plants that employ CAM fix carbon dioxide (CO2) at night and release it during the day.   

This allows the closing of stomata during the day when temperatures are excessively hot.  
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Because of this, Sedum species are well suited to rocky environments where access to water in 

soils is severely limited.   Despite these shared adaptive mechanism, the highly diverse array of 

sedum species exhibit variable survival rates according to growing medium depth and sun 

exposure.  Partly-shaded green roofs in the case studies allowed for higher overall Sedum 

diversity and have a particularly noticeable effect when growing medium depth is below 10cm. 

5.2.4 Specialized Water Storage 

 Adaptations for water storage can be seen in many plants that thrive on green roofs.  In 

this study, various species of Sedum and Opuntia humifusa are adapted to extremes not only 

through CAM but also through water storage via fleshy leaf structures.  Liatris cylindracea 

survived well on both 10cm and 15cm green roofs due to water storage in a specialized corm just 

below the soil surface.  Other Liatris species failed on green roofs including Liatris spicata and 

Liatris aspera.  This may reflect smaller water storage capacity in their corms and a reliance on 

deep roots, a feature which has no adaptive advantage on green roofs. 

5.2.5 Seed Bank Response 

Initial analysis may seem to justify excluding plants such as Rudbeckia hirta for wide 

scale use on Southern Ontario EGRs.  All plants of this species died out on study sites in Ontario 

after exposure to the heat waves of 2007 and 2011 (see Figure 5.1).  However, it regenerated on 

larger case studies after adult plants died off.  A seed bank of Rudbeckia hirta may have 

developed from repeated moist seasons in the growing medium of the large green roofs.  

Therefore, this species maintained a position in the overall plant community of such green roof.  

On green roofs with variable growing medium depths, Rudbeckia hirta survives in greatest 

densities on 15cm soil depths and can repeatedly re-colonize areas with as little as 5cm depth 

during moist seasons.  Plants such as Rudbeckia hirta are longer lived in habitats with deep soils; 
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however, Rudbeckia can act as annuals or biennials in harsh green roof conditions.  Other species 

which behaved similarly in the green roof case studies included Solidago nemoralis, 

Pycnanthemum pilosum and Aster ericoides.  By including variable growing medium depths, 

green roofs can maximize plant diversity and function more like natural habitats which are more 

heterogeneous.  .   

Annual species respond completely via seed banks, and form part of many harsh habitats 

such as deserts, mountain slopes, and alvars.  Many annual species were observed on green roof 

study sites as unintended, volunteer species.  Trichostema brachiatum was the only intentionally 

planted annual species. It thrived on all study sites in both 10cm and 15cm growing medium.  

More work is needed to identify suitable annual species existing in habitats such as alvars that be 

suitable for green roofs.            

Colonization of certain plant species was observed where green roofs were located near 

habitats with sources of seed.   Suburban settings with disturbed construction sites and old fields 

yielded the highest diversity of naturally colonizing species.  In one case study, plant species 

from an adjacent garden colonized the green roof (River House).  The most common naturally 

colonizing species included Rudbeckia hirta, Coreopsis lanceolata, Aster verticillata, Solidago 

nemoralis, Solidago canadensis, Andropogon gerardii, Chrysanthemum leucanthemum, 

Gaillardia aristata, Elymus repens, Festuca rubra and Poa compressa. Most of these species 

however died during heat waves during July 2007 and 2011. 

5.3 Use of Results by Researchers for Plant Testing 

Based on this research and the author’s experience in the green roof field, there are many 

plants that have not been utilized or rarely utilized on Ontario green roofs that have very high 

potential for use a “staple” species.  These include wild chives (Allium schoenoprasum var. 
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sibiricum), prairie onion (Allium stellatum), nodding wild onion (Allium cernuum), harebells 

(Campanula rotundifolia), prairie dropseed (Sporobolus heterolepis), little bluestem 

(Schizachyrium scoparium), sand coreopsis (Coreopsis lanceolata), hairy beardtongue 

(Penstemon hirsutus), slender blazing-star (Liatris cylindracea), prairie smoke (Geum triflorum), 

Ohio spiderwort (Tradescantia ohioensis), early goldenrod (Solidago juncea), and upland white 

aster (Oligoneuron album).  All of these species have showy flowers and are easily propagated 

for commercial use.   The wild onions are already commonly used on European green roofs.  For 

example, the European subspecies of wild chives (Allium schoenaprasum var. schoenaprasum) is 

found in European alvars (Partel et al., 1999) and it is used commonly on both European 

extensive green roofs and Ontario green roofs.   Another subspecies of wild chives (Allium 

schoenoprasum var. sibiricum) are native to many Ontario alvars and are highly likely to be 

successfully grown on regional green roofs.  

The resulting plant list consists of unrelated plants from many different families. Within 

this list, there are a number of different survival mechanisms and growth habits that allow the 

plants to survive under the harsh conditions found on green roofs and alvars. These growth 

processes need to be considered when designing tests to determine the suitability of these plants 

for commercial green roofs application. The broad categories of differences include the 

following: establishment method and stock type, spacing, cold hardiness, compatible growing 

medium depths and competitiveness and response to irrigation.  The Sedum species that are 

already commonly used on green roofs are very easy to establish using plugs, cuttings or seeds. 

They are quick to establish in a large range of growing medium depths and can be applied 

densely on newly planted roofs (Getter and Rowe, 2008).  Overall all, sedums have similar 

growth strategies with the final result of a green roof planting reflecting differences in the mature 
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height of different sedum species.  For the majority of the remaining plants on the list, there is 

little potential for the use of seeds or cuttings.  Many of the plants found on the list are used for 

on ground prairie plantings in the seed form.  It follows that this may be considered an option for 

green roofs.  However, although seeding directly is effective at grade for turf and meadows, 

when seeds are planted on roofs, conditions can dry out so quickly that emerging seedlings are at 

a high risk of death (Emilsson, 2008). On an alvar, this can be addressed by local seed banks, 

which are not available to the green roof setting.  Seeding may eventually be successful but the 

multiple attempts required to generate adequate plant cover is unlikely to be practical or 

economically viable on a commercial basis. With seeding any prevailing climatic condition will 

favour one series of species over the other and ultimately influence the composition of the final 

cover.  As a result, the installer has much less control over the results than with plugs (Snodgrass 

and McIntyre, 2010).  Seeds are also often not an economical choice and may not always be 

readily available on a large scale.  In prairie research, there is a great deal of attention being paid 

to the relative proportions of seeds in a mixture. The result has been particular seed mix recipes 

for particular settings (Smith et al., 2010).  This research is lacking for green roofs although there 

will likely to be significant similarities between the two settings.  However, without adequate 

research results are likely to be unpredictable when using seeds from species other than sedums, 

which have a well established history of being seeded onto green roofs. 

 There is a tendency to treat all green roof plants like sedums and the most common result 

is planting too densely.  Little bluestem (Schizachyrium scoparium) is a bunch forming grass, 

capable of living for decades and is very tolerant of harsh conditions. The one factor this plant is 

sensitive to is overcrowding.  Plants of this nature cannot create extensive vegetation cover on a 

green roof quickly, so the tendency can be to compensate by planting thicker than is appropriate 
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for this species.  As little bluestem mature on a overly densely planted site, dieback results due to 

crowding stress. In such a circumstance, it is not the plant that failed as a green roof candidate 

but the planting design method that failed the plant.  In cropping systems, plant spacing is 

vigorously researched.  For example, the relationship between spacing and yield is an important 

discussion for cash crops.  Likewise in forestry, spacing is paramount to avoid stunting and 

thinning.  There is some research for use of little bluestem in at grade plantings as it is a popular 

ornamental grass. This author has observed a widespread tendency to plant species too thickly 

even when at grade in order to create a sense of lush greenery from the early days of the project. 

Little bluestem is commonly planted at a 30 to 45 cm spacing (Oudolf and Kingsbury, 2005) 

which is appropriate at grade due to the opportunity to create deep root systems and easier access 

to water.  In green roof ecosystems, the density needs to be further reduced, with the exact extent 

of the reduction based on the depth of the growing medium.  The author is not aware of any 

published research on plant spacing for green roofs.  However, mature, established little 

bluestem on Ontario alvars exhibit uniform spacing patterns correlated with substrate depth.  The 

author measured spacing in an Ottawa Valley alvar (June, 2011) and recorded that little bluestem 

growing in approximately 100mm of soil, grew at a 60 to 75 cm spacing.  At 150mm soil depth, 

it decreases to 45 to 50 cm possibly due to the increased moisture content of the growing 

medium that supports a denser stand.  Similar in vivo measurements could be made for all the 

other plants on the list by visiting the alvars that host the plants.  This would inform the 

experimental design for the plants that ultimately are selected to undergo further testing.  As a 

starting point, the author recommends that native forbs be tested with 30-45cm spacing, and that 

native grasses are tested with 45-60cm spacing.  This is much wider than spacing used for 

planting sedums by most researchers (Monterusso et al., 2005).  This author’s recommended 



79 
 

spacing differs greatly with those required by the Toronto Green Roof Bylaw (2009) which list a 

maximum allowable spacing of 30cm (or minimum of 11 plants per m2).  This spacing is 

appropriate for sedums, but not for Ontario native forbs and grasses which are recommended 

over sedums by the bylaw.  

5.4 Use of Results by Designers 

 Despite the lack of consistency in the performance and horticultural characteristics of the 

green roofs found in southern Ontario, the potential for green roof planting selection to 

contribute to storm water mitigation and thermal moderation is significant.   Further, although a 

disproportionate emphasis has been placed on green roofs contributing to solving certain 

environmental problems, the value of green roofs to integrated ecological design and a broader 

list of benefits should not be ignored (Buccola and Spolek, 2011; Oberndorfer et al., 2007).  

There is tremendous potential to integrate green roofs with other building and landscape design 

features to optimize the environmental quality of urban areas (Berndtsson, 2010).  Berndtsson 

suggests that green roofs should be viewed as one tool within a larger group of strategies to 

improve urban hydrology and ecosystem function (page 358).  Recent research on green roof 

performance is showing large differences due to subtle changes in design, including growing 

medium characteristics, plant species selection, and integration with other design features.  Forbs 

and grasses mitigate storm water in much greater quantities that sedum roofs (Nagase and 

Dunnett, 2012).    

 In advance of further testing, designers of Ontario green roofs can experiment by 

including plant species from case studies in this research that performed well.  However, 

designers should communicate this approach with the building owners.  Native species could be 

used along side with tried and true Sedum species to ensure the green roof project will have 
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consistent vegetation should the native species fail (Snodgrass and McIntyre, 2010).  Also, the 

nursery trade may not supply native species, or not in useful stock forms.  A growing contract 

with a nursery may need to be specified by a designer in order to source suitable planting stock 

for native green roofs plants.  In this case, the designer should specify plugs or small pots (< 

10cm) where plants are grown outdoors in stone based growing mediums resulting in plants pre-

conditioned for establishment in harsh green roof conditions.  

 Some designers may receive the privilege of working with an adventurous client to 

experiment with the creation of novel green roof ecosystems.  In this case, a green roof can be 

planted entirely with native species.  To increase the long term biodiversity of the green roof, the 

design can employ strategies to simulate conditions in natural ecosystems such as variable 

growing medium depth, structural habitat (such as larger boulders and logs), and even areas that 

encourage shallow pooling of water.  These strategies have been employed successfully on 

European green roofs to increase habitat value for various fauna (Brenneisen, 2006; Dunnett et 

al., 2005).  Care needs to be taken with associated dead loads associated with such layouts, and a 

structural engineer needs to be consulted before building these roofs. 
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Chapter Six: Conclusion 
The practice of landscape architecture can greatly benefit from the application of 

ecological models.  Recently in Toronto, there has been a great interest in increasing vegetation 

in urban environments.  Successful and long lived urban plants, ranging from green roofs to 

street trees, can be challenging for designers to achieve if ecology is not adequately considered. 

Landscape designers working within urban environments can potentially specify plant lists that 

result in long lived installations that require minimal inputs.  This is possible by examining 

regional ecosystems that share environmental conditions with the target urban environments and 

creating a list of plants likely to be viable in this context.  

 This research demonstrates how ecological principles and observations can be used to 

inform landscape architecture specifications, design approaches and installations. In the specific 

case of green roofs, the integration of landscape architecture and ecology has the potential to 

enhance urban biodiversity, improve aesthetics (as plant cover is sustained over time), and 

maintenance costs by matching sites with plants capable of growing without significant. 

 A model of the integration of design and ecology can be found in the Germany landscape 

construction guidelines which are presented in a series of landscape manuals of which green 

roofs is only one (FLL, 2010).  This approach is very applicable to southwestern Ontario but the 

specific plant list must still be determined on a local, climate appropriate level for green roofs.  

Ontario has the advantage of an existing, well developed ecological classification system that can 

be applied to the landscape architecture field in a variety of ways.  This research demonstrates 

the application to the green roof vegetation but it would be reasonable to investigate the value of 

using the ELC system to improve other planting design challenges faced by landscape architects.  

The same economic, biodiversity, and aesthetic qualities of green roofs that are so well presented 
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in the literature can be are shared by a broad range of plantings if they too are ecologically 

informed.  Other planting challenges that could be improved ecologically include urban forests, 

urban trees, urban meadows and large public gardens.  Urban environments are exposed to very 

definable stresses that are likely present in various habitats.   

 This research also demonstrates the importance of applying ecological principles when 

undertaking horticultural research. If differences between plants characteristics, such as optimal 

spacing and growing conditions are not appropriately considered, results of research that is not 

ecologically informed may not reveal a native plant’s potential for application in landscape 

architecture.  Again, the spacing patterns of long-lived plants in nature can provide much insight 

into how these plants can be used in the built environment.  The horticultural industry often 

grows a very broad range of plants in similar growing mediums.  For the goals of long term 

survival, urban plantings can benefit by preparing growing mediums that mimic those found in 

harsh, natural ecosystems that none-the-less support thriving plant communities. An example of 

such an approach is Cornell University’s development of structural soils for urban trees.  This 

growing medium is comprised coarse stones and remains porous even when covered with 

concrete.  Trees that grow well in rocky environments would also grow well in urban settings 

with this type of growing medium as it resembles rocky debris mixed with rock outcrops.   

 It can also be argued that this research demonstrates why it is important to have vigorous 

research that is well established prior to requiring the inclusion of certain features, such as green 

roofs, in the built environment (or perhaps even street tree planting standards).  As it currently 

stands, the Toronto green roof standard is not entirely compliant with the current ecological 

understanding of green roofs.  This can lead to the installation of large projects that are at risk of 

not succeeding, even if they comply with Toronto Green Roof Standard.   Problems with green 
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roofs due to lack of plant knowledge, would not be beneficial towards their long term acceptance 

in the building industry.   To create the circumstances that would result in the voluntary 

undertaking of large scale of green roof, standards must provide information on how to create 

plantings that are trouble free and able to survive indefinitely without irrigation or substantial 

maintenance.  The plant species listed in this research offer a starting point for that knowledge 

that can lead to further research that informs designers on the optimal spacing and planting 

depths for each species when used on Toronto and southern Ontario green roofs. 

 

Figure 6.1 Rendered image of Fanshawe College showing wide scale EGR application (created with 
Photoshop using aerial photo courtesy of Fanshawe College from Figure 2.5). 
 



84 
 

REFERENCES 
 

Anderson R., Fralish J., Baskin J., 1999.  Savannas, barrens, and rock outcrop plant communities 
of North America. Cambridge University Press, Cambridge, UK. 

 
ASTM E 2400, 2006 Standard Guide for Selection, Installation, and Maintenance of Plants for 

Green Roof Systems. ASTM International,West Conshohochen, PA.  
 
Banting, D., Doshi, H., Li, J., Missios, P., Au, A., Currie, B., Verrati, M., 2005.  Report on the 

Environmental Benefits and Costs of Green Roof Technology for the City of Toronto. City of 
Toronto and Ontario Centres of Excellence – Earth and Environmental Technologies, 
Toronto.  

 
Bass, B., Baskaran, B., 2003. Evaluating Rooftop and Vertical Gardens as an Adaptation Strategy 

for Urban Areas. Ottawa (Canada): National Research Council Canada, Institute for Research 
in Construction. Report no. NRCC-46737. 

 
Bass, B., Krayenhoff, E., Martilli, A., Stull, R, Auld, H., 2003. The impact of green roofs on 

Toronto’s urban heat island. Proceedings of the First North American Green Roof 
Conference 1: 292–304, 20–30 May, Chicago, IL. 

 
Beattie, D., Berghage, R., 2004. Green roof media characteristics: the basics. Proceedings of the 

2nd Greening Rooftops for Sustainable Communities Conference 2: 411-16. Portland, OR. 
 
Berg, A., 1989.  Norske tømmerhus frå mellomalderen (Nordic log houses of the Middle Ages).  

Landbruksforlaget (1), 70-73. 
 
Berndtsson, J., 2010.  Green roof performance towards management of runoff water quantity and 

quality: a review. Ecological Engineering 36, 351-360. 
 
Berndtsson, J., Bengtsson, L., Emillson, T., 2006. The influence of extensive vegetated roofs on 

runoff quality. Science of the Total Environment 355 (1-3), 48-63. 
 
Berndtsson, J., Bengtsson, L., Jinno, K., 2008.  First flush effect from vegetated roofs during 

simulated rain events. Hydro Res. 39(30), 171-19. 
 
Boivin, M., Lamy, M., Gosselin, A., Dansereau, B.,  2001.  Effect of artificial substrate depth on 

freezing injury of six herbaceous perennials grown in a green roof system. Hort Technology 
11 (3), 409-12. 

 
Brenneisen, S., 2006.  Space for urban wildlife: designing green roofs as habitats in Switzerland. 

Urban Habitats 4 (1), 27-36. 
 
Buccola, N., Spolek, G., 2011.  A pilot-scale evaluation of green roof runoff retention, detention, 

and Quality. Water Air Soil Pollut.  216, 83-92. 
 
Burley, S., Lundholm, J., 2010.  Environmental predictors of forest expansion on open coastal 

barrens.  Biodivers Conserv. 19, 3269–3285. 
 
Cantor, S., 2008. Green Roofs in Sustainable Landscape Design. Norton, New York, NY. 
 



85 
 

Carter, T., Jackson, C., 2007. Vegetated roofs for stormwater management at multiple spatial 
scales. Landscape and Urban Planning 80: 84-94.  

 
Carter, T., Keeler, A., 2008.  Life-cycle cost-benefit analysis of extensive vegetated roof systems. 

Journal of Environmental Management 87:350-363. 
 
City of Toronto, 2009a. Green roof bylaw and construction standard: By-law No. 583-2009. 

http://www.toronto.ca/legdocs/municode/1184_492.pdf#page=8.5. 
 
City of Toronto, 2009b.  Toronto green roof construction standard: supplementary guidelines. 

http://www.toronto.ca/greenroofs/pdf/GreenRoof-supGuidelines.pdf 
 
Clark, C., Adriaens, P., Talbot, F., 2008.  Green roof valuation: a probabilistic economic analysis 

of environmental benefits. Environ. Sci. Technol. 42:2155-2161. 
 
Coffman, R., Waite, T., 2010.  Vegetated Roofs as Reconciled Habitats: Rapid Assays Beyond 

Mere Species Counts. Urban Habitats: 6(1). 
 
Crins, W., 2002. The Ecozones, Ecoregions, and Ecodistricts of Ontario.  Prepared for the 

Ecological Land Classification Working Group. Ontario Ministry of Natural Resources, 
Peterborough, ON. 

  
Currie, B., Bass, B., 2010.  Using Green Roofs to Enhance Biodiversity in the City of Toronto.  

City of Toronto Commissioned Report: April 2010. 
 
DeNardo, J., Jarrett, A., Manbeck, H., Beattie, D., Berghage, R., 2005.  Stormwater mitigation and 

surface temperature reduction by green roofs. Transactions of the ASAE 48, (4): 1491-6. 
 
Dunnett, N., Clayden, A., 2007.  Rain Gardens: Managing Water Sustainably in the Garden and 

Designed Landscape.  Timber Press, Portland, OR.  
 
Dunnett, N., Kingsbury, N., 2008.  Planting green roofs and living walls. Timber Press, Portland, 

OR. 
 
Dunnett, N., Nagase, A., Booth, R., Grime, J., 2005. Vegetation composition of green roofs and its 

influence on runoff and biodiversity. Proceedings of the Third Annual Greening Rooftops for 
Sustainable Communities Conference. 4–6 May 2005, Washington, DC. 

 
Dunnett, N., Nagase, A., Booth, R., Grime, P., 2008a. Influence of vegetation composition on 

runoff in two simulated green roof experiments. Urban Ecosystems 11:385-398. 
 
Dunnett, N., Nagase, A., Hallam, A., 2008b. The dynamics of planted and colonizing species on a 

green roof over six growing seasons 2001-2006: influence of substrate depth. Urban 
Ecosystems 11:373-384. 

 
Dunnett, N., Nolan, A., 2004.  The effect of substrate depth and supplementary watering on the 

growth of nine herbaceous perennials in a semiextensive green roof. Acta Horticulturae 643: 
305–309. 

 
Dvorak, B., Volder, A., 2010.  Green roof vegetation for North American ecoregions: a literature 

review.  Landsc. Urban Plann. 96:197-213. 



86 
 

 
Earth Pledge, 2005.  Green roofs: ecological design and construction. Schiffer books, Atglen, PA. 
 
Emilsson, T., 2008.  Vegetation development on extensive vegetated green roofs: influence of 

substrate composition, establishment method and species mix. Eco Eng  33:265-277 
 
Emilsson, T., Berndtsson, J., Mattsson, J., Rolf, K., 2007.  Effects of using conventional and 

controlled release fertilizer on nutrient runoff from various vegetated roof systems. Eco Eng  
29:260-271  

 
Forschungsgesellschaft Landschaftsentwicklung Landschaftshaue (FLL), 2010.  Guideline for the 

Planning, Execution and Upkeep of Green Roof Sites.  Landscape, Research, Development 
and Construction Society of Germany.    

 
Getter, K., Rowe, B., 2006.  The role of extensive green roofs in sustainable development. Hort 

Science 41, (5): 1276-85.  
 
Getter, K., Rowe, B., 2008. Media depth influences Sedum green roof establishment. Urban 

Ecosystems 11:361-372. 
 
Hahn, K., 2009. Urban Green Roof Vegetation Assemblage Demography, Classification and 

Design Recommendations. Master's Thesis. Ryerson University, Toronto, ON. 
 
Høiiland, K. 1995.  Truete kulturbetingete planter i Norge (Report on endangered plants of the 

Norwegian cultural landscape). NINA Fagrapport 003:1-34.  
 
Kadas, G., 2006.  Rare invertebrates colonizing green roofs in London. Urban Habitats 4: 66–86. 
 
Kirk, D., 1992.  Stone Road Alvar, Pelee Island: Management of an unusual oak savannah 

community type in the western Lake Erie archipelago.  Proceedings of the 13th North 
American Prairie Conference, 13:33-44, Windsor, ON. 

 
Köhler, M., 2006.  Long-Term Vegetation Research on Two Extensive Green Roofs in Berlin. 

Journal of Urban Habitats 4 (1): 3-26. 
 
Köhler, M., Keeley, M., 2005. The green roof tradition in Germany: The example of Berlin. Pages 

108–112 in Hoffman L, McDonough W, eds. Green Roofs: Ecological Design and 
Construction. Schiffer Press. New York, NY.  

 
Köhler, M., Poll, P., 2010. Long-term performance of selected old Berlin greenroofs in 

comparison to younger extensive greenroofs in Berlin. Ecological Engineering 36:722-729. 
 
Köhler, M., Schmidt, M., Grimme, F., Laar, M., de Assuncao Paiva, V., Tavares, S., 2002.   Green 

roofs in temperate climates and in the hot-humid tropics – far beyond the aesthetics. 
Environment and Health 13:382-391. 

 
Kosareo, L., Ries, R., 2007.  Comparative environmental life cycle assessment of green roofs. 

Building and Environment 42:2606-2613. 
 
Lee, H., Bakowsky, W., Riley, J., Bowles, J., Puddister, M., Uhlig, P., McMurray, S., 1998.  

Ecological Land Classification for Southern Ontario: First Approximation and Its 



87 
 

Applications. Ministry of Natural Resources. SCSS Field Guide FG-02. Queens Printer of 
Ontario. September, 1998. 

 
Lee, H., Uhlig, P., McMurray, S., Wilson, E., Kroetsch, D., Leadbeater, D., Henshaw, B., 

Kamstra, J., Dougan, D., Ursic, U., Farrell, T., Fell, T,. 2001.  Ecological Land Classification 
for Southern Ontario Training Manual: SCSS TM 01.  Ontario Ministry of Natural Resources. 
March, 2001. 

 
Lee, K., Kim, J., 1994. Changes in crassulacean acid metabolism (CAM) of Sedum plants with 

special reference to soil moisture conditions. Journal of Plant Biology 37: 9–15. 
 
Licht, J., Lundholm, J., 2006.  Native coastal plants for northeastern extensive and semi-intensive 

green roof trays: substrates, fabrics and plant selection.  Proceedings of the Fourth Annual 
Greening Rooftops for Sustainable Communities Conference.  Boston, MA. 

 
Lui, K., 2003. Engineering performance of rooftop gardens through field evaluation. National 

Research Council, Institute for Research in Construction. Report # NRCC-46294. Ottawa, 
ON. 

 
Lundholm, J., 2006.  Green roofs and facades: A habitat template approach. Urban Habitats 4: 

87–101. 
 
Lundholm, J., MacIvor, J., MacDougall, Z., Ranalli, M., 2010.  Plant Species and Functional 

Group Combinations Affect Green Roof Ecosystem Functions. PloS ONE 5(3): e9677. 
doi:10.1371/journal.pone.0009677 

 
MacDonagh, P., Hallyn, N., Rolph, S., 2007.  Midwestern USA Plant Communities + Design = 

Bedrock Bluff Prairie Green Roofs. Proceedings of the Fifth Annual Greening Rooftops for 
Sustainable Communities Conference. Minneapolis, MN. 

  
McMurtry, M., Bakowsky, W., Brinker, S., Jones, C., Oldham, M., Sutherland, D., 2008.  Life 

Science Reconnaissance of Selected Sites in The Land Between, Final Report. Natural 
Heritage Information Centre, Ontario Ministry of Natural Resources, Peterborough, ON. 

  
Mentens, J., Raes, D., Hermy, M., 2006.  Green roofs as a tool for solving the rainwater runoff 

problem in the urbanized 21st century? Landscape and Urban Planning 77, (3): 217-26.  
 
Miller, G., 2010. Green Roofs for Urban Biodiversity.  Proceedings of the 17th Annual Laternell 

Symposium: November 2010, Alliston, ON. 
 
Monterusso, M., Rowe B., Rugh, C., 2005.  Establishment and persistence of Sedum spp. and 

native taxa for green roof applications. Hort Sci  40(2):391-396 
 
Nagase, A., Dunnett, N., 2012.  Amount of water runoff from different vegetation types on 

extensive green roofs: Effects of plant species, diversity and plant structure. Landscape and 
Urban Planning (104): 356– 363. 

 
Natural Heritage Information Centre (NHIC), 2010.  Online Database of Southern Ontario 

Vegetation Communities: Terrestrial.  http://nhic.mnr.gov.on.ca/MNR/nhic/communities/ 
comm_list_terrestrial.cfm [accessed fall 2010]. 

 

http://nhic.mnr.gov.on.ca/MNR/nhic/communities/%20comm_list_terrestrial.cfm�
http://nhic.mnr.gov.on.ca/MNR/nhic/communities/%20comm_list_terrestrial.cfm�


88 
 

Natural Heritage Information Centre (NHIC), 2010.  Online submission form for new vegetation 
community descriptions.  http://nhic.mnr.gov.on.ca/MNR/nhic/communities/ 
comm_report.cfm [accessed fall 2010]. 

 
Oberndorfer, E., Lundholm, J., Bass, B., Coffman, R., Doshi, H., Dunnett, N., Gaffin, S., Köhler, 

M., Lui, K., Rowe, B., 2007.  Green roofs as urban ecosystems: Ecological structures, 
functions, and services. Bio Science 57, (10): 823-833.  

 
Oldham, M., Brinker, S., 2009.  Rare Vascular Plants of Ontario. Fourth Edition. Ontario Ministry 

of Natural Resources. Peterborough, ON. 
 
Osmundson, T., 1999.  Roof gardens: history, design and construction. W.W. Norton & Company, 

New York, NY. 
 
Oudolf, P., Kingsbury, N., 2005. Planting Design: Gardens in Time and Space.  Timber Press. 

Portland, OR. 
 
Partel, M., Kalamees, R., Zobel, M. et al., 1999.  Alvar grasslands in Estonia: variation in species 

composition and community structure. Journal of Vegetation Science 10:561–568. 
 
Porsche, U., Köhler, M., 2003.  Life cycle costs of green roofs. Proceedings from RIO3 – World 

Climate & Energy Event 461-466. 
 
Robinson, D., 2007.  Personal communications. Toronto, ON. 
 
Rowe, B., Monterusso, M., Rugh, C., 2006.  Assessment of heat-expanded slate and fertility 

requirements in green roof substrates. Horttechnology 16 (3): 471-77. 
 
Saiz, S., Kennedy, C., Bass, B., Pressnail, K., 2006.  Comparative life cycle assessment of 

standard and green roofs. Environmental Science Technology 40:4312-4316. 
 
Schaefer,  C., Larson, D., 1997.  Vegetation, environmental characteristics and ideas on the 

maintenance of alvars on the Bruce Peninsula, Canada.  Journal of Vegetation Science 8:797–
810. 

 
Schrader, S., Boning, M., 2006.  Soil Formation on Green Roofs and its Contribution to Urban 

Biodiversity with Emphasis on Collembolans. Pedobiologia 50 (4): 347-356. 
 
Schroll, E., Lambreinos, J., Righetti, T., Sandrock, D., 2011.  The role of vegetation in regulating 

stormwater runoff from green roofs in a winter rainfall climate. Ecological Engineering 
37:595-600. 

 
Simmons, M., Bardiner, B., Windhager, S., Tinsley, J., 2008.  Green roofs are not created equal: 

the hydrologic and thermal performance of six different extensive green roofs and reflective 
and non-reflective roofs in a sub-tropical climate. Urban Ecosystems 11:339-348. 

 
Simon, C., 2010. Personal Communications. Eden Mills, ON. 
 
SINTEF, 2009.  Torktak byggdetaljer 544.803 (Norwegian sodroof construction standard). 

Byggforsk, Norway. 
 

http://nhic.mnr.gov.on.ca/MNR/nhic/communities/%20comm_report.cfm�
http://nhic.mnr.gov.on.ca/MNR/nhic/communities/%20comm_report.cfm�


89 
 

Smith, D., Williams, D., Houseal, G., Henderson, K., 2010.  The tallgrass prairie center guide to 
prairie restoration in the upper midwest. University of Iowa Press, Iowa City. 

 
Snodgrass, E., McIntyre, L., 2010.  The green roof manual: a professional guide to design, 

installation, and maintenance.  Timber Press, Portland, OR. 
 
Stark, K., Lundholm, J., Larson,  D., 2003. Relationships between seed banks and spatial 

heterogeneity of North American alvar vegetation. Journal of Vegetation Science 14:205–
212. 

 
Stark, K., Lundholm, J., Larson,  D., 2004.  Arrested development of soil on alvars of Ontario, 

Canada: implications for conservation and restoration. Natural Areas Journal 24:95–100. 
 
Sutton, R., 2008.  Media Modifications For Native Plant Assemblages On Green Roofs.  

Proceedings of the 6th Greening Rooftops for Sustainable Communities Conference 6: 1-11, 
Baltimore, MD. 

 
Takebayashi, H., Moriyama, M., 2007.  Surface heat budget on green roof and high reflection roof 

for mitigation of urban heat island. Building and Environment 42:2971-2979. 
 
Teemusk, A., Mander, U., 2010.  Temperature regime of planted roofs compared with 

conventional roofing systems. Ecological Engineering 36:91-95. 
 
Van Seters, T., Rocha, L., Smith, D., MacMillan, G., 2009.  Evaluation of green roofs for runoff 

retention, runoff quality, and leachability. Water Qual. Res. J. Can. 44(1)33-47. 
 
VanWoert, N., Rowe, B., Andresen, J., Rugh, C., Xiao, L., 2005. Watering regime and green roof 

substrate design affect sedum plant growth. HortScience 40, (3): 659-64. 
 
Vreim, H., 1966.  Laftehus - tømring og torvtekking (Loghouses: carpentry and sodroof 

construction).  Noregs Boklag, Oslo, Norway. 
 
Werthmann, C., 2007. Green roof – a case study: design by Michael Van Valkenburgh Associates 

for the headquarters of the American Society of Landscape Architects. Princeton 
Architectural Press, New York, NY. 

 
White, J., Snodgrass, E., 2003. Extensive greenroof plant selection and characteristics. In 

Proceedings of the 1st Greening Rooftops for Sustainable Communities Conference 1: 166-
76, Chicago, IL. 

 
Wilson, E.O., 1986.  Biophilia: the human bond with other species. Harvard University Press. 

Cambridge, MA. 
 
Yang, J., Yu, Q., Gong, P. 2008. Quantifying air pollution removal by green roofs in Chicago. 

Atmospheric Environment 42:7266-7273. 
  

 



90 
 

Appendix A: Master List of Plants with High Potential for Ontario Extensive Green Roofs 

Species Name 
(*) indicates non-native species 

Common Name 
 

Growing 
Medium Depth 

(mm) 
Achillea millefolium common yarrow 100 – 150 
Allium cernuum nodding wild onion 100 – 150 
Allium schoenoprasum var. sibiricum slender wild chives 100 – 150 
Allium schoenoprasum var. schoenoprasum* greater wild chives* 100 – 150 
Allium senescens var. montanum* montane chives* 100 – 150 
Allium stellatum  prairie onion 100 – 150 
Aquilegia canadensis wild columbine 150 
Anemone multifida cut-leaved anemone  
Arabis hirsuta hairy rockcress 125 – 150 
Arabis lyrata lyrate rockcress 125 – 150 
Artemesia caudata beach wormwood 125 – 150 
Asclepias verticillata whorled milkweed 150 
Bouteloua curtipedula sideoats grama 150 
Campanula rotundifolia harebell 150 
Cerastium arvense mouse-ear chickweed 150 
Coreopsis lanceolata sand coreopsis 150 
Danthonia spicata poverty oatgrass 150 
Deschampsia cespitosa tufted feathergrass 150 
Echium vulgare* vipor’s bugloss* 125 – 150 
Geum triflorum prairie smoke 150 
Houstonia caerulea azure bluet 150 
Hypericum kalmianum Kalm’s St.John’s wort 150 
Juniperus horizontalis creeping juniper 150 
Liatris cylindracea slender blazingstar 150 
Micranthes virginiensis early saxifrage 150 
Minuartia michauxii  rock sandwort 150 
Monarda punctata dotted mint 150 
Nepeta racemosa* catmint* 150 
Oenothera fruticosa ssp. glauca narrowleaf evening primrose 150 
Oligoneuron album upland white aster 150 
Opuntia fragilis fragile prickly-pear 100 – 150 
Panicum virgatum prairie switchgrass 150 
Penstemon hirsutus hairy beardtongue 125 – 150 
Phlox subulata moss phlox 150 
Primula mistassinica bird’s-eye primrose 150 
Schizachyrium scoparium little bluestem 125 – 150 
Ranunculus fascicularis early buttercup 125 – 150 
Sedum acre* mossy stonecrop* 25 – 100 
Sedum album* white stonecrop* 25 – 100 
Sedum kamstchaticum* Russian stonecrop* 50 – 120 
Sedum reflexum* blue spruce stonecrop* 50 – 125 
Sedum sexangulare* six-angled stonecrop* 25 – 100 
Sedum spurium* Chinese stonecrop* 25 – 100 
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Sedum telephium* autumn stonecrop* 125 – 150 
Sempervivum sp.* hen and chick* 100 – 125 
Senecio pauperculus balsam ragwort 150 
Solidago juncea early goldenrod 150 
Solidago nemoralis grey goldenrod 150 
Solidago simplex narrow goldenrod 150 
Sporobolus heterolepis prairie dropseed 150 
Symphyotrichum ciliatum rayless alkalis aster 150 
Symphyotrichum cordifolius blue wood aster 150 
Symphyotrichum ericoides heath aster 150 
Symphyotrichum oolentangiense  sky blue aster 150 
Symphyotrichum pilosum var. pringlei hairy aster 150 
Tradescantia ohioensis Ohio spiderwort 125 – 150 
Trichostemo brachiatum false pennyroyal 100 – 150 
Verbena simplex  narrowleaf vervain 125 – 150 
Verbena stricta hoary vervain 150 
 


	Natvik MLA_final copy_May 8_2012_1 title page & abstract
	Natvik MLA_final copy_May 8_2012_2 acknowledgements_table of contents
	Natvik MLA_final copy_May 8_2012_3 body_references_appendix

