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Abstract

Greenroofs are developing as an interesting technology to offer permeable surfaces in dense built areas. Site-by-site implementations are a starting point that characterizes most current municipal greenroof programs. This paper suggests a landscape approach to a citywide greenroofs strategy, an approach that integrates the spatial juxtaposition and dynamic interaction between individual components.

Introduction

As urban settlements reach higher and higher densities large parts of the natural landscape are replaced by environments made mostly of impermeable surfaces. More surfaces store and radiate solar energy and more rainwater is instantly flushed away. The well known effects have been described as heat islands with significant increase of temperature and consequent pollution in city cores (Fig.1), 
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Fig.1 Relationship between temperature and pollution

increase in frequency of dangerous flood peaks, and frequent contamination of waterways after rainfall.

Reclaiming of roof area has been proposed as one of the tools to counteract these effects. Greenroofs are developing as an interesting technology to offer permeable surfaces in dense built areas. Research and experiments have demonstrated stormwater flow reduction and benefit on combined sewer overflow (CSO), improvement in air quality (Johnston and Newton 1993), reduction in energy use (Akbari and Konopacki 2004), reduction in urban heat island effect, aesthetic improvement of urban landscape, use as amenity spaces( Laumann et al. 2001), use for some form of urban agriculture, and contribution to biodiversity. 

Research has focused on three aspects: 

· Technology of the roof: membranes, substratum, plant species

· Cost benefit analysis for different types of roofs

· Awareness and incentives for the implementation of individual greenroofs with a focus on public buildings. 

Greenroofs as spatial strategy

While every effort has to be made towards implementing individual greenroofs, at the same time there is a need to go beyond generalized, non contextual guidelines and beyond site-by-site implementation. This paper suggests a landscape approach to a citywide greenroofs strategy, an approach that integrates the spatial juxtaposition and dynamic interaction between individual components.

Greenroofs can be thought of as part of the urban green infrastructure. Green infrastructure is a concept that includes the network of open space, wildlife habitats, parks and other natural areas, that sustain clean air, water and natural resources and enrich our quality of life. In the same way that built, gray infrastructure is designed across multiple jurisdictions incorporating facilities that function at different scales, we also need to design green infrastructure across urban, suburban and rural landscapes that incorporate green space elements and functions at different scales.
Landscape Ecology spatial concepts

This paper recommends a spatial strategy to prioritize areas within the landscape for greenroofs implementation, based upon site-specific conditions and taking into account the potential for composite effects. Landscape Ecology is a useful framework to make the shift from individual rooftops to synergic roof areas.

Landscape ecology is interdisciplinary in nature, but its specific characteristic is to relate spatial configurations, and to study landscape structure and processes. It is the study of how land patterns influence processes such as flows of water, soil, chemicals, or energy; movements of organisms and humans; and movement of resources; it is the study of the reciprocal effects of spatial pattern on ecological processes. Landscape ecology deals with the causes and consequences of the spatial composition and configuration of landscape mosaics. 

A landscape perspective has to be considered when landscape structure can be expected to have a significant effect on the variable being observed, either abundance or distribution of species, or landscape processes (Fahrig, 2006). The pattern of the urban fabric has to be seen in relationship with the urban natural processes. Roof areas, considered in their whole across the city, constitute a significant landscape structure able to influence urban landscape processes. 

A landscape ecology approach recognizes that each observation is the consequence of phenomena occurring at many spatial and temporal scales.

In the landscape of the city, roofs can be thought of as a particular kind of patch in the urban matrix. Their location, size, and connectivity have an influence over the surroundings, and correlations are established. When we look at the issues that the greenroof technology is set to address, we notice that they are in reality large scale and multiscale issues. A large scale and multiscale strategic response is therefore appropriate. 

Greenroofs Strategy and Urban Heat Island (UHI) 

In urban areas, the reduction or absence of moisture from soils and vegetation, caused by the increase of impervious surfaces, results in higher surface temperature, whose radiating heat consequently increases air temperature. The Urban Heat Island (UHI) is the city area where temperature increases compared to the rural surroundings, Fig.2.
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Fig. 2 Change in UHI in the Atlanta area. Source: http://www.ejrc.cau.edu
In large metropolitan areas, we can observe several islands with different areas of little variation or with sharp peaks in the surface temperature. In areas where contiguous vegetation is present, cooler patches are noticeable. Fig. 2
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Fig.3  Cross section of Urban Heat Island, notice the change when a green area is present.

In hot areas heat reduction from greenroofs can be highly significant. In fact, a study in Japan showed that a rooftop lawn garden caused a daytime reduction in surface temperature from 60 to 30 C and an evaporative cooling effect of 50% decrease of the heat flow to the rooms underneath the garden (Onmura et al. 2001).  

When we consider the spatial relationships, we can see that scattered greenroofs will provide heat relief, but just in their close proximity. Scattered greenroofs behave as isolated patches within a hostile matrix. Area and shape are significant, the smaller and less compact the roof perimeter, the lesser the heat benefit. As small patches, greenroofs will have more edges influenced by the surrounding heat, the edge effect. More than area and shape, the most significant attribute will be their location. Isolated greenroofs within a large bubble of urban heat island will dissolve their effect, and will be unlikely to produce a significant change in the island. 

The heat diagram of a very compact city looks like a big individual heat island, while for a city with a greenway or open spaces the heat diagram will look like several separate island Fig. 2. In a compact heat island a “hub” of greenroofs can separate it into smaller pieces with cooler strips in between as in Fig. 3 where the lower plateau is formed where the park is.

Prioritizing efforts in order to cluster greenroofs may create:

· “greenroofs hubs”, cooler patches that may change shape of the urban heat island, radiating some cooling effect, forming intermediate plateaus between the rural edge and the city core, mitigating sharp peaks;

· “greenroof corridors”, cooler strips that may break large urban heat islands, reducing the cumulative effect of extensive hard surfaces.
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Fig. 4 Cross section of typical pollution over city. Source: http://www.metoffice.com

While individual greenroofs, because of their lower surface temperatures, may have a layer of improved air just above them, in the case of clustered greenroofs  “hubs” and “corridors”, they may form domes of improved air quality within the higher urban heat island dome. Depending on size and circumstances, even split the main city urban heat island dome with islands and channels of lower temperature and better air quality as other green spaces would do (Fig. 5).
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Fig.5 Heat islands in Washington D.C.
A strategic plan will determine priorities for greenroof implementation within hot, bad air quality zones, identifying contiguous roof areas with the highest return benefits. As an example we can observe the image of the urban heat island in Atlanta (1993) with temperature differences of 10F (Fig. 6).
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Fig. 6 Atlanta Urban heat island, patterns of temperature change. Source: http://www.ejrc.cau.edu
Fig. 7 Atlanta aerial view, pattern of impermeable surfaces
Comparing the thermal image Fig. 6, with Google Earth aerial photos, taken in 2006, Fig. 7, the corresponding patterns of highest temperature (black in Fig. 6 and impermeable surfaces (gray in Fig. 7) are clear. 

A closer view of the area, Fig. 8, reveals very closely packed, very large industrial buildings, with a high concentration of heat radiating surfaces as the reason for sharp temperature change, from green to the darkest color, in the left lower corner of the thermal image in Fig. 6
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Fig.8 Area of sharp heat increase. Notice the scale of the buildings compared to the residential area on the right

Fig. 9 Possible strategic area for greenroofs priority

While a change of individual roofs would be an improvement for each affected building, surface changes scattered in the strip would miss the synergistic effect of changes totaling the same area, but in a clustered arrangement. Clustered greenroofs in fact will create a contiguous area of lower temperature, with a resulting different heat island shape.   

A detail view in Fig. 9, shows a possible strategic area where a clustering of greenroofs could be prioritized in order to break the long heat strip visible on the left of Fig.6, and to create a link between the adjacent vegetated areas, forming a cooler corridor that would allow cleaner air to go through.

Greenroofs Strategy and Urban Water Management

The same high percentage of impermeable surfaces that causes the urban heat island also prevents rain from percolating slowly into the ground. The stormwater that runs off roofs, streets and parking lots has been managed to be quickly carried away through a system of pipes. In old parts of some cities during large storms combined sewers that carry both sanitary sewage and stormwater cause overflows that spill directly into rivers and waterfronts, bringing pollution, increased water temperature, flooding, bank stream erosion and destruction of aquatic habitat. According to the United States Environmental Protection Agency (EPA 1996)
“ the most recent National Water Quality Inventory reports that runoff from urbanized areas is the leading source of water quality impairments to surveyed estuaries and the third largest source of impairments to surveyed lakes ”.

Integral water management more recently follows the approach of separating rainfall and waste water and keeping rainfall as long as possible on site. Again the reclaiming of the roof area has been proposed as one of the tools to counteract peak runoff and delay the entry of runoff into the pipe system. The identification of contiguous roof areas that have higher effects in quantity and quality of runoff, can determine priorities for greenroofs implementation and optimize hydrological benefits. This will be further discussed in the Toronto case study.

Greenroofs Strategy and Biodiversity

The density of urban cores brings as a consequence a scarcity of vegetated areas. Habitat fragmentation can be extreme and fragments may be too small or too isolated for some species. Urban bird diversity is proportional to vegetation abundance. An increase in the volume and diversity of vegetation in the city would increase bird abundance and diversity (Savard et al. 2000). Within urban ecosystems, combined actions at different scales have better chances to enhance biodiversity. Greenroofs therefore can play a significant role contributing with their surfaces to the scarce urban habitats.
Existing greenroofs are mostly designed as stormwater runoff management and to reduce a building's heating and cooling needs. Green roofs designed specifically for biodiversity conservation are still uncommon. In 1999 Swiss geographer Stephan Brenneisen had started to study biodiversity on extensive green roofs.  More recently ecologists have recognized the significant biodiversity value of greenroofs (Brenneisen 2003, Grant et al. 2003).

In Brenneisen’s study activities of birds on greenroofs in order of frequency were: searching for insects, preening, searching for seeds, searching for nesting material, roosting and singing. At the time of the study the greenroofs were still in immature stage. As plants become more established, they will provide more food and possibly more opportunities for biodiversity. Brenneisen also observed that the invertebrate population on green roofs was related to the variety of substrate depths (Brenneisen 2003).Thin areas of substrate provide habitat for drought tolerant invertebrates, while deeper areas provide habitat for species requiring a structurally diverse vegetation. A study of green roofs in Greater London found that even monoculture green roofs were capable of supporting nationally rare and scarce spider species (Jones 2002). After these studies on existing greenroofs, Gedge in 2005 designed the skyscraper’s roof of the Canary Wharf Headquarters of Barclays Bank as habitat for one of London's rare birds, specifically focusing on biodiversity as the main characteristic of the roof.
Invertebrates can benefit from greenroofs with sandy substrates, with a diverse micro-topography and micro-hydrology, rocks and dead wood. Birds can benefit from structurally diverse vegetation, and ground-nesting birds normally affected by mammalian predation, will be particularly attracted (Burgess 2004). From these studies some guidelines can already be established for the design of biodiversity oriented greenroofs.

In this paper we aim to extend biodiversity considerations found for individual greenroofs to a greenroof spatial strategy. Prioritizing efforts in order to cluster greenroofs may create:

· “greenroofs patches”, providing habitat areas within dense urbanization,   stepping stones between nearby habitats and specific landscape features, specialized and undisturbed habitats for particular species

· “greenroofs corridors”, providing links between fragmented habitats, facilitating movement between urban landscape remnants

The clustering prioritization is a negotiation between the clustering possibilities and the location of key landscape elements contributing to biodiversity.
Toronto Case Study

The policies of the City of Toronto Official Plan support the “development of innovative green spaces such as green roofs” (Toronto 2006). The city, in partnership with Ontario Centres of Excellence - Earth and Environmental Technologies, and the Federation of Canadian Municipalities, asked a team of Ryerson University researchers to investigate the types of available green roof technology, the benefits and savings to the municipality and minimum thresholds of green roofs that could be used for incentives programs (Banting et al. 2005).

The report considered as available green roof area only flat roofs larger than 350 sq. m., assuming that at least 75% of it would be greened. The total available green roof area city-wide was determined to be 5,000 hectares (50 million sq. m.) 

The report provides citywide quantitative data in terms of area and monetary benefits, Fig.10, which demonstrates the large scale of the issue.  Yet the report focuses on generic technological solutions and doesn’t address a strategic response at a large scale. 
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Fig. 10 Monetary benefits in CND $ assuming that 100% of available greenroof area be used. (Banting et al. 2005)
The report doesn’t acknowledge non monetary quantifiable benefits as the greenroof potential value for biodiversity. An interesting contribution of the report is the information on the types of buildings and their geographic distribution. The image in Fig. 11 shows a clear pattern of aggregations of large flat roofs. 

As previously discussed, large aggregations of impermeable surfaces have effects on:

· Increased temperature in Urban Heat Island
· Air pollution and ozone levels
· Fragmentation and loss of habitat
The image suggests strongly that a spatial strategy will be appropriate and that efforts to counteract the above mentioned effects will be more effective if spatial priorities are developed.     

[image: image11.wmf]
Fig. 11  Roofs > 350 sq.m. showing a clustered pattern:(Banting et al. 2005)
Strategic greenroof approaches: regulation, incentives and promotion

In order to make the shift to the city scale three approaches, regulation, incentives and promotion need to be explored. Regulation for greenroofs already happens in some European cities, for example, Stuttgart and Basel. Regulation could start from specific cases where damage to the natural environment due to urbanization is highest. Incentives would need to be prioritized where benefits to the natural environment would be highest. Promotion has to be intensified to foster awareness and to include greenroofs in regular development practice. 

	REGULATION CRITERIA 
	INCENTIVE PRIORITY CRITERIA

	Extensive footprint 
	Indexes less than in regulatory cases

	Aggregated footprints in a sector
	CSO district

	Percentage of impervious surface
	Low biodiversity area

	Proximity to special landscape elements
	Proximity to significant landscape element

	Percentage of roof surface in a given area
	

	High priority, sum of criteria
	


Possible regulation criteria

If we believe, as research supports, that greeroofs have an impact, regulation is necessary in the most critical cases. Regulation already exists in some cities and has to be promoted. Possible criteria are suggested.

1. Extensive building footprint, area per se 

Fig. 12 shows an example of a regulation case where the possible regulation criteria is the particularly extensive building footprint, in this case a warehouse near Pearson Airport. With the extensive footprint criteria every building above a certain area, to be determined with further study, depending on the context, would be required to have a greenroof. Such a large area in itself is able to have an impact on local microclimate and stormwater management. With such large area noise abatement from greenroof will be significant, with benefit for human and wildlife nearby. The roof area in itself is large enough to be a new vegetation patch with a variety of microhabitats to support wildlife. [image: image12.jpg]
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Fig. 12 The extensive footprint of the building at the bottom would be a sufficient criteria for greenroof requirement.
Fig. 12a. A significant amount of permeable surface would be returned to the area
2. Aggregated footprints in a sector, combined areas

Fig. 13 shows an example, also near Pearson Airport, where individual buildings footprints may be below the size set for the previous criteria, but the combined footprint of neighboring buildings is above a threshold, which will be determined. Such aggregation, with a large total area interested by the intervention, will form a “greenroof patch” able to impact microclimate, stormwater management, noise abatement, and to provide a variety of habitats.
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Fig. 13.  The aggregation of large neighboring footprints is a criteria for greenroof requirement.

Fig. 13a The roofs in Fig.13 shown here as greenrofs in their context
3. Percentage of impervious surface in a sector

Fig. 14 shows another example near Pearson Airport. Although no footprint is of exceptional size (criteria 1) or of significant size contributing to a large aggregation in the sector (criteria 2), the buildings lie in a sector where combined area of impermeable surfaces, considering buildings, roads and parking, is above a threshold to be determined. In this case greenroofs become necessary as elements capable to counteract the effects of the other impermeable surfaces.
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Fig. 14 Roofs in area of high percentage of impervious surface, is a criteria for greenroof requirement

Fig. 14a The roofs in Fig.14 shown here as greenrofs in their context

4. Percentage of roof area within a given radius

Fig.15 shows a mixed use area along Dufferin and Steele. Individual buildings are smaller than the previous cases, but the density can create a synergic effect both for microclimate and stormwater management. Vegetation on smaller roofs such as  these can be habitat for some species, and function as stepping stone for other species.
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Fig.15 High density of available rooftops is a criteria for greenroof requirement

Fig 15a The roofs in Fig.15 shown here as greenrofs in their context
5. Proximity to special landscape elements        

[image: image24.jpg]


Fig.16 shows an example of large rooftops near the Dufferin reservoir. During large storms in this CSO, combined sewer overflow, area runoff will flow unfiltered into the reservoir causing an increase in pollution. The threat to ecological health is a criterion for greenroof requirement. In other dense urban situations roofs may be the only surface left near a special landscape element such as a river or a waterfront. In these cases greenroofs can be a critical support for rare wildlife using the resource. “Greenroof corridors” may facilitate connection to special landscape elements. Key biodiversity function is a criterion for greenroof requirement.









[image: image17.wmf]
 Fig. 16 Large rooftops in proximity of a landscape element of key ecological function

Fig. 16a Greenroofs can provide alternative habitat to species attracted to the landscape element

6. High priority, sum of criteria
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Fig. 17 shows an example of an area of high priority for green roof requirement. The image shows extensive building footprint, high percentage of impervious surfaces, proximity to a sensitive landscape element and key biodiversity function, together with possibility for greenroof clustering.
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Fig.17 Don River and Queen and Eastern Streets bridges

Fig. 17a In central city locations even smaller greenroofs may contributie to a citywide strategy

Possible incentive priority criteria

Financial incentives are a possible solution to overcome barriers to greenroof implementation. Suggestions include property tax reduction, subsidies or grants, reduction in development charges, rebates from, low-interest loans. To show the City of Toronto commitment to greenroofs, at a February 2006 meeting, City Council approved the Green Roof Pilot Program, allocating $200,000 from Toronto Water's budget to encourage green roof construction. Any private property owner in the City of Toronto regardless of building size and type is eligible, so long as the building is capable of supporting a green roof that meets the specifications. Although the initiative is a good step, in a situation of scarce resources, a spatial strategy that prioritize specific places for incentive priorities, will bring more results. Possible criteria are suggested.

1. Indexes less than in regulatory cases

Fig. 18 shows an example of mixed use area where roof size and percentages of impervious surfaces may be below the threshold for regulatory cases, but where   significant benefits may be obtained. A different threshold may be set for incentive priority for greenroof implementation.  
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 Fig.18 Large rooftops below the regulatory threshold

Fig. 18a Roofs from Fig.18 in their context

2. Combined Sewer Overflow (CSO) district

In a combined sewer system, sanitary waste and stormwater runoff are delivered through the same pipe to a treatment plant. During wet weather stormwater quickly fills the combined sewers, which carry both sanitary sewage and runoff from streets, parking lots, and rooftops, and induce overflows of raw sewage through outfalls into waterways. In older parts of cities combined sewer systems are frequent. In these districts greenroofs will bring a significant contribution in lowering the total runoff and in delaying the entry of water into the system. Greenroofs in CSO districts will have incentive priority. Fig. 19 shows the core of Toronto where a combined sewer system exists.
[image: image20.wmf]
Fig. 19 Toronto city core with combined sewer system. Source: City of Toronto

3. Lack of biodiversity

Fig. 20 shows an example of residential area characterized by lack of biodiversity. These situations are very common in new developments where the old vegetation structure has been replaced by lawns and a few ornamental  vegetation species. Often creeks have been bulldozed or channelized with consequent loss of riparian vegetation. Giving priority to incentives for greenroofs in these areas will improve habitat and biodiversity. 
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    Fig. 20 16th Street and Bayview showing a highly simplified vegetation structure

Fig 20a Improvement in vegetation structure

3. Proximity to significant landscape element

Fig. 21 shows an example of a residential area with some biodiversity and small roofs. In this case the criteria for greenroof requirement as in fig.14 may not apply; the landscape element may be not as critical as a reservoir, and the species involved may be more common. Nevertheless it is the presence of a significant landscape element, a river, to include roofs in this type of areas as priority for greenroof incentives.
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Fig. 21 Residential area in proximity of a river

Greenroof  Strategy Promotion

It has been suggested that highly critical cases have to be regulated and other significant cases will receive incentive priority. The other level of activity is then promotion. Awards, competitions, conferences, workshops, projects tours, public forums are useful to make the concept of greenroofs known. Promotion is necessary so greenroofs become part of accepted development standards. Current promotion is still acting at the individual roof scale. Research and promotion have to be expanded from the technical to the planning and policy aspect. The impact of greenroofs has to be searched at the city scale. Interactions between different level of government and local organizations are to be encouraged. 
Conclusion

Generalized, non-contextual guidelines and site-by-site implementation are starting points that characterize most current municipal greenroof programs. While implementing individual greenroofs is a start, there is a need to take a larger, citywide, landscape approach. Greenroofs can be thought of as elements of urban green infrastructure. Greenroofs should be considered strategically using a citywide landscape ecological approach that integrates spatial juxtaposition and dynamic interaction between individual greenroofs and other landscape components. Location of greenroofs has a strong influence in maximizing benefits. Greenroofs can be more effective when forming large patches or corridors that can influence heat island and runoff processes, that can improve habitat presence and facilitate habitat connectivity to better contribute to biodiversity, and that can be better perceived in the urban landscape.
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