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Sustainable Site System 

Jorden John Stan Lefler, M. Arch., 2011, Department of Architecture Ryerson University 

 

Abstract 

This thesis discusses a method of analysing the input of interventions in a building's site 

design, all of which affect the heat island effect, bio-diversity and hydrology of urban 

areas. Existing standards from Toronto, Vancouver and Berlin have been researched 

and analysed. This paper presents an evolution of a method called biotope area factor 

used in Berlin, Germany. A synthesis of the approach of all three systems was 

considered and distilled into the key points which were then incorporated into the 

proposed method. In addition to the impact of an individual building, it also includes the 

impact from the adjacent street area. The final components of this thesis are the 

application of the method developed to an urban area in the city of Toronto and results 

showing the impacts on architectural design from site rating systems. 
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1.0 Introduction 

The urban environment has been developed with density as the primary goal and 

ecology a secondary goal. The urban design in high density areas has also disturbed 

the pre-existing solar and wind patterns. Any development will disturb the pre-existing 

natural processes, but development has grown to such an extent that it is permanently 

altering the natural environment. This has led to a decrease in bio-diversity, and created 

an artificial water cycle which allows a higher volume of pollutants and higher-

temperature water to run into rivers and lakes. A negative effect on our own 

development is seen through the effects of the Urban Heat Island Effect (UHI) that 

current city planning and construction styles have. This development requires more 

energy to maintain the climate within buildings. Resolving the issues of UHI modified 

hydrology and reduced bio-diversity would greatly aid the natural and built 

environments. 

The development of a system which can address these issues simply and allow for the 

flexibility of design is required. Existing city guidelines and regulations are not stringent 

enough from the ecological point of view and are too restrictive in allowing for new and 

innovative way to respond to the problems at hand.  

There are three processes to the research methodology for this thesis. The first is a 

literature review, the second is synthesis process of the literature into a responsive 

system, and the third is a theoretical application of the developed system. 

Within urban areas there is a decrease in permeable surfaces which allow water to 

naturally run off and infiltrate the ground. This effect has led to more phosphates, 

nitrates and suspended solids in streams and lakes; as a result these water areas are 

now polluted.  

Tall buildings also deflect the natural wind patterns which can help cool the city. City 

planning of roads did not take this into account when they were first designed. This 

planning has led to reduced natural ventilation of urban areas.  As a result more energy 
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is required to cool buildings in the summer and additional heat is created by chilling 

towers on buildings.  

Cities like Toronto, Vancouver and Berlin have incorporated aggressive standards to 

help mitigate the above mentioned problems. The existing guidelines of these cities will 

be investigated. Toronto's and Vancouver's standards are prescriptive and restrictive 

and allow designers little creativity when addressing urban issues. Conversely, Berlin 

has adopted a standard called Biotope Area Factor which is performance in nature and 

allows the designer to respond appropriately to each project with a unique solution.  

To synthesize the research will be the second step. A system will be created which will 

take all of the key issues which have been identified by the literature review. This 

system will be tested for its responsiveness to various climatic conditions. The 

understanding of the systems impacts and responses to different climates will be 

summarized. The creation and testing of a system called the Sustainable Site System, 

which will quantify the negative impacts of a region and produce a rating system which 

is based on the use of materials and systems. This system will compare the climatic 

issues from four different regions of Canada, then apply the system to a series of 

buildings and analyse the impact that the system has on site design.  

The final part of the thesis will be to perform a theoretical application of the system 

created. This application will evaluate the impacts on the architectural form and site. 

These observations will be summarized and categorized into different areas. 
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2.0 Literature Review 

The literature review portion will research papers and books on three primary topics: 

1. UHI - the effect of a temperature bubble above a city which is warmer than the 

surrounding area, this effect limits the transmission of natural winds and increases the 

levels of pollution in the city. 

2. Bio-Diversity - within the urban and suburban areas. This definition includes both 

fauna and flora. The principles which are to be reviewed are the rates of growth or 

decline, as well as the types of wildlife found. 

3. Hydrology - is the study of water in its various states and locations in a given region. 

Emphasis will be given to research which demonstrates how the hydrological cycle has 

been disturbed. 

 “With rapid urbanization, there has been a tremendous growth in population and 

buildings in cities. The high concentration of hard surfaces has triggered many 

environmental issues; The UHI effect for example, is a phenomenon where air 

temperatures in densely built cities are higher than those in suburban rural areas." 

(Chen & Nyuk-Hien, 2010).  
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2.1 Urban Heat Island Effect 

The city's production of heat is of primary concern. This heat is produced by two 

sources; the first is the solar radiation which is absorbed by surfaces and reradiated 

again; the second is the heat produced by buildings as a result of using electronics and 

air conditioning. The resultant is called "Urban Heat Island Effect", additionally it is not 

only the result of additional heat but also the absence of water for evaporation, and of 

winds which ventilate the city. 

The solar gains by the city are a result of the materials which are exposed to the solar 

radiation. The Met Office is an organization which tracks the meteorological processes 

in the United Kingdom has identified that the surface material properties in regards to; 

reflection from buildings, the absorption of heat during the day on hard surfaces by 

concrete, tarmac, and brick, and reflection of solar radiation by glass all have a part in 

the heat gain in the local climate(Smith, 2010). 

Source: (Maloley, 2011) 

 

Figure 2-1 - Toronto Downtown Vegetation Coverage & Thermal Map 
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The UHI effect can be seen using the surface temperature of Toronto on June 29, 2007. 

Maloley (2011) has demonstrated the existing surface temperatures in an urban setting. 

Through his research he has developed a direct correlation between the vegetated 

areas and non-vegetated areas. The ground cover vegetated areas show a significantly 

lower temperature, at times this difference of surface temperature can be up to 50oC 

(Figure 2-1). He demonstrated the density of vegetation also has an effect on the surface 

temperature. Maloley has created one of these maps for the downtown Toronto. His 

mapping is meant to aid cities in applying localized policies to vulnerable areas.  

The Met Office has also identifired that the absence of strong winds and the absence of 

water would also add to the Urban Heat Island Effect (Smith, 2010). 

There has been increased attention to how the built environment is amplifying the 

ambient temperature. In London, England the ‘heat island effect’ has added up to 6°C to 

the temperature of the core compared to the countryside (Figure 2-2). (Smith, 2010) 

Source:(Forkes, 2010) 

  

Figure 2-2 - Schematic View of the Urban Heat Island Effect 
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2.2 Hydrological Processes 

A major issue which increases the Heat Island effect is  the lack or reduction in the 

ambient air moisture. Hydrological cycle in city's have been altered to such an extent 

that it is having many negative effects on the ecology. A city produces pollution which 

causes damage to existing ecological processes. Typically this damage is caused by 

pollution which is transmitted through water systems (stream and lakes). These 

pollutants are often a by-product of human excrements, fertilizers or technology 

(manufacturing or vehicles).  

 “Urbanization is strongly influencing hydrological processes, often causing a reduction 

of groundwater recharge and severe flooding. There is an urgent need to approach 

urban water management in a more sustainable way." (J.Dams. O. Batelaan & J. 

Nossent, 2009).  

The rate of which rainwater escapes the urban areas is a point of concern. This rapid 

movement of water does not allow it an opportunity to be evaporated in to the air and 

cool the ambient temperature. As a result flash flooding is more likely to occur 

downstream of any urban areas. 

Dams points out that the issue of flooding had been occurring prior to human 

development, but the rate of which rainwater is getting to problem areas have been 

accelerating, thus leading to a higher risk of flooding (Figure 2-3). 

Smith points out that “(t)he flash flood problem has been exacerbated by extensive 

developments requiring large areas of hard surface with runoff consequences. In new 

developments, like supermarkets"(Smith, 2010),  

The issue now becomes how to manage this development in order to improve this 

problem. Some suggest that the city must make it "mandatory for hard surfaces other 

than roads to be porous. This should also apply to the paving over of domestic gardens 

to create parking in areas where on-street parking is becoming more difficult and/or 

expensive."(Smith, 2010)  
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Source: (Feyen, Shannon, & Neville, 2009) colour added by Jorden Lefler 

Hydrological processes may remain altered within the city limits but the effect from the 

city itself needs to be minimized if not eliminated. This means that the rapid drainage of 

rainwater to streams and rivers needs to be slowed down. The amount of water which 

reaches the rivers and lakes needs to be reduced and the extra water needs to have an 

opportunity to be absorbed into the ground, once it is absorbed the water may still make 

its way to the rivers and lakes but it will take significantly longer. This response would 

also help in reducing the risks of flash flooding in low lying areas by streams and rivers. 

Pollution in the water has also become more prevalent in since urbanization. The water 

quality of the great lakes basin is represented by the water quality index. This index 

shows the pollutants found and quantity of marine life. According to Figure 2-4 the water 

in Lake Superior and Huron is of good quality, while Lake Erie and Ontario are either 

degraded or highly degraded (Government_of_Canada, 2010).  

“A new paradigm is emerging from the successes and failures of efforts to control 

pollution that offers the promise of adequate amounts of clean water for all beneficial 

uses. Urban waterways are the historic core of our cities’ economies and have the 

potential to be rich sources of biological"(Baker & Breszonik, 2007) 

Figure 2-3 - Rainwater Runoff Rates in Urban and Rural Areas 
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Source: (Government_of_Canada, 2010) 

Wetlands are an important component of the water cycle, it provides time for water to 

recharge the groundwater and holds additional rainfall which prevents flooding, and it 

filters sediments and pollutants and stabilizes shorelines. (Government_of_Canada, 

2010) 

The water quality degradation is a result removing the natural water flow patterns which 

would provide a natural means of filtering the water. The accelerated runoff rate there is 

little opportunity for the water to be cleansed. 

Figure 2-4 - Water Quality Index for the Great Lakes 
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2.3 Bio-Diversity 

Bio-diversity is the variation of form of life within a given ecosystem or region. Once a 

bio-diversity has been lost it becomes difficult and requires a long time to create a new 

one. The ecosystem is very complex and interdependent on all the components which 

make it up. There are two issues which arise with bio-diversity, the first is the location 

and the second is its quality.  

The Canadian Biodiversity: Ecosystems status and trends 2010 released by the 

Canadian Government; Southern Ontario has lost 72% of its wetlands which existed 

prior to European settlement (Figure 2-5). This loss of wetlands is a result of the 

demand by humans to use the land for their benefit. These lands have been converted 

to cities, transportation infrastructure or agriculture. Wetlands are one of the most 

productive ecosystems in the world; it supports a disproportionally high number of 

species. "Wetlands near large urban centres are particularly at risk and have suffered 

severe losses. It has been estimated that less than 0.2% of Canada’s wetlands fall 

within 40 km of urban centres, and that 80 to 98% of wetlands in or adjacent to major 

urban centres have been lost." (Government_of_Canada, 2010) 

Source: (Government_of_Canada, 2010) 
Figure 2-5 - Wetland Loss in Southern Ontario from 1800 to 2002 
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The loss of natural habitates, such as wetlands, is a result of the growth and expansion 

of the cities humans live in. It is important that consideration of these losses be 

incorperated into the future design of developed ares. 

Pollution in the ecosystem is a problem which needs to be addressed at the source. 

Ecosystems can filter some pollutants it is not able to handle the high quantities which 

are currently entering them. Baker states that “...attempts to control pollution originating 

from diffuse, non-point sources were added to the growing complex of structural water 

management infrastructure. …also called the “end-of-pipe control."(Baker & Breszonik, 

2007) 

There is an opportunity to use an ecological method of treating wastewater. This idea 

solves two issues which all inhabited area has: the loss of ecosystems and the 

processing of human waste. Beneke introduces three methods of arranging the 

infiltration sites for different scales of development. The first scenario looks at a local 

site for filtering the wastewater. This approach would be able to handle approximately 

70 inhabitants (Figure 2-6  Figure 2-7). This process introduces either many small sites 

or a single connected site for filtering the water. This intern introduces ecosystems 

which would do the work of filtering the wastewater. (Beneke, 2009) 

Source: (Beneke, 2009) 

Figure 2-6 - Decentralized and Grouped Water Management Strategies 
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The second scenario is to introduce a larger single site to manage a large area (Figure 

2-7). This system would be much larger and more complex then the independent 

systems in the first scenario. This can result in a healthier ecosystem of more wildlife 

inhabitants. This system could handle approximately 6800 inhabitants.  

Source: (Beneke, 2009) 
  

Figure 2-7 - Decentralized based on Urban Landscape Segments 
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While developing ecological strategies within a city there are environmental boundaries 

which are created as a result of the urban design. According to (Ng, Edward; Sterling, 

VA, 2010) the modern city planning uses a hierarchical system to planning. The 

designers use three levels of streets which are primary distributors, secondary 

distributors and local distributors. These districts which are bound by primary roads then 

divided the area into several environmental zones (Figure 2-8).  

Source: (Ng, Edward; Sterling, VA, 2010) 
Figure 2-8 - The Hierachey or Streets
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2.4 Urban Ventilation 

Natural winds provide many positive benefits to urban areas, such as, reducing the 

ambient air temperature, introduction of clean air, it allows for migration of seedlings 

and provides an opportunity for natural ventilation in buildings.  

“In many high-density cities in subtropical and tropical regions, such as Singapore, 

Hong Kong, Tokyo, and so on, the hot summer can cause thermal stress, which is 

unhealthy to inhabitants. Buildings add to the problem as they increase the thermal 

capacity and, thus, add to the UHI intensity, reduce trans-evaporation, and increase 

roughness, slowing down incoming wind.”(Ng, Designing for Urban Ventilation, 2010) 

Figure 2-9 - Breezeways and air paths when planning a city are better for city air ventilation 
Source: (Ng, Designing for Urban Ventilation, 2010) 

While some of the issues impacting the natural breezeways may be from the buildings 

themselves, it is the responsibility of the city to restrict density and heights of certain 
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buildings accordingly. The breezeways are an important component of restoring the 

natural temperature and seedlings migration paths.  

According to Gissen, early passive environments in tall buildings were utilized due to a 

lack of means and technology to do so. “In the late nineteenth century – before 

electrical heating, cooling, and illumination – architects used a combination of devices 

and “passive” techniques [which worked without electricity or mechanical equipment] to 

illuminate and ventilate the interior spaces of high-rise and long-span 

buildings.”(Gissen, 2003) 

This considers city planning and suggests using the wind to naturally cool and clean the 

cities air. It also looks at the micro effects of wind within various configurations of 

building heights and orientations. 

This paper proposes design guidelines: 

• Breezeway / air path 
• Orientation of streets 
• Linkage of open spaces 
• Non-building area 
• Waterfront sites 
• Scale of podium 
• Building heights 
• Building Disposition 

The density of the urban environment should consider the relationships between social 

and environmental sustainability. The “Building density has an intricate relationship with 

urban morphology; it plays an important role in the shaping of urban form. For instance, 

different combinations of plot ratio and site coverage will manifest into a variety of 

different built forms.”(Ng, Edward; Sterling, VA, 2010) 
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2.5 Summary 

Cities are introducing policies which address: UHI, Hydrology, Bio-Diversity and Urban 

Ventilation. The cities are attempting to compensate and correct these issues which 

arise from high density development. Each of these issues are not independent from 

each other, there is some cross-over of principles and problems. 
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3.0 Site Practices Case Studies 

This thesis reviewed the existing site practices of Toronto and Vancouver, Canada and 

Berlin, Germany. These three cities have been chosen because they have different 

approaches and methods to controlling site designs, as well as they are all within 9 

degrees latitude. The local climates are a little different which provides an opportunity to 

investigate the validity of each cities practices to each other.  

Toronto has developed a regulatory system call Toronto Green Development 

Standards. This system has three classification and the requirements between them are 

very similar.  

Vancouver has developed Water Wise which is a guideline system. They do not require 

any site planning by law and instead offer suggestions to the designers on the 

programming of the site.  

Berlin has developed a system called Biotope Area Factor. This system is law and 

every project constructed must meet is requirements. This system is points based and 

leave the method of achieving the required points up to the designer. 
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3.1 Biotope Area Factor - Berlin, Germany 

The City of Berlin has a long history of implementing green construction policies. One of 

the first policies was their green roof legislation which was implemented in the 1970's. 

The green roof legislation was only limited to the roof of a building and did not affect the 

rest of the site. The Biotope Area Factor policy also began in the 1970's. The Biotope 

Area Factor policy was developed for the design of the un-built areas of a site. It was 

also concerned with the hydrology of the site and the rainwater runoff.  The current 

Biotope Area Factor legislation is an amalgamation of the green roof policy and Biotope 

Area Factor. This new policy provides a simpler way of achieving a site rating without 

restricting the designers with individual elements, rather the policy provides different 

methods and allows the designer to choose what to include.  

3.1.1 Biotope Area Factor 

The Biotope Area Factor (BAF) is derived from a mathematical equation using various 

coefficients for different site materials. Each surface area is assigned a score, when all 

of the scores are averaged a rating for the site is provided. The ratings that may be 

achieved were developed based on the properties of the various surfaces (Table 1).  

A sealed surface receives a score of 0.0 because it doesn't allow for any water to 

penetrate and infiltrate into the soil below, this in turn does not provide an opportunity 

for water to evaporate and cool the ambient air temperature. This type of material does 

not mitigate the effects of the heat island. At the opposite end of the spectrum a 

vegetation area connected to soil below receives a credit of 1.0. This is the highest 

score which can be achieved. This is the best scenario for water infiltration, ambient air 

temperature and ecology.  

Other types of surfaces are then broken down to how efficient they are for water 

infiltration, air infiltration, ambient air temperature, and ecology. A site would take the 

different surface types as an area and multiply them by the appropriate credit score and 

add them together. To provide an average score for the site the total sum would then be 

divided by the total area of the site.  
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The credits which are given for each material have no scientific definition; it was derived 

based on a comparison relative to other materials. The systems design demonstrates a 

clear hierarchy of materials based on these qualities for; hydrology, bio-diversity and 

heat gain.  

        Table 1 - Biotope Area Factor By-Law Credits  
Type  Credit 

score  

Sealed surface  0.0 

Partially sealed surface  0.3 

Semi-open area  0.5 

Vegetation surface without 
connection to soil below (soil 
under 80 cm)  

0.5 

Vegetation surface without 
connection to soil below (soil over 
about 80 cm)  

0.7 

Vegetation area connected to soil 
below  

1.0 

Rainwater infiltration per sm or 
roof area 

0.2 

Vertical green of windowless walls 
and walls up to 10m in height 

0.5 

Green roof  0.7 

Source: (German_Senate_Department_for_Urban_Development, Biotope Area Factor By-Law, 1994) 

3.1.2 Site Rating 

 Site rating is calculated based on the cumulative score achieved for the entire property 

divided by the total area of the property. This provides an average score for the entire 

property (Equation 1). 
 
 

Source: (German_Senate_Department_for_Urban_Development, BAF - Biotope Area Factor, 2010) 

This system requires that each property achieve a certain rating. The manner of how to 

achieve the rating is at the discretion of the designer. Allowing for the most flexibility in 

design and therefore each design may be unique and appropriate for the site. 

BAF= _(...  m² type a • credit factor a) + (...  m² type b • credit factor b) +... 
                                     ... total m² land

Equation 1 - Biotope Area Factor Site Calculation
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3.1.3 Site Examples 

This is an example of a small property BAF calculation: 

Each plot of land can be designed in various ways. In principle, measures that lead to 

an expansion of the area of vegetation on the ground are given priority. Only then 

should additional possibilities, such as the replacement of asphalt and concrete with 

other surfaces, be utilized. The following example uses a site area of 479m2 and a 

development ratio of 0.59. 

   

Existing Site 
BAF = 0.06 

Option 1  
BAF = 0.3 

Option 2 
BAF = 0.3 

Sealed Surface= 140 m² 
Semi-Open Surface = 59 m² 

Vegetation Connected = 1 m² 

Vegetation = 15m² 
Semi- Sealed Surface = 25.5m² 

Concrete surface = 21m² 
Vegetation Connected = 79m² 
Semi- Sealed Surface = 100m² 

Green walls = 10m² 
Green roofs = 41m² 

Figure 3-1 - Examples of Biotope Area Factor Ratings 
Source: (German_Senate_Department_for_Urban_Development, BAF - Biotope Area Factor, 2010) 

This demonstrates how it is possible to achieve the same rating on the same site in 

multiple ways. This system encourages uniqueness in the design; as a result it is able to 

respond to different design constraints.  
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3.1.4 Zoning Standards Study 

The previous study demonstrates that there are different ways to achieve the same 

beneficial site design that the city is attempting to achieve. This system leads to unique 

designs which can be appropriately responsive to various sites. The integration of 

multiple green site design standards together into a single standard simplifies the intent 

of the legislation, which is to mitigate the heat island effect, increase bio-diversity within 

the city, and restore ground water and evaporation.  

The BAF has been applied to various parts of Berlin. The figure below is an example of 

an existing area and the proposed BAF zoning. Demonstrating how the BAF will have a 

positive effect on the communities’ hydrological and environmental atmosphere.  Within 

the zoning there are special exceptions made for the schools. The BAF also does not 

include the street design in its calculation (Figure 3-2).  

Source: (German_Senate_Department_for_Urban_Development, BAF - Biotope Area Factor, 2010) 
       

Currently the city of Berlin has set BAF targets for different occupancies in lieu of 

creating a zoning map for the entire city. This approach is similar to the green roof 

standards which have been set in the past. The highest standards are for Residential, 

Public Facilities, and Nursery Schools and Day Care Centres. The lower standards are 

Figure 3-2 - Zoning study of BAF targets
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for Commercial, Office, Schools, and Technical Infrastructure. This form of regulation 

makes it simple for the city to oversee the future developments in the city with minimal 

regional planning.  
Table 2 - Biotope Area Factor Targets 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: (German_Senate_Department_for_Urban_Development, BAF - Biotope Area Factor, 2010) 

   

BAF Targets for 

Alterations / Extensions 
of construction sites 
Creation of additional residential space 
or increase in the degree of coverage 
(DC) 

New 
structures 

DC BAF 

Residential units (Residential use only and mixed use
with no commercial use of open space) 

up to 0.37 
0.38 to 0.49 
over 0.50 

0.60 
0.45 
0.30 

  
0.60 
  

Commercial use (Commercial use only and mixed use 
with commercial use of open space) 

  0.30 0.30   

Typical use in key areas 
(Commercial enterprises and central business facilities 
Administrative and general use) 

  0.30 0.30   

Public facilities 
(for cultural or social purposes) 

up to 0.37 
0.38 to 0.49 
over 0.50 

0.60 
0.45 
0.30 

  
0.60 
  

Schools (General-education schools, Vocational centres,
Education Complexes, Outdoor Sports facilities) 

  0.30 0.30   

Nursery Schools and Day Care Centres 

up to 0.37 
0.38 to 0.49 
over 0.50 

0.60 
0.45 
0.30 

  
0.60 
  

Technical Infrastructure 

  0.30 0.30   
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3.1.5 Summary 

The Biotope Area Factor standard which Berlin has developed is very simple in its ideas 

and execution. They allow the most amount of freedom for the designer to resolve the 

uniqueness of each project in an appropriate manor. The interesting thing about the 

BAF is that it's only control over the design happens with the material properties and 

objective ratios that a type of project must achieve.  

This system does not account for the solar properties of a site. For example, an area of 

asphalt in the sun and shade receives the same points while asphalt in the shade 

doesn`t add to the heat effect on the environment as much as asphalt in direct sunlight. 

Another example: areas of vegetation which are in the sun and shade receive the same 

points but vegetation in the shade would not have the same effect on the environment 

as vegetation in the sun. The BAF does not encourage one type of vegetation over 

another. The planting of trees would provide a better benefit then planting shrubs or 

grass. Trees can hold more water on their leaves from the first 15 minutes of a rain 

event then grass or shrubs, this benefit should be accounted for in this system. 
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3.2 Toronto Green Development Standards - Toronto, Canada 

In July of 2006, Toronto commissioned a report titled "Making a Sustainable City 

Happen: The Toronto Green Development Standard". This report suggested many 

standards both voluntary and mandatory for all new developments. If a project 

completed all of the voluntary requirements, it would receive a 20% rebate off their 

development charge.  

"Making a Sustainable City Happen: The Toronto Green Development Standard, 

proposes the adoption of enhanced targets for site and building design that address 

matters of sustainability. It proposes an integrated set of targets, principles, and 

practices to guide the development of City-owned facilities and to encourage green 

development amongst the private sector." (City_of_Toronto, Making a Sustainable City 

Happen The Toronto Green Development Standard 2006, 2006) 

Points Included: 

This report effectively argued why we needed a green standard in the city. 

Environmental Pressures, Air Quality and Climate Change, Energy Use, Water Quality 

and Efficiency, Solid Waste, Urban Forest Health, Quality of Wildlife Habitat, Light 

Pollution, Economic and Social Health. There is an additional concern Toronto projected 

population growth to 3 million residents by 2031. 

Making a Sustainable City Happen: The Toronto Green Development Standard has led 

to the development of "The Toronto Green Development Standard" which was 

implemented on January 29th of 2010. This Standard has taken into account all of the 

recommendations of the report 3 years earlier and incorporated additional green 

standards like the Toronto Green Roof By-law.  
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The development standard covers: 

• Air Quality 
• Greenhouse Gas Emissions / Energy Efficiency 
• Water Quality, Quantity and Efficiency 
• Ecology 
• Solid Waste 
• Below are summaries of the five sections and how they relate to the topic of 

sustainable site designs.  
 

3.2.1 Air Quality 
Within the Air Quality section of the development standard there are five topics: Automobile Infrastructure, 
Cycling Infrastructure, Pedestrian Infrastructure, and Urban Heat Island Reduction: At Grade, and, Urban 

Heat Island Reduction: Roof. The urban heat island reduction at grade and roof does pertain to the research 
(Table 24 - Toronto Green Roof By-law requirements 

Gross Floor Area 
(Size of Building) 

Coverage of Available 
Roof Space 

(Size of Green Roof) 
2,000 - 4,999 m2 20% 
5,000-9,999 m2 30% 
10,000-14,999 m2 40% 
15,000-19,999 m2 50% 
20,000 m2 or greater 60% 

Source:  
  

Table 25). 

The Air Quality section of the Toronto's Green Development Standard sets out to 

decrease the ambient air temperature in a couple of ways. The first is to increase the 

potential for water to evaporate while simultaneously using the heat energy. The second 

is to prevent the sun from reaching materials which are prone to absorbing the solar 

energy and radiating it, thus reducing conditions which warm the environment. These 

methods seek to mitigate the UHI effects.  

They propose to address the UHI problem by two methods. Firstly, they propose to alter 

the types of materials which are used for hardscape on a site. The preferred materials 

would be high-albedo, open grid pavement, and green walls. Secondly, environmentally 

to shade areas which are hardscaped from 50 to 75% depending on the materials used. 
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The preferred method of shading would be trees at least 5 years old, also manmade 

structures or appropriate site planning is also an acceptable means of shading. 

Table 24 - Toronto Green Roof By-law requirements sets a specific percentage of a roof 

area which requires being green. This legislation was adopted prior to the Toronto 

Green Development Standard. The biggest problem with this by-law is that if a roof is 

sloped enough then there is no requirements for a green roof, thus if the site allows for 

such a design it is easy to avoid adding a green roof. This would result in more surface 

area which is exposed to heat gain and makes local climate unnecessarily warmer. 

3.2.2 Water Quality, Quantity and Efficiency 
Within the Water Quality, Quantity and Efficiency section of the development standard 

there are four topics and there are two principles to this research. The first principle 

pertains to do with rainwater. The goal of this principle is to minimize the amount of 

water which leaves a site and ends up in the storm drain and storm sewer systems. The 

other goal is to increase the amount of water which is infiltrated into the ground which in 

turn minimizes pollutants which end up in streams and lakes. The second principle has 

to do with minimizing potable water usage in the upkeep of landscaping. This is 

intended to reduce the demand for potable water and increase the use of rainwater for 

landscaping (Table 26).  

3.2.3 Ecology 
Within the Ecology section there are three topics: Urban Forest: Tree Protection, Urban 

Forest: Encourage Tree Growth, Natural Heritage: Site, Soil Quality and Planting 

Conditions (Table 27).  

Under the Ecology section there are three main principles. The first principle prioritizes 

the protection and growth of trees. The Development Standards outlines the protection 

of existing trees within certain areas of the city or if the tree has achieved a certain girth 

to the trunk. This section also outlines the amount of trees which must be planted on a 

property. The second principle, aims to protect native plants from invasive non-native 

plants. This protection is a positive point for the existing ecosystem of the city. There is 

special emphasis on areas near ravines and other naturalized locations. The third 
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principle defines planting medium; the concern being to have a healthy and nutritious 

soil for plants to maximize their growth potential. 
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3.2.4 Summary 

The Toronto Green Development Standard covers many areas of environmental 

concern. All of the points which were covered do have some concern when there is 

additional growth to the city. The additional stress of new development and demand for 

resources like water and energy have been foreseen and accounted for by this policy. 

There is however some important policies which can be achieved through additional 

design consideration and minimal construction costs. 

The Toronto Green Development Standard is very restrictive in resolving design 

problems. The development standards require certain items and it is not lenient to 

alternative designs. While the Development Standard does provide alternative options 

for certain requirements, it still demands certain design criteria which cannot be decided 

by the designer. In some instances if the designer doesn't allow for certain items such 

as a flat roof, then there is no requirement to ad a green roof. Another example is the 

amount of connected vegetation, if a designer expands the basement beyond the 

ground floor perimeter this would reduce the requirements for trees on a site. These 

workarounds are legal and may at times cost less then what would have been required 

by the standard, thus clients would prefer these options at the detriment to the local 

ecology. This standard has three different variations for different types of projects which 

can lead to complications that can be avoided if the system were to be simplified.  
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3.3 Water Wise - Vancouver, Canada 

Vancouver introduced “Water Wise Landscape Guidelines” in July 2009. The water wise 

landscape guideline is the only enforceable by-law which addresses site designs with 

regards to layout, plant selection and materials. The primary subject users for this 

guideline are people who are undertaking development and have a landscape 

component. The goals of this legislation are to control the design of landscapes in order 

to “preserve water quality and availability; create healthy ecological environments;  

increase quantity of plant life or “biomass”; reduce the Urban Heat Island Effect;  reduce 

greenhouse gas emissions, and mechanical and energy inputs related to maintenance; 

reduce maintenance efforts; reduce strain on local infrastructure; reduce environmental 

impacts by recycling and reusing materials and resources; and reduce 

costs.”(City_of_Vancouver, 2009) 

Water wise is intended to be an integrated design approach which can have a positive 

effect on the design of the project. Water wise is also intended to make landscapes take 

advantage of the given attributes of a site (Figure 3-3). 

Source: (City_of_Vancouver, 2009) 
  

Figure 3-3 - Site planting considerations



 

 
 

29  

3.3.1 Water Wise Strategies 

There are 8 strategies which are mandated by this legislation:  

• Site planning, 

• Materials, 

• Techniques, 

• Design Considerations, 

• Plants, 

• Shrubs, Vines, Ornamental grasses and Perennials, 

• Lawns, 

• Lawns Alternatives 

These 8 categories each represent an aspect of concern for the City of  

Vancouver. These categories provide suggestions to maximize the health and 

sustainability of the site design, it also mandates a required maintenance regiment 

which must be followed for some plant types. 

Water Wise strategies are designed to assist in making smart and positive site design 

and vegetation choices. Water Wise suggests a stratification approach to planting (Figure 

3-4). This stratification provides multiple layers of surfaces which can allow for the initial 

rainfall to stay and not be drained off the site or immediately absorbed into the ground. 

 
Source: (City_of_Vancouver, 2009) 
 

Figure 3-4 - Plant stratification
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Water Wise encourages multiple planting choices on a single site; this is meant to 

increase the bio-diversity in the city. Water Wise suggests not using just a lawn but 

using local native plants which are more hardy and able to handle the local weather 

better.  

Water Wise suggests the use of green facades and living walls which are a great 

opportunity to add to the bio-diversity. Rain gardens also provide local locations for the 

immediate rain water to flow to during a rain event. Rain gardens also provide 

opportunities for the water to infiltrate the ground. Rain gardens can be planned 

adjacent to large areas of non-permeable surfaces (Figure 3-5). 
Source: (City_of_Vancouver, 2009) 

The city of Vancouver has other initiatives which attempt to increase the density of the 

city by utilizing laneways. These initiatives are positive growth options because they 

don’t require additional infrastructure like roads which can have a detrimental effect. 

Ecodensity proposes new houses to be built in a location of existing garages, this leads 

to a minimal impact of permeable ground surfaces. Many new houses are designed 

conscious of the ecological processes and in some instances improve the local ecology. 

  

Figure 3-5 - Rain Garden design guidelines 
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3.3.2 Summary 

The city of Vancouver has a very complete set of guideline which must be followed; 

however guidelines are not very stringent for the designer. Water wise system does 

allow for flexibility within the design. This system places the responsibility of any 

vegetation on the owner's radar and makes them maintain what they plant. This is a 

positive consideration because whatever plants are planted will be given a healthy start.  

There are few required goals; instead the system has responsive objectives that must 

be met after the design has been completed. This provides the designer many 

opportunities to circumvent the standard. As a result the ecological benefits which could 

be achieved are reduced.  
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3.4 Summary of Site Practices Case Studies 

The three systems in this case study have different approaches to the creation of 

policies. The three areas which are compared below are: design flexibility, amount of 

requirements, consideration of materials (inert and biological), and simplicity. 

Materials: 

Biotope Area Factor, Berlin; 

Good - the choice of materials are completely up to the designer, the designer must 

meet the minimum rating for the site. This rating may be difficult to achieve in some 

instances and would require additional cost to achieve. 

Toronto Green Development Standard, Toronto; 

Good - there are few material restrictions in this system. There is some consideration 

for finishes on materials for the protection of animals. Additional requirements require 

the use of certain types of vegetation, but the specific species and location is flexible.  

Water Wise, Vancouver; 

Great - There are few requirements for materials which designers must consider. Water 

Wise is a tool for designers to use to understand the impacts and benefits of using 

certain materials. 

Amount of requirements: 

Biotope Area Factor, Berlin; 

Fair - there are few requirements, this is both positive and negative. It is simple to 

understand and follow, but this does not set enough specific goals which could be used 

to help the environment. 
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Toronto Green Development Standard, Toronto; 

Fair - there are too many requirements, this system could not be completely 

remembered and each project would have to begin with a new checklist to ensure that 

you have covered all of the required points.   

Water Wise, Vancouver; 

Great - the guideline is length and has a lot of useful information. This system educates 

the designers throughout the process. There are very few requirement in terms of 

design, but there are a lot of responsive requirements once things have been designed.  

Design Flexibility: 

Biotope Area Factor, Berlin; 

Great - the choice of material, layout, and choice of features allow for the greatest 

amount of flexibility for the designer.  

Toronto Green Development Standard, Toronto; 

Poor - all of the requirements have few choices if any at all. In some instances there 

may be requirements which may be a detriment to the overall design.  

Water Wise, Vancouver; 

Good - There are few requirements for designers to consider. Once there has been a 

design completed there are many requirements for maintenance programs and other 

things which must be done. 

Simplicity of System: 

Biotope Area Factor, Berlin; 
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Great - the BAF can be explained with 2 pages. The principle to apply the scoring 

method is easy to understand and doesn't require additional instruction 

Toronto Green Development Standard, Toronto; 

Fair - this system is extensive and has hundreds of points which must be followed. 

While each requirement is simple to understand and apply, the quantity of requirements 

is daunting and time consuming.  

Water Wise, Vancouver; 

Fair - this system is easy to follow and understand, but the length and depth of 

information is overwhelming. This system is a guideline and as such it should be used 

as a reference guide.  

Berlin's system is the best in terms of flexibility in the design. Toronto's system is the 

best in terms of requirements to help maintain and heal the ecological systems. 

Vancouver's guideline is not a policy with requirements in site design; it is a guideline 

and information tool for designers to use.  

The best components and approaches will be incorporated into the Sustainable Site 

Systems, while minimizing the negative aspects of these systems. 
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4.0 Development of the Sustainable Site System 

There are two different design considerations to follow: the first is the creation of a 

rating system which responds to various local climates. The second is the application of 

the developed rating system on a given area and what ratings are achieved through 

various contemporary design styles. For the purpose of the development of the 

Sustainable Site System weighting of numeric values and distribution of materials and 

properties is developed as a tool to investigate the architectural design possibilities. The 

values which are produced are approximate and should be studied in comparison to 

other values which have been developed within this paper. 

4.1 Sustainable Site System 

The Sustainable Site System will be similar in nature to the Berlin's BAF system. The 

proposed system will be used by both professionals and laymen people. The system will 

use local climate data to modify the ratings and requirements for different regions. As a 

result the development of a Sustainable Site System must: 

• be simple to understand 
• be simple to execute 
• cover all types of projects 
• applicable to various regions 
• not be restrictive to the designers 
• allow ingenuity in design 
• mitigate the effects of the Heat Island Effect 
• encourage Bio-Diversity in plants and animal life 
• allow water to resume it`s natural cycle with minimal disturbance by development 
• provide a benefit to developers with incentives to achieve better standards then 

the minimum 
• provide a healthier environment for everyone 

This system will derive its scores based on a series of input variables which I have 

chosen in three different categories: Hydrology, Bio-Diversity, and Heat Island effect. 

These three categories are based on my initial research into the leading problems faced 

in urban areas. Based on these three categories a series of input variables will allow for 
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the system to output different scores for various materials considered. This adaptability 

will allow this system to be applied to various regions. 

There are 8 recognized site materials which influence exterior site design. This applies 

to all areas which are outside of the building envelope (including sloped surfaces 

greater then 1sm in area).  

4.2 Inputs  

The inputs for the Sustainable Site System have been chosen based on three 

categories: hydrology, bio-diversity, and heat. The three categories have been identified 

as the leading issues facing urban development. It is also noted that these inputs are 

not the only acceptable inputs for this system but they have been chosen to create a 

framework for which this discourse may begin. It is also noted that there are many other 

issues facing the development of urban regions throughout the world, remembering 

again that these three have been chosen with regards to the research provided.  

Distribution of the points will be derived from an equal distribution of all the points from 

the input variables. Higher priority is not provided to one section over another; due to 

the fact that there is no statistical information available to determine that one input is 

more affected over another. This approach leave room for further consideration in the 

future. For this reason a simple equal division is used (Figure 4-1).  

4.2.1 Hydrology 

Hydrology input parameters have four important variables which have been chosen, not 

to say that these could be the only parameters possible. Additional variables may be 

added or removed in future. The current variables provide a data point along the 

hydrological cycle. 

Ground water level 

Ground water level addresses the level of water in various conditions surrounding a city. 

These conditions may be underground aquifers, well levels and local ponds or lakes. It 
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is understood that these levels vary greatly from year to year based on the level of 

precipitation received in that given year. The water level can also change based on 

human intervention such as consumption, storing and redirecting natural flow of the 

water. Two leading causes for decreasing water levelling in aquifers is increased 

consumption and decreased ground absorption capabilities. This variable is determined 

by a 5 year average of the water level compared to the previous 5 year average. This 

will lead to a determination that the water level is; decreasing, remaining consistent or 

increasing. These three outcomes will determine the score for this variable. 

Moisture Index 

Moisture index is based on the humidity index which reflects the surplus of water and an 

aridity index which reflects a deficiency of water. The moisture index demonstrates the 

amount of water in the air and ground on an annual average. This is used for the 

purpose of understanding the need to either increase or decrease the amount of 

moisture within the area. Development of a city does not affect the amount of rain it may 

receive, but it does affect what happens to the precipitation after it falls. The moisture 

index indicates whether the precipitation is retained in the area or if it is being 

dissipating out of the local climate. The moisture index has four different considerations: 

less than 0.5, between 0.5 to 1.0, between 1.0 to 1.5 and above 1.5. Where the 

moisture index is for a given area will determine the score for this variable. 

10 Year 15 Minute Rain Event 

The 10 year 15 minute rain event is used by building codes to determine the amount of 

rain which can fall in 15 minutes in order to size stormwater drainage systems. This is 

used in the sustainable site system to determine whether the area is prone to flash 

flooding. A site designed to retain and manage this rain appropriately can help mitigate 

the effects of flash flooding. Current city planning with regards to roads and drainage 

systems compounds the issues of flash floods by draining rainwater into streams and 

rivers faster than the natural systems can handle. There are four different 

considerations: less than 5mm of rain, between 5mm to 10mm, between 10mm to 
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20mm and above 20mm. Rain events under 10mm do not pose as a high risk to flash 

floods, while above 10mm of rain do pose as a risk. The higher the amount of rain the 

higher the risk of flash floods 
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50 Year Daily Rain Event 

The 50 year daily rain event is used in building codes to determine the amount of rain 

which may fall over a single day in order to properly size cisterns and reservoirs. This is 

used in the sustainable site system to understand the requirements for ground 

absorption of water. A site design can be used to maximize the absorption capacity in 

response to the amount of rain which may fall. There are four different considerations: 

less than 50mm of rain, between 50mm to 100mm, between 100mm to 150mm and 

above 150mm. 

4.2.2 Bio-Diversity 

Bio-diversity is very important to all life in an ecosystem. When a single life form has 

been removed from an ecosystem it often has a detrimental effect on all other life forms. 

Many times the ecosystem can adapt to losing a single life form, but when many life 

forms are removed it leads to a collapse of the ecosystem. It is imperative that bio-

diversity is maintained to increase the strength of the ecosystem. In developed areas 

ecosystems are often completely destroyed in order to support the lifestyle which 

humans want. It is possible to maintain portions of the existing ecosystem within the 

developed area. It is understood that humans and wildlife do not live in a symbiotic 

relationship however it remains possible that the built environment may support wildlife. 

Predatory animals such as bear, wolves, coyotes and foxes are dangerous to humans 

and their pets, so it is accepted that these animals will not be accommodated for. Large 

animals such as deer, moose, elk, and others require a large areas in order to survive 

and this is not possible within developed cities. Animals such as birds, fish, insects and 

small mammals can be accommodated for within the city but their populations must be 

monitored and maintained. 
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Water Pollution 

Pollutants in water such as phosphates and toxins have detrimental effects on wildlife. 

Pollution can kill and alter the reproductive rates of animals. While the majority of 

pollution is monitored by laws, there is still pollution which is produced by humans 

through our use of vehicles and road maintenance. These pollution levels are 

determined by the quantity of suspended solids in water. It is possible to reduce these 

pollutants which are drained directly into rivers and lakes by redirecting the water to be 

absorbed into the ground and then allowing the natural water flow to filter the water prior 

to it arriving at rivers and lakes. There are three considerations for water pollutant 

levels: less than 20mg/l, between 20mg/l to 45mg/l and greater than 45mg/l. 

Fauna Bio-Diversity 

Fauna bio-diversity is concerned with the quantity of different species within a given city. 

This diversity allows for a strong ecology and aids in the development of fauna growth. 

Along with the quantity of different species, reaching the critical mass of the wildlife is 

also important. There are three considerations for the fauna bio-diversity: rising, 

remaining constant or decreasing. 

Flora Bio-Diversity 

Flora bio-diversity is concerned with the quantity of different species within a given city. 

This diversity allows for a strong ecology and supports the quantity of flora within the 

city. Flora is important to urban area as it provides change to both climatic and 

hydrological benefits as well. There are three considerations for the flora bio-diversity: 

rising, remaining constant or decreasing. 
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Plant Density 

Plant density is concerned with the total quantity of vegetation within a given city. The 

amount of plants within the city supports the hydrological system. Plants provide an 

opportunity for water to evaporate into the air; this in effect cools the air temperature 

through the laws of thermodynamics. Vegetation also provides a surface area for rain to 

land on and not touch the ground and nit begin it transportation to large bodies of water. 

Plant density has three considerations: rising, remaining constant or decreasing. 

4.2.3 Heat Island 

The addition of extra heat in any environment is detrimental to all of the natural 

processes. Warmer water can lead to increased algae growth and death to some 

animals. An increase of heat in the ground can lead to thawing of permafrost in northern 

climates; an increase of heat in ambient air temperature can lead to an increase in 

smog and other pollutants. Modern buildings use air conditioning to cool the interior 

climate, while it cools the interior additional energy is used and heat is produced which 

is then expelled into the local climate, which in turn requires that buildings be cooled 

even more. It is important to keep heat within in the city controlled as to avoid a heat 

bubble over it and preventing the natural winds to filter through and cool the city. Heat 

can be reduced and prevented in a few of ways; firstly, reduction of dark surfaces which 

absorb and re-radiate solar energy. Secondly, an increase in ambient moisture can 

absorb heat energy when water is transformed from its liquid state into its gaseous 

state. Thirdly, shading surfaces which don't have evapo-transpiration properties will 

decrease the heat gain. Lastly, increasing evapo-transpiration can be achieved by 

increasing plant density thus increasing the moisture in the air and shading of the 

ground.  
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Temperature difference is calculated based on average temperatures of locations 20km 

to the East, South, West and North of the subject city. If there is a body of water in any 

of the directions from the subject city, which is larger than 20km, then that direction is 

disregarded and the average is created using the other directions only. The heat island 

effect has four different levels: no difference, between 0.5 to 1.5oC warmer, between 1.5 

to 3.0oC warmer and over 3.0oC warmer. 

Summary of Inputs 

These inputs are only a selected few 

and may be expanded upon at a later 

date. Weighting of these inputs may 

also be adjusted according to scientific 

data if it were available. This scientific 

information would have to prove that a 

certain input is responsible for a 

determinable percentage of that 

category. For the purpose of an 

architectural thesis an even distribution 

of weighting is acceptable and 

understood that the designs are only a 

demonstration of the output variables; 

should the output variables be changed 

the designs themselves would be 

modified accordingly. 

Parameters Points Variables 
Ground Water level -1.0 Rising 

0.0 Remaining Constant 
1.0 Decreasing 

Moister Index -1.0 < 0.5 
0.0 0.5 to 1.0 
1.0 1.0 to 1.5 
2.0 > 1.5 

10 yr. 15 minute 
Rain Event 

-1.0 <5mm 
0.0 5mm to 10mm 
1.0 10.1mm to 20mm 
2.0 >20.1mm 

50 yr Daily Rain 
Event 

-1.0 < 50mm 
0.0 50.1mm to 100mm 
1.0 100.1mm to 150mm 
2.0 > 150.1mm 

Water Pollutants -1.0 < 20 mg/l 
(Total Suspended Solids) 0.0 20 mg/l to 45 mg/l 
  1.0 > 45 mg/l 
Fauna Bio-
Diversity 

-1.0 Rising 
0.0 Remaining Constant 
1.0 Decreasing 

Flora Bio-Diversity -1.0 Rising 
  0.0 Remaining Constant 
  1.0 Decreasing 
Plant density -1.0 Rising 

0.0 Remaining Constant 
1.0 Decreasing 

Heat Island Effect -1.0 no difference 
  0.0 0.5 to 1.5 oC 
  1.0 1.5 to 3.0  oC 
  2.0 3.0  oC  or more 

Table 3 - Inputs of Sustainable Site System
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4.3 Synthesis of Inputs 

After inputs are determined, the next step is to synthesize the data into equal 

distribution between the three subject areas: hydrology, bio-diversity and heat. This is a 

necessary step which will lead to the creation of the final material scores. This means 

that in some regions certain inputs may not carry any importance at all while more 

emphasis may be placed on only a few inputs. This process will allow for the system to 

be adjusted according to various regions and produce different output scoring systems 

which will respond accordingly (Figure 4-1). 

4.3.1 Hydrology 

Hydrology has two distinct paths which water can take after it becomes a liquid; first it 

can evaporate into the air where it will be turned back into a liquid at a later time, or it 

remains a liquid and moves along the grounds tributary paths where it will eventually 

join a larger body of water. The inputs into the hydrology section are: ground water 

level, moisture index, 10 year 15 minute rain event and 50 year daily rain event. All of 

the aforementioned inputs can be distilled into two outputs: evaporation and ground 

water absorption. 

Evaporation 

Evaporation of water can be achieved through many different methods. For example, 

pools of water can directly evaporate into the ambient air, or plants can evaporate water 

through a process called evapo-transpiration. Whenever evaporation is able to occur, it 

should be considered a benefit in regions which require additional moisture in the air. 
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Ground Water Absorption 

Ground water absorption is achieved when water is absorbed into the ground. While 

there are other methods of absorbing water for example in potted planters or fountains, 

this water does not participate in the hydrological cycle within the ground. For the 

purpose of this system water must be able to be absorbed directly into the ground itself 

and not stored on site. For these reasons water should participate in the natural 

patterns which originally existed and be rewarded appropriately. 

4.3.2 Bio-Diversity 

Bio-diversity may increase and decrease at various times during the ecological cycle. 

However in the context for this research, it is important that the bio-diversity be 

respondent to local natural cycles. To introduce a species which is alien to a region can 

have detrimental effects to the natural processes. For these reasons bio-diversity can 

be distilled into two paths; native vegetation and non-native vegetation. 

Native Vegetation 

Native vegetation is vegetation which can survive in the local climate without any human 

interventions such as; irrigation, trimming, pesticides and seasonal protection. Also the 

vegetation must be a part of the natural food supply to the area, such that it has a 

purpose and use for the fauna. For these reasons the use of native vegetation should 

receive the most benefit and points.  

Non-Native Vegetation 

Non-native vegetation is vegetation which cannot survive in the local climate without 

any human interventions such as; irrigation, trimming, pesticides and seasonal 

protection. Also this vegetation may be considered poisonous or hazardous to the local 

fauna. For the above reasons non-native vegetation should be discounted in its score in 

comparison to native vegetation. 
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4.3.3 Heat 

Heat is becoming an issue in urban centers due to the extra energy required to cool 

buildings. Heat is created by two sources; solar radiation and manmade heat. Solar 

radiation impacts the local climate in two ways; first its the direct radiation felt from the 

sun itself, the second is through secondary radiation from surfaces which absorb solar 

radiation and then re-radiates it. Manmade heat comes from various sources such as 

the transmission and use of electrical energy, and through manufacturing processes. 

For the Sustainable Site System manmade heat sources are not considered, only solar 

heat energy is considered. There are two methods of quantifying and controlling solar 

heat; the first is through sunlight and shading of surfaces, the second is through the 

tonal colour of materials used. 

Sunlight and Shade 

Solar heat gain which materials can re-radiate varies based on the individual materials 

capacity to retain heat. If a material doesn't have enough thermal mass to store heat 

energy then it will re-radiate less than a material which has a greater capacity to store 

heat energy. This means that materials which have greater ability to re-radiate heat 

should be shaded. Materials which do not re-radiate heat as much such as vegetation 

should be placed in the sunlight's path. In order to maximize the growth potential of the 

vegetation a higher rating will be provided to vegetation placed in direct sunlight. 

Material Colour Tone 

Colour tones of surfaces have a direct correlation to its ability to absorb solar radiation. 

The darker the tone the hotter the surface and thus re-radiate more heat into the air. 

The lighter the tone the less the surface may get hot and thus it re-radiates less heat 

into the air. The use of lighter materials should be encouraged when it is exposed to the 

sunlight while darker tones should be avoided in areas where excess heat is an issue.  
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4.3.4 Summary of Synthesis of Inputs 

It is an important step to distil the input variables into an understandable format for 

further development.  The choice of these three primary categories relate to this thesis' 

initial research which presented these three issues. Further division of these three 

categories into two sub categories each is in response to climatic impact methods which 

exist within each. This further division also allows for more responsive material effects in 

each category which will be further defined in section Materials.  



 

 
 

47  

 

Figure 4-1 - Sustainable Site System Flow Chart
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4.4 Materials 

The final stage in creating the sustainable site system is to provide a useable chart with 

scores for the various materials used. Until this phase this system has been processing 

the input variables and then synthesizing them into useable data points which will be 

used to develop final scores. The material phase is going to apply the synthesized data 

into final scores. As different input data is used the material scores will change 

accordingly. 

This system only accepts 8 categories of materials. The definition of each material is 

defined by using the principles of material properties. When choosing which is the 

appropriate material score to be used it should be referenced to the basic properties it 

exhibits. 

1. Vegetation with 80 cm or less of planting medium - any soil area which supports 

plant growth and has 80cm or less of growth medium. This 

definition accounts for low moisture carrying capacity of the soil 

due to its depth. This planting depth also reduces the ability for 

plants to develop complex and extensive root systems. This 

system may also require additional irrigation in times of drought 

(Figure 4-2). Additionally ponds may also be included in this section as long as the pond 

supports life. 

Source: (Villagelynx, 2011) 

  

Figure 4-2 - Examples of Vegetation with 80cm or less of planting medium 
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2. Vegetation with 80 cm or more of planting medium - any soil area which supports 

plant growth and has 80cm or more of growth medium. This 

definition accounts for the higher moisture carrying capacity of 

the soil due to its depth. This planting depth also increases the 

ability for vegetation to develop complex and extensive root 

systems (Figure 4-3). 

Source: (Villagelynx, 2011) 

3. Vegetation Connected - any soil area which supports vegetation growth and has 

uninterrupted connection to the ground below. The area must be 

a minimum of 1 square meter. The vegetation may be of any 

density and species. Any paths which may intrude on the 

vegetated areas must be calculated separately. This material 

must have 100% permeability to the ground underneath. There 

must not be any protective barriers which prevent the roots from growth into the ground 

(Figure 4-4).  

Source: (Villagelynx, 2011) 

 

Figure 4-3 - Examples of Vegetation with 80cm or more of planting medium 

Figure 4-4 - Examples of Connected Vegetation
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 4. Vertical Greenery - any vertical surfaces which allow for plant growth, requiring a 

minimum of 3m high up to a maximum of 10m high. Any plant 

material higher then 10m off the ground plane is not applicable. 

This 10m height restriction is based on the bio-regeneration of 

subsequent bio-life. The area calculated is restricted to the area 

for the planting medium and not to the area which the plant will 

eventually grow into. This restricts the use of vines and other climbing plants which 

grow up a wall or lattice structure (Figure 4-5).  

Source: (Villagelynx, 2011) 

  

Figure 4-5 - Examples of Vertical Greenery Systems 
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5. Trees - this credit is received per tree which is planted in at least 15m3 of soil and 

reaches a height of at least 4m in 5 years. The diameter of the 

widest branch span must be at least 4m. This height and 

diameter of the tree is to achieve a stratification of five times the 

leaves. This stratification is to provide a surface area for 

rainwater to sit as well as to provide area for evapo-transpiration 

to occur. There is no distinction between coniferous or deciduous trees; all trees are 

acceptable as long as they meet the above criteria (Figure 4-6).  

Source: (Villagelynx, 2011) 
Figure 4-6 - Examples of Trees 
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6. Sealed Surface - are surfaces which do not allow any penetration of water, air, plant 

vegetation, and are typically waterproof. The acceptable 

permeability of this material must be less than 25% water which 

falls on it, for example if 1 Litre water is placed on this surface it 

must not absorb more than 250 ml in a 24 hour time frame 

(Figure 4-7). Water fountain which do not contain any life is also 

included.  

Source: (Villagelynx, 2011) 

Examples of sealed surfaces are: concrete, asphalt, terrazzo (or other stone), paving 

(bound by joint resin, or have a sealed structural support), waterproof plastics and roof 

areas which are not covered by any other material.  

  

  

Figure 4-7 - Examples of Sealed Surfaces
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7. Partially Sealed Surfaces - are surfaces which do not allow any plant vegetation to 

grow, but do allow air and water to seep directly to the 

connected ground underneath. The acceptable permeability of 

this material must be more than 25% but less than 75% of water 

which falls on it, for example if 1 Litre water is placed on this 

surface it must absorb more than 250 ml and less than 750 ml in 

a 24 hour time frame.  

Source: (Villagelynx, 2011) 

 Examples of partially sealed surfaces may include small paving stones, concrete 

composite blocks, heavily compressed soil, sand, and gravel. Note that this material 

must be directly placed on the ground plane and have direct contact to the ground 

underneath, if there is a sealed surface underneath this material is does not qualify 

under this class of material (Figure 4-8).  

  

Figure 4-8 - Examples of Partially Sealed Surfaces
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8. Semi-open Surface - are surfaces which have a high amount of jointing with areas 

for vegetation like grass to grow. The vegetation must account 

for at least 50% of the area. This percentage of vegetation must 

be applicable to any randomly selected 1 square meter of area. 

The acceptable permeability of this material must be more than 

75%. This means that the material must absorb more than 75% 

of water which falls on it, for example if 1 Litre water is placed on this surface it must 

absorb more than 750 ml in a 24 hour time frame.  

Source: (Villagelynx, 2011) 

Suggested areas for semi-open surfaces include fire escapes, and low traffic access 

points as the vegetation would be vulnerable to high traffic. There are many products 

and systems which achieve the parameters described above. Creative use of small 

pavers within a field of vegetation would also satisfy this material parameter (Figure 4-9).  

  

Figure 4-9 - Examples of Semi-Open Surfaces 



 

 
 

55  

4.5 Material Properties 

In addition to the above material categories there are three sub material property 

categories which apply; direct sunlight vs. shade, native planting vs. non-native planting, 

and low vs. high maintenance levels. These additional material parameters provide the 

final level of site design impacts on the material. This last step provides a higher 

resolution on understanding the impact of a given design in a region. 

Direct Sunlight vs. Shade 

The impact of direct sunlight on various surfaces are different when it comes to re-

radiating heat It is understood that asphalt in sun radiates more heat energy than 

asphalt in shade; the same principle applies to vegetation, as plants grow faster and are 

healthier when they receive direct sunlight vs. only daylight. This reasoning leads to the 

individual materials receiving a penalty for instances when direct sunlight or shade has 

a negative effect on the material. Thus all vegetation which is in shade will be penalised 

according to the rating system. All other surfaces will also be penalised when they are in 

direct sunlight according to the rating system.  

For this system the definition of direct sunlight is: unobstructed sunlight which hits a 

surface either horizontal or vertical at 1pm on June 21st (Summer Solstice). Only 

permanent structures shadows are considered. Any non-fixed structures shadows are 

not considered for calculations. Any vegetation shadows also does not count, for the 

reason that the vegetation may grow and alter its shading location and capacity over 

time.  
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Material Tone 

Sealed surfaces require additional consideration due to the solar gains which are 

greater when the material is darker. For this reason there are three tonal distinctions 

which are made. Any colour pigmentation is removed from this consideration; instead 

the colour is to be considered unsaturated such that it only contain white, grey and 

black (monochrome). The three tonal categories are; 0 to 25%, 26 to 74%, and 75 to 

100% (Figure 4-10 & Figure 4-11). 

 
Figure 4-10 - Grey Tone Examples 

 
 

 
Figure 4-11 - Examples of Denaturised Colours 

 

  

0 % Grey tone  26 % Grey tone 75 % Grey tone 

25 % Grey tone  74 % Grey tone 100 % Grey tone

  Colour #1 Colour #2 Colour #3

Original Colour 

Unsaturated Grey Tone 

  7 % Grey tone 53 % Grey tone 100 % Grey tone
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Native vs. Non-Native Vegetation 

There are two reasons why there should be different ratings for native and non-native 

vegetation. Native vegetation if not treated with a pesticide has an active role in the 

local food chain. While local fauna are not familiar with non-native plants they may not 

use them as a source of food. In some instances the non-native vegetation may also be 

poisonous to local fauna. Non-native plants are sometimes invasive and can overtake 

local ecology. For these reasons alone non-native plants should not be allowed, but it is 

accepted that these plants tend to be for ornamental purposes and must allow some 

leniency. The second reason why there is a penalty for non-native vegetation has to do 

with the energy required to maintain these species in some climates, for example, in a 

northern climate winter kills certain plants and it must be replanted the following spring, 

or in a dry climate the vegetation requires constant watering. 

For this system the definition of native vegetation is if the plant in question can be found 

in a natural habitat within 500 km of the project site. All other plants not found within this 

radius will be considered a non-native vegetation species. 
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Low vs. High Maintenance 

The final additional parameter is placed on the materials that have to do with vegetation. 

The level of maintenance required for different types of vegetation should be considered 

due to the use of energy which is consumed. The higher the maintenance levels the 

more fuel, water, and fertilizer is used. Higher consumption of these resources has a 

detrimental effect on the local climate. The use of fuel or other sources of energy 

increases the ambient heat and releases additional pollutants into the air. When the use 

of water is diverted for irrigation it is removed from a larger body of water, weather it is a 

river, lake or aquifer. This removal of water decreases to total amount of water which 

would accumulate there had it been left alone. Throughout the process of irrigation 

there are some benefits to the ambient air temperature as well as increased vegetation 

growth rates. These positives and negatives would be demonstrated in the output 

ratings according to the various input parameters. By introducing a penalty for these 

reasons it encourages designers to respond more conservatively in the choices for 

vegetation types. 

For this system the definition of high maintenance includes any of the following criteria;  

1. Requires trimming or cutting more than once a month 

2. Requires any irrigation 

3. Requires any pesticides 

4. Requires any fertilizers 

Examples of high maintenance are; cut grass, manicured gardens, farmland and 

maintained planters. 
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4.6 Material Score Calculation 

Each material's score is determined by either adding or subtracting the material 

parameters which apply or does not apply. Below is the maximum input chart which 

synthesizes the input parameters into specific material variables. This chart indicates 

how the individual materials achieve their rating. 

Table 4 - Score Rating Synthesis Chart 
Input Parameters Synthesis of input Max Material Properties 
Hydrology 7.0 Ground Water 3.5 <25% Permeability 0.00 

Choose one 26% - 74% Permeability 1.75 
  >75% Permeability 3.50 
Evaporation 3.5 Evapo-Transpiration 3.50 

Bio-Diversity 4.0 Native Vegetation 4.0 Low Maintenance 4.00 
Choose one High Maintenance 2.00 
Non-Native Vegetation 2.0 Low Maintenance 2.00 
  High Maintenance 1.00 

Heat Island 3.0 Material Colour Tone 1.5 <25% Gray tone 1.50 
Choose one 26% - 74% Gray tone 0.75 
  >75% Gray tone 0.00 
Shade 1.5 In Sunlight 1.50 
Choose one In Shade 1.50 

Total Input Points 14.0 

 

Each material score is determined by adding or subtracting the Synthesis of Input rating 

weather it applies or does not apply. The total points for material are then divided by the 

total input points to provide the individual materials unit score.  
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Example #1 Native Low Maintenance Vegetation Connected in Sunlight  

Table 5 - Native Low Maintenance Vegetation Connected in Sunlight Material Properties 

 

Example #2 Sealed Surface 25 - 75% Permeability - 26% - 74% Gray tone In Shade 
 
Table 6 - Sealed Surface 26 - 74% Permeability - 26% - 74% Gray tone in Shade Material Properties 

This process is repeated for all of the materials in order to determine material scores. 

The final output is represented by a table which looks similar to Table 7. 

The final guideline has a total 8 different material types with a total of 52 individual 

material ratings. This may seem like a lot but the final chart is simple to understand and 

apply materials. Each of the sub sections are clearly defined and described. The 

application of all the various materials provides many opportunities for designers to 

choose appropriate materials and achieve the required score for their project. 

Material Properties Native Low Maintenance Vegetation Connected in 
Sunlight

Applicable Properties (add)  
Total input points = 3.5+3.5+4.0+1.5+1.5-0 = 14.0 
Total material points = 14.0 
Therefore material score is 14.0/14.0 = 1.0 

>75% Permeability 3.50
Evapo-Transporation 3.50
Native Low Maintenance 4.00
<25% Gray tone 1.50
In Sunlight 1.50
Non Applicable Properties (subtract)
None 
Total Material Points 14.0

Material Properties Sealed Surface 26 - 74% Permeability - 26% - 74% 
Gray tone In Shade 

Applicable Properties (add)  
Total input points =1.75+0.75+1.5-3.5-4.0 = -3.5 
Total material points = 8.0 
Therefore material score is -3.5/14.0 = -0.25 

26- 74% Permeability 1.75
26% - 74% Gray tone 0.75
In Shade 1.50
Non Applicable Properties (subtract)
Evapo-Transporation 3.50
Native Low Maintenance 4.0
Total Points -3.5
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4.7 Universal Base Score 

The purpose of creating a universal base score is to assess the output variables of the 

system with a maximum input in all the parameters. This provides an opportunity to 

understand what the base system rating is prior to applying it to various regions and 

climates.  

For the creation of a base chart it is assumed that all of the input parameters have been 

maxed out, this is to achieve equality in the numbers based on materials and not 

climatic data. The base chart (Table 7) represents the score received for each square 

meter of various materials (Table 4). As a result all vegetative materials have a positive 

rating and all hard surfaces have a negative rating.  

Table 7 - Sustainable Site System Base Chart 

Native Vegetation Non-Native Vegetation 

Maintenance Maintenance 

Low High Low High 

 Material    Sun Shade Sun Shade Sun Shade Sun Shade Sun Shade

  Vegetation 80cm or less 0.75 0.54 0.61 0.39 0.61 0.39 0.54 0.32 

  Vegetation 80cm or more 0.88 0.66 0.73 0.52 0.73 0.52 0.66 0.45 

  Vegetation connected 1.00 0.79 0.86 0.64 0.86 0.64 0.79 0.57 

  Vertical Vegetation 0.75 0.54 0.61 0.39 0.61 0.39 0.54 0.32 

  Tree  25.00 19.64

  Sealed Surface <25% Gray tone -0.54 -0.32 

  <25% Permeability 26% - 74% Gray tone -0.59 -0.38 

  >75% Gray tone -0.64 -0.43 

  Partially Sealed Surface <25% Gray tone -0.41 -0.20 

  26% - 74% Permeability 26% - 74% Gray tone -0.46 -0.25   

  >75% Gray tone -0.52 -0.30   

  Semi-open Surface <25% Gray tone -0.07 -0.29   

  >75% Permeability 26% - 74% Gray tone -0.13 -0.34   

  >75% Gray tone -0.18 -0.39   
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4.7.1 Observations of Universal Base Score 

Under review of all of the base numbers there are a couple of unexpected anomalies. 

Overall the numbers which have been provided do demonstrate a hierarchical pattern 

which responds to the various inputs.  

Under review of the base numbers in the system it is seen that a positive score is given 

to all of the vegetated parameters while all the other surface materials have negative 

values. 

It is observed that there is an inverse in scores provided between partially sealed 

surfaces and semi-open surfaces. Each material maintains its own hierarchy from 

darker to lighter tones. When these materials are in sunlight the Semi-open Surface 

receives higher scores then the Partially Sealed Surfaces. There is a reversal of scores 

when shade is introduced, and the Partially Sealed Surfaces receive higher scores then 

the Semi-open Surfaces. This is occurring due to the vegetation component of the 

Semi-open Surface and when it is in shade it receives a penalty. This penalty is 

sufficient to decrease the score and makes the Partially Sealed Surfaces score higher. 

The marginal difference between the two in shade is significantly less than when the 

materials are compared in sunlight. 

There are no anomalies within vegetative materials. The best scoring material is the 

Connected Native Low Maintenance Vegetation in the Sun. This was expected due to 

this material being the most natural. The worst scoring material is Sealed Surface - 

>75% Grey tone in Sun. This was also expected due to the negative properties which it 

has on the hydrological process, restriction of bio-life, and radiating properties.  
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4.7.2 Base Site Rating 

In order to understand what the Base Site Rating is, the Site Standards System will 

assume that all materials have 10 square meters of area and 1 tree in sun and shade. 

This will provide a baseline which can be used to compare various output charts. The 

Site Standards System will also determine the final score by averaging the total score 

by the total area of the site, not the total area inputted as some surfaces may be 

duplicated along the height of the building, trees and vertical vegetations don't represent 

any ground area.   

There is no minimum or maximum which a site can achieve due to the ability to 

duplicate surfaces with cantilevers. But a single plane undisturbed natural site without 

trees would receive a rating of positive 1.0 and a worse developed single plane rating 

would be   negative 0.64 according to the Base Site Rating.   

The Base Site Rating is 0.40 (Table 7). This number represents an average off all system 

inputs and will be used as a comparison when different input variables are introduced. 

The Ideal scenario is to achieve a rating of 1.00 which would represent a natural 

undisturbed site without any trees. If it were a natural site with 1 tree every 25m2 then 

the rating would be 2.00. To achieve this rating within an urban site would require a lot 

of cantilevers resulting in duplicated surfaces, a reduction in road widths (may not be 

possible) and the addition of many trees. These additional expenses may not be 

possible and may also be too expensive to construct.  
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Determining Project Objectives 

The determination of the required site rating will be similar to the Berlin's BAF. In the 

BAF there is a difference in the required rating based on new and renovation projects. 

The BAF also distinguishes different goals for different types of project, this 

differentiation of project types will not be accommodated, due to the fact that the 

different type of project has no additional benefits to the local ecological systems. Site 

ratings for a project will depend on whether the project is new or existing. Existing sites 

may not be able to meet as high standards as new projects. Each goal will be a 

proportional response to the local climate and the individual rating system. The 

minimum site rating should be equal to the base rating of the system in that climatic 

region. This minimum will also apply to renovation projects. Using the Base System 

Rating for a renovation project it will have to achieve a 0.40. For new projects the 

objective rating will be determined by multiplying the base rating by 150%. Using the 

Base System Rating for a new project it will have to achieve a 0.40 x 150% = 0.60. It 

would be acceptable to round the expected rating to simpler numbers to making the 

goals easier to understand (Table 9).  

Table 8 - Rating Objectives Examples 

Location Base Rating Renovation 
Projects 

New 
Projects 

Example 1 0.30 0.30 0.45 
Example 2 0.40 0.40 0.60 
Example 3 0.50 0.50 0.75 
Example 4 0.55 0.55 0.83 
Example 5 0.60 0.60 0.90 



 

 
 

65  

4.8 Site & Surfaces 

Site definition with regards to Sustainable Site System is the property ownership area 

plus sidewalks and roads at a perpendicular line to the property line to the midpoint of 

the adjacent road.  

To determine the site rating, sum all of the points received in the total area then divide 

the total by the site area under consideration. This is meant to provide a site rating, 

which accounts for all duplicated surfaces created along vertical axis of the project. 

The purpose of adding the public area to the privately owned area is to account for the 

effects which are incurred on the public property. This will lead to higher requirements 

for the development. It is the intent of this system that the city would want to make 

public property better and be more accountable to natural systems. This position will 

lead to a common goal by both the city and the developer to make the street area more 

ecologically friendly, in turn this will lead to synergy between the two parties and adjust 

the planning of the public spaces. It is understood that the city does have a limited 

budget to handle the construction of the streets and sidewalks, however if the developer 

were to take on these expenses so that they may move forward with their project, these 

costs would not impact the city's budget. 

Figure 4-12 - Site Area under consideration
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Sometimes certain surfaces may not be eligible for points. The first criteria have to do 

with the amount of enclosure around a surface. A surface will be omitted from the 

scoring if its surface perimeter is enclosed by more than 60% and has a protective 

barrier above which matches the surface under consideration (Figure 4-13), all 

enclosures may not allow the transmission of rain or solar energy through it to the 

surface. The second surface area which is omitted is any surface with a solid roof drawn 

back by a 45 degree angle inboard from the roof. The area which is inside of this 

parameter is also omitted from the scoring (Figure 4-14).  

  

Figure 4-13 - Enclosure Parameters Diagram

Figure 4-14 - Covered Floor Area
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4.9 Climate Application Study 

The four sites (Figure 4-15) considered for the application study have different: climatic 

statistics, population density, and scale of development, coastal conditions, geographic 

latitudes and macro environmental conditions. This makes them each unique and thus 

will be able to demonstrate how material scores will change.  

 

Refer to Table 31 - Climatic Statistic for a comparison of the climatic data for the four 

selected cities and their total points. From this data, individual material score charts will 

be created. 

Figure 4-15 - Sites Chosen for Study
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4.9.1 System Climate Application Study 

The base ratings for the 5 different cities demonstrate the renovation and new 

construction objectives (Table 9).  

Table 9 - Design Rating Objectives 

Location Renovation Projects New Projects
Base Scenario 0.40 0.60 
Uranium City, Saskatchewan 0.58 0.87 
Toronto, Ontario 0.41 0.61 
Vancouver, British Columbia 0.40 0.60 
Halifax, Nova Scotia 0.35 0.52 
Biotope Are Factor (Berlin) 0.30 0.60 

 
According to these numbers Uranium City should have the highest rating while Halifax 

should have the lowest. There should be some variation of the differences according to 

the different designs. The base rating has a difference of 40% between the highest and 

lowest scores, demonstrating that the rating system is very responsive to the various 

climates.  

The addition of the Biotope Area Factor rating is used as a comparison to the current 

similar system. This will also demonstrate how various designs would not be credited for 

potentially positive design. 

A series of building designs is needed in order to understand the implications of the 

various inputs. These designs abstractions of the principles of design intent for each 

have been accentuated in order to exaggerate the effect on the output rating.  

All designs have a development density between 7,500 m2 and 9,000 m2. The site area 

for all designs is 4015m2. The height of all designs will vary as the shadowing effect will 

be one that is investigated. The site coverage, quantity of trees, maximizing green roofs 

and shadows are all principles which will be investigated. 
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Table 10 - Sustainable Site System Rating for Design #1 

Location Design Rating New Projects 
Rating 

Rating 
Deficiency 

Base Scenario 0.43 0.60 -0.17 
Uranium City, Saskatchewan 0.43 0.87 -0.44 
Toronto, Ontario 0.44 0.61 -0.17 
Vancouver, British Columbia 0.43 0.60 -0.17 
Halifax, Nova Scotia 0.42 0.52 -0.20 
Biotope Area Factor (Berlin) 0.65 0.60 0.05 

This design has a difference of no more than 5% between all of the various cities. 

Toronto performed the best and Halifax and Uranium City performing the worst. This 

design does not meet the required design objective of the different cities; additional 

features would have to be added to increase the rating. The difference between the 

cities is quite small thus leading to the conclusion that this design method could be 

considered transferable to all climates except Uranium City. 

This design would meet the minimum requirements for the BAF. The additional points 

required for Uranium city is a result of the contexts minimal issues which exist and a 

development such as this would have a greater impact on the local ecological systems.  
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Table 11 - Sustainable Site System Rating for Design #2 

Location Design Rating New Projects 
Rating 

Rating 
Deficiency 

Base Scenario 0.45 0.60 -0.15 
Uranium City, Saskatchewan 0.43 0.87 -0.44 
Toronto, Ontario 0.46 0.61 -0.15 
Vancouver, British Columbia 0.44 0.60 -0.16 
Halifax, Nova Scotia 0.43 0.52 -0.19 
Biotope Area Factor (Berlin) 0.62 0.60 0.02 

This design has a difference of no more than 7% between all of the various cities. 

Toronto performed the best and Halifax performed the worst. This design does not meet 

the required design objective of the different cities; additional features would have to be 

added to increase the rating. The difference is larger than design #1. This design does 

not meet the required design objective of the different cities; additional features would 

have to be added to increase the rating. This means that in climates like Toronto or 

Vancouver the act of shading of the sidewalks is more beneficial than in the remaining 

climates.  Also reduction in the green roof area has had little impact on the ratings.  

This design would meet the minimum requirements for the BAF. The additional points 

required for Uranium city is a result of the contexts minimal issues which exist and a 

development such as this would have a greater impact on the local ecological systems.  
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Table 12 - Sustainable Site System Rating for Design #3 

Location Design Rating New Projects 
Rating 

Rating 
Deficiency 

Base Scenario 0.52 0.60 -0.08 
Uranium City, Saskatchewan 0.50 0.87 -0.37 
Toronto, Ontario 0.52 0.61 -0.08 
Vancouver, British Columbia 0.51 0.60 -0.09 
Halifax, Nova Scotia 0.49 0.52 -0.03 
Biotope Area Factor (Berlin) 0.65 0.60 0.05 

This design has a difference of no more than 6% between all various cities. Toronto 

performed the best and Halifax performed the worst. This design does not meet the 

required design objective of the different cities; additional features would have to be 

added to increase the rating. The rating is very close for Halifax and this would suggest 

that this design response would almost be acceptable. The reduction in the green roof 

area and the addition of more ground plane connected vegetation had a positive impact 

on the rating; this increase was approximately 11% while only increasing the connected 

vegetation by 6% of the site area.  

This design would meet the minimum requirements for the BAF. The additional points 

required for Uranium city is a result of the contexts minimal issues which exist and a 

development such as this would have a greater impact on the local ecological systems.  
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Design #4 

Design #4 encompasses 29% of the ground plane site area, the second lowest of all the 

examples. The total green roof accounts for 30% of the site area which is the second 

highest of all the examples. There is a large planting area on the along south side of the 

site and wraps up the west side of the building, this connected vegetation accounts for 

29% of the site area. This building also has 1000m2 of green walls along the south side 

of the building. There are a total of 16 trees planted on the site. The sidewalk is 

constructed using interlocking pavers. The building introduces two tall towers to cast 

shadows onto the street.   

Figure 4-19 - Design #4 Plan and Perspectives 



76 

Table 13 - Sustainable Site System Rating for Design #4 

Location Design Rating New Projects 
Rating 

Rating 
Deficiency 

Base Scenario 0.55 0.60 -0.05 
Uranium City, Saskatchewan 0.54 0.87 -0.33 
Toronto, Ontario 0.56 0.61 -0.05 
Vancouver, British Columbia 0.54 0.60 -0.06 
Halifax, Nova Scotia 0.52 0.52 0.0 
Biotope Area Factor (Berlin) 0.67 0.60 0.07 

 

This design has a difference of no more than 7% between all of the various cities. 

Toronto performed the best and Halifax performed the worst. This example improves 

upon the score received for a single point tower by 7% while increasing the ground 

plane connected vegetation by 6%. This design does meet the objective of Halifax but 

does not meet the required design objective of the other cities; additional features would 

have to be added to increase the rating. This demonstrates that the increase in the 

score was due to the increase of the connected vegetation.  

This design would meet the exceed requirements for the BAF. The additional points 

required for Uranium city is a result of the contexts minimal issues which exist and a 

development such as this would have a greater impact on the local ecological systems.  
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Design #5 
Design #5 encompasses 35% of the ground plane site area, the second lowest of all the 

examples. The total green roof accounts for 51% of the site area the second highest of 

all examples. There are two large planting areas on the along the south side of the 

building, this connected vegetation accounts for 23% of the site area. This building also 

has 1000m2 of green walls along the south side of the building. There are a total of 6 

trees planted on site; this is due to the reduced ground area for vegetation. The 

sidewalk is constructed using interlocking pavers. This building design uses a single 

large cantilever which reaches over the sidewalk and casts a shadow onto the street. 

This design also increases the green roof potential. 

Figure 4-20 - Design #5 Plan and Perspectives



78 

 

Table 14 - Sustainable Site System Rating for Design #5 

Location Design Rating New Projects 
Rating 

Rating 
Deficiency 

Base Scenario 0.68 0.60 0.08 
Uranium City, Saskatchewan 0.55 0.87 -0.32 
Toronto, Ontario 0.69 0.61 0.08 
Vancouver, British Columbia 0.68 0.60 0.08 
Halifax, Nova Scotia 0.66 0.52 0.14 
Biotope Area Factor (Berlin) 0.77 0.60 0.17 

This design has a difference of 20% between all of the various cities. This design does 

meet the objective of all the cities except Uranium City. Some of the overhang features 

could reduce a little bit to save money and reduce the rating. This example 

demonstrates an increase in score when there is an increase in the green roof area by 

introducing a cantilever and casting a shadow on the road which is the most negative 

scoring points. This design response does not provide as much of a benefit to Uranium 

City though. The reason for such a smaller increase in score for Uranium City is due to 

the scores for sealed surfaces being the same in sunlight or shade, thus the additional 

effort to cast a shadow has no effect on this region. 

This design would meet the minimum requirements for the BAF. Halifax's deficiency 

rating is very close to the BAF rating. The increase of a large overhang which shades 

the sealed surfaces raises all of the ratings for the Sustainable Site System.  
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Design #6 
Design #6 encompasses 31% of the ground plane site area, the second lowest of all the 

examples. The total green roof accounts for 38% of the site area, the second highest of 

all the examples. There are two large planting areas on the along the south side of the 

building as well as two smaller planters underneath the bridge, this connected 

vegetation accounts for 23% of the site area. This building also has 1000m2 of green 

walls along the south side of the building. There are a total of 20 trees planted on the 

site. The sidewalk is constructed using interlocking pavers. This building design uses a 

single large bridge to join the east and west towers. The bridge is constructed adjacent 

to the sidewalk to maximize the shading potential. Through the use of the bridge there is 

addition space on the ground plane which can be used for vegetation and trees.  

Figure 4-21 - Design #6 Plan and Perspectives
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Table 15 - Sustainable Site System Rating for Design #6 

Location Design Rating New Projects 
Rating 

Rating 
Deficiency 

Base Scenario 0.65 0.60 0.05 
Uranium City, Saskatchewan 0.57 0.87 -0.30 
Toronto, Ontario 0.66 0.61 0.05 
Vancouver, British Columbia 0.64 0.60 0.04 
Halifax, Nova Scotia 0.63 0.52 0.11 
Biotope Area Factor (Berlin) 0.67 0.60 0.07 

This design has a difference of 14% between all of the various cities. This design does 

meet objective of all the cities except Uranium City. Features could be reduced save 

money and reduce the rating. Toronto performed the best and Uranium City performed 

the worst. This example has a reduced score compared to design #5, this is due to the 

reduction in green roof area as well as the building is not tall enough to cast a shadow 

onto the street, for these reasons the scores for Toronto, Vancouver, and Halifax have 

decreased. The score for Uranium City has increased as a result of an increase in the 

ground floor vegetation.  

This design would meet the minimum requirements for the BAF. Halifax's deficiency 

rating is higher than the BAF rating. The increase of a large overhang and building 

higher along the property line on the north which shades the sealed surfaces raises all 

of the ratings for the Sustainable Site System.  

 

Summary of Climate Application Study 
The impact of the various climates has led to a couple of conclusions. First, the impact 

of shading asphalt is only effective in regions which have problems with the Heat Island 

effect. Second, the addition of connected vegetation is important to any site in any 

climate. Sometimes extreme designs will achieve a similar rating as a well-planned 

generic design. This system does not require that all buildings become super-buildings;  

rather, the financial costs can be controlled while the designer can take into 

consideration local issues.  
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5.0 Application of the Sustainable Site System 
 
 

5.1 Public Street Study 

Public area will be considered separately in order to understand the implications of the 

rating of different street designs. These designs may only be applicable to some 

locations. There are two studies which will be done. 

5.1.1 Primary Streets 

The site dimension under consideration is the city's right-of-way which is 100 meters 

long and 26 meters wide.  

Existing Main Streets- Rating -0.37  

The existing main street has the worst rating among all of the examples provided. This 

rating is due to the lack of vegetation. This main street is seen throughout the high 

density areas of many cities. It is often difficult to incorporate connected vegetation 

when there are services which are directly under the road and sidewalk. 

Properties 

• 5.5m wide sidewalks on the North and South sides of the street  

• 15m wide road with two driving lanes in each direction  

 

Figure 5-1 - Primary Street - Existing Main Street Example 
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Option 1 – Rating -0.27  

Option 1 moves the street so that it is asymmetrical to the sidewalks to the south and 

north. This idea makes the sidewalk wide enough on the north such that it can 

incorporate large planters, but these planters cannot be continuous due to the 

pedestrian access for exiting vehicles. A similar project recently completed by the Bloor 

Yorkville BIA in Toronto (Figure 5-4 & Figure 5-3). 

Properties 

• 7m wide sidewalk on the North with large planters with low maintenance native 

plants and trees  

• 4m wide sidewalk on the South side of the street  

• 15m wide road with two driving lanes in each direction  

  

Figure 5-2 - Primary Street - Option 1
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Precedents  

Source: (BIA, 2011) 

Source: (BIA, 2011) 

Figure 5-3 - Bloor Street Renovation Image #1, Toronto

Figure 5-4 - Bloor Street Renovation Image #2, Toronto
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Option 2 - Rating -0.02 

Option 2 introduces a 5m wide center island with trees. In order to introduce a large 

center island the sidewalks on each side of the street must get smaller. In some 

instances of existing development this option may not be possible. Some sidewalks 

require more than 3 meters due to the quantity of pedestrian. This option is similar to 

the design of the green island on the median on University Avenue in Toronto (Figure 

5-9). 

Properties 

• 3m wide sidewalks on the North and South sides of the street  

• 5m wide center island with trees and low maintenance native planting  

• 7.5m wide road with two driving lanes on each side of the center island 

Precedents  

Source:(Villagelynx, 2011) 

Figure 5-5 - Primary Street - Option 2

Figure 5-6 - University Avenue, Toronto
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Option 3 - Rating -0.11  

Option 3 uses the same principles as option 2. This option integrates a bike path in a 

portion of the center island. The introduction of a bike lane adds to a higher density of 

traffic. 

Properties 

• 3m wide sidewalks on the North and South sides of the street  

• 5m wide center island with 3m two-way bike lane and 2m continuous planter with 

low maintenance native planting  

• 7.5m wide road with two driving lanes on each side of the center island  

Precedents 

Source:(Villagelynx, 2011) 

  

Figure 5-7 - Primary Street - Option 3

Figure 5-8 - Various Bike Lane Designs
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Precedents  

Option 8 - Rating 0.27 

Option 8 provides an extreme scenario if there were additional funds available and if 

there was a requirement for a street. This scenario places a roof above the road to 

shade the roadway. The additional roof area also provided additional space for 

vegetation. This proposal also maintains the 20 trees which the existing site has. The 

additional roof area has the potential to become a breading area for some animals. This 

benefit is not quantified within this system. The roof area can also be used as an 

amenity for the local community,  

Figure 5-19 - New Houses Constructed without a street 
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5.1.3 Summary 

The primary street options which achieve a higher rating reduce the size of the 

sidewalks. This compromise may be acceptable if the projects adjacent to the street 

were to be redeveloped and the new buildings can be set back further, allowing for a 

wider sidewalk. The best ratting also maximizes the planting area including trees. An 

option which has not been addressed by this thesis would be the changing of the 

material tones. Making the asphalt a lighter tone would also increase the scoring. The 

important fact is that the existing street design without vegetation is the simplest item to 

change and it is not difficult to add planters to the existing sidewalks. 

The tertiary street option showed that by reducing parking or removing a driving lane 

can have a significant impact on raising the score. Also by terminating the street half 

way or removing it completely has the best impact for the score, but these streets must 

not have a high volume of traffic, pedestrian or vehicular. In addition each household 

would have to take their garbage bins to a common pickup point instead of leaving them 

in front of their own homes; this would benefit the garbage pickup services which would 

save travel time to each house individually. The introduction of a roof over the roadway 

does provide some benefit to the rating while maintaining a high level of traffic. There 

are also benefits for the breeding of small animals which is not picked up by this rating 

system. 

The impact of the street rating appears to have a large variation from negating 0.37 to 

positive 0.49. This represents the hurdle which the building design must compensate for 

in order to achieve the rating which is required. The rating for primary streets is much 

lower than the tertiary street ratings; this lower score will require more design ingenuity 

than tertiary streets. It is more likely that the buildings which are adjacent to primary 

streets will be larger and have more opportunity to increase their score. The buildings 

off of the tertiary streets are assumed to be low-rise residential development; these 

developments will have more connected vegetation as a result, and their rating will not 

require many additional design considerations.  
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6.0 Architectural Impact 

The impact of the Sustainable Site System on architecture must be understood. While 

there was an early study done to understand the large gestures of architectural form 

and massing the specific designs of a building must also be investigated and 

understood. This study will look at the impact on existing developments and their ratings 

as well as proposals for new developments using some of the most progressive 

architectural forms which claim to be ecologically sensitive.  

6.1.1 Architectural Design Study 

The Crossroads of the Danforth BIA has been selected for the area of research due to 

the City of Toronto's recent Avenue Study (Figure 5-23). This location is in the East end of 

Toronto. The City of Toronto has established that this area is set for a complete 

redevelopment along Danforth Avenue from Victoria Park Avenue in the West to 

Warden Avenue in the East. This means that the majority of the existing two storey 

buildings will be demolished and rebuilt with taller buildings varying from 6-12 stories. 

The following research has been completed using the Toronto rating system which was 

developed. 

 
 
Source:(City_of_Toronto, Danforth Avenue Study – Victoria Park Avenue to Medford Avenue – Official 
Plan, Zoning – Final Report, 2007)

Figure 5-23 - Danforth Avenue Study Area
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Block A Precedent 
Block A has taken its design inspiration from some of the newest condominium 

developments in Toronto. While these designs are basic in their form, it will be a good 

judge of the system to see what additional design parameters would be needed to 

achieve the required rating.  

Source: (URT, 2011)  

Figure 5-28 - Verve Condo - 2009 Completion Figure 5-27 - Quartz Condo - 2011 Completion

Figure 5-29 - The Station Condo - 2011 Completion
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Block B Precedents 

The views of buildings wrapped in trees and flowers are one that relates back to the 

individual user of the building. Instead of introducing a monolithic for which determines 

the image of the building these designs allow for the user to use their balconies to 

define the architecture and image.  

Source: (Villagelynx, 2011)  

Figure 5-32 - Esplanade Ave. New Orleans (2010)

Figure 5-34 - Cuajimalpa Tower, Mexico (2009)

Figure 5-33 - Buenos Aires (2007) 
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Figure 5-36 - Rendering of Block B from Danforth Avenue 

Figure 5-37 - Rendering of Block B - Balconies



Balconi

There a

provide 

These b

balconie

would se

be large

planters

and wou

shallowe

other un

a single 

balcony 

sufficien

bushes w

ies 

re four var

the residen

balconies a

es. The first

erve the re

er. This ba

 for other v

uld wrap the

er planters 

nit which do

tree plante

has a deep

nt for a tree

which the i

riations of b

nts with an 

are not atta

t is one whi

esident adja

lcony desig

vegetation. 

e corner of 

for additio

oes not hav

er as well a

p and shallo

 to survive.

ndividual ow

Figu

balconies o

opportunity

ached to ev

ich is the la

acent to it. 

gn has two

The second

the buildin

nal vegetat

ve access to

as a shallow

ow planter,

. The deepe

wner would

ure 5-38 - Blo

106 

on Block B.

y to have th

very unit. T

argest would

The units w

o tree plan

d balcony d

g. This balc

tion. The th

o a roof are

wer planter

 but the am

er planters 

d choose. 

ock B - Balco

 The desig

heir own ga

There are th

d be placed

which would

nters as we

design wou

cony has tw

hird and fo

ea or a cor

r for additio

mount of so

can be use

ony Designs

gn of these 

rden adjace

hree differe

d on top of 

d have this

ell as addit

ld be used 

wo tree pla

urth balcon

ner. The th

onal vegeta

il in the dee

ed to plant 

balconies 

ent to their 

ent sizes to

a roof area

s balcony w

tional shallo

on corner 

nters as we

nies are for

hird balcony

tion. The fo

ep planter is

shrubs or o

is to 

unit. 

o the 

a and 

would 

ower 

units 

ell as 

r any 

y has 

ourth 

s not 

other 



 

Block B 

space is

building

introduc

building 

the neg

planters

plus the

instrume

 

uses just 

s then used

. This nativ

ces the sam

utilizes it ta

gative poin

 which can

e green ro

ental in ach

over 1000m

d for a nat

ve vegetati

me median

all northern

ts received

n be used f

oof adds 0

hieving the h

 

Table 18 -

m2 of the g

ive vegetat

ion accoun

n planter o

n facade to 

d. Block B

for small tr

0.26 to the

high rating 

- Block B Mat

107

ground floo

tion garden

nts for 30%

on Danforth

cast a sha

B also intro

rees and o

e overall r

for the proj

terial Statist

or area for 

n with trees

% of the gro

h Avenue a

adow onto t

oduces lar

ther vegeta

rating for t

ject.  

ics Compari

the building

s on the so

ound plane

as seen in

he road in 

rger balcon

ation. This 

the site. T

son 

g. The left 

outh side o

e. Block B 

n Block A. 

order to red

nies with d

additional 

This additio

 
 
 

over 

of the 

also 

The 

duce 

deep 

area 

on is 



Block C

Block C

develop

There is

have joi

make it 

The exis

Existing

Vegetati
Sealed S
Sealed S
Sealed S
 

C 

C is a mo

ment. The 

s a single r

ned 2 build

easier for t

sting Susta

g Site Stati

ion Connec
Surfaces – 
Surfaces – 
Surfaces – 

oderate siz

site is 6160

roofing sup

dings with 

rucks to mo

inable Site 

istics 

cted  
under 25%
25% - 75%
over 75% t

 

Fi

ze which w

0m2 in area

pply compa

a single a

ove on the s

System rat

% tone
% tone 
tone 

gure 5-39 - E

108 

would be 

a and has 5

ny which o

ddition. Th

site. 

ting is -0.39

- 167 m2  
- 458 m2 
- 1230 m2

- 2741 m2

Existing Bloc

most appl

50 meters s

owns and o

e entire sit

9 

ck C Plan

licable to 

site depth f

operates on

te has asp

a single l

for construc

n the site. T

phalt in ord

large 

ction. 

They 

er to 



 

 
 

109  

Block C Precedents 

 VM Bjerget by BIG Architects uses a stepped system for the residential units. This 

stepping allows the unit above it to use the roof of the unit below it as a garden and 

patio. This project has a sense of suburban mentality but in a tower design. The site 

which Block C is on is much smaller then this site and will have to make the outdoor 

space smaller.  

Source: (BIG, 2011)  

Figure 5-40 - VM Bjerget, Copenhagen - View 
of Balcony 

Figure 5-42 - VM Bjerget, Copenhagen - View 
of Balconies from below 

Figure 5-41 - VM Bjerget, Copenhagen - View from Transit Station 
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Figure 5-44 - Rendering of Block C from Danforth Avenue 

Figure 5-45 - Rendering of Block C - Balconies 
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Balconies 

The balcony design allows for up to two units to use a balcony pod. Each pod has a 

large planter. In the preliminary design phase every other planter was used for a tree. 

As the rating for the site does not meet the requirement additional trees would have to 

be planted in the other planters as well. This increase in trees will add 0.15 to the 

overall rating. The planters have a small overhang which helps shade some of the 

sealed surface of the balcony below. If the sealed surfaces were to be replaced with a 

type of grass then the rating would increase by an additional 0.10, but for this design we 

will assume a concrete finish.  

 
Figure 5-46 - Block C - Balcony Designs
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Study Area Summary 

The existing rating for the entire study area was -0.10, this rating would be considered 

insufficient by the Site Standards System. With the removal of surface parking, 

removing dead end streets, replacement of a toxic automovie storage company and the 

addition to hundreds of trees the study area now has a rating of +0.63. This rating would 

be high enough for a new development. The ecological benefit in this area would benefit 

greatly over what was here before, the resultant bio-life has more space to flurish. This 

additional ecological area would increase the bio-diversity in the area. The amount of 

sealed surfaces was reduced and rainwater would now be able to be infiltrater the 

ground on site and not need to transported to the lake. The increase in the vegetation 

would increase the evapo-traspiration in the area and cool the ambient air, this in 

combination with all of the aformentioned design moves would reduce the effects of the 

UHI in this area.  
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Figure 5-56 - Existing Site Plan for the Study Area
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Figure 5-57 - Proposed Site Plan for the Study Area
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  Figure 5-58 - Aerial Perspective of the Study Area
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6.2 Summary of Architectural Impact 

The architectural impact of the Sustainable Site System leads to a more ecologically 

responsive design. This system is just a tool to encourage development in a responsible 

manner which is currently not required. The response could be extreme like Block C or 

it could be responsible site management design, like Block B. The impact of the street 

on the rating is a large component of the negative rating. This will encourage 

developers and the city to work together to improve the street design. Large parking lots 

would have a very difficult time with this system due to the negative properties that they 

exhibit, but with the appropriate site design it would be possible to minimize the 

negative rating. The system's goal scores of 0.40 for renovations and 0.60 for new 

developments in the city of Toronto are achievable and not unrealistic. The main 

concept which need tot be taken away from this process is that the existing site designs 

must change in order to respond to the negative effects of the city. 
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7.0 Conclusion 

This thesis looked at the negative impacts from current city planning and construction 

and developed the sustainable site system and how it can reduce and or eliminate 

those impacts. City planning has had the most negative effects on Hydrology, Bio-

Diversity and Heat Island effect. Although, some cities have begun to address the 

issues of the Heat Island effect, their responses do not address the underlying issues of 

the hydrological cycle and the loss of bio-diversity.  

The development of the Sustainable Site System looked at Hydrology, Bio-Diversity and 

the Heat Island effect. The system uses those three categories as the input variables 

which determine the ratings for the various site materials. The Sustainable Site System 

has an ability to respond to various inputs and synthesize the information into a useable 

material scoring system. The system allows it to be applied to many climatic regions 

around the world. A series of examples from different climatic regions in Canada has 

confirmed this.  

Lastly the Sustainable Site System was tested on various densities and designs which 

would be common in application. The system demonstrated that new and innovative site 

design would be required to achieve the required rating; this also means that the 

existing designs which are currently being built would fail under this system, but with 

minor considerations and alterations, the projects would be able to pass. Additional 

design innovations using public street areas to increase the rating of adjacent properties 

were successful. This system would encourage the synergy between the developer and 

the city to improve public and private spaces for the betterment of the community and 

city at large. 

While the system only addresses a single site at a time, over time as more buildings are 

constructed and renovated the positive impact on the city as a whole will be more 

prevalent.  
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The goal of this system is to reduce the Heat Island effect. The hydrological cycle can 

begin to heal itself and the temperature of the water in the lakes and rivers will decrease 

back to what they were historically, and ground water levels in aquifers and wells would 

be restored. Lastly the bio-diversity in the city would increase the natural wildlife. 

The Sustainable Site System achieves the adaptability and flexibility which current 

systems do not achieve. This systems is easy to apply and integrate into any city's 

regulatory system. This system can be in addition or work in conjunction with other 

systems. The Sustainable Site System is a tool to help heal the environment which we 

all live in. 
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Appendix A - Tables 

Table 24 - Toronto Green Roof By-law requirements 

Gross Floor Area 
(Size of Building) 

Coverage of Available 
Roof Space 

(Size of Green Roof) 
2,000 - 4,999 m2 20% 
5,000-9,999 m2 30% 
10,000-14,999 m2 40% 
15,000-19,999 m2 50% 
20,000 m2 or greater 60% 

Source: (City_of_Toronto, Toronto Green Roof By-law, 2009) 
  
Table 25 - Toronto Green Development Standard - Urban Heat Island Reduction  
(Table Modified by Jorden Lefler) 

Urban Heat 
Island 
Reduction: At 
Grade  
Reduce ambient 
surface 
temperatures, and 
provide shade for 
human health and 
comfort  

AQ 4.1 Use high-albedo surface materials for at least 50% of the site’s non-roof hardscape.   OR 
Use open grid pavement for at least 50% of the site’s non-roof hardscape. OR 
Shade within 5 years at least 50% of hardscape, including surface parking areas, 
walkways and other hard surfaces3.   OR 
Use a combination of high-albedo surface materials, open grid pavement and shade for 
at least 50% of the site’s non-roof hardscape 

AQ 4.2 Plant large growing shade trees at the equivalent of 6-8m intervals starting from the 
property line:  
along all street frontages,  
along all open space frontages and  
along all public walkways, excluding driveways and easements  

AQ 4.3 If surface parking is permitted and provided, plant shade trees at a minimum ratio of one 
tree planted for every five parking spaces supplied  

AQ 4.4 
(Voluntary) 

Use high-albedo surface materials for at least 75% of the site’s non-roof hardscape. OR 
Use open grid pavement for at least 75% of the site’s non-roof hardscape. OR 
Shade at least 75% of hardscape, including surface parking areas, walkways and other 
hard surfaces. OR 
If surface parking is provided, plant internal shade trees at a minimum ratio of one tree 
planted for every three parking spaces supplied. OR 
Install a Green wall on an exterior surface that is either free-standing or part of a building 
to a minimum height of one-storey. OR 
Use a combination of high-albedo surface materials, open grid pavement and shade for 
at least 75% of the site’s non-roof hardscape. 

Urban Heat 
Island 
Reduction: 
Roof  
Reduce ambient 
surface 
temperatures 
on/from rooftops  

AQ 5.1 For buildings included in the City of Toronto Green Roof By-law install a green roof to 
meet the requirements of the By-law. 
For buildings not covered by the Green Roof By-law do one of the following for available 
roof space:  
Install green roof with 50% minimum coverage. OR 
Use cool roofing materials for 100% of the roof. OR 
Use a combination of both for a minimum of 75% of the roof.  
For all City owned buildings and all Agencies, Boards, Commissions, Corporations and 
Divisions, new buildings will provide a green roof with total area coverage equal to at 
least 50% of the building footprint. Cover the remaining available roof space with cool 
roofing materials. 

Source: (City_of_Toronto, Making a Sustainable City Happen The Toronto Green Development Standard 2006, 2006) 
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Table 26 - Water Quality, Quantity and Efficiency  
(Modified by Jorden Lefler) 

Stormwater 
Retention 
(Water 
balance)  
Minimize 
stormwater that 
leaves the site  

WQ 2.1 Retain stormwater on-site to the same level of annual volume of overland runoff 
allowable under pre-development conditions. 

WQ 2.2 Retain at least the first 5 mm from each rainfall through rainwater reuse, onsite 
infiltration, and evapo-transpiration. OR 
Ensure that the maximum allowable annual runoff volume from the development site is 
no more than 50% of the total average annual rainfall depth.  

WQ 2.3 
(Voluntary) 

Retain 25mm from a 24 hour rainfall event for rainwater reuse, onsite infiltration and/or 
evapo-transpiration.  

Water 
Efficiency  
Reduce demand 
for potable water 
through greater 
efficiencies  
and by the use of 
non-potable water.  

WQ 4.1 Use water efficient plant material for at least 50% of landscaped area (including 
vegetated roofs and walls). 

Source: (City_of_Toronto, Making a Sustainable City Happen The Toronto Green Development Standard 2006, 2006) 
 
Table 27 - Ecology  
(Table Modified by Jorden Lefler) 

Urban Forest: 
Tree Protection  
Preserve the urban 
forest 

EC 1.2 Retain all trees that are 30cm or more DBH (diameter at breast height) in accordance 
with the City of Toronto Private Tree Protection By-law. 

EC 1.3 Where property is located within a Ravine Protected Area retain trees of all diameters. 
EC 1.4 Where applicable, protect and retain trees of all diameters adjacent to City of Toronto 

streets and roadways and City-owned Parkland in accordance with the Trees on City 
Streets and Parkland By-laws. 

Urban Forest: 
Encourage 
Tree Growth  
Enhance the urban 
forest  

EC 2.1 Plant a minimum of one tree on-site for every 30m2 of post development site area 
covered by soft landscaping. 

EC 2.2 Trees in hardscaping (hard landscaping): For 2 or more trees planted in primarily 
hardscaped areas, provide a minimum of volume of 15m3 of high quality soil per tree. A 
single tree planted in hardscape requires a minimum volume of 30 m3 of soil.  

EC 2.3 Trees in softscaping (soft landscaping): Provide trees planted in softscaping with a 
minimum volume of 30 m3 of high quality soil. 

EC 2.4 Provide a watering program for trees for the first 2 years after planting. 
Natural 
Heritage: Site  
Protect, restore and 
enhance the natural 
heritage system.  
Protect and increase 
biodiversity.  

EC 3.1 Ensure that at least 50% of vegetation species used in landscaping are native. 
EC 3.2 Do not plant any invasive species on properties along streets abutting ravines and 

natural areas. 
EC 3.3 Where a development setback from the top-of-bank of a valley, ravine or bluff or a buffer 

area is required by the City, all plants must be native species. 
EC 3.4 
(Voluntary) 

100% of tree species planted must be native species on properties or streets abutting 
ravines and natural areas  

EC 3.5 
(Voluntary) 

Where a setback from top-of-bank is required, the setback must be planted and all plants 
must be native species. 

Soil Quality 
and Planting 
Conditions:  
Provide growing 
conditions to support 
long-term plant 
survival and growth  

EC 4.1 Retain and reuse all uncontaminated on-site soil in areas not covered by the building and 
parking footprint or hard surfaces  
OR 
Adjust or replace with soil of equal or better quality. 

Source: (City_of_Toronto, Making a Sustainable City Happen The Toronto Green Development Standard 2006, 2006) 
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Table 28 - BAF Variant 1 

Source: (German_Senate_Department_for_Urban_Development, BAF - Biotope Area Factor, 2010) 
 
Table 29 - BAF Variant 2 
Street / Land 
 
Calculation example 

Total 
area (m²)

479 

Developed 
area (m²) 

279 

Undeveloped 
area (m²) 

200 

Existing- 
BAF 0.06 
BAF 0.3 

Surface type / 
weighting- 
factor per m² 

Portion of each surface type 
relative to the total area in m² 

Amount EEA* Amount Planned EEA* Planned 
1.  Sealed surfaces 0.0 140 0 21 0 
2. Partially sealed surfaces 0.3     100 30 
3. Semi-open surfaces 0.5 59 30     
4. Surfaces with vegetation unconnected to soil below and 

with < 80 cm of soil covering 0.5         

5. Surfaces with vegetation unconnected to the soil below 
and with > 80 cm of soil covering 0.7         

6. Surfaces with vegetation connected to the soil below1.0 1 1 79 79 
7. Rainwater infiltration per m² of runoff area 0.2         
8. Vertical greenery up to a maximum of 10 m in height0.5     10 5 
9. Greenery on rooftop 0.7     41 29 
  Ecologically effective surface area   31   143 

BAF =   ecologically effective surface area 
total land area 

 

* EEA = Portion of the Ecologically Effective 
surface Area 

BAF =   143 
479 

 

Existing BAF 
0.06   Planned BAF 0.3 

Source: (German_Senate_Department_for_Urban_Development, BAF - Biotope Area Factor, 2010) 

  

Street / Land 
 
Calculation example 

Total 
area (m²)

479 

Developed 
area (m²) 

279 

Undeveloped 
area (m²) 

200 

Existing- 
BAF 0.06 
BAF 0.3 

Surface type / 
weighting- 
factor per m² 

Portion of each surface type 
relative to the total area in m² 

Amount EEA* Amount Planned EEA* Planned 
1.  Sealed surfaces 0.0 140 0     
2. Partially sealed surfaces 0.3     85 25.5 
3. Semi-open surfaces 0.5 59 30     
4. Surfaces with vegetation unconnected to soil below and 

with < 80 cm of soil covering 0.5         

5. Surfaces with vegetation unconnected to the soil below 
and with > 80 cm of soil covering 0.7         

6. Surfaces with vegetation connected to the soil below1.0 1 1 115 115 
7. Rainwater infiltration per m² of runoff area 0.2         
8. Vertical greenery up to a maximum of 10 m in height0.5         
9. Greenery on rooftop 0.7         
  Ecologically effective surface area   31   140.5 

BAF =   ecologically effective surface area 
total land area 

 

* EEA = Portion of the Ecologically Effective 
surface Area 

BAF =   140.5 
479 

 

Existing BAF
0.06   Planned BAF 0.3 
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Table 30 - Base Site Rating 

 

  
Su
m
 o
f p

oi
nt
s r
ec
ei
ve
d 
by

 
ea
ch
 m

at
er
ia
l 

Native Vegetation Non-Native Vegetation 

Maintenance Maintenance 

Low High Low High 

 Material    Sun Shade Sun Shade Sun Shade Sun Shade Sun Shade

  Vegetation 80cm or less       0.75 0.54  0.61 0.39  0.61 0.39  0.54  0.32  41.43 

  Vegetation 80cm or more       0.88 0.66  0.73 0.52  0.73 0.52  0.66  0.45  51.43 

  Vegetation connected       1.00 0.79  0.86 0.64  0.86 0.64  0.79  0.57  61.43 

  Vertical Vegetation       0.75 0.54  0.61 0.39  0.61 0.39  0.54  0.32  41.43 

  Tree  25.00 19.64                         44.64 

  Sealed Surface  
  <25% Permeability 
  

<25% Gray tone ‐0.54 ‐0.32  ‐8.57 

26% - 74% Gray tone ‐0.59 ‐0.38  ‐9.64 

>75% Gray tone ‐0.64 ‐0.43  ‐10.71

Partially Sealed Surface 
26% - 74% Permeability 
  

<25% Gray tone ‐0.16 0.05  ‐1.07 

26% - 74% Gray tone ‐0.21 0.00  ‐2.14 

>75% Gray tone ‐0.27 ‐0.05  ‐3.21 

  Semi-open Surface 
  >75% Permeability 
  

<25% Gray tone ‐0.07 0.04  ‐0.36 

26% - 74% Gray tone ‐0.13 ‐0.02  ‐1.43 

>75% Gray tone ‐0.18 ‐0.07  ‐2.50 

Average Site Rating 0.46
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Table 31 - Climatic Statistic 

 

Ba
se
 

Va
nc
ou

ve
r 

U
ra
ni
um

 C
ity

 

To
ro
nt
o 

H
al
ifa

x 

Po
in
ts
 

D
at
a 

Po
in
ts
 

D
at
a 

Po
in
ts
 

D
at
a 

Po
in
ts
 

D
at
a 

Po
in
ts
 

Ground Water level  1.0  Decre. 1.0 Const. 0.0 Decre. 1.0  Const.  0.0
Moister Index  2.0  1.44 0.0 0.59 1.0 0.86 1.0  1.49  0.0
10 yr. 15 minute Rain Event  2.0  10mm 0.0 8mm 0.0 25mm 2.0  15mm  1.0
50 yr Daily Rain Event  2.0  112mm 1.0 54mm 0.0 97mm 0.0  150mm  1.0
Water Pollutants  1.0  Low 0.0 Low 0.0 Low 0.0  Low  0
Fauna Bio‐Diversity  1.0  Decre. 1.0 Const. 0.0 Dec 1.0  Decre.  1.0
Flora Bio‐Diversity  1.0  Const. 0.0 Const. 0.0 Const. 1.0  Decre.  1.0
Plant density  1..0  Decre. 1.0 Const. 0.0 Decre. 1.0  Decre.  1.0
Heat Island Effect  2.0  0.1 oC 0.0 0 oC 0.0 1.8 oC 1.0  1.4oC  0.0

Total Points  14.0    4.0   1.0   7.0    5.0
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