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Adaptive Design: Abstract 

great number of the social, economic, and environmental problems that 

are fOlmd in society are the consequences of conventional urban design 

approaches neglecting to consider the local ecology or ecological 

processes in design. This creates developments that replace the complex natural 

environment, with its endless cycling and recycling, with relatively simple forms 

that move materials one way from source to sink, resulting in most of the earth's 

natural processes being bypassed (Lyle 1994). As a result, the hydrology, 

microclimate, and native species diversity within urban environments are changed, 

creating many of the social and economic problems facing cities. These impacts 

can be far reaching, often extending well beyond the political boundaries that define 

a city's limits. 

To assist designers in the creation ofurban environments that incorporate ecological 

processes into their forms, the Adaptive Design approach has been developed by 

combining aspects from a number ofecological design precedents that are beginning 

to emerge in practice. The principles and design processes of landscape ecology, 

ecological restoration, naturalization, microclimatic landscape design, Permaculture 

©, and Regenerative Design © were reviewed to provide a base for an ecological 

design approach. Presented in the form often principles and a twelve-step process, 

Adaptive Design aids designers in creating solutions that are more natural, productive, 

rich, and diverse than conventional ones. The processes also acknowledges those 

social and economic factors that must be considered in design to overcome many of 

the barriers currently facing the incorporation of ecological design into practice. 

The most important aspect of the process is that it provides the opportunity to analyze 

the region's ecology and incorporate this information into design so a construct fits 

into its surrounding natural environment. The Adaptive Design process also provides 

the opportunity to investigate how energy and materials flow on the site to take 

advantage ofnatural processes to impose minimal impact on the landscape, reinstate 

natural energy flows, and reduce urban infrastructure costs. 

To demonstrate the utility of the design approach, the Adaptive Design principles 

and process have been applied to a community design for a site in the southeast 

comer of Calgary. Illustrated is a community form that is adapted to the Calgary 

environment by incorporating natural processes into the urban fabric through the 
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design ofecological infrastructure. Stormwater management is accomplished through 

the use ofswales, catchment areas, and wetlands. Wildlife habitat is provided in the 

streetscape and open spaces using native planting schemes, which offer food and 

shelter. The urban microclimate is improved through the selection, placement, and 

orientation of buildings and vegetation, and urban food production is incorporated 

into the parks and other public open spaces to make the community less reliant on 

outside sources for food. All of these functions are incorporated into 64 ha/160 acre 

neighbourhoods, which surround a high density neighbourhood node. Twenty-five 

neighbourhoods are incorporated into the site, connected through a series of 

connector streets, pedestrian pathways, and greenways. 

In total, 25% of the site is designated as open space, requiring an increase in density 

within the developed area to achieve a population comparable to one provided under 

conventional development patterns, making the design feasible from a social and 

economic standpoint. Also required was an increase in the number of multifamily 

units from 20 to 30% ofthe total, as well as a reduction in the average single-family 

lot size to create an average population of 3000 persons per neighbourhood. This 

allowed the design to meet the City of Calgary's target population of77,OOO, while 

achieving a significant improvement in the environmental quality of the urban 

environment compared to conventional development practices. 

Although demonstrated on a specific site, the Adaptive Design process is transferable 

to any scale and type of development, and to any environment because the process 

uses the site's surrounding ecology to inform design decisions. The process is a 

valuable tool for all urban design professions including planners, architects, civil 

engineers, and landscape architects. 

Key Words: Ecological Design, Ecology, Community Design, Urban Design, 

Design Process, Landscape Architecture, Planning, Ecological Infrastructure. 
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Adaptive Design: Introduction 

raditionally, the practice of landscape architecture blends art and science 

to create designs that are primarily concerned with catering to human use 
and aesthetics. The result is usually a construction that requires an ablmdant 

amount of energy input to maintain and possesses a lack of species diversity and 

wildlife habitat. This is because although ecology is recognized as an important 

component of landscape architecture, its role is still relatively small. The approaches 

adopted by many practitioners often focus on spatial relationships which merely 

identify natural elements such as soils and vegetation and treats them as individual 

entities without taking into account how energy, materials, and organisms flow 

between these elements to make them inter-related. The consequences of such 

negligence can be seen in our urban areas where ecological processes are interrupted. 

Hydrology, microclimate, and species diversity are all severely impacted through 

conventional design and development practices. These approaches also place undue 

strain on the surrounding landscape for food and natural resources, and create a 

range of social and economic problems that could have been otherwise avoided 

through the use of more ecologically based means. 

In response to these problems, ecological design models are beginning to emerge 

that are based on the principles ofecology. Landscape ecology, ecological restoration, 

naturalization, microclimatic landscape design, Permaculture ©, and Regenerative 

Design ©, are six such models that have started to take hold in the environmental 

design professions. Precedents such as these use ecology and natural systems as 

models for design to help create more natural, productive, rich, and diverse 

landscapes, which require minimal energy input. Thus, they provide a useful base 

for designers to begin a shift in design philosophy from ecology as an important 

consideration to ecology as a guiding principle. Such a movement will create urban 

landscapes, which function closer natural systems, and eliminate many of the 

problems surrounding conventional urban development practices. 

Methodology 
To use these six ecological design precedents as a basis for the creation of an 

ecological design approach, this Masters Degree Project (MOP) was undertaken in 

two parts. The first part involved a literature review of the past role of ecology in 

landscape architectural design, ecosystems, selected ecological design precedents, 
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and barriers to ecological design, to develop a theoretical basis for the approach. 

The conventional problem solving design approach employed in the urban design 

professions was used as a base and then modified to incorporate the new information 

gained through the literature review. 

The second part applied the developed design approach to a site in south Calgary. 

The twelve-step process was followed to demonstrate the form a community could 

have when its design was based on the ecological design approach. However, the 

site design process also helped direct the development of the design approach as 

new information gained through the site design was used to improve the design 

process. As a result it was an iterative approach with the process informing the site 

design and the site design informing the process. This back and forth approach 

continued throughout the duration of the project until the final process and site 

design was produced. 

Document Description 
This Masters Degree Project is organized into nine chapters and seven appendices, 

which provide the backgrOlmd and description ofthe design process and community 

site design. Chapters 1 to 3 provide a summary of the literature review conducted 

and provide the background for the document. Chapters 4 and 5 outline the principles 

and process of the developed design approach referred to as Adaptive Design. The 

last four chapters, 6 through 9, introduce, describe, and evaluate the site design 

which uses the developed design approach. A more detailed description of each 

chapter is provided below. 

Chapter 1: Ecology in LandscapeArchitecture highlights the historical role ecology 

has played in landscape architecture and planning and discusses how this has affected 

the health ofour urban areas. This provides the background necessary to understand 

why an ecological approach towards design is needed. 

Chapter 2: EcologicalDesign Precedents is a summary ofthe six ecological design 

precedents reviewed. Specifically, the principles and processes used in landscape 

ecology, ecological restoration, naturalization, microclimate landscape design, 

Permaculture ©, and Regenerative Design ©, are highlighted. Special attention is 

given to those aspects of each precedent that may be helpful in developing an 

ecological design approach for design within urban areas. 

Introduction 14 



daptive deSign: introduction 

Chapter 3: Barriers to Ecological Design looks at the ten primary obstacles facing 

the incorporation of ecological design approaches into everyday practice so that 

these barriers may be considered in the development of a new ecological design 

approach. 

Chapter 4: Principles ofAdaptive Design describes the ten foundational principles 

of the ecological design approach developed which designers should follow and 

use as a checklist when designing. These are adapted from the 40 principles reviewed 

in Chapter 2. 

Chapter 5: Adaptive Design Process discusses the shortcomings ofthe conventional 

problem solving design approach and then outlines the twelve step Adaptive Design 

process, which uses key aspects of the reviewed ecological design precedents. 

Chapter 6: Design Program introduces the Southeast Planning Area demonstration 

site and summarizes the design program, which sets the foundation for the 

community site design. 

Chapter 7: Community Site Design is a detailed description of the site design for 

the Southeast Planning Area site. The description is organized into three different 

areas, corresponding to the different scales of development: open space network, 

community design, and neighbourhood design. 

Chapter 8: Design Approach Comparison provides a comparison between the 

Adaptive Design approach and the conventional design approach by using the 

Southeast Planning Area site design as a test site and contrasting it to some of the 

conventional community design practices utilized in Calgary. 

Chapter 9: Adaptive Design Details highlights ten ecological design details used 

throughout the site design that are based on the principles and approach ofAdaptive 

Design. These details, with slight modifications, have universal application as they 

may also be used in other existing and proposed Calgary communities. 

In addition to the main body of the document, there are seven appendices, which 

contain infonnation that was integral to the development of the design process and 

site design. Appendices A and B are provided mainly as further explanation of the 
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principles introduced in Chapter 2, while appendices C to G contain a summary of 

the regional environment data gathered, as directed by the Adaptive Design process. 

AppendixA: Four Factors ofEcosystems summarizes the four factors ofecosystems 

(Structure, Function, Behaviour, and Inter-relationships). 

Appendix B: Design Precedent Principles provides a more detailed explanation of 

the 40 principles from the six ecological design precedents reviewed. 

Appendix C: Calgary Climate Data summarizes key climate data for the Calgary 

region that was used during the analysis stage of the design process. 

Appendix D: Ecoregions ofthe Calgary Area outlines the key information related 

to Calgary's natural environment that was pertinent to the proposed site design. 

Appendix E: Plant Species for the Calgary Region provides a number of species 

lists of plants that are tolerant of Calgary's environment. Information on growth 

characteristics, habitat, aesthetics, wildlife potential, and other unique features, is 

included to help designers maximize their use of vegetation in design. 

Appendix F: Wildlife Habitat Requirements highlights the habitat requirements 

for a number of wildlife species that were considered in the site design. 

Appendix G: Site Inventory & Analysis summarizes the information gathered during 

the site inventory and analysis of the Southeast Planning Area site. 
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cology in landscape architecture 

Chapter 1: Ecology in Landscape Architecture 

ne of the critical issues for the 21 st century will be the rebuilding of 

cities (Laurie 1997). Although many of the principles of sustainability, 

such as higher densities, mixed land uses, passive solar buildings, and 

low energy technologies, are gradually becoming more commonplace, most 

contemporary approaches to community design still ignore local ecology. Two of 

the more popular approaches to community planning: Transit Oriented Development 

and Neotraditionalism, which look at pre World War II models in the hopes of 

resolving the spatial problems inherent in communities today, fail to acknowledge 

local ecosystems in terms of carrying capacity, form, or function. Instead, these 

design approaches seem to be more about image than energy self-sufficiency, water 

and waste flows, food production, or ecosystem protection and enhancement 

(Paterson 1997). In addition to social and economic sustainability, our communities 

should express a reverence for the nature of the place and a better understanding of 

the region's watersheds, climate, geology, plants, and animals (Van der Ryn et al. 

1991). 

A great number of the social, economic, and environmental problems of human 

society are the consequence of urban development not respecting ecology in their 

design. This is a result of conventional human development practices replacing the 

complex natural environment, with its endless cycling and recycling, with relatively 

simple forms which move materials one way from source to sink, resulting in most 

of the earth's natural processes being bypassed (Lyle 1994). As a result, the 

hydrology, microclimate, diversity of species, and many socioeconomic factors are 

negatively impacted by the design of communities, which have little regard for 

natural processes. These impacts can be far reaching and often extend well beyond 

the political boundaries that defme a city's limits. 

In response to urban environmental problems, many of the community design 

professions, such as architecture, planning, engineering, and landscape architecture 

have started to incorporate more environmentally sound approaches in their designs. 

While each discipline has its own strength, landscape architecture may be the best 

equipped to provide a bridge between environmental science, design, and planning 

and therefore be able to provide leadership in ecological design (McHarg 1967). 

But to date, landscape architects have not been leaders in this field. If the future 
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design of cities is in fact one ofbio-technologies where cities become finely-tuned 

eco-structures to harvest rain water, clean air, control microclimates, and reduce 

and treat waste, then the profession of landscape architecture as it stands today 

would be ill-equipped and would prove inadequate to deal with these design issues 

(Buster-Ossa 1998). Although landscape architecture has incorporated more ecology 

into practice over the years, there is still a significant division between aesthetic 

and science-based landscape architecture. Many practitioners still show resistance 

in adopting ecology as a greater infonnant of design decisions while others have 

limited knowledge beyond the use ofnative plants or xeriscaping practices. "[W]here 

landscape architecture fits in and how it will contribute to our future depends not 

only on what society decides to do and what priorities it sets, but also on the 

alternative vision that landscape architecture offers" (Laurie 1997, 155). Without 

greater attention to ecological processes in design, landscape architecture runs the 

risk of being left behind by other design professions that choose to take a more 

interdisciplinary approach towards design. Designers need to look at design problems 

in a more holistic manner, independent ofhistorical and existing professional roles. 

The following chapter will look at landscape architecture's past and current role in 

the design of urban environments. The chapter is divided into two halves. The first 

halflooks at the historical role ecology has played in landscape architecture, while 

the second half identifies how landscape architecture's lack of attention to ecology 

has affected the environmental health of our cities and influenced urban form. This 

chapter provides the basis for why an ecological approach for landscape architecture, 

and its allied urban design professions such as planning, is needed. 

The Historical Role of Ecology in Landscape Architecture 
The profession of landscape architecture is constantly evolving in response to 

society's changing needs (Fein 1972). Originating from a combined fine art, 

horticultural and garden design background, the profession has expanded to 

encompass a wider range of issues including ecology and sociology. The diversified 

nature of this growing profession has left many practitioners divided on which 

philosophical direction landscape architecture should proceed, and what the 

underpinnings of practice should be. As a result of this difference in opinion, a 

schism has developed between art and science in landscape architecture. This is in 

part due to some overzealous and unrelenting science-based landscape architects 
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who rightly criticize colleagues who dismiss science and seem blind to the vision 

of an ecological aesthetic. While on the other side, art-biased landscape architects 

have gone overboard in rejecting the picturesque landscape ideal, which has been 

misrepresented by many as nature, replacing it in theory and in practice with 

unsustainable, inhuman landscapes (Laurie 1997). 

Although the term landscape stewardship is sometimes used to refer to landscape 

architecture, the environment is often treated in a very superficial manner. The 

degree to which the environment has been considered has varied greatly over the 

years. This is because, like other art fonns, landscape architecture is influenced by 

environmental context, social history, and the philosophical underpinnings of the 

culture which causes the focus ofthe profession to change whether it is aesthetics, 

social concerns, or the environment (Fein 1972, Motloch 1991). 

Past approaches to landscape architecture, dating back to Egypt, Persia, Greece, 

and Rome, were based primarily on utilitarian needs and aesthetics with horticulture 

being the sole science associated with landscape architecture (Zube 1986b). Gardens 

were usually geometric in form, depicting societies' control over nature. It was not 

until the English Landscape Garden style of the 18th Century that a more natural 

aesthetic and greater respect for the environment occurred, although this respect 

for nature was still at a very superficial level. This style, heavily influenced by the 

Pieter Brueghel's "Spring" depicts the 
geometric forms of the medieval 
garden. Source: Jellicoe 1975,146. 
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The English School of landscape 
design used sweeping curves with 
clumps of vegetation to create a 
stylized nature. This style has since 
heavily influenced landscape design 
of today. Source: Jellicoe 1975, 245. 

landscape painters of the time, incorporated "sweeping curves with clumps of 

naturalized trees - creating a kind of stylized nature" (Zube 1986b, 59). An attempt 

was made by some designers to use mostly native plants in their landscapes, although 

exotics were still used to add variety (Zube 1986b). Overall, the English Landscape 

Garden style primarily changed the appearance ofthe landscape as formal geometry 

was dropped for more organic forms. 

In North America, the English Landscape style was adopted by many landscape 

architects and was used in the design of everything from residential estate and city 

park design to campus planning. Influence of this style can still be seen today as 

many urban designers incorporate similar aspects into the design ofurban areas. 

The WOOS 

By the tum ofthe 20th century, the United States had become plagued with problems 

of city sprawl, urban slums, and intense resource extraction in lumber, livestock 

and mining. American landscape architects were the first professionals to address 

these urban planning problems and were called upon to develop new landscape 

planning techniques (Carr 1999a). As a result the profession of planning formed 

out of landscape architecture as many professionally trained landscape architect 

were called upon to provide services in town planning and urban design, making 

the profession one of the primary influences behind urban fonn (American Society 

of Landscape Architects 1999). However, most landscape architects still viewed 

the challenge ofthe profession to be recognized as artistic professionals who focused 

on spatial design and composition (Simo 1999). As a result, the science of ecology 

in practice was relatively undeveloped but there was an intuitive understanding of 

the relationships between plants, the environment, and site, without an attempt at 

scientific explanation (Simo 1999). 

Gradually, the development ofecological thinking in practice expanded as increasing 

numbers oflandscape architects began to deal with environmental planning issues. 

During this time some of the first park systems were developed, the garden city 

movement occurred, the overlay technique for environmental planning was first 

used, and native plants were being actively promoted in design. These four 

developments signified the beginning of a more environmental approach towards 

planning and urban design. 
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Park Systems 

During the late l800s, a number of designers were commissioned to plan 

open space systems around cities for visual and recreational amenity. These 

designs represented a beginning of landscape planning as the location and 

boundaries for many of these parks were based on hydrological 

considerations. Examples include Frederick Law Olmstead Sr. and Calvert 

Vaux's plan for Back Bay Fens and Muddy River in Boston (1877), H.W.S. 

Cleveland's design for the park system ofMinneapolis and St. Paul (1888), 

and Charles Eliot's plan for Boston in 1893 (Steiner 1988). 

PROP09ED IMPROVEMENT 

BACK BAY. -._-_ _.._._- .... _.__. 
._~" ....._ ,_...,,-.,---..,~ _.. -..'"---_. ---_ ...

.; Open space planning in the late 1800s began 
,~~" }l' 

to incorporate watershed boundaries as a key 
informing factor in determining park design, 
as demonstrated in the design of Back Bay 
Fens in Boston by Olmstead Sr. and Vaux 
(Steiner 1988). Plan from Newton 1971, 292. 

Garden City Movement 

In 1902 Ebenezer Howard wrote Garden Cities of Tomorrow which was 

one ofthe first examples ofincorporating park space into community design. 

Howard proposed a city design that was based on self-sustaining 

communities that contained both businesseslindustry and residences within 

walking distance of one another. These were surrounded by permanent 

greenbelts ofnatural and agricultural land, forests, orchards, and wood lots 

(Steiner 1988). Howard's design also called for sewage and other organic 
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Garden City Diagram: Ebenezer Howard's 
concept forthe Garden City was one of the first N~. 

examples of a sustainable community where DIAGRAN ONLY. 
residents lived and worked in close proximity, 
and all of a society's needs, such as food, retail, 
and recreation, were provided within the 
community (Steiner1988). Plan from Newton 
1971,456. 

wastes to be treated on site and returned to the soil of the greenbelts (Lyle 

1994). In Britain, the Garden City model was applied to the Town of 

Letchworth in 1903, and in the development ofWelwyn in 1920 (Newton 

1971). 

The idea of common green spaces was further developed in Radburn New 

Jersey in 1929. Although not a garden city by definition, Radburn was 

significant in its demonstration ofhouses on cul-de-sacs facing onto common 

open space which also served as a pedestrian network separate from traffic 

(Laurie 1986). 

Radburb New Jersey (1929). A Neighbourhood 
of six superblocks. Plan from Laurie 1986, 94. 

Overlay Technique 

One of the first leaders in advancing environmental planning was Warren 

Manning who, in 1913 developed a method to systematically analyze the 

landscape. By collecting and mapping data on soils, surface water conditions, 

forest cover, property boundaries, and other social and environmental 

factors, he determined the form development should take by overlaying 

this information using translucent maps. This allowed the designer to 

determine where patterns and opportunities and constraints for the site might 

exist. Manning's method is very similar to the suitability analysis approach 

popularized by Ian McHarg fifty years later (Zube 1986b). 
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Use ofNative Plants 

Beginning in the 1920s, a number ofpractitioners were espousing the virtues 

of native plant communities, selecting native plants in design, and using 

plants as ecological indicators in planting design (Zube 1986b). Landscape 

Architects such as O.c. Simonds, Jens Jensen, and Frank Waugh were 

influenced by the growing field of plant ecology and fonned what was 

known as the Prairie Style in landscape architecture, which focused on 

designing with native plants in natural arrangements (Carr 1999b). In 

practice, the Prairie Style caused many landscape architects to become split 

between the fonnal and natural style (Carr 1999b). 

The 1920s also saw the separation of planning from landscape architecture, as 

planning became its own profession with its own degree programs and organizations 

(American Society ofLandscape Architects 1999). However, landscape architecture 

continued, as it does today, to playa role in the design of urban environments, 

although many wonder of the lost opportunities that have been created by allowing 

planning to separate from the profession (Miller 1998). Landscape architecture's 

current identity crisis and lack of recognition in many areas ofplanning and design 

might be connected to this separation. 

Post World War II 

After the second World War, urban development in North America was rampant in 

the areas of town planning, road systems, national parks, mineral extraction and 

industrial reclamation (Goode et al. 1996). The environment was still a minor focus 

of landscape architecture, however a transition was taking place in practice from 

art to science and technology as designers began to recognize the importance of the 

social and biological sciences in design (Simo 1999). It was during this time that 

landscape architects were playing a significant role influencing the fonn of new 

suburban communities as the high demand for post war housing created a 

development boom. Many of the communities designed continued with the past 

tradition of providing considerable open space, although not to the extent of the 

lower density communities of the early 1900s (Laurie 1986). 

This period of rapid growth and expansion continued right into the 1960s and is 

viewed by many as a high point in the profession from a growth aspect. Numerous 
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McHarg's method uses maps which 
are overlayed on one another to 
determine the most appropriate 
location for development. 

large scale projects were designed and built including new towns and communities, 

resorts, regional park systems, and large corporate estates (Johnson 1999c). By the 

mid 1960s a few landscape architects were promoting ecology in their designs, 

although understanding was still rudimentary (Johnson 1999c). 

The Environmental Revolution 

The environmental movement of the late 1960s and early 1970s was partially 

attributed to a growing concern over excessive energy consumption and the 

increasing costs associated with the energy crisis stemming from the post war boom 

(Zube 1986a). This lead to an appraisal of the role of site planning and architectural 

design in order to minimize energy consumption (Laurie 1986). As a result, landscape 

architecture became more socially and environmentally responsible in its approach 

to design and environmental planning became a greater concern of designers. The 

profession became more scientific in its approach and more global in its outlook as 

it began dealing with larger, more complex problems. Practitioners became 

increasingly involved with regional planning guidelines, environmental impact 

studies, and visual assessment studies (Johnson 1999d). 

This change in attitude was not only occurring in practice, but in academia as well. 

According to a Gallup pole conducted for the Fein report (1972) entitled: A Study of 

the Profession ofLandscape Architecture, a consensus was fonning in the profession 

that more emphasis should be placed on the training of landscape architects in the 

field of ecology. This was seen as only second in importance to education in the 

principles of design, the longtime foundation of the profession (Fein 1972). 

Leading the environmental planning movement was landscape architect Ian McHarg 

who wrote Design with Nature in 1969. McHarg introduced the notion of 

environmental ethics in planning and landscape architecture and reminded designers 

that their "craft" was tied to the global ecosystem (Lyall 1991). McHarg argued for 

the use of ecology as the foundation for landscape architecture and planning to 

reconcile human use and abuse on the landscape (Ndubisi 1997). His uitability 

analysis approach looked at mapping natural features such as vegetation, slopes, 

soils, hydrology, and social features such as cultural sites, land uses, and scenic 

views. Each map was overlaid to determine the most appropriate location for 

development (McHarg 1969). This approach has been one of the most influential 
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design methods and has generally been accepted as the "modus operandi" for most 

landscape and environmental land use planning projects. It also laid the foundation 

for Geographical Information Systems and Environmental Impact Assessment 

(Ndubisi 1997). 

However, McHarg's method does have its critics. Proponents ofthe natural sciences 

view the suitability analysis approach as not adequately addressing the 

interconnectedness of natural systems since elements such as soils, water and 

vegetation are treated as if they were separate and independent, when in fact they 

are very much connected and dependent on one another (Ndubisi 1997). Although 

Mcharg's method does recognize the significance of landscape processes such as 

the hydrological cycle and photosynthesis, it provides insufficient guidance on their 

incorporation into design beyond the preservation ofnatural areas since this technique 

only guides development away from sensitive or undesirable locations and does 

not consider the impact the built form will have on the chosen site (Beatley et a1. 

1997). Furthermore, it does not provide direction on how one can incorporate natural 

ecological functions into the urban environment as land uses are separated into the 

natural and the human environment. 

Beyond the inadequacies of the method due to the insufficient knowledge of 

ecological theory and human ecology at the time (Ndubisi 1997), many ofMcHarg's 

aesthetic-biased peers view his method as discounting formal design. They feel it 

allows the designer to ignore aesthetics or the principles ofpure design and feel that 

there is an implied assumption that nature is the only possible model for landscape 

design (Lyall 1991). 

Despite these criticisms, McHarg's method has become common teaching and 

practice in the profession with many proponents arguing that using ecology as a 

decision-making tool does not limit choice, but rather eliminates the less rational 

choices (Simo 1999). 
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The Current Role of Ecology in Landscape Architecture 

Currently we are in the midst of a sustainable development paradigm (Motloch 

1991), resulting in an impressive amount of literature being made available on 

ecological planning and design. However, this has not necessarily meant that ecology 

is emphasized to an equal amount in practice (Steiner 1988). In some instances, 

landscape architects are rising to the challenge of incorporating ecology into design, 

but this has been a gradual process, and more often than not is done out ofnecessity 

or as a response to irresponsible development (Zube 1986b). 

The incorporation of ecology into practice today has evolved very little, if at all, 

from McHarg's plea in the 1970s in Design with Nature. Ecological issues are 

typically discussed in terms of steering development away from environmentally 

sensitive areas, the use of native plants, and using "green technologies" such as 

recycled materials or photo-voltaics. These issues are important, however a more 

comprehensive and holistic approach should be adopted (Beatley et a1. 1997). 

Furthermore, discussions on ecological design usually concentrate on larger scale 

planning issues under the heading of landscape planning, ecological planning, or 

environmental planning. Often forgotten in landscape architecture and planning is 

the ecology at the site planning level where designers have the opportunity to 

sensitively incorporate humans into the ecosystem. Another difficulty is that 

landscape architects continue to use visual aesthetics as a significant determining 

factor in landscape form rather than ecology or environmental health. 

The weaknesses of this contemporary design philosophy which landscape architects 

and planners are following, becomes apparent when one looks at the environmental 

health problems ofurban areas. The following section looks at these environmental 

problems and higWights how designers are exacerbating the problem through their 

current approach towards design. 

Implications of Current Design Practices 

The urban design profession's lack of attention to ecological systems within urban 

developments is creating serious environmental, social, and economic problems. 

These problems occur as a result of practitioners not respecting, or fully 

understanding the local ecology of a place when planning and constructing urban 

environments. In many instances, technology is used compensate for poor design 
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decisions which could have been otherwise accomplished through less expensive, 

and more benign methods. These impacts have been summarized below under the 

headings of hydrology, microclimate, species diversity, regional agriculture, and 

socIOeconomlc. 

Hydrology 

Since a large proportion of urban areas are paved with impermeable surfaces such 

as concrete and asphalt, the urban watershed's ability to capture, store, and moderate 

the flow of water is reduced. As a result, precipitation is unable to absorb into the 

soil, replenish groundwater supplies, and make its way to rivers, lakes or streams. 

The resulting excessive volume of run-off caused by impermeable surfaces can 

contribute to reduced ground water levels, a loss of topsoil due to erosion, siltation 

Evapotranspi ration Preci pitation 100% 
40% 

Surface run:off 
10% 

Groundwater 
50%"..... "" 

Pre-Urban 

Evapotranspiration Precipitation 100% 
25% 

13% 

Groundwater/L- _ 
32% Urban 
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Hydrological changes resulting from 
urbanization. 

Source: Ministry of the Environment, 
Evaluation of the Magnitude and 
significance of Pollution Loadings 
from Urban Strom water Run-off in 
Ontario, Research Report no. 81, 
Ontario, 1978. in Hough 1995. 
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A common practice is to locate catch 
basins in the middle of parks to 
collect stormwater run-off. This 
prevents water from replenishing 
ground-water supplies, and adds 
unnecessary costs becasue more 
natural approaches can be used to 
manage stormwater run-off. 

of water bodies, and the warming of rivers, lakes and streams, making the aquatic 

habitat for many species unsuitable. 

To manage the increase in urban run-off, conventional stormwater management 

practices involve large networks ofunderground sewers which by-pass a significant 

portion of the natural hydrological cycle by carrying the water directly to nearby 

waterbodies. These human made systems come at a high economic and 

environmental cost as they often contribute to water pollution by carrying pollutants 

such as oils, metals, fertilizers, pesticides, and herbicides directly into rivers or 

other bodies of water as the filtering aspect of the landscape is eliminated. 

Interestingly enough, even ifwe accept the high cost and environmental impacts of 

conventional stormwater management systems, it should be noted that under extreme 

storm events they still often fail to work as intended (Girling et al. 1997). 

Although landscape architecture commonly provides landscaping in urban areas, 

the type of landscaping provided has a significant impact on the hydrology of an 

area. The common practice ofproviding a manicured lawn allows for little infiltration 

into the ground. A typical residential lawn, compacted from mowing, absorbs only 

0.21 cm3 min-I compared to 1.27 cm3 min-I for undisturbed forest soil. This illustrates 

the fact that just because an area is landscaped, does not necessarily mean that the 

original drainage patterns have not been altered (Smith 1992, 421). To allow for 

infiltration amounts similar to that of original conditions, a native plant cover with 

an absorbent organic top layer is required to help ensure that excessive mn-off does 

not occur during heavy rainfalls or snowmelt. 

It is also important for landscape architects to consider how the land is graded. The 

conventional approach is to treat water as a problem that needs to be removed from 

the site as efficiently as possible. Wet areas and standing water are not considered 

acceptable under conventional landscaping requiring that minimum grades be 

established so that excess water is removed from the site. The irony is that while 

urban open spaces are designed to quickly remove water, irrigation is provided and 

often necessary to ensure that plants survive. 
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Microclimatic Impacts 

Urbanization ofthe landscape can also create significant changes in climate compared 

to the surrounding rural landscape. Often times, intense urbanization creates a distinct 

climate of its own where it is warmer, has altered wind patterns, less light, foggier, 

rainier, and more polluted than the regional climate (Marsh 1991). According to 

Hough (1995), the five major factors contributing to the climatic difference between 

urban and rural environments are materials, roughness created from structures, input 

of heat energy, reduced evapotranspiration, and reduced air quality. 

Difference in Materials 

The materials used in urban areas behave much differently than those found 

in the natural environment. The large expanses ofconcrete paving, building 

roofs, walls, and asphalt roads, absorb and reflect heat which alters the 

microclimate ofthe area by increasing air temperatures. In contrast, natural 

environments have a higher percentage of materials that reflect much less 

heat. 

Urban Roughness 

The presence oflarge buildings and structures in urban areas often impedes 

wind, thus reducing wind speeds, which diminishes the cooling power of 

the wind in the summer. Conversely some buildings can create localized 

wind gusts as wind is channeled and funneled around and between buildings 

(Spirn 1984, Hough 1995). This is increasingly evident in downtown areas 

where large tall buildings are grouped in close proximity to one another 

creating sometimes-unbearable wind gusts. 

# 

The urban environment can possess 
a distinct climate that is warmer, has 
altered wind patterns, less light, 
foggier, ranier, and more polluted 
than the regional climate (Marsh 
1991). 
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Input ofHeat Energy 

The availability of relatively cheap fossil fuel energy and the creation of 

mechanical climate control systems has freed building design from the 

climatic constraints that once dictated building design and orientation in 

order to maximize human comfort (Spim 1984, Hough 1995). As a result, 

large amounts ofheat energy are unnecessarily pumped into the atmosphere 

from building heating and cooling systems designed to create an indoor 

environment that could have been equally accomplished through less energy 

intensive means. In the United States, buildings account for 75% of 

electricity consumption, most of it for heating and cooling (Lyle 1994). 

Reduced Cooling through Evaporation 

With the efficient removal of surface water by urban stormwater 

management systems, the amount of moisture present in urban areas has 

been greatly reduced. This is significant since moisture, which is normally 

evaporated into the air and contributes toward cooling the atmosphere, is 

not present. Instead, urban temperatures can become higher in comparison 

to natural areas, contributing towards the urban heat island affect. 

Reduced Air Quality 

Air pollution is the final factor contributing towards the urban microclimate. 

A growing concern in most cities, pollutants such as sulphur dioxide, ozone, 

and carbon dioxide have been linked to health problems when in high levels. 

Much of the blame for air quality is placed on the automobile, however, 

many urban centres which rely on industry have air quality problems due 

to industrial activities which take place within or on the outskirts of the 

city. Pollution is usually of greatest concern near busy roadways, the inner 

city, industrial and urban commercial centres, or where the topography of 

an area promotes the collection and concentration ofatmospheric pollutants 

(Saunders et al. 1984). Overall, cities produce locally dangerous levels of 

pollutants that might otherwise be safely dissipated, diluted, and assimilated 

over a much larger area (Reese et al 1996). Unfommately, virtually all 

efforts to reduce air pollution to this point have relied on end-of-pipe 

solutions rather than changing the ways in which we live to rely less on 

polluting sources (Lyle 1994). 
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Designers can help improve the urban microclimate by understanding the influence 

that the built form has on the local climate and by understanding how natural features 

such as vegetation and water can temper the negative effects of urbanization. For 

example, by carefully selecting and positioning vegetation in the urban environment, 

plants can cool the air, filter pollutants, block wind, and provide shade, all ofwhich 

significantly improve the urban living environment, while at the same time reducing 

energy expenses. 

Species Diversity 

Like the international style of architecture, which produces buildings whose form 

is determined in response to aesthetic considerations rather than weather or climatic 

issues, the international style of landscape design depends not on natural 

determinants, but on technology and the input ofenergy to provide a predetermined 

design (Hough 1995). 

The traditional landscape aesthetic of trees in a manicured lawn is often encouraged 

because it maximizes potential human use of the ground plane. However, it creates 

a number of problems: 

•	 A landscape with an even-age stand of trees with no understorey provides 

minimal habitat diversity due to the lack of stratification; 

This even aged grouping of Aspen has 
minimal biodiversity since no 
understorey vegetation is provided. 
Also, once these trees die there will 
be no younger trees to take their 
place. 
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•	 Trees will not be able to replace themselves once they die since there is no 

understorey, and if one waits until a tree dies it will be years before a 

replacement tree becomes mature; and 

•	 A manicured lawn is a high-energy ground cover, which creates the least 

amount of species diversity with the most effort (Hough 1995). 

A landscape aesthetic which incorporates a more complex, diversified structure is 

needed to bring species and habitat diversity back to designed landscapes. 

Fragmentation is another cause of reduced species diversity. Fragmentation is the 

loss ofnatural habitat and the parceling ofremaining landscapes into smaller spaces. 

Too often the habitat left within urban areas is too small to support native plant and 

animal species. Furthermore, ecosystem degradation is exacerbated by insensitive 

land use and management practices, which occur in and around the remaining 

landscape patches (Daigle et al. 1996). As a result, non-native plants and animals, 

which are more tolerant of urban conditions, flourish in urban areas and displace 

the native wildlife species (Spirn 1984, Hough 1995). 

Another impact on species diversity is caused by the commonly accepted practice 

of using non-native ornamental trees and shrubs. Using non-natives can increase 

the diversity of species in an area however, it changes the ecosystem so that it no 

longer functions naturally. This can be especially detrimental to wildlife since 

ornamental species reflect the lifestyles, values, and goals of humans, not native 

landscapes, as they often lack the food, shelter and breeding places required by 

wildlife (Hough 1995). Non-native landscapes also require significantly more energy 

to maintain and often require pesticides and herbicides to sustain them. These 

chemicals can be harmful to native plants and insects, which in turn harms the 

wildlife, which rely on them for food. 

Associated with the ornamental landscape is the commonly accepted practice of 

removing dead standing and/or fallen trees for improved aesthetics. This can 

eliminate vital habitat for species that rely on fallen logs, leaf litter and standing 

trees for food and housing. In addition, the suppression ofnatural disturbance regimes Natural disturbance regimes such as 
fire, flooding, and grazing bison, no such as fire and flooding can significantly reduce species diversity as many 
longer take place in the managed 
landscapes of urban areas resulting ecosystems require disturbance as part of their regenerative processes (Daigle et al. 
in a reduction in plant species 

1996).diversity. 
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Regional Agriculture 

On the surface, the environmental issues surrounding agricultural practices may 

not seem relevant to the design of cities. However, the impacts of agriculture are 

very much connected to how we design since most people live in urban areas and 

are the primary consumers of agricultural products. 

Many of the environmental impacts ofmodem agricultural practices stem from the 

creation of large, specialty farming operations created solely to supply the large 

population base of cities. Instead of the traditional small, multi-faceted fanning 

operation, which uses mutually beneficial relationships between plants and animals 

to maximize yields, modem agriculture concentrates on high yields with little concern 

towards long term sustainability. This approach uses high concentrations offertilizers 

and chemicals in conjunction with machinery to maximize the yield ofhomogeneous 

crops creating problems such as water pollution, soil compaction and soil erosion. 

Despite this trend towards larger farming operations, it has been shown that on 

average, the larger a farm gets, the less food per hectare it produces (Hough 1995). 

Another concern surrounding modem agricultural practices is the additional energy 

required for processing and distribution of products since agriculture often takes 

place thousands ofkilometres from the population base it supports. The separation 

between urban and mral agricultural areas has caused many to take for granted the 

connection between food and the land, with many viewing the countryside as a 

recreation resource rather than a provider of food. This can be partially attributed to 

the fact that food, which appears in the grocery store, has little connection with the 

local countryside since it is usually dependent on worldwide marketing and 

distribution networks (Hough 1995). 

The separation of cities from agriculture also dismpts biogeochemical cycles. By 

removing people and livestock from the agricultural land that supports them, it 

prevents the recycling ofnutrients such as phosphorous, nitrogen, or organic matter 

back to the farms. Instead, these important nutrients, after being shipped off to 

cities, end up in landfills and sewage treatment plants, bypassing the natural cycle. 

Removal of this material, rather than allowing it to decompose back to the soil, 

deprives the landscape of vital soil building nutrients. As a result, fertilizers and 

other artificial amendments are required to keep the soil healthy (Reese et al. 1996). 
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Many of these problems could be remedied by incorporating agriculture into the 

urban environment. Cities have significant potential for small-scale agricultural 

operations. This is especially true of lower density residential communities which 

often have an abundant amount of park space, and a large number of homes with 

private yards which provide "one of the best opportunities for food growing in 

terms of energy, efficiency, and direct benefit" (Hough 1995,224). Unfortunately, 

conventional landscaping does not accept vegetables or other edible plants for their 

aesthetic qualities (Hough 1995). By providing more food producing plants in their 

designs, landscape architects can help reduce the dependence of urban areas on 

large scale farming operations. 

Socioeconomic Factors 

In addition to the environmental impacts ofconventional design practices, a number 

of economic and social implications of current practices are being realized, which 

further demonstrate that a more ecological design approach is needed. 

Economic Implications 

Current development practices create unnecessary expense in terms ofconstruction 

and operating costs ofurban developments. Based on techniques which established 

themselves during times of cheap energy and less environmental awareness, 

conventional development practices often neglect to consider natural processes and! 

or the surrounding environment during the planning and design phase. The result is 

design solutions that miss opportunities to work with natural systems and fail to 

take advantage of natural energy flows and resources. Instead, significant expense 

is required on items such as stormwater infrastructure and building heating and 

cooling systems, which not only have high initial construction costs, but are also 

expensive to maintain throughout the life of the development. 

This is making many realize that ecological design is not an altruistic pursuit, which 

requires that aesthetics, function, or profit be compromised for the sake of 

environment health. Instead, it is about making more intelligent planning and design 

decisions based on knowledge ofecological systems, and is a way to achieve multiple 

benefits for all those involved in urban design such as investors, developers, and 
Infrastructure such as concrete 

the public (Wilson et al. 1998). Examples of ecologically based projects being gutters and swales to transport 
stormwater are an expensive financial successes are becoming more common place, and often it is the 
alternative to the more traditional
 
approach of permeable swales. environn1entally conscious aspect ofthe project that makes it successful.
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Social Implications 

Cities have traditionally been viewed as non-natural places resulting in natural spaces 

not being included in urban areas. However, the personal health benefits associated 

with nature are becoming more widely understood. Researchers in the field of 

biophilia (meaning 'affinity for nature'), and environmental psychology have been 

looking at the relationship between plants and human psychological wellbeing. 

Research has shown that trees, along with other natural amenities, can have a strong 

relaxing effect on people, including reduced heart rate, lower blood pressure, and 

more relaxed brain wave patterns (Cahill et a1. 1998). Many researchers believe 

there is an evolutionary basis for this human response towards nature since we 

originally evolved from nature and only recently have we been living in cities as a 

species (Dannenmaier 1996). The power of nature has been illustrated in hospitals 

where gardens have contributed to quicker recovery times and less pain and suffering 

for patients compared to those patients without physical access or views of natural 

areas. In some communities, the urban landscape may be a person's only connection 

to nature and therefore an important opportunity to provide a psychological relief 

from urbanized areas (Lawrence 1995). 

Bringing native landscapes into the urban environment also allows residents to 

experience, observe, and understand the cyclic processes of nature, which can lead 

to a greater appreciation of ecology and its importance for human survival. This is 

not possible in the biologically sterile landscapes ofconventional communities where 

designers often place natural areas at the edge of the community, far from where 

most people live (Saunders 1996). As a result, many ofthe processes, which sustain 

life in the city: growing food, removal of stormwater, and the disposal of wastes, 

are invisible. This has caused many people to lose touch with how ecosystems 

operate, treat natural resources, such as water, as a free commodity, and has caused 

people to forget that they are very much a part of the global ecosystem (Hough 

1995). 

colob}' in landscape architecture 
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Future Directions for Landscape Architecture 

In the past landscape architects have incorporated little knowledge of ecosystems 

as the science of ecology has had a relatively short history of study and has been 

overshadowed in education and practice by a focus on style and aesthetics. As a 

result, most practitioners had only a basic understanding ofhow ecosystems worked, 

or what the consequences of certain practices were, and therefore believed they 

were doing good work and contributing towards a healthier environment. But as 

has been increasingly realized, cities are not separate from ecosystems and are 

dependent on incoming flows ofenergy, water, and raw materials, and are responsible 

for outflows of goods, products, and wastes. For this reason, landscape architects 

need to start treating urban areas as ecosystems that are connected to the natural 

environment. They need to create designs that operate more like natural processes, 

and incorporate the hydrological cycle, detrital cycle, food chain, and other processes 

in more significant ways into the design of urban areas. 

To achieve this will require that landscape architects involved in urban design not 

only incorporate ecology into practice, but also re-connect with urban planning and 

form closer relationships with civil engineering and architecture to form a more 

complete understanding of the forces that shape urban design. This will allow 

environmental, economic, and social issues to be addressed in a more 

interdisciplinary way, rather than continuing the approach of dealing with urban 

design in a fragmented manner. This will not only be important for urban 

environmental health, but may also prove to be an important consideration for 

advancement ofthe profession since, as Bunster-Ossa observes "whatever profession 

grasps what the future holds and moves to meet its demands will prove more valuable 

to society at large" (Bunster-Ossa 1998, 69). 
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Chapter 2: Ecological Design Precedents 

cology and ecosystem are terms often used in landscape architecture but 

one might wonder when looking at the work of a landscape architect how 

r.......,.-- much consideration is actually given to ecology. It is common for landscape 

architects to talk about designing with nature and to attempt constructions that impose 

minimal impact on the natural environment, but quite often landscape architects, 

planners, and other urban design professionals, fail to incorporate the fundamental 

concepts ofecology I or ecosystems2 in their designs. No longer can these professions 

rely on intuitive understandings of ecological processes when designing. Instead, a 

scientific understanding of the forces that shape the world, must be considered (La 

Dell 1994). 

In response to society's environmental concerns, a number of design precedents 

have emerged which base design decisions on the science of ecology. These 

ecological design precedents provide insight into how one can use ecology and an 

understanding of natural processes to design more sustainable landscapes. They 

may be especially helpful in guiding how the urban environment can incorporate 

ecology into the design process to minimize the impacts associated with conventional 

urban design practices. Six ecological design precedents: landscape ecology, 

ecological restoration, naturalization, microclimatic landscape design, Permaculture 

©, and Regenerative Design ©, will be discussed to illustrate how an ecological 

approach towards design differs from conventional design approaches. 

For each design precedent the fundamental concepts of ecology addressed in each 

approach is highlighted in terms of structure, junction, behaviour and inter

relationships. A briefreview ofthese four factors is presented below. This is followed 

by a discussion ofthe fundamental principles ofthe design method. For some of the 

precedents the principles are taken straight from the literature, while for others they 

, Ecology is the study of the relationship of plants and animals to their biological and 
physical environment. Biological environment refers to plants and animals, while physical 
environment includes light, heat, solar radiation, moisture, Wind, carbon dioxide, oxygen, 
soil nutrients, water, and atmosphere. 

>The ecosystem concept is at the heart of ecology and has been defined as "all the energetic 
interactions and material cycling that link organisms in a community with one another and 
with their environment" (Smith 1992, 358). 
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are determined from a variety of literature sources. Following the principles, key 

considerations for using each approach in design are provided to highlight some 

issues and problem solving techniques that each precedent uses. At the end of the 

chapter a summary of the key findings is provided. 

The Four Factors of Ecosystems 
The science of ecology helps to explain the ways in which the world works and 

how everything is interconnected and dependent on one another for survival. To 

assist in this understanding, ecosystems are commonly discussed in terms of four 

factors: Function, Structure, Behaviour, and Inter-relationships.3 These four factors 

provide a framework in which to discuss the ecosystem concept. 

The term Function refers to the energy flow and nutrient cycling which occurs 

throughout ecosystems. The flow ofenergy and cycling ofnutrients connects every 

component of the ecosystem to one another making them inter-connected and 

dependent upon one another. Photosynthesis, consumers, decomposition, nutrient 

cycling, and the hydrological cycle are the five key components of ecosystem 

functioning. 

The second factor of ecosystems is Structure, which refers to the physical form of 

ecosystems, which provides the framework for energy flow and material cycling. 

The majority ofenergy flow and nutrient cycling (function) occurs within ecological 

communities, which are a collection of plant, and animal populations that interact 

directly or indirectly with one another. Communities are structured both veltically 

and horizontally by the growth and form ofvegetation. The key aspects ofstructure 

are vertical stratification, horizontal structure, and trophic structure, which includes 

niche, food webs, and dominant species. 

Behaviour is used to describe the dynamic nature ofecosystems as the configuration 

of species making up a community change in response to internal and external 

environmental conditions. Impacts such as changing seasons, disease, migration, 

1 A number of authors have defined ecosystems by dividing them into categories: Structural 
Order, Functional Order and Locational Order: Lyle. 1994. p. 23; Structure, Processes, 
Location: Ndubisi.1997. p. 25; and Function, Structure, Behaviour, Inter-relationships: Tyler 
and Perks. 1998. p. 230. In this Masters Degree Project I have used the Tyler and Perks 
(1998) four factors model to discuss ecosystems. 

Chapter 2 42 



---------------------------------;B cological design precedents 

fire, and flooding change ecosystems and cause certain species to prosper while 

others fall out of favour as they are replaced by species more adaptable to the area. 

Succession, cyclic replacement and fluctuations are three common types of change 

exhibited by ecological communities. 

The fourth factor of ecosystems is Inter-relationships. Within each ecological 

community there is a direct connection between a species and its location within 

the environment as all organisms depend on environmental factors, such as heat, 

moisture and light, which are supplied by their habitat in varying amounts. Each 

habitat is different and possesses a unique climate which influences environmental 

conditions, which in turn influences the number and type of species present in an 

area. Climatic variation not only influences species composition globally, but also 

at regional and site-specific levels as well. For a more complete review of the four 

factors of ecosystem refer to Appendix A. 

Ecological Design Precedent #1: Landscape Ecology 
Landscape ecology has been defined as the study of the ecology of large 

heterogeneous land mosaics such as neighbourhoods, whole landscapes and regions 

(Dramstad et al. 1996). It "seeks to understand the structure, function, and change 

in the landscape" (Ndubisi 1997, 32), while addressing the spatial dimensions of 

ecological processes and acknowledging human activity as an interacting part of 

ecosystems (Katz 1995). It is a relatively new science, based largely on theories 

from ecology and geography, with island biogeography playing an important 

historical role in the development of landscape ecology theory, although few people 

today would use it as a primary model (Forman 1995). Originally the emphasis in 

landscape ecology was on the identification, protection, and connection of natural 

areas. More recently a concern for linking areas as part ofenvironmental management 

strategies has occurred (Katz 1995). 

The application of landscape ecology principles to the design professions has been 

a slow process (Katz 1995). There is growing interest in using landscape ecology as 

a scientific basis for making decisions in landscape architecture and land-use 

planning, however the theories and concepts of landscape ecology are not well 

established (Hersberger 1994). In North America, the application of landscape 

ecology is primarily used in wildlife preservation and habitat network planning in 

natural and agricultural areas (Hersberger 1994), and helps provide insights and 

research into the distribution, diversity and conservation of species. 
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Principles of Landscape Ecology 

The principles oflandscape ecology are numerous and cannot all be covered within 

this document. Therefore only the fundamental concepts tied to biodiversity in terms 

ofwildlife and habitat planning and preservation will be discussed since it is assumed 

that these will be the issues ofmost concern to designers. The foundational principle 

of landscape ecology is that there is a direct correlation between ecological processes 

and specific spatial fonTIS and patterns in the landscape (Forman and Godron 1986). 

For this reason landscape ecologists are primarily concerned with structure since 

Patch	 spatial patterns strongly control movement, flow and change within the landscape 

(Dramstad et al. 1996). In landscape ecology, landscape spatial patterns are 

commonly discussed in terms ofpatch, corridor, matrix, and mosaic (Forman 1995). 

These are defined as follows: 

Patch: "A relatively homogeneous non-linear area that differs from its surroundings. 

(The internal microheterogeneity present is repeated in similar form throughout the 

area of a patch)" (Forman 1995, 39). 

Corridor: "A strip of a particular type that differs from the adjacent land on both 
Corridor 

sides. They can serve a number of important functions including barrier, habitat, 

and connect areas of the matrix or like patches" (Forman 1995, 39). 

Matrix: "The background ecosystem or land-use type in a mosaic characterized by 

extensive cover, high connectivity, and/or major control over dynamics" (Forman 

1995,39). 

Mosaic: "A Pattern of patches, corridors, and matriX, each composed of small, 

similar aggregated objects" (Forman 1995,39). 

Matrix 

Since each ecological community is different, not all principles oflandscape ecology 

can be applied in every situation. Every site must be studied individually to determine 

which principles apply (Katz 1995). Harker et al. (1993) has identified eight spatial 

principles and guidelines, which influence the biodiversity of the landscape. A brief 

description of each follows. 

Mosaic 
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Landscape Ecology Design Principle #1: 

Large communities sustain more species than smaller ones 

The larger the area, the greater species richness and their populations are likely to 

be. Thus it is important to preserve as many large communities with quality habitat 

as possible in order to maximize the number of individuals protected. 

Landscape Ecology Design Principle #2: 

Many small patches help sustain regional diversity 

Providing numerous patches reduces the likelihood of an entire population being 

destroyed due to a disturbance. Providing numerous small patches may be a viable 

alternative if one large patch cannot be provided.4 

Landscape Ecology Design Principle #3: 

Patch shape is as important as size 

The shape of a natural community patch detennines the amount of interior habitat 

and edge habitat that exists. A circular area will maximize interior habitat while a 

narrow patch will be predominantly edge habitat. This is important since some 

species are unable to survive in edge conditions and require interior habitat for 

survival. Therefore when providing habitat for interior species, large, unfragmented 

patches are required to provide suitable habitat. 

Landscape Ecology Design Principle #4: 

Fragmentation reduces diversity 

The division of habitat patches into smaller areas can reduce the amount of interior 

habitat and isolate species populations from one another causing a reduction in 

biodiversity. 

Landscape Ecology Design Principle #5: 

Isolated patches sustain fewer species than closely associated patches 

The closer patches are to one another, the easier it is for species to travel between 

habitat patches, which helps sustain genetic diversity through colonization between 

patches. 

Better Worse ,. ,
• 

Landscape Ecology Principle #1 

Better Worse 

Landscape Ecology Principle #2 

Better Worse 

Landscape Ecology Principle #3 

4 Literature which debates the virtues of one large habitat patch versus many smaller patches 
of equal total area, provides no clear answer on which is best (Harker et al. 1993). 
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Better Worse 

Landscape Ecology Principle #4 

Better Worse 

,, , ,
I 

,I

Landscape Ecology Principle #5 

Better Worse 

• 
Landscape Ecology Principle #6 

Landscape Ecology Design Principle #6: 

Species diversity in patches connected by corridors is greater than that of 

disconnected patches 

To prevent isolation and sustain species diversity, attempts should be made to 

maintain or develop corridors of similar vegetation to connect patches of the same 

or similar ecological community type. 

Landscape Ecology Design Principle #T 

A heterogeneous community mosaic sustains more species and is more likely to 

support rare species than a single homogeneous community 

To maximize species diversity, one should provide a range ofecological community 

types rather than just one community type. 

Landscape Ecology Design Principle #8: 

Ecotones support a variety ofspecies from both communities and species specific 

to the ecotone 

To increase species diversity, the amount of transition landscape between two 

ecological communities can be maximized, since transitional areas between two 

different communities tend to provide a greater diversity of species than individual 

communities. However, this should not be done at the expense of interior habitat. 

For a more detailed description of each principle refer to Appendix B. 

Design Approach for Landscape Ecology 

When using landscape ecology to position development within the landscape, the 

primary goal is to leave large habitat patches untouched and concentrate development 

where it already exists to minimize any additional disturbance to the landscape. 

This requires careful placement of roads and other development features to ensure 

that minimal landscape fragmentation occurs. It is also suggested that parks and 

open spaces be planned in an interconnected network that links large patches to 

minimize the impact ofsurrounding development (Peck 1998). This technique helps 

provide large contiguous habitat for species, rather than small isolated patches, 

which could isolate populations and make them more susceptible to disturbance. 

When planning large landscape areas, a landscape planning approach ofusing map 

overlays may prove useful for determining the most suitable location for development 

to preserve habitat patches and corridors. McHarg's suitability analysis approach 
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and Geographical Information Systems (GIS) are two such approaches that may be 

used to help apply the principles of landscape ecology to design. These approaches 

map information such as existing habitat patches, corridors, topography, soils, 

hydrology, land uses, roads, and other features, on and off site, to help give the 

designer a birds-eye view of the existing landscape mosaic. This provides the 

designer with an idea of where future development may take place, and/or where 

habitat restoration may be most needed. 

Ecological Design Precedent #2: Ecological Restoration 
Ecological Restoration is defined as the process of establishing the original site 

characteristics (ecosystem) that existed prior to a land disturbance. Its goal is to 

emulate the structure, function, diversity and dynamics of a specified ecosystem in 

an attempt to preserve biodiversity (Girling et al. 1996). Specific goals may be to 

restore an endangered animal population, or to restore a particular ecological 

community type that may be endangered or no longer exists on a site. 

Ecological Restoration is possibly the most challenging of the ecological design 

precedents reviewed here because it requires an in-depth understanding ofecological 

principles as they relate to a specific site and then requires that they be applied to 

recreate an ecosystem of a specific type. 

Restoration projects are undertaken on all types of landscapes including, but not 

limited to wetlands, streams, riparian areas, forests, and grasslands. The practice 

should not be confused with rehabilitationS or reclamation6 since although all three 

practices deal with changing and repairing the landscape after a disturbance, only 

restoration focuses on returning a site to its full natural, pre-disturbance condition. 

To accomplish this, one must have a thorough understanding of the existing site 

conditions and of the ecological community type being restored. This means 

understanding the local climate, the target community's successional processes, 

community structure, the functional role ofthe community's components, and how 

5 Rehabilitation involves the creation of an alternate ecosystem with a different structure 
and function from the original system. This approach is often used on land that has been 
disturbed and can no longer support the original plant community. Often rehabilitated land 
requires continual inputs such as irrigation or fertilizers (Gerling et al. 1996, 5). 

6 Reclamation is the process of returning land to its former, or other productive uses however 
the land is still less complex as compared to restored land although a high level of ecosystem 
function is still retained (Gerling et al. 1996,5). 

restored 

OJ ? ""..(ID).... 
:Jt reclaimed QD' 
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(I damaged ecosystem 

Ecosystem Functioning 

Relationship between rehabilitation, 
reclamation, and restoration in 
terms of ecosystem function and 
structure. Apated from Allen, E.B. 
1995, in Girling et al. 1996. 
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energy and materials flow through the system. However, a past ecological community 

should only be used as a reference point rather than a goal as "it is not the intent [of 

ecological restoration] to set back the evolutionary clock but to set it ticking again" 

(Falk in Harker et al. 1993). This is because ecological communities are constantly 

evolving and changing over time and our ability to recreate a community exactly as 

it was previously before a disturbance is most likely not practical, if not impossible 

(Harket et al. 1993). For this reasons many restoration projects do in fact involve a 

certain amount of site rehabilitation and reclamation as a full restoration over an 

entire site is not usually possible. 

Principles of Ecological Restoration 

Ecological restoration is generally focused on re-creating the structure, function 

and durability of a specific ecological community (Higgs 1997). The following 

three principles have been determined through a literature review on ecological 

restoration. 

Ecological Restoration Principle #1: 

Replicate community structure 

A restored ecological community must strongly resemble the structural composition 

of the original ecosystem. This means it must have the same diversity of flora and 

fauna, in the same compositional arrangement that would be found in the natural 

enviromnent with no exotic species present. The hope is that by recreating community 

structure it will function the same as a naturally existing community. 

Ecological Restoration Principle #2 

Re-create ecological function 

When re-creating the ecological structure of a target community is too difficult due 

to time constraints or a lack ofdata, re-creating the ecological function becomes the 

prime concern. Doing so will help the restored landscape fulfill the same role as a 

natural cOlmnunity would in terms of nutrient cycling, erosion control, biomass 

production, and wildlife habitat for example. 
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Ecological Restoration Principle #3: 

Design for site durability 

Over time, a restored site must become self-sustaining so that it no longer requires 

human assistance for survival. This means that all elements of an ecosystem must 

be provided to improve the chances of self-sutliciency. 

For additional information on each principle, refer to Appendix B. 

Design Approach for Ecological Restoration 

Koh (1982) suggests that an emerging ethic of ecological designers is to provide 

more than just design on paper, but to "actively participate in the pre-design decision 

making processes ... [and] in the post design processes such as constmction, 

management, and post occupancy evaluation" (Koh 1982, 81). This is tme for 

ecological restoration, which unlike more traditional design approaches suggests 

input throughout the design process. From the setting of design goals and deciding 

on the type of ecological community to restore, to the design, constmction and 

implementation process, and finally to the maintenance and monitoring program. 

The designer must be an active participant at every stage to be able to modify the 

design and implementation process as deemed necessary in the face of new 

information to help achieve project success. 

Setting ofGoals 

Goal setting is probably the most important aspect of ecological restoration and 

should take place prior to detailed site analysis, background research, and allocation 

ofresources. Goal setting serves a number ofkey functions in ecological restoration 

including (Higgs date unknown): 

•	 sets an appropriate direction for a project in terms of expected results; 

•	 highlights the values that are considered important (biodiversity, 

remediation, cultural beliefs, etc ... ); and 

•	 provides a framework within which the project can be evaluated. 

Unfortunately, when determining goals for a restoration project a number ofquestions 

arise that have no "discrete" or proper answers (Higgs date unknown): 

•	 how important is continuity with other landscape elements? 

•	 should we be attempting to restore specific time period? 

•	 what should be done if fonner conditions cannot be easily created? 
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• how much management is permitted on the restored site? 

• how seriously should aesthetic considerations be taken in the design? 

It is also important to decide which type ofecological community should be restored. 

Harker (1993) suggests two possible approaches: 

1. Select the desired ecological community and then create the site conditions. 

Sometimes this method can work although it is often costly in time and 

money and there is no guarantee for success. 

2. Determine the existing site conditions and select one or more natural 

communities to adapt to these conditions. This is generally the more effective 

method. 

Using a local community as a model 

To improve the chances ofsuccess, one of the most common practices for ecological 

restoration projects is to analyze a local healthy ecological community to determine 

the type and percentage of species growing. The designer then applies this 

information to the site being restored (Morgan et al. 1995). The rationale is that by 

replicating species percentages, the site will possess a similar structure, and therefore 

function as it did prior to disturbance in terms of energy flows and nutrient cycling, 

hence creating an ecosystem that is self sustaining. 

Implementation 

Often it is the implementation phase of a restoration, III conjunction with 

maintenance, which can determine a project's success. The actual implementation 

process can vary considerably depending on the type of community being restored 

such as a grassland, forest, or wetland. Implementing a design often requires more 

than just planting. Knowledge of successional processes and how one group of 

species interacts with another over time to change growing conditions is a key 

aspect ofecological restoration. Implementation most likely, rather than taking place 

over a few weeks or months, will require years as a process ofthinning and planting 

will repeat itself as different species mature and need to be removed to make room 

for later successional and climax species. 

Maintenance and Monitoring 

The [mal step in any restoration project is the regular maintenance required to remove 

exotic species. This is especially important in the early stages of a project to help 
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provide the correct growing conditions for the desired native species. If exotics are 

not removed, they may out compete native plant species. The maintenance required 

may take on many different forms including integrated pest management, the 

application of herbicides, mowing, cutting, burning, hand pulling of weeds, and 

water level manipulation. The program may include just one or all of the above 

approaches to produce the desired result (Higgs 1997). 

Where dishlrbances such as fire or flooding are part of the target ecosystem, it may 

be necessary to emulate these disturbances since many ecosystems require 

disturbance as part of their regenerative cycles (Daigle et a1. 1996). Unfortunately 

due to human influences over the landscape, natural disturbances may no longer 

occur without human assistance. The ultimate goal is to have a self-sustaining 

ecosystem that requires minimal human input of maintenance. Although in many 

cases this may never be possible, as outside impacts may be too severe and will 

always impact the site. 

Ecological Design Precedent #3: Naturalization 
When ecological restoration is not a practical option due to time constraints, cost, 

or lack of information on an ecological community, naturalization may prove to be 

a better approach for reintroducing natural processes to a site. Naturalization is 

defined as any effort to convert managed landscapes to a more natural and naturally 

evolving landscape relatively free of long term human intervention (Daigle et a1. 

1996). The term is also commonly used to refer to practices such as tree planting, 

the creation of wildflower meadows, or naturalized ponds (Daigle et a1. 1996). 

Naturalization is commonly implemented in public parks, schoolyards, private lots, 

and other landscapes that are traditionally intensely managed. 

Both ecological restoration and nahlralization often share goals such the creation of 

wildlife habitat, or to provide a more natural aesthetic. However, naturalization 

differs from ecological restoration in that naturalization is primarily concerned with 

creating only certain structural elements ofan ecological corrununity while ecological 

restoration is concerned with re-creating as many aspects of the community 

(structure, function, behaviour and inter-relationships) as possible. In addition, 

naturalization strives to require minimal monitoring and maintenance while 

ecological restoration usually requires ongoing human intervention for a significant 

period of time until nahlral processes become established (Daigle et a1. 1996). 
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However, "as practitioners of naturalization become more experienced and aware 

ofecological considerations, the emphasis is increasingly on the nurturing ofnative 

plants, creating habitat for fauna, and attempting to emulate natural ecosystems" 

(Daigle et al. 1996, 7). At this point naturalization begins to resemble ecological 
restoration. 

Principles of Naturalization 

The following two principles are a based on the findings from the literature review. 

Naturalization Principle #1: 

Use Native Plants 

In naturalization native plant species are used for their hardiness, wildlife value, 

and natural aesthetic. So unlike ecological restoration, which requires a full 

compliment of species from a specific ecological community, species for a 

naturalization are often selected to suit specific needs. Species can even be chosen 

from a range of different ecological communities as long as they are native to the 

general region and tolerant of the site's conditions. However, similar to ecological 

restoration, it is suggested that plants and seeds be obtained from a local source (80 

to 160 km radius) to ensure that they are adapted to the local climate (Harker et a1. 

1993). 

Naturalization Principle #2: 

Create a low maintenance landscape 

Naturalization is often used as a way of reducing maintenance costs associated 

with maintaining traditional manicured landscapes. To ensure success, plants should 

be carefully selected based on matching their growing requirements to the site's 

conditions. On sites with a range of habitat conditions, it may be easier to provide a 

range ofspecies and allow succession to take place naturally. Over time those species 

which are intolerant of the site's conditions will die-off, while those species which 

favour the existing conditions will prosper. As a result, mowing, irrigation, pesticides, 

herbicides, and fertilizers should not be required. 

Design Approach for Naturalization 

Due to the relatively unrestricted definition ofwhat a naturalized landscape actually 

is, there are many ways of approaching naturalization. Literature suggests three 

possible approaches: removing the disturbances, planting a range of species native 

to the region, or selecting species to meet a specific design goal. 
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Remove disturbance 

Often times, a naturalization project can be initiated simply by eliminating the cause 

of site degradation so that recovery may occur. Examples include discontinuing a 

landscape maintenance program, or erecting a fence to stop grazing or trampling. 

In many cases removing the disturbance is all that is needed to initiate the processes 

ofbringing an ecosystem back to a more natural state (Daigle et al. 1996). However, 

this approach provides the designer with the least amount of control over the type 

of landscape that will eventually establish and can result in the growth ofaggressive, 

mostly exotic species that will require removal. 

Planting and seeding 

A second approach basis plant selection on an analysis of the site's climate, 

topography, hydrology, soils, and other factors, to ensure plant success. Once the 

potential plant species are known, choices may be narrowed by using plants that 

meet the designer's aesthetic criteria in terms of colour, shape, and texture (Harker 

et al. 1993). 

Design to meet a specific goal 

A third possible approach is to select speci ba ed on accomplishing a specific 

goal. Common goals for a naturalization project include providing habitat for a 

specific wildlife species (birds & butterflies), aesthetics (wildflower gardens) or 

minimal maintenance requirements (using hardy, generalist pecies). Based on the 

projects goals, plants can be selected and the site conditions modified (if needed) to 

support the desired plant species. 

Ecological Design Precedent #4: Microclimatic Landscape 
Design 
Microclimatic landscape design is the act of utilizing landscape features, such as 

landform and vegetation, to change local climatic elements such as solar and 

terrestrial radiation, wind, air temperature, humidity, and precipitation. Generally 

the goal of microclimatic landscape design is to create a more comfortable living 

environment and to minimize building energy consumption. However, it also has 

application in modifying plant growing conditions and improving air quality in 

urban areas (Hough 1995). 
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The science ofmicroclimatology has a fairly recent history, and although examples 

of modifying one's environment to make it more comfortable and energy efficient 

can be found throughout history, past approaches were mostly based on general 

observation and trial and error, rather than a scientific base (Brown et al. 1995). To 

modify the microclimate of a space, designers need to understand the inter

relationships between vegetation, topography, solar access, wind exposure, and other 

environmental factors. By manipulating the components of the environment, 

designers may influence wind, radiation, temperature and humidity. Wind and 

radiation are generally viewed as the factors that can most easily be manipulated 

through small-scale landscape design, while temperature and humidity are often 

ignored due to the difficulty in altering these conditions. However, in special 

circumstances temperature and humidity may be modified (Brown et al. 1995). 

Principles of Microclimatic Landscape Design 

The following principles, gathered through a literature review of microclimatic 

landscape design, are provided as a brief summary. 

Microclimatic Design Principle #1: 

Large green areas can reduce air temperature and humidity through transpiration 

It has been known for some time that plants can influence air temperature and 

humidity through evapotranspiration. To capitalize on vegetation's air cooling 

qualities landscaped areas should be large, unfragmented spaces on higher elevations 

of land, and upwind from developed areas to allow wind to carry the cooler air into 

the desired area. The larger the vegetated area, the greater the cooling affect. 

Microclimatic Design Principle #2: 

Strategically placed plants can remove air pollutants 

Plants can be used to absorb certain gaseous pollutants such as carbon dioxide, 

ozone, and sulphur dioxide, but effectiveness is limited to the air immediately 

surrounding the leaves of a tree. However, with enough trees, vegetation can be 

effective air filters. Plants may also be used to remove air borne particles moving 

laterally along the ground, although some suggest that the effectiveness is temporary 

since the particles often re-enter the atmosphere after a few hours (Marsh 1991). 
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Microclimatic Design Principle #3: 

Decreasing wind speed is a designer's primary concern during cold weather 

Wind is an important element to consider in design as it can affect temperature, 

evaporation, rate of moisture loss, and transpiration from vegetation and drifting 

snow, all of which affect the urban microclimate (Hough J995). Wind is especially 

a factor for building energy consumption since wind passing over a building will 

remove a building's heat. For this reason protecting a home from wind by planting 

trees along the windward side can reduce energy costs by as much as 25% (Groves 

1981). 

Microclimatic Design Principle #4: 

Controlling solar radiation is a designer's secondary concern during cold weather 

During colder weather, solar radiation can help warm the microclimate of an area, 

although it is not as effective as wind protection and should be considered second. 

For buildings, this means allowing the sun' rays to strike the roof and exterior 

building walls for as long as possible to lower the temperature gradient between the 

inside and outside. The warmer the exterior surfaces become, the slower heat will 

travel from inside the building to outside. Solar radiation, which passes through 

windows, will also help heat a building, reducing energy consumption. Using 

materials with a low albedo to absorb the sun's rays inside the home can be especially 

effective for heating building interiors. 

Microclimatic Design Principle #5: 

Blocking solar radiation is a designer's primary concern during warm weather 

During the summer, controlling the amount of solar radiation received by the 

landscape and structures should be a designer's main concern (Brown et a!. 1995). 

Thi can improve outdoor comfort and reduce a building's need for artificial cooling 

measures. This can be accomplished by blocking the sun's rays, adjusting the angle 

between the sun's rays and the object of concern, or using materials with a high 

albedo to reflect the energy ofthe sun (Brown et al. 1995). 

For a more complete description of each principle refer to Appendix B. 

Chapter 2 55 



cological design precedents 

Albedos for Various Surfaces 

Albedo
Material 

(%) 

Soil
 

Moist dark cultivated 5-15
 

Moist gray 10-20
 

Dry sandy 25-35
 

Dry sand dune 30-75
 

Vegetation 

Grass 20-30
 

Green fields 20-30
 

Wheat 15-25
 

Meadows 10-30
 

Brown grassland 25-30
 

Woods 5-20
 

Deciduous forest 10-20
 

Coniferous forest 5-16
 

Water
 

Water (high sun angle) 5
 

Water (low sun angle) 95
 

Snow (fresh) 70-95
 

Snow (old) 40-70
 

Urban Surfaces 

Asphalt 5-15
 

Concrete 10-50
 

Brick 20-50
 

Stone 20-35
 

Tar and gravel roof 8-18
 

Tile roof 10-35
 

Slate roof 10
 

Thatch roof 15-20
 

Corrugated Iron 10-16
 

White paint 50-90
 
Red, brown, green
 20-35
paint
 
Black paint 2-15
 

The albedo of an object refers to the 
amount of solar radiation reflected. 
Objects with a low albedo absorb 
energy, while those with a higher 
albedo reflect more energy. 

Table source: Brown et al. 1995, 49· 
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Design Approach for Microclimatic Landscape Design 

To assist designers in developing solutions that improve urban microclimates, it 

has been suggested in the literature that the following issues be addressed. 

Collect climate data 

The climate data for an area should be collected to familiarize oneself with the 

climatic conditions of a region. Information such as average daily seasonal 

temperatures, wind speed, wind direction, angle ofincidence ofthe sun, and number 

of sunny days in a particular month, will help to create a general picture of the 

climatic characteristics of a site, and determine what the climatic opportunities and 

constraints may be. 

Set goals for particular time ofday and season. 

A key aspect of the microclimatic landscape design approach is to determine the 

goals of the design in terms of a specific season and time of day. This is important 

because it is not possible to design for every microclimatic situation. Having goals 

becomes especially important when researching climatic data since there is usually 

a large amount of data available. By having specific design goals, it will allow the 

designer to focus on the information most needed to determine a design solution 

(Brown et al. 1995). Examples of specific goals may be to control winter winds 

over 25 kmlhr, or to block the summer sun between noon and 3 PM on the south 

side of a building. 

Gather and map site information 

In addition to climatic data, it is important to gather additional site data that may 

influence the microclimate. Slope, aspect, soil moisture levels, the presence of 

standing water, and vegetation may all contribute to an area's climate. This 

information, along with the climate data should be mapped graphically to help 

develop an overall impression of the site's microclimates throughout the year. In 

order to keep this from becoming too large of an undertaking, one's goals should be 

used to focus the analysis (Brown et al. 1995). 
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Ecological Design Precedent #5: Permaculture © 
The term Permaculture © is derived from the words permanent agriculture. It is 

defined as the conscious design and maintenance of agriculturally productive 

ecosystems, which have the diversity, stability, and resilience ofnatural ecosystems 

(Mollison 1991). Founded by Bill Mollison in 1974, Permaculture © encompasses 

the harmonious integration of landscape and people, as food, energy, shelter, and 

other material and non-material needs are provided in a sustainable way. Most of 

the work done in the field of PermacuLture © has originated out ofAustralia and is 

applied to small agricultural operations, although Mollison's principles are intended 

to be adaptable to any climatic or cultural condition (Mollison 1991). 

Principles of Permaculture © 
The following principles are outlined in Bill Mollison's 1991 book Introduction to 

Permaculture, and as the author points out, are selected from various disciplines 

from ecology and environmental science, to landscape design and energy 

conservation. For this reason many of the principles outlined here have similarities 

to some ofthe principles delineated under the previously reviewed ecological design 

precedents. The following is a brief synopsis of Mollison's ten principles for 

Permaculture © Design. 

Permaculture © Design Principle #1: 

Relative location 

The first principle ofPermaculture © is to place every element so that it may benefit 

from and assist the other elements in the design. This requires developing a "working 

relationship between each element so that the needs ofone element are filled by the 

yields of another element" (Mollison 1991, 5). To accomplish this, the designer 

must have a complete understanding of each element included in tlle design in 

terms of its products and their use to other elements, how its needs are supplied by 

other elements, and where it benefits other parts of the system. By using one's 

knowledge ofthese three points, the designer can position each element in its optimal 

location. 

Permaculture © Design Principle #2: 

Each element performs many functions 

Within each Permaculture © system, every element should be chosen and located so 

that it performs as many functions as possible to maxinUze its benefit to the system. 
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stabilize soil 

A strategically placed tree can 
perform numerous functions in a 
design such as block the sun's rays, 
block wind, provide habitat and 
shade, cool the air through 
transpiration, facilitate stormwater 
infiltration, stabilize the soil, and 
provide building materials and fuel. 

For example a strategically placed tree may provide shade, food, shelter from the 

wind, wildlife habitat, fIrewood, and fIx nitrogen to improve soil quality. To maximize 

the utility ofeach item requires an in-depth understanding ofevery element's aspects. 

Permaculture © Design Principle #3: 

Each important function is supported by many elements 

"Important basic needs such as water, food, energy, and fIre protection hould be 

served in two or more ways" (Mollison 1991, 8). This helps to create a system, 

which is more resilient to disturbance. For example, ifone method of food supply is 

disrupted, other ways of obtaining food are still available. 

Permaculture © Design Principle #4: 

Efficient energy planning 

Zones should be established according to how much access is required to various 

elements of the Permaculture © site. Those items that must be visited every day 

should be located close to the residence while elements that require fewer visits or 

little tending should be located at a greater distance. This organizational plan reduces 

the time and effort required to maintain the system. 

A second important consideration for efficient time and energy planning is to layout 

the site according to natural site conditions. This ensures elements are located for 

optimal performance by taking advantage of the site's natural characteristics. 

Permaculture © Design Principle #5: 

Use biological resources rather than fossil fuels 

Plants and animals should be used in the place offossil fuels to do work on the site. 

Fuel, fertilizer, tilling ofsoil, insect control, weed control, nutrient recycling, habitat 

enhancement, soil aeration, ftre control, erosion control, etc. can all be accomplished 

without the use of fossil fuels. In special circumstances, fossil fuels may be used at 

the beginning stages of a program to establish a process, which will not require 

fossil fuels, such as the construction of photovoltaic cells or a solar water heater. 

Permaculture © Design Principle #6: 

Energy cycling 

Permaculture systems seek to stop the flow of nutrients and energy off site as 

would normally occur in conventional farming operations. Instead Permaculture © 

cycles resources so they are used to their maximum potential before they are fully 
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degraded. This is accomplished by using resources for as many purposes as possible 

until they are no longer beneficial to the system. Common examples include 

recycling, composting, and the reuse of grey water for irrigation. 

Permaculture © Design Principle #]: 

Small-scale intensive systems 

Permaculture © should be implemented at a smaller scale and maintained with hand 

tools. By keeping the scale of the site small, the land can be used more efficiently 

and thoroughly and managed more easily. This results in less waste in terms of 

energy expended and materials. To further intensify the system Mollison suggests 

"plant stacking" which is the stratification of plants. The stmcture created through 

plant stacking provides a variety of habitats, which can support an array of desired 

plant species. This contrast conventional agricultural practices, which only grow 

one crop at a time. For example conventional orchards are planted without a shmb 

understorey or herbaceous plant layer. In Permaculture © an orchard's space is 

maximized by planting understorey and herbaceous species. This should also be 

done in terms of what Mollison refers to as "time staking" which is rotating crops 

as conditions change over the seasons and years due to plant growth and succession. 

Time stacking ensures that one is always maximizing the site's potential. 

Permaculture © Design Principle #8: 

AcceLerating succession and evoLution 

In conventional agriculture, vegetation is kept at the herb level with great expense 

by cutting, weeding, fertilizing, and tilling. Rather than fighting the successional 

processes, Mollison advocates "directing and accelerating succession to build [one's] 

own climax species in a shorter time" (Mollison 1991,24). Four ways of 

accomplishing this are suggested: 

1.	 using what is already growing; 

2.	 introducing plants that will easily survive; 

3.	 raising the organic level artificially; and 

4.	 substituting the native herb, pioneer, and climax species with those that are 

more useful to the Permaculture © system. 
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Permaculture © Design Principle #9: 

Use a variety ofbeneficial species for a more productive and interactive system 

In contrast to conventional monoculture based agricultural systems, Permaculture 

© uses a diversity ofplant species to create a system that is more ecologically and 

financially stable. The ecological benefits of grouping a range of plant species 

include: 

•	 reduced root competition; 

•	 provides shelter for one another; 

•	 provides nutrients; and 

•	 assists in pest control. 

While growing a diverse selection ofplants can provide financial benefits such as: 

•	 a wider range of products will allow one to be more self reliant; 

• provides a range of products throughout the year; 

• offers protection ifthe market price for one item drops (not solely dependent 

on one crop); and 

•	 offers protection if one crop becomes damaged from frost, flooding, or 

other natural elements. 

Permaculture © Design Principle #10: 

Use edge and natural factors for best effect
 

Mollison's last principle is based on the role edges play in ecology. He suggests
 

maximizing edges since the more edge provided, the greater the range of habitats,
 

and therefore the more intense a system can be made. Hence, in Permaculture ©,
 

the goal is to create as much edge condition as possible, and to make use of any
 

naturally occurring edge conditions.
 

Design Approaches for Permaculture © 
Like the principles of Permaculture ©, the design methods outlined by Mollison 

come from a variety of areas and disciplines. Multiple approaches are suggested to 

determine the best organization of elements and to maximize the potential 

relationship between each for human use. In Permaculture: A Designer sManual 

(1988), eight methods are described. 
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#1: Analysis: Design by listing the characteristics ofcomponents 

To assist in making decisions on the placement of a design component, Mollison 

suggests listing the characteristic components of each design element to help 

determine where beneficial connections can be made between components to create 

a self-operating system. For each element, its requirements/needs, products and 

behaviours, and intrinsic characteristics should be listed. Mollison (1988) uses the 

following example of a chicken: 

Characteristic Components of a Chicken 

Needs Products and Behaviours Intrinsic Characteristic 
(Inputs) (Outputs) (Inputs & Outputs) 

Shelter Eggs Breed 

Grit Meat Colour 

Dust Feathers Climate Tolerance 

Water Manure Breed Specific Behaviour 

Air Methane 

Food CO2 

Other Chickens Scratching 

Foraging 

Flying 

Fighting 

Once these items are listed for a number of elements, the objective is to connect the 

different elements into beneficial relationships. For example if the product of one 

element is the requirement of another, then these two elements should be located 

where they may interact. By grouping elements in this manner, each element is 

positioned where its needs are met with little effort, resulting in the first principle 

of Permaculture © being fulfilled. 

#2: Observation: Design by expanding on direct observation ofa site 

The second design method advocated is to observe the site first hand to gain a 

better understanding of the relationships that occur, and to determine how these 

may be used in the design. This approach begins by making observational notes on 

the site. Then, for each observation, speculations are made on what was seen to 

provide possible meanings. Following this one should confirm or deny each 

speculation, either through further observations on site or by other research means. 

Once all additional information is gathered it should be analyzed to determine if 

Analysis of each element's inputs and 
outputs is necessary to create a self 
governing design. A deficit of inputs 
creates work while a deficit in outputs 
creates waste (Mollison 1988). 
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any patterns exist. The final step is for the designer to decide whether any of the 

information obtained can be applied to the Permaculture © design. The goal is to 

determine strategies that can be applied to a Permaculture © design and to gain a 

more comprehensive understanding ofthe interdependence of the natural systems 

on site. 

#3: Deduction from nature: Design by adopting lessons learntfrom nature 

By using the structure and function of ecological communities as a guide, one can 

determine the beneficial relationships that can be adapted to one's own Permaculture 

© system. However, Mollison's method is not just limited to using native species or 

naturally occurring relationships. He advocates improving on local species by finding 

out-of-region or exotic species that are even better suited to fulfilling particular 

roles than the native flora and fauna (Mollison 1988). This requires researching 

ecological communities and species not found within one's own region to determine 

suitable substitutes. Although, Mollison does recommend caution when using exotics 

and suggests that species be carefully selected. 

#4: Options and decisions: Design as a selection ofoptions or pathways based on 

decisions 

Mollison also suggests that one considers issues such as economic opportunities or 

constraints, legal issues, and personal goals in the design process. The intent is to 

determine one's design options by working through the available options to meet a 

specific or number of goals. Starting with distant goals one can begin to make 

decisions on how they intend to meet these goals, while thinking about other issues 

which must also be considered. Once an option is decided on, it creates other options 

that must be considered. The hope is that by working through this decision pathway, 

one will fmd several options available, while eliminating those options which do 

not meet one's personal, ethical, financial, or economic goals. 

#5: Data overlay: Design by map overlays 

The suitability analysis approach is also considered an important tool, but only as 

far as it can aid in creating a plan to determine the physical layout on the site. 

Mollison (1988) suggests that an overlay approach is not flexible enough to consider 

the issues, which the observation (#2) and option approaches (#4) can consider 

(Mollison 1988). Data overlay is viewed as a valuable approach for developing a 

landscape plan only, therefore requiring other design approaches for other aspects 

of the Pennaculture © system. 
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#6: Random assembly: Design by assessing the results ofrandom assemblies 

This method is useful for assessing energy flows in the system. The process works 

by selecting a group of design components along with a set of placement or 

connective strategies. The designer then randomly joins one design component to 

another using the different connections, to find strategies for connecting elements 

into beneficial relationships. The advantage of this process i that it can help generate 

creativity and eliminate barriers created by mainstream thinking. The goal is to 

discover innovative design solutions that would normally not have been thought of 

due to cultural restraints or education, which can generate preconceived ideas. 

#7: Flow diagrams: Design for workplaces 

This approach is recommended when designing a workspace to be used for a task 

that follows a certain path such as manufacturing assembly line. The goal is to 

reduce the amount of time and energy used in completing the task by creating an 

efficient movement layout. Drawing a flow diagram allows the designer to 

strategically plaee every element for the task so that each element is positioned in 

the best location. 

#8: Zone and Sector Analysis: Design by the Application ofa Master Pattern 

The layout of a Permaculture © site should be organized according to energy 

available on site (people, machines, waste, fuels) and energy flowing through the 

site (wind, water, and sunlight) to minimize energy required and maximize the energy 

captured. 

Zones 

To do this, Mollison (1988) sugge t organizing elements by zones as 

discussed under Permaculture © principle #4. Without considering actual 

site characteristics, the optimal zone configuration would be concentric 

rings with zone 0 at the centre (residence) and zone 4 or 5 at the edge. 

Elements would be located depending on how much one would need to 

visit or tend to it. Those elements requiring tending to the most (every day) 

would be located in zone I immediately surrounding the residence. Those 

elements requiring tending to only once per week would be at the ollter 

zone. Those elements requiring visits more often than once per week would 

be located somewhere in between. The goal of the zoning plan is to limit 

the number of long trips required. 

Community
 
Orchard
 

Community Stormwater 
Garden OVER Wetland 

Tot Lot ATTACHED Parking 

Sports 
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By randomly joining design 
components together using different 
placement strategies, innovative 
design solutions, which would not 
normally be considered, may be 
discovered. 

By arranging elements on a site by 
zones, the number of long trips 
reqUired can be minimized (Mollison 
7988). 
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By locating elements based on 
sectors, elements which have similar 
requirements are positined together 
in their optimal site location 
(Mollison 1988). 

Sectors 

The second site layout consideration is sectors. Sectors are based on outside 

energies such as sun, wind, and water. Sectors are more site specific than 

zones and should be established through a site analysis. The goal of sectors 

is to block, screen, channel, or open up the site depending on the outside 

energy being considered. Elements that require the same relationship to the 

outside energy would be positioned together for maximum efficiency. 

The premise behind using zones and sectors to determine design element placement 

is that everything will be in its optimal location in terms of minimizing energy 

expenditure. 

Ecological Design Precedent #6: Regenerative Design © 
Landscape Architect John Tillman Lyle developed Regenerative Design © as a design 

philosophy, which promotes sustainable design solutions for all types of 

development. Regenerative Design © accomplishes this by adopting a combination 

ofancient design practices, which have been recently abandoned with the discovery 

of low cost fossil fuels, and by using modem green technologies to their fullest 

extent. Its methods can be applied to all types of design from urban design and 

architecture, to agriculture and landscape design. Regenerative design © provides 

more than just a blueprint for physical constructs, it also considers social and political 

systems and how they can be improved and contribute to a more environmentally 

conscious society. 

Principles of Regenerative Design © 
In his book Regenerative Designfor Sustainable Developments (1994), Lyle outlines 

12 design strategies that help to define regenerative systems and distinguish them 

from more mainstream industrial systems. The following is a brief synopsis of his 

principles. 

Regenerative Design © Principle #1: 

Let nature do the work 

Almost all human life-supported functions can be supported through natural means, 

rather than using fossil fuels. Design should maximize these natural means rather 

than using fossil fuels. 
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Regenerative Design © Principle #2: 

Use nature as a model and a context 

Design should use the local ecology to inform design decisions, rather than basing 

decisions on conventional, generic approaches. 

Regenerative Design © Principle #3: 

Aggregate, don't isolate functions 

Regenerative Design © seeks to combine varied elements and activities together to 

share space, resources, and to help reinforce each other 

Regenerative Design© Principle #4: 

Determine optima/levels for multiple functions 

Each element within Regenerative systems should have multiple goals rather 

than seek to maxinlize just one goal. Through this approach a wider range ofbenefits 

can be obtained through a design. 

Regenerative Design © Principle #5: 

Match technology to need 

Many goals in industrialized society could be resolved using much simpler, basic 

technology resulting in less wasteful, Ulmecessary energy use. Therefore fossil fuels 

and other non-renewable resources should only be used when no other options are 

available. 

Regenerative Design © Principle #6: 

Use information to replace power 

Rather than designing to satisfy every possible situation, regenerative systems should 

use knowledge and observation to determine what exactly is required to meet a 

desired goal. This means gaining a better understanding ofa situation and carefully 

studying a problem to fmd the solution needed, rather than adopting generic, one 

design fits all solutions that do not fit the context. By not over designing as a means 

of compensating for a lack of knowledge, less energy and resources can be used. 

Regenerative Design © Principle #T 

Employ multiple pathways 

Regenerative © systems obtain energy, food, income, etc. from multiple sources 

rather than from only one. This contrasts current mainstream industrialized systems, 

which generally depend on only one source. 
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Regenerative Design © Principle #8: 

Seek common solutions to disparate problems 

Contrary to industrial systems, which tend to segregate materials, land uses, 

resources, and waste, Regenerative © systems look at solving problems by creating 

interactions between elements to take advantage of one another's properties. 

Sometimes the potential connections between elements is not immediately 

noticeable, and may take some ingenuity by the designer to create the connections 

necessary. 

Regenerative Design © Principle #9: 

Develop storage as the key to sustainability 

Providing adequate storage along with balancing use with replenishment are key to 

creating a sustainable system. This means one will always have adequate reserves 

and will not deplete resources. This can be applied to the storage of rain water, 

food, solar energy, and soil nutrients. 

Regenerative Design © Principle #10: 

Use form to facilitate flow 

Very often just by manipulating form and using creative design or ingenuity, greater 

energy efficiency can be obtained. This contrasts conventional practices that often 

use excessive amounts of energy to compensate for poor design. 

Regenerative Design© Principle #11: 

Use form to manifest process 

Unlike industrialized design solutions, which tend to hide technology, Regenerative 

Design © solutions are highly visible since they are often a significant part of one's 

daily activities and therefore must be located where people live and are easily 

accessible. It is also important that regenerative technologies be in plain view to 

help educate people and connect then to their environment so they may gain a 

better understanding of how they are dependant on the earth's environment. 

Regenerative Design © Principle #12: 

Prioritize for sustainability 

To help facilitate change towards a more sustainable future, we must make 

regenerative design a higher priority and make sustainability enter into every 

development decision from regional planning to the selection of tree species in 

landscape design. 
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For a more detailed description of the 12 principles of Regenerative Design ©, 

refer to Appendix B. 

Design Approach for Regenerative Design © 
Since Regenerative Design © covers a wide range ofdevelopment scales and types, 

it cannot easily be fulfilled under just one or two design approaches. Unfortunately, 

Lyle does not provide any guidance on how to approach the Regenerative © Design 

process. However, in his book Regenerative Design for Sustainable Development, 

Lyle does organize his discussion of Regenerative Design into five areas: energy 

use, water use, using waste as a resource, food production, and building design, 

which may prove to be a useful framework for incorporating his 12 principles into 

design. In addition, since Regenerative Design possesses elements from the other 

five precedents reviewed, all of the design approaches discussed previously could 

be applied to Regenerative Design ©. 

Summary of Design Precedents 
Each of the six design precedents reviewed has its own focus on what the primary 

design issue should be, and provide some unique insights into what ecological design 

means in terms of principles and approach. The following section provides a brief 

summary, which highlights some of the key aspects of each approach, and suggests 

how they might relate to landscape architecture and urban design. 

Landscape Ecology 

Landscape ecology is concerned with the health and functioning of larger natural 

areas and green paces. It focuses mainly on large scale regional planning, although 

its principles can be applied to any scale ofdevelopment. For urban design, landscape 

ecology is most applicable to the layout of open space at the early stages of the 

planning and design process, and in determining linkages for wildlife habitat. Its 

principles encourage designers to consider how the site' landscape will interact 

within the larger regional environment. 

Ecological Restoration & Naturalization 

Both Ecological Restoration and Naturalization are most useful for incorporating 

their principle into planting design to improve native species diversity and create 

self-sustaining landscapes. They are most applicable to smaller scale landscape 
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Ecological Design Precedents: Summary of Design Principles 

Principle Landscape Ecology Ecological Restoration Naturalization 

#1 Large communities sustain more 
species than smaller communities 

Replicate community structure Use native plants 

#2 

#3 

Many small patches help sustain 
regional diversity 

Patch shape is as important as size 

Re-create ecological function 

Design for site durability 

Create a low maintenance 
landscape 

#4 Fragmentation reduces diversity 

#5 

#6 

#7 

#8 

Isolated patches sustain fewer 
species than closely associated 
patches 

Species diversity in patches 
connected by corridors is greater 
than that of disconnected patches 

A heterogeneous community 
mosaic sustains more species and is 
more likely to support rare species 
than a single homogeneous 
community 

Ecotones support a variety of 
species from both communities as 
well as species specific to the 
ecotone 

#9 

#10 

#11 

#12 
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Large green areas can reduce air 
temperature and humidity through 
transpiration 

Strategically placed plants can 
remove air pollutants 

Reducing wind speed is a designer's 
primary concern during cold 
weather 

Controlling solar radiation is a 
designer's secondary concern 
during cold weather 

Blocking solar radiation is a 
designer's primary concern during 
warm weather 

Relative location: place every 
element so that it may benefit 
from and assist other elements in 
the design 

Each element should perform many 
functions 

Each important function is 
supported by many elements 

Layout the site for efficient energy 
use 

Use biological resources rather 
than fossil fuels 

Cycle energy on site 

Create small- scale intensive 
systems 

Accelerate species succession and 
evolution 

Use a variety of beneficial species 
for a more productive and 
interactive system 

Use edge and natural factors for 
the best effect 

Let nature do the work 

Use nature as a model and a 
context 

Aggregate, don't isolate functions 

Determine optimal levels for 
multi pie fu nctions 

Match technology to need 

Use information to replace power 

Employ multiple pathways 

Seek common solutions to 
disparate problems 

Develop storage as the key to 
sustainability 

Use form to facilitate flow 

Use form to manifest process 

Prioritize for sustainability 

Principle 

#1 

#2 

#3 

#4 

#5 

#6 

#7 

#8 

#9 

#10 

#11 

#12 
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design and may help designers decide what the goals ofa landscape should be from 

an ecological standpoint. They concentrate on landscape structure and function and 

encourage the designer to consider natural succession as part of their design. They 

also encourage the use of local plant communities in design. 

From a design process standpoint, ecological restoration advocates designer 

involvement throughout the process: from goal setting and design development, to 

construction, maintenance, and post design evaluation, something not fully practiced 

today. Naturalization encourages the designer to look at landscaping with a purpose 

other than aesthetics, such as to create low maintenance landscapes or wildlife habitat. 

Microclimate landscape design 

Microclimate landscape design focuses on designing to manipulate the local climate 

to create more comfortable, energy efficient environments. This approach has little 

to do with ecosystem health, and is more about how plants can be used to our 

advantage. Its principles are based on the inter-relationship between landscape 

elements and climatic processes in the urban environment and to encomge the 

designer to consider the specific site, since generic design solutions will not work. 

To follow its principles and approach requires the designer have intimate knowledge 

of the site and understands its specific needs, something that is often ignored under 

conventional design approaches. 

Permaculture © 
Like microclimatic landscape design, Permaculture © concentrates on how the 

natural environment can be used to the designer's advantage with minimal energy 

expense or environmental damage. Permaculture's © focus is primarily on small

scale food production systems with an additional focus on energy efficiency and 

microclimate modification. It is not however concerned with preserving the natural 

ecology of an area or recreating natural systems on site. 

For urban designers, Permacultme's © principles are most applicable to site design 

for self-sufficiency in terms ofusing the natural environmental, rather than outside 

energy sources. Permacultme's design approaches also encourage the designer 

to discover beneficial relationship between natmal elements and tackle problem 

solving in a manner which overcomes conceptual barriers, to create more innovative 

design solutions. 
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Regenerative Design © 

Regenerative Design © encompasses aspects of all of the above design precedents, 

but also includes considerations of social, political, and management systems that 

must also be designed and considered to create sustainable design solutions. Its 

principles are applicable to all scales and types of design, and encompass many 

similar methods from the other five precedents reviewed. For designers, the principles 

provide a good design philosophy that can be applied to any type of development. 

Incorporation of Precedents into Urban Design 
These six ecological design precedents demonstrate a number of ways in which an 

ecological approach towards design can be taken. All ofthe principles and approaches 

discussed can be applied to the urban design professions to help make them more 

environmentally responsible and more innovative in how they approach design. 

The challenge for a designer is to know how to balance all ofthese different views 

and to create designs that are socially acceptable, while at the same financially 

feasible. 

The reason many ofthese principles are not in full use by designers is partially due 

to a lack of information, but is also due to the resistance that surrounds doing things 

differently than the past. Social, political, economic, and knowledge-based barriers 

exist which must be overcome if aspects of these design precedents are to be 

incorporated into urban design. 
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arriers to ecological design 

Chapter 3: Barriers to Ecological Design 

lthough ecological design theory is becoming more commonplace, 

substantial obstacles and resistance towards ecologically based design 

solutions still exist (Beatley et al. 1997). To move ecological design 

from theory to practice, will require that designers work not only with policy makers 

and the public, but also within their own professions to change how they approach 

design. 

In this chapter ten barriers are identified, illustrating the wide range of obstacles 

facing ecological design. Understanding the issues preventing ecological design 

from being widely accepted, will help designers modify their approach towards 

implementing environmental design solutions into everyday practice. 

#1: Pol itica I Wi II 
A lack ofpolitical will can make taking an ecological approach to design challenging. 

Part of the problem stems from the fact that politicians often base decisions on 

short term objectives rather than considering long term benefits, especially when 

re-election and public popularity are of concern. Publicly appointed officials can 

also show an unwillingness to adopt new approaches as anything different is often 

seen as risky since it is unproven. Following the status quo can sometimes be the 

safest route from a political re-election standpoint. 

Political resistance may also be attributed to the fact that the public and "many 

politicians are unaware of local, provincial, and national social, economic, and 

environmental benefits of sustainable community development projects" (Peck & 

Associates 2000, 87). Not until constituents and elected decision makers become 

educated in sustainable community design, and the environment becomes a larger 

concern for the greater population, will long term environmental programs be 

initiated (Perks and Van Vliet 1993). 

The problem can also be linked to the fact that government employees are usually 

in the role of regulators and reviewers, not problem solvers, and therefore often 

positioned outside the development process. As a result they do not take responsibility 

or ownership of projects, and feel that a leadership role is something better left to 

developers (Peck & Associates 2000). 
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#2.: Power of the Developer or Land Owner 
Many advocates of sustainable development are quick to blame the development 

community for not implementing sustainable communities. However as a number 

of studies have shown, the development community feels they face a number of 

obstacles which prevent them from being able to implement innovative designs 

(Perks and Van Vliet 1993, Peck & Associates 2000). 

One of the most common feelings for developers is that it is too costly for them to 

try innovative projects that do not follow standard procedures and practices. They 

view municipal approval authorities, such as utility engineers, transportation 

engineers, and utility corporations, as formidable obstacles that are not equipped to 

deal with innovation and therefore will not allow for new and innovative designs to 

be approved (perks and Van Vliet 1993). Developers also feel as though the approval 

authorities create unnecessary delays by checking plans in too much detail (Perks 

and Van Vliet 1993). As a result the application and approvals process becomes 

delayed, generating added costs for developers (Peck & Associates 2000). This can 

create disincentive for developers in adopting innovative design features in future 

developments. 

#3: Provincial Legislation 
In Alberta, the provincial government sets the framework for planning through Part 

17 of the Municipal Government Act (MGA). This legislation provides the 

framework for municipal planning by dictating the public authorities, regulatory 

instruments, and other tools municipalities need to control land development. Thus, 

most of the planning controls and power comes at the municipal level. However, 

this leaves most decisions to the municipal government with little guidance coming 

from the province. Unfortunately this legislation does little to promote sustainable 

development in the province and as a result a significant opportunity has been lost 

by the province to influence how and when the environment should be addressed in 

municipal planning. This is problematic since environmental concerns are truly a 

province wide issue significantly affected by planning decisions. This is especially 

troublesome when smaller municipalities may not have the resources to take an 

environmental approach towards design. In these cases, municipalities depend on 

the province to take the lead role in environmental protection and management. 
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A second important point is that current provincial funding policies and practices 

provide little incentive for implementing more efficient use of infrastructure. Rarely 

do provincial govemments require that the need for investment be minimized through 

demand management measures such as pricing or land use. As a result, govemment 

funded infrastructure has the affect of subsidizing low-density suburban car based 

development, causing municipalities to further develop conventional communities 

(Peck & Associates 2000). 

#4: Municipal By-laws & Development Standards 
Critics ofcurrent suburban planning believe that city standards and practices restrict 

creativity in suburban development and do nothing to provide incentives to 

developers. Rules about the separation of land uses, density, building setbacks, 

opens space, schools sites, stormwater treatment, and vehicle parking combine to 

produce physical constraints on achieving sustainability (City of Calgary 1995). 

Two ofthe more restrictive standards are the zoning codes and engineering standards 

set by municipal govemments (Perks and Van Vliet 1993, Lyle 1994). These will 

need to be revised and made more flexible if we are to implement more sustainable 

developments. 

Part of the problem is that although many elements of Land Use By-laws and 

development guidelines are negotiable, the approvals process is not equipped to 

deal with creative solutions, making approvals on innovative projects time 

consuming and costly (Perks and Van Vliet 1993). While at the same time many 

municipalities have weak and fragmented requirements for sustainable community 

features, providing little guidance on what form development should have. 

#5: Financial Constraints 
Land development ofany type can be a risk, therefore any project that is unique and 

has never been attempted before will certainly make developers, financial institutions, 

and other investors cautious about participating in a project (Wilson et al. 1998). As 

developers have requirements and a responsibility to stake holders to make money 

and achieve a certain level of retum on their investment, developers need a certain 

amount of assurance that their development will be a success before they proceed. 

This can be difficult since "sustainable community development is a recent 

phenomenon in Canada. Its achievements are limited in scale, and it has not yet 

become a compelling force on the Canadian scene" (Peck & Associates 2000, 61). 
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Typical single family suburban 
home: Not until developers feel the 
pressure to provide alternative 
housing forms and development 
patterns will any ecological 
alternatives be available to 
consumers. 

This can make inve ting in green developments a eemingly risky venture since 

few precedents exi t in the Canadian market. 

There are al 0 questions of who hould pay for innovative design. The benefits of 

using sustainable practices can be significant in terms of reduced infrastructure and 

ervicing co ts for municipalities. However, few financial incentives currently exist 

for developers who are taking the risk while municipalities get the rewards. There 

is also the que tion ofwho will pay for things like additional green spaces. Currently, 

in Alberta, a development is required to provide a minimum of 10% open space of 

gross developable land. However, if a developer wishes to provide more than 10%, 

the municipality may not wish to approve the development as they may see the 

extra open space as a financial liability due to the extra maintenance costs. 

#6: Market Demand 
The development industry often says they will build whatever the public wants, but 

at this time, tlley see no demand for intensified, mixed use, varied housing form 

communities. However, the validity of thi statement has not been significantly 

tested through market research (Perks and Van Vliet 1993). It may also be attributed 

to the fact that consumer do not understand the benefits ofmany ecological features 

therefore creating little demand (Peck & Associates 2000). 

There can also be problems obtaining sustainable building materials for the 

construction ofecological developments. For example, native plants can be difficult 

to obtain in the quantities necessary for larger scale development since in the past 

ornamental exotic species were the types of species requested the most. Not until 

there is a greater demand will the product supply be available for innovati e design 

projects. In some in tances thi may be only a perceived barrier as there i often 

poor marketing of products and services related to new technologies causing 

developers to believe they have limited options (Peck & Associate 2000). 

#7: Experience and Knowledge 
A lack ofknowledgeable designer can also be a factor as consultants and approving 

authorities often lack the education and training in ecological desig issues. 

Professionals on both sides mu t be educated if new and innovative projects are 

ever to be designed and approved. 
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For those that arc knowledgeable, a major difficulty with attempting environmental 

design solutions is that they can add to the tasks that a designer must deal with in 

everyday practice and requires them to assimilate an overwhelming amount of 

information before design decisions can be made. An integrated team approach is 

usually required consisting of a team of experts from a wide range of fields from 

urban design to waste management (Saunders 1996). Unfortunately, this can increase 

project expenses since "asking for innovation from experts can drive up costs" 

(Peck & Associates 2000). 

Finding knowledgeable people that can implement environmental design solutions 

can also be a challenge. This is especially true for ecological landscapes, which 

require contractor knowledgeable of not only new construction practices, but also 

maintenance practices for naturalized landscapes, as they can be vastly different 

from conventional approaches. In some instances this can result in tender prices 

being too high and the idea that substitutions are permissible (Holubowich 1990). 

Until more people become knowledgeable in the field of ecological design, and 

more projects are built, will experienced consultants and trades people be available 

to build ecologically based design projects. 

#8: Cultural Values and Attitudes Held by Society 
For environmental design solutions to become reality, public education is required 

to explain the trade-offs and long term benefits as the public often objects to forms 

of development that do not fit into the conventional (Perks and Van Vliet 1993). 

This can be especially true for naturalized landscapes, which can appear abandoned, 

or unkempt as compared to conventional manicured landscapes (Holubowich 1990). 

With an explanation of the benefits of more natural landscapes, the public may 

become more accepting of this type of aesthetic. It is also important that the pre

conceived ideas many have about ecological design elements are dispelled. Concerns 

over allergies, insects, rodents and other types of wildlife, often associated with 

naturalized landscapes, can prevent projects from gaining public approval when in 

fact none of these should be of real concern. 

#9: Balancing Ecology with Social and Economic Issues 
In the face of all of these obstacles, it would eem unlikely that too much emphasis 

on environmental design solutions could ever be an issue. However, designers do 

need to be careful to find a balance between environmental, social, and economic 

Stormwater Dryponds are a 
technique sometimes used to 
manage and infiltrate large volumes 
of stormwater runoff in emergency 
situations. 

Constructed wetlands are beginning 
to be realized as a more ecological 
alternative. However, finding people 
trained to design and construct them 
can be difficult as it is a relatively 
new technique requiring an 
interdisciplinary approach. This can 
increase consulting fees and 
construction costs. 
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Transformer Boxes in Boulevard: 
Conventional development practices 
often leave landscaping until the end 
so that it must be fit around 
infrastructure. 

As a result underground servicing 
such as electrical, sanitary, and 
stormsewers can significantly limit 
the space available for trees and 
other plantings, as well as create 
unsightly views. 

factors in their projects. This is because ecological design is not a single purpose 

exercise, which only looks at one aspect such as alternative energy systems. Aspects 

of community, economics and lifestyle cannot be overlooked without running into 

the same problems that the modern architecture and planning movements have 

already created by focusing just on social issues or aesthetics. Instead, ecological 

design needs to be used in a holistic manner with ecology as the cornerstone 

(Saunders 1996). 

The challenge for designers is to balance ecology and environn1ental preservation 

with social and economic issues. One can not just focus on the environment and 

expect the design to be a success. There is always the human aspect to consider as 

well as economic considerations. This can mean compromises need to be made. 

For example, when large amounts of open space are incorporated into some 

sustainable developments, they often do not achieve a significantly higher density 

than conventional developments, which can create problems in terms of transit 

service and availability of local commercial areas. 

#10: Conventional Design & Development Process 
The final challenge that needs to be overcome is the design process currently used 

to develop ecological design solutions. The planning profession is driven by design 

principles that ignore the biophysical attributes ofan area (Peck & Associates 2000). 

For example, the planning of open spaces and other landscaped areas is not done 

until the majority of other planning and engineering issues have been resolved. 

Landscaping and open space treatments are viewed more as a cosmetic afterthought, 

rather than a vital component of an ecologically sustainable community. As a result 

any 'landscaping' that is to be provided must be placed around utilities, structures, 

and paved areas, rather than incorporated into the fabric of the development providing 

meaningful and innovative design solutions. 

This can be partially attributed to current organizational frameworks that divide 

responsibilities into many different specialized departments, inhibiting an integrated 

approach. By looking at issues from a single purpose such as transportation, planning, 

stormwater engineering, planning, and others, a comprehensive design and decision 

making process is not possible. A design process, which takes a more holistic 

approach, is needed to create ecological design solutions that solve many of the 

problems associated with conventional design. 
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Another concern i that many consultants, such as engineers, are paid as a percentage 

of the total project budget which may cause consultants to become biased towards 

expensive, large calc technology based design rather than suggesting equally 

suitable low tech olutions to their clients (Peck & Associates 2000). 

Incorporating Knowledge of Barriers into Ecological 
Design 
For ecological design and sustainable communities to become an accepted part of 

society, designers need to understand the barriers they will face in implementing 

their designs. As can be seen in the many obstacles facing ecological design, it 

takes more than just knowledge of ecology and natural systems to implement 

sustainable developments. It may also require clever packaging, education and 

explaining the benefits of innovative design over conventional approaches to the 

public, politicians, policy makers, developers and design consultants. 
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Chapter 4: Principles of Adaptive Design 

he ecological design approach outlined in the next two chapters is based 

upon an amalgamation of the principles and approaches of the six 

ecological design precedents studied. Each precedent was reviewed in 

terms of its applicability to planning and land cape architectural design, its potential 

for application to urban environments, and its ability to provide guidance on how 

designers should approach ecological design. The subsequent principles and process 

takes aspects ofeach precedent to develop an approach referred to here as Adaptive 

Design. The term Adaptive Design has be n used because the approach adapts 

towards the specific environment one is designing within by using the local 

ecosystem to inform design decisions. The pr mise is that by basing design decisions 

on the local ecosystem, a design is more likely to fit within its context and work 

with the local ecology to create low energy ecologically healthy developments. 

More specifically, Adaptive Design will help designers meet the goals of improved 

hydrology, species diversity, microclimate, and food production as compared to 

conventional urban developments. 

There are two components to Adaptive Design the principle and the process. The 

design principles provide a framework for the designer to work within, provide a 

set of basic goals that one should strive for and provide a checklist to valuate 

one's design product. The econd part is the design process, which provides the 

designer with a step by step procedure to help one create a design product that 

works with the local ecology. For more on the Adaptive Design process, refer to 

Chapter 5. 

The Ten Principles of Adaptive Design 
Ten principles ofAdaptive Design have been a embled from the 40 design principles 

reviewed in Chapter 2, and to a lesser extent from the ten barriers to ecological 

design detailed in Chapter 3. For Adaptive Design principles one through eight, 

this was accomplished by organizing the 40 principles into common themes and 

objectives that could be applied to urban de ign to address the environmental 

problems facing urban areas. Although all 40 principles are applicable in certain 

situations, grouping the principles helps to focu them into common themes and 

provides a more manageable number for reference. Principles nine and ten were 

provided in re ponse to the barriers to ecological design (Chapter 3), to help find a 
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balance between social, economic, and ecological considerations in design. The ten 

principles of Adaptive Design have been identified as follows: 

Informing
# Adaptive Design Principle Principles 

Use the local ecology as a model to inform design
1	 1-9, 11-13,30

decisions 

Use natural processes to reduce dependence on 10,14,15,19,23,26,
2 

outside energy sources	 29 

Minimize energy losses through recycling and
3	 24, 37 

storage 

4	 Place elements in an energy efficient manner 22,25,36,38,39 

5	 Use multiple methods to achieve goals 21,35 

6	 Design multifunctional landscapes 20,31,32 

7	 Use knowledge to reduce energy requirements 16-18,28,33,34 

Use exotic species to increase diversity and
8	 27

maximize site potential 

Balance between ecological, social, and economic 40, and infom d by 
9 

needs	 barriers 

10 Create aesthetically pleasing landscapes infomed by barriers 

Corresponding Principles: 

Landscape Ecology 

1.	 Large communities sustain more species than smaller communities 
2.	 Many small patches help sustain regional diversity 
3.	 Patch shape is as important as size 
4.	 Fragmentation reduces diversity 
5.	 Isolated patches sustain fewer species than closely associated patches 
6.	 Species diversity in patches connected by corridors is greater than that of 

disconnected patches 
7.	 A heterogeneous community mosaic sustains more species and is more likely 

to support rare species than a single homogeneous community 
8.	 Ecotones support a variety ofspecies from both communities as well as species 

specific to the ecotone 

Ecological Restoration 

9.	 Replicate community structure 
10.	 Recreate ecological function 
11.	 Design for site durability 
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Naturalization 
12. Use native plants 
13. Create a low maintenance landscape 

MicrocLimatic Landscape Design 

14. Large green areas can reduce air temperature and humidity through transpiration 
15. Strategically placed plants can remove air pollutants 
16. Reducing wind speed is a designer's primary concern during cold weather 
17. Controlling solar radiation is a designer's secondary concern during cold weather 
18. Blocking solar radiation is a designer's primary concern during warm weather 

Permaculture © 
19. Relative location: place every element so that it may benefit from and assist 

other elements in the design 
20. Each element should perform many functions 
21. Each important function is supported by many elements 
22. Layout the site for efficient energy use 
23. U e biological resources rather than fossil fuels 
24. Cycle energy on site 
25. Create small scale intensive systems 
26. Accelerate species succession and evolution 
27. Use a variety ofbeneficial species for a more productive and interactive system 
28. Use edge and natural factors for the best effect 

Regenerative Design © 
29. Let nature do the work 
30. Use nature as a model and a context 
31. Aggregate, don't isolate functions 
32. Determine optimal levels for multiple functions 
33. Match technology to need 
34. Use information to replace power 
35. Employ multiple pathways 
36. Seek common solutions to disparate problems 
37. Develop storage as the key to sustainability 
38. Use form to facilitate flow 
39. Use form to manifest process 
40. Prioritize for sustainability 

For a description ofeach principle, refer to Chapter 2: Ecological Design Precedents. 
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Prairie Pothole Region: Using the 
region's natural landscape patterns 
as a guide (such as the organization 
of prairie pothole/slough complexes) 
designers can create developments 
that function similar to natural 
systems. Picture from Smith et al. 
1964,44. 

The careful placement of vegetation 
to block cold winds and/or shade a 
building is one way natural means 
can be used to minimize a bUilding's 
energy consumption. 

Chapter 4 

#1: Use the Local Ecology as a Model to Inform Design 
Decisions 

Under conventional design approaches, decisions are often based on economics or 

social factors, not ecology. This can result in designs that require high amounts of 

energy input to sustain them, and provide little benefit to society beyond ae thetics. 

To reduce a design's dependence on outside energy sources, and to create designs 

that function more like natural systems, designs should be informed by the stmcture 

of the local ecosystem. This requires research into a number of areas not typically 

the focus of designers such as: 

•	 native plant species characteristic of the eco-region; 

•	 vegetative structure of the native ecosystem; 

•	 ftmction and successional processes of the local ecosystem type; 

•	 habitat requirements of native fauna; and 

•	 landscape patch size, shape, configuration and connectivity between 

patches required to support native flora and fauna. 

Incorporating knowledge of the local ecosystem into the design process can help 

reduce a landscape's energy requirements, supports a wider diversity ofnative plant 

and animal species compared to conventional developments, and creates a landscape 

that fits into the regional landscape with less disturbance of natural processes. 

#2.:	 Use Natural Processes to Reduce Dependence on 
Outside Energy Sources 

Rather than depending on energy intensive methods to accomplish design goals, an 

ecological approach to design lets nature do the work by utilizing natural processes 

to reduce fossil fuel energy use. Accomplishing this may be as simple as: 

•	 interplanting nitrogen fixing plants with species that require high levels 

of nitrogen, rather than using chemical fertilizers; 

•	 allowing natural succes ion to take place in order to create desirable 

growing conditions, rather than using artificial means; 

•	 using vegetation to block cooling winds, rather than relying on fossil 

fuels to compensate for a building's heat loss; 

•	 using vegetation to reduce air temperature, humidity and airborn 

pollutants, in tead of using energy intensive mechanical means; 
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•	 using plants and land contouring for noise abatement, rather than
 

constructing walls;
 

•	 using wetlands to improve water quality rather than conventional
 

mechani al treatment method . and
 

•	 incorporating food producing plants into the urban landscape to reduce a
 

community's dependence on outside energy source for growing and
 

transporting food.
 

#3: Minimize Energy Losses through Recycling and 
Storage 

Efficient use of natural resources is a key component of an ecological approach to 

design. Whenever possible, opportunities should be ought to capture and cycle 

energy and materials on ite, rather than to let them escape so they are no longer 

u able. In design, this can be done in a number of ways uch as recycling leaflitter 

on site through composting, rather than sending it to landfills where the plant's 

energy and nutrients are no longer available, or in the u e ofgreywater for irrigation, 

rather than using potable water. 

A k y aspect of this principle is to provide for torage on ite so that energy and 

mat rials can be held until they are needed. Examples include: 

1.	 storing rainwater so that it may be used later during dry period for irrigation· 

2.	 u ing mat rials with high thermal mass to capture the un's heat energy during 

the day so that it can release the tored-up heat at night; 

3.	 toring solar energy in batterie through the use of photovoitaic ; and 

4.	 using the site's energy and left over space for food production. 
conventional practices send valuable 
resources, such as organic wastes, to 

#4: Place Elements in an Energy Efficient Manner landfills (Top). Adaptive Design 
recycles resources on site to 

The attentive placement of design elements, in relation to each other and the site, minimize energy loss (Bottom). 

can contribute significantly to creating energy efficient de igns. Factor to con ider 

include: 

1.	 PLace elements witlr common requirements together: Grouping elements 

according to their required inputs can help make efficient use of time, space, 

and resource. For example, grouping plant by their requirements of sunlight 

moisture, and oil conditions will help to implify land cape maintenance. 
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2.	 Place elements so they can benefit from one another: Grouping elements so 

the waste or product of one element can be used by another element, will help 

contribute towards making a design more self sufficient and less dependent on 

outside energy sources. For example, placing legumes with nitrogen demanding 

plants such as fruit trees can reduce the need for adding fertilizer. 

3.	 Place elements to create small-scale intensive systems: By minimizing the 

amount of space used, one can minimize energy expenditure since itcms that 

are closely grouped will help reduce time and energy expended in maintaining 

the system. This can be seen in urban agricultural systems where the energy 

requirements for planting, maintenance, and harvesting are reduced when all of 

one's crops are placed in a smaller area. Practices such as vertical gardening 

and container gardening can also help minimize the amount ofland area required. 

This contrasts conventional agriculture, which separates crops over large areas. 

4.	 Place diversified elements together: In industrial systems, materials, land uses, 

resources, and wastes are generally separated. This can lead to problems since 

opportunities to share space and resources have been eliminated. Adaptive 

Design uses innovative design solutions to combine elements and share 

resources. 

5.	 Use a design's form to facilitate minimal energy requirements: Through 

innovative and clever design forms, design objectives should be met, rather 

than relying on fossil fuels to compensate for poor design decisions stemming 

from aesthetic based designs. For example, a building's orientation and form 

should be informed by heating and cooling needs, rather than relying solely on 

air conditioning and central heating to regulate a building's temperature. 

6.	 Place ecological design solutions where they are visually and physically 

accessible: For green technologies to be successful, they must be visible and 

easily accessible if they are to be used and become a part of people's daily 

activities. It is also important that ecological design solutions be visible so they 

may act as educational tools. 
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#5: Use Multiple Methods to Achieve Goals 
Ecologically based design solutions hould be diversified so goals are achieved in 

a variety of ways. This means succe s does not rely on just one element, providing 

a more stable system. For example, the storage and control of stormwater, the 

provision for wildlife habitat, and food production, should all be accomplished in 

multiple ways to guard against the failure of one element resulting in the collapse 

of the entire system. Examples of diversified design solutions include: 

•	 using multiple street tree species and ages to guard against disease and 

death of all tree at the same time; 

•	 providing multiple patches of wildlife habitat rather than just one; and 

•	 planting many different food crops which can be harvested at different 

times of year. 

#6: Design Multifunctional Landscapes 
An ecologically designed landscape should accomplish as many functions as possible 

to make the most efficient use of space and resources po ible. For example, a park 

should be designed to provide opportunities for recreational u e, as well as contribute 

towards stormwatcr management, provide wildlife habitat, grow food, and provide 

environmental education. In addition every element within a design should be 

located to perform multiple tasks. For example, a tree should be placed to provide 

shade, food, shelter from the wind, screen undesirable views, and for aesthetics. By 

considering all of the possibilities each design element can fulfill, it can help make 

a de ign as efficient and functional as possible. However, in instances when one 

important use may be compromised by the inclusions of others (i.e. wildlife habitat 

may be compromised by human usc), it may be important to design for a smaller set 

ofuses. Therefore, it is important that the selected use are compatible and arc not 

in conflict with one another. 

#]: Use Knowledge to Reduce Energy Requirements 
Problem solving in design should be focused to determine what exactly is required, 

rather than using the conventional approach of trying to atisfy every possible 

situation, no matter how unlikely or infrequent. For example, in the design of 

landscapes for human comfort, rather than attempting to create a space which 

provides a comfortable microclimate for all time of day, all year round, a specific 

time of day and season should be focused on. Trying to design for every possible 

climatic situation, although being impossible, would be a waste of resources since 

Design elements, such as trees, 
should be selected and located to 
fulfil as many roles as possible. 
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Non native plants, such as fruits and 
vegetables, should be used in 
Adaptive Design to help maximize 
the use of the site. 

the space would most likely be primarily used during a specific period of time. By 

understanding when this high use period would be allows the designer to focus the 

problem and not over design for a situation that does not or rarely exists. This 

principle may also be applied to other situations such as the design of city 

infrastructure, including roads or storm sewers, which are frequently oversized to 

accommodate rare events. 

#8:	 Use Exotic Species to Increase Diversity and 
Maximize Site Potential 

Designers should not be restricted to using just the native landscape to inform design 

decisions. Non invasive exotic species can also be useful in design and should be 

considered. Many non-native plants can fulfill roles not possible with the use of 

just native species. Very often exotics are more tolerant ofadverse urban conditions, 

provide additional habitat for native wildlife species, and can be used for food 

production and pest control. For this reason it is important that designer have an 

understanding of the non-native species that do well under local environmental 

conditions, and to understand their potential uses and benefits. By using non-native 

species in a design, new design opportunities can be created which may not have 

been possible with just native species such as in the growth offruits and vegetables. 

However, the exotic species chosen should be carefully selected and used only 

when no local alternatives can be found. Furthermore, exotics, which are proven 

pest or weed species, should not be used. 

#9: Balance Between Ecological, Social and Economic 
Needs 

Although the purpose of an ecological approach to design is to incorporate more 

ecological considerations into design, this should not be done blindly at the expense 

of social or economic requirements. The realities of design require that social and 

economic factors be addressed, otherwise designs will either never become reality, 

or if they do, will not survive over time due to a lack ofsocial acceptance or fmancial 

support. The only way to successfully implement ecological designs is to find the 

balance between ecological, social, and economic needs and create de igns that 

satisfy all three requirements. 
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#10: Create Aesthetically Pleasing Designs 
With all of the above principles to consider, it is still important that aesthetics be 

taken into account. Although aesthetics it is not the most important factor, and 

should not be a cause for compromising ecological function, it should playa role in 

the decision making process. This is because designs, which are visually unappealing, 

will most likely not gain public acceptance, while those that are more aesthetically 

pleasing, have a much more likely chance of gaining public approval. Very often 

the difference between a design being aesthetically pleasing or not is as simple as 

choosing the correct colour, or considering the scale or arrangement of items, factors 

which do not necessarily affect a designs ecological performance. 

These ten principles represent issues that designers should consider when designing 

urban environments to make them operate more like the natural environment and 

make them less reliant on outside sources for food and energy. Although effective 

as a checklist after a design is complete, they are more importantly helpful in creating 

an overall mindset for designers. As one works through a design problem to determine 

the best arrangement of elements on a site, these principles should help inform 

design decisions beyond just aesthetics or socially accepted norms. Although it 

may not be possible or appropriate to follow all ten principles all the time, they 

should all be initially considered with the designer using their own knowledge and 

skill to make the final decision on what is appropriate. 
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Chapter 5: Adaptive Design Process 

he design approach taught in schools of landscape architecture and 

planning, and employed by many practitioners, does not approach design 

in a way that adequately addresses urban environmental concerns, nor do 

they seek out ways of incorporating ecological processes into design. An ecological 

approach towards urban design should facilitate creative problem solving to produce 

designs, addressing the environmental issues ofthe region, and working with natural 

processes. Issues concerning hydrology, species diversity, microclimate, urban 

agriculture, and the creation of an aesthetic, which fits in the local context, should 

be addressed in design. This is the intent of the Adaptive Design process as it is 

informed by the local ecology of a region to create designs which address local 

issues of urban hydrology, species diversity, microclimate, food production, and 

vernacular aesthetics. 

The Adaptive Design process was developed using the conventional problem solving 

design approach as a base. From this, aspects ofthe six ecological design precedents 

reviewed were incorporated into the design approach to create a process which 

provides a framework for designers to make ecological design decisions and check 

their designs using ecological performance criteria once complete. It has been divided 

into 12 steps, with each step infonning, and being informed by subsequent steps. 

So although each step is presented as part of a sequential order, it is an expected, 

and necessary part of the process, that the designer revisit each step throughout the 

process. 

The discussion of the design process will begin by a brief description of the 

conventional design approach, followed by a discussion of some ofthe weaknesses 

of the conventional design method that needs to be addressed. Following this is a 

description of the 12 steps ofAdaptive Design. 

Conventional Design Process 
The conventional problem solving design approach taught in design schools and 

used by many professionals is not conducive to creating an ecological product 

because it does not provide opportunities for important ecological issues to be 

incorporated into the design. However, the basic structure does work well when 

working through a design problem to seek out an appropriate solution, and is therefore 

used as a base for Adaptive Design. 

ldaptive design process 
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Motloch (1991) has identified the following four steps as being common to all 

design processes: 

1. Identify an issue or problem to be solved 

2. Generate ideas to solve the problem 

3. Implement idea (i.e. design drawings, plans, sketches) 

4. Evaluate idea(s) 

In most instances the process is cyclical with no predetermined beginning. As one 

works through the process a greater level ofunderstanding ofthe problem is formed, 

and eventually, after several iterations, an appropriate solution is determined. 

Based on this approach, the design process used in urban design involves five steps: 

problem definition, program, site inventory and analysis, concept development and 

evaluation, and final design. Although this basic structure is used in Adaptive Design, 

each step in conventional practice is narrowly defined and therefore not conducive 

to creating ecological design solutions. 

Weaknesses of the Conventional Design Process 
A number of weaknesses of the conventional design process for planning and 

landscape architecture become apparent when it is compared to the six ecological 

design precedents reviewed in Chapter 2. Five primary 'weaknesses', one for each 

step, that limit the designer's ability to create ecologically innovative design solutions 

have been identified. 

#1: Problem Definition - Design problem is narrowly defined and focuses 

primarily on aesthetics and the client's requests 

Too often designs are based solely on the client's requests or project's needs rather 

than combining these needs with the larger ecological or human context (Motloch 

1991). The result is a lost opportunity to incorporate ecology into desig without 

compromising aesthetics, cost, or function of a project. It is up to the designer to 

suggest alternative design solutions to the client and to make them understand all 

available options. Also, addressing the larger environmental issues which plague 

society is not only an ethical responsibility of design professionals but can also 

create numerous auxiliary benefits as well, such as reduced construction and 

maintenance costs. 
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#2: Program -Ecologicalperformance criteria are not identified at the beginning 

Ecological performance criteria, which can be u ed to guide and evaluate a de ign, 

are rarely determined in the early stages of a project. Identifying key ecological 

issues that mu t be addressed can be useful when making de ign deci ions to en ure 

that every aspect of the project is working towards common ecological goals, and 

that design solutions, once implemented, actually perform a intended. 

#3: Site Inventory & Analysis - Narrow view of the environment 

Conventional landscape architecture and planning practice does not acknowledge 

the larger environmental context or wider environmental issues ofa design. Analysis 

of environmental issues during the design process is usually site specific, ignoring 

the larger regional context. This is because it is assumed that the designer already 

has knowledge of these issues, and is sen itive to the regional landscape's 

environmental health. Unfortunately this is not always the case. At no time under 

the conventional design approach is there an opportunity to look beyond the boundary 

ofthe ite and analyze the larger environmental context and incorporate these is ues 

into a design solution. U ually the environmental analy i is too site pecific and 

approached in terms ofpreserving existing vegetation or understanding which soil 

are stable enough to build on. A step needs to be added to the design process where 

the designer can research the surrounding environment and incorporate aspects of 

their findings into their design. 

#4: Concept Development & Evaluation - Focus is on the physical relationship 

between elements 

Society's tendancy to reduce complex issues into more simplistic terms has created 

many of the contemporary ills of ociety. Landscape architecture and the other 

design professions have contributed to this by being reductionist and not facilitating 

ways in which program elements can be organized in new and different ways to 

determine ben ficial relation hips between the ite and program elements. Too often 

a design is broken up into its individual parts with limited opportunity to study how 

they might be able to work as a more interacti e whole (Motloch 1991). Thi can be 

partially attributed to the limitation of u ing only matrices and functional 

relationship diagrams, two common design tools used to investigate the physical 

relationships between elements. Often ignored are the functional, behavioural and 

inter-relationships between element and the site. 
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#5: FinaL Design - Missing post-design evaLuation as a component ofthe design 

process 

In conventional practice, the design process usually stops after the creation of the 

plan or implementation. Missing is a post design evaluation where the designer 

studies a built project to see if it in fact works as intended. This has proven to be an 

especially important step in ecological restoration as practitioners in this field must 

deal with many unknowns and make educated guesses and assumptions in their 

designs. It may be especially important to monitor the ecological structure and 

function of the landscape since it will undoubtedly change over time due to 

succession and other natural processes. In addition, one should look at the social 

and economic aspects of the design to form a complete understanding ofthe design's 

function within society. Without studying a design once complete, the designer 

may never actually find out if their designs work as intended or learn from their 

mistakes. 

Adaptive Design: Twelve Step Process 
To address the weaknesses ofthe conventional design approach, the Adaptive Design 

#1	 problem definition 
process has been developed to incorporate aspects of ecological design into the 

#2.	 analysis of the regional 
conventional design process to create a problem solving process which considers environment 

the local ecology, climate, environmental issues, and the inter-relationships between #3	 program development 

design elements. #4	 program analysis 

#5	 ideal functional relationship 
diagram Adaptive Design is a 12 step process, which takes the designer from the initial 

#6 site inventory & analysis problem definition, to post design evaluation. The process is iterative as each step 

#7 suitability analysis informs and is informed by subsequent steps. For this reason there is not necessarily 

#8 site related functional a correct starting point or order to proceed in. However, each step should be addressed 
relationship diagram 

a number oftimes as one works through the process as new information will inform 
#9 multiple concept plans 

previous and future steps. 
#10 master plan 

#11 site supervision Step #1: problem definition 
#12. post development analysis The first step is to determine the issue or problem to be solved. Traditionally, the 

The 12 steps of Adaptive Design.	 problem is narrowly defined to include only the immediate needs or desire of the 

client. For a design approach to be more ecologically sensitive, the design problem 

needs to be expanded beyond immediate project or client issues. To accomplish 

this, a more holistic view of the problem should be taken which considers the larger 
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environmental context and the ecological issues of the site and region as part of the 

problem definition. To facilitate this, the designer should ask questions such as: 

•	 what are the environmental impacts generally associated with this 

type of development? 

•	 can anything be done to minimize the environmental impact of the 

development and help to better integrate it with the surrounding 

landscape? (while still meeting one's social, economic, and aesthetic 

goals) 

•	 are there general environmental issues/concerns in society that can 

be addressed in the design and help to contribute towards a healthier 

ecosystem? 

Since many of these questions can not be fully answered until the designer has a 

better understanding of the larger environmental context (step 2), this stage will 

need to be revisited throughout the design process as the designer gains a better 

understanding of the ecological issues that should be addressed. 

The premise for this step is that any project, no matter what is being designed, 

should provide some degree of environmental/ecological benefit to society and the 

natural environment, even when ecological health is not the principal objective of 

the client. 

Step #2.: Analysis of the Regional Environment 

This second step provides the designer with the opportunity to understand the regional 

environment and discover potential design issues that should be considered. Under 

the conventional design approach, there is little opportunity for the designer to look 

beyond the immediate site and consider larger ecological issues. Thus missing an 

opportunity to improve to the ecological health of the region. 

When analyzing the regional environment, the designer should consider the following 

five areas to help create a better understanding of the local region and any 

environmental issues. A benefit of this step is that any research into these five areas 

may only need to be conducted on the first project within a region since subsequent 

projects in the same region would be based on the same data. The created database 

will then make future projects more efficient. 
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Climate: temperature, precipitation, wind, solar exposure 

Regional climatic data can help explain a lot about the local ecology as 

climate affects plant species, which in tum affects wildlife. Included within 

this analysis should be an investigation into the elevation, topography, and 

geology of the region, which also plays an important role in determining 

the characteristics of the regional environment. For a detailed example of 

the type of data that should be collected, refer to Appendix C: Calgwy 

Climate Data. 

Ecoregion: Native landscape patterns 

The second area of research to be conducted is into the natural landscape 

patterns, vegetation types, native plant associations, wildlife species, and 

successional processes of the region. This information is crucial for 

informing one's understanding ofthe region's natural systems so the design 

can be incorporated into the landscape with minimal disturbance. For a 

detailed example of the type of research that should be conducted, refer to 

Appendix D: Ecoregions ofthe Calgary Region. 

Other Plant Species: non-natives tolerant oflocal conditions 

Although native plants are often preferable when taking an ecological 

approach towards design, native species alone can not always satisfy all of 

one's design goals. An understanding of non-native plant species that are 

tolerant of the local environment should be researched to gain a better 

understanding of any beneficial characteristics they may have. Food 

production, environmental tolerances (saline conditions, air pollution), 

wildlife benefits, and growth habit, are just a few examples of areas where 

non natives may have an advantage over native plant species. Through a 

more complete understanding of a plant's characteristics, they can be used 

for their highest and best use. This step may also require research into other 

ecosystem types to understand the role non-native species can play in the 

landscape. For an example of the type of data that should be collected, 

refer to Appendix E: Calgary Plant Species. 

Selected Species: key wildlife species and their habitat 

Research into the wildlife of a region will be helpful to achieve habitat 

creation and preservation goals. Quite often development destroys or 
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minimizes wildlife habitat, putting species at risk. Therefore it is important 

to form an understanding of the needs of native wildlife so key habitat 

requirements for selected species can be incorporated into one's design to 

restore ecological function and increase species diversity. 

One possible approach is to understand which species are considered 

umbrella species. By focusing on the habitat requirements for an umbrella 

species, one can hope to improve or create suitable habitat for a range of 

species, which are a part of the same ecological community. However, in 

urban areas this may not be practical due to space constraints. In these 

situations it may be best to focus on the needs of selected urban friendly 

species, such as birds and butterflies, as a means of increasing wildlife 

diversity. 

Understanding the landscape type, vegetation, minimum habitat size, food, 

and shelter requirements of selected species will help the designer make 

decisions that will improve wildlife diversity and create a more self

sustaining landscape. For an example of the type of information that should 

be collected, refer to Appendix F: Wildlife Habitat Requirements. 

2.5 Regional Environment: key ecological issues 

Within every ecosystem, their are ecological issues that are region specific 

and go beyond general sustainability issues such as reduced waste, water 

conservation, and energy efficiency. Sometimes a natural ecosystem type 

or a specific plant or animal community is endangered requiring a solution 

that goes beyond generic sustainable design solutions. 

Key ecological issues may come out of the research into the local ecology 

of the region (climate, plants animals, etc.. ) and very often there may be 

too many issues to fully address. In tllis case the designer should decide 

which issues are the most pressing, while at the same time determining 

which ones are the most feasible to include in the design. The decided upon 

issues should be incorporated into the problem definition, goals, objectives, 

and performance criteria of the project to ensure that these issues are 

addressed. 
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Goal: Increase species diversity 

Objectives:
 
1) Provide habitat for songbirds
 

and butterflies
 
2) Provide habitat for waterfowl
 

in stormwater wetlands
 
3) Link open space patches
 

together with corridors
 

Goals are general statements of 
intent, while objectives help to 
articulate how the goal will be 
accomplished. 

It is also important to consider the environmental problems commonly 

associated with urban developments. Designers should improve their designs 

to minimize environmental impacts by determining which ecological 

components are missing from the local urban environment. Once they are 

identified, it should be determined whether or not they can be re-introduced, 

or if surrogates, which can be used in their place to replicate a similar 

function, are feasible. Often times a surrogate may be the only practical 

option in an urban environment due to social concerns or space issues, 

finding alternatives to natural disturbances or predator species are two 

examples of when alternative, urban friendly solutions may be necessary. 

Step #3: Program Development 

The third step is program development. A program usually involves three related 

parts (Booth 1990): 

1. Goals and objectives 

2. Program elements 

3. Performance criteria 

The items identified in this step are the primary criteria by which the design solution 

should be compared against to determine its success. Therefore, it is important that 

ecological issues and considerations are incorporated into the program. If a project 

does not successfully incorporate the elements identified here, then it should not be 

considered a success from an ecological design standpoint. This step should be 

revisited many times throughout the design process, as new information becomes 

available. 

3.1 Goals and Objectives 

Goals are general statements of intent which set the tone or philosophy of the design, 

by identifying the thoughts and ideas that should be accomplished. For each goal 

there should be objectives which help to articulate how the goal will be accomplished. 

Objectives are usually more action oriented than goals (Booth 1990). 

3.2 Program Elements 

A program is a list or outline of all the design elements (spaces and things) the 

design solution must include and satisfy. It is good to begin identifying the features 

ofa design early on as information is gathered. Program selection is based on client 

104 Chapter 5 



interviews, regional analysis, site analysis, and the designer's own knowledge and 

ideas. The list of program elements is used as a checklist against design concepts 

once they are complete to see if all necessary elements are included. 

3.3 Performance Criteria 

To help determine if the project's goals and objectives are met, indicators should be 

established which are used to evaluate design solutions. The criteria selected should 

be specific, measurable, and representative of a project's goals and objectives so if 

specific performance criteria are met, then it follows the project's goals and objectives 

are satisfied. This provides designers with criteria which tests whether or not their 

design is a success. 

Determining appropriate performance criteria can be difficult as finding indicators, 

which are representative of desired situations, may not be readily available. This is 

because information concerning a project's goals may be patchy or missing 

altogether, and may therefore need to be based on the designer's own research, 

intuition, or trial and error. This can be especially true for ecological performance 

criteria, which is based on the functioning of ecological systems, an area in which 

there are still considerable gaps in knowledge. However, missing information should 

not prevent one from trying to establish performance criteria. Although it is important 

to seek enough information to make sensible decisions, at a certain point in any 

planning process action should not be delayed due to a lack of information as there 

may always be uncertainties. In these situations missing information should be 

recognized and taken into account, with the designer using their best guess. Once 

constructed, the affects of the design should be carefully monitored so that the 

necessary adjustments can be made and applied to future projects (see Step #12 

Post Development Analysis). 

Step #4: Program Analysis 

Program analysis is one of the more creative stages of the design process as it 

involves the exploration and organization of design elements to discover potential 

inter-relationships between them. This is accomplished by investigating the space, 

Community Gardens 
Stormwater Wetland 
Sports Fields 
Community Orchard 
Tree Nursery 
Compost Centre 
Songbird Habitat 
Pedestrian Pathways 
Tot Lot 
Parking 
Hedgerows 
Benches 
Bat and Bird Houses 
Drainage Swales 
Community Centre Building 
Ball Court 

Example of a park program. 

• Provide infiltration rates and 
storage capacity sufficient to 
manage a 1:5 year storm event 

• Ensure that at least 75% of all 
single family units are oriented to 
within 30' of south 

• Size neighbourhoods according to 
a 5 minute/400 metre radius 
around a mixed use centre with 
transit 

Example of performance criteria. 
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Stormwater Wetland 

Needs · stormwater 
(inputs) · catchment
 

area
 
variable water
· depths 

· flood tolerant 
vegetation 

Products · clean water
 
sediment
and ·· vegetationBehaviours 

(outputs) 

Intrinsic · fluctuating
 
Feature
 water level 

· habitat(inputs & · mosquitoesoutputs) 

Characteristic components for a 
stormwater wetland. 
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energy, and material requirements of design elements to determine ways in which 

their arrangement may create efficient and compatible arrangements, which reduce 

energy input and expenditure, time, and space, to meet the project's goals & 

objectives, and Adaptive Design principles. This is expanded from conventional 

practices, which focus only on the physical relationship between elements. 

Program analysis is generally an intuitive exercise as designers rarely work out on 

paper all of the potential relationships between design elements. Quite often this is 

because there are just too many aspects to physically work through all of the 

possibilities, and in many cases the designer will be able to accomplish this step 

while developing rough design concepts. However, in some instances it may be 

useful to graphically complete a program analysis for a more complicated aspect of 

a project to provide an image for reference. In other cases a visual for the client or 

public may be helpful so they may understand the thinking behind a critical aspect 

of the design. 

Four analysis techniques, taken from the ecological design precedents reviewed in 

Chapter 2, are incorporated into the design process. They are presented in an order 

that allows each subsequent technique to benefit from the information gained under 

the previous technique. 

4.1 Design by listing characteristic components 

The first analysis technique that should be used is taken from Mollison's 

(1988) Permaculture © design approach. This technique lists the 

characteristic components ofeach program element in terms of their needs, 

products and behaviours, and intrinsic characteristics. Once these are listed, 

the designer can group the different elements into beneficial relationships. 

For example, if one plant requires nitrogen rich soil (need) and another 

plant fixes nitrogen (product), then these two plants would benefit by being 

placed in close proximity to one another. Listing characteristic components 

may aid designers in determining which elements should be placed close 

together due to similar environmental, maintenance, or social needs, 

products, or characteristics. This technique can help contribute towards 

creating low energy, self-sustaining systems. 
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4.2 Random Assembly 

The second approach, also taken from Mollison (1988), is referred to as 

Random Assembly. This analysis technique is useful for discovering potential 

energy and materials flows between elements that would not normally be 

thought ofunder more conventional approaches due to mental or perceptual 

barriers inherent in mainstream thinking. 

The process works by selecting a group of design components along with a 

set ofplacement or connective strategies. The designer then randomly joins 

one design component to another using the different connections, to find 

strategies for connecting elements into beneficial relationships. The intent 

is that innovative design solutions, which would normally not have been 

thought of due to cultural restraints or education, might be discovered 

(Mollison 1998). 

4.3 Matrices 

Matrices are one of the more commonly used approaches for program 

analysis in conventional landscape architecture and planning. Matrices are 

useful for identifying and communicating one-on-one relationships between 

elements. Normally matrices are depicted as a two-dimensional chart with 

two axes, each identifying a set of program elements or conditions. At the 

intersection a quantitative or qualitative value is given on the degree of 

importance or compatibility. For example, providing a ranging scale of 

values from interactive, meaning the elements a very compatible and could 

be placed together, to conflicting, which means the program elements should 

and/or can not be placed together (Motloch 1991). 

Matrices can also be used to identify and evaluate anyone on one 

relationships the between program elements and a set of circumstances 

such as environmental conditions, existing site characteristics, potential 

users, and economic conditions (Motloch 1991). Matrices "allow the 

designer to identify, record, and communicate a large number of these 

relationships in a minimum amount of time and space. However, they do 

not achieve the integration ofthese data as to discover meaningful aggregate 

patterns" (Motloch 1991, 243). 

corrim~Gnity Stormwater 
Garaen OVER Wetland 

Parking 

Ball Court 

Community··
 
Centre
 

Building
 

Example: Random Assembly for a 
park program. Adapted from 
Mollison (1988). The above diagram 
shows a range of park program 
elements with potential connective 
strategies between them. The goal is 
to find innovative design solutions by 
finding possible connections 
between program elements that 
would otherwise not be discovered 
through conventional measures. 
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[;;iiiiI somewhat desirable 

[!] minimaly desirable 

C2J somewhat undesirable 

[gJ highly undesirable 

The above matrix illustrates the 
compatibility of program items (A to 
F) by applying a rating of highly 
desirable to highly undesirable. 
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The above diagram shows one 
possible way of depicting energy and 
material flow between program 
elements. 

Abstract shapes and symbols should 
be used to determine the "ideal" 
configuration of design elements 
without considering the site's 
opportunities or constraints. 

4.4 Energy and Material Flow Models 

Conventional design approaches focus primarily on the physical 

arrangement of program elements and neglect to study how the flow of 

energy and materials will occur in a design. To create low impact designs, 

which work with natural processes, Adaptive Design requires the designer 

to investigate the relationship between elements at the functional level as 

well. 

In his article The utility ofsemi-formal models ofecologicalplanning, Lyle 

(1991) proposes the use ofmodels to investigate the structural and functional 

relationships between elements. He states that models should be as 

communicative as possible to allow them to be used in conveying design 

ideas to others such as the client and public. Examples of the type of 

functional relationship models that can be produced for a specific site include 

the hydrological cycle, nutrient cycling, energy use, human use, and 

movement. To show the relationship between design elements such as 

species and abiotic elements symbols and arrows can be used to indicate 

the various types of interaction taking place (Lyle 1991). 

Step #5: Ideal Functional Relationship Diagram 

Step five is when the designer combines all of the information gained from the 

program analysis and begins too look at how the program elements should ideally 

be arranged to meet the problem definition. The most common approach is to work 

with abstract shapes or bubbles, and to look at the different ways in which the 

program elements could be arranged if there were no site constraints. The designer 

should produce multiple concepts to determine the range of options available. It is 

also a good idea to evaluate each concept by listing the opportunities and constraints 

for easy reference later so one optimal solution may be chosen. However, it is not 

entirely necessary to choose just one since once the actual site is considered in the 

design (Step #8), the site's opportunities and constraints will most likely help narrow 

the range of feasible options. 

Step #6: Site Inventory & Analysis 

Once the design problem has been identified, the program has been determined and 

analyzed, and the regional environment has been studied, the designer needs to turn 

their attention to understanding the characteristics of site and how the program 
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elements can be incorporated for the best fit. This step is referred to as Inventory & 

Analysis. 

Inventory 

First an inventory of the site is required. This involves the collection of 

environmental, social, and economic data to gain an understanding of the site. 

Examples of data to collect include information on topography, hydrology, soils, 

vegetation, microclimate, views, land use zoning, and existing buildings. This is 

very similar to the approach taken in conventional design except that the inventory 

will be expanded to encompass areas identified in the previous steps. For example, 

notes should be taken of how material and energy flows previously and currently 

take place on the site, or how wildlife currently uses, or historically used the land. 

Analysis 

The analysis portion requires the designer to evaluate or make judgements on the 

importance ofthe features identified in the inventory. Very often this is done in the 

form ofopportunities and constraints as the designer evaluates existing site features 

on their importance in regard to the program and overall design problem. This can 

be one of the more difficult steps in design, and the one most often skipped or 

covered inadequately by designers (Booth 1990). In Adaptive Design this step is 

especially crucial since it is the stage when potential opportunities for mutually 

beneficial relationships between the site and program will be determined. 

Step #T Suitability Analysis 

Taken from Ian McHarg's book Design with Nature (1967), the suitability analysis 

approach, which uses overlays ofsite data, is used to determine compatible locations 

on site for program elements and helps in the selection oflocations for specific land 

uses. The strength ofthis step is in helping isolate development away from sensitive 

or inappropriate locations. The designer should map as many items as possible to 

formulate as complete a picture as possible. Environmental, social, historical, and 

cultural features, which can be graphically mapped, should be included. By 

overlaying these items, either through translucent trace or using Geographical 

Information Systems, one can see if patterns exist on the landscape, and if certain 

areas are more suitable for development than others. This step should also be used 

to determine where connections can be made between landscape patches, and habitat 

can be increased to meet landscape ecology goals. This is not the final decision 

The use of overlays and/or 
Geographical Information Systems 
(GIS) can be helpful in determining 
which areas of a site should be 
protected and which areas are 
appropriate for development. 
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Using the Ideal Functional 
Relationship Diagram as a base, the 
designer should begin to develop 
concepts which incorporate the 
information gained through the Site 
Inventory & Analysis and Suitability 
Analysis. This is done by working 
with abstract shapes and symbols 
and applying them to the actual site 
to develop multiple concepts. 

making technique, however, since the impact ofdevelopment on the chosen location 

is still to be addressed. 

Step #8: Site Related Functional Relationship Diagrams 

The development of site-related functional relationship diagrams is where the 

designer begins to amalgamate information from the program analysis, ideal 

functional relationship diagram, inventory & analysis, and suitability analysis. This 

is generally done by applying the ideal functional relationship diagram to the site 

and then modifying the "ideal" concept according to the site's features. Multiple 

design options should be developed using basic shapes and symbols so the designer 

can create numerous viable alternative designs in a short period of time. 

Each site-related functional relationship diagram produced should be evaluated 

against the problem definition, idealfunctional relationship diagram, and suitability 

analysis to determine the best possible solutions. In addition, each concept should 

also be evaluated against the ten principles ofAdaptive Design (Chapter 4). Based 

on these evaluations, the number of concepts should be narrowed down to two or 

three, if possible, so they may be further refined. 

Step #9: Multiple Concept Plans 

At this stage the designer begins to refine their design solutions, moving from generic 

shapes and symbols, to forms closer to actual program elements. This means using 

the appropriate scale for items and adding more detail to the design to test the 

design options. Once again the design concepts should be evaluated against the 

information gained in the previous steps so a final design can be chosen. 

Step #10: Master Plan 

At this point a final plan is selected and further refined so that all of the spatial 

configurations for design elements are determined. From this point the design can 

be easily changed into construction drawings for implementation. 

Step #11: Construction Supervision 

Designers should also be involved in the construction process as many argue that 

when the design and construction processes are separated "too many good design 

intentions are ignored or never implemented" (Saunders 1996, 27). Supervision 

can be especially important when designs involve new techniques that the contractor 
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Twelve Steps to Adaptive Design 
© Tocher 2000 
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Design Process Comparison (table 1 Of2) 

Step in Process 

Step #1: 
problem definition 

Step #2: 
analysis of the 
regional 
environment 

Step #3: 
program 
development 

Step #4: 
program analysis 

Step #5: 
ideal functional 
relationship 
diagram 

conventional Design 

Problem focuses on design issues - not 
concerned with wider ecological issues 

Not included as formal part of design process 

Assumed that the designer already has in-depth 
knowledge of local environmental issues 

Program often developed by the client 

Design elements which do not contribute directly 
to solving the design issue are not usually 
included 

Focus is primarily on the physical relationships 
between program elements 

Analysis is usually limited to matrices 

Often based on matrices created during program 
analysis (step #4) 

Adaptive Design 

Expanded to include general environmental issues 
and those specific to the region 

Seeks to solve environmental problems not part of 
immediate problem definition 

Research to fonn an in-depth understanding of 
local ecological systems is a key aspect of the 
design process 

Infonnation is used to infonn the problem 
definition, program development, and spatial 
arrangement of design elements 

Key step in using local ecological systems as a 
means of informing design decision (principle #1) 

Program enhanced to include elements that 
contribute towards meeting the expanded problem 
definition 

Analysis of program expanded to include a wider 
range of program analysis techniques such as: 
- characteristic components 
- random assembly 
- energy and materials functional relationship 

diagrams 

Analysis helps to explore and discover a wider 
range of potential beneficial relationships between 
elements 

Exploration of relationships is based on a wider 
range of program analysis techniques 
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Design Process Comparison (tab/e20f2) 

,~ 

Step in Process Conventional Design 

Step #6: Often a narrow view is taken by just looking at 
site inventory & site and immediate surrounding area 
analysis 

Analysis focuses mainly on the site's structural 
characteristics and spatial relationships 

Step #7: Has become an accepted part of landscape 
suitability analysis planning 

Often used in design analysis stage to determine 
the optimal location for program elements 

Often used as primary infonning factor towards 
design form 

Step #8: Used to determine optimal arrangement of 
site related elements on site 
junctional 
relationship Informed by design analysis which concentrates 
diagram on the physical and structural relationship between 

elements 

Step #9: Designs are created and evaluated based on design 
multiple concept problem, program, and analysis 
plans 

Step #10: Typically viewed as final stage in design process 
master plan 

Step #11: Often conducted by someone other than designer 
site supervision 

Step #12: Not usually considered part of design process 
post development 
analysis 

Adaptive/Design 

Scope of issues is expanded to consider a wider 
range of site issues and characteristics dependent 
on expanded problem definition 

Regional analysis is conducted in conjunction 
with the site analysis 

Analysis includes site functional characteristics 
in terms of energy and nutrient flows 

Not the final step in design analysis, but rather 
used to guide development away from 
inappropriate locations 

Used to determine the optimal arrangement of 
elements on the site 

Informed by a wider range of information which 
looks also at the functional, behavioural, and 
inter-relationship between program elements 

Same as conventional design approach however 
since the design problem, program development, 
and analysis have been expanded, so to has the 
criteria which the design is based and evaluated 

Design should be flexible enough to allow for 
change during implementation/construction 

When designer is involved in site supervision it 
can allow for adjustments as needed to improve 
design 

Crucial step since it allows the designer to see if 
expectations are fulfilled 

Only way to tell if design is a success in terms of 
its operation within the environment 

Helpful for informing future designs 
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may have never seen before and may be difficult to articulate in drawings. Also, 

successful operation ofan ecological design often relies on natural materials, which 

can vary greatly and depend on fastidious placement for success. Until ecological 

design becomes more common place and contractors are able to use existing projects 

as models, extra site supervision will be necessary. 

Step #12: Post Development Analysis 

Normally the creation ofa master plan and construction drawings is the final step in 

the design process. However, in Adaptive Design, where one is creating designs 

that function with natural systems, there can be a lot of uncertainty about how 

successful a design solution will be. As is the case in ecological restoration, when 

trying to restore ecological systems, there can be a fair amount of guess work and 

assumptions that need to be made in creating a plan. Although we have a fairly 

good understanding of ecology and ecosystems, there is still a lot we do not know. 

Therefore, post development analysis is important in projects, which involve 

experimental design solutions involving close relationships between plant and animal 

species, such as in the creation of wildlife habitat, stormwater treatment wetlands, 

or restoring native landscapes. 

At this point performance criteria identified in Step 3 should be used to evaluate the 

design to determine the project's success. Based on this evaluation, changes should 

be made if necessary to meet the design goals and objectives. This is also an 

appropriate time for the designer to think about new performance criteria that could 

be applied in future projects. 

Post development analysis should occur throughout the life of the project, but 

especially after plants have had time to establish. Ideally, repeated visits over time 

will help one see how the design changes in terms of function, structure, behaviour, 

and inter-relationships. This type ofmonitoring can be especially important when a 

maintenance program is required to direct plant succession. Unfortunately, in 

conventional design, post development analysis rarely occurs. Often the client does 

not want to pay for it since the design is complete, and the designer does not make 

time since they are no longer getting paid. However, designers should view post 

development analysis as an important part of the design process and undertake the 

analysis on their own to learn from previous mistakes and improve future projects. 
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The Adaptive Design process can be used on all types and scales of design, and can 

be employed by all urban design professions, such as planners and landscape 

architects, to help facilitate a more ecological product. Adapitve Design is a 12 step 

process, which uses the conventional problem solving design process as a base, and 

incorporates the principles and approaches from the six ecological design precedents 

reviewed. Its steps take the designer through the entire design process from problem 

definition and analysis, to post construction evaluation to help the designer obtain a 

design, which is more sensitive to the local ecology and considers the environmental 

issues ofthe region. Its steps also help to investigate potential beneficial relationships 

between design elements to reduce energy and save space by looking beyond just 

physical connections and considering the flow of energy and materials between 

elements. Employing this process in urban design will lead to more sustainable 

developments, which address the environmental implications ofconventional design 

practices. 
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Chapter 6: Design Program 

he only way to find the answer to what a more sustainable world might 

look like, without building an entire new community, is to first try things 

out in design (Van der Ryn 1991). This is the goal of Chapters 6 through 

9 of this document as they illustrate the form a residential community could have 

when designed with an ecologically based design approach. The Adaptive Design 

principles and process outlined in Chapters 4 and 5 have been applied to a site in 

southeast Calgary at three different scales of development: full site master plan 

(multiple communities), community scale, and neighbourhood scale. In addition, 

the Adaptive Design process was used in the development of site design details to 

illustrate how ecological processes could be incorporated into the urban environment. 

This chapter provides a summary of the program development stage of Adaptive 

Design as directed in Chapter 5 and provides the foundation for the community 

design of the Southeast Planning Area presented in Chapter 7. The program is 

presented in four sections, corresponding to the first four steps in the Adaptive 

Design process: 

1.	 Design Problem Definition; 

2.	 Analysis of Calgary's Regional Environment; 

3.	 Program; and 

4.	 Program Analysis. 

When possible, the City of Calgary's objectives for the site have been meshed with 

the principles of Adaptive Design to create a community form which incorporates 

natural processes into the urban fabric, while also considering the social and 

economic realities of new communities. Examples of this include: 

•	 creation of communities comprised of a number of small 

neighbourhoods surrounding a community centre; 

•	 provisions for public transit in terms ofdevelopment density and urban 

form with most residents located within a five minute walk of a transit 

stop; 

•	 the use ofalternative stormwater management techniques which respect 

natural processes and the replenishment of groundwater supplies; and 

•	 the incorporation of a linked open space system. 

City of Calgary
--'r' -r'-'i 

! 

t 

Southeast '._
Planning Area 

The demonstration site is located in 
the southeast corner of the City of 
Calgary. 
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These objectives, among others indicated in the City's Sustainable Suburbs Study 

(1995), provided a starting point for the site's program. 

Site Description 
The demonstration site is located in the southeast corner of Calgary Alberta. It is 

approximately 1600 ha with an expected population of -77,000, and employment 

for -10,000 people once developed. The site has been selected as a future 

employment centre that will "create a significant concentration ofactivity and focal 

point ofoffice development, medium density residential, and community facilities" 

(City of Calgary 1999). It is intended that this new centre will provide jobs in close 

proximity to the City's projected growth corridors, thus reducing future commuter 

traffic away from already congested downtown routes. The site is not slated for 

immediate development; however, the goal is to have a plan in place once 

development is required to support Calgary's growth. 

There are few site constraints to be overcome in developing a community on the 

demonstration site. The land is currently used for agriculture, with no undevelopable 

slopes, or unique cultural features identified to date.' However, a number ofwetlands 

currently exist in the north west corner ofthe site, which deserve some consideration 

for preservation and incorporation into the open space system. Furthermore, the 

site does have significant potential for the creation ofan ecologically based designed 

community and therefore warrants the consideration ofsome key issues in the design. 

These include: 

•	 the creation of a relatively unfragmented open space system around 

the perimeter of the site due to the limited access highways and 

transportation utility corridor which runs across the north end of the 

site; 

•	 the preservation and enhancement of the river valley at the south end 

to improve the ability of wildlife to move through the valley, around 

the site; 

•	 preservation ofviews of the mountains and of downtown Calgary; and 

•	 provision for public access to the Bow River Valley as there is currently 

no public access available in the area. 

, Time and resources limited the scope of the site analysis conducted. Also, since the 
majority of the site is privately owned, access was limited to only public roads and 
excluded ground-truthing the majority of the site. 
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For a more detailed site description and analysis, refer to Appendix G: Site Inventory 

& Analysis. 

Design Problem Definition 
Based on the current environmental problems created by conventional urban 

development practices2 
, the following design problem has been identified for the 

community design of the Southeast Planning Area: 

Conventional design practicesfail to incorporate ecologicalprocesses 

into urban design, especially in the areas ofstormwater management, 

native species diversity, microclimate modification, and urban 

agriculture. The challenge for designers is to determine how to 

incorporate ecological processes into the built environment while 

still balancing the social and economic requirements of the human 

environment. 

Results of Calgary's Regional Environment Analysis 
Based on the second step in the Adaptive Design process: Analysis ofthe Regional 

Environment, the ecology of southern Alberta was researched to develop an 

understanding of the key enviromnental issues for the region. From this analysis, 

five key areas ofbiogeoclimatic opportunities and constraints have been determined. 

These are important informing factors to ecological design in Calgary and should 

be considered in the development of a new community. 

#1: Calgary's Long Winters 

Calgary's long winters, which last just over half the year from the end ofOctober to 

late April, warrant consideration in community design, as cold air temperatures in 

conjunction with cold west to northwest winds, can affect human comfort and 

building energy efficiency. The predominant wind direction over the year is the 

north-northwest, although during the colder months, the stronger winds come from 

the west. 

See Chapter 1 for a discussion on the current environmental problems created by the 
conventional approach to urban design 

Stage in Adaptive
 
Design Process
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#3: Program Development 

( #4: Program Analysis) 
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#2: Number ofDays with Sunshine 

Calgary has a significantly high number ofdays with sunshine. This can be especially 

important during the winter months when passive solar opportunities may benefit 

building energy use and human comfort in outdoor environments. However, 

Calgary's latitude means that during the winter months, the sun's angle is quite low, 

between 15 to 18° above the horizon, limiting the availability of solar access. This 

requires that minimum building setbacks and maximum building heights be 

established to allow homes adequate solar exposure for passive solar heating. 

#3: Reduction in Native Habitat 

Calgary is located between two ecoregions: the Fescue Grassland ecoregion and 

the Aspen Parkland ecoregion. Both landscape types make up a relatively small 

portion of the province and are at risk as only a small portion of each ecoregion 

remains in an undisturbed form. Agriculture, and the expansion ofthe City ofCalgary, 

are the two main threats as urbanization has gradually removed the characteristic 

flora and fauna from the region. 

A significant aspect of these ecoregions is the pothole and slough complexes that 

are used by migrant waterfowl each spring. These ephemeral ponds provide important 

breeding and brooding habitat for waterfowl. Unfortunately, these wetland complexes 

are being eliminated as agriculture and urban sprawl takes place across the prairie 

landscape. To help mitigate some of the habitat destruction occurring due to 

urbanization, new community developments should look at providing waterfowl 

habitat and re-establishing the pothole pattern across the landscape. 

#4: Grassland Environment 

Based on the fact that Calgary is located within the transition zone between the 

Aspen Parkland and Fescue Grassland ecoregions, with a scattering ofboreal forest, 

woody shrub and tree species only naturally grow in areas where moisture is more 

plentiful such as water holding depressions and north facing slopes. Therefore, it is 

important for designers to create low areas, trap snowmelt, block drying winds, and 

shade areas from direct sun, to create conditions which are favourable to woody 

vegetation growth in order to improve plant survival and minimize maintenance 

requirements. 
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#5: Chinooks 

Although Calgary's Chinooks bring relief from cold winter weather, they can be 

harmful to plant species as sudden freeze-thaw occurrences can damage plants. 

Non native plant species need to be carefully selected and located to ensure survival 

since many species, which can actually tolerate colder conditions, are unable to 

survive Calgary's sudden temperature variations. 

For a more detailed and complete review of these five issues, refer to Appendices 

C, D, E, &F. 

Program Development 
Step 3 in the Adaptive Design process involves the determination of the site's 

program, which consists ofthe primary elements that are incorporated into the design. 

The program for the site has been developed from a wide range of sources. These 

include an analysis of conventional community design, analysis of the regional 

environment, City of Calgary's Sustainable Suburbs Study (1995), and from the 

City of Calgary's preliminary work on the Southeast Planning Area. As presented 

in the Adaptive Design process outlined in Chapter 5, the program is divided into 

three parts: Goals and Objectives, Program Elements, and Performance Criteria. 

Refer to the table on page 128 for a summary of the design program. 

Goals & Objectives: 

The goals and objectives come from a wide range of sources and were constantly 

revisited throughout the design process. The main source ofdirection for the project's 

goals and objectives included: 

• Implications of Current Design Practices (Chapter 1) 

• Ten Principles of Adaptive Design (Chapter 4) 

• Analysis of the Regional Environment (Appendices C, D, E, and F) 

• Site Inventory and Analysis (Appendix G) 

From these four areas, six goals have been determined. These goals cover the range 

of environmental issues plaguing urban areas such as water, air, and soil quality; 

energy flows; and social and economic viability. Under each goal, objectives have 

been outlined which help meet the goals. The goals and objectives are the main 

statements of intent, which identify the thoughts and ideas the design should 

accomplish. 

":~
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The following goals and objectives were used as a checklist during the concept 

evaluation process to help determine if the design accomplished its original intent. 

Goal #1: Manage stormwater in a manner that allows for groundwater 
recharge and minimizes the need for infrastructure such as 
catch basins and underground pipes. 

Objective 1.1: Use a series oflandscaped swales, parks, and open spaces 
to hold, filter, and transport run-off 

Objective 1.2: Use wetlands for storage andfiltration ofstormwater 
Objective 1.3: Use wetlands to provide habitat for waterfowl and other 

associated species 

Goal #2: Provide habitat for urban-friendly wildlife species to increase 
native species diversity 

Objective 2.1: Provide habitat for songbirds and butterflies throughout 
community 

Objective 2.2: Improve connectivityfor urbanfriendly wildlife throughout 
the community 

Objective 2.3: Provide habitat for waterfowl, ground birds, raptors, and 
bats in larger open space areas 

Objective 2.4: Enhance habitat and connectivity along Bow River 
eSCaipment for larger mammals such as deer 

Goal #3: Improve the microclimate ofthe community 

Objective 3.1: Improve the energy efficiency ofbuildings by considering 
solar orientation, building separation, and wind direction 

Objective 3.2: Provide screening adjacent to highways to block noise, wind, 
pollution, and unsightly views 

Goal #4: Incorporate opportunities for urban agriculture into the 
community 

Objective 4.1: Provide locations for community gardens 
Objective 4.2: Incorporatefood-producingplants into the landscape design 

ofpublic places 

Goal #5: Create a landscape aesthetic that fits into the local context 

Objective 5.1: Use predominantly native vegetation in natural 
arrangements 

Objective 5.2: Use native vegetation on public land such as boulevards, 
medians, and parks 
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Goal #6: Create a community that is socially and economically viable 

Objective 6.1:	 Create a community form based on a grid road system for 
ease oftraffic flow 

Objective 6.2:	 Provide a density that isfeasibleji-om a social and economic 
standpoint to support local commercial and transit with a 
5-minute walk/400 metre radius 

Program Elements 

The second part ofprogram development is the identification ofprogram elements, 

which constitute the primary items the design must include and support. The 

following program elements have been identified as features that will help meet the 

project's goals and objectives. These elements have been divided into six categories, 

one for each project goal. 

#1. Stormwater Management Program 

•	 Connected system of stormwater wetlands 

•	 Areas for temporary stormwater detention to reduce overland flow and 

encourage infiltration 

•	 Vegetated swales along streets and at the back of lots 

#2. Habitat Diversity Program 

•	 Habitat for urban friendly wildlife species (songbirds, butterflies, 

waterfowl, bats, raptors) 

•	 Habitat for keystone prairie species in edge areas (deer & ground birds) 

•	 Connected open space system with corridors a minimum of 13 metres 

in width3 

•	 Stratified landscape plantings in urban parks, street medians, traffic 

islands and boulevards 

•	 Native grasses and wildflowers in place of manicured lawns in public 

areas (except on sports fields) 

#3. Microclimate Program 

•	 Adequate separation between homes to allow for sunlight penetration 

when the sun is at its lowest angle of 15' 

313 meters is the minimum desirable corridor width to support travel for smaller wildlife 
(Forman and Godron 1986). 

~':At;; 
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•	 Berms and vegetation to block winter winds 

•	 Vegetation screens between highways and residential areas to block 

sound, unsightly views, and intercept polluted air 

#4. Urban Agriculture Program 

•	 Community gardens 

•	 Public orchards 

•	 Urban forestry/native plant nursery 

•	 Composting sites in neighbourhood parks 

#5. Prairie Landscape Program 

•	 Views ofmountains and downtown Calgary from within the community 

•	 Vegetation in patterns similar to that ofthe surrounding natural landscape 

•	 Connected pedestrian pathway system with views to surrounding 

landscape 

•	 Pathway connection to the Bow River valley 

#6. City ofCalgary Program 

•	 80% single detached units 

•	 20% Semi detached/duplexes/townhouses/apartments4 

•	 Overall density of -7 upa 

•	 Total population of -77,000 

•	 Two school sites 

•	 Health care facility 

•	 Regional recreational centre 

•	 LRT stations 

•	 Mixed use town centre (employment and retail) 

•	 Regional park 

+ Out of this 20%, 75% to be semi detached, duplexes and townhouses, 25% to be 
apartment 
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Performance Criteria 

To help determine if the designer's goals and objectives are met, measurable 

indicators for each of the six goals have been selected. These criteria would be 

tested against the built community to help determine if the design meets its intentions. 

This research would be conducted during the fmal step of the Adaptive Design 

process: Post Development Analysis. The performance criteria selected for the site 

are as follows: 

Criterion #1: Stormwater 

•	 Provide infiltration rates and storage capacity sufficient to manage a 

1:5 year storm event 

Criterion #2: Habitat Diversity 

•	 Create a minimum of three habitat types that can be used individually 

or combined throughout the community. 

Criterion #3: Microclimate 

•	 Ensure that at least 75% ofall single family units are oriented to within 

30· of south 

•	 Ensure a separation between 75% of the units which allows for at least 

one hour of solar exposure on the shortest day of the year 

•	 Increase the number of growing degree days around homes by at least 

three days 

Criterion #4: Urban Agriculture 

•	 Provide a sufficient number of community garden plots so that at least 

50% of all residents in apartments have the option of growing some of 

their own food 

Criterion #5: Prairie Aesthetic 

•	 All public open spaces and streetscape plantings to consist of at least 

75% native Alberta species 

•	 70% of all public open spaces, including boulevards and parks to be 

native grasses and wildflowers rather than manicured Kentucky Blue 

grass 
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Design Program Summary: Southeast Planning Area Community Design 
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Goal #1: Manage stonnwater in a manner that 
allows for groundwater recharge and minimizes 
the need for infrastructure such as catch basins 
and underground pipes. 

Goal #2: Provide habitat for urban friendly 
wildlife species to increase biodiversity 

Goal #3: Improve the microclimate of the 
community 

Goal #4: Incorporate opportunities for urban 
agriculture into the community 

Goal #5: Create a landscape aesthetic that fits 
into the local context 

Goal #6: Create a community that is socially and 
economically viable 

Objectivesww 

Objective 1.1: Use a series of landscaped swales, parks, and open 
spaces to hold, filter, and transport run-off 

Objective 1.2: Use wetlands for storage and filtration of stonnwater 

Objective 1.3: Use wetlands to provide habitat for waterfowl and other 
associated species 

Objective 2.1: Provide habitat for songbirds and butterflies throughout 
community 

Objective 2.2: Improve connectivity for urban friendly wildlife 
throughout the community 

Objective 2.3: Provide habitat for waterfowl, ground birds, raptors and 
bats in larger open space areas 

Objective 2.4: Enhance habitat and connectivity along Bow River 
escarpment for larger mammals such as deer 

Objective 3.1: Improve the energy efficiency of buildings by 
considering solar orientation, building separation and wind direction and 
screening 

Objective 3.2: Provide screening adjacent to highways to block noise, 
wind, pollution, and unsightly views 

Objective 4.1: Provide locations for community gardens 

Objective 4.2: Incorporate food-producing plants into the landscape 
design of public places throughout the community 

Objective 5.1: Use predominantly native vegetation in natural 
arrangements 

Objective 5.2: Use native vegetation on public lands such as 
boulevards, medians, and parks 

Objective 6.1: Create a community form based on a grid system for 
ease of traffic flow 

Objective 6.2: Provide a density that is feasible from a social and 
economic standpoint 
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Program Elements 

· Connected system of stormwater wetlands 

· Areas for temporary stormwater detention to reduce 
overland flow and allow for infiltration 
Vegetated swales along streets and at the back of lots· 

· 
· 
· 
· 
· Habitat for urban friendly wildlife species (songbirds,
 

butterflies, waterfowl, bats, raptors)
 
Habitat for keystone prairie species in edge areas (deer &
 
ground birds)
 
Connected open space system with corridors a minimum
 
of 13 metres in width
 
Stratified landscape plantings in urban parks, street
 
medians, traffic islands and boulevards
 
Native grasses and wildflowers in place of manicured
 
lawns in public areas (except on sports fields)
 

Adequate separation between homes to allow for sunlight · 
penetration when the sun is at its lowest angle of 15· 
Benns and vegetation to block winter winds · · Vegetation screens between highways and residential 
areas to block sound, unsightly views, and intercept 
polluted air 

•	 Community gardens
 
Public orchards
 · · Urban forestry/native plant nursery 
Composting sites in neighbourhood parks · 

· 
· 
· 
· Views of mountains and downtown Calgary from within 

the community 
Vegetation in patterns similar to that of the surrounding 

natural landscape 
Connected pedestrian pathway system with views to 

surrounding landscape 
Pathway connection to the Bow River valley 

· · 
· · 
· 80% single detached units 

20% Semi detached/duplexes/townhouses/apartments 
Overall density of 7 units per acre 
Total population of ~77,000 

2 school sites 
Health care facility · 
Regional recreational centre · 

· · 
· LRT stations 

Mixed use town centre (employment and retail) 
Regional park 

~cerforma nw~,~w"s::riteria w 

· Provide infiltration rates and storage capacity 
sufficient to manage a 1:5 year storm event 

· create a minimwn of 3 habitat types which can be 
used individually or combined throughout the 
community 

· ensure that at least 75% of all single family units 
are oriented to within 30· of south 

· ensure a separation between 75% of the units 
which allows for at least I hour of solar exposure 
on the shortest day of the year 

· Increase the number of growing degree days 
around homes by at least three days 

•	 Provide a sufficient number of community garden 
plots so that at least 50% of all residents in 
apartments have the option of growing some of 
their own food 

· All public open spacs and streetscape plantings to 
consist of at least 75% native Alberta species. 

· 70% of all public open spaces, including 
boulevards and parks to be native grasses and 
wildflowers rather than manicured Kentucky Blue 
Grass 

· Neighbourhoods to be sized according to a 5 
minute walk/400 metre radius centred around a 
transit stop and convenience store 

· Provide a mix of at least 6 different dwelling types 
(single detached, semi detached, triplexes, 
fourplexes, townhouse, apartments, ancilliary) 
within each neighbourhood, with at least 20% of 
the total number of units being multi-family 
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Criterion #6: Social and Economic Viability 

•	 Neighbourhoods to be sized according to a 5 minute walk/400 metre 

radius centred around a transit stop and convenience store 

•	 Provide a mix of at least six different dwelling types (single detached, 

semi detached, triplexes, fourplexes, townhouse, apartments, ancillary) 

within each neighbourhood, with at least 20% of the total number of 

units being multi-family 

Program Analysis 
The fourth step in the Adaptive Design process is Program Analysis. Four program 

analysis techniques have been outlined in Chapter 5 which are useful in ecological 

design to discover potential inter-relationships between design elements: 

Characteristic Components, Random Assembly, Matrices, and Energy andMaterials 

Flow Models. However, discovering the potential relationships between program 

elements can be more intuitive than structured, and to depict all of the various 

possibilities/alternatives in a way that would be meaningful to the reader would be 

difficult due to the vast number ofpossibilities. Therefore only a few key examples 

are provided here to illustrate the primary type of relationships explored which 

were most influential in guiding the final design form. In addition, an example of 

random assembly has not been included since, although this is a useful exercise, it 

is not conducive to depicting graphically. For more on this analysis technique, refer 

to Chapter 5. 

Matrices 

Matrices were helpful in determining the desirability of the relationship between 

program elements. Although this tool is somewhat subjective as it requires an 

evaluation of relationships based on the designer's own knowledge and biases, it 

was most useful for organizing the designer's thoughts when there was a large 

number of evaluations to be made. Two such matrices are presented below. 

Land Use Compatibility for Wildlife 

To help determine the compatibility of selected wildlife species within the urban 

environment, a matrix was developed to determine the potential that specific land 

uses would have for supporting selected wildlife species. From this matrix it was 

determined that the linear greenways and passive recreation parks provided the 

best opportunity to support wildlife, while the boulevards and traffic islands, although 

possessing some potential for smaller species, are undesirable locations for most. 
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Land Use Compatibility 

The second matrix presented here investigated opportunities and potential for 

integrating different land uses to share space and resources. Fifteen land uses were 

compared to determine their level ofcompatibility. Although it should be noted that 

some of these relationships were quite obvious, such as the compatibility of a 

residential street and a residential area, others were not so clear, such as the 

compatibility of wildlife movement corridors with residential streets. 

Characteristic Components 

The second program analysis technique demonstrated here is Characteristic 

Components. Taken from Mollison's Permaculture © design approaches (1988), 

this approach was used to determine where commonalties exist between the output 

ofone program element and the required input ofanother. By finding links between 

elements, they were positioned in close proximity to one another to form mutually 

beneficial relationships to share space and resources. 

In the sample provided, five program elements were analyzed to determine common 

links. The inputs and outputs for stonnwater wetlands, community gardens, orchards, 

compost facilities, and hedgerows were analyzed revealing the following potential 

links: 

•	 Plant waste from the community gardens and orchards could be used 

in the compost 

•	 Compost would be useful in the community gardens and orchards 

•	 Nitrogen fixing caragana shrubs in hedgerows could supply nitrogen 

for orchard trees and community gardens 

•	 Wind blocking of hedgerows could protect temperature sensitive fruit 

trees 

•	 Sediment collected from wetlands could be deposited into the compost 

pile 

•	 Hedgerows could provide protective habitat for bats, swallows, and 

martins, which could feed on wetland mosquitoes 

The discovery of these possible links informed the designer of how these elements 

could be best positioned with one another to exploit these mutually beneficial 

relationships, which lead to the organization of elements in the open spaces. 
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Stormwater Wetlands 

Needs Products & Behaviours Intrinsic Characteristics
 
(inputs) (outputs) (inputs & outputs)
 

•	 stormwater • clean water • fluctuating water 
•	 catchment area • traps sediment which level 
•	 variable water depths needs to be • provides habitat for 
•	 flood tolerant periodically removed wildlife 

vegetation • plants	 which take up • mosquitoes 
metals and other 
substances need to be 
removed 

Community Gardens 

Needs Products & Behaviours Intrinsic Characteristics
 
(inputs) (outputs) (inputs & outputs)
 

•	 water • fruit and vegetables • food for wildlife 
•	 sunlight • waste organic matter 
•	 nutrient rich soil 
•	 protection from 

elements 
•	 pollination 

Orchard 

Needs Products & Behaviours Intrinsic Characteristics
 
(inputs) (outputs) (inputs & outputs)
 

Sunlight fruit	 • aesthetics·	 · 
•	 protection from the • organic waste (wind • visual barrier 

wind fall) 
•	 nitrogen rich soi I 

•	 water 
•	 pollination 

Compost 

Needs Products & Behaviours Intrinsic Characteristics
 
(inputs) (outputs) (inputs & outputs)
 

•	 waste organic matter • rich orga nic matter • process can help kill 
- grass clippings (compost) off weed seeds 
- garden waste 
- kitchen waste 
- leaf litter 

Wind Breaks 
Characteristic Components: ByNeeds Products & Behaviours Intrinsic Characteristics 
recording the inputs and outputs for (inputs)	 (outputs) (inputs & outputs) program elements, opportunities for 
beneficial relationships can be

•	 sunlight • wind protection • provides habitat for 
determined byfinding links between 

•	 water • nitrogen fixing wildlife the	 needs of one element and the 
soil	 (caragana)•	 outputsofanothe~ 
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Stage in Adaptive
 
Design Process
 

#1: Problem Definition 

#2: Analysis of the Regional 
Environment 

( #3: Program Development) 

~ 
(#4: Program ~nalysif) 

Characteristic Components 

Matrices 

Energy and Material 
Flow Models 

Energy and Materials Flow Model: 
Helps to illustrate the potential 
connections that can be made 
between program elements based on 
their inputs and outputs. 

Energy and Materials Flow Models 

To help illustrate some of the possible beneficial connections that can be made 

between design elements, graphic models, which depict potential energy and 

materials connections, can be used. For the five program elements analyzed above, 

the following energy and materials flow diagram has been developed to illustrate 

the potential relationships between elements that could be established. A model 

such as this can then be used to help determine the physical arrangements ofelements 

required to maximize opportunities for energy and materials flow. 

habitat Houses for --- ---- - - __n insectivorous 
birds and -q' bats 

, 

stormwater 

* Assumes that Caragana Spp. is used in the hedgerow. 
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The program development steps ofthe Adaptive Design process were important in 

setting the framework for the Southeast Planning Area design. The problem 

statement, analysis ofthe regional environment, program development, andprogram 

analysis, provided the building blocks for developing design concepts for the site, 

which were then evaluated against the design program to determine how successful 

the design was in meeting the project's goals. The following Chapter illustrates the 

form the Southeast Planning Area could have when its design is based on the above 

program. 
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Chapter 7: Community Site Design 

description ofthe Southeast Planning Area community design is provided 

under three parts corresponding to three different scales ofdevelopment: 

1. Open Space Network 

2. Community Design 

3. Ecological Neighbourhood Unit 

Each scale of development is discussed in terms of the general design concepts and 

the site design proposed. At the end ofthis chapter the design's land use percentages 

for the entire site and a sample neighbourhood are provided. 

Open Space Network 

--" 
I 1 I 
I 
- - I 

\ 

." ..; ~ Ecological\.. Neighbourhood: 
Units (2S)

~~----' ~-

The community site design is 
presented in three parts: Open Space 
Network, Communities, and 
Ecological Neighbourhood Unit. 
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Design Concept Overview 
The primary building block for the community's design is the ecological 

neighbourhood unit. Sized on a 5-minute/400 metre walking distance, it provides a 

framework for a residential neighbourhood of2500 to 3000 people centred around 

a high density commercial/transit node and surrounded by a greenbelt. When linked 

together, four to six ecological neighbourhood units combine to create a community 

of 12,000 to 18,000 people with a community centre at its core. The community 

centre provides the commercial and public facilities necessary to support the 

community and is within a ten minute walking distance of most residents. The 

greenway system, which links all of the neighbourhoods together, serves a number 

of functions including stormwater management, wildlife habitat, microclimate 

modification, urban forestry and agriculture operations, and recreation. It also 

supports a pathway system, which connects all important features of the community 

together including commercial areas, parks, and public transit stops. Through the 

middle of the site runs the LRT line with three transit stops evenly spaced to put 

most residents within a 10 to IS-minute walk of a station. 

Over the entire site, a total of 25 Ecological Neighbourhood Units cover the -1600 

ha site to create a development that possesses a high integration of open space 

within the urban environment. As almost one quarter of the site is open space, the 

overall density of the site is only 6.6 units per acre. However, within the developed 

areal of the neighbourhood, a density of over 8 units per acre is created which will 

support transit service and small scale commercial within the community2 . 

1 The developed area refers to the mixed-use neighbourhood node, multi family residential, 
single family residential, and neighbourhood park. It excludes the greenbelt which surrounds 
these land used. 

'7 units per acre has been accepted in some community planning literature as the minimum 
density that will support transit and commercial services (Calthorpe 1993, City of Calgary 
1995). 
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Open Space Network 
Quite often, open space in conventional suburban design is merely left over land 

mandated by minimal setbacks and conveniently placed buffers between 

incompatible uses. More often than not, this effort is a mere ploy to gain the approval 

ofsome regulatory authority (Porterfield and Hall Jr. 1995). In the Southeast Planning 

Area design concept, the open space network is the backbone of the cOlmnunity as 

the network performs a range of functions from pedestrian pathways and noise 

buffering, to stormwater management and wildlife habitat. It is organized into a 

hierarchy of spaces with each level performing a different role. 

The open space network uses 383 hectares (946 acres) ofland which is 25% of the 

total site. The open space corridors vary in width between 13 and 200 metres to 

provide many different ecological, social, and economic benefits to the community. 

This contrasts conventionally planned open space systems, which mainly perform 

an aesthetic and recreational function. The open space network's primary role is the 

transportation and infiltration of stormwater, with secondary provisions including 

habitat for wildlife, moderation of the urban microclimate, urban agriculture, and 

the creation of a natural aesthetic. Each of these functions played a significant role 

in determining the open space network's design in terms of size, shape and 

configuration. The following is a brief description of each of these functions, and 

although each is discussed separately, they are all compatible to some degree, and 

in some cases combined to share features. 

Function #1: Stormwater Management 

The management of stormwater on the site was one of the primary factors influencing 

the size, location, and connections of the open space network. Acting like a dendritic 

stream pattem with 1s" 2nd , 3'd and 4th order streams, the greenways connect to one 

another carrying stormwater throughout the open space network allowing it to 

naturally infiltrate into the ground. The size of the linear greenways increases with 

each order to accommodate the increase in flow. Whenever possible vegetated swales 

are used to allow for filtering of pollutants, infiltration, and watering of plants. 

During major storm events or when the volume ofstonnwater can not be infiltrated, 

excess st0l111water is directed towards a series of stormwater wetlands by swales. 

As water moves from wetland to wetland, sediment and other pollutants are filtered 

out to improve water quality. 
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Principal Stormwater Wetland 
o 100 2.00 300 500 700 metres 

(Low area for north half of site) 

Direction of 
Stormwater Flow 

4th Order Drainage Corridor --~M 

(+100 metres wide) 

3rd Order Infiltration Greenway 
(45 to 100 metres wide) ---\-\-\U 

212'Avenue 

2nd Order Infiltration Corridor 
(13 to 45 metres wide) 

1st Order Infiltration Swales 
-----u----'<

(1.2 to 13 metres wide) 

Principal Stormwater Wetland --+1------ 110", e(\\
(Low area for south half of site) #fitler Valley & EscatP"" 

Open Space Network
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The open space network has been organized into four levels: lsi, 2nd, yd, and 41h 

order open spaces. 

1" Order: Infiltration Swales 

The start of the system is a series of connected swales, which are located along 

roads and behind homes. All of these swales are built by contouring the ground and 

planting vegetation to allow for ground infiltration and to minimize the amount of 

water ending up "down stream" in the treatment wetlands. These infiltration swales 

vary in width between 1.2 and 13 metres, and connect to the 2nd order infiltration 

corridors. As all of the swales are either located within road right-of-ways or in 

backyard easements, the land area consumed does not factor into the open space 

land total. 

2nd Order: Infiltration Corridor 

The 2nd order infiltration corridors vary in width between 13 and 45 metres. These 

corridors, which run through neighbourhoods, are primarily combined with linear 

pathways and streets to collect road run-off and water from the 1sl order swales. 

Temporary storage of stormwater during large storm events is made possible in 

some locations in the fonn of trap-lows or infiltration potholes (see Chapter 9), 

however pemlanent wetlands are not supported. These corridors are also wide enough 

to support the movement of smaller wildlife species throughout the community. 

3rd Order: Infiltration Greenway 

The 3ed order greenway corridors are located on the edge of neighbourhoods and 

are fed by the lSI and 2nd order infiltration corridors and swales. These corridors 

range in size between 45 and 100 metres in width and contain a number of small 

linked ephemeral wetlands to hold stormwater during large storm events. These 

greenways are also large enough to provide movement corridors for wildlife, a 

pedestrian trail system, and locations for urban agriculture. 

4th Order: Main Open Space Network 

The main open space corridor is located around the perimeter of the site to catch all 

ofthe stormwater flow from the 1SI, 2nd, and 3rd order infiltration swales, corridors, 

and greenways. The corridor is a minimwn of 100 metres in width at most points to 

transport and store large volumes of water, which the 1SI, 2nd
, and yd order open 

spaces can not infiltrate. The two low points of the site are located at the northeast 
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and southeast comers and thus selected as the principal treatment wetland locations. 

One advantage of locating the main open space network around the perimeter of 

the site is that it allows the stormwater to flow relatively uninterrupted as only five 

major road crossings are required due to the limited access highways which border 

the site. This means the large volume of water being managed does not need to be 

repeatedly directed into culverts, and/or diverted underground. This can be especially 

important during larger storm events, as there is a reduced chance of flooding 

occurring at street crossings, and less expense for culverts. 

Although the total amount of open space required to support the proposed open 

space network is more than that of a conventional development, the additional land 

reduces the amount of infrastructure required in terms of pipes and catch basins, 

and allows for natural infiltration. It also provides additional amenity space, allows 

for the creation of a linked pedestrian pathway system, and provides relatively 

contiguous movement corridors for wildlife. 

Function #2: Wildlife Habitat 

The provision for wildlife within an open space network designed for stormwater 

management can be addressed with relative ease since the two functions are quite 

complementary. Both uses require connected open spaces, native vegetation, and 

benefit from the use of wetlands as a focal point. The main open space network 

creates an excellent opportunity for wildlife habitat since it is large, relatively 

unfragmented area of land, and is connected to the Bow River Valley to the south. 

The open space network is also designed to change the current agricultural landscape 

to reflect the landscape mosaic ofthe Aspen Parkland & Fescue Grassland ecoregions 

by incorporating rolling terrain, aspen groves, coniferous stands on north facing 

slopes, and a network of potholes and sloughs. With all of these features, the area 

will be able to support small populations of waterfowl, bats, raptors, ground birds, 

and along the southern edge above the river valley, deer. 

Waterfowl Habitat 

Waterfowl are one of many species compatible with stormwater wetlands and can 

benefit from the incorporation ofmore natural stormwater management techniques 

into community design. This is because many of the factors that contribute to 

pollution removal in wetlands also contribute to quality wildlife habitat (Schueler 

1992). 

ommunity site deSign 
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In order for the stormwater treatment wetlands to provide suitable habitat for wildlife, 

the following design features should be incorporated: 

•	 complex shoreline to isolate breeding pairs; 

•	 islands for nesting birds; 

•	 complex topography to create a mixture of open water and emergent 

vegetation areas; and 

•	 riparian vegetation to provide nesting sites and a buffer from surrounding 

land uses. 

Also, a range ofwetland sizes, from less than one hectare up to ten hectares in size, 

have been provided to create a landscape mosaic, which simulates the pattern ofthe 

prairie pothole region of North America, helping to satisfy the habitat needs of 

breeding waterfowl. In addition, many small ephemeral potholes have been provided 

by contouring the landscape to create areas that would fill seasonally from snow 

melt and spring run-off. These potholes, besides providing breeding places for 

waterfowl, also trap snowmelt and stormwater run-off, thus reducing the burden on 

the stormwater management system. 

Bats, Swallows and Purple Martins 

Bat houses have been located around the stormwater wetlands to help provide a 

natural control of insects, such as mosquitoes, which breed in wet areas. Bats are an 

effective method of reducing mosquito populations as a single bat may consume up 

to 600 mosquitoes in an hour (Natural Resources Conservation Services 2000) or 

3000 to 7000 in a night (Megalos et al. 2000). Purple Martin and Swallow nest 

boxes have also been located in the vicinity of the wetlands as these bird species are 

also insectivorous. 

Raptors 

Nesting platforms for raptors have been provided at approximately one-kilometre 

intervals around the southern portion ofthe open space corridor along the escarpment. 

These platforms, along with the natural vegetation found within the river valley, 

provide excellent habitat for the birds. Not only will the created habitat help offset 

some of the loss in habitat created through urban sprawl, but the community as a 

whole will benefit from the inclusion ofraptors as they offer a natural means ofpest 

control. 
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Ground birds 

Surrounding the wetlands is a mix of landscape types including riparian areas, 

grassland, shrubs and aspen groves. This mix offood and cover species will attract 

and provide habitat for ground birds, along with many other small prairie species. 

Deer 

Along the south edge of the site, the width of the corridor has been widened and 

planted with groves ofaspen to allow for the movement ofdeer along the north side 

ofriver valley. This may be especially important in the winter when the south facing 

side of the valley could provide important wintering habitat. However, the design 

of the landscape in this area should be careful not to encourage deer movement 

north of the valley into the community. To reduce the chances ofdeer from wandering 

into the community, the amount of cover has been reduced adjacent to the homes. 

Furthermore plants, which are known to be desirable to deer, have not been used in 

this area. 

For further information on the habitat requirements for selected wildlife species 

refer to Appendix F. 

Function #3: Improve the Urban Microclimate 

The location of the open space network around the edge of the community also 

serves to improve the community's living environment by acting as a noise, wind, 

pollution, and visual buffer from the surrounding land uses. Although the benefits 

will be mainly appreciated by development immediately adjacent to the open space, 

this is where it will be the most needed since impacts from the highways will be 

most pronounced in these areas. 

A series of berms with grouped vegetation, located along the edge of the right of 

way, will be used to mitigate the highway's impact. Plant selection and arrangement 

is based upon those species which can tolerate harsh winds, poor air quality, and 

create a visual barrier all season. These barrier plantings also provide excellent 

food and cover for wildlife, such as songbirds and small mammals, helping to 

increase native species diversity. In selected locations, openings in the barrier 

plantings are provided to create view corridors to the mountains and downtown 

Calgary. These areas provide residents with unobstructed views of the surrounding 

landscape and provide a context for the community. Similar view corridors are also 

provided to the east and south. 
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Function #4: Urban Agriculture & Forestry 

The open space network provides the opportunity for residents to grow their own 

food and/or provide income for the community association. Garden plots and 

orchards are located close to the stormwater wetlands so treated water may be used 

for irrigation purposes. 

The open space network also provides the opportunity for the community association 

to grow their own trees and shrubs to be used throughout the community. This 

urban forestry operation could save the community money by reducing dependence 

on commercial tree nurseries while at the same time providing the benefits ofhaving 

more trees growing in the community. Ideally tree removal would correspond with 

successional processes so when wooded areas need to be thinned to preserve the 

amount of grassland available, trees would be removed from these areas. Removal 

could take place through transplants for landscaping, or by harvesting the wood for 

fuel or building materials to construct fences or other structures. 

Function #5: Natural Aesthetic 

The choice and arrangement ofplants is not only based on stormwater management 

and improving native species diversity, it is also based on the goal of creating a 

naturalized landscape reminiscent of the Fescue Grassland and Aspen Parkland 

ecoregions. This will provide residents with a park setting reminiscent ofthe regional 

landscape, while at the same time being low maintenance. However, some 

maintenance will be required if a certain stage of succession is desired since the 

occurrence of natural disturbances will be limited. Periodic mowing or bums may 

be required to prevent the establishment ofwoody species in specific locations and 

to aid those species that require fire disturbance. 

Function #6: Connected Open Space Trail System 

Throughout the entire open space network a regional pathway system is provided. 

The pathway system provides residents with a relatively unfragmented trail system 

that can be followed throughout the community to key destination point such as 

the community centres, schools, stores, hospital, regional recreation centre, and 

employment centre. Connections to surrounding communities such as Cranston, 

and to natural areas such as the Bow River Valley, and to Fish Creek Provincial 

Park, are provided. This regional pathway system will also connect to local 

community trails, which surround and run through each community, following the 

2nd and 3,,1 order open space corridors. 
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Community Design 
The road network and open space system divides the site into six communities 

which each have populations from 12 to 18 thousand. Each conununity is organized 

around a street grid network and connected to one another via connector streets. At 

the centre of each community is a small commercial core with a community 

association building, positioned for easy access ofmost residents. However, to ensure 

that each community has its own character, each community should adopt an 

architectural and landscape aesthetic indicative of the surrounding area. The 

following is a more detailed look at the street network, community centre, and 

community identity, with Community #1 provided as an example. 

Street Network 

The main transportation route passing through and connecting the core of each 

neighbourhood are the connector streets. The connector streets act as a main street 

and provide the primary public transit route for each community. However, so that 

the connector streets are not overloaded, secondary connectors are also provided 

for local traffic to travel between neighbourhoods, but are limited in number to not 

overly fragment the open space corridors that surround each neighbourhood. When 

the secondary connector streets pass through the open space corridor, landscaped 

traffic islands are used to slow traffic, to help prevent conflicts between people and 

cars, and minimize conflicts between small wildlife and cars, which may occur at 

these locations. The landscaped traffic islands also create a sense of entry for each 

neighbourhood, either through signage, landscape/architectural character, or both. 

Secondary connector street between 
neighbourhoods in Community #1: 

When secondary connector streets 
pass through an open space corridor, 
traffic islands are used to slow vehicle 
traffic to help make pedestrian street 
crossings easier. The traffic islands 
also help to slow traffic to prevent 
conflicts between wildlife and cars, 
and create a sense of entry to each 
neighbourhood. 
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Community Centre 

Centrally located at the principal intersection of each community, a small mixed 

use area supporting a range ofretail, offices, and public buildings, such as a schools, 

daycare, and community association building, has been provided. These have been 

planned as joint-use sites so facilities can be shared and land use and infrastructure 

costs can be reduced. This means that site and building design will cater to a range 

ofuses so that schools can also support daycare, public meetings, and other public 

events, and be located in close proximity to retail, office, and other public buildings 

so parking facilities may be shared. Community centres should also be designed 

and located to support community wide activities and initiatives such as organized 

sports recreation, recycling and composting programs. The mix and amount ofland 

dedicated to different land uses will vary depending on each community's needs as 

items such as schools and retail are population dependant and should be planned in 

conjunction with the needs of the surrounding communities. 

Commercial 

Commercial 

Community #1 community centre: 
At the heart of each community is 
the community centre which 
combines public bUildlings and retail 
into one joint-use site. It is located 
so that it is highly Visible, has a transit 
stop, and is within a 10 minute/Boo 
metre walk of most residents. 
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In Community #1, the community centre functions as a public transit node, 

commercial centre, and Community Association headquarters. Based on numbers 

suggested in the City ofCalgary's Sustainable Suburbs Study (1995), a commercial 

centre of approximately 1.2 ha in size is provided to support the immediate 

community. It is expected that the balance ofthe remaining commercial development 

required would be divided between the neighbourhood nodes at the centre of each 

neighbourhood, and the retail portion of the employment centre. 

Adjacent to the commercial area is a Community Association building which caters 

to a range of functions such as daycare, community meetings, hall rentals, and 

meeting places for a variety ofclubs and groups. The public and commercial facilities 

are located adjacent to one another to share parking facilities, and to create a 

community focal point at the intersection of the main connector streets. This joint

use site is also connected to the regional pathway ystem to provide easy access for 

residents by bicycle or walking. In addition, recreational facilities such as sports 

fields are located next to the community association building so that the area can 

fimction as a focus for community recreation and sporting events. 

Community & Neighbourhood Identity 

Each community, depending on its location, natural features, and relationship to 

each other communities and the surrounding landscape, will have its own sense of 

identity and characteristics. This is complimented through appropriate landscaping, 

architectural controls, and overall development form such as street pattern and 

topography. This is necessary to prevent a cookie cutter development pattern from 

being blindly repeated over an entire site, which can be disorienting, boring, and 

unappealing to live in. Also, the five to six neighbourhoods which makeup each 

community vary in terms of their layout, design and aesthetics so that one intuitively 

knows when one has entered or left a different neighbourhood. Furthermore, the 

mix of land uses within each neighborhood should be based on proximity to major 

traffic intersections, public transit such as LRT, and surrounding land uses such as 

retail and office development. For example, those neighbourhoods which are centred 

around a major intersection have a higher percentage of multi-family development 

and commercial development, while those located farther away from major 

intersections have a higher percentage of single family units. 

To provide a unique community identity, the design of Community # I takes 
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advantage of the many opportunities the site has to offer by providing residents 

with numerous unrestricted views of the mountains to the west, and when possible, 

views ofdowntown Calgary. This is done by providing unobstmcted view corridors 

along the public open spaces that separate the neighbourhoods. In addition, the 

park in the southwest comer of Community # 1, located on one of the site's high 

points, allows for the public to take advantage of the views of the surrounding 

landscape. Providing these visual connections helps to create a sense of place for 

the community. This community character is also reinforced through architectural 

character and public landscaping to reinforce a Rocky Mountain aesthetic. Similarly, 

Community #3 would also have a Rocky Mountain aesthetic while Communities 

#2 and #5 would be reminiscent of the open prairie landscape. Community #6, 

which overlooks the Bow River Valley, would be designed to be reminiscent of a 

river valley aesthetic, thus providing a connection to the surrounding landscape. 

Neighbourhood Design: Ecological Neighbourhood Unit 
Each community is made up of a number of neighbourhoods referred to here as 

Ecological Neighbourhood Units (ENU). The ENU acts as the building block, which 

is repeated and combined throughout the site to create conununities. Anywhere 

from four to six ENU's are combined to create each of the five residential 

communities. A total of25 neighbourhoods (A-Y) are located throughout the entire 

site. 

The design of the Ecological Neighbourhood Unit is based on the premise that all 

of a neighbourhood's basic social, economic and environmental needs, such as 

convenience stores, public transit, and parks, should be provided within a five

minute walk/400 metre radius ofmost residents. This translates into a neighbourhood 

of approximately 64 ha (160 acre) in size centred around a higher density mixed 

use core. 

Each neighbourhood's design is based on achieving five main goals: 

1.	 ease of movement for residents, both vehicular and pedestrian; 

2.	 provide solar access for the majority of residential units; 

3.	 provide for natural infiltration and management of storrnwater; 

4.	 provide wildlife habitat patches and corridors for urban friendly wildlife 

species; and 

5.	 create an aesthetic indicative of the regional landscape. 

ommunity site design 
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Ecological Neighbourhood Unit 
Concept: Each neig hbou rhood is 
organized into 5zones with a gradual 
change in density from the high 
denstiy mixed use core at the centre 
(#1), to the lower density residential 
zones towards the outside (#2 & #3). 
Zone #4 is the neighbourhood park 
located in between the residential 
areas. A greenbelt (#5), surrounds 
and links each neighbourhood 
together. In total each 
neighbourhood is 64 ha/160 acres in 
size putting the mixed use core 
within as minute/4oo metre walk of 
most residents. 

These five goals have been accomplished by using a modified grid system with 

predominantly east-west streets to maximize solar exposure. The core of the 

neighbourhood unit has the highest density, with a reduced density as one moves 

outward. Surrounding the entire neighbourhood is a greenbelt with connecting green 

corridors for stormwater management and wildlife habitat. This concept borrows 

many features from other community design forms such as Neo Traditional and 

Transit Oriented Design, with other similarities to the Radburn Plan, Village Homes 

in Davis California, and even Howard's Garden City Proposal. Furthermore, the 

concept meets many ofthe goals and objectives ofthe City ofCalgary's Sustainable 

Suburbs Study (1995). 

The Ecological Neighbourhood Unit consists of five zones: 

#1: Mixed Use Neighbourhood Node 

#2: Medium Density Residential 

#3: Low Density Residential 

#4: Neighbourhood Park 

#5: Greenbelt 

Each zone is designed to gradually merge into the next. A description of each zone 

follows with the design ofNeighbourhood B in Community #1 provided to illustrate 

the design concepts. 

Zone #1: Mixed Use 
Neighbourhood 
Node 

Connector
 
Street
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Zone #1: Mixed Use Neighbourhood 
Node 
Located at the centre of each 
neighbourhood is a transit stop, 
retail, and mix of apartment and 
townhouse dwelling units. 

Zone #1: Mixed Use Neighbourhood Node 

At the centre of the ecological neighbourhood unit is the mixed-use neighbourhood 

node. This is the focal point of the neighbourhood consisting of a transit stop, a 

small urban gathering place, and a small mixed-use commercial core with a few 

shops and possibly office employment. This zone is centrally located within a five

minute/400 metre walking distance ofall neighbourhood residents. Zone # I has the 

highest density with primarily apartments and townhouses. To create an attractive 

streetscape and limit the amount of traffic interruption caused by driveways, rear 

lanes are used throughout this zone. 

The ecological infrastructure incorporated into this zone is designed to work within 

the high-density urban environment. Ecological design features include: 
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•	 landscaping which uses native plant species in stratified arrangements to
 

provide songbird and butterfly habitat;
 

•	 the use of vegetation to improve the microclimate at transit stops to make
 

the area more comfortable;
 

•	 roof gardens to help cool the urban environment in the summer and provide
 

opportunities for urban agriculture;
 

•	 pooling of water in boulevards and traffic islands to reduce run-off and
 

promote infiltration; and
 

•	 water catchment through the use of rain barrels and cisterns. 

In Neighbourhood B, the mixed use neighbourhood node is located at the intersection 

of two connector streets and is the focal point of the connector running north/south. 

A transit stop with a small urban plaza is located at the centre with a few commercial 

businesses facing the space. Located above the retail businesses are apartments, 

with townhouses located beyond the centre ofthe node. The commercial development 

is relatively small (0.3 ha) and consists ofa few small shops which support the local 

neighbourhood. The bulk of commercial businesses that are required to support the 

wider conununity are located within the community centre. 

Zone #2: Medium Density Residential 

Zone #2 is located outside of the mixed-use neighbourhood node, within a 200 to 

250 metre radius (2 to 2 1/2 minute walk) of the transit stop. The street pattern is 

based on a grid with building frontages maximized along east-west streets to enhance 

solar exposure. Although most units face within 30· of south, a small number of 

units face east/west for the sake of consumer choice and visual variety of the 

streetscape. Most units have rear lane access to allow for narrow lots and to keep 

driveways offofmain streets, minimizing occurrences where residents need to back 

onto busy roads. The density ofthis zone is 10 to 12 upa, achieved through the use 

of single detached units on small lots (less than 10 metres/32 feet in width), zero lot 

lines, duplexes, semi detached units, and townhouses. A number of ancillary units 

are also provided as apartments above rear garages, These are usually provided on 

comer lots so that the unit faces onto a side street. The relationship between lot 

depth and building height is considered to provide most units with at least one hour 

of sun on their south wall on the shortest day of the year to ensure opportunities for 

passive solar heating. In some cases this is achieved by moving units farther back 

from the street, providing a larger front yard than backyard. In other cases, solar 
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Zone #2: Medium Density Residential 
This residential zone has most units 
on east-west streets to receive 
benefits of southern exposure. A mix 
of townhouses, duplexes, semi 
detached units, zero lot line, and small I a 
single detached units are provided,
 
with the majority of units on lots with Q . N
 
rear lanes. r\f R( (et.. 

exposure is achieved by locating lower bungalow style homes on the south side of 

the street to reduce the amount of shading. Refer to Chapter 9, detail #2 for more 

information. 

Stormwater management initiatives concentrate on maximizing stormwater storage 

and infiltration on site in boulevards and french drains on private lots. Infiltration 

swales in the road right-of-way are used along residential streets without driveways 

to trap, carry, and infiltrate storn1water. Cisterns and rain barrels should also be 

promoted to help reduce dependence on conventional stormwater management 

infrastructure and provide water for irrigation purposes. 

Species diversity is increased by providing songbird and butterfly habitat by 

landscaping boulevards and medians with stratified plantings, a range of both fast 
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growing pioneer species and slower growing climax species, and a mix of food and 

cover species. Furthermore, evergreen species are provided on comer lots to provide 

wind protection and reduce building heat loss. 

Zone #3: Low Density Residential 

The low density residential zone borders the medium density residential zone (Zone 

#2). Zone #3 predominantly consists of single detached units on lots ranging in size 

from 10 to 15 metres in width (32-50 feet), with some semi-detached units intermixed 

and quadraplexes located on larger comer lots. Solar orientation, wildlife drainage 

corridors, and the use ofcul-de-sacs, are three of the more unique design features of 

this zone. 

Solar Orientation 

Like the medium density zone, the street pattern is based on a modified grid with 

most lots oriented to within 30· ofsouth. Housing placement on each lot is based on 

the separation required for a minimum of one hour of direct sun on the south wall 

on December 21 st. The placement of dwelling units on some comer lots has been 

modified to increase yard size on the south side of the unit, while building heights 

are also varied to minimize the shading ofhomes across the street. Refer to Chapter 

9, detail #2 for more information. 

Wildlife Drainage Corridors 

A 13 metre wide, wildlife drainage corridor has been provided to carry excess 

stormwater run-off from lots and transport it to the greenway corridors. These 

corridors allow for infiltration close to the source, provide habitat for wildlife, and 

create movement corridors for wildlife allowing smaller species to move throughout 

the community. Vegetation planted in the corridors is selected to filter out sediment, 

control erosion, reduce flow speed, improve infiltration, and provide food and shelter 

for wildlife. 

In selected locations, the wildlife drainage corridor is used to improve the 

microclimate of the area by providing more vegetation to the block wind to reduce 

the cooling affect on homes. The corridor can also improve privacy for homeowners 

since it can be landscaped to partially screen views between lots, which back on to 

one another. 
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Zone #3: Low Density Residential 
This residential zone consists mainly 
of single detached units with a few 
multi-family units scattered 
throughout. 

Within this zone wildlife drainage 
corridors are used to allow for natural 
infiltration and management of 
stormwater, create a connected open 
space system for wildlife, moderate 
the microclimate, and improve 
privacy between yards. Cul-de-sacs 
help to minimize fragmentation of 
the open space network and provide 
an addtional opportunity for 
stormwater infiltration. 
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The 13 metre corridor is actually designated as a 6.5 metre easement at the back of 

each lot. Homeowners would be responsible for keeping the drainage way clear to 

ensure that it functions properly. For more information on the wildlife drainage 

corridors, refer to Chapter #9, detail #6. 

Cul-de-sacs 

Cul-de-sacs have been used at the edge of the neighbourhood, bordering the open 

space greenbelt. Cul-de-sacs are sometimes depicted as the trademark of 

unsustainable development as they are often used indiscriminately in conventional 

design resulting in a confusing network of loops and dead ends. However, cul-de

sacs do many things well and provide opportunities that through streets can not. 

Advantages include reducing the amount of paved surfaces, reducing the length of 

utilities required, and providing opportunities for managing stormwater run-off (see 

Chapter 9, detail #5). In fact, a 1997 Urban Land Institute survey found the majority 



ofUnited States home buyers would prefer to live on cul-de-sacs or a court (Marcus 

2000). In Zone #3, cul-de-sacs are used to provide housing adjacent to open space 

to prevent fragmentation of the open space network with through streets. 

Zone #4: Neigbourhood Park 

Within each Ecological Neighbourhood Unit, a park is provided within the 

transitional area between the medium density residential zone (#2) and low density 

residential zones (#3). This location makes the park easily accessible and in close 

proximity to a large number of residents. For safety reasons, and to make it more 

inviting for the entire community, the park is open to the street on at least one side, 

rather than being surrounded by homes that back onto the space. Although this 

approach can increase expense to the developer, as roads will be single loaded, it 

will enhance the streetscape aesthetic and increase the value of homes, which face 

the park, helping to offset some of the higher development costs. 

Zone #4: Neighbourhood Park 
Located between the low and 
medium density residential areas, the 
neighbourhood park is in a highly 
visible location that is easily accessible 
to most residents. The park is 
designed to support a range of uses 
from food production to active 
recreation. 

#1: Play Fields and Ball Courts 
#2: Community Gardens 
#3: Stormwater Wetland 
#4: Wind Barrier and Fruit 

Producing Trees and Shrubs 
#5: Wildflowers and Native Grasses 
#6: Pedestrian Pathway 
#7: Wildlife Habitat Plantings 
#8: Children's Play Ground 
#9: Composting 
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The park is designed to support a range of neighbourhood activities including: 

1. storrnwater management; 

2. native landscaping for increased species diversity; 

3. urban agriculture; 

4. recreation; 

5. composting; and 

6. pathway connections to the greenbelt. 

#1. Stormwater wetland 

A small stormwater wetland is provided to treat stormwater run-off, provide water 

for irrigation of the sports fields and community gardens, and provide habitat for 

wildlife. 

#2. Native landscaping for increased species diversity 

Native plants are used to create a prairie aesthetic, facilitate stormwater infiltration 

and to improve species diversity. Plant species, which attract butterflies and 

songbirds, have been selected and arranged in a stratified manner to provide food 

and cover. Wildflowers and native grasses are used in place of manicured grass so 

that only sports fields use turf. 

#3. Urban agriculture 

Providing community gardens within the middle of the neighbourhood provides an 

opportunity for those living in apartments or in units with smaller lots, the option to 

grow some of their own food. 

#4. Recreation 

Sports fields, ball courts, tot lots, and general plays areas are an important part of 

neighbourhood parks. However, these uses should be separated from the storrnwater 

wetland for safety reasons. 

#5. Composting 

Closely associated with the community gardens is a composting centre, which is 

located where it is plainly visible and easily accessible to all residents. The composted 

yard waste can be used in the park by maintenance crews, and in the community 

gardens. Any extra could be used throughout the community on private lots. 
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#6. Pathway connection to greenbelt 

The Neighbourhood Park is linked directly to the pedestrian pathway system which 

forms a network through the open space system of the community. This provides 

residents with the option of accessing the park without having to walk along, or 

cross many streets, which can be safer for children. 

Zone #5: Greenbelt 

The outer zone ofthe Ecological Neighbourhood Unit is the greenbelt. The greenbelt 

is part of the open space network, and thus performs the tasks of stormwater 

management, wildlife habitat, microclimatic modification, urban agriculture, natural 

landscape aesthetic, and pedestrian movement. Located between each community, 

the greenbelt serves as a transition zone and link between neighbourhoods. This 

role can be especially important where neighbourhoods border the retail and 

employment centre. In these locations the greenbelt provides amenity for both the 

residents and those working in the retail and employment centres. 

ommunity site design 

Zone #5: Greenbelt 
Each neighbourhood is surrounded by 
a greenbelt which infiltrates and 
manages stromwater, provides 
movement corridors and habitat for 
wildlife, moderates the microclimate, 
provides opportunities for urban 
agriculture and forestry operations, 
and creates a natural landscape 
aesthetic. The greenbelt also supports 
a system of pedestrian pathways 
which links each neighbourhood and 
community together. 
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Site Design Summary 
Using the Adaptive Design process, a community that adopts many of the elements 

advocated by current community planning design theory has been designed,3 while 

at the same time addresses issues surrounding the local ecology in the urban 

environment. The result is a neighbourhood and community form that meets many 

ofthe social and economic needs ofa development, while at the same time improving 

the ecological performance of the urban environment. 

The resulting Ecological Neighbourhood Unit concept is flexible enough to be 

adapted to any site, so that it may take on a regions own natural character, without 

creating a universal design solution that is out of context. Although the final 

community form may be less dense over the entire area than what is indicated as 

ideal in the literature, the incorporation ofmore open space can provide an ecological 

function, allowing for the incorporation of natural processes within the urban 

environment. This is the most unique aspect on the community's form as ecological 

processes are incorporated into each neighbourhood, and made a primary director 

ofcommunity form. So although the community may appear similar on the surface, 

the function ofthe Adaptive Design community is quite different as natural processes 

are made an integral part ofthe cOlmnunity. 

The resulting site design creates a community that is 25% open space and 70% 

residential, with the remaining 5% being neighbourhood commercial and 

employment centre. The projected population is just over 77,0004 
, meeting the 

City of Calgary's target for the area. However, as the following chapter will discuss 

in more detail, obtaining this population in a community with almost one quarter 

open space, requires changing some of the approaches employed in community 

design in terms of percentage of multi-family units and average lot size. 

, The Ecological Neighbourhood Unit concept is based partially on the work of Calgary's 
Sustainable Suburbs Study, Calthorpe's Transit Oriented Design, and Neo Traditional 
Design. 

• Population projection based on average community population of 3098 for each of the 
25 neighbourhoods. 
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Southeast Pia nning Area - Full Site Land Use 

Land Use 

ha 6·5 10.0 8.0 2..0 lOA 7.8 44·7Zone #1: (acres) (16.1) (24.7) (190 8) (4·9) (25.7) (19·3) ( 11005)
Neighbourhood Node 

% of com 2..0% 3.0% 4·0% 4.0% 4·0% 2.0% 2..9% 
ha 33·1 40.2. 2.8.3 5·9 32.·4 38.5 178.4Zone #2: Medium (acres) (81.8) (993) (69.9) (14. 6) (80.1) (95-1) (440 .8)

Density Residential 
% of total 12..0% 11.0% 13·0% 13.0% 13·0% 11.0% 11·7% 

ha 148.3 231.4 12.3·9 156.2 200.0 859·8Zone #3: Low Density (acres) (J664) (571.8) (J06.2) (386.0) (494.2) (2124.5)
Residential 

% of total 54·0% 65.0% 55.0% 61.0% 55.0% 56.4% 
ha 187·0 281..6 160.2 7·9 199 246·3 1082·9 

Total Residential (acres) (464.3) (695. 8) (395. 8) (19·5) (491.7) (608.6) (2675·8) 
% of total 68.0% 79.00/0 71.0% 170/0 77.0% 68% 71.0% 

Open Space 
ha 3·0 4·0 4·0 - 8·5 6.8 26.3

Zone #4: (acres) (74) (9·9) (9·9) - (21.0) (16.8) (65. 0)
Neighbourhood Park 

% of total 1.0% 1.0% 2.0% - 3.0% 2.0% 1.7% 

Zone #5: Greenbelt ha 40.2 47.8 14·7 19·5 91·5 213.7 -
(acres) (99·3) (118.1) (J6·3) (48.2) (226.1) (98.0) 

4th Order % of total 15·0% 13·0% 7.0% - 8.0% 2.5·0% 14.0% 

ha 13·2 19·3 12..8 9.0 22.0 9·0 85·3 
;rd Order (acres) (J2.6) (477) (J1.6) (22.2) (544) (22.2) (210.8) 

% of total 5.0% 5·0% 6.0% 20.0% 9·0% 2.0% 5·6% 
ha 6.0 2·7 6.7 604 5.6 27·4-

2nd Order (acres) 04.8) (6.7) (16.6) 05.8) (13.8) (67.7) 
% of total 2.0% 1.0% 3·0% - 2.0% 2.0% 1.8% 

ha 62.4 73.8 38.2 9·0 56.4 112.·9 352.7 
Total Open Space (acres) (154.2) (182_4) 94·4 (22.2) (139.4) (279.0) (87105) 

% of total 23·0% 21.00/0 17·0% 20.0% 22.0% 31.00/0 23·1% 

Community Centre 
ha 1.0 1.0 1.0 1.0 1.0 5·0-(acres) (2.5) (205) (2·5) (2.5) (205) (12.4)Pu bl ie/I nstitutionaI 

% of total 0·4% 0.3'% 0·4% - 9 
0·4% 0·3% 0.3% 

ha 1.2 1.2. 1.2 1.2 1.2. 6-(acres) (J.o) D.o) (J.o) (3.0) (3. 0) (14.8)Retail 
% of total 004% 0.3% 0.5% - 0·5% 0.3% 0.4% 

ha 2.2 22. 2.2. 22 22- 11.0-Total Community (acres) 0-7% (5-4) (5-4) (5-4) (5-4) (27.2) 
Centre % of total 0.8% 0.6% 1.0% - 0·9% 0.6% 0·7% 

Employment Centre 
ha 24·3 24·3 

Employment (acres) (60.0) (60.0) 

% of total 9·0% - - - - - 1.6% 

ha 24·3 24·3 
Retail (acres) (60.0) (60.0) 

% of total - - 11.0% - - - 1.6% 

ha 2.9·3 29.2 

Public/Institutional (acres) (72.2) (72.2) 

% of total - - - 63% - - 1·9% 

Total 
ha 276.8 357.6 2.2.4·9 46.1 257.6 361·4 1524·4Gross Developable 

(acres) (684.0) (883.6) (555.7) (113.9) (63605) (893.0) (3766.7)
land 

% of total 18.0% 2.3.0% 15.0% 3.0% 17.0% 24.00/0 100% 

Chapter 7 167 



ommunity site design 

Neighbourhood B: Land Use 

Land Use 
Gross 

Hectares 
(acres) 

% of 
total 
Area 

Dwelling 
Units 

% of 
Total 

Dwelling 
Units 

Total 
Persons 

Units/ 
Hectare 
(units/ 
acres) 

Single Family 

Single Detatched 33.0 (81.5) 51·4% 653 62.8% 2090' 19.78(8.0) 

Semi-Detached 3·2 (;7.9) 5.0% 76 7.3% 243' 23.75(9.6) 

Total Single Family 36.2. (89.4) 56.4% 72.9 70% 2333 20.1(8.2) * 
Multi Family 

Triplex 0.1 (.25) 0.15% 12 1.2% 30l 30 (12) 

Fourplex 0.1 (.25) 0.15% 16 1·5% 40l 30 (12) 

Townhouse 4.5 (11.1) 7.0% 140 13.5% 350l 31.1 (12.6) 

Apartment 3.6 (8·9) 5.6% 134 12.8% 335l 37.2 (15. 0 ) 

Ancillary Unit N/A N/A 10 1% 103 N/A 

Total Multi Family 8.3 (20·S) 13% 312 30% 765 37.6 (15.2) * 
Open Space 

Neighbourhood Park 1.63 (4.0) 2.5% - - - -

Drainage Corridors 17.65 (43.6) 27.5% - - - -

Total Open Space 19·3 (47.6) 30% - - - -

Commercial 
Neighbourhood 

Commercial 0·3 (0.74) 0.5% - - - -

Total 64·0 (158) 100% 1041 100% 3098 16.2 (6.6) ** 

* Net density (not including roads, open space, or commercial)
** Gross density (including roads, open space and commercial) 

, assumes 3.2 persons per dwelling unit 
lassumes 2.5 persons per dwelling unit 

3 assumes 1 person per dwelling unit 
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Chapter 8: Design Approach Comparison 

o understand the true value ofthe Adaptive Design process for community
 

design, a comparison needs to be made between a conventionally designed
 

community and an Adaptive Design community so that the benefits of an
 

ecological approach can be determined. However, one must look beyond just the 

ecological benefits, and investigate the social and economic ramifications ofdesign 

decisions as well. The following chapter will provide a comparison between Adaptive 

Design and conventional practices, by looking at Southeast Planning Area design 

concept, focussing on aspects ofNeighbourhood B, and comparing it to conventional 

practices used in Calgary. 

The comparison is organized into two halves. The first half looks at the overall 

Southeast Planning Area and evaluates it based on conventional development 

numbers in terms of financial feasibility. The second half compares the Adaptive 

Design solution to conventional practices by focusing on specific design features to 

illustrate how they differ in terms of ecological, social, and economic factors. At 

the end of the chapter a summary comparison of the 15 design features is provided 

which highlights the major differences between an Adaptive and conventionally 

designed community. 

Overall Comparison 
To investigate the differences between an Adaptive designed community and a 

conventionally designed community, the site plan has been analyzed using some of 

the methods the development industry uses to determine if a design is viable from 

a financial standpoint. Four criteria have been selected: percentage of open space, 

units per hectare, population, and road to frontage. 

Percentage of Open Space 

The Adaptive Design approach results in significantly more open space than that of 

a conventionally designed community. Twenty five percent of the gross developable 

land in the Adaptive Design has been designated as open space, significantly more 

than the 10% required under the Municipal Government Act. However, this 25% 

should not be thought ofmerely as recreational open space as is the case with most 

conventional community designs. Under the Adaptive approach most of the open 

space is used as ecological infrastructure to manage and treat stormwater, provide 
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wildlife habitat, moderate the urban microclimate, and provide land for urban 

agriculture and urban forestry operations. Thus the land is highly productive and 

can help offset development costs elsewhere by reducing the amount ofunderground 

piping for stormwater management, reducing the need to import food and plant 

materials for parks, and minimize the need for irrigation and other park maintenance 

practices of conventionally designed open space. The additional open space also 

provides a significant amenity for the community as it creates a connected green 

network throughout the development, which supports a trail system that travels 

relatively uninterrupted throughout the development. Furthermore, the naturalized 

form of the open space will attract and support native wildlife, increasing native 

species diversity, and create a natural aesthetic, which many homeowners are 

beginning to favour and may be willing to pay extra for. 

Another important consideration is that basing the amount of open space on a 

percentage does not factor in population or density. For example a development 

with very large lots and a low density (small population) that provides 10% of the 

gross developable area as open space, would have a high amount of open space per 

person. It may also be argued that a development with large lots requires less open 

space since each unit already has access to a significant amount ofpersonal/private 

outdoor space. In contrast a development with smaller lots and a higher density 

(high population), that provides 10% of the gross developable area as open space, 

would have the same amount ofopen space, but less open space per resident. In this 

second scenario, it could also be argued that denser, small lot development should 

have more open space since there is less personal open space and a greater population 

that could potentially use the space. To remedy this situation, some municipalities 

use a sliding scale, which bases the amount of open space on population density, 

not percentage ofgross developable land (Brooke pers. comm 2000). This approach 

helps to provide a more equal amount ofopen space per person. Although this point 

does not help one determine the appropriate amount of open space per person, it 

does expose a potential flaw with the open space sizing practices employed by 

many municipalities including Calgary. 

Unit Density 

A second factor often used to evaluate a cOlmnunity design is density. Calgary's 

Sustainable Suburbs Study (1995) recommends the density for a sustainable 

development be a minimum of 17.3 units per hectare (7 units per acre) to ensure 

that: 
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•	 land is used more efficiently to create a more compact urban form to slow 

down the rate of absorption of agricultural land; 

•	 the per capita costs for public infrastructure such as roads, pipes, and wires 

is minimized; 

•	 transit ridership is sufficient to reduce per capita operating costs; 

•	 per capita costs for supplying distance-sensitive public services such as 

fire, police, ambulance, library, and social services are minimized; 

•	 there is a sufficient population base within each community to support local 

commercial facilities and services; and 

•	 the objectives ofthe Calgary Transportation plan are met. 

Upon evaluation of the proposed site design for Neighbourhood B, it is determined 

that its density falls under the benchmark at only 16.2 units per hectare (6.6 units 

per acre). Even with the use ofnarrow lots, a compact grid street fonn, and a higher 

percentage of multi-family units, the significant increase in amount of open space 

still reduces the community's overall gross density. However, ifone does not include 

the greenbelt, which surrounds the neighbourhood and takes up 25% of the total 

land area, the density is increased to over 21.6 units per hectare (8.7 units per acre). 

These numbers are important because they illustrate the fact that a compact 

community form around a neighbourhood node surrounded by open space, can still 

meet many planning goals such as reduced infrastructure costs, and the provision 

of a sufficient density and population base for transit service within the built area. 

Population 

The allocation of25% of the Southeast Planning Area's developable land to open 

space could have resulted in a reduced population over the entire site. This can be 

significant since the Southeast Planning Area site has been chosen as an employment 

centre and therefore requires that a minimum target population be met to support 

the services needed to create an employment centre. Assuming a density of 17 

units/hectare (7 upa) for 75% of the gross developable area, a population of 

approximately 59,000 is created, 18,000 less than if only 10% of the site was 

designated open space. This calculation is based on a 80/20 split for single family 

to multifamily. 

Chapter 8 173 



'design approach comparison 

To help reduce the gap, the percentage of multifamily units has been increased in 

the design concept to 30%. This creates a total population of just over 77,000 

(assuming all 25 communities have an average population similar to that of 

Neighbourhood B). This split of70% single family and 30% multifamily is slightly 

higher than the 80/20 split recommended for the Southeast Planning Area site, raising 

concern regarding market receptivity to fewer single family homes on large lots. 

However, as the size of the average family shrinks, and affordable housing is located 

in more desirable locations and made more attractive, there should be an increased 

market for multi-family units in Calgary (City of Calgary, 1995). 

Road to frontage 

The ratio ofroad length to length ofsaleable frontage is often calculated to determine 

the efficiency of lot placement for road and servicing construction. An efficiently 

designed neighbourhood usually has a frontage to road ratio ofbetween 1.4 and 1.5 

with higher values indicative of more cost efficient layouts. An analysis of 

Neighbourhood B revealed that it has a road to frontage value of only 1.2 making it 

inefficient under conventional community evaluation practices. The main reason 

Neighbourhood B is so inefficient according to this measurement is due to the high 

number of single loaded roads. Single loaded roads are roads which have lots on 

only one side and are therefore more expensive to build since the same amount of 

materials go into constructing them but the expense is divided up between fewer 

homes. Materials such as concrete and asphalt, along with underground services 

such as sanitary sewers, stormwater pipes, water, cable TV, gas, and telephone, are 

put in at significant expense by the developer. When fewer lots use this infrastructure, 

the developer makes less money per lot sold. 

However, single loaded roads provide a number of advantages that may help the 

developer recover some of their costs. The main benefit of single load roads is the 

appeal from a streetscape perspective as lots which face onto parks and open space 

are generally worth more than those on a double loaded streets as consumers are 

willing to pay extra for the view. Single loaded roads also, with a few minor design 

changes, can allow for stormwater and snow from the street to easily flow onto 

green spaces to be infiltrated into the ground. This can help reduce the need for 

expensive underground stormsewers that usually need to be constructed and 

maintained under conventional practices. 
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Site Design Comparison Summary 

Percentage of Open 
Space 

Unit Density 

Population 

Road to Frontage 

10% of gross developable land area as 
required under the Municipal Government 
Act. 

Open spaced designed mainly for 
recreational purposes. 

Limited amount of open space avialable to 
residents. Reduces size of open space and/or 
increases distance between residents and 
parks. 

6 to 8 units per acre (14.8 to 19.8 units per 
hectare) suggested as taget in Calgary's 
Municipal Development Plan for new 
communities (City of Calgary, 1998). 

7 units per acre (17.3 units per hectare) 
recommended in Sustainable Suburbs Study 
(1995) to ensure a density which can 
support transit, commercial development, 
and public facilities within an acceptable 
proximity to residents. 

77,000 - suggested target population for 
southeast planning area based on a split of 
80% single family units and 20% multi
family units. 

1.4 to 1.5 or higher road length to lot 
frontage ratio considered representative of a 
cost effective design. Achieved through the 
use of a high percentage of double loaded 
roads. 

Value usually representative of an efficient 
sceme for running underground utilities to 
homes. 

25% of gross developable area is designated 
as open space. 

Open space is used for stormwater 
management, wildlife habitat, and urban 
agriculture such as community gardens, 
orchards, and urban foresty operations. 

Creates a substantial greenway network 
which surrounds the communities and 
connects individual neighbourhoods. 

6.6 units per acre (16.2 units per hectare) 
over entire area. 

8.7 units per acre (21.6 units per hectare) 
within developed portion of site (not 
including 25% open space). 

Community formwithin developed area is 
dense enough to support transit, commerical 
development, and public services within 
each neighbourhood. 

59,000 - based on split of 80% single 
family units and 20% multi-family units. 

77,000 - based on split of 70% single 
family units and 30% multi-family units. 

Road length to lot frontage ratio of 1.2 
determined for Neighbourhood B. 
Considered inefficient under conventional 
evaluation practices due to high percentage 
of single loaded roads. 

Infrastructure costs may be partially offset 
due to increased lot values for those lots 
which face onto open space system. 

Cost for underground stonnwater 
infrastructure may be reduced since 
stormwater can be directed via overland 
flow to adjacent open space system. 
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Design feature Comparison 
To compare a community designed under conventional practices to an Adaptive 

Design community, 15 design features have been selected to higWight the di fferences 

in each approach. These 15 design features have been divided into four groups: 

Stormwater Management, Species Diversity, Microclimate, and Urban Agriculture. 

Stormwater Management Design Features 

Five stormwater management design features from the design have been selected 

to compare to conventional community design: 

#1. Open Space Drainage Network 
#2. Complex Grading 
#3. Backyard Infiltration Swales 
#4. Street Drainage Swales 
#5. Boulevard & Traffic Island Infiltration 

The goal of these features is to contribute towards natural infiltration ofstormwater 

as close to the source as possible to replenish groundwater supplies, provide water 

for plants and wildlife, filter out sediment and pollutants, and reduce the need for 

underground infrastructure such as catch basins and storm sewers. 

Species Diversity Design Features 

Five design features, which help improve species diversity, have been selected to 

compare to conventional community design. 

#6. Open Space System 
#7. Sizing Open Space for Wildlife 
#8. Stormwater Wetlands 
#9. Open Space Edge Configuration 
#10. Landscaping for Species Diversity 

The goal of these features is to increase native species diversity by creating conditions 

more favourable to urban friendly wildlife species from small insects and songbirds, 

to small mammals and raptors. 

Microclimate Design Features 

Three microclimate design features from the design have been selected to compare 

to conventional community design practices. 
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#11. Landscaping for Improved Microclimate 
#12. Unit Orientation & Separation 
#13. Unit Placement on lot 

The goal of these features is to improve the microclimate of the community for 

energy efficiency and human comfort. 

Urban Agriculture Design Features 

Two urban agriculture design features from the design have been selected to compare 

to conventional community design. 

#14. Food Plants in Landscaping 
#15. Composting Facilities 

The goal of these features is to minimize dependence on outside sources for food, 

and to recycle nutrients on site, making the community more self-sufficient. 

For each of these 15 design features, a comparison is provided between the 

Conventional, and Adaptive Design approach in terms of ecological, social, and 

economic considerations. At the end of the chapter a summary table is provided 

which highlights the major differences between each feature. 
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Design Feature #1: Open Space Drainage Network 

Conventional Approach 

o 
o 

o 

o 
o 

O open 
space 

Description 
• Open space is fragmented with little physical connection 

between parks 
•	 Managing stormwater in open space occurs in 

individual, isolated locations with usually little 
connection between stormwater management sites 

• Most stormwater is directed into catch basins and pipes 
where it is carried directly to rivers, lakes and streams, 
bypassing a significant portion of the natural 
hydrological cycle 

Environmental Considerations 
• Water has little opportunity to naturally infiltrate into 

the ground, reducing groundwater supplies 
• Plants and animals are unable to use stormwater as it is 

quickly removed from the site 
• The reduced amount ofwater available for evaporation 

contributes to the urban heat island affect 

Social Considerations 
• Landscape can have a more manicured appearance as 

stormwater management infrastructure is hidden 
underground 

• Requires minimal	 amount of land area as a large 
proportion of infrastructure is placed underground 

Economic Considerations 
• Significant investment into underground stonnwater 

infrastructure is required 
• Requires minimal	 amount of land area as a large 

proportion of infrastructure is placed underground, 
allowing for more developable area 
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Adaptive Design Approach 

O open 
space 

Description 
• Linear open space network is designed to follow natural 

drainage patterns of the site 
• Open space runs through entire site to collect and 

distribute stormwater 
• Width of corridors is based on volume of stormwater 

that needs to be managed 

Environmental Considerations 
• System allows for natural infiltration closer to the 

source, reducing the amount of run-off 
• Helps replenish groundwater supplies 
• Dissipates stonnwater over entire area to reduce chances 

of flooding and provide water to plants and animals in 
open space system 

• Vegetation helps to filter out chemicals and sediment 
• Connected open spaces help to improve quality	 of 

wildlife habitat 

Social Considerations 
• Drainage network doubles as a linked open space system 

providing additional amenities 

Economic Considerations 
• Requires more land as compared to isolated park patches 

reducing developable area 
• Increased open space provides a unique selling point! 

amenity feature for a development 
• Amount of underground infrastructure required can be 

significantly reduced, lowering construction costs 
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Design Feature #2: Complex Grading 

Conventional Approach	 Adaptive Design Approach 

Description 
• Site grading usually perfonned to efficiently shed water 

without pooling or wet areas 
• Slopes which are between 2 and 8%(maximum 33%) 

are considered ideal for ease of walking and mowing 
of grass 

• Approach often results	 in parks with gentle, gradual 
slopes with little variation 

Environmental Considerations 
• Water is quickly removed, offering little opportunity 

for on-site infiltration or take up by plants 
• Water is moved	 off site to be managed elsewhere, 

placing a burden on the stonnsewer system 
• Supports minimal wildlife species due to little variation 

in aspect and slope 
•	 Achieving gentle grades can require significant 

alternation of existing topography 

Social Considerations 
• Provides little visual interest 
• Eliminates low, hidden areas which may be undesirable 

from a safety standpoint 
• Contributes to the contrived aesthetic	 of manicured 

landscapes 

Economic Considerations 
• High volumes of run-off result in stonnwater that must 

be managed off site 
• Irrigation is often required since most water is removed 

before it can be taken up by plants 

Description 
• Creation of mounds and depressions with various slopes 

and aspect 
• Provides low areas where water can pool creating a 

landscape similar to that of the knob and kettle 
landscape of the prairies 

Environmental Considerations 
• Complex topography slows run-off, reduces erosion and 

increases travel time, allowing water to infiltrate into 
the ground 

•	 Low points, which fill in spring due to rain and 
snowmelt, offer opportunities for breeding waterfowl 

• Increases species diversity since a greater range	 of 
wildlife habitats are provided 

Social Considerations 
• Creates a more natural aesthetic indicative of the prairies 
• Public may not approve of temporary wet areas after 

storms due to concerns over insects, safety, and 
aesthetics 

Economic Considerations 
• Reduced construction costs if existing grades are used 
• Opportunity to deposit clean fill on site (to create knob 

and kettle landscape) reducing hauling and dumping 
costs required to remove material (for example: using 
the excavated material from housing foundations to 
create a more complex topography) 

• Reduces need for irrigation of plants 
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Design Feature #3: Backyard Infiltration Swales 

Conventional Approach 
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Description 
• Run-off from backyards	 is directed towards 600 mm 

wide concrete swales to remove stormwater run-off 
• Water is carried to catch basins and underground pipes 

Environmental Considerations 
• Water	 is removed from the landscape and becomes 

unavailable for replenishing ground water supplies or 
use by flora and fauna 

• Water is carried directly to catch basins where it enters 
into the storm sewer system, eventually being deposited 
into a receiving water body along with urban pollutants 
such as oils, silt, fertilizers and pesticides 

• Contributes towards the urban heat island affect as there 
is little water available for evaporation 

Social Considerations 
• Requires minimal space at back of lot (usually placed 

in a 1.2 metre easement) 
•	 Reduces the amount of standing water present 

immediately after a large stonn event 
• Sends signal to society that water	 is a problem that 

should be removed as quickly as possible 

Economic Considerations 
• High materials cost to construct concrete swales and 

install underground piping 
• High volwne of stonnwater must be managed due to 

minimal infiltration opportunities 
• Minimal land area required for infrastructure as it	 is 

mostly located underground 
• Minimal maintenance required once constructed 
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Adaptive Design Approach 

Description 
• Use ofpenneable materials to construct drainage swales 

3 to 15 metres in width 
• Plants in swales help to reduce flow speed and aid in 

filtering and infiltration 
• Water is directed to locations where it can be held for 

infiltration into the ground after larger stonn events 

Environmental Considerations 
• Allows for groundwater recharge close to the source 
•	 Slows flow of stormwater keeping water in the 

landscape longer so it can be used by flora and fauna 
and helps reduce the urban heat island affect through 
evaporation 

• Reduces pollution and sediment loading oflocal water 
bodies 

Social Considerations 
• Damp areas in spring and after stonn events may be of 

concern to some residents 
• Conveys message that water is important resource, not 

a waste 
• Education of residents required to ensure that they do 

not block or alter swales as this could result in flooding 

Economic Considerations 
• Requires periodic maintenance of plants and removal 

of sediment to ensure that swales continue to work 
properly 

• Require less piping and underground infrastructure, 
however infiltration swales require more land above 
ground 
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Design Feature #4: Street Drainage Swales 

Conventional Approach	 Adaptive Design Approach 
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Description 
• Use of crowned roads with concrete curbs and gutters 

to direct storm water run-off underground into 
stormsewers 

Environmental Considerations 
• Water is quickly removed from ecosystem and is not 

able to filter into the ground, replenish ground water 
supplies, or be used by flora and fauna 

• Water is carried directly to catch basins where it enters 
into the stonn sewer system and eventually deposited 
into a receiving water body along with urban pollutants 
such as oils, silt, fertilizers and pesticides 

• Contributes towards the urban heat island affect as water 
is no longer available for evaporation 

Social Considerations 
• Requires little space as	 most of the infrastructure is 

located underground 
• Eliminates presence ofstanding water immediately after 

a large stonn event 
• Sends signal to society that water	 is a problem that 

should be removed as quickly as possible 

Economic Considerations 
• High materials cost to construct concrete curbs, gutters 

and underground piping 
•	 Higher volume of stormwater must be managed 

elsewhere due to minimal infiltration opportunities 
• Minimal land area required for infrastructure as it	 is 

mostly located underground 
• Minimal maintenance required once constructed 
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Description 
• Crowned roads with swales provided along road side 

within boulevard to transport water and allow for 
infiltration 

• Inverted Crowned Road with water channeled down 
middle of road and deposited into traffic island for 
storage and infiltration 

Environmental Considerations 
• Allows for groundwater recharge close to source 
•	 Slows flow of stormwater keeping water in the 

landscape longer for use by flora and fauna, and helping 
to reduce the urban heat island affect 

Social Considerations 
•	 Swales along road side can create difficulty for 

pedestrians crossing boulevard 
• Damp areas in spring and after storm events may be of 

concern to some residents 
• Conveys message that water is an important resource, 

not a waste by allowing stonnwater to be highly visible 
• Education of residents required to ensure that they do 

not block or alter swales as it could result in flooding 
• Streetscape is not as aesthetically "neat" as conventional 

approach 

Economic Considerations 
• Requires periodic maintenance of plants and removal 

of sediment to ensure that swales continue to work 
properly 

• Requires less piping and underground infrastructure, 
however swales require more land above ground 
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Design Feature #5: Boulevard & Traffic Island Infiltration 

Conventional Approach	 Adaptive Design Approach 
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Description 
• Boulevards and traffic islands are graded to shed water 

quickly 
• Manicured grass, shrubs, and trees are selected and 

arranged based on their aesthetic qualities 

Environmental Considerations 
• Contributes towards increased	 stonnwater run-off in 

urban areas 
• Water is not used to support plant life 

Social Considerations 
• Designed to create a green streetscape, providing little 

benefit beyond aesthetics 

Economic Considerations 
• Maintenance required for cutting of grass, irrigation, 

and plant replacement 

Description 
• Boulevards and traffic islands are designed to hold 

stormwater run-off 
• Trees, shrubs, grasses and wildflowers, which can 

withstand a range of moisture conditions, are used 

Environmental Considerations 
• Amount of stonnwater run-off is reduced as overland 

flow from adjacent properties and sidewalks is captured 
•	 Allows for infiltration into ground and supplies 

vegetation with water 

Social Considerations 
• Boulevard serves more than just an aesthetic function 
• Residents may have concerns regarding short	 tenn 

pooling immediately after rain storms 
• Safety may be	 of concern to some residents due to 

blocked views 

Economic Considerations 
• Reduces water volume that needs to be managed by 

underground stormwater infrastructure, reducing 
infrastructure costs 

• Reduces need for irrigation 
• No need for weekly maintenance such as mowing and 

watering 
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Design Feature #6: Open Space System 

Conventional Approach 
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o 

o 

o 
o 

= 
o 

tJ 0 ~ 
D open 

space 

Description 
• Open space is provided in isolated patches with little 

physical connection between them 
• Location, arrangement, and connections between parks 

is based primarily on social needs with little regard 
given towards supporting wildlife 

Environmental Considerations 
• Open space patches are isolated from one another and 

therefore must provide all of a species habitat 
requirements within one area 

•	 Wildlife in isolated patches are vulnerable to 
disturbances 

Social Considerations 
• Recreation based park design caters to a narrow interest 

group 
• Interest in bird and butterfly watching is increasing in 

popularity and is not conducive to many urban parks 
•	 Lost opportunity to provide a connected greenway 

system with trails for recreational use 

Economic Considerations 
• Requires less land area to provide unconnected parks 

and frees up more land for housing 

Adaptive Design Approach 

D open 
space 

Description 
• Open space planning is informed by size, pattern and 

linkages required to support desired flora and fauna 
• Easily incorporated with open space drainage network 

(see design feature #1) 
• Open space patches connected with corridors allow 

wildlife to move throughout open space system and into 

surrounding natural areas 

Environmental Considerations 
• An	 increase in habitat size and connectivity will 

improve chances of animal life having food and habitat 
needs for survival. 

• Connected spaces will provide habitat for species not 
often supported in urban areas 

• Healthier	 growing conditions for plant species by 
providing more space and connectivity 

Social Considerations 
• A connected open space system for wildlife doubles as 

a linked greenway network with recreational amenity 
• Provides opportunity for bird and butterfly watching, 

and other forms of wildlife viewing 

Economic Considerations 
• Requires more land as compared to i olated park patches 
• Provides a unique selling point/amenity feature for a 

development 
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Design Feature #7-' Sizing Open Space for Wildlife 

Conventional Approach	 Adaptive Design Approach 

Description 
• The total amount of open space is generally based on 

the minimum requirement of I0% ofgross developable 
land as dictated by the Municipal Government Act 

• Individual park size	 is generally based on the area 
required to support recreational features such as sports 
fields 

Environmental Considerations 
• A park sized for recreational needs may not be large 

enough to support desired plant and animal populations 

Social Considerations 
• Park use primarily geared towards active recreation 

activities 
• Leisure activities, such as bird watching and wildlife 

viewing, are not supported since the wildlife required 
to enjoy these activities are unable to find suitable 
habitat 

Economic Considerations 
• A park size based on minimum requirements requires 

the least amount of investment from the developer 
• A minimal amount of amenity space is provided 

Description 
• Park size is based on the area required to support desired 

flora and fauna 
• A corridor width of 13 to 30 metres to link patches is 

considered ideal from a biodiversity to width standpoint 
(Fonnan and Godron 1986) 

Environmental Considerations 
• Ensures size of habitat for desired species is adequate 
• Contributes towards a self sustaining environment as 

species populations can be self regulating 
• Increases species diversity 

Social Considerations 
• Open space system fulfills more than just a recreational 

role 
• Provides opportunities for wildlife viewing 

Economic Considerations 
• Can require more land than conventional approach and 

therefore costs the developer more 
• Less maintenance is required if native plant groupings 

are sized to be self supporting 
• Provides wildlife amenity for the community 
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Design Feature #8: Stormwater Wetlands 

Conventional Approach	 Adaptive Design Approach 

Description 
• One single wetland is provided per catchment area 
• Wetlands provided are sized to maximize treatment 

volume, financial feasibility in tenns of land area, and 
maintenance costs 

Environmental Considerations 

• Amount of wildlife supported is not maximized due to 
the limited number of ponds 

• Single large ponds do not support waterfowl populations 
that require multiple potholes and sloughs 

Social Considerations 
• Provides potential amenity 

Economic Considerations 
• Fewer wetlands mean less maintenance costs and less 

total area of land consumed 

Description 
• Multiple wetlands	 of different shapes and sizes are 

provided throughout the development area 
• Temporary ponds are allowed to fonn in the spring from 

rain and snowmelt to create a pothole pattern similar to 
the knob and kettle prairie landscape 

Environmental Considerations 
• Provides more habitat for breeding waterfowl 
•	 Creates a landscape pattern similar to the prairie pothole 

region, supporting a wider range of wildlife species 

Social Considerations 
• There may be public concern regarding temporary wet 

areas in parks 
• More wetlands will mean more people's homes are in 

close proximity to an amenity feature 

Economic Considerations 
• An	 increased number of wetlands will increase 

construction and maintenance costs 
• Less reliance on one large wetland will protect the 

system from a total breakdown if one wetland has a 
problem 

• Provision of amenity features that are closer to a higher 
percentage of lots should increase overall property 
values 
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Design Feature #9: Open Space Edge Configuration 

Conventional Approach 

Description 
• Open space boundary	 is straight with few bends or 

curves 
• Minimal edge provided with uniform microclimate 

throughout 

Environmental Considerations 
•	 Simple lot alignment provides minimal edge and 

variation in habitat available in tenns ofsolar orientation 
and wind direction 

• Limits opportunities to provide a variety ofhabitat types 
based on different microclimates 

Social Considerations 
• Entire open space area visible from any view point 
• Form fits into human enforced geometric aesthetic 

common in many developments 

Economic Considerations 
• Straight lot alignments are simple to survey and build 

fences on 
• Constant lot depths provides less consumer choice in 

terms of lot size on streets which back onto open space 

Adaptive Design Approach 
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Description 
• Open space boundary has numerous bends and curves 
• Variety	 of lot depths adjacent to open space which 

creates more edge 
• Variety ofmicroclimates created throughout open space 

Environmental Considerations 
• Increased opportunities for habitat biodiversity as a 

variety of microclimates are created through various 
solar orientations 

Social Considerations 
• Provides more visual interest 
• Could create hidden areas which may be a concern from 

a safety standpoint 
• Creates a variety of lot sizes adjacent to one another, 

increasing consumer choice on one street 

Economic Considerations 
• May be more time consuming for surveyor to layout 

and for contractor to build fences 
• Requires more fencing materials along park boundary 
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Design Feature #11: Landscaping for Improved Microclimate 

Conventional Approach	 Adaptive Design Approach 

Description 
• Plant selection and arrangement is based primarily on 

aesthetics 
• Landscaping is considered cosmetic and is incorporated 

after the rest of the design is complete 

Environmental Considerations 
•	 Lost opportunity to use plants to improve urban 

microclimate 
• Fossil fuels are used to meet goals that could have been 

achieved through natural means (i.e. the heating and 
cooling of buildings) 

Social Considerations 
• Urban environment creates a microclimate that is more 

harsh than natural surroundings and is at times 
unpleasant to live in 

Economic Considerations 
• More expensive for the heating and cooling ofbuildings 
• Urban environment may not be as hospitable as other 

areas due to air, noise, and visual pollution; wind gusts; 
and higher temperatures; and therefore less desirable 
from a consumer standpoint 

Description 
• Landscape design considered early in the design process 

so that plants can serve a functional role 
• Plants are selected and arranged to provide a range of 

benefits beyond aesthetics, including:
 
wind barriers
 

•	 prevent drifting snow from accumulating in 
key areas 

•	 block the sun's rays 
interception ofairbome pollutants to clean the 
air 
noise barriers 

•	 visual barriers 

Environmental Considerations 
• Blocking wind and allowing for solar access	 helps 

reduce building energy consumption and improves 
human comfort during the winter 

• Blocking unsightly views, noise, and cleaning the air 
helps to create a healthier, more pleasant living 
environment 

Social Considerations 
• Improves the quality ofthe living environment making 

the community more desirable to live in 

Economic Considerations 
• Reduced building energy consumption 
•	 Community is more desirable from a consumer 

standpoint 
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Design Feature #12: Unit Orientation & Separation 

Conventional Approach	 Adaptive Design Approach 

Description 
• Housing orientation for passive solar benefits is not a 

primary informing factor towards subdivision design 
• Conventional subdivisions have curvilinear streets and 

do not follow a grid which results in fewer homes being 
oriented to within 30' of south 

• Houses are often spaced so close together that they block 
the sun from one another during the winter months 

Environmental Considerations 
• Units which face a direction other than south with their 

primary wall are missing an opportunity to reduce their 
reliance on fossil fuels for heating 

Social Considerations 
• Many homes may not even have at least one room with 

a significant amount of sunshine for a portion of the 
day 

•	 Wide selection of street alignments and housing 
orientations provide greater choice and more visual 
interest 

Economic Considerations 
• Lost opportunity to reduce heating bills through passive 

solar heat 
• Wider consumer choice as design	 is not restricted to 

only east/west street 

Description 
• Street network is based on a grid aligned to within 30' 

of south 
• Majority of homes positioned to front east-west streets 

so that they face the sun 
• Separation	 of homes based on building height and 

distance needed for sun penetration of shortest day of 
the year when the sun angle is only 15' above the 
horizon 

Environmental Considerations 
• Sun allowed to penetrate	 homes in winter to heat 

buildings using passive solar techniques 
• Building walls which receive sun will help reduce heat 

loss as the temperature gradient between inside and 
outside is reduced 

• Reduces dependence on fossil fuels for heating when 
sunny 

Social Considerations 
• Improves indoor living environment during the cold 

winter months 
• Outdoor spaces which receive more sun will be more 

comfortable to be in and therefore more useful for a 
greater portion of the year 

• A street configuration with most homes facing south 
reduces choice and visual interest of streetscape 

Economic Considerations 
• Reduced energy expenses for home heating 
• Less selection for consumers 
• Reduced density as the size oflots may need to be larger 

than conventional 
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Design Feature #13: Unit Placement on Lot 

Conventional Approach 
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Description 
• Placement of units is dictated by required setbacks and 

minimum yard sizes as indicated in the land use bylaw 
• Units are positioned on lots to maximize the size ofthe 

backyard while minimizing the front yard size 

Environmental Considerations 
• Lost opportunity to position unit where the size of the 

yard on the sunny side could be maximized 
• Buildings will often block solar access from one another 

increasing home energy requirements 

Social Considerations 
• Outdoor spaces, which do not receive direct sun, are 

not as functional during the colder seasons as human 
comfort can be influenced by solar exposure 

• Creates a conventional streetscape with a consistent 
setback from the street 

• Makes the more private backyard the larger outdoor 
space 

Economic Considerations 
• Increases home energy requirements 
• Accepted norm of larger yard at the back of the house 

Adaptive Design Approach 

Description 
• Units positioned on lots to maximize solar access and 

minimize shading of adjacent units 
• Size of yard on sunny side of house maximized rather 

than making the backyard automatically the largest yard 

Environmental Considerations 
• Reduced heating cost and less dependence on fossil 

fuels for heating 

Social Considerations 
• Increases the amount of sun outdoor spaces receive 
• Encourages more use	 of outdoor spaces for a larger 

portion of the year 
• Alters streetscape by having homes on the north side 

of the street farther back 
• Homeowners may not like having the larger yard at the 

front of their house 

Economic Considerations 
• Potential to reduce home energy requirements 
• Consumer receptivity of having the primary outdoor 

living space at the front of the house is questionable 
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Design Feature #14: Food Plants in Landscaping 

Conventional Approach	 Adaptive Design Approach 

Description 
• The selection	 of most plants in landscaping is based 

mainly on aesthetics - not food production 
• Land for growing food is not usually provided in new 

communities 

Environmental Considerations 
•	 Cities, which are the largest consumer of rural 

agricultural goods, typically do not produce any of their 
own food 

•	 Significant energy is invested in the growing, 
packaging, and transportation of food to urban areas 

Social Considerations 
• Perpetuates view that cities are separate from the 

environment 

Economic Considerations 
• High cost in transporting food to urban areas 
• Energy invested	 in the planting and maintenance of 

urban landscapes provide little benefit beyond aesthetics 

Description 
• Food plants are incorporated into the public landscape 
• Community gardens are provided to allow residents to 

grow their own food 

Environmental Considerations 
• More efficient use of land 
•	 Reduces energy expended in the production and 

shipping of agricultural products to urban areas 

Social Considerations 
• May take time for the public to accept vegetables and 

other food crops as a part of public landscapes 
• Added amenity for residents	 - especially for those 

without space to grow their own food 

Economic Considerations 
• Reduced food expenses for home owners 
• Amenity which could attract homebuyers 
• Possible source of income for community associations 
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Design Feature #15: Composting Facilities 

Conventional Approach 

farm 

~~Jl1~
 

:;;.----. ...---. .. 

Description 
• Facilities for composting are not usually provided within 

the community 
• Grass cuttings,	 leaf little, and food wastes from the 

community are usually shipped off to land fill sites 
unless residents create there own compost facilities 

Environmental Considerations 
• As parks do not have composting facilities, collected 

organic wastes such as leaf litter, fallen twigs and 
branches are removed from the site rather than being 
returned to the soil 

Social Considerations 
• Perpetuates idea that recycling of organic matter is not 

really important 

Economic Considerations 
• Cost incurred for removal of material off site 
• Organic material required for park maintenance must 

be brought in from off site 

Adaptive Design Approach 

compost 
facilities 

Description 
• Composting facilities are provided within each park in 

close proximity to community gardens 
• Used to collect park and garden organic wastes - could 

also be used to collect kitchen waste from residents 
•	 Compost created is used in parks and community 

gardens 

Environmental Considerations 
• Improves soil quality	 as nutrients are recycled back 

into the soil rather than sending them to landfills 

Social Considerations 
• Provides opportunity for residents without space for 

their own composting facilities to recycle organic wastes 
• Possible concerns	 over unsightliness and smell of 

compost piles ifnot managed properly 

Economic Considerations 
• Reduces park maintenance costs by having organic 

matter close at hand 
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Design Feature Comparison Summary (page1of3J 

Stormwater Management Design Features 

# Design Feature 
'" 

Conventional Approach 

1 Open Space Drainage 
Network 

Stonnwater management plan not always 
integrated with open space network, 
resulting in a lost opportunity to 
minimize reliance on underground pipes 
and sewers. 

Requires a minimal amount of land area 
as a large proportion of the infrastructure 
is placed underground. 

2 Complex Grading Minimum 2% slope used to efficiently 
move water off site and to eliminate 
standing or pooling water. Increases need 
for artificial stonnwater management 
practices. 

Backyard Infiltration	 0.6 meter concrete swale in a 1.2 metre 
easement is used to transport stonnwater Swales 
to catchbasins and underground pipes. 

Eliminates opportunity for stonnwater to 
infiltrate into the ground and replenish 
groundwater supplies. 

4 Street Drainage Swales Crowned road with catch basins and 
underground pipes remove stonnwater 
from the landscape. 

Requires minimal amount of land area 
above ground. 

5 Boulevard & Traffic 
Island Infiltration 

Usually landscaped with ornamental 
plants and designed to shed stonnwater. 

Requires routine maintenance to water 
and mow grass. 

Adaptive Design 

Configuration of open space network 
based on stonnwater management 
requirements to maximize opportunities 
for infiltration and to help replicate the 
operation and function of natural 
drainage systems. 

Requires more land area compared to 
conventional approach. 

Strategically retain water in small pools 
on site for on site infiltration, reduced 
run-off, and to provide moisture for 
plants. 

May create public concern regarding 
safety and aesthetics after large stonn 
events due to standing water. 

In higher density areas, swales are 
constructed of penneable materials to 
allow for infiltration as water is 
transported. 

In low density areas, a 13 metre wide 
naturalized drainage corridor allows for 
infiltration into the ground as water is 
transported. Can also function as a 
wildlife movement corridor. 

Chance that swales may be altered by 
residentrs causing flooding 

Requires periodic removal of sediment to 
ensure swales continue to work properly. 

Use of inverted crowned roads to carry 
water to infiltration areas, or swales in 
boulevards on crowned streets. Helps to 
infiltrate water close to the site to 
replenish groundwater supplies. 

Requires more land area than 
conventional approach. 

Used to hold stonnwater to minimize 
run-off, allow for infiltration into the 
ground, and to provide moisture for 
plants. Reduces need for catch basins and 
underground pipes. 

Possible safety concerns regarding heavy 
vegetation along roadsides which may 
block views. 
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Design Feature Comparison Summary (page 2 of3) 

Wildlife Habitat Design Features 

# Design Feature Conventional Approach 

6 Open Space System	 Parks and open spaces are usually 
fragmented patches with little physical 
connection. 

Generally requires less land than a 
connected system 

7 Sizing Open Space for	 Size of parks and open space is based on 
recreation requirements to accommodatewildlife 
sportsfeilds, and playgrounds. Total 
amount based on required 10% municipal 
reserve dedication as per Municipal 
Government Act. 

8 Stormwater Wetlands	 Number of wetlands based on stonnwater 
management requirements. Goal is to 
minimize the number required per 
drainage area to minimize land area 
conswned and maintenance costs. 

9 Open Space Edge	 Open space shape based on straight lines 
with as few bends and corners asConfiguration 
possible. 

10 Landscaping for	 Single species and age of tree are evenly 
spaced along boulevards with a Species Diversity 
manicured grass understorey. 

Selection and arrangement of species 
based primarily on aesthetics. Little 
consideration is given towards the needs 
of wildlife or native plant communities. 

Adaptive Design 

Open space patches are connected to one 
another through greenways and wildlife 
corridors. Corridor width based on size 
needed to support smaller wildlife 
movement (minimum 13 metres) 

Generally requires significantly more 
land than an unconnected system. 

Size based on minimum size required to 
support urban friendly wildlife species. 

Open spaces are generally larger than 
conventional and therefore leave less 
land available for development. 

Provide a range of wetland sizes over 
entire development to help support a 
variety of species. 

Goal is to emulate the pothole and slough 
arrangement of the Aspen Parkland and 
Fescue Grassland ecoregions. 

Increased land area and maintenance 
costs incured by using multiple smaller 
wetlands rather than one large wetland. 

Complex boundary shape is used to 
create a more complex edge which helps 
provide more opportunities for wildlife 
habitat. 

Mix of pioneer and climax species of a 
range of ages, placed in groups with a 
shrub understorey. 

Selection and arrangement of plant 
species is informed primarily by regional 
ecosystem patterns and native plant 
communities. Goal is to provide food and 
shelter requirements for urban friendly 
wildlife species. 

Potential for high initial construction 
costs compared to conventional 
landscaping as native plants may not be 
widely avaialble and therefore might cost 
more. 

194 Chapter 8 



----------------------------------JrJesign approach comparison 

Design Feature Comparison Summary (page 3 of3) 

Microclimate Design Features 

# Design Feature Conventional Approach 

11 Landscaping for Landscaping is often an after thought 
Improved 
Microclimate 

limiting the opportunity to use plants for 
improving the microclimate 

12 Unit Orientation & 
Separation 

Housing is not usually oriented towards 
south to maximize passive solar gain. 

Does not consider solar access for the 
winter months when the sun's angle is 
lowest. 

13 House Placement on 
Lot 

Unit placed on lot to maximize size of 
rear yard. 

Ensures that all homes have a private 
backyard. 

Urban Agriculture Design Features 

# Design Feature Conventional Approach 

14 Food Plants in	 Edible plants are not usually incorporated 
into landscaping. Landscaping 

15 Composting Facilities	 Composting sites are not usually 
incorporated into parks 

Adaptive Design 

Plants are selected and arranged to 
provide a range of benefits beyond just 
aesthetics such as: 

· wind barriers 

· prevent drifting snow from 
accumulating in key areas 

· block the sun's rays 

· interception of airborne 
pollutants to clean the air 

· noise barriers 

· visual barriers 

Community designed so that most homes 
are oriented to within 30· of south. 

Distance between homes is based on the 
minimum distance required for solar 
access on the shortest day of the year. 

Park spaces and a mix of building 
heights are also used to create solar 
openings. 

A street configuration with most homes 
facing south reduces consumer choice 
and visual interest of the streetscape. 

Many units are placed on lot to maximize 
size of yard on sunny side of property. 

Alters streetscape by having homes on 
the north side of the street farther back. 

Adaptive Design 

Fruiting trees and shrubs are provided in 
public parks and open spaces to provide 
a potential food source for the 
community. 

Composting sites are provided in close 
proximity to all residents. Used for 
composting park, yard and kitchen waste, 
so that nutrients may be returned directly 
to the soil. 

Potential for concerns regarding 
unsightliness and odours from compost. 
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As illustrated in the previous examples, the Adaptive Design approach offers many 

advantages over conventional design in terms ofenvironmental, social, and economic 

benefits. Although social acceptance may make incorporating some of these design 

features difficult at first, due to changes in the streetscape, open space design, and 

landscaping practices, the overall visual impact ofthese design features would most 

likely be minimal. Also, when presented with a choice and an explanation of the 

benefits of these features, many consumers may in fact prefer developments that 

incorporate ecological design features. This is because beyond the ecological benefits 

associated with the Adaptive Design features, there are many economic benefits, 

for both the individual and municipality, that can be received through ecologically 

based design methods. Reduced costs for underground infrastructure, park 

maintenance, and building heating and cooling, are just three examples ofthe benefits 

that can all be obtained through an ecological approach towards design. Furthennore, 

many of the things that are becoming considered amenity features in conU11Unities 

which consumers are willing to pay extra for, such as wetlands and naturalized 

open spaces, would be standard practice in an Adaptive Design community as these 

operate as part of the ecological infrastructure for the community. 
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Chapter 9: Adaptive Design Details 

o further illustrate how the principles of Adaptive Design can be 

incorporated into a community, the following ten ecological design details 

have been selected. These details are those that demonstrate the 

improvements that can be made in the urban environment in terms ofwildlife habitat, 

stormwater management, microclimate modification, and creation of a natural 

aesthetic. For each detail, key information, which makes the Adaptive Design 

approach different from conventional design features, has been provided including 

key dimensions, construction materials, and plants species used. 

The ten Adaptive Design details highlighted are: 

#1: Wildlife Habitat Planting
 

#2: Unit Orientation, Separation, & Placement
 

#3: EastlWest Residential Street
 

#4: Boulevard Landscaping
 

#5: Stormwater Infiltration Islands
 

#6: Wildlife Drainage Corridors
 

#7: North/South Side Street
 

#8: Infiltration Nodes
 

#9: Infiltration Potholes
 

#10: Stormwater Treatment Wetlands
 

The plan on the following page illustrates the location of these features within a 

portion Neighbourhood B in Community #1. 
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Design Detail #1: Wildlife Habitat Planting 
Wildlife habitat plantings can be incorporated throughout a residential community, 

whether it is in the open space network, streetscape design (detail #4), or in private 

residential landscaping. Such an approach provides an altemative to the aesthetic 

based landscaping practices commonly employed in many new communities. 

The goal of wildlife habitat planting is to increase the diversity of species within 

the urban envirOllillent compared to conventional urban development practices by 

using a mix ofnative and suitable non-native species in stratified layers, to provide 

food and cover for urban friendly wildlife species such as songbirds, butterflies, 

and bees. When properly implemented, the plant groupings should be self-sustaining, 

requiring very little human input to maintain, and provide the benefits of 

microclimate modification as well. 

The habitat plantings have been divided into three groups: 

Group A: Grasses and Wildflowers;
 

Group B: Evergreen and Wind Barrier Species; and
 

Group C: Fruit Producing Trees and Shrubs.
 

The species selected for each group are those that are tolerant of Calgary's climate 

and are considered generalist species tolerant of a wide range of enviromnental 

conditions. Although each group may be used individually throughout a community, 

maximum wildlife benefit will occur when all thTee groups (A, B, and C) are planted 

adjacent to one another since a greater range of habitat types will be provided. In 

addition, fallen logs, leaf litter, and snags should be provided, and/or left as they 

occm, as they provide important food and cover for songbirds and other wildlife 

specIes. 

A;'" 

A 
. ' . 

By intermixing wildlife habitat 
groups A, B, and C, mutually 
beneficial relationships should be 
created which will maximize 
biodiversity. 
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Group A: Grasses & Wildflowers 

Grasses and wildflowers are the indigenous landscape of the Calgary region, which 

can provide a colourful, low maintenance ground cover alternative to the manicured 

Kentucky Blue Grass lawn of conventional landscapes. Using grasses and 

wildflowers will attract and provide habitat for bees, butterflies, and songbirds, 

while requiring very little water, making this grouping suitable for dry exposed 

sites. Small boulders should also be provided to create warm sunning places for 

butterflies, as well damp areas suitable for butterfly drinking should also be provided. 

The following is a partial list of suitable species for the Calgary region. 

Grasses 
Agropyron spp. Wheatgrasses 
Bromus pupelianus Northern Awnless Brome 
Calamagrostis canadensis Bluejoint 
Carex spp. Sedges 
Festuca spp. Fescue 
Stipa spp. eedle Grasses 

Wildflowers 
Achillea millefolium Common Yarrow 
Allium cernuum Nodding Onion 
Anemone multifida Cut-leaved anemone 
Anemone patens Prairie Crocus 
Aster spp. Aster 
Campanula rotundifolia Harebell 
Erigeron spp. Fleabane 
Gaillardia aristata Gaillardia 
Geum triflorum Three Flowered Avens 
Helianthus annus Annual Sunflower 
Lupinus spp. Lupine 
Monarda fistulosa Beebalm 
Oxytropis spp. Locoweed 
Penstemon spp. Beardtongue 
Ratabida columnifera Prairie Cone Flower 
Sisyrinchium montanum Blue-eyed Grass 
Solidago spp. Goldenrod 

For a more complete list, refer to Appendix E. 
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Group B: Evergreen and Wind Barrier Species 

On the windward side of a planting area, wind tolerant species should be used to 

help block north and west winds and to provide cover for wildlife. Protective cover 

can be especially important for smaller flying insects such as butterflies, which 

require protection from the wind so they may feed. Evergreens such as Picea spp. 

are especially beneficial as they provide thermal cover all year round and their 

cones can be an important food source. Plants should be organized to maximize 

wind protection by placing in stratified layers with the taller species at the centre 

and the lower plants towards the edge. Nitrogen fixing plants, such as caragana, 

should also be used as they are tolerant of harsh conditions while at the same time 

help to improve the soil quality for fruiting trees and shrubs (group C) by fixing and 

releasing nitrogen into the soil. 

The following is a partial list of suitable species for the Calgary region. 

Trees 
Fraxinus spp. Ash 
Picea glauca White Spruce 
Picea pungens Colorado Spruce 
Pinus contorta Lodgepole Pine 
Populus deltoides Plain Cottonwood 
Quercus macrocarpa Bur Oak 

Tall Shrubs 
Caragana arborescens Common Caragana 
Caragana arborescens 'Sutherland' Sutherland Caragana 
Syringa villosa Late Lilac 

Low Shrubs 
Caragana pygmaea Pygmy Caragana 
Potentilla fruticosa Shrubby Cinquefoil 
Lonicera xylosteoides 'Clavey's Dwarf' Clavey's Dwarf Honeysuckle 
Prinsepia sinensis Cherry Prinsepia 

For a more complete list, refer to Appendix E. 
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Group c: Fruit Producing Trees and Shrubs 

On the sunny, south and east sides of an area to be planted, a complex, multi

layered composition offruiting trees and shrubs should be planted to provide cover 

and food for wildlife. Plant selection should consider the time ofyear fruit is provided 

so the chosen plants will provide food all year round. The following is a partial list 

of suitable species. 

Trees 
Crataegus spp. Hawthorn 
Populus tremuloides Trembling Aspen 
Prunus pensylvanica Pin Cherry 
Prunus virginiana Chokecherry 

Tall Shrubs 
Amelanchier alnifolia Serviceberry 
Cornus spp. Dogwood 
Eleagnus commutata Wolf Willow 
Shepherdia argentea Silver Buffaloberry 
Sambucus canadensis American Elder 
Viburnum trilobum High Bush Cranberry 

Low Shrubs 
Rosa acicularis Prickly Rose 
Shepherdia canadensis Russet Buffaloberry 

Potentilla fruticosa Shrubby Cinquefoil 

For a more complete list, refer to Appendix E. 
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Design Detail #2: Unit Orientation, Separation & 
Placement 
To minimize building energy consumption, maximize opportunities for passive solar, 

and improve opportunities for natural lighting within homes, it is important to 

position homes so they receive as much unobstructed solar exposure as possible. 

To accomplish this requires that unit orientation, separation, and placement be 

considered. 

Orientation 

To ensure that most units are oriented towards the sun, the number and length of 

east/west streets should be maximized so that either the front or backs of units are 

oriented to within 30· ofsouth.' This allows housing to be placed shoulder to shoulder 

without significantly affecting solar access. This will maximize solar exposure and 

.. 
," .. " 

.. ' " ..-----; 
.," I.-_.--' 

Units facing within 30· of south on 
east/west streets, receive more of the 
benefits of passive solar exposure 
than those units on north south 
oriented streets. 

, Deviations of up to 30· from due south has little affect on passive solar heating 
efficiency (Van der Ryn et al. 1991). 
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contribute towards passive solar heating when planned in conjunction with 

appropriate architectural design. Furthermore, solar panels can be easily incorporated 

in the future if desired. 

separation 

Like other northern locations, Calgary's latitude experiences low sun angles during 

the winter months, creating long shadows. To ensure that buildings receive some 

direct sunlight during the cold winter months when the sun follows its lowest path, 

it is important to consider building height and separation so that units may be 

positioned far enough apart to allow some sunlight penetration. Although it is often 

recommended that homes be placed far enough apart so that buildings do not shade 

one another, this is not usually feasible in northern urban locations since it would 

require separations so wide that the subsequent density would not be economically 

justifiable (Matus 1988). Instead, a compromise can be made to ensure that some 

solar exposure is permitted when the sun is at its highest point on the shortest day of 

the year (December 21 51
). It is also important to consider building height since the 

taller the building, the longer the shadow cast, and therefore the greater the required 

separation. 

To maximize passive solar heating opportunities it is best to allow full solar exposure 

to the base of the wall. The chart below outlines the distance required between 

buildings to allow for 1 hour, and 4 hours of solar exposure on December 21 51 based 

on building height. A maximum building height of 10 metres is assumed, as this is 

the maximum height pernlitted under the Calgary Land Use Bylaw in Rl residential 

districts. This chart also assumes flat ground as slope will also affect the separation 

required. 

Relationship between bUilding height and building separation 
for unobstructed solar exposure on December 21st 

height of bUilding 
in meters (h) 4 5 6 7 8 9 10 

Separation 
required for 1 15 m 19 m 22 m 26 m 30 m 33.5 m 37 m 

hour of sun (d) 

Separation 
required for 4 23 m 28 m 34 m 40 m 45 m 51 m 57 m 

hours of sun Cd) 

Chart indicates the distance required 
between buildings to provide 
unobstructed solar exposure to the 
base of a building's wall when the sun 
is at its lowest angle. 

Shadow length is calculated by 
dividing an object's height by the Tan 
of the sun's angle. 
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Placement 

To help achieve greater solar access for buildings, as well as improve the amount of 

solar exposure received by outdoor spaces around homes, a number ofunit placement 

options should be used beyond the conventional approach ofuniform setbacks from 

the street. Besides creating additional opportunities for improved solar exposure, 

varying unit placement on lots helps to relieve some ofthe monotony of strict solar 

orientation and provides greater consumer choice. Three such options are detailed 

here: 

OptionA is similar to that ofconventional unit placement with symmetrical setbacks 

on the north and south sides of the street except that the setback is based on permitting 

solar access. This may result in setbacks that are greater than those found in 

conventional new developments creating lots that have larger front yards and 

therefore potentially more usable outdoor space. 

Option B places bungalows on the south side of the street to shorten the length of 

the shadow cast allowing homes on the north side of the street to be positioned 

closer to the street. This provides the homes on the north side of the street 

unobstmcted solar exposure while at the same time creates a more intimate 

streetscape than option A. 

Option C places the units on the north side of the street even farther back to make 

the front yard the principal yard, while making the back yard the smaller yard. This 

puts the primary outdoor space at the front of the home, and in the sun for a greater 

portion of the year, making the yard more desirable for outdoor activities such as 

gardening, or for the inclusion of green houses or sunrooms. Although this scheme 

ensures that homes on both sides of the street have a large sunny yard, it alters the 

streetscape from conventional unifonn setbacks on both sides of the street, and is 

contrary to the New Urbanism ideal ofhouses close to the street for social interaction. 

However, it does add visual interest and variety to the streetscape. 
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• Homes placed on lot to provide consistant setback from 
the street 

• Setback of homes from the street is greater than coventional, 
although compatible with Calgary's land use bylaw 

• Placement does not maximize yard size on the sunny side of homes 

front 
yard 

• Lower homes (bungalows) placed on the south side of the street 
permits homes on the north side to be placed closer to the street 

• Creates a more conventional streetscape with homes at a 
consistant set-back from the street 

• Placement does not maximize yard size on the sunny side of homes, 
although it permits homes on north side of street to be closer 
than homes in option A. 

• Homes placed on lot to maximize size of lot on sunny side 
• Setback of homes on north side of the street is greater than 

setback of homes on the south side 
• Backyards of houses on the north side of the street may be smaller 

than permitted under the land use bylaw and would be shaded for a 
greater portion of the year 

front
 
yard
 

Unit Placement on Lot 
Option A 

Unit Placement on Lot 
Option B 

Unit Placement on Lot 
Option C 
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East/West oriented streets should 
make up the majority of residential 
streets in each neighbourhood to 
take advantage of passive solar 
exposure. 

Design Detail #3: East/West Residential Street 
East/west residential streets should be the predominate type in a neighbourhood 

due to the energy efficiency advantages that result from orienting homes within 30· 

of south. To further improve the ecological benefits of solar oriented residential 

street design, four additional design features have been incorporated: 

1. Seven metre width asphalt driving lane; 

2. Four metre wide boulevard; 

3. Varied sidewalk location; and when rear lanes are not used, 

4. Combined driveways at the street. 

#1: Seven Metre Wide Asphalt Driving Lane 

A seven metre wide asphalt roadway is used to accommodate two-way traffic with 

parking on one side. This is two metres less than the Calgary standard of nine 

metres for two-way traffic with parking on both sides. The narrower driving lanes, 

although wide enough for all types of vehicles, helps slow vehicle speeds, as well 

as reduce the amount of impermeable surfacing and therefore the volume of 

stormwater run-off that must be managed. As the 15 metre right-of-way width is 

the same as conventional residential streets in Calgary, the remaining space allows 

for wider boulevards for landscaping, wildlife habitat, microclimate modification, 

and stormwater management. 

#2: Four Metre Wide Boulevards 

A four metre wide boulevard on either side of the street provides the space required 

for a sidewalk, stormwater management, and naturalized plant groupings. Plantings 
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consisting of wildflowers, trees, and shrubs provide habitat for wildlife, help to 

manage stormwater run-off, and create an aesthetic indicative of the prairies. For 

more infonnation refer to Detail #4. 

#3: Varied Sidewalk Location 

Based on residential unit setback, on street parking, and the desire for an improved 

pedestrian environment, the sidewalk location differs from the north and south sides 

of the street to accommodate the street's different functions. 

On the north side of the street a 1.4 metre separated sidewalk is located along the 

property line. By separating the sidewalk from the street, a more pleasurable walking 

experience is created for pedestrians. Furthermore, the sidewalk's location provides 

a physical separation between the naturalized boulevards and front yards, helping 

to prevent a homeowner's maintenance practices from encroaching on the boulevard, 

and vice versa. 

On the south side, a mono-walk (sidewalk connected to the curb and gutter) is used. 

Although this is less desirable from a pedestrian experiential standpoint since there 

is less separation between the car and pedestrian environment, the monowaLk allows 

for easy access to parked cars, and more importantly, allows for sufficient space on 

driveways for parking a car without blocking the sidewalk. This is especially 

important when homes are only setback four to six metres from the street (see 

detail #2). However, monowalks do not provide a barrier between the private front 

yard and naturalized boulevard, and therefore may only be desirable when front 

driveways are used. When rear lane access is provided, a separate sidewalk may be 

more desirable. 

#4: Combined Driveways at the Street 

Homes on streets without rear lanes should combine front driveways at the street to 

provide a single access point for every two homes. This creates less impermeable 

surfacing, more space for street trees and boulevard plantings, and more room on 

the street for parallel parking cars, which is especially important when narrow lots 

are used and parking is only allowed on one side of the street. Combined driveways 

are also important on cul-de-sacs when individual driveways on narrow pie shaped 

lots can leave little room for boulevard planting. 
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Design Detail #4: Boulevard Landscaping 
Instead of a manicured grass boulevard with rows of a single tree species, even 

aged, and uniformly spaced, an Adaptive Design community should have boulevards 

that achieve a number of ecological functions. One such approach highlighted here 

uses the streetscape to create an interconnected system ofhabitat patches for wildlife, 

assists in stormwater management, and contributes towards the creation of a 

landscape aesthetic more indicative of the prairies. 

To meet these goals, fruit producing trees and sluubs (Detail #1, Group C) are 

planted in six metre long groupings separated by a groundcover of grasses and 

wildflowers (Detail #1, Group A). The tree and shrub groupings are centred between 

two side by side lots on every other shared property line so that on streets with front 

driveways the plantings would alternate between shared front drives and boulevard 

plants. A minimum boulevard width of two metres is required to support a shrub 

understorey without interfering with the sidewalk or street, however the wider the 

boulevard the better. 

To trap water, slow run-off, increase on site infiltration, and provide water for plant 

growth, the finished grade of the boulevards should be 100 to 150 rom (4 to 6 

inches) lower than the curb and sidewalk. This low area is used to trap water as it 

travels via overland flow from residential front yards to the street. This is similar to 

the current practice ofproviding tree wells, but instead ofonly concentrating on the 

area around individual trees, the entire boulevard is lowered. During larger storm 

events the boulevards should temporarily detain water allowing it to slowly infiltrate 

into the ground. Therefore it is important that a thick layer of topsoil be used which 

allows for ample infiltration. In some circumstances a soil mix with sand and 

composted material may be required to increase infiltration rates and eliminate 

extended periods of standing water (Russell 2000). 

The species selected should be those that can provide songbird and butterfly habitat 

by providing food and cover for all season as outlined in Detail #1. Species chosen 

should be tolerant of a wide range of moisture conditions so that they may survive 

fluctuating conditions between flood and drought. 
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Boulevard Landscaping 
Typical Section 
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Cul-de-sacs located at the edge of the 
neighbourhood, adjacent to the 
greenbelt, provide opportunities for 
stormwater infiltration, minimizing 
the need for underground 
stormwater pipes. 

Design Detail #5: Stormwater Infiltration Islands 
Located in cul-de-sacs, stormwater infiltration islands collect rain and snowmelt 

from the street and yards of homes. They help to reduce the volume of stom1water 

that must be managed by conventional pipes and catch basins, and provide the 

opportunity for stormwater to infiltrate into the ground to replenish groundwater 

supplies. 

The infiltration islands are divided into four different levels ofinfiltration and storage, 

which are employed depending on the volume of water that needs to be managed. 

These four levels: rain gardens, central storage area, 1:100 year trap low, and 

emergency overland flow route, help to ensure that the system will function no 

matter what the storm event. 

Stormwater
 
Infiltration
 

Island 
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Rain Gardens 

During typical small storm events most ofthe run-off is directed towards the planted 

areas that border the Infiltration Island. These planted areas trap stormwater allowing 

it to slowly infiltrate into the ground. The trapped water also helps support plant 

growth, which provides habitat for wildlife. The design of the rain garden would be 

virtually identical to Boulevard Landscaping Detail #4. 

Central Storage Area 

During larger storm events, when the volume of water can not be managed solely 

by the rain gardens, excess water is directed to a central storage area located between 

the two rain gardens. Designed for temporary detention, water is held to a maximum 

depth of one metre while it slowly infiltrates into the ground. The bottom and sides 

of the storage area are constructed of large boulders and river rock to eliminate the 

formation of muddy pools after larger storms. This will make the central storage 

area relatively low maintenance, more aesthetically clean, and reduce the chances 

of insects, such as mosquitoes, from breeding in the pools of water that would 

otherwise develop. However, periodic removal of sediment would be necessary to 

keep the storage area working properly. To further facilitate infiltration, a French 

drain (perforated pipe in a gravel bed) is located under the storage area to carry 

excess water to the adjacent open space network. 

1:100 Year Trap Low 

When the central storage area is unable to detain and infiltrate the volume ofwater 

being received fast enough, the asphalt road area surrounding the Infiltration Island 

is designed to act as a trap low to temporarily hold the excess water. 

Emergency Overland Flow Route 

During the largest storm events, if the trap low is unable to manage the volume of 

water, it is then directed to the adjacent open space network via an emergency 

overland flow route. This flow route allows excess water to flow into the adjacent 

open space network via the six metre wide pedestrian pathway easement located at 

the end of each cul-de-sac. In this situation the open space drainage network would 

then be used to transport, store, and infiltrate the excess stormwater. 
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Wildlife drainage corridors are 
located between the backyards of 
homes in the low density residential 
zone. These corridors help to 
infiltrate and transport stormwater, 
and provide habitat and travel 
corridors for wildlife. 

Design Detail #6: Wildlife Drainage Corridors 
Incorporated into lower density residential areas, wildlife drainage corridors are 

located at the back of lots, providing habitat and movement corridors for wildlife, 

while at the same time helping to facilitate stormwater infiltration, moderating the 

urban microclimate, and contributing towards the creation of a prairie aesthetic 

throughout the community. 

Wildlife Habitat and Movement 

The corridor is 13 metres in width, which is wide enough to support a wide range of 

small mammals and songbirds that may use the corridors to move between larger 

open space patches (Forman and Godron 1986). The corridor is made up ofa mixture 

ofnative trees, shrubs, grasses and wildflowers to provide food and cover for wildlife. 

Plant species selection is based on those that are able to withstand Calgary's climate, 

while at the same time support small, urban friendly wildlife species. 
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Stormwater Management 

At the centre of the corridor is a winding drainage swale, 600 rnm wide, which 

carries stormwater from the residential lots, to the adjacent open space system. 

While traveling through the corridor, water is allowed to infiltrate into the ground 

to replenish groundwater supplies. The swale is designed to meander in order to 

slow run-offand add to the physical complexity of the corridor. Plant species within 

and immediately adjacent to the swale are those that are flood tolerant and able to 

withstand fluctuating moisture conditions which may occur during larger storm 

events when the swale is unable to confine the flow. 

Microclimate Modification 

The planting configuration within the corridor also contributes towards microclimate 

modification as wind tolerant barrier species are located on the north side, while 

sun loving fruiting trees and shrubs are located on the sunny, protected side. This 

configuration will not only help provide habitat for wildlife, but will also help create 

a wind barrier for homes, and create a visual barrier between backyards to improve 

privacy between lots. 

Prairie Aesthetic 

To create an aesthetic indicative of the prairies, a large proportion of the planted 

area (approximately 50%) is grasses and wildflowers. The use ofnative grasses and 

forb species will also help provide habitat for butterflies and possibly groundbirds, 

and help improve the infiltration capacity of the corridor. 
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Design Detail #7: North/South Side Street 
Since the streets running east west are the predominant type to provide homes with 

solar access, streets running north/south act mainly as side streets with only a small 

percentage of bomes fronting north/soutb streets to increase consumer choice. 

Besides acting as a side street, the north/south streets also transport stormwater to 

the open space network and facilitate some natural infiltration, thus reducing the 

need for catch basins and underground storm sewers. 

The north/south streets transport and infiltrate stormwater through the use of 

landscaped drainage swales in the boulevard. Vegetation is planted within the swales 

to help slow run-off and provide some filtering of sediment. Vegetation, tolerant of 

fluctuating moisture conditions and temporary inundation is required in these areas. 

Swales fit well into the boulevards ofnorth/south streets since few homes face onto 

these streets tbus minimizing conflicts between swales and driveways. However, 

culverts are necessary where water is directed under east/west streets. 

,daptive design details 

The boulevards of the north/south 
streets are designed with swales on 
either side to transport stormwater to 
the wildlife drainage corridors and to 
the surrounding greenbelts, helping 
to reduce the need for underground 
stormwater infrastructure. 
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Boulevard vegetation consists of 
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Design Detail #8: Infiltration Nodes 
The receiving point for a large proportion of the precipitation that lands in the 

residential areas are the infiltration nodes. Located at the edge of the open space 

system where they can receive stormwater from the north/south side streets, the 

Infiltration Nodes slow the flow of stormwater and allow it to infiltrate into the 

ground as much as possible before it is released into the open space drainage network. 

The infiltration nodes also provide an opportunity for snow storage so that water 

from snowmelt may be used in the open space system. This is accomplished by 

providing an access point for snow removal equipment so that they can deposit 

snow in designated areas where it can then slowly release water into the open space 

system as it melts. This helps to reduce the amount of water that must be managed 

by conventional stormwater management practices in the spring, and helps to make 

use of the spring melt water rather than allowing it to flow into the stormsewer 

system. 

Many of the infiltration nodes can also serve a second function as a pedestrian 

access point to the open space system. Small playgrounds, transit stops, and allotment 

gardens may all be incorporated into the design of the infiltration node as they can 

become focal points within the community. 

Infiltration "'" 
nodes 

Infiltration nodes act as a receiving 
point for stormwater and snowmelt 
before it enters into the open space 
network. 
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Design Detail #9: Open Space Infiltration Potholes 
To help slow stormwater flow and facilitate infiltration, stormwater is directed to a 

series ofsmall depressions to temporarily hold water as it is transported through the 

open space network to the stormwater treatment wetlands. These depressions help 

to reduce the volume of water that must be managed by the wetlands a water is 

allowed to infiltrate into the ground. In addition, flow time is increased and water is 

made available to vegetation, thus reducing the need for irrigation. 

The infiltration potholes are comprised of two parts, a sedimentation basin and an 

infiltration area. The two are separated by a berm, which allows water to seep from 

the sedimentation basin to the infiltration area. In the infiltration area, the water is 

filtered and taken up by plants to reduce flow and improve water quality. Any water 

that is not taken up by the plants, or is not infiltrated into the ground during larger 

storm events, continues through the open space network, either to another infiltration 

pothole or into a stormwater wetland (see detail # I0). 

The size ofthese infiltration potholes can vary and should be based on the catchment 

area one is working with. During the spring, it may be desirable for some 

sedimentation basins to remain full to create habitat for the many species ofwaterfowl 

that require small ephemeral potholes for breeding. In these situations, a 

sedimentation pond of roughly 200 m2 should be planned since this is the minimum 

size that will support muskrat. Muskrat are an important keystone species in potholes 

and sloughs as they help to control emergent plant growth, which is necessary if 

waterfowl are to use a pothole. However, to ensure a muskrat population is present, 

larger wetlands with water deep enough for over wintering must also be in close 

proximity. 
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The following flood tolerant species may be suitable for infiltration potholes as 

they can tolerate repeated flooding and temporary inundation. 

Trees
 
Acer negundo
 
Populus spp.
 
Fraxinus pensylvanica
 
Larix larcina
 
Ulmus americana
 

Tall Shrubs
 
Cornus sericea
 
Eleagnus commutata
 
Salix spp.
 
Sambucus racemosa
 
Viburnum opulus
 
Viburnum trilobum
 

Low Shrubs
 
Salix spp.
 
Shepherdia canadensis
 

Grasses
 
Carex spp.
 
Elymus innovatus
 
Juncus spp.
 

Forbs
 
Anemone canadensis
 
Comus canadensis
 
Dodecatheol1 conjugens
 
Scirpus acutus
 
Scirpus paludosus
 
Thalictrum venulosm
 
Typha latifolia
 
Viola canadensis
 

Manitoba Maple 
Poplar 
Green Ash 
Tamarack 
American Elm 

Red Osier Dogwood 
Wolf Willow 
Willow 
Red Elder 
European Cranberry 
High Bush Cranberry 

Willow 
Russet Buffaloberry 

Sedges 
Hairy Wildrye 
Rushes 

Canada Anemone 
Bunchberry 
Shooting Star 
Hard-Stemmed Bulrush 
Bulrush 
Veiny Meadow Rue 
Cat Tail 
Westem Canada Violet 
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Design Detail #10: Stormwater Treatment Wetlands 
The final destination point for stonnwater is the stormwater treatment wetlands 

which are located throughout the open space system to re-create a knob and kettle 

landscape pattern reminiscent of the native prairie landscape. This contrasts 

conventional practices of having just one large stonnwater treatment wetland for 

an area. Instead, a number of wetlands of various shapes and sizes are used to 

perform the same treatment function. This approach will improve the habitat 

requirements for waterfowl, as well as other species, and will provide more amenity 

space within the community. The location of the wetlands should also consider 

surrounding land uses, which might benefit from having a clean water source for 

irrigation. Community gardens, tree nurseries, and sports fields may all benefit 

from being located in close proximity to wetlands, helping to reduce the costs 

associated with using municipal water service for irrigation. 

The use of stormwater treatment wetlands to provide wildlife habitat is quite 

compatible since many of the factors that contribute to pollutant removal, also 

contribute towards better quality wildlife habitat (Schueler 1992). Key features to 

consider in a wetland's design for improved habitat are discussed below. 

Wetland Size 

As a rough estimate, 2% ofa watershed's catchment land area is required to support 

a stormwater wetland, however the actual size necessary should be determined by a 

hydrological/civil engineer as there are many factors that influence stonnwater 

volume calculations such as slope, surface material permeability and aspect. As a 

minimum, however, it is recommended that the catchment area be at least 10 hectares 

(25 acres) in size, resulting in a wetland that is approximately 0.2 hectares (0.5 

acres) in size. This is suggested since smaller wetlands tend to dry out (Scheuler 

1992). Although it is generally accepted that the larger a wetland, the more wildlife 

it will support, numerous small wetlands are important in the prairies from a 

waterfowl standpoint, and are therefore favoured over a few single large wetlands 

in an Adaptive Design approach 

Complex Shape 

The longer and more irregular a wetland's edge, the more desirable it is for wildlife. 

This is especially tme for nesting waterfowl as a complex shoreline provides more 

isolated locations for breeding pairs (Scheuler 1992). 
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Complex Topography 

The provision of a range of depth zones (hi, low and deep), along with mud flats 

(mf) not only improves a wetland's ability to clean water, but also provides a wider 

range of habitats compared to a pond of constant depth. 

Ideally 25% of the wetland should be deep open water with the rest being hi and 

low marsh. Side slopes of 5 to 1 (20%) or less have proven to be better for wildlife 

habitat, with mud flats being especially important for shorebirds as they can supply 

worms and other organisms for food. The deep zones should be at least 0.7 metres 

deep so that species such as muskrat can over winter in the wetland. 

Riparian Buffer Vegetation 

A minimum buffer of 15 metres (50 feet) is recommended to act as an interface 

between the aquatic and terrestrial environments. A riparian buffer around a wetland 

helps to provide protection for species and increases the number of species that use 

the wetland since trees, shrubs, and grasses can provide critical food and cover for 

many wildlife species. Ideally buffer vegetation should be connected to surrounding 

wildlife corridors so that wildlife may easily move to and from the wetland. 

Islands 

Islands provide excellent protected areas for breeding waterfowl. Islands should be 

at least 2.8 square metres (30 square feet) for each pair of nesting ducks desired. 

Islands also help to increase the flow time for stormwater, which improves the 

treatment process as stormwater is retained longer in the wetland. 

daptive design details 
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Reflections on the Adaptive Design Development 
and Demonstration Process

IT he Adaptive Design process has the potential to build urban environments 

that incorporate ecological functions. Adapting landscapes to human activities 

while retaining necessary ecological processes and ecological system functions 

is critical if sustainable urban environments are to be created. There are a variety of 

proven ecological design techniques and solutions that can be applied across a range of 

urban scales. 

Based on the demonstration of the Adaptive Design process in the development of a 

new community in Southeast Planning Area: Step #4: Program Analysis is possibly the 

most valuable tool for urban designers. Program Analysis finds connections and 

interconnections among program elements and between program elements and the site. 

The use ofPermaculture © principles in Program Analysis proved to be most useful in 

program analysis because these principles helped to find linkages between often 

seemingly divergent elements and in so doing, helped overcome perceptual barriers 

inherent in conventional thinking. Therefore, ifthere was to be one major lesson learned 

from developing and demonstrating the Adaptive Design process it would be the 

conceptual value of these principles in finding the interconnections necessary to drive 

ecological design solutions. 

In applying the Adaptive Design approach to the Southeast Planning area, the role of 

stormwater management as an overall form dictator became very apparent. The open 

space network created to accommodate stormwater management created a spatial 

structure within which functions as wildlife habitat and movement, reduction in the 

urban heat island affect, maximization ofsolar orientation, and access and the design of 

native landscapes could all be incorporated. 

Perhaps a little surprisingly, this functional relationship between open space and 

stonnwater management did not have as drastic an impact on initial density and 

population goals as might be anticipated given that 25% ofthe site was dedicated to the 

open space/stormwater management system. Although some may argue that to 

incorporate ecological processes into design requires one to make compromises, the 

site design component of this Masters Degree Project (MDP) demonstrated that social 

Reflections 235 



aJ daptive design: reflections 

or economic commWlity features can still be satisfied in a community whose fonn is 

primarily influenced by natural processes. 

Adaptive Design focuses on finding ways ofincorporating relatively 'low tech' solutions 

to incorporate ecological process and function into urban form while still focusing on 

create socially and economically viable residential communities that are more sustainable 

than conventional developments. The challenge for ecological designers is to ensure 

that social and economic realities ofcommunity design are as much apart ofthe design 

process as ecological function. One ofthe strengths ofan Adaptive Design process is its 

potential to help planners and designers find the interconnections that make this 

integration between social, economic and ecological possible. 

The site design demonstration was only tested on one site and therefore generic 

conclusions are not possible but the potential for transfer and customization to other 

sites is significant. To fully determine the Adaptive Design process's ability to sensitively 

incorporate ecological function in the built environment a wider range ofdemonstration 

sites would need to be selected. Testing Adaptive Design in different climatic regions 

other than the Calgary/Southern Alberta region would also be beneficial in helping to 

determine the climatic range and efficiencies of many ecological design features and 

Adaptive Design procedures. 

Similarly, the Southeast Planning Area is not yet built. Because ofthe time frame available 

for this MDP project, performance testing as built was not possible. Performance criteria 

are one of the more critical factors in determining a design's success and influencing 

the success of future designs. Therefore· a significant amount of work still needs to be 

done in identifYing which performance criteria would be most effective in evaluating 

and testing the design for the Southeast Planning Area when it is built and in a post

occupancy phase. Unfortunately pre-development baseline data for a number of 

stormwater management factors such as fWloffand surface coefficients were not available 

during the timeframe in which this MDP work was done. So although the use of 

performance criteria is encouraged and emphasized under Adaptive Design, the type 

and extent ofits usefulness is not fully understood at this time and will not be until such 

time as this project is built and data is collected and available for ongoing study. 

Despite these areas of further investigation, ecological design has great promise in 

changing the way cities are built. Using ecology to inform design decisions will not 
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only improve urban environmental quality, but may also integrate and enrich many of 

the social and economic aspects of community development. Benefits such as reduced 

urban infrastructure costs, improved public transit, reduced need for long distance 

commuting, and opportunities for growing food, can all be achieved. In order to move 

ecological urban design into the mainstream, one of the best ways to promote this 

alternative approach is to show the financial advantages of Adaptive Design over 

conventional practices in terms ofreduced development costs and ongoing maintenance 

requirements. Although cursory work suggests that there can be considerable financial 

savings through an Adaptive Design approach, the potential economic benefits have not 

been fully investigated, giving developers little reason to take a new approach towards 

development. Until thorough cost and life cycle cost comparisons can be done between 

Adaptive Design solutions and conventional developments the financial argument for 

ecological design will be speculative. 

Another benefit ofilieAdaptive Design process in urban development is that it is not an 

all or nothing pursuit. Instead, gradually and over time, more ecologically based design 

features can be incorporated into the urban environment as the many benefits ofecological 

design are realized. 
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Appendix A: Four Factors of Ecosystems 

The science of ecology helps to explain the ways in which the world works and 

how everything is interconnected and dependent on one another for survival. To 

assist in this understanding, ecosystems are commonly discussed in terms of four 

factors: Function, Structure, Behaviour, and Inter-relationships.' These four factors 

provide a framework for discussing the ecosystem concept. 

Factor #1: Function 
The term function refers to the energy flow and nutrient cycling which occurs 

throughout ecosystems. The flow ofenergy and cycling ofnutrients connects every 

component of the ecosystem to one another making them inter-connected and 

dependent upon one another. Photosynthesis, consumers, decomposition, nutrient 

cycling, and the hydrological cycle are the five key components of ecosystem 

functioning. The following is a brief description of each. 

Photosynthesis 

Virtually all of the energy available on earth is made available by plants through the 

process of photosynthesis. Photosynthesis is the conversion of the sun's rays into 

chemical energy in the form of carbohydrates and carbon compounds, the basic 

components of all living organisms. 

Consumers 

The energy and nutrients fixed by plants during photosynthesis is transferred 

throughout the ecosystem by a series of steps through the grazing food web as 

plants are eaten by animals and animals are eaten by other animals. At each step, as 

one organism eats another, energy and nutrients are transferred and supplied. 

However, at each step, some energy loss occurs through animal body heat, 

respiration, and the incomplete breakdown of compounds in food eaten, resulting 

in energy leakage from the system. 

'A number of authors have defined ecosystems by dividing them into categories: 
Structural Order, Functional Order and Locational Order: Lyle 1994; Structure, Processes, 
Location: Ndubisi 1997; and Function, Structure, Behaviour, Inter-relationships: Tyler and 
Perks. 1998. In this Masters Degree Project I have used the Tyler and Perks (1998) four 
factors model to discuss ecosystems. 
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Decom position 

Decomposition can be defined as the reduction of energy rich organic matter by 

consumers into carbon dioxide, water, and inorganic nutrients. Decomposition is 

the foundation of the detrital food chain, which is common to all ecosystems. It is 

especially important for terrestrial ecosystems since decomposition is the major 

pathway for energy flow because very little ofthe energy fixed by autotrophs through 

photosynthesis is actually consumed by grazing herbivores. The process essentially 

acts as a type of recycling process for organic "waste" so that the nutrients can be 

re-used by plants. 

Nutrient Cycling 

Most of the nutrients required for life are found within the earth's crust. Living 

organisms require anywhere from 30 to 40 elements for growth, development, and 

reproduction (Smith 1992). These elements enter the cycle through weathering and 

chemical processes allowing them to be taken up by plants during biogeochemical 

cycles. The tem1 biogeochemical cycle refers to the flow of nutrients from the non

living, to the living, and then back to non-living parts of the ecosystem in a more or 

less circular path. Each nutrient follows its own path through the system. Three of 

the more crucial nutrients required by plants are nitrogen (N), phosphorus (P) and 

potassium (K), and thus commonly included in commercial fertilizer mixtures. 

Hydrological Cycle 

Water is the medium by which elements and other materials are continuously 

transported through the ecosystem. Without the hydrological cycle, nutrient cycling 

could not take place, ecosystems would not function and life could not be maintained 

(Smith 1992). Solar energy drives the hydrological cycle by heating the earth's 

atmosphere and triggering evaporation and precipitation, which sets the cycle in 

motion. Water which falls in the form of rain or snow, can be either stored (in lakes, 

steams, oceans or ground water) become run-off, or infiltrate into the soil. Due to 

interception, a significant amount ofwater never actually reaches the ground and is 

evaporated back into the atmosphere. Precipitation that is not evaporated enters the 

soil through infiltration. Water in the soil is then either taken up by vegetation, 

eventually being transferred into the atmosphere through transpiration, or it continues 

through the soil to be stored as ground water. Most ground water eventually finds 

its way into streams, rivers and oceans where it is evaporated to continue the cycle. 

The hydrological cycle is what truly makes all ecosystems connected throughout 
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the world since the atmosphere, oceans, and landmasses are all part of the global 

water system. 

Factor #2: Structure 
The second factor of ecosystems is Structure, which refers to the physical form of 

ecosystems, which provides the framework for energy flow and material cycling. 

The majority of energy flow and nutrient cycling occurs within ecological 

communities, which are a collection of plant and animal populations that interact 

directly or indirectly with one another. Communities are stmctured both vertically 

and horizontally by the growth and form ofvegetation. The key aspects ofstmcture 

are veltical stratification, horizontal structure, and trophic stmcture, which includes 

niche, food webs, and dominant species. 

Vertical Stratification 

The physical nature of a community is displayed through layering or stratification 

of vegetation. In a forest, there often exists up to five or six layers: canopy, lower 

canopy, shrub layer, herbaceous layer, and forest floor. Similarly, grassland may 

have two or three layers without a canopy. As layers increase, the range of 

microclimatic conditions affect the amount of light, moisture, and heat creating 

numerous different habitats for flora and fauna (Microsoft 1998, "Ecosystems"). 

The more stratification or layers that exist, the wider range of habitat provided and 

therefore the more species that can be supported. This is illustrated when comparing 

a forest to grassland. A forest with five to six strata will generally support a greater 

diversity oflife than a grassland with only two or three strata. 

Horizontal Structure 

The horizontal patterns on the landscape also affect the complexity of the 

environment and the diversity of species. Landscape characteristics such as soil 

structure and fertility, moisture availability, aspect, topography, and human land 

uses, all influence the micro and macro distribution ofplants which in tum influences 

the distribution of animal species across the landscape. The concept of horizontal 

structure is especially important where two or more vegetation communities meet 

and overlap, referred to as an ecotone. Ecotones provide the greatest variety and 

density of life, especially when there is a significant contrast between the two 

vegetation communities, such as a forest and grassland. This is because species 

from both community types can be supported within this zone, along with additional 
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species that are supported by the new habitat created by the combination of the two 

communities. 

Trophic Structure 
Trophic structure is the organization ofa community based on the number offeeding 

and energy level transfers (Smith 1992). There are three components to trophic 

structure: niche, food webs, and dominance. 

Niche 

In an ecosystem, the vegetative structure provides the habitat and niche for 

each species. Habitat is the environmental space in which an organism lives 

while niche refers to an organism's role in a community in terms of all the 

ways in which an organism interacts with its biotic and abiotic environments 

(Candido et al. 1998). For example, in grasslands, the bison in North America 

occupies the same niche as the kangaroo in Australia. 

Food Webs 

Niche can be viewed in food webs where each species plays a role in eating 

and in being eaten. As discussed briefly under Function, energy flow and 

nutrient cycling occur between organisms as one organism eats another. 

Ecologists often characterize the relationship between producers, consumers, 

and decomposers as a food chain. In ecosystems, many food chains actually 

interact with one another to form food webs. Due to the loss of energy 

between each level of the food chain or web, the number of levels rarely 

exceeds four or five. 

Dominance 

Within an ecological community, one or two species may dominate by 

controlling environmental conditions, providing habitat, praying on other 

species, and/or by providing food for other species. Dominant species may 

not only influence the number of different species, but the population of 

each species as well. For example, in a forest ecosystem, a dominant species 

may be a predator, or one or more species of trees such as spruce or oak 

(Microsoft 1998, "Ecoogy"). The loss of a dominant species can be 

devastating and result in the extinction of the dependent species from that 

ecosystem. It is therefore important to protect dominant species to ensure 

the health of an ecological cOlmnunity. 
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Factor #3: Behaviour (change over time) 
All ecosystems are dynamic as the configuration ofspecies that make up a community 

change in response to internal and external environmental conditions. Impacts such 

as seasonal changes, disease, migration, fire, and flooding change ecosystems and 

cause certain species to prosper while others fall out of favour as they are replaced 

by species more adaptable to the environment. Succession, cyclic replacement and 

fluctuations are three of the more common types of change exhibited in ecological 

conununities. 

Succession 

Succession is conunon to all types of ecological communities. It involves the slow 

gradual replacement of one community by another over time. Succession is 

commonly viewed when an ecosystem is significantly disturbed through natural 

events such as fire, flooding, or in response to man made disturbances such as 

farming and constmction. The process of succession begins on disturbed land where 

no vegetation exists. Species that can survive in areas oflow moisture, few nutrients, 

and abundant light, gradually begin to establish on the site. These are usually small, 

low growing plant species, which can cope with stressful environmental conditions, 

have short life cycles, and produce large numbers of easily dispersed seeds. As the 

early successional plants grow, the microclimate is altered as shading increases, 

moisture and fertility improve, and organic matter accumulates to the point that 

plants which do better under these conditions gain a competitive edge and establish 

themselves. As these new species grow and change the environmental conditions, 

the cycle continues as one community is replaced by the next. Eventually a 

conununity establishes which cannot be replaced by another, commonly referred to 

as a climax conununity. 

The term Primary Succession is used to describe the establishment ofvegetation on 

land never before colonized by life such as newly deposited alluvial soil in a flood 

plain. Secondary Succession refers to the re-establishment of vegetation on land 

that once supported life but has undergone a disturbance. 

Each successional conununity is unique. Not only does the type of successional 

species present depend on the local cOlmnunity, but they also depend on the local 

abiotic and biotic forces operating during the successional process. This means that 

one cannot necessarily predict the exact make-up of the future climax community. 
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Cyclic Replacement 

Not all successional processes are directional as described above. Sometimes minor 

disturbances will cause succession to restart so that vegetation needs to re-establish. 

Over time, succession proceeds until the disturbance occurs again requiring the 

process to start over. The cyclic process of disturbance to regeneration, and back to 

disturbance is referred to as Cyclic Replacement. A common example of cyclic 

replacement is a marsh, which undergoes periods ofdrought followed by periods of 

rainfall. In this example the seed bank is the key to this cycle as it is able to replenish 

itself (Smith 1992). 

Fluctuations 

The third type ofchange is Fluctuations. Fluctuations differ from succession in that 

the floristic composition over time is stable as no new species invade the site so the 

same species return to dominance after a disturbance (Smith 1992). Environmental 

changes such as fluctuations in soil moisture, wind, grazing pressure, and others, 

can cause fluctuations. If fluctuations are regular, it may cause a community to be 

forn1ed, which is in all stages of degeneration and regeneration. 

Factor #4: Inter-relationships 
Within each ecological community, there are important connections between species 

and their location within the environment. All organisms depend on environmental 

factors such as heat, moisture and light, which are supplied by their habitat in varying 

amounts for survival. Each habitat, is different and possesses a unique climate which 

influences environmental conditions, which in tum influences the number and type 

of species present in an area. Climatic variation not only influences species 

composition globally, but also at a more micro/site specific level as well. 

Global Climate 

At a global scale, the earth's different climates contribute significantly to the variety 

of ecosystems present on earth. Climate is affected by solar radiation, the structure 

and composition ofthe atmosphere, by the ways in which the oceans transport heat, 

and by elevation, terrain, and other geographic influences (Microsoft 1998, 

"Climate"). Together, all of these factors influence the type ofvegetation that grows 

in an area, which in turn influences the species of animals present in an ecosystem. 

To discuss the patterns of terrestrial ecosystems created by climate, the earth is 
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organized into biomes. Biome categories are based on plant formations as biotic 

units. The approach works fairly well since animal life depends upon a plant base 

(Smith 1992). Six major terrestrial biomes have been identified: forest, grasslands, 

woodland, shrub land, semidesert shrubland, and desert. These six are then further 

organized into biome types based on climatic condition and elevation. The pattern 

of biomes is directly influenced by mean annual temperature and mean annual 

precipitation since the occurrence of particular plant species is directly linked to 

the amount of heat, moisture and light available. Also related are factors such as 

soil type, and proximity to water (maritime versus continental) since they can also 

make the difference between an area being classified as one biome or another. 

The significance of understanding biomes and the affect of climate is that within 

each biome the ecological characteristics in terms of function, structure and 

behaviour are quite similar despite the fact that different species may inhabit them 

since ecological equivalents usually exist. However, between different biomes, tundra 

and grassland for example, these ecosystems are quite different and will exhibit 

varying characteristic of structure, fimction and behaviour. With this knowledge 

one can anticipate how an ecosystem will behave under different situations. 

Microclimates 

At a smaller scale, environmental factors such as heat, moisture, and light can vary 

significantly from one section of an ecological community to another, creating a 

whole range ofmicroclimates that differ from the overall climate ofa region (Smith 

1992). This is because although an area's climate gives a general indication of 

environmental conditions, factors such as vegetation, slope, aspect, and the presence 

of water, defines the conditions under which most organisms live. 

Environmental Gradients 

Plants not only respond to the overall climate, but also to specific aspects of the 

enviromnent such as precipitation, temperature, solar radiation, wind, and humidity. 

Together and individually, these environmental gradients control plant growth rate, 

transpiration, nutrient uptake, respiration, and photosynthesis. Most species can 

survive a range of conditions, however, when environmental conditions occur at 

the extremes of a species range they become stressed and survival is reduced. The 

occurrence ofjust one environmental factor outside of a species range can limit the 

survival of species. This is referred to as the Law of the Minimum since even if all 

our factors of eco-91stems 
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but one environmental requirement is being fulfilled, the fact that one environmental 

requirement is deficient means the plant or animal will probably not be able to 

survive (Briggs et al. 1993). This rule generally applies under extreme conditions, 

since under a more favourable environment, the abundance of one factor can 

sometimes compensate for the diminished availability ofanother since many of the 

factors controlling plant and animal response are closely related (Briggs et al. 1993). 

268 Appendix A 





____________________________~~p~~t~~5 

Appendix B: Design Precedent Principles 

The design principles for the six ecological design precedents reviewed: landscape 

ecology, ecological restoration, naturalization, microclimate landscape design, 

Permaculture ©, and Regenerative Design © are summarized below. For a more 

complete discussion ofeach ofthe ecological design precedents, including the design 

process used for each, refer to Chapter 2. 

#1: Landscape Ecology Design Principles 
The principles oflandscape ecology are numerous and cannot all be covered within 

this document. Therefore only the key concepts tied to biodiversity in terms of 

wildlife and habitat preservation have been provided. The foundational principle of 

landscape ecology is that there is a direct correlation between ecological processes 

and spatial fonns and patterns in the landscape (Forn1an and Godron 1986). Harker 

et al. (1993) has identified eight spatial principles and guidelines that influence the 

biodiversity of the landscape. These are summarized as follows: 

Landscape Ecology Design Principle #1: Better Worse 

Large communities sustain more species than smaller ones ,
The larger the area, the greater species richness and the greater their populations 

are likely to be. Therefore one of the first goals of landscape ecology is to preserve 

as many large communities as possible within each ecosystem. However, since a 

patch's size is relative depending on the type of species that inhabit it, one or two 

• •
It

dominant or keystone species are normally targeted to help determine space needs. 

Once a target species is identified, the minimum viable population size for the target 
Landscape Ecology Principle #2 

species must be known to help determine the amount of habitat that should be 

provided. This infOlmation is necessary since if too small an area is protected, it 

may not support a population that is viable. Small populations can be susceptible to 

events such as natural disturbances (flooding, fire), demographic variations (changes 

in the number of male/female birthrates), variations in environment (food supply, 

disease, increase in predators), and genetic diversity (ability to adapt to changing 

enviromnents) (Peck 1998). 
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Better Worse 

Landscape Ecology Principle #2 

Better Worse 

• 
Landscape Ecology Principle #3 

Better Worse 

Landscape Ecology Principle #4 
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Landscape Ecology Design Principle #2: 

Many small patches help sustain regional diversity 

When there is no opportunity to preserve, increase, or create large patches, a second 

option is to increase the number of small patches. Literature, which debates the 

virtues of one large habitat patch versus many smaller patches of equal total area 

provide no clear answers on which is best. One advantage ofproviding many smaller 

habitat patches is that the likelihood of an entire population being destroyed due to 

a disturbance is reduced. This is because if one patch is disturbed, its separation 

from the other patches may prevent the disturbance from spreading. However, if a 

habitat patch population does become extinct, it can still be re-colonized overtime 

from an adjacent habitat patch (Peck 1998). 

Landscape Ecology Design Principle #3: 

Patch shape is as important as size 

The shape ofa patch detem1ines the amount of interior habitat and edge habitat that 

exists. In general a circular area will maximize interior habitat while a narrow patch 

will be predominantly edge habitat. This is an important point because many species 

require interior habitat for survival. Edge habitat differs from interior habitat in that 

an edge habitat is exposed to more solar radiation, heat, wind, and evapotranspiration 

making it hotter and drier than interior habitat. Edges are also exposed to adjacent 

land uses, which may impose negative impacts such as erosion, light, noise pollution, 

air pollution, and exposure to pesticides, herbicides and fertilizers (Peck 1998). 

The distance at which negative edge conditions occur varies accordingly to the 

type of patch and the type and intensity of the surrounding land uses, but as a 

general guide the outer 100 to 200 metres are generally impacted (Daigle et al. 

1996). This means a forest patch with 100m of edge penetration that is less than 4 

hectares would have no interior habitat (Daigle et al. 1996). To maximize interior 

habitat, it is best to design patches with a high interior-to-edge ratio. 

Landscape Ecology Design Principle #4: 

Fragmentation reduces diversity 

Landscape fragmentation is recognized as one of the principal causes of reduced 

biodiversity worldwide (Daigle et al. 1996). Landscape fragmentation is defined as 

both the "massive loss of natural habitat associated with human settlements, and 

the continued attrition and parceling ofremaining habitat into progressively smaller 



fragments increasingly isolated by the surrounding agricultural, industrial, urban, 

and other converted lands" (Daigle et a1. 1996, 32). As a result, the landscape is 

divided into smaller sections, creating less interior habitat and more edge habitat, 

which can pose as a barrier to species movement (Daigle et al. 1996). Fragmentation 

occurs as a result of both large scale developments such as fanning, residential 

developments, or industry, and as a result of smaller scale developments such as a 

residence or an access. 

Landscape Ecology Design Principle #5: 

Isolated patches sustain fewer species than closely associated patches 

The closer patches are to one another, the easier it is for species to travel between 

habitat patches, helping to sustain genetic diversity through colonization between 

patches. If the landscape becomes so fragmented that species can not travel between 

patches, populations become isolated making them more susceptible to disturbance. 

If a disturbance is severe enough to cause extinction, colonization from another 

patch can not take place thus eliminating the species from the ecosystem. This may 

also have devastating effects on other species that may be directly or indirectly 

dependent on the extinct species. 

Landscape Ecology Design Principle #6: 

Species diversity in patches connected by corridors is greater than that of 

disconnected patches 

To prevent isolation and sustain species diversity, attempts should be made to 

maintain or develop corridors of similar vegetation to connect patches of the same 

or similar ecological community type. "Opportunities exist along roadways, rivers 

and streams, urban ravines, fence rows, hedgerows, and railroad rights-of-way to 

name a few. Wider corridors provide more wildlife benefits and protect water quality 

better than narrower ones" (Harket et a1. 1993,24). Movement corridors are 

especially important for species whose habitat requirements cannot be met solely 

in one area due to insufficient home range size, migration, species metamorphosis, 

or life cycle changes (Peck 1998). 

esign precedent principles 

Better Worse 
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Landscape Ecology Principle #5 

Better Worse 

Landscape Ecology Principle #6 
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Landscape Ecology Design Principle #7: 

A heterogeneous community mosaic sustains more species and is more likely to 

support rare species than a single homogeneous community 

To maximize species diversity, one should provide a range ofecological communities 

rather than maximum diversity for just one community type. This means preserving 

many different habitat types on different tracts of land to take advantage of the 

slightly different habitat characteristics that exist throughout the landscape. This 

approach increases the chance ofpreserving specialized habitats that may only occur 

in a few locations and therefore more likely to preserve rare species. 

Landscape Ecology Design Principle #8: 

Ecotones support a variety ofspecies from both communities and species specific 

to the ecotone 

An ecotone is the overlap zone between two ecological communities. Ecotones 

provide a greater diversity of species compared to either individual community, 

since species from both conununity types can be supported along with new species 

that are able to survive in the ecotone. For this reason ecotones can help increase 

species diversity. However, when providing or encouraging ectones in the landscape, 

it should not be done at the expense of interior habitat. 

#2: Ecological Restoration Design Principles 

The goal of ecological restoration is generally focused on re-creating the stmcture, 

function and durability of a specific ecological community (Higgs 1997). To 

accomplish this, one must have a thorough understanding ofexisting site conditions 

and of the ecological community type being restored. This means understanding 

the local climate, the target community's successional processes, community 

stmcture, and the flow of energy and materials through the system. The following 

three principles have been determined through a literature review on ecological 

restoration. 

Ecological Restoration Principle #1: 

Replicate community structure 

A restored ecological conmmnity must strongly resemble the stmctural composition 

of the original ecosystem. This means it must have the same diversity of flora and 

fauna species - not just a few expected or easily identified charismatic species 
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(Higgs 1997). Therefore, only native vegetation should be planted and any exotics 

should be removed. 

Exotic species, which have been introduced either on purpose or by accident, can 

have devastating effects on ecological communities. Exotics can change 

environmental conditions within a cOllli11Unity by making conditions uninhabitable 

for native plant and animal species. Possible impacts include: lowering the water 

table, changes in the nutrient balance in the soil, acidifying soils, changes in soil 

structure, serving as reservoirs for other species, production ofallelopathic chemicals 

which retard growth of other species, and influencing succession by taking over as 

a canopy species (Harker et a1. 1993). 

Ecological Restoration Principle #2 

Re-create ecological function 

Re-creating a site's original structure can be a difficult, ifnot an impossible task in 

some situations. In a forest ecosystem for example, it may take hundreds of years 

for the correct canopy configuration to be obtained to support the desired understory 

plants. In some cases, thousands of years may be required for the soil profile to 

establish (Bradshaw 1997). In these situations a full restoration may in fact not be 

the most sensible or practical (Bradshaw 1997). Consequently, many restoration 

projects focus more on restoring the function ofthe ecosystem, rather than structure. 

This means recreating the movement and transfer of energy and materials without 

worrying about having the exact same arrangement and full compliment ofspecies. 

As long as the site functions the same in tenns of nutrient cycling, erosion control, 

biomass production, etc. then the restoration can be seen as a success (Harker et a1. 

1993). 

Ecological Restoration Principle #3: 

Site durability 

The ultimate goal of a restoration project is to replicate the complexity and balance 

of an ecological systems with minimal human assistance. Unfortunately, there is 

growing evidence to suggest that initial optimism regarding the success ofprojects 

is unwarranted since following the installation ofmany projects, a high number of 

sites either fall short of their ecological objectives or require more management 

than expected (Higgs 1997). 
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Traditionally the goals of ecological restoration have been centred on principles of 

community ecology. "Carefully conceived and principled scientific practice is a 

necessary condition of successful restoration; it is seldom, however, a sufficient 

condition." (Higgs 1994, 143). Higgs (1994) argues that successful restoration 

depends on the vital integration ofnew and traditional knowledge about ecosystems, 

skilled practices, appropriate technology, policy formulation, political negotiations, 

economic costing, organizational effectiveness and clear goals (Higgs 1994). 

Therefore the scope of ecological restoration needs to be expanded to encompass 

economic efficiency, and issues involving historical, cultural, social, political, moral, 

and aesthetic considerations (Higgs 1997). Relying solely of scientific methods 

and ignoring any of these issues will only serve to hurt the project in the long nm 

(Higgs, date unknown). 

#3: Principles of Naturalization 
Naturalization Principle #1: 

Use Native 'Plants 

In naturalization native plant species are used for their hardiness, wildlife value, 

and natural aesthetic. So unlike ecological restoration, which requires a full 

compliment of species from a specific ecological community, species for a 

naturalization are often selected to suit specific needs. Species can even be chosen 

from a range of different ecological communities as long as they are native to the 

general region and tolerant of the site's conditions. However, similar to ecological 

restoration, it is suggested that plants and seeds be obtained from a local source (80 

to 160 km radius) to ensure that they are adapted to the local climate (Harker et a1. 

1993). 

Naturalization Principle #2: 

Create a low maintenance landscape 

Naturalization is often used as a way of reducing maintenance costs associated 

with maintaining traditional manicured landscapes. To ensure success, plants should 

be carefully selected based on matching their growing requirements to the site's 

conditions. On sites with a range of habitat conditions, it may be easier to provide a 

range ofspecies and allow succession to take place naturally. Over time those species 

which are intolerant of the site's conditions will die-off, while those species which 

favour the existing conditions will prosper. As a result, mowing, irrigation, pesticides, 

herbicides, and fertilizers should not be required. 
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#4: Microclimatic Landscape Design Principles 

The principles of microclimatic landscape design generally relate to the design of 

small outdoor spaces for improved human comfort and to reduce building energy 

consumption. Some principles however can be applied to design at larger scales to 

improve air quality and reduce air temperatures. 

Microclimatic Design Principle #1: 

Largegreen areas can reduce air temperature and humidity through transpiration 

It has been known for some time that plants can control air temperature and humidity 

through evapotranspiration. A single large tree can transpire 450 litres of water per 

day which has the cooling equivalent to five average sized air conditioners running 

19 hours per day (Hough 1995). The advantage of plants over air conditioners 

being that air conditioners only move heat from inside to outside using electricity, 

while a tree through transpiration eliminates heat without using electricity (Hough 

1995). 

To capitalize on a trees' air cooling qualities, large green areas can be used to cool 

the air through evaporation and transpiration. The larger the green area, the greater 

the cooling affect. Wind further enhances the affect as the range of cooling is 

increased in the direction of the prevailing wind. In addition, the higher the wind 

speed, the greater the range of cooling (Sriilpanagel et al. 1990). The topography of 

green areas also plays a role in its effectiveness. The climatic impact of open areas 

ofvegetation is less when the area lies lower than the land around it. Also, when the 

space is intersected by roads or structures, which divide the area into sub sections, 

the overall effect is reduced. Therefore, to be effective at reducing air temperatures 

and humidity, natural areas need to be large, unfragmented spaces on higher 

elevations ofland, and upwind from developed areas to allow the wind to carry the 

cooler air into the desired location. 

Microclimatic Design Principle #2: 

Strategically placed plants can remove air pollutants 

The effects of plants on air pollution is not well documented in urban areas and 

some suggest that it is small (Marsh 1991). Plants can absorb certain gaseous 

pollutants like carbon dioxide, ozone and sulphur dioxide, but effectiveness is limited 

to the air immediately surrounding the leaves ofa tree. Hence an individual tree has 

a minimal effect on the larger overall environment (Marsh 1991). However some 
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research suggests that with a significant number of trees, enough pollutants can be 

removed. One such study illustrates that for trees to take up the 462,000 tones of 

sulphur dioxide released annually in St. Louis Missouri, it would require 50 million 

trees, an amount that would only require 5% of the city's land area (Hough 1995). 

Besides absorbing gaseous pollutants, plants can also be used to trap larger air 

borne particles moving laterally along the ground. Although some suggest that the 

effectiveness is limited since the particles often re-enter the atmosphere after a few 

hours (Marsh 1991). 

Microclimatic Design Principle #3: 

Decreasing wind speed is a designer's primary concern during cold weather 

In general, wind is an impOltant element to consider in design as it can affect 

temperature, evaporation, rate of moisture loss, and transpiration from vegetation 

and drifting snow, all ofwhich affect the comfort of the urban microclimate (Hough 

1995). 

Wind is also an important consideration for building energy consumption. If a 

building is not sufficiently insulated the speed of wind around a building can have 

a significant effect on the amount of heat loss, and therefore on the amount of 

energy required for heating (Brown et al. 1995). This is especially important in 

northern latitudes since most buildings are not well insulated or air tight (Brown et 

al. 1995). Studies have shown that approximately one-third of a home's energy 

demand for heating is created by wind (Worton 1993). 

Wind cools a building when the air temperature outside a building is cooler than 

inside. Following a temperature gradient, heat travels from the interior ofa building 

to the exterior by conduction. The greater the temperature difference between inside 

and outside, and the lower the insulation level, the more heat that is transferred 

(Brown et al. 1995). Once the heat travels to the outside it is carried away by the 

wind, which will continue to cool a building exterior until it reaches the same 

temperature as the air (Brown et al. 1995). Thus the faster the wind is moving, the 

quicker heat is removed. 

Leaks and cracks around windows and doors also cause increased energy 

consumption as warm air is replaced by cold air. To help reduce heating demands, 
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vegetation can be used to divert wind. Studies have shown that protecting a home 

from wind through plantings can reduce energy costs by 25% (Groves 1981). 

Microclimatic Design Principle #4: 

Controlling solar radiation is a designer's secondary concern during cold weather 

During colder weather, solar radiation can help warm the microclimate of an area, 

although it is not as effective as wind and thus should be considered second. For 

buildings, this means allowing the sun's rays to strike the roof and exterior building 

walls to lower the temperature gradient between the inside and outside. The warmer 

exterior surfaces become, the slower heat travels from inside the building to outside. 

Solar radiation, which passes through windows, can also heat a building, especially 

when interior materials with a low albedo are used to absorb the sun's rays and then 

slowly release the trapped heat once the sun disappears. 

Microclimatic Design Principle #5: 

Blocking solar radiation is a designer's primary concern during warm weather 

During the sunU11er, controlling the amount of solar radiation received by the 

landscape should be a designer's main concern to improve comfort and reduce a 

building's temperature (Brown et a1. 1995). Solar radiation striking a building can 

result in large amounts ofheat moving through the roofand walls causing the interior 

temperature to rise. To remove unwanted heat, it is common for air conditioners or 

fans to be used to cool or remove the warm air from the building. To reduce the 

need for artificial cooling measures, designers can block the sun's rays, adjust the 

angle between the sun's rays and the obj ect of concern, or use materials with a high 

albedo to reflect the energy of the sun (Brown et a1. 1995). 

#5: Principles of Permaculture © 
The following principles are outlined in Bill Mollison's 1991 book Introduction to 

Permaculture, and as the author points out, are selected from various disciplines 

from ecology and environmental science, to landscape design and energy 

conservation. For this reason many ofthe principles outlined here have similarities 

to some ofthe principles delineated under the previously reviewed ecological design 

precedents. The following is a brief synopsis of Mollison's ten principles for 

Permaculture © Design. 
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A strategically placed tree can 
perform numerous functions in a 
design. 

Permaculture © Design Principle #1: 

Relative location 

The first principle ofPermaculture © is to place every element so that it may benefit 

from and assist the other elements in the design. This requires developing a "working 

relationship between each element so that the needs ofone element are filled by the 

yields of another element" (Mollison 1991, 5). To accomplish this, the designer 

must have a complete understanding of each element included in the design in 

terms of its products and their use to other elements, how its needs are supplied by 

other elements, and where it benefits other parts of the system. By using one's 

Imowledge ofthese three points, the designer can position each element in its optimal 

location. 

Permaculture © Design Principle #2: 

Each element performs many functions 

Within each Pennaculture © system, every element should be chosen and located so 

that it performs as many functions as possible to maximize its benefit to the system. 

For example a strategically placed tree may provide shade, food, shelter from the 

wind, wildlife habitat, firewood, and fix nitrogen to improve soil quality. To maximize 

the utility ofeach item requires an in-depth understanding ofall an element's aspects. 

Permaculture © Design Principle #3: 

Each important function is supported by many elements 

"Important basic needs such as water, food, energy, and fire protection should be 

served in two or more ways" (Mollison 1991, 8). This helps to create a system, 

which is more resilient to disturbance. For example, ifone method of food supply is 

disrupted, other ways of obtaining food are still available. 

Permaculture © Design Principle #4: 

Efficient energy planning 

Zones should be established according to how much access is required to various 

elements of the Permaculture © site. Those items that must be visited every day 

should be located close to the residence while elements that require fewer visits or 

little tending should be located at a greater distance. This organizational plan reduces 

the time and effort required to maintain the system. 
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A second important consideration for efficient time and energy planning is to layout 

the site according to the natural site conditions to ensure that elements are located 

so they will perfom1 optimally and take advantage ofthe site's natural characteristics. 

Permaculture © Design Principle #5: 

Use biological resources rather than fossil fuels 

Plants and animals should be used in the place offossil fuels to do work on the site. 

Fuel, fertilizer, tilling ofsoil, insect control, weed control, nutrient recycling, habitat 

enhancement, soil aeration, fire control, erosion control, etc. can all be accomplished 

without the use of fossil fuels. In special circumstances, fossil fuels may be used at 

the beginning stages of a program to establish a process, which will not require 

fossil fuels, such as the construction of photovoltaic cells or a solar water heater. 

Permaculture © Design Principle #6: 

Energy cycling 

Permaculture © systems seek to stop the flow of nutrients and energy off site as 

would normally occur in conventional fanning operations. Instead Permaculture © 

cycles resources so they are used to their maximum potential before they are fully 

degraded. This is accomplished by using resources for as many purposes as possible 

until they are no longer beneficial to the system. Common examples include the 

reuse of grey water for irrigation, recycling, and composting. 

Permaculture © Design Principle #T 

Small-scale intensive systems 

Permaculture © should be implemented at a smaller scale and maintained with hand 

tools. By keeping the scale of the site small, the land can be used more efficiently 

and thoroughly and managed more easily. This results in less waste in terms of 

energy expended and materials. To further intensify the system Mollison suggests 

"plant stacking" which is the stratification of plants. The structure created through 

plant stacking provides a variety of habitats, which can support an array of desired 

plant species. This contrast conventional agricultural practices, which only grow 

one crop at a time. For example conventional orchards are planted without a shrub 

understorey or herbaceous plant layer. In Permaculture © an orchard's space is 

maximized by planting understorey and herbaceous species. This should also be 

done in terms of what Mollison refers to as "time staking" which is rotating crops 
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as conditions change over the seasons and years due to plant growth and succession. 

Time stacking ensures that one is always maximizing the site's potential. 

Permaculture © Design Principle #8: 

Accelerating succession and evolution 

In conventional agriculture, vegetation is kept at the herb level by great expense by 

cutting, weeding, fertilizing, and tilling. Rather than fighting the successional 

processes, Mollison advocates "directing and accelerating succession to build [one's] 

own climax species in a shorter time" (Mollison 1991, 24). Four ways of 

accomplishing this are suggested: 

•	 using what is already growing; 

•	 introducing plants that will easily survive; 

•	 raising the organic level artificially; and 

•	 substituting the native herb, pioneer, and climax species with those that are 

more useful to the Pennaculture © system. 

Permaculture © Design Principle #9: 

Use a variety ofbeneficial species for a more productive and interactive system 

In contrast to concventional monoculture agricultural system, Pennaculture © uses 

a diversity ofplant species to create a system that is more ecologically and financially 

stable. The ecological benefits of grouping a range of plant species include: 

•	 reduced root competition; 

•	 provides shelter for one another; 

•	 provides nutrients; and 

•	 assists in pest control. 

While growing a diverse selection of plants can provide financial benefits such as: 

•	 a wider range of products will allow one to be more self reliant;
 

• provides a range of products throughout the year;
 

• offers protection if the market price for one item drops (not solely dependent
 

on one crop); and 

• offers protection if one crop becomes damaged from frost, flooding etc.. 
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Permaculture © Design Principle #10: 

Use edge and natural factors for best effect 

Mollison's last principle is based on the role edges play in ecology. He suggests 

maximizing edges since the more edge provided, the greater the range of habitats, 

and therefore the more intense a system can be made. Hence, in Permaculture ©, 

the goal is to create as much edge condition as possible, and to make use of any 

naturally occurring edge conditions. 

#6: Regenerative Design © Principles 
In his book Regenerative Design for Sustainable Developments (1994), John Lyle 

outlines 12 design strategies that help to define regenerative systems and distinguish 

them from more mainstream industrial systems. The following is a brief synopsis 

of his principles. 

Regenerative Design © Principle #1: 

Let nature do the work 

Since almost all human life-support functions dealing with energy, shelter, water, 

food, and waste are performed in nature, the modernized approach of replacing 

these functions with hardware and fossil fuels is unnecessary. Alternative means of 

obtaining similar results with minimal long term environmental destruction exist. 

Examples include using predator species to control agricultural pests, perfonning 

site grading to redirect run-off for ilTigation purposes, and the use of vegetation to 

control urban microclimates. Using natural methods in place of mechanized, fossil 

fuel solutions means conservation of resources, less environmental damage, and 

reduced economic expense. 

Regenerative Design © Principle #2: 

Use nature as a model and a context 

Using nature as a model helps create designs that provide some of the benefits of 

natural ecosystems. While considering the biological context ofa site helps to create 

designs that have a better ecological fit and will work within the larger region without 

harming the surrounding environment. For example, using native plant species in 

natural groupings will help create a landscape that will require minimal maintenance, 

provide wildlife habitat, will be self sustaining, and be highly productive. This 

principle is similar to those for ecological restoration, naturalization, and 

Permaculture ©. 

esign precedent principles 
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Regenerative Design © Principle #3: 

Aggregate, don't isolate junctions 

Most development follows the traditional scientific model of isolating items in an 

attempt to understand and control elements since it is easier to understand individual 

components rather than the integrated whole. This approach creates a disaggregated 

world exemplified by cities that separate residential areas from commercial, the 

poor from the affluent, and natural from the urban. Agriculture also follows this 

model by producing only one or two crops rather than combining crops. This 

approach, whether it is applied in city planning, agriculture, or for an administrative 

structure, requires that more time and energy be expended to the individual parts, 

rather than if they were combined. By creating better connections between parts, 

Regenerative Design © seeks to combine varied elements and activities together to 

share space, resources, and to help reinforce each other. 

Regenerative Design© Principle #4: 

Determine optimal levels jor multiple junctions 

Lyle argues that industrial systems seek to only maximize "one goal such as flood 

control, power or food production at the expense of all others" (Lyle 1994, 40). As 

a result they ignore other landscape processes, as well as environmental and social 

concems which creates problems. For this reason, each element within Regenerative 

© systems should have multiple goals rather than seek to maximize just one. Through 

this approach a wider range of benefits can be obtained in a design. 

Regenerative Design © Principle #5: 

Match technology to need 

It is common in industrialized societies to over design and use highly energy 

consumptive solutions to solve simple goals that could be resolved using much 

simpler, basic technology. One common example is the heating and cooling of 

buildings which is often accomplished through the use of fossil fuels for operating 

a fumace or air conditioner. This is a wasteful approach since the same effect can 

be accomplished through a number ofarchitectural design methods. By using passive 

solar techniques, insulation, thermal storage devices, and cooling tubes and vents, 

similar results to mechanical heating and cooling can be achieved. Where no option 

is available, such as in the creation of plastics which are valuable for many of the 

green technologies being developed, non-renewable resources such a petroleum 
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products can be used. Therefore non-renewable resources should only be used when 

no other options are available. 

Regenerative Design © Principle #6: 

Use information to replace power 

Rather than designing to satisfy every possible situation like most industrial design 

solutions attempt, Regenerative systems use knowledge and observation to determine 

what exactly is required to meet a desired goal. This means gaining a better 

understanding of a situation and carefully studying a problem to find the solution 

needed, rather than adopting generic, one design fits all solutions that do not fit the 

context. By not over designing as a means ofcompensating for a lack ofknowledge, 

less energy and resources can be used. One example of compensating due to a lack 

of information is the use of pesticides or herbicides. The conventional approach is 

to apply pesticides and herbicides at regular intervals whether they are required or 

not, resulting in excessive application and a waste oftime and money. However, if 

one has an understanding of the warning signs and knows how to tell if pest are 

approaching harmful levels, they may then take appropriate action only when 

necessary. This approach may also be applied to other situations such as in the 

planning of a city's infrastructure which is commonly over designed to handle rare 

occurrences when demand might reach extreme levels for water, sewage, and 

electricity. 

Regenerative Design © Principle #T 

Employ multiple pathways 

Regenerative © systems obtain energy, food, income, etc. from multiple sources 

rather than just one. This contrast cutTent mainstream industrialized systems, which 

generally depend on only one source. Diversifying means not relying on just one 

source and that resources are used to their maximum potential. For instance obtaining 

energy from photopholtaics when it is sunny, and from wind turbines when it is 

windy. This approach may be applied to agriculture by growing a wide range of 

crops season to season and year to year to eliminate reliance on just one product 

that may have a poor market value one year, or a poor growing season due to weather 

or disease. This principle is similar to Mollison's design principle #3: Each important 

function is supported by many elements. 
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Regenerative Design © Principle #8: 

Seek common solutions to disparate problems 

Contrary to industrial systems, which tend to segregate materials, land uses, 

resources, and waste, Regenerative © systems combine elements through design to 

make use of each other's properties. For example, disposing of the waste of one 

process to fulfill the need of another. By looking at the entire picture, rather than 

isolated elements, it is possible to determine connections between elements and use 

these common properties or needs to solve problems or eliminate deficiencies. 

Regenerative Design © Principle #9: 

Develop storage as the key to sustainability 

Storage is one of the most important components of Regenerative © systems. 

Industrial systems tend to undervalue storage as is illustrated by society's use of 

fossil fuels as if they were an inexhaustible resource. Providing adequate storage, 

along with balancing use with replenishment, are key to creating a sustainable system. 

By balancing use with replenishment means one will always have an adequate reserve 

and will not deplete resources. This principle can be applied to the storage of rain 

water, solar energy, and minerals and nutrients in the soil. In order for storage 

requirements to be matched to use and replenishment rates, means considering 

context. For example, a dry location will require more storage ofwater than a location 

that receives high amounts of rain since in a dry climate it takes longer to replenish 

the water stores that it would in a wetter climate. 

Regenerative Design © Principle #10: 

Use form to facilitate flow 

This principle advocates using clever design or ingenuity as a means of obtaining 

goals, rather than using fossil fuels or other energy consumptive materials or 

techniques. Goals such as heating and cooling a building, managing stormwater, or 

producing agricultural crops can all be accomplished through designs which use 

more natural, energy efficient techniques. This contrasts industrial systems whose 

form often follows other considerations such as aesthetics or short term financial 

gain, rather than long tem1 energy efficiency and conservation. 

Regenerative Design© Principle #11: 

Use form to manifest process 

Unlike industrialized design solutions, which tend to hide technology, Regenerative 

Design © solutions are highly visible. This is partially out of necessity since many 

286 AppendiX B 



______________________________~~p~~tp~~5
 
%L 

of the tools used in Regenerative Design © are a significant part of one's daily 

activities and therefore must be located where people live and be easily accessible. 

Elements such as passive solar heating, rainwater collection, and the use of 

photovoltaics generally require human effort and are therefore highly visible and 

accessible. It is also important that regenerative technologies be in plain view to 

help educate people and connect then to their environment so they may gain a 

better understanding of how humans are connected to the earth's environment. 

Industrial systems tend to separate humans from the natural world making it easy to 

forget where our water comes from or where our waste is deposited. 

Regenerative Design © Principle #12: 

Prioritize for sustainability 

With every development, choices exist between following a more traditional method 

ofdevelopment or adopting Regenerative Design © solutions. Unfortunately, under 

our current priorities, industrial options are often favoured over Regenerative Design 

©. To help facilitate change towards a more sustainable future, we must make 

Regenerative Design © a higher priority. At the very least Lyle believes that 

sustainability will have to enter into every development decision from regional 

planning to the selection oftree species in site planning. Unforhmately, as long as 

resources such as fossil fuels and water are priced below their achlal value, it will 

be difficult to implement Regenerative Design © solutions. 
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Appendix C: Calgary Climate Data 

Appendix C: Calgary Climate Data, is an example of the type of information a 

designer should have when employing the Adaptive Design process. Information 

on the regional environment's temperature, precipitation, wind, and solar exposure, 

will be especially helpful in informing design decisions regarding microclimate 

modification. 

The following information on Calgary's climate was used in the site design 

demonstration in Chapters 6 to 9. 

Factors Affecting Calgary's Climate 
Variability is the dominant characteristic of Calgary's climate as large departures 

from the long-range average can be expected day to day, month to month, and year 

to year (Klivokiotis 1987). This inconsistency is a result of a number of factors 

including latitude, atmosphere circulation, geographic location, elevation, 

topography, and urbanization. These factors in tum influence the weather of the 

changing seasons and the vegetation and wildlife that occur naturally within the 

Calgary region. 

Latitude 

Latitude, the distance north or south from the equator, affects climate in two ways. 

First, it influences the amount of daylight a location on the earth receives. Since the 

city of Calgary is located at 51 °04' north of the equator, the amount of daylight 

ranges over the year from a maximum 16 hours and 33 minutes on June 21 (Summer 

Solstice) to only 7 hours and 54 minutes on December 22 (Winter Solstice). This is 

significant since the more daylight a location receives, the longer the sun's rays 

have to warm-up the atmosphere. Secondly, latitude influences the angle at which 

the sun's rays strike the earth's surface. The sun angle in Calgary ranges between 

62°23' above the horizon at noon on June 21'1 to only 15°29' above the horizon at 

noon on December 22nd
• The greater the sun angle, the more direct are the sun's 

rays as they strike the earth's surface, which influences solar energy intensity. This 

is especially important during the winter when the sun's angle is low and the earth 

is therefore unable to absorb as much energy. This range in solar exposure from one 

season to the next is the main reason for the significant temperature variation between 

seasons. 
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Sun Chart for 52 D Latitude North 
source: Adapted from Mazria 1979 and Worton 1993. 
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Atmosphere Circulation 

"Calgary is embedded in the zone of westerly winds, a circulation of air with a 

general movement from west to east" (Klivokiotis 1987, 4). However, cold dry 

arctic conditions are often brought into the area from northerly-winds, while in the 

summer, southerly winds can bring hotter temperatures. Calgary's weather is usually 

a mixture of contrasting air masses, and the changing seasons are "marked by the 

characteristics of the predominant air mass" (Klivokiotis 1987, 5). 

Geographic Location 

Calgary's proximity to the Rocky Mountains adds complexity and plays a significant 

role in the city's weather patterns. Throughout the year the mountains usually prevent 

warm moist pacific air masses from reaching the city. However, occasionally in the 

winter, westerly winds bring mild air masses that cause significant increases in 

temperature. This Phenomenon, known as a Chinook (aboriginal for "eater ofsnow"), 

has a significant influence over the region as dry, mild winds rapidly melt snow and 

evaporate moisture, adding to the aridity of the region (Klivokiotis 1987). This can 

bring relief from the cold weather, however the sudden changes in temperatures 

and loss ofmoisture and snow cover can make environmental conditions challenging 

and uninhabitable for many plant species. 
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Elevation 

Calgary is situated much higher than other cities in the prairies. From the foothills 

just west ofCalgary, to Manitoba, the elevation drops 850 metres as the land generally 

slopes from northwest to southeast. Downtown Calgary's elevation is approximately 

1050 metres above sea level with approximately 200-metre difference between the 

highest and lowest points in the city (Klivokiotis 1987). This fact is significant 

since from sea level moving upwards, temperature drops "a Standard Laps Rate of 

2·C per 300 metres (3SF per 1000 ft.)" (MaUlS 1988, 16). Therefore, Calgary's 

relatively high elevation contributes to the city's longer winters, shorter summers, 

and lower mean temperature as compared to other prairie cities (Klivokiotis 1987). 

Topography 

The topography of Calgary has a significant influence over local air circulation 

patterns, wind, and temperatures. The city sprawls along the valleys fonned by the 

Elbow and Bow Rivers, which have flown eastward out of the Rocky Mountains 

for the past 150 million years. The landscape has also been modified by a series of 

glaciations, the most recent being in the last 14,000 years (University of Calgary 

1990). In this treeless grassland region ofsouthern Alberta, the river valleys provide 

the only strong physical relief on the landscape (Klivokiotis 1987). Depending on 

orientation, the river valleys can either offer protection from the wind or funnel it. 

They also influence solar exposure, which is especially significant in the winter 

when the sun remains low on the horizon and the sides of the valleys are in shade 

for a longer periods of time. 

Urbanization 

The final influential factor is urbanization, which modifies the city's microclimate 

in a number of ways. First, urbanization has raised the city's annual temperature 

from 3·C to 9"C above those in the suburbs (Klivokiotis 1987). This is especially 

pronounced in the downtown core, where the concentration of buildings radiates 

heat to the outside and ground, creating what is often referred to as an urban heat 

island. Secondly, buildings have altered wind patterns to create wind gusts by 

channeling wind. Thirdly, taller buildings can limit solar exposure by blocking the 

sun's rays from striking the ground, which reduces solar gain. For a more detailed 

discussion on the influence of urbanization on microclimate, refer to Chapter 1. 
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The Seasons 
As discussed above: latitude, atmosphere circulation, geographic location, elevation, 

and urbanization, playa significant role in defining the characteristics ofthe changing 

seasons. As a result, Calgary's summers and winters are well defined by differences 

in precipitation and temperature changes. Winter is generally six months of dry, 

cold weather, while summer is four months ofwet, warmer weather. Spring and fall 

are Sh011 transitional periods, which are a mixture of the two seasons they separate. 

As a result, fall can appear very much like summer, and winter can appear as spring. 

It is also interesting to note that precipitation can fall as either rain or snow in any 

month of the year (Klivokiotis 1987). 

The following information has been summarized from Klivokiotis and Thompson 

(1987), unless otherwise noted. For a summary of this information refer to the table 

at the end ofAppendix C. 

Spring in Calgary 

Spring begins later in Calgary than any other southern prairie city. The transition 

from winter to summer generally lasts 32 days from late April to early June. It is a 

period characterized by extremes in temperatures as it can be below freezing one 

day and the low thirties the next 

Spring Temperatures 

As the amount of daylight increases over the season, the mean temperature rises 

from SoC to 12.3°C. The maximum temperature normally averages 16°C, while the 

minimum temperature averages 2.8·C. May 13th is viewed as a significant date 

since it is usually the last day for a killing frost when a minimum temperature of 

less than -2°C occurs. This is especially important for gardeners who normally 

wait until the threat of frost is gone before planting to avoid damage to more 

temperature sensitive plants. 

Spring Precipitation 

Calgary'S spring generally receives rain or snow on 10 of the 32 days, accounting 

for 11 % of the year's total. However, the amount of precipitation can be highly 

variable ranging from very wet, to very dry years. On average spring begins with 

one or two snowfalls, sometimes of record amounts, but the snow almost always 

melts by mid-May. 
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Spring Winds 

Spring receives the highest mean wind speeds ofthe year at 18.2 km/h. Winds from 

the north, northwest, and west bring the most powerful gusts exceeding 50 km/h, 

however these strong winds only account for 0.8% ofthe winds recorded. On average, 

7.8 days each spring have winds that exceed 50 km/hr. 

Spring Sunshine 

Spring is the second sunniest season to summer. On average bright sunshine occurs 

for more than half (347) of the 600 daylight hours with only two days per season 

without bright sunshine. 

Summer in Calgary 

Summer in Calgary is defined as the period when the mean daily maximum 

temperature rises above 18'C. It last on average 104 days from early June to mid 

September, and is characterized by an abundance of sunshine and light wind. 

Summer Temperatures 

The mean daily temperature during the smnmer months is 15'C, with an average 

maximum afternoon temperature of 25.1 'c. Occasionally temperatures rise to the 

mid 30s. Calgary's relativly short summer is the third shortest mean frost-free period 

(112 days) compared to other large Canadian cities. Only Regina and Thunder Bay 

have fewer frost-free days. This can impose limitations for growing food crops that 

require longer growing periods. 

Summer Precipitation 

During summer, Calgary receives 205.5 mm ofrain, which accounts for 68% ofthe 

annual total. June is the wettest month with 89.4 mm of precipitation, followed by 

July (65.4 mm) and August (55.4 nm1). Rain can be expected on 37 days with at 

least one of the precipitation days occurring as snow. On average, nine days will 

experience thunderstorms and one day will experience hail. 

Summer Winds 

Between June and September Calgary experiences the lowest mean annual wind 

speeds. The prevailing wind direction is north-northwest, with the stronger winds 

exceeding 50 km/h blowing from the west to northwest. 

N 
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The most powerful winds in the 
Spring come from the north-north 
west. 

E 

The north-north-west is the 
predominate wind direction in the 
summer. 
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By October the predominate wind 
direction changes from the north
northwest to the west. 

Summer Sunshine 

Smmner is the sunniest season with an average of only three days without bright 

sunshine. Overall bright sunshine occurs for more than 60% of daylight hours. 

Fall in Calgary 

Fall is the other short transitional season. It generally lasts from the middle of 

September until the third week of October for a total of 42 days. 

Fall Temperatures 

Fall's mean daily temperature is 8.3·C, although warmer days are possible where 

the average temperature reaches approximately 18·C. Colder days also occur with 

the average temperature dropping below freezing. By the beginning of fall there is 

usually a 50% chance of frost. On average frost occurs by September 1yh, with a 

killing frost usually occurring by September 19th 
• 

Fall Precipitation 

Rainfall during the fall is generally low as Calgary receives on average 22.8 mm of 

rain, 7.5% of Calgary's annual total. Snow is also possible during this period as an 

average of 14 cm of snow falls between September and October. 

Fall Wind 

As the fall season progresses, wind speeds increase and the prevailing wind direction 

changes. September generally experiences a mean wind speed of 15.8 km/h, with 

peak wind gust of 101 km/h. Wind direction is usually from the north-northwest, 

but by October the predominate wind direction changes to the west and the average 

wind speed increases to 16.3 km/h with gusts as high as 115 km/h. 

Fall Sunshine 

Fall experiences increased cloudiness and therefore a reduction in the number of 

hours of sunshine. On Average 55% of total daylight hours are sunny with a 

completely overcast sky only three days a season. This translates into 9.4% days 

without sunshine, compared to 6.4% in spring. 
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Winter in Calgary 

Winter arrives in Calgary earlier than any other major Canadian city, a few days 

earlier than Edmonton, and a month earlier than Montreal or Toronto. Winter is 

Calgary's longest season, lasting 188 days from the end of October until late April, 

just more than half of the year. It is characterized by dry, cold weather with the 

periodic occurrence of Chinooks that bring milder temperatures. 

Winter Temperatures 

January is the coldest month with an average temperature of-11.8·C, with February 

a close second at-l1.4·C. The rest of the winter months average a mean temperature 

above -10·C. Periodically, one to eight times a winter, Chinooks occur lasting 

anywhere from less than a day to as long as two weeks. Chinooks occur when 

pacific air masses bring warm air causing significant increases in temperatures. 

Temperature swings can be as radical as 30·C as was the case one winter day in 

1988 when the morning temperature was +14·C due to a Chinook, but soon dropped 

to -24·C due to an arctic air mass which replaced the Chinook conditions (University 

of Calgary 1990). 

Winter Precipitation 

Of the 152 cm of snow Calgary receives annually, 128 cm falls in the winter. 

November and March generally receive the greatest amount of snowfall, while 

January receives the least amount. Rain is also possible as an average of 11.3 mm 

of rain falls every winter. 

Winter Winds 

Wind direction during the winter is predominately from the west, shifting to southerly 
N 

winds in late March, and then to a north-northwesterly direction in April. Average 

wind speed is between 15.4 and 18.1 krn/h, with winds below 20 km/h occurring 

more than 65% ofthe time. Winds exceed speeds of 50 kmlh at least 40 days each 

winter for a minimum ofone hour, and will occasionally exceed speeds of90 km/h. w 

Winter Sunshine 

Calgary winters average 23 days without measurable bright sunshine and of the 

1,900 daylight hours, 943 hours, or 43% of the time bright sunshine occurs. 

Wind direction shifts over the winter 
from west to south in March, and 
then to north-northwest in April. 
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Climatic Data for Calgary: 1951- 1980 

·C -6.0 -1.5 1.7 9.4 16.0 19.9 23.3 22.1 17.4 12J 3.3 -1.8 

C -17.6 -12.9 -9.6 -2.9 2.8 7.0 9.4 8.3 3.8 -1.3 -8.6 -13.8 

• C -I 1.8 -7.3 -4.0 3.3 9.4 13.5 16.4 15.2 10.6 5.5 -2.7 -7.8 3.4 

31 27 30 24 7 * 0 * 5 19 28 30 201 

II 15 20 27 31 30 31 31 30 29 21 16 292 

0 0 * 3 12 19 27 25 14 7 0 108 

days 0 0 0 0 * 2 2 * 0 0 0 5 

days 30 26 27 17 2 * 0 0 2 13 26 29 172 

days 12 7 4 * 0 0 0 0 0 0 2 8 33 

mm 0.2 OJ 0.2 10.2 41.1 87.6 65.4 55.4 33.2 6.0 0.3 0.1 300 

em 20.8 19.1 19.9 25.9 8.4 1.9 T T 5.9 13.5 16.3 20.8 152.5 

mm 16.2 15.5 16.1 32.6 48.7 89.4 65.4 55.4 38.2 17.6 12.7 16.0 423.8 

16.2 15.8 16.4 18.1 18.2 17.0 14.9 14.4 15.8 16.3 15.4 16.1 16.2 

W W S N
NW 

N
NW 

N
NW 

N
NW 

N
NW 

N
NW 

W W W NNW 

102.0 127.9 162.2 204.9 253.6 267.0 322.2 282.3 194.7 176.0 123.9 97.7 2314.4 

# number Source:Adapted from K/ivokiotis, P. 1987 p. 41 

less than 1 day* 
T trace 
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January February March 

April May June 

July August September 

( Percentage frequency of wind in 
Calgary, 1955 - 1966. Number in 
centre circle refers to percent of 
calm wind. 

October November December Source: Klivo!<iotis P. 1987· p. 44 
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coregions of the Calgary region 

Appendix D: Ecoregions of the Calgary Area 

Alberta's climate is responsible for the creation ofwhat scientists have identified as 

three distinct climatic ecoprovinces: Grassland, Cordilleran, and Boreal. From these 

three ecoprovinces, 13 ecoregions have been recognized which possess a distinctive 

regional climate expressed through vegetation (Strong and Leggat 1992). Calgary 

is located within the transition area of two Ecoregions, the Fescue Grassland and 

Aspen Parkland. Therefore the ecology of both should be understood when 

employing an ecological approach towards design. 

The following infonnation has been summarized from Strong and Leggat (1992) 

unless otherwise noted. 

Fescue Grassland 
Running south and east of Calgary, parallel to the Rocky Mountains, the Fescue 

Grassland ecoregion separates the Mixed Grass ecoregion to the east, and the Aspen 

Parkland and Montane ecoregions to the west, acting as a transition zone between 

the cordilleran and grassland environments. Its area is based on the extent of the 

black/dark brown Chernozem soil, and the eastern limit of Aspen. Its total area is 

only 12,291 km2, making it the smallest grassland ecoregion in Alberta. It has been 

suggested that the fescue grassland is only located as a narrow band east of the 

Rocky Mountains due to the mountains' influence over air movement. As a result 

ofits proximity to the mountains and the area's higher elevation, the Fescue Grassland 

does not have a typical grassland climate exhibiting a cooler sununer, warmer winter, 

and higher precipitation relative to the Dry Mixed Grass and Mixed Grass Ecoregions 

to the east. Unfortunately, the ecoregion is at risk since much of the original 

vegetation has been removed for agricultural purposes. 

Vegetation of the Fescue Grassland 

The predominate vegetation of the region is rough fescue (Festuca campestris) 

followed by Parry Oat grass (Danthonia parryi). In addition, forbs such as June 

grass (Koeleria macrantha), everlastings (Antennaria spp.), Sticky purple geranium 

(Geranium viscosissimum), lupines (Lupinus spp.), golden bean (Thermopsis 

rhombifolia), pasture sagewort (Artemisia frigida), common yarrow (Achillea 

millefolium), northern bedstraw (Galium boreale), and fleabane (Erigeron spp.), 

are commonly found growing in the region. 

The Fescue Grassland ecoregion runs 
as a narrow band east of Calgary and 
is the smallest and most threatened 
ecoregion of the Province. 
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Alberta consists of 13 ecoregions. 
Calgary is located between the 
Fescue Grassland and Aspen 
Parkland Ecoregions. 

Ecoreg ions of AI berta 

1. Dry Mixed Grass 
2. Mixed Grass 
3. Fescue Grass* 
4. Aspen Parkland* 
5. Montane 
6. Subalpine 
7. Alpine 
8. Low Boreal Mixedwood 
9. Lower Boreal - Cordilleran 
10. Upper Boreal- Cordilleran 
11. Mid Boreal Mixedwood 
12. High Boreal Mixedwood 

13. Boreal Subarctic 

* Ecoregions Calgary is located within 

Map adapted from Worton 1993. 

9 11 
11 

4. 10 ~ 

LI 
D 

'j} 
EJ 

12 

Fort 
McMurray 

& 
11 

Vermillion 

·Camrose 

Wetaskiwin Wainwright 

4 

. Brooks 

Mededne 
Hat 

110 

304 Appendix 0 



coregions of the Calgary region 

In locations where moisture is relatively abundant, such as north facing slopes, 

ravines, and seepage sites, woody species are often found. Aspen (Populus spp.), 

Spruce (Picea spp.), and Willow (Salix spp.) are the species more commonly found 

growing in these wetter locations, although such communities occupy less than 

five percent of the total area. Conversely, on dry sites, such as south facing slopes, 

or locations with course textured soils, xerophytic plant communities develop 

consisting primarily of wheat and needle grasses such as slender wheat grass 

(Agropyron trachycaulum) and green needle grass (stipa viridula). For more 

information on native plant species, refer to Appendix E. 

Wildlife of the Fescue Grassland 

Due to the fact that a large proportion ofthe native landscape has been removed for 

agricultural purposes, wildlife is predominately found in the riparian areas ofstream 

and river valleys, along active and abandoned stream channels, and on alluvial 

terraces. Characteristic species are similar to those found in the Mixed Grass 

ecoregion and include the prairie falcon (Falco mexicanus) , marbled godwit (Limosa 

fedoa), horned lark (Eremophila alpestris), coyote (Canis letrans), white-tailed 

deer (Odocoileus virginianus), and the columbian ground squirrel (Spermophilus 

columbianus). Threatened and vulnerable wildlife include the burrowing owl 

(Athene cunicularia), piping plover (Charadrius melodus), and Baird's sparrow 

(Ammodramus bairdii). 
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Aspen Parkland 
The second ecoregion surrounding Calgary is the Aspen Parkland. Located west 

and north of Calgary, the Aspen Parkland is a transition zone between the boreal 

ecoregion located to the north and west, and the grasslands found to the east. Its 

total area is 52 148 km, 7.9% of the province. The Aspen Parkland is generally 

wetter than the grassland ecoregions as it receives more precipitation, has a greater 

number of days with precipitation, experiences a greater duration of snow cover 

due to cooler temperatures, there is less ablation by the wind, and fewer Chinooks 

occur. The ecoregion is characterized by level, undulating and rolling terrain, with 

the co-occurrence of Chernozemic black and brown soils, and a mixture of native 

grasses and deciduous forest plant communities. 

Vegetation of the Aspen Parkland 

Aspen Parkland is composed ofthree physiognomically distinct types ofvegetation: 

Groveland, Willow and Aspen-dominated (Worton 1993). 

Groveland 

Groveland communities exist in the driest part of the ecoregion to the south, and is 

the area in which Calgary is located. Within this area, aspen clones may be found 

where the moisture is adequate to sustain tree growth. North facing slopes, seepage 

areas, creek and riverbanks, and depressions which delay snow melt, provide 

locations where shrub and tree species can survive. The dominate woody species is 

trembling aspen (Populus tremuloides), although in some rare situations balsam 

poplar (Populus balsamifera) and white spruce (Picea glauca), may also be found. 

Cottonwoods (Populus deltoides) may also be found, although quite infrequently. 

In total, aspen covers approximately 15% of the Groveland with shrubs and 

grasslands composing the remaining areas. Common shrub species include prickly 

rose (Rosa acicularis), saskatoon (Amelanchier alnifoiia), buckbrush 

(Symphoricarpos occidentalis), snowberry (Symphoricarpos alba), and wolfwillow 

(Eleagnus commutata). In dryer locations, grasses such as northern bedstraw (Galium 

boreale), June grass (Koeleria macrantha) , needle grasses (Stipa curiseta, and Stipa 

viridula), rough fescue (Festuca campestris), bluebunch fescue (Festuca idahoensis), 

sticky purple geranium (Geranium viscosissimum) , and old man's beard (Geum 

trifolium) dominate (Worton 1993). 
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Willow 

The Second vegetation community of the Aspen Parkland is found in the wet sites 

of the southern portion of the Aspen Parkland. In these locations willow species 

such as beaked willow (Salix bebbiana), smooth willow (Salix glauca), and scouler's 

willow (Salix scouleriana) (Gerling et a1. 1996) are found on moderately to 

imperfectly drained sites while fescue grassland occupies the drier sites. 

Aspen Dominant 

The third vegetation type is the Aspen dominant sites located adjacent to the Low 

Boreal Mixedwood ecoregion, north of the Groveland area. In this area adequate 

moisture is available to sustain tree growth throughout the entire growing season. 

This creates an aspen canopy with a lush and diverse understory consisting of 

primarily ofveiny meadow rue (Thalictrum venulosum), northern beadstraw (Galium 

boreale), wild strawberry (Fragaria virginiana), larkspurs (Delphinium spp.), violets 

(Viola spp.), saskatoon (Amelanchier alnifolia), fireweed (Epilobium angustifolium) 

and willow species (Salix spp.). 

Succession in the Aspen Parkland is generally from water to aspen forest, but may 

also occur from gassland to forest. During really wet years this can be revesed as 

water drowns out the aspen. Aspen encroaches on prairie grasses by suckering. The 

undergrowth is usually snowberry (Symphoricarpos occidentalis) and on occasion 

wolf willow (Eleagnus commutata), which crowds out the grasses as it advances. 

As the aspen grows up, it shades the undergrowth, killing the snowberry so that it 

only grows around at the edges (Bird 1961). For more infom1ation on native plant 

species, refer to Appendix E. 

Wildlife of the Aspen Parkland 

Since the Aspen Parkland is one ofthe most productive agricultural zones in Alberta, 

less than 5% of the ecoregion remains as natural habitat. Native vegetation has 

been replaced with agricultural crops ofbarley, wheat, canola, and oats, while those 

areas possessing rougher terrain, not suitable for growing crops, are often used for 

grazing cattle. This has left river-bottom lands, hummocky moraine, and dune fields 

as the predominate areas of natural habitat remaining. 

coregions of the Calgary region 

Calgary 

The Aspen Parkland ecoregion of 
Alberta. 
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Characteristic wildlife species of the Aspen Parkland include the red-necked grebee 

(Podiceps grisegena), homed grebee (Podiceps auritus), ruby-throated hummingbird 

(Archilochus colubris), Franklin's gull (Larus pepixcan), American avocet 

(Recurvirostra americana), white-tailed deer (Odocoileus virginianus), Franklin's 

ground squirrel (Spermophilus franklinii), and the prairie vole (Microtus 

ochrogaster). Similar to the fescue grassland, the piping plover (Charadrius melodus) 

is also a threatned species of the Aspen Parkland. Wetlands also make-up a significant 

aspect of the wildlife habitat as they provide the majority of habitat for ducks in 

Alberta (Strong and Leggat 1992). For more information on waterfowl species, 

refer to Appendix F: wildlife habitat requirements. 
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Appendix E: Calgary Plant Species 

A wide variety of species have the tolerance necessary to grow in Calgary, however, 

the number of species is significantly less as compared to other major Canadian 

cities since Calgary's elevation, Chinooks, and heavy alkaline soils, place significant 

limitations on the number of plants that can survive in the region. 

Elevation 

Elevation is an important consideration since Calgary is 1000 metres (3300 feet) 

above sea level and with this higher elevation comes lower temperatures as compared 

to places of equal latitude closer to sea level. 

Chinooks 

Chinook hardiness is also an important consideration in plant selection since when 

Chinooks occur, the rise in temperature often removes the protective insulating 

snow cover exposing the plant to cold temperatures, sun, and wind, which can 

damage the plant and reduce moisture availability. Chinooks are especially damaging 

during late winter and early spring when a temperature increase may fool plants 

into thinking it is spring and cause budding in woody species and/or the emergence 

of herbaceous perennials. The problem is that when colder temperatures return, it 

can destroy the new growth and kill the plant (Calgary Horticultural Society 1996). 

Soil Alkalinity 

Another potential limiting factor for plants in Calgary is the soil's alkalinity. Alberta's 

soil is a mixture of gravel moraines, clay, and occasional deposits of sand, ground 

down from the movement of ice, wind, and water to create alkaline, clay based, 

chernozem soil. The problem of soil alkalinity can be exacerbated by irrigating 

with Calgary City water which even after treatment, is still slightly alkaline with a 

pH between 7.2 and 8.2, above the 6.5 to 8.8 range preferred by most plants. The 

clay component of the soil is rich in nutrients and holds moisture well, however its 

alkalinity binds nutrients making them unavailable to plants. In addition, its moisture 

retaining properties can result in poor drainage, water logging the soil, causing 

plants to suffer from root rot (Calgary Horticultural Society 1996). 
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As a result of Calgary's relatively high elevation, fluctuating winter temperatures, 

and alkaline soil, many plants that may do perfectly well in colder climes are unable 

to survive in Calgary. One common approach for determining a plant's suitability 

for a region is to look at its hardiness rating which tells you the minimum temperature 

a plant species is able to tolerate. However, as Michael Dirr (1990) states, "hardiness 

ratings are meant only as a guide and should not be looked upon as a limiting factor 

in plant use ... since large bodies of water, well-drained soils, wind protection, and 

adequate moisture will help to increase hardiness" (Dirr 1990, 2). It is common for 

Calgary to be rated anywhere from zone 2 to 4 hardiness, however no hardiness 

rating for Calgary is entirely accurate since the affect ofelevation and Chinooks are 

not factored into hardiness zone ratings (Calgary Horticultural Society 1996). For 

this reason hardiness zones are not very useful for determining a plant's suitability 

for use in Calgary. The only true way of knowing whether a species is tolerant of 

Calgary's conditions, besides using only native species, is to study what species are 

already doing well, and to consult local reference materials and individuals who are 

actively involved in using plants in the Calgary area. 

The following tables list the more COlllill0n plant species that are tolerant ofCalgary's 

climate. Only those species that are tolerant of Chinook conditions and require 

relatively minimal maintenance have been included. Therefore many popular 

landscape plants, which may survive in protected areas, under special environmental 

conditions, or with intense maintenance, have not be included. 

Plants have been organized into four groups: woody plants and climbing vines, 

native grasses and forbs, fruit trees, and vegetables. A brief description of each 

grouping is provided. At the end of the appendix, a list of compatible plant 

associations for the region based on moisture requirements has also been provided. 

Woody Plants and Climbing Vines 
The woody plant species have been divided into five categories: Coniferous trees, 

coniferous shrubs, deciduous trees, deciduous shrubs, and climbing vines. 

Under the wildlife value section, the following codes from Harker (1993) have 

been used to identify the wildlife value for a number of the plants listed. Additional 

notes regarding potential wildlife value have also been provided from the other 

sources indicated. 
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B butterflies and moths 

C caterpillars 

G upland ground birds 

L large mammals 

M browsing mammals 

S songbirds 

W waterfowl, shorebirds 

h honeybees 

m small mammals 

Below is a brief description of each plant group. 

Coniferous Trees 

In addition to the few coniferous tree species which grow naturally in the Calgary 

region, a number of hardy species are found naturally in Alberta and the boreal 

forest. As most Coniferous trees are evergreen, they provide excellent opportunities 

for blocking winter winds, and for providing shelter for wildlife. 

Coniferous Shrubs 

There are a few coniferous shrub species that are tolerant of the Calgary climate. 

The hardier type are the Junipers with the horizontalis cultivars generally being 

more resilient than the Sabina cultivars in that they are more drought tolerant and 

do better in alkaline soil. However in certain locations, under the right conditions, 

Sabina Junipers may grow with little effort (Calgary Horticultural Society 1996). 

Deciduous Trees 

The number of deciduous trees native to the Calgary region is somewhat limited. 

Poplar and Aspen, although native, have a number ofproblems in terms ofsuitability 

in urban environments. Therefore it is often desirable to select non-native species 

since they are longer lived, provide a fuller canopy, and are more tolerant of urban 

conditions. 
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Deciduous Shrubs 

There are a wide variety of deciduous shrubs tolerant of Calgary's climate. Many 

of the deciduous shrubs listed here, besides having ornamental qualities, are useful 

in providing food for human and wildlife consumption, wildlife habitat, and for the 

creation of balTiers or windbreaks. 

Climbing Vines 

The number of vines hardy in the Calgary region is somewhat limited. According 

to Alberta Agriculture, Food and Rural Development (1999) only three commonly 

used species are tolerant of Chinook conditions, with most others being classified 

as borderline. The three species are Celastris scandens (Bittersweet), Clematis 

tangutica (Golden Clematis), and Lonicera x brownii 'Dropmore Scarlet Trumpet' 

(Dropmore Scarlet Trumpet Honeysuckle). However, others such as the Calgary 

Horticultural Society (1996) suggest that some other species may do just as well, 

illustrating the fact that proper site selection is crucial in order for many plants to 

successfully grow in the Calgary region. 

Grasses and Forbs 
The use of native grasses and forbs in landscaping is growing in popularity. When 

the appropriate native species are selected they can provide a low maintenance 

alternative to the manicured law, which helps to conserve water, eliminate the need 

for pesticides, and provide habitat for wildlife such as birds and butterflies. They 

are also becoming more popular for their aesthetic qualities as wildlflowers are 

growing in use as a colourful groundcover. 

Fruit Trees 
Many types and varieties of fruit trees can grow quite successfully in Calgary if a 

site is chosen that is protected from the wind, sunny, and have well drained, fertile 

soil (Barkley 1999). In addition, low-lying locations and south facing slopes should 

be avoided (Barkley 1999). The varieties ofApple, Apricot, Pear, and Plum, which 

grow in Calgary, are not the same as those that one buys in the grocery store, however 

the fruit is good quality and the trees are easy to grow (Calgary Horticultural Society 

1996). Most fruit trees require pollen from another cultivar for fruit production to 

occur. This means planting at least two cultivars of the same fruit with overlapping 

bloom periods (Barkley 1999), or making sure that an acceptable pollinating tree is 

located within at least 30 metres (Calgary Horticulhtral Society 1996). It should 
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also be noted that fmit trees generally require more maintenance, such as pmning, 

than other tree species to facilitate a fonn conducive to maximizing fmit growth. 

Fmit trees can also be susceptible to diseases such as fireblight and to fungal 

infections such as cytospora canker. For this reason, fmit trees should only be planted 

for their fmit bearing abilities rather than for aesthetics or other functions that could 

be fulfilled by other, lower maintenance species. 

Apple (Malus spp.) 

In Calgary, approximately 30 varieties of apple, crabapple and apple-crab are 

available. Each variety possesses a different fmit size, flavour, ripening time, and 

keeping quality (Calgary Horticultural Society 1996). Generally, edible-apple trees 

and apple-crabs produce white flowers, while ornamental crabapples have pink 

flowers (Calgary Horticultural Society 1996). 

Apricot (Prunus armeniaca) 

Apricots are borderline hardy for Calgary since they are one of the first trees to 

flower in the spring which may cause them to become damaged after a late winter 

Chinook or during an early spring frost. For this reason fmiting is unreliable and 

may only occur in one year out offour or five (Calgary Horticultural Society 1996). 

Sandy sites with good air drainage and protection from late winter and early spring 

thaws will help improve chances of success (Barkley 1999). Also apricots require 

cross-pollination with blossom overlap on the first three days of flowering from 

either a different variety of apricot or from Prunus tomentosa (Nanking Cherry), 

increasing the difficulty of obtaining fmit (Barkley 1999). Apricot fmit is usually 

too tart for eating fresh but good for canning or jam (Barkley 1999). 

Pear (Pyrus spp.) 

Pears that grow in Calgary are not of the same quality available for sale in stores 

(Calgary Horticultural Society 1996), however three varieties are suitable for eating 

fresh: 'Fedorovsk', 'Pioneer', and 'Ure' (Barkley 1999). Other varieties, such as 

'Golden Spice' or 'John', are considered less desirable but may be used for cross

pollination. 
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Plum (Prunus spp.) 

Obtaining fruit from a plum tree can be challenging since different family groupings 

of plums are self-sterile. Therefore native plums should be used to pollinate either 

Japanese plums or Japanese native plum hybrids. It is also important that the two 

trees bloom at the exact same time for cross-pollination to occur (Calgary 

Horticultural Society 1996). 

Vegetables 
Calgary's short growing season means that many vegetables must be started indoors 

prior to transplanting outside to ensure plants have enough time to grow before the 

fall frost. However, Calgary's cool nights encourage high levels ofsugar production 

in plants which can result in extra sweet vegetables. Vegetables can also be used for 

their aesthetic qualities to provide a landscape that is both attractive and functional. 

Calgary Tolerant Plant Species 
Information was gathered from a wide array of sources. Identified by a superscript 

number, either in the table heading or after the information provided, the number 

corresponds to the list of sources below. For complete source information, please 

refer to the reference section of the document. 

Sources: 
1 Knowles, Hugh. 1995 

2 Strong and Leggat. 1992. 

3 Dirr, Michael A. 1990. 

4 Hosie, R.C. 1990. 

5 Harker et al. 1993. 

6 Leatherbarrow et al. 1999. 

7 Gerling et al. 1996. 

8 Barkley 1999. 

9 Calgary Horticultural Society. 1996. 

10 Canadian Wildlife Service. 1981. 

11 Gill and Bonnett. 1973. 

12 Bird. 1961. 

13 Kershaw et al. 1998. 

14 Pahl et al. 1999. 
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15 Groves, Marjorie P. 1979. 

16 Adams, Lowell W. 1994. 

17 Revel. 1998. 

18 Alberta Fish and Wildlife. 1986a. 

19 Kress, Stephen W. 1996. 

20 Burley, Jon Bryan. 1987. 

21 Megalos, Mark, A., J. Chris Turner, and Edwin J Jones. 2000. 

22 Birdetal. 1995. 

23 Nebraska Game & Parks. June 2000. 

24 Opler, P.A. and W.S. Cranshaw. April 1996. 

25 Texas Bird Watcher 2000. 
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(] algary plant species 

Coniferous Trees: hardy in the Calgary region 
'A!i'11: Nam;,. fA' Region l ! Height\~~ Dia8 Form' Habitit' 

~""if " 

Abies ba/samea dense, narrow cool, moist sheltered sites, 
Alberta 10 m 4mBalsam Fir pyramid acidic soil 

Abies /asiocarpa 
Alberta 8m narrow pyramid moist, sheltered sites 

Sub-Alpine Fir 

Abies sibirica cool, moist sheltered sites, 
non-native 10m 6m narrow pyramid 

Siberian Fir acidic soil' 

Larix /arcina prefers wet areas but will
Alberta 12 -15 m 4m narrow pyramid 

Tamarack tolerate drier conditions 

Larix sibirica broad pyramid with
non-native 30 m sm adapted to dry sites

Siberian Larch arching branches 

moist, well drained sites, 
valley bottoms, north

Picea g/auca 
Aspen Parkland' 20 m sm narrow pyramid facing slopes 

White Spruce 
grows well under shady 

conditions'S 

wide range of sites 
Picea pungens non-native grows well under shady 

20 m sm narrow pyramid 
Colorado Spruce (west USA) conditions, drought 

tolerant'S 

Pinus contorta narrow with straight wide range, best on well 
Alberta 25 m 3m

Lodgepole Pine trunk drained loams' 

Pinus ponderosa British wide range - drought
15 m 6m cylindrical

Ponderosa Pi ne Columbia' resistant 

well drained sites in both 
Pinus sy/vestris broad open crown full sun and shade' 

non-native 15 m 6m
Scots Pine with age grows well on sandy, dry 

soils's 
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Aesthetic Value' 

symmetrical form 

golden yellow fall colour 

bright yellow fall colour 

good year round 
appearance 

colour varies from 
blue/green to silver green 

considered more 
attractive tha n Pinus 

ponderosa' 

best used in masses 

specimen tree with 
picturesque character' 

Wildlife Values Additional Value' Comments' 

GLMmS 
commonly used as a 

Ch ristmas tree • 
- intolerant of air pollution' 
- borderline hardy for Chinook areas" 

MmS 
desireable species for - intolerant of air pollution' 

squirrels • 

- intolerant of air pollution' 
- borderline hardy for Chinook areas" 

GMmS 
commonly used for timber 

and wood products • 
- deciduous tree: loses its needles each winter 
- intolerant of heat' 

- intolerant of heat' 

used for pulp wood and 
GLMmS 

lumber • provides thermal cover for 
commonly used in shelter 

wintering birds'" 
belts'O 

GLMmS 
commonly used in shelter - most drought tolerant of the spruce

provides thermal cover for 
belts'O - tolerant of sulphur dioxide and ozone'· 

wintering birds'" 

commonly used in shelter 
GLMmS 

belts 

GLMmS 

provides thermal cover for commonly used in shelter 
wintering birds'" belts,a 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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Coniferous Shrubs: hardy in the Calgary region
 

Name 

Juniperus communis 
Commom Juniper 

Juniperus horizonta/is 
Creeping Juniper 

Juniperus horizonta/is 'Bar Harbour' 
Bar Harbour Juniper 

Juniperus horizonta/is 'Blue Chip' 
Blue Chip Juniper 

Juniperus horizonta/is 'Hughes' 
Hughes Juniper 

Juniperus horizonta/is 'Prince of Whales' 
Prince of Whales Juniper 

Juniperus horizonta/is 'Wapiti' 
Wapiti Juniper 

Juniperus sabina 
Savin Juniper 

Juniperus sabina 'Arcadia' 
Arcadia Juniper 

Juniperus sabina 'Blue Danube' 
Blue Danube Juniper 

Juniperus sabina 'Calgary Carpet' 
Calgary Carpet Juniper 

Juniperus sabina 'Skandia' 
Skandia Juniper 

Juniperus scopu/orum 
Rocky Mountain Juniper 

Juniperus scopu/orum 'Blue Heaven' 
Blue Heaven Juniper 

Juniperus scopu/orum 'Wichita Blue' 
Wichita Blue Juniper 

Pinus mugo mugo 
Mugo Pine 

Pinus mugo 'Compacta' 
Dwarf Mugo Pine 

Region>
 

Alberta
 

Aspen Parkland
 

cultivar 

cultivar 

cultivar 

cultivar 

cultivar 

non-native'
 

cultivar
 

cultivar
 

cultivar
 

cultivar
 

Alberta foothills
 

cultivar
 

cultivar
 

non-native
 

cutivar
 

Height' 

0.6 m 

0.15 - 0.3 m 

0.15 m 

0.15 m 

0.3 m 

0.1 - 0.25 m 

0.3 m 

1m 

0.3 - 0.6 m 

0.6 - 0.75 m 

0.3 m
 

< 0.3 m
 

sm
 

3 m
 

3m
 

0.6 - 3m 

1m 

Dia8 

3m 

3m 

3m 

2m 

3m 

3m 

3 m 

2m 

2m 

2m 

2m 

2m 

1.S m 

1.5 m 

1.5 m 

2m 

2m 

Form' 

semi-prostrate 

decumbant 

low spreading' 

prostrate' 

ground-hugging 

ground-hugging 

low spreading 

upright with gentle 
arching tips
 

less upright than
 
species
 

broad, spread ing
 

horizontal branching
 

compact ground cover
 

broad to narrow
 
pyramid
 

compact, narrow
 
pyramid
 

broad pyramid
 

low mound to upright
 
globular
 

dense globe
 

Habitat' 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites 

sunny sites with well
 
drained soils
 

sunny sites with well
 
drained soils
 

sunny sites with well
 
drained soils
 

sun or partial shade, deep
 
moist loam'
 

tolerates drought-


sun or partial shade, deep
 
moist loam'
 

tolerates drought
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bright green 
needles 

green to silver 
blue 

blue green, 
turning purple in 

winter) 

bright blue 
needle colour 

silver/blue 
needles 

bright green 
needles 

green needles
turn purple in 

fall 

dark green in 
summer, dingy 
green in winter' 

bright green 
needles 

dark, blue 
green colour 

light green 

grey-green 
foliage 

green to grey
green needles 

silver-blue 
foliage 

bright blue 
foliage 

medium to dark 
green foliage' 

medium to dark 
green foliage' 

GLmS
 

fru it attracts bi rds9
 

fruit attracts birds9
 

fruit attracts birds9 

fruit attracts birds9 

fruit attracts birds9 

fruit attracts birds9
 

fruit attracts birds9
 

fruit attracts birds9
 

fruit attracts birds9
 

fru it attracts bi rds9
 

fruit attracts birds9
 

GLMmS
 

GLMmS
 

GLMmS
 

commonly used in shelter 
belts'O 

makes a good groundcover' 

useful for erosion protection on 
rocky or gravelly slopes 4 

- native to the mountains and foothills of Alberta
 

- does not burn readily - useful as a fire break"
 
- many cultivars - See below
 

- does not burn readily - useful as a fire break"
 

- does not burn readily - useful as a fire break"
 

- does not burn readily - useful as a fire break"
 
- fast g rowi ng·
 

- does not burn readily - useful as a fire break"
 
- fast growing·
 

- does not burn readily - useful as a fire break"
 

- cultivars more attractive than species'
 
- cultivars may require protected sites - not as hardy as
 

J. horizontalis species 

- does best on protected sites 

- does best on protected sites 

- does best on protected sites 

- does best on protected sites 

- requires pruning to keep neat form 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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Deciduous Trees: hardy in the Calgary region (table 1 of3)
 
w ,,'£.."" '" Region3 elf" Heighe., liif#Dia 8 c& Witw~~orm1 .. Habitat' !!I>;.,.!ih9f. ., '0I f M'~F. 

:&<~ I 
Manitoba toAcer negundo high-headed, upright- common on stream banks' Southern 12.- 15 m 12 m

Manitoba Maple oval not drought tolerant'·
Ontario' 

full sun to partial shade, Aesculus glabra low-headed, round to
non-native 6- 8m 5m moist, well drained, slightly 

Ohio Buckeye upright oval 
acidic soil' 

Betula ocddentalis Aspen short trunk with broad moist soil along streams 
6 m'River Birch Parkland crown' and springs' 

Betula papyrifera 
Alberta 10 m 6m upright-oval sunny, well drained sites' 

Paper Birch 

Betula pendula low-headed, upright
non-native 15 m 6m wetter areas

European Birch oval 

Crataegus x mordenensis 'Snowbird' full sun, moist, well drained 
cultivar 3m 2m upright oval, low headed

Snowbird Hawthorn sites, drought tolerant'· 

Crataegus x mordenensis 'Toba' full sun, moist, well drained 
cultivar 3m 2m upright oval, low headed

Toba Hawthorn sites, drought tolerant'· 

Crataegus succulenta Ontariol full sun, moist, well drained 
Sm 3m upright oval, low headed

Fleshy Hawthorn Quebec sites, drought tolerant'· 

does not do well in damp 
Eleagnus angustifolia low-headed, upright

non-native 4- 5 m 6m areas or in rich soil 
Russian Olive oval 

tolerates drought9 

Fraxinus mandshurica tolerates wet and dry
non-native 8m 5m compact, upright oval

Manchurian Ash conditions 6 

eastern wet areas, will adapt to
Fraxinus nigra high headed, narrowly

Manitoba- 8m 5m drier locations 
Black Ash pyramidal

east full sun' 

Fraxinus nigra 'Fallgold' 
cultivar 8m 5m narrow pyramidal head full sun, tolerates flooding 5

Fallgold Black Ash 

full sun, tolerant of a wide 
Fraxinus pensylvanica range of conditions (high 

cultivar 12m 8m high-headed, uprigh oval 
Green Ash pH, drought, sterile soils, 

and flooding) , 

full sun, tolerant of a wide 
Fraxinus pensylvanica var. subintegerrima 

range of conditions (high
'Patmore' cultivar 12. m 8m high headed uprigh oval 

pH, drought, sterile soils, 
Patmore Ash 

flooding) , 

Malus x adstringens Makamik' full sun, best in moist, well 
cultivar sm 4m Low head, ball shaped 

Makamik Flowering Crab Apple drained acidic soil' 
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~!" IJ8Ii!W,W W ~e,~the~t~lue' ~iliUt~ Values •. ,~1~ Addit,!on~~~~lue~; 18"t';;: " ;"J&tIW C°rT!.Wf$it?~,\" .~'w:., 

minimal ornamental 
assets, often 

considered a weed 
tree' 

light orange autum 
colour 

dark red/brown 
bark' 

ornamental white 
bark 

yellow fall colour 

white flowers 

pink flowers 

white flowers, red 
fruit 

silver foliage 
black bark 

leaves bright yellow 
in early fall 

long lasting fall 
colour 

bright yellow fall 
colour 

bright yellow fall 
colour 

copper coloured leaf 

CGMmSW
 
attracts birds •
 
host species for
 

caterpillars '.
 

hm
 

M
 

CGMms
 
host species for
 

caterpillars"
 

host species for
 
caterpillars"
 

GhLMmSW
 
fruit eaten by birds
 

into winter'·
 
browsed by deer'·
 

GhLMmSW
 
provides food for
 
bi rds in wi nter"
 

GhLMmSW
 
provides food for
 
birds in winter"
 

provides food for
 
birds late into
 

winter'·
 

GLMmSW
 

GLMmSW
 

GLMmSW
 
seeds eaten by
 

song birds'·
 
shoots browsed by
 

deer'·
 

GLMmSW
 

fruit attracts birds'
 
host species for
 

caterpillars"
 

common shelter belt species
 

sap can be used to make beer,
 
wine and soft drinks"
 

sap can be used to make beer,
 
wine and soft drinks')
 

thorns make it a good barrier
 
plant
 

commonly used in shelter
 
belts'O
 

thorns make it a good barrier
 
plant
 

commonly used in shelter
 
belts'O
 

thorns make it a good barrier
 
plant
 

commonly used in shelter
 
belts'O
 

commonly used in shelter
 
belts'O
 

common shelter belt species
 

common shelter belt and street
 
tree species
 

common shelter belt and street
 
tree species
 

common shelter belt and street
 
tree species
 

common street tree species'
 

- has become well established beyond its natural range'
 
- fast growing
 
- not hardy in all areas
 
- untidy tree due to seeds and aphids
 

- dense canopy can provide protection from elements,
 
- requires a sheltered area to do well
 

- bark does not peel like other birches')
 

- intolerant of shade'
 
- can be susceptible to disease
 

- intolerant of shade'
 
- can be susceptible to disease
 

- sharp thorns
 
- pollution tollerant
 

- sharp thorns
 
- pollution tollerant
 

- sha rp thorns
 
- tendency to sucker
 

- requires a sheltered area away from strong winds
 
- has thorny stems)
 
- provides fruit September to Spring'·
 
- salt tolerant)
 

- compact form makes it a useful street tree
 

- leafs out later than most other deciduous trees
 
- provides a light filtered shade
 
- compact form makes it a useful street tree
 

- leafs out later than most other deciduous trees
 
- provides a light filtered shade
 
- uniformaty makes it a good street tree
 

- leafs out later than most other deciduous trees
 
- provides a light filtered shade
 
- good tall shade or street tree
 
- often overplanted due to its adaptability
 
- slow growing'·
 

- leafs out earlier and retains leaves longer than other Ash
 
- provides a light filtered shade
 
- often overplanted due to its adaptability
 

- susceptible to disease
 
- dropping fruit can make it a messy tree
 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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Deciduous Trees: hardy in the Calgary region (tab/e2 ofJ) 

',~ ,!;J ame ,:;H%1i\' *i, 

Malus x adstringens 'Strathmore' 
Strathmore Flowering Crab Apple 

Malus x adstringens 'Thunderchild' 
Thunderchild Flowering Crab Apple 

Malus baccata 
Siberian Crab Apple 

Populus balsamifera 
Balsam Poplar 

Populus x brooks #4 or #6 
Brooks Poplar 

Populus deltoides 
Plains Cottonwood 

Populus tremula 'Erecta' 
Swedish/European Columnar Aspen 

Populus tremuloldes 
Trembling Aspen 

Prunus padus 
Mayday 

Prunus pensylvanica 
Pin Cherry 

Prunus virginiana 
Chokecherry 

Prunus virginiana'Schubert' 
Schubert Chokecherry 

Quercus macrocarpa 
Bur Oak 

Salix pentandra 
Laurel Leaf Willow 
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Region3 )1': 

cultivar 

cultivar 

non-native 

Aspen
 
Parkland
 

cultivar
 

Aspen
 
Parkland
 

non-native
 
cultivar
 

Aspen
 
Parkland
 

non-native
 

Aspen
 
Parkland
 

Aspen
 
Parkland
 

cultivar
 

Ontario & 
Manitoba 

non-native 

Ifu~Height' 

5m 

5m 

5m 

30 m 

20 

30 m 

9m 

25 m 

12m 

4m 

2 -7 m 

7m 

15 - 20 m 

12 - 15 m 

Dia8 

3m 

4m 

4m 

15 m 

15 

20 m 

1.5 m 

6m 

3m 

5 m 

5m 

10 m 

15 m 

,. 
~()rm1 ':~;il~ 

upright 

round, spreading head 

low-headed, ball shaped 

upright oval 

high headed with broad 
canopy 

columnar 

upright oval, high 
headed 

high headed upright 
oval 

low-headed, upright 
oval 

upright-spreading 

more pyramidal than 
species 3 

high-headed, upright 
oval 

low headed, broad oval 

;'!*' Hab,t~~~1 '* i~~'1 I
 
full sun, best in moist, well
 

drained acidic soil 3
 

full sun, best in moist, well
 
drained acidic soil 3
 

best in full sun, moist, well
 
drained acidic soil 3
 

tolerates drought'·
 

moist rich soils (river valleys),
 
flood tolerant
 

river valleys
 

full sun, moist,well drained
 
soil 6
 

wide range - best on well
 
drained moist sites •
 

sunny, dry locations (shade
 
intolerant) 3
 

dry slopes, sunny edges
 
will tolerate shading'·
 

dry, sunny areas
 

does best on rich, deep soils'
 

moist areas
 
not drought tolerant'·
 



I 

algary plant species 

M',lf:.:r' ,• Aesthe;j~iVa Iue' "Wj~life Valuesilf Additional Value' .!II Ii, :0'%1 w Comm;!)ts' &"\ji i;;i,;~ 

fruit attracts birds' 
bronze foliage with - susceptible to disease

host species for
pink flowers - dropping fruit can make it a messy tree 

caterpillars" 

fruit attracts birds' 
deep purple foliage, 

host species for - excellent resistance to fireblight·
orange in fall • caterpillars" 

fruit attracts birds' 
white showy flowers browsed by deer'· - suseptible to disease 
with green foliage host species for - dropping fruit can make it a messy tree 

caterpillars" 

CGLMm5 
host species for - messy tree, discharges a large amount of airborne seeds

textured bark common shelter belt species' 
caterpillars'· - fast growi ng 

host species for 
- fast growi ng

cate!:pillars19 

CGLMmSW - very fast growing species - can sometimes reach 
textu red ba rk host species for common shelter belt species' maximum height in 15 years' 

caterpillars'· - should only grow male plants to elimianted messy seeds· 

narrow columnar host species for 
- tolerant of a wide range of conditions·

form caterpillars'· 

CGLMmS - tree becomes stressed when understory is disturbed
yellow/ orange fall used for lumber

host species for - short lived, pioneer species
colour excellent for ersoion control'

caterpillars'· - sensitive to sulphur dioxide" 

- suseptible to insect pest and splitting limbs 
white flowers 

- messy fruit 

BGLMm5 fruit edible for human
bright orange fall - tendency to sucker 

attracts consumption'
colour - useful nurse tree for conifer seedlings' 

butterflies'· common shelter belt species" 

BGLMm5
 
browse for deer"
 

fruit edible for human - intolerant of shade'
fruit eaten by 

white flowers consumption' - can develop problem of suckering roots 
birds'S 

common shelter belt species'o - berries persist until winter 
attracts
 

butterflies'·
 

fruit attracts birds' 
fruit edible for human

purple foliage attracts - requires prunning to maintain ornamental tree structure 
consumption'

butterflies'· 

- survives drought well due to long tap root
CGmSW 

- tolerant of automobile exhaust fumes' 
browse for deer" wood often used to build

yellow fall colour - slow growing 
host species for furniture 

- more tolerant of urban conditions than most oaks' 
caterpillars'· 

nest and escape - should not be planted in extremenly wet areas due to 
cover for birds, limited root structure 

dark green leaves young shoots - good climbing tree for children due to form 
most attractive of browsed by deer'· 

willows' host species for
 
caterpillars and
 

butterflies'·
 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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!a algary plant species 

Deciduous Trees: hardy in the Calgary region (table] of]) 

:q 

".~, ,; ;!?: Region3 Height' Dia8 fifForm' "~ I~Na'lJi~fu 

Sorbus americana upright-oval, low 
Ontario • 4- 6 m 6m

American Mountain Ash headed 

Sorbus aucuparia 
non-native 6m 6m globular, low-headed 

European Mountain Ash 

Ulmus americana Saskatchewan- high-headed, upright
15 m

American Elm east • 
30 m spreading 

Ulmus americana 'Bandon' 
cultivar 2.0 m 10 m dense, compact head 

Brandon Elm 

Ulmus pumila high headed, upright
non-native 10 m 8 m' 

Manchurian Elm spreading 

!i Habitat' y' I@~~·,,,,p I 
well drained mosit areas· 

well drained locations 

commonly found on wet 
sites, does best on rich well 

drained soil 4 

commonly found on wet 
sites, does best on rich well 

drained soil 4 
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li,i\, \$Aestheti~rz~a lue' ~Jldlife VallJe~ fllfWf:" 1ddjtion~"Value' 1>11" R. ,," ~';J comm~~~?'" i% 
w 

',i. 

orange fall colour, 
scarlet berries 

red fall colour 

yellow fall colour 

yellow fall colour 

GLMmS - fruit generally not palatable to people' 
fruit eaten by birds - hardier than European species 

in winter - trunk subject to sun scald - best to shade trunk 

fruit attracts birds' - trunk subject to sun scald - best to shade trunk 

GLMmSW 
host species for 

caterpillars" 

useful large shade tree 
common shelter belt species'o 

- shallow, wide spreading root system4 

- susceptible to Dutch Elm disease 
- pollution tollerant 
- provides dense summer shade 

- narrow branch angle may prove to be weakness as tree 

GLMm5W common shelter belt species'o 
matures 

- pollution tolerant 
- compact, dense form of American Elm 

grows very qUickly and 
resistant to dutch elm disease' 

- many bad habits: weak v-crotches, messy fruit, easily 
loses branches' 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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Deciduous Shrubs: hardy in the Calgary region (tab/e 10(4) 

,0 

J'!&',., Ni~rlJe._i'~, ~ 

Acer ginnala 
Amur Maple 

Amelanchier alnifolia 
Saskatoon/Serviceberry 

Caragana arborescens 
Common Caragana/Siberian Peashrub 

Caragana arborescens'Sutheriand' 
Sutherland Caragana 

Caragana pygmaea 
Pygmy Caragana 

Comus alba 
Red TwigfTartarian Dogwood 

Comus alba 'Argenteo-marginata' 
Silver Leaved Dogwood 

Comus alba 'sibirica' 
Siberian Coral Dogwood 

Comus sericealstolonifera 
Red Osier Dogwood 

Cotoneaster lucidus 
Hedge Cotoneaster 

Eleagnus commutata 
Wolf Willow 

Euonymus nana 'Turkestanica' 
Turkestan Burning Bush 

Hippophae rhamnoides 
Sea Buckthorn 

Lonicera caerulea var, edulis 
Sweetberry Honeysuckle 

Lonicera spinosa var, Albertii 
Albert Thorn Honeysuckle 

Lonicera tartarica 'Arnold Red' 
Arnold Red Honeysuckle 

Lonicera x xylosteoides 'Clavey's Dwarf' 
C1avey's Dwarf Honeysuckle 
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Region> WI! 

non-native 

Alberta 

non-native 

cultivar
 
(non-native)
 

non-native
 

non-native
 

cultivar
 
(non-native)
 

cultivar
 
(non-native)
 

Aspen
 
Parkland
 

non-native
 

Aspen
 
Parkland
 

cultivar
 
(non-native)
 

non-native
 

cultivar
 
(non-native)
 

cultivar
 
(non-native)
 

cultivar
 
(non-native)
 

cultivar
 

{v;,Height' 
, 

4 - 5 m 

4m 

4m 

5m 

0,75 m 

1 m 

1 m 

2m 

2 - 3 m 

2m 

2 - 3 m 

1 m 

4m 

1.5 m 

0,6 m 

2 - 2,5 m 

0,5 -1 m 

D' 8
1#~!~la 

4m 

2m 

3 m 

1m 

2m 

1,5 m 

1m 

1m 

3m 

2m 

2m 

1 m 

3m 

1,5 m 

1,5 m 

2,5 m 

1,5 m 

'w For:m' .m",.fA
'full"" w, 

low-headed, globe 
shaped 

tall, upright spreading 

upright to upright 
spreading 

narrow, upright 

compact mound, closed 
to base 

globular 

globular 

globular 

mound like 

upright- spreading, 
closed to base 

upright, thicket forming 

upright - spreading, 
leggy 

upright, spreading, 
leggy 

mound with arching 
branches 

sprawling 

compact 

dense 

A', 

.,Jlf"'''' H~i~at' 
1E@1itl\l\l, 'I" ~ 

full sun/light shade 
Best in moist, well drained 

soils 3 

wide range of soils, full sun
 
to partial shade
 

tolerant of poor soils,
 
drought, alkaline soils and
 

salt 3
 

tolerant of poor soils,
 
drought, alkaline soils and
 

salt 3
 

sunny, dry sites, tolerates
 
alkaline soil 3
 

sun/partial shade, prefers
 
moist, well drained
 

conditions 3
 

does best under moist,
 
shady conditions
 

does best under moist,
 
shady conditions
 

wet, sunny locations 

tolerates shade, will grow
 
almost anywhere
 

prefers wet areas 

partial shade 

does best in sunny, well
 
drained locations
 
tolerates drought9
 

sun or shade 

sunny, dryer locations 

sun or shade 

sun or shade 
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Aesthetic Value' Wildlife Values Additional Value' Comments' 

red fall colour 

white flowers, dark purple 
fruit, orange leaf fall 

colour' 

little ornamental value 

most aesthetically pleasing 
of species' 

little ornamental value 

red bark 

green and white leaves 

red bark 

red leaves in Fall, 
red bark 

orange-red fall colour 

silver coloured foliage 

red fall colour 

grey foliage with orange 
fruit 

creamy white flowers, dark 
blue berries' 

violet flowers 

red fruit and flowers 

small white flowers 

GLMmS
 
browse for deer"
 

berries eaten by songbirds
 
and upland birds'·
 

nesting and escape cover
 
for both song birds and
 

upland birds'·
 

browse for deer'·
 
fruit attracts birds'
 

browse for deer'·
 
fruit attracts birds'
 

browse for deer'S
 
fruit attracts birds'
 

13LMmSW
 
fruit attracts birds'
 
browse for deer"
 

fruit attracts birds"
 

provides fruit over winter
 
for birds"
 

GMS
 
fruit attracts birds"
 

produces berries June to
 
November eaten by birds'S
 

grows in thickets
 
providing protection for
 

birds
 

grows in thickets
 
prOViding protection for
 

birds
 

grows in thickets
 
providing protection for
 

birds
 

grows in thickets
 
providing protection for
 

birds
 

can be used in above
 
ground containers'
 

common shelterbelt
 
species'O
 

fruit edible for human
 
consumption'
 

good shelterbelt plant
 

good shelterbelt plant,
 
makes a good hedge'
 

good low barrier plant
 

can be used along
 
streambanks to hold soil'
 
good shelterbelt plant'O
 

usefu I as a hedge
 

good plant for slope
 
stabilization
 

slow grownig'·
 
salt tolerant, useful along
 
roadsides where salt is a
 

problem'
 

fruit is edible by humans
 

useful as a low hedge 
useful in shelterbelts'O 

- drought tolerant once established' 

- many cultivars available 
- salt tolerant" 

- tolerates wind' 
- fixes nitrogen' 

- tolerates wind' 
- fixes nitrogen' 

- borderline hardiness in Chinook areas'· 

- similar in appearance to C. sericea but 
smaller 

- pollution tolerant" 

- plant 30 cm O.c. for hedge.
 

- shortlived as hedge, usually about 15 years
 
- poll ution tolerant"
 

- only burning bush considered hardy in 
Chinook areas, all others are borderline 
hardy' 

- require male and female plants to fruit 
- fruit has a sour taste, better after light frost' 
- has thorns and suckers 
- fixes nitrogen 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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tl algary plant species
 

Deciduous Shrubs: hardy in the Calgary region (tab/e2 0(4)
 

Name 

Lonicera x xylosteoides'Miniglobe' 
Miniglobe Honeysuckle 

Region3 

cultivar 

Height' 

0·45 
0.6 m 

Dia 8 

1m 

Form' 

globular 

Habitat' 4~~ I 

Philadelphus lewisii 'Waterton' 
Waterton Mockorange 

Alberta 1- 2 m 1.5 m upright 
does best in moist 

locations 

Philadelphus lewisii x 'Marjorie' 
Marjorie Mockorange 

Philadelphus x virginalis'Mi nnesota 
Snowflake' 

Double Flowering Mockorange 

cultivar 

cultivar 

2.5 m 

1.5 m 

1m 

1m 

upright, arching 
branches 

upright 

moist, well drained 
locations, tolerant of 

partial shade" 

moist, well drained 
locations, tolerant of 

partial shade6 

Physocarpus opulifolius 
Common Ninebark 

Quebec/ 
Ontario' 

2 - 3 m 2m upright, spreading 
adaptable to most 

situations 

Physocarpus opulifolius 'Iuteus' 
Golden Ninebark 

cultivar 2m 2m upright, spreading 
adaptable to most 

situations 

Potentilla fruticosa 
Shrubby Cinquefoil 

Aspen 
Parkland 

0.2 - 1.5 m 2m globose 
adaptable to most sites, 

prefers moisture 

P. fruticosa 'Abbotswood' 
Abbotswood Shrubby Cinquefoil 

P. fruticosa 'Coronation Triumph' 
Coronation Triumph Shrubby 

Cinquefoil 

P. fruticosa 'Goldfinger' 
Goldfinger Shrubby Cinquefoil 

P. fruticosa'Tangerine' 
Tangerine Shrubby Cinquefoil 

Prinsepia sinensis 
Cherry Prinsepia 

Prunus tenella 
Russian Almond 

cultivar 

cultivar 

cultivar 

cultivar 

non-native 

non-native 

1m 

1m 

1 m 

1m 

1.5 m 

1m 

1m 

1m 

1 m 

1 m 

1.5 m 

1m 

globe 

globe 

compact globe 

spreading mound 

coarse shrub with stiff 
arching branches 

globular to broad oval 

adaptable to most sites, 
prefers moisture 

adaptable to most sites, 
prefers moisture 

adaptable to most sites, 
prefers moisture 

adaptable to most sites, 
prefers moisture 

adaptable to most sites 

full sun, well drained 
soils" 

Prunus tomentosa 
Nanking Cherry 

non-native 2m 2m upright- spreading 
tolerates sun or partial 

shade 9 

Prunus triloba 'Multiplex' 
Double Flowering Plum 

lUbes alpinum 
Alpine Currant 

Ribes aureum 
Golden Currant 

Rosa adcularis 
Prickly Rose 

Rosa foetida 'Perisiana' 
Persian Yellow Shrub Rose 

cultivar 

non-native 

Alberta" 

Fescue 
Grassland 

non-native 
cultivar 

2 - 3 m 

1m 

2m 

0·5
2.5 m 7 

2m 

2 - 3 m 

1.5 m 

2m 

1m 

1.5 m 

upright- spreading 

dense ball, full to the 
base 

upright- spreading 

upright- spreading 

prefers sunny locations 

does well in sun or shade 

well drained sites, often 
found along streams" 

mesic sites, tolerant of 
acidic, drought and flood 

cond itions 7 
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Aesthetic Value' t 

white flowers 

white flowers 

white flowers 

limited ornamental assets' 

greenish/yellow foliage, 
bronze fall colour 

bright yellow 

white flowers 

yellow flowers 

yellow flowers
 

coppery/ yellow flowers
 

red fruit
 

pink showy flowers
 

red berries
 

pink flowers
 

showy yellow to red 
flowers" 

pink flowers 

yellow flowers 

Wildlife Value> 

grows in thickets 
providing protection for 

birds 

GmW 

commonly visited by 
butterflies" 

fruit eaten by wildlife 

fruit attracts birds 
especially Robins • 

fruit attracts birds· 

fruit attracts birds· 

good forage value for 
wildlife 7 

Additional Value' 

useful as a low hedge 

useful in shelterbelts'O 

good barrier plant for 
screens and hedges' 

edible fruit 

good hedge plant 

good for erosion 
control 7 

Comments' 

- hardiest of species 
- pollution tolerant" 

- pollution tolerant" 

- pollution tolerant" 

- weeds generally do not grow under this plant 
(either due to shade or chemical released) 

- has no serious pests 
- many cultivars available commercially, see below 

- has no serious pests 

- flowering is sparse compared to other cultivars 

- requires minimal maintenance 

- has a tendency to sucker 

- very hardy species 
- fruit can be eaten straight off plant or used in 

preserves 
- requires cross pollination· 

- requires protection 

- rarely fruits· 
- withstands air pollution 

- berries can be poisonous in large amounts" 

- floral emblam of Alberta 
- pollution tolerant" 

- pollution tolerant" 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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algary plant species 

Deciduous Shrubs: hardy in the Calgary region (tab/e 30(4) 

"" ¥'o 

'If 
R~gion3 Height'. Dia

•

8
on Nt"''\<bW9'. ¥~ Narui~'~~ Ii 

'" 
[.w H FW! For~i' !'!"J1~JI~wl; ~I ~~.i!~~t' N '$ 

Rosa rubrifolia 
Red Leaf Rose 

non-native 2m 10S m 
upright arching 

branches 

Rosa rugosa 
Rugosa Rose 

Rosa woodsii 
Wood's Rose/Wild Rose 

Salix bebbiana 
beaked willow 

Salix brachycarpa 'Blue Fox' 
Blue Fox Willow 

Salix discolor 
Pussy Willow 

Salix lantana 
Wooly Willow 

Salix scouleriana 
Scouler Willow 

non-native 

Alberta 

Aspen Parkland' 

Alberta' 

Aspen Parkland 7 

Aspen Parkland' 

1m 

0,S-1,S' 

0.5 - s.om' 

2 m" 

2 -11 m' 

o.S mB 

2,0 -7,0 m' 

10S m 

10S m" 

1mB 

upright, spreading 

erect, thicket' 

erect thicket' 

erect thicket' 

erect' 

erect thicket' 

prefers well drained soil in 
sun' 

mesic sites 
tolerant of drought, saline, 

and acidic conditions' 

wet to mesic 
tolerant of saline, acidic, 

alkaline and flood 
conditions' 

meadows and floodplains' 

mesic sites, around sloughs 
at high water level, usually 

with aspen 

fine to course soil, wet to 
mesic sites 

tolerates acidic, drought, 
saline and flood conditions' 

Sambucus canadensis 
American Elder 

Sambucus nigra 'Aurea' 
Golden Elder 

Manitoba to 
Nova Scotia' 

non-native 
cultivar 

2m 

3m 

2m 

2m 

ball-shaped 

upright - spreading 

prefers moist soil, tolerates 
dry conditions' 

Sambucus racemosa 
Red Elder 

Alberta 4m 3m 
upright- spreading 

with arching 
branches 

full sun,'" 
wet to mesic locations' 

Shepherdia argentea 
Silver Buffaloberry 

Manitoba to 
Saskatchewan' 4m 3m 

roughly ball shaped 
with irregular 

branching 
does well in dry locations 

Shepherdia canadensis 
Russet Buffaloberry 

Alberta 1m 1m ball shaped 
tolerates the poorest of 
soils, does best in moist, 

well drained soils 

Sorbaria sorbifolia 
Ural False-Spirea 

Spiraea x Arguta 
Garland Spirea 

Spiraea x bumalda 
Dwarf Pink Spirea 

non-native 

cultivar 

cultivar 

2m 

1m 

006 m 

2m 

1m 

1m 

uprig ht, th icket 
forming 

upright - spreading 

low-spreading 

does well in both sun and 
shade 

sunny, moist, well drained 
soils' 

sunny, moist, well drained 
soils' 
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Aes~~;ic Value' n,q Wildlife Values Additional.Yaluel Commentsl 
.»; r>I ..
 

purple foliage, pink 
- pollution tolerant"flowers 

- salt and pollution tolerant 
pink flowers - one of the most trouble free roses' 

- flowers are produced over a long season 

good forage value for good erosion 
pink flowers - pollution tolerant"wildlife 1 control 1 

excellent forage value for 
good for erosion control 1 

wildlife 1 

important species for 
browsing wildlife '1 

attracts butterflies '. 
important species for 
browsing wildlife 11 

important species for 
browsing wildlife '1 

important species for 
browsing wildlife 11 

- fruit is often used for jellies and wines 
GLMm5W edible fruit

dark green foliage - suckersfru it attracts bi rds '5 
- pollution tolerant" 

bright yellow - pollution tolerant" 

common shelterbelt berries eaten by song birds 
species'o - many cultivars available red fruit clusters and upland birds, deer 

fruit can be used in jelly or - pollution tolerant"browse ,. 
wine • 

provides nesting, food, and 
- sour fruit, can be used in Jams and jellies 

silvery foliage with red escape cover for birds ,. edible fruit 
- need both male and femal plant for fruit)

fru it cI usters important species for shelterbelt species'o 
- fixes nitrogen1 

browsing wildlife '1 

GLm5 
- fixes nitrogen1 

prOVides nesti ng, food, and 
good for ersoion control 1 - berries edible and rich in vitamin C

dark, dull green foliage escape cover for birds ,. 
shelterbelt species'o although large amounts can cause stomach 

important species for 
upset"browsing wildiife'l 

might be a suitable stream 
dull green foliage bank stabilizer as it suckers - not usually considered an ornamental 

and spreads' 

white flowers in early
 
summer
 

pink flowers over entire
 
summer
 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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Deciduous Shrubs: hardy in the Calgary region (tab/e4 of4) 

Name 

Spiraea x bumalda 'Anthony Waterer' 
Anthony Waterer Spirea 

Spiraea x bumalda 'Froebelii' 
Froebel's Spirea 

Spiraea x bumalda 'Goldflame' 
Gold Flame Spirea 

Spiraea japonica 'Goldmound' 
Goldmound Spirea 

Spiraea trilobata 
Three-Lobed Spirea 

Spiraea x vanhouttei 
Bridalwreath Spirea 

Symphoricarpos albus 
Common Snowberry 

Region 3 

cultivar 

cultivar 

cultivar 

cultivar 

non-native 

non-native 
(cultivar) 

Aspen 
Parkland 

Height' 

0.6 m 

0·5 

1m 

0.75 m 

1m 

1.5 m 

1m 

Dia.8 

1 m 

1 m 

1 m 

0.75 m 

1m 

1.5 m 

1 m 

Form' 

low-spreading 

low-spreading 

compact globe 

compact, ball-shape 

ball-shaped, closed to 
base 

upright -spreading 
with arching branches 

erect" 

Habitat' 

sunny, moist, well drained 
soils' 

sunny, moist, well drained 
soils' 

sunny, moist, well drained 
soils' 

sunny, moist, well drained 
soils' 

sunny, moist, well drained 
soils' 

sunny, moist, well drained 
soils' 

well drained, open or 
wooded sites" 

I 

Symphoricarpos occidentalis 
Wolfberry/Buckbrush 

Aspen 
Parkland 

1m 1 m open sites" 

Syringa meyeri 
Meyer Lilac 

non-native 2m 2m 
ball-shaped, closed to 

base 
full sun to partly sunny, 

well drained soils 6 

Syringa x Prestoniae 
Preston Li lac 

Syringa reticulata 
Japanese Tree Lilac 

non-native 
(cultivar) 

non-native 

3 m 

5m 

3m 

3m 

ball-shaped 

upright spreading 

full sun to partly sunny, 
well drained soils 

full sun to partly sunny, 
well drained soils 

Syringa villosa 
Late Lilac 

non-native 3m 3 m ball shaped 
well suited to dry exposed 

conditions 

Syringa vulgaris 
Common Lilac 

non-native 3m 2.5 m upright- spreading 
full sun to parity sunny, 

well drained soils 

Viburnum lantana 
Wayfaring Tree 

Viburnum lentago 
Nannyberry 

Viburnum opulus 
European Cranberry 

Viburnum opulus 'Nanum' 
Dwarf European Cranberry 

non-native 

Saskatchewan 
- east' 

Alberta 

cultivar 

1.5 m 

3 -5 m 

1-4 m 7 

0.6 m 

1.5 m 

3m 

2m 

1m 

ball-shaped 

upright- spreading 

low spreading 

does well in damp, shady 
places 9 

does well in both sun and 
shade 

wet to mesic, 
acidic and drought tolerant 

does well in shade, will not 
withstand wet, poorly 

drained conditions ' 

Viburnum trilobum 
High Bush Cranberry 

Alberta 3m 3m upright - spreading 
all sites - does best in 
shady wet locations 
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~ " ."*" Wl'alJ-le ildlifeYJJ,~~s dh~1/ ~~!utiorralfa~ ~:J:~. com~e~ "WA. 
,,,, '%"''iiP.' ~,*,1iff 11 ",,: ", '" 

pink flowers 

light red flowers 

red/orange/yellow foliage 

light yellow foliage 

white flowers 

white flowers in early
 
summer
 

white berries
 

white berries
 

violet/pink flowers in late
 
spring
 

pink to purple flowers
 
early summer
 

cream coloured flowers
 
mid summer
 

purple flowers
 

white flowers with purple
 
leaves in fall
 

orange/purple red fall
 
colour
 

dull purple fall colour,
 
no flowers or fruit9
 

Spring: white flowers,
 
Summer: red fruit
 
Fall: red leaf colour
 

excellent forage value for
 
wildlife"
 

excellent forage value for
 
wildlife"
 

host species for
 
caterpillars>9
 

attracts butterflies"
 

attracts butterflies"
 

attracts butterflies"
 

provides escape and
 
nesting cover for upland
 

and song birds'·
 
attracts butterflies"
 

attracts butterflies"
 

fruit attracts birds 9
 

no fruit for wildlife' 

fruit attracts wildlife 

- hardiest cultivar for the region 

can be used as a hedge 
-
-
-

-
-

-
-

smallest of the lilacs9 

one of the easiest lilac species to grow' 
pollution tolerant9 

pollution tolerant" 
tolerates drought9 

pollution tolerant" 
tolerates drought9 

common shelterbelt 
species" 

-
-
-

-
-
-

not generally used as an ornamental 
pollution tolerant" 
tolerates drought9 

suckers 
pollution tolerant" 
tolerates drought9 

- non-fruiting Viburnum 

fruit can be used for jelly 

Primary sources identified by number in table heading, additional sources identified by number after text. 
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Climbing Vines: 

Ce/astrus scandens 
American Bittersweet 

Clematis tangutica 
Yellow Clematis 

Humu/us /upu/us 
HOps 

Lonicera X brownii'Dropmore Scarlet 
Trumpet' 

Climbing Honeysuckle 

Parthenocissus qUinquel'o/ia 
Virginia Creeper 

Parthenocissus qUinquel'o/ia 
'Engelmann ii' 

Engelmann Ivy 

So/anum dulcamara 
Climbing Nightshade 

Vitis riparia 
Riverbank/Manitoba Grape 

non-native 

non-native 

native to North 
America 

cultivar 

non-native 

cultivar 

non-native 

Alberta 

6 m 6 

5 m 6 

15 m 6 

3 m9 

5.5 m 6 

perennial vine, dies back 
each winter 

perennial vine, dies back 
each winter 

perennial vine, dies back 
each winter 

perennial vine, dies back 
each winter 

climbing vine with woody 
growth 

climbing vine with woody 
growth 

perennial vine, dies back 
each winter 

perennial vine, dies back 
each winter 

very hardy and drought resitant, 
prefers moist, well drained soil in 

full sun to partial shade 6 

tolerates partial shade or sun 6 

tolerates shade, drought resistant6 

shade tolerant" 

shade tolerant" 

prefers sheltered, sunny locations6 
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I Aesthetic Value 

red seeds
 

large showy flowers
 

not often planted for
 
aesthetic value'
 

bl ue/g reen leaves
 
long lasting orange flowers
 

leaves turn red in fall
 

deep violet flowers, red 
fruit 

Wildlife Value Additional Value 

attracts butterflies" 

used to flavour beer 

attracts butterflies" 

flowers all summer 

fruit can be used for 
fruit attracts birds" making wine, jam, and 

jelly· 

algary plant species 

Comments 

- male and femal plant required to produce fruit 
- requires a strong trellis for support' 

- numerous species and cultivars 

- fast growing' 

- very hardy
 
- requires a trellis or wire for support'
 

- slow growing' 

- does not require support once started on a wall
 
- invasive, cannot be easily removed
 
- not quite as hardy as species·
 

- requires a trellis or wire for support"
 
- fast growing"
 
- leaves, berries, and shoots are very poisonous
 

when eaten)' 
- should not be planted near children or grazing 

animals)1 
- can become a vicious weed" 

- grows Vigorously· 
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Grasses and Grass-Like Plants: native to the Calgary region (table 1 Of2)
 

Name FG AP Growth Form Habitat Comments 

Agropyron dasystachyum 
northern wheatgrass 

..; ..; 0.4-1.3 meters 
erect, bunch, sod 

medium to coarse soil, mesic to dry 
drought, saline alkaline, and flood tolerant excellent for erosion control 

Agropyron smithii 
western wheatgrass 

..; ..; 0.3-0.6 meters 
erect,bunch, sod 

fine to medium textured soils, wet to mesic 
alkaline, drought, saline and flood tolerant 

excellent for erosion control 

Agropyron spicatum 
bluebunch grass v v 0.3-1.0 meters 

erect, bunch 
medium textured soil, mesic to dry 

drought and alkaline tolerant excellent for erosion control 

Agropyron trachycaulum 
slender wheatgrass 

..; 0.5-1.5 meters 
erect, bunch 

medium textured soil, mesic to dry 
drought, saline, alkaline, and flood tolerant 

excellent for erosion control 

Bouteloua gracilis 
blue grama grass 

..; ..; 0.1-0.4 meters 
erect, bunch 

fine to course soil, dry sites 
drought tolerant 

not considered characteristic 
although commonly found 

Bromus anomalus 
nodding brome 

..; 
0.3-0.6 meters 
erect, solitary, 

brunch 
wet to mesic 

Bromus carinatus 
mountain brome 

..; 0.6-1.2 meters 
erect, bu nch 

fine to medium texture soil, wet to mesic 

Bromus cilialatus 
fringed brome 

..; 0.6-1.0 meters 
erect, bunch 

full sun to shade 
mesic sites 

Bromus pumpellianus 
northern awnless brome 

..; v 0.2-1.5 meters 
erect, bu nch, sod 

fine to medium textured soils, wet to mesic 
acidic, flood, drought, and saline tolerant 

good for erosion control 

Calamagrostis canadensis 
bluejoint 

..; 0.6-1.2 meters 
erect, bunch, sod 

full sun to partial shadeJo 

fine to coarse soil, wet to mesic 
acidic, flood, drought, and saline tolerant 

important wildlife cover'O 
good for erosion control 

Calamagrostis montanensis 
plains reed grass 

..; 
0.2-0.4 meters 
erect, solitary, 

bunch 
mesic to dry 

Calamagrostis 
purpurascens 

purple reed grass 
..; 0.3-0.7 meters 

coarse textured soil, dry sites 
drought and alkaline tolerant 

excellent for erosion control 

Carex atrosquama 
sedge 

..; 0.2-0.5 meters 
erect, bunch 

Carex madoviana 
thick-spike sedge 

..j 0.1-0.5 meters 
erect, bunch 

wet to mesic 

Carex microptera 
thick-spike sedge 

..j 
0.2-1.0 meters 
erect, bunch 

wet to mesic 

Carex obtusata 
blunt sedge 

..j 0.06-0.15 meters 
erect, bunch 

mesic to dry 

Carex pensylvanica 
sun-loving sedge 

...; 0.05-0.3 meters 
erect, bu nch 

full sun to shade 
mesic to dry 

Carex raymondii ..; 0.3-0.7 meters 
erect, bunch 

wet to mesic 

Carex sprenge//ii 
Sprengel's sedge 

..j 0.3-0.8 meters 
erect, bunch 

wet to mesic 

Carex stenophy//a 
dryland sedge 

..; 
0.03-0.2 meters 

erect, bunch, 
solitary 

dry sites 

Danthonia california 
California oat grass 

..j 0.3-0.0 meters 
erect, bunch 

dry sites 

FG= Fescue Grassland, AP= Aspen Parkland, ..j = species characteristic of ecoregion 

Source: Morgan et al. '995, and Gerling et al. 1996. 
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Grasses and Grass-Like Plants: native to the Calgary region (tab/e2 Of2) 

~M~1i;FG·1A~!r',:~roWth FO~~
 
Danthonia parryi 

Parry oat grass 
..; ..; 

Elymus innovatus 
hairy wildrye 

..; 

Festuca campestris 
rough fescue 

..; ..; 

Festuca hallii 
rough fescue 

Festuca idahoensis 
Idaho fescue 

Festuca saximontanajovina 
Rocky Montain/sheep 

fescue 

..; 

..; 

..; 

..; 

Helictotrichon hookeri 
Hooker's oat grass 

..; ..; 

Hierochloe odorata 
sweet grass 

..; ..; 

Koeleria cristata 
June Grass 

..; ..; 

Phleum commutatum 
alpine timothy 

..; 

Poa cusickii 
early blue grass 

..; 

Stipa camata 
needle and thread grass ..; ..; 

Stipa curtisetajspartea 
western porcupine grass 

Stipa richardsonii 
Richardson's needie grass 

Stipa viridula 
green needle grass 

..; 

..; 

..; 

..; 

0.3-0.6 meters 
erect, bunch 

0.4-1.0 meters 
erect, bunch, sad 

0.3-0.8 meters 
erect, solitary, 

bunch 

0.2-0.6 meters 
erect, bu nch 

0.3-0.8 meters 
erect, bunch 

0.15-0.6 meters 

0.2-0.4 meters 
erect, solitary, 

bunch 

0.3-0.6 meters 
erect, solitary 

0.2-0.5 meters 
erect, bunch 

0.1-0.5 meters 
erect-trailing, 

solitary, bunch 

0.2-0.6 meters 
erect, solitary, 

bunch 

0.3-0.7 meters 
erect, bu nch 

0.4-0.6 meters 
erect, bunch 

0.5-1.0 meters 
erect, bunch 

..~4f-'1i~' ~,!414'{£mi'~. aD 

coarse soil, dry sites
 

fine to coarse soil, mesic
 
saline, alkaline, drought, and flood
 

tolerant
 

mesic to dry
 

mesic to dry
 

fine to medium soil, mesic to dry
 
alkaline and drought tolerant
 

fine to coarse soil, mesic to dry
 
flood tolerant
 

fine to coarse soil, mesic
 

mesic to dry
 
drought, saline and alkaline tolerant
 

medium to coarse soil, mesic to dry
 
drought and alkaline tolerant
 

fine to medium textured soil,
 
wet to mesic, drought, saline, acidic, and
 

alkaline tolerant
 

dry sites
 

coarse soils, dry sites
 
alkaline and drought tolerant
 

medium textured soil, mesic sites
 

mesic sites
 

0.4-0.8 meters fine to medium soil. mesic to dry 
erect, bunch drought, acidic, and alkaline tolerant 

o~mE~~. .,%:' ~ 

excellent for erosion control 

excellent for erosion control 

excellent for erosion control, 
considered a weed in 
agricultural settings 

good for erosion control 

not considered characteristic 
although commonly found 

good for erosion control 

FG= Fescue Grassland, AP= Aspen Parkland, ..; = species characteristic of ecoregion 

Source: Morgan et al. 1995; and Gerling et al. 1996. 
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Forbs: native to the Calgary region (tab/e 1 0(4) 

Pld/ ;$1"-': 
f~.,IWl,~am<e if ,"'''b :::;;1~iJG ~,e: \'li ",qrowth E~rm iFf' Habitat rff:%\'If% .?' 'tIII!$1J# "C9rnme'1ts , 

Achillea millefolium 0.3-0.8 meters medium to coarse, wet to dry soil excellent for erosion control ,; ,; 
common yarrow erect, solitary mat tolerant of drought and acidic soil attracts butterflies" 

Actaea rubra 0.3-0.7 meters,; mesic
red baneberry erect, solitary
 

Agroseris glauca 0.3-0.8 meters
,; wet to mesic
false dandelion erect, solitary mat
 

Allium cernuum 0.1 -0.5 meters
..; wet to mesic often used in wildflower mixtures·
nodding onion erect, solitary
 

Anemone canadensis 0.2.-0.7 meters
..; wet white flowers in June'O
Canada anemone erect, solitary
 

Anemone cylindrica 0.2.-0.8 meters
,; ..; mesic to wet
long fruited anemone erect, solitary
 

Anemone multifida 0.1-0.5 meters
,; coarse soil texture, mesic often used in wildflower mixtures·
cut-leaved anemone erect, solitary
 

Anemone patens 0.1-0.4 meters
,; ,; coarse soil texture, mesic often used in wildflower mixtures· 
prairie crocus erect, solitary bunch
 

Antennaria aprica <0.15 meters
..; dry soil 
pussytoes/low everlasting trailing-erect, mat 

Antennaria parvifolia 0.1-0.2. meters,; mesic to dry, tolerates saline soil 
small-leaved everlasting trailing-erect, mat
 

Artemesia frigida 0.1-0.4 meters medium to coarse, dry soil,
 ,; 
pasture sagewort erect, mat drought tolerant
 

Artemesia ludoviciana 0.3 - 0.6 meters
,; medium to coase soil, mesic 
prairie sagewort erect, bunch/mat 

often used in wildflower mixtures· 
white flowers in Fall'o 

Aster ericoides 0.3-0.8 meters wet to mesic,; attracts birds", butterflies· and 
many-flowered aster erect, bunch full sun'O 

caterpillars" 
seeds attract wildlife" 

often used in wildflower mixtures·
Aster fakatus 

0.3-0.8 meters attracts birds'·, butterflies. and
creeping white prairie ..; mesic to dry

erect, bunch/mat caterpi lIa rs" 
aster seeds attract wildlife'" 

often used in wildflower mixtures· 
attracts birds'·, butterflies· and

Aster laevis 0,4-1.0 meters,; ,; mesic caterpillars"
smooth aster erect, solitary/bunch 

blue flowers'o 
seeds attract wildlife" 

Astragalus aboriginum 0.1-0.4 meters,; coarse soil 
indian milk-vetch erect, bunch
 

Astragalus crassicarpus 0.1-0.4 meters
..; ,; medium soil texture, mesic to dry fixes nitrogen
ground plum/buffalo bean trailing, mat 

0.3-1.0 meters
Astragalus flexuosus host plant for caterpillars"..; trailing-erect, solitary, mesic

slender milk-vetch fixes nitrogen
bunch
 

Balsamorhiza sagittata 0.1-0.3 meters
,; medium soil texture, mesic
balsam-root erect, solitary 

FG; Fescue Grassland, AP; Aspen Parkland, ..;; species characteristic of ecoregion 

Source: Morgan et al. 1995, and Gerling et al. 1996. unless otherwise noted. 
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Forbs: native to the Calgary region (tab/e2 0(4) 

%t46 ~~1$1P't;'* *" ¥' ,w"" "'''' 
Campanula rotundifolia 

harebell 
.j 

Comandra umbellata 
basta rd toadflax 

.j 

Comus canadensis 
bunchberry 

v 

Dodecatheon conjugens 
shooting star 

.j V 

Erigeron glabe//us 
smooth fleabane 

.j .J 

Erigeron speciosus 
showy fleabane 

.j 

Fragaria virginiana 
wild strawberry 

.j 

Gaillardia aristata 
gaillardia/blanket flower 

v v 

Galium borea/e 
northern bedstraw 

.J .J 

Gentiane/la amarel/a 
northern gentian 

.J 

Geranium viscosissimum 
sticky purple geranium 

v 

Geum triflorum 
three flowered avens 

.j .j 

Hedysarum alpinum 
.j ..;

american hedysarum 

Hedysarum boreale 
.j .j

northern hedysarum 

Helianthus annus 
.j

annual sunflower 

Heterotheca villosa ..;
golden-aster 

Heuchera cylindrica .j
alum root 

Lactuca pukhe//a ..;
blue lettuce 

Lathyrus ochroleucus ..;
cream-coloured pea vine 

Unum lewisii .j ..;
Lewisii wild flax 

"-*'6- .~~. fN'* &d'rowth ~~rm~;;I!Jtw Ha ,tal:t,*"",.;",,,, ,'" .,M;~:~·. '" 

0.2-0.4 meters medium to coarse soil, mesic to 
erect, solitary, bunch dry 

0.1-0,3 meters 
mesic to dry

erect, solitary, bunch
 

<0,2 meters
 
mesic, tolerates acidic soil 

erect, solitary
 

0,1-0,2 meters
 
wet to mesic 

erect, solitary
 

0,1-0,5 meters
 
mesic 

erect, solitary
 

0,15-0.8 meters
 
medium to coarse soil, mesic 

erect, solitary 

< 0,1 meters wet to mesic 
erect, solitary, mat full sun to partial shade'o 

0,3-0,6 meters fine to coarse soil, mesic to dry 
erect, solitaty tolerates drought 

0,3-0,6 meters wet to mesic 

0,05-0,5 meters 
mesic 

erect, solitary bunch
 

0.2-0.9 meters
 
medium coarse soil, wet to mesic 

erect, solitary 

0,2-0,4 meters wet to dry
 
erect, solitary fUll sun'O
 

fine to medium coarse soil, 
0.2-0,7 meters mesic to dry 

erect, solitary/thicket tolerates drought, saline, and 
alkaline soils 

fine to coarse soil, mesic to dry
0,2-0,6 meters 

tolerates drought, saline, and 
erect, solitary alkaline soils 

medium to coarse soil,
0.6-1.2 meters 

mesic to dry,
erect, solitary 

drought tolerant 

0.2-0,5 meters medium to coarse soil, dry sites 

0,2-0,5 meters 
coarse soil 

erect, solitary
 

0,3-0,6 meters
 
wet to mesic 

erect, bu nch
 

<1,0 meters
 
wet to mesic

climbing, solitary 

medium to coarse soil, mesic to 
0,2-0,7 meters 

dry
erect, solitary 

drought tolerant 

.='!''''i!fffi' 
11 mments····

""Ii*'" 'M1",,,,,,:JjJ' '" 
often used in wildflower mixtures· 
attracts bi rds'· 

useful groundcover for birds'· 

often used in wildflower mixtures· 
attracts butterfl ies'. 

often used in wildflower mixtures· 
attracts butterfl ies'· 

attracts bi rds 

often used in wildflower mixtures· 
attracts butterfl ies'" 

often used in wildflower mixtures· 

often used in wildflower mixtures· 

seeds attract birds'.
 
attracts butterfl ies'"
 

FG = Fescue Grassland, AP= Aspen Parkland, .J = species characteristic of ecoregion 

Source: Morgan et al. 199£ and Gerling et al. 1996, unless otherwise noted. 
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Forbs: native to the Calgary region (tab/e 30(4)
 

Name 

Lithospernum ruderale 
stone-seed 

Lupinus argenteus 
silvery lupine 

Lupinus sericeus 
flexile lupine 

Monarda fistulosa 
beebalm/horse mint 

Oxytropis monticola 
locoweed 

Oxytropis sericea 
early yellow locoweed 

Oxytropis splendens 
showy locoweed 

Oxytropis viscida 
viscid locoweed 

Penstemon confertus 
yellow beardtongue 

Penstemon nitidus 
smooth blue beardtongue 

Penstemon procerus 
slender beardtongue 

Petalostemon candidum 
white prairie clover 

Petalostemon purpureum 
purple prairie clover 

Phacelia sericea 
scorpion weed 

Phlox hoodii 
moss phlox 

Potentilla gracillis 
graceful cinquefoil 

Potentilla hippiana 
woolly cinquefoil 

Potenti/la pennsylvanica 
prairie cinquefoil 

Ratibida columnifera 
yellow/prairie cone flower 

Selaginella densa 
club moss 

FG AP Growth Form 

v 0.2-0.5 meters 
erect, bunch 

v 0.5-'.0 meters 
erect, solitary, bunch 

v v 0-4-0.8 meters 
erect, solitary 

v v 0.3-0.7 meters 
erect, solitary 

v v 0.'-0.4 meters 
erect, bunch 

v v 0.'-0.3 meters 
erect, bunch 

v 0.'-0.4 meters 
erect, bunch 

v 0.'-0.25 meters 
erect, solitary 

v v 0.1-0.5 meters 
erect, bunch 

v 0.2-0.3 meters 
erect, bunch 

v v 0.15-0.4 meters 
erect, bunch 

v 0.2-0.8 meters 

v v 0.3-0.8 meters 
erect, trailing, solitary 

v 0.'-0.4 meters 
erect, bunch 

v 0.1-0.4 meters 

v 
v 

v 0.3-0.7 meters 
erect, trailing, bunch 

v 0.2-0-4 meters 
erect, bunch 

v 0.2-0.7 meters 
erect, solitary 

v 0.3-0.5 meters 
erect, solitary 

v v <0.03 meters 
erect, mat 

Habitat 

wet to mesic
 

medium to coarse soil,
 
mesic to dry
 

drought and alkaline tolerant
 

medium to coarse soil,
 
mesic to dry
 

drought tolerant
 

medium soil texture, mesic sites
 
full sun'O
 

coarse to medium soil,
 
mesic to dry
 

drought, saline and alkaline
 
tolerant
 

dry sites
 

grassy slopes, open woods,
 
clearings, gravelly river banks"
 

mesic to dry
 

wet to mesic
 

dry sites
 

wet to mesic
 

fine to coarse soil, dry sites
 
drought tolerant
 

fine to coarse soil, mesic to dry
 
drought tolerant
 

coarse soil, mesic to dry
 

mesic sites, tolerates alkaline soil
 

mesic sites
 

medium textured soil,
 
mesic to dry
 

drought tolerant
 

fine textured soils, dry sites
 

Comments 

often used in wildflower mixtures· 
host species fo caterpillars, attracts 
butterflies'· 

host species fo caterpillars, attracts 
butterflies'· 

often used in wildflower mixtures· 
attracts butterflies· 

often used in wildflower mixtures. 
excellent for erosion control 

often used in wildflower mixtures· 

often used in wildflower mixtures· 

often used in wildflower mixtures· 

often used in wildflower mixtures· 

often used in wildflower mixtures· 

often used in wildflower mixtures· 

host species for caterpillars" 
legume - fixes nitrogen" 

legume - fixes nitrogen" 

often used in wildflower mixtures· 

attracts birds'· and butterflies'· 
flower's seeds attract birds'6 

often used in wildflower mixtures· 

often used in wildflower mixtures· 
flower's seeds attract birds'· 

v = species characteristic of ecoregionFG= Fescue Grassland, AP= Aspen Parkland, 

Source: Morgan et al. 7995, and Cerling et al. 7996. unless otherwise noted. 

342 AppendiX E 



algary plant species 

Forbs: native to the Calgary region (tab/e4 0(4) 

i h · 

FG AP Growth For,~ Ni.:: Habitat &""t~~me 
, . ~omlTl,entl#r;I" >O",YJi 

Sisyrinchium montanum 0.1-0.5 meters mesic sites often used in wildflower mixtures· ,; ,;
blue-eyed grass erect, bunch full sun'O blue flowers in late spring'O 

Solidago canadensis fine to coarse soil, mesic to dry attracts butterflies,; ,; 0.3-1.0 meters
Canada goldenrod drought tolerant flower's seeds attract birds'· 

Solidago missouriensis 0.1-0.6 meters,; ,; mesic to dry flower's seeds attract birds'·
low goldenrod erect, solitary, bunch
 

Solidago rigida 0.3-0.8 meters medium to coarse soil,
 ,; flower's seeds attract birds'·
stiff goldenrod erect, solitary, bunch mesic to dry 

Thaliarum venulosum 0.2-0.9 meters,; wet to mesic
veiny meadow rue erect, solitary
 

Thermopsis rhombifolia 0.1-0.4 meters
,; mesic sites fixes nitrogen 
golden-bean erect, bunch 

Viola canadensis 0.1-0.4 meters,; wet to mesic host species for caterpillars'9
western Canada violet erect, mat 

FG= Fescue Grassland, AP= Aspen Parkland, ,; = species characteristic of ecoregion 

Source: Morgan et al. 1995, and Gerling et at. 1996. unless otherwise noted. 
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Apple Tree Varieties: hardy in the Calgary region 

Apples (Malus cultivars): Early Season - fruit ripens mid to late August 

Heyer 12 5-6 cm 
good for pies, applesauce and juices; fair for eating 
fresh 

poor keeping qualities; use only where better quality 
apples do not produce well 

Norcue 4--5.5 cm good for cooking stores moderately well 

Norhey 5-7 cm good for cooking and juice; poor for eating fresh fair keeping qualities 

Norland 6-7 cm good for eating fresh and cooking turns mealy quickly; stores well if under ripe 

Parkland 6-7 cm good for eating fresh and cooking good keeping qualities; biennial bearer 

Westland 7-8 cm good for cooking; fair for eating fresh stores moderately well 

Apples (Maluscultivars): Mid-season - fruit ripens early to mid September 

goes mealy quickly; poor keeping qualities; use only
Battleford 6-7 cm	 good for cooking; poor for eating fresh 

where better quality apples do not produce well 

Brookland 5-6 cm good for cooking and eating fresh keeps six weeks 

Carroll 6-7 cm excellent for eating fresh and cooking keeps ten weeks 

Edith Smith 6-7 cm good for cooking; fair for eating fresh poor keeping qualities 

Harcourt 5-6 cm good for cooking and eating fresh poor keeping qualities 

McLean 5-6 cm fair for eating fresh; good for cooking and juice stores moderatly well 

Narda 5-6 cm good for eating fresh and cooking good keeping qualities 

Norson scm good for eating fresh and cooking good keeping qualities 

Patterson 6cm good for eating fresh; excellent for cooking stores moderatly well 

September Ruby 6-7 cm good for eating fresh and juicing good keeping qualities 

Sunnybrook 6-7 cm good for eating fresh and cooking fair keeping qualities 

Apples (Maluscultivars):	 Late Season - fruit ripens mid to late September 

good for cooking and eating fresh; excellent for
Collet 6-8 cm	 good keeping qualities 

pies 

Fall Red 7-8 cm good for eating fresh and cooking excellent keeping qualities 

Goodland 6-8 cm excellenet for cooking and eating fresh excellent keeping qualities 

Haralson 6cm good for cooking and eating fresh excellent keeping qualities 

Luke 8 -9 cm fair for eating fresh; good for cooking good keeping qualities; ripens very late 

Source: Barkley 1999. unless otherwise noted. 
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Apple Tree Varieties: hardy in the Calgary region 

Fruit
Cultivar Uses Comments

Size .' .. 

Apple Crabs: Early Season - fruit ripens mid to late August 

Rescue 3-4cm good for canning, juice and eating fresh goes mealy quickly 

Apple Crabs: Mid-season - fruit ripens early to mid September 

Renown 4-5 cm good for eating fresh; poor for canning and jelly fair keeping qualities 

Rosybrook 4cm good for eating fresh; pies and canning good keeping qualities 

Trailman 4-5 cm good for eating fresh and cooking 

Apple Crabs: Late-Season - fruit ripens mid to late September 

good for eating fresh and jelly; excellent for
Kerr 3.5-4.5 cm excellent keeper 

canning 

Crabapples: Early Season - fruit ripens mid to late August 

Osman 3.5 cm good for jelly and canning fair keeping qualities 

Crabapples: Mid-season - fruit ripens early to mid September 

Dolgo 3-4 cm excellent for jelly poor keeper 

Crabapple: Late-Season - fruit ripens mid to late September 

Columbia 3-4 cm good for jelly; fair for canning good keeper 

Source: Barkley 1999. unless otherwise noted. 

Apricot Tree Varieties: hardy in the Calgary region 
t·, ~ ~ ~ 

'~.~k 
,~ 

Fruit -
Cultivar Uses Comments

Size P,~ 

Apricots (Prunus P. mandschurica and P. siberica crosses) 

13rookcot 2.5-3.0 cm good flavour; juicy; clingstone 

Morden 604 4-5 cm excellent for deserts, preserves and jam very sweet fruit 

Prairie Gold 3-4cm good for jams 

Scout 4cm good for canning and jam; fair for eating fresh freestone 

Sunrise 3-4 cm 

Westcot 3-5 cm good flavour for jams and canning juicy; freestone 

Source: Barkley 1999. unless otherwise noted. 
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Pear Tree Varieties: hardy in the Calgary region 
'M,,' 

r1-'*' . ," '"'"" rUit '" 
f;~]tiyar Uses 1% Storage 

1)1 
Size 

% 'C< 

Pears (pyrus spp. and cultivars) 

David good for sauce and pies 

Fedorovsk 6cm good for eating fresh and canning ripen in late September 

Golden Spice Spicy, tart fruit 

John good for sauce and pies 

Pioneer scm good for eating fresh and canning ripen in late September 

Ure scm good for eating fresh and canning ripen in late September 

Source: Barkley 1999. unless otherwise noted. 

Plum Tree Varieties: hardy in the Calgary Region 

Fruit 
Cultivar Uses Comments 
li ,~ize ,. 

Native Plums (Prunus P. nigra) Early Season - fruit ripens mid to late August 

good for preserves and canning; fair for eating 
Bounty 3.5-4 cm fresh 

excellent for preserves; good for eating fresh; fair 
Dandy 2.5 cm for canning 

Native Plums (Prunus P. nigra). : Mid-season - fruit ripens early to mid September 

good for eating fresh; poor for canning and 
Northern 3.S cm preserves 

Native Plum Hybrid (P. nigra x P. sa/idna) Mid-season - fruit ripens early to mid September 

Perfection 3.5 cm good for canning, preserves and eating fresh 

Prairie 4.5 cm good for canning, preserves and eating fresh 

Native Plum Hybrid (P. nigra x P. sa/kina): Late-Season - fruit ripens mid to late September 

excellent for eating fresh; good for canning; poor 
Pembia 4-5 cm for preserves 

Japanese Plums (Prunus sa/kina) Early Season - fruit ripens mid to late August 

good for eating fresh and canning; poor for 
Brookgold 2.5-3 cm freestone 

preserves 

good for preserves and eating fresh; poor for 
Pitsin #5,9,10 2.5-3.5 em Pitsin #5 is freestone

canning 

Pitsin #12 2.5-3.5 em good for eating fresh and jam; poor for canning 

Japanese Plums (Prunus sa/kina) Late-Season - fruit ripens mid to late September 

excellent for preserves; good for eating fresh and 
Brookred 4-5 cm canning 

Source: Barkley 1999. unless otherwise noted. 
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Vegeta bles: varieties able to grow in the Calgary region (table 1 of4) 

Trans-
Seeding Seeding Beneficial Con-

Vegetable Variety DTH planting Culture'S
Indoors Outdoors Associations tainer's

Outdoors 

Beans, green Blue Lake Stringless 6S 
bush 

Green Crop 48 

1St weekRoyal Burgundy S1 1St week June May 2.4
May
 

Stringless Green Pod 50
 Potatoes & 
Marigolds

Green Improved 54 (Tagetes) 
planted among 

Beans, yellow Improved Golden S5 beens hel ps to 
bush Wax dicourage

do well in 
beetles"Kidney Wax 52. a wide 1st week 

1st week June May 2.4 yes
May range of 

help build soil Yellow Yard Long 50 soil types 
through 

nitrogen fixing Pencil Pod Black Wax 50 
should be 

rotatedBeans, broad Broad Windsor 65 no no as soon as 
throughoutsoil is 

garden"workable 

Beans, pole Blue Lake Stringless 65 

1st weekKentucky Wonder 62. 1St week June May 2.4
May
 

Romano 60
 

Beets Cylindra Formanova 66 

Detroit Dark Red 63 

requires a Early Wonder 63 
good 

late April to supply of grow well withGolden Delight 55 no need no need Yes
late May water, broccoli" 

toleratesHybrid Detroit Red 43 
shade 

Tonda Chioggia 50 

Ruby Queen 55 

Broccoli Green Sprouting 60-80 requires a 
early April, 

1St week good grow well with
1St week May best from No

April supply of beets"
transplants

Hybrid Premium Crop 60-80 water 

Brussels Jade Cross Hybrid 110 heavy planting the 
Sprouts feeders - herb Tansey 

require a (Tanacetum
1St week best from Long Island Improved 90 1st week May regular vulgare) near No

April transplants 
application plants helps to 

of prevent damage Ru bi ne (red) 90 
nutrients from worms" 

Source: Calgary Horticultural Society 1996. unless otherwise noted. 
DTH= Days to Harvest 
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Vegetables: varieties able to grow in the Calgary region (tab/e2 of4) 

Trans-
Seeding Seeding Beneficial Con-

Vegetable Variety DTH planting Culture'S
Indoors Outdoors Associations tainer's 

Outdoors 

Cabbage Chieftain Savory 85 

Early Copenhagen 68 planting the 
herb Tansey 

Danish Ballhead 100 requires a (Tanacetum
1St week best from 

1St week May good supply vulgare) near NoApril transplantsRed Acre 68 of water plants helps to 
prevent damage 

Early Golden Acre 100 from worms" 

Red Rock 68 

Carrots Imperator Long 75 

Gourmet Parisienne 68 

Little Finger 50 
interplanting 

Nantes Touchon 60 with radishes
late April to shade 

no no hel ps to protect yes
early June tolerantRed Cored Chantenay 68 carrots from 

weeds" 
Red Cored Danvers 65 

Scarlet Nantes 68 

Orbit 50 

Cauliflower Early Snowball 55 1st week 1st week May best from requires 
April transplats ample no 

moisture 

Corn Golden Bantam 75 
radishes planted 
between rowsGolden Beauty 72 

of corn can 
keep well prevent weeds Honey & Cream 72 end April late May mid-May no
watered radishes can be 

harvestedMarket Beauty 70 
before corn 
grows tall"Northern Extra Sweet 62 

Cucumber Burpless Hybrids 75 

Chinese Long 68 
radishes planted 

3rd week mid-May best from keep well Earliest Mincu 50 with cucumbers no
April (protect) transplants watered 

prevent beetles" 
English Telegraph 75 

Sweet Slice 60 

Kale Green Curled 65 1st week 1st week May early April or yes 
April late fall 

Kohlrabi Grand Duke 50 1St week 1St week May mid-May to requires sun yes 
April mid-July and plenty 

of moisture 

Source: Calgary Horticultural Society 1996. unless otherwise noted. 
DTH= Days to Harvest 
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varieties able to grow in the Calgary region (table 3 of4) 

Lettuce Butter Crunch 70 

Cos 

Early Curled Simpson 

New York Iceberg 

Prizehead Leaf 

Red Sails 

70 

50 

75 

45 

50 

mid-April mid-May 
early May to 

mid-July 
shade tolerant 

chives (Allium 
schoenoparsum) 
or garlic (Allium 

sativum) 
planted among 
plants helps to 
deter aphids" 

yes 

Sio Bolt 48 

Onions Annual Bunching 70 

Early Yellow Globe 90 

Santa Claus 

Hybrid White Sweet 
Spanish 

60 

110 

March 1st mid-May 
use sets, early 

May 

susceptable to 
weeds, keep 

soil moist 
no 

Silverskin Pickling 100 

Parsnips Hollow Crown 130 no no late fall or 
early Spring 

keep well 
watered 

no 

Peas Edible Pod Snow 

Green Arrow 

Little Marvel 

Wando 

65 

62 

60 

66 

no no 
as soon as soi I 

is workable 

shade 
tolerant, 

plants should 
be kept moist 
at all times 

chives (Allium 
schoenoparsum) 
or garlic (Allium 

sativum) 
planted among 
plants helps to 
deter aphids's 

yes 

Peppers Bell Boy 

Hungarian Yellow 

Jalap (hot) 

70 

70 

70 

mid-Feb. early June no 
keep soil moist 

and free of 
weeds 

yes 

Potatoes Banana 

Caribe 

Kennebec 

Pontiac 

Yukon Gold 

late 

early 

mid 

mid 

mid 

no no early May 
keep soil moist 

and free of 
weeds 

Beans and 
Marigolds 
(Tagetes) 

planted among 
plants helps to 

discourage 
Colorado potato 

beetle" 

yes 

Radish Crimson Giant 

Cherry Belle 

French Breakfast 

White Icicle 

30 

24 

25 

30 

no no early May 

fast growing -
should plant 

between 
slowing growing 

plants such as 
cabbage or 

corn" 

yes 

Source: Calgary Horticultural Society 1996. unless otherwise noted. 
DTH = Days to Harvest 
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Vegetables: varieties able to grow in the Calgary region (tab/e4 of4) 
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Plant Groupings 
Plants can be used to achieve a wide range of goals. They can be used to improve 

soil quality, stabilize slopes, and block the wind, just to name a few. The following 

lists group plants according to COllli11on characteristic that may be beneficial in 

design to achieve a particular goal. 

Nitrogen Fixing Plants 

Nitrogen fixing species remove nitrogen from the air and deposit it into the soil, 

increasing the amount of nitrogen available to other plants. As nitrogen is often a 

limiting factor for many species, nitrogen fixing plants are useful for naturally helping 

rebuild damaged soil, or as companion plants with species that require high levels 

of nitrogen, such as fruit trees. 

Deciduous Shrubs 
Caragana arborescens Common Caragana 
Caragana arborescens 'Sutherland' Sutherland Caragana 
Hippophae rhamnoides Sea Buckthorn 
Shepherdia argentea Silver Buffaloberry 
Shepherdia canadensis Russet Buffaloberry 

Forbs 
Astragalus crassicarpus Buffalo Bean 
Astragalus flexuosus Slender Milk-vetch 
Lathyrus ochroleucus Cream-coloured Pea Vine 
Petalostemon candidum White Prairie Clover 
Petalostemon purpureum Purple Prairie Clover 
Thermopsis rhombifalia Golden-bean 

Slope Stabilizing Woody Plants 

The following plants may be useful as a natural means of stabilizing a slope to 

prevent erosion. 

Coniferous Shrubs 
Juniperous scopulorum Rocky Mountain Juniper 

Deciduous Trees 
Populus tremuloides Trembling Aspen 

Deciduous Shrubs 
Comus stolonifera Red Osier Dogwood 
Eleagnus commutata Wolf Willow 
Rosa acicularis Prickly Rose 
Rosa woodsii Wood's Rose 
Salix bebbiana Beaked Willow 
Shepherdia canadensis Russet Buffaloberry 
Sorbaria sorbifolia Ural False-Spirea 

Appendix E 351 



·algary plant species 

352 AppendiX E 

Shelterbelt Species 

The following species are commonly used in the creation of shelter belts to protect 

agricultural fields from wind erosion. Shelterbelt species are generally tolerant of 

wind and dryer conditions. 

Coniferous Trees 
Picea glauca
 
Picea pungens
 
Pinus sylvestris
 
Pinus contorta
 

Coniferous Shrubs 
Juniperus communis 

Deciduous Trees 
Acer negundo 
Crataegus spp. 
Eleagnus angustifolia 
Fraxinus spp. 
Populus balsamifera 
Populus deltoides 
Prunus pensylvanica 

o	 Prunus virginiana
 
Ulmus americana
 

Deciduous Shrubs 
Amelanchier alnifolia 
Caragana arborescens 
Comus stolonifera 
Lonicera x xylosteoides 'Clavey's Dwarf' 

Potentilla fruticosa
 
Sambucus racemosa
 
Shepherdia argentea
 
Shepherdia canadensis
 
Syringa villosa
 

Salt Tolerant Woody Species 

White Spruce 
Colorado Spruce 
Scots Pine 
Lodgepole Pine 

Common Juniper 

Manitoba Maple 
Hawthorn 
Russian Olive 
Ash 
Balsam Poplar 
Plains Cottonwood 
Pin Cherry 
Chokecherry 
American Elm 

Serviceberry 
Common Caragana 
Red Osier Dogwood 
Clavey's Dwarf 
Honeysuckle 
Shrubby Cinquefoil 
Red Elder 
Silver Buffaloberry 
Russet Buffaloberry 
Late Lilac 

The following species are tolerant of saline conditions, which can be especially 

helpful in areas where road salting is practiced in the winter. 

Deciduous Trees 
Eleagnus angustifolia 

Deciduous Shrubs 
Hippophae rhamnoides 
Amelanchier alnifolia 
Rosa rugosa 

Russian Olive 

Sea Buckthorn 
Servicberry 
Rugosa Rose 



Plants with Edible Fruit 

The following species can be used not only for their landscaping qualities, but also 

as a food source for humans, thus helping to maximize the utility of the species. In 

addition, the fruit from most of these species will also attract wildlife. 

Deciduous Trees 
Malus spp.
 
Prunus spp.
 
Prunus pensylvanica
 
Prunus virginiana
 
Pyrus spp.
 

Deciduous Shrubs 
Lonicera caerulea var. edulis 
Prunus tomentosa 
Sambucus canadensis 
Sambucus racemosa 
Shepherdia argentea 
Viburnum trilobum 
Vilis riparia 

Drought Tolerant Woody Species 

Apple 
Plum and Apricot varieties 
Pin Cherry 
Chokecherry 
Pear 

Sweetberry Honeysuckle 
Nanking Cherry 
American Elder 
Red Elder 
Silver Buffaloberry 
High Bush Cranberry 
Manitoba Grape 

To help conserve water, landscaping with plants which can tolerate prolonged periods 

without water can help conserve water and maintenance. 

Coniferous Trees 
Larix sihirica 
Picea pungens 
Pinus ponderosa 

Deciduous Trees 
Eleagnus angustifolia 
Fraxinus spp. 
Prunus virginiana 
Quercus macrocarpa 

Deciduous Shrubs 
AceI' ginala 
Caragana spp. 
Eleagnus commutata 
Hippophae rhamnoides 
Patentilla spp.
 
Sambucus canadensis
 
Shepherdia argentea 
Syringa spp. 

Ground Covers/Vines 
Humulus lupulus
 
Parthenacissus quinque/alia
 

Siberian Larch 
Colorado Spruce 
Ponderosa Pine 

Russian Olive 
Ash 
Chokecherry 
Bur Oak 

AmurMaple 
Caragana 
Wolf Willow 
Sea Buckthorn 
Shrubby Cinquefoil 
American Elder 
Silver Buffaloberry 
Lilac 

Hops 
Virginia Creeper 

algary plant species 
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Plants with Thorns 

Plants with thorns are useful as barriers and may be used as a natural alternative to 

constructing a fence. Plants with thorns may prevent people from moving through 

areas that they maybe should not be traveling through, possibly due to privacy or 

safety concerns. Thorny plants also make excellent cover for wildlife, especially 

when planted next to a food producing species which they may feed on while 

remaining protected from predators. 

Deciduous Trees 
Crataegus spp. Hawthorn 
Eleagnus angustifolia Russian Olive 

Deciduous Shrubs 
Caragana spp. Caragana 
Hippophae rhamnoides Sea Buckthorn 
Rosa spp. Rose 

Air Pollution Tolerant Species 

Since different tree species are able to tolerate air pollution better than others, it 

may be useful in selected situations to use species which are tolerant of poor air 

quality such as on streets with heavy automobile traffic, or where airborne particles 

and dust are known to settle. Most coniferous trees are not very pollution tolerant 

as they keep their needles for a number ofyears (sometimes as long as six to eight 

years) causing the stomata (microscopic openings in the needles and leafs which 

take in carbon dioxide) to become damaged. Clogging ofthe stomata with pollutants 

can lead to reduced photosynthesis, stunted growth, and eventually death. Deciduous 

trees are usually more pollution tolerant since they lose their leaves every fall. The 

following species are considered relatively pollution tolerant. 

Deciduous Trees 
Crataegus x mordensis 'Snowbird' Snowbird Hawthorn 
Crataegus x mordensis 'Toba' Toba Hawthorn 
Quercus macrocarpa Bur Oak 
Salix pentandra Laurel Leaf Willow 
Ulmus spp. Elm 

Decidusous Shrubs 
Cotoneaster spp. Cotoneaster 
CO/'nus sericealstolonifera Red Osier Dogwood 
Philadelphus spp. Mockorange 
Ribes alpinum Alpine Currant 
Rosa spp. Rose 
Sambucus spp. Elder 
Syringa spp. Lilac 
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Pia nt Associations for the Ca Iga ry Reg ion (table 1 of3) 

#1 

#2 

#3 

Non Irrigated Grassland and Parkland 

N/A 

Populus tremuloides' 
Prunus pensylvanica" 
Larix sibirica 

N/A 

Exposed 
SouthfWest 
Sloping 
Grassland 
(dry) 

Level 
Grassland 
and Sunny 
Parkland on 
SouthfWest 
Slopes 
(dry to mesic) 

Protected 
North/East 
Sloping 
Grassland 
(mesic) 

Antennaria aprica 
Artemesia frigida 
Heterotheca villosa 
Oxytropis sericea 
Penstemon nitidus 
Petalostemon candidum 

Achillea millefolium 
Anemone patens 
Antennaria parvifolia 
Astragalus crassicarpus 
Aster falcatus 
Aster laevis 
Campanula rotundifolia 
Comandra umbel lata 
Gaiilardia aristata 
Geum triflorum 
Hedysarum alpinum 
Hedysarum boreale 
Helianthus annus 
Lupinus sericeus 
Oxytropis monticola 
Oxytropis viscida 
Phlox hoodii 
Petalostemon purpureum 
Ratibida columnifera 
Solidago canadensis 
Solidago missouriensis 

Solidago rigida 

Achillea millefolium 
Actaea rubra 
Anemone multifida 
Artemesia ludoviciana 
Aster ercoides 
Aster laevis 
Astragalus crassicarpus 
Astragalus flexuosus 
Balsamorhiza sagittata 
Cornus canadensis 
Erigeron glabellus 
Erigeron speciosus 
Gaillardia aristata 
Gentianella amarella 
Geum triflorum 
Hedysarum boreale 
Unum lewisii 
Monarda fistulosa 
Petalostemon purpureum 
Potentilla gracillis 
Potentilla pennsylvanica 
Ratibida columnifera 
Solidago canadensis 
Sisyrinchium montanum 
Thermopsis rhombifolia 

+ Denotes woody species native to the Aspen Parkland or Fescue Grassland ecoregion. 
H Woody species native to Alberta, although not considered characteristic of the Aspen Parkland or Fescue Grassland ecoregion. 

Agropyron dasystachyum 
Agropyron spicatum 
Bouteloua gracilis" 
Calamagrostis 

purpurascens 
Carex stenophylla 
Danthonia california 
Danthonia parryi 
Poa cusickii 
Stipa comata" 
Stipa curtiseta 

Agropyron dasystachyum 
Agropyron spicatum 
Agropyron trachycaulum 
Calamagrostis 

montanensis 
Carex obtusata 
Carex pensylvanica 
Carex stenophylla 
Danthonia california 
Danthonia parryi 
Festuca spp. 
Hierochloe odorata 
Stipa curtiseta 
Stipa viridula 

Agropyron smithii 
Agropyron trachycaulum 
Bromus carinatus 
Bromus cilatrus 
Calamagrostis 
montanensis 
Carex obtusata 
Carex pensylvanica 
Danthonia parryi 
Festuca spp. 
Koeleria cristata 
Elymus innovatus 
Helictotrichon hookeri 
Stipa curtiseta 
Stipa richardsonii 

Shepherdia argentea 

Caragana arborescens 
Eleagnus Commutata' 
Hippophae rhamnoides 
Sambucus canadensis 
Shepherdia argentea 
Syringa villosa 

Amelanchier alnifolia+ 
Eleagnus Commutata+ 
Hippophae rhamnoides 
Sambucus canadensis 

Rosa acicularis+ 

Caragana pygmaea 
Clematis tang utica 
Potentilla fruticosa+ 
Rosa acicularis+ 
Rosa woodsii+ 
Symphoricarpos 
occidentalis+ 

Juniperus horizontalis+
 
Rosa acicularis+
 
Rosa woodsii+
 
Salix bebbiana+
 
Shepherdia
 
canadensis·
 
Symphoricarpos
 
occidentalis+
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Pia nt Associations for the Ca Iga ry Reg ion (table 2 of3) 

Non Irrigated Grassland and Parkland continued 

#4 Forest Edge, 
Protected 

Abies balsamea" 
Acer negundo 
l3etula papyrifera++ 

Acer ginnala 
Amelanchier alnifolia· 
Corn us sericeav 

Cotoneaster lucidus 
Juniperus spp: 
Potentilla fruticosa· 

Achillea millefolium 
Actaea rubra 
Agroseris glauca 

Agropyron smithii 
I3romus carinatus 
I3romus pumpellianus 

Level Areas, Crataegus spp. Eleagnus commutata· Ribes alpinum Allium cernuum Calamagrostis canadensis 

North/East Fraxinus spp. 
Larix sibirica 

Sambucus canadensis 
Viburnum trilobum-->* 

Rosa acicularis· 
Salix spp! 

Anemone cylindrica 
Aster ercoides 

Carex macloviana 
Carex microptera 

Slopes Picea glauca· Shepherdia Cornus canadensis Carex raymondii 

(mesic to sub 
mesic) 

Picea pungens 
Pinus ponderosa" 
Populus tremuloides· 

canadensis·" 
Symphoricarpos albus· 
5. occidentalis· 

Dodecatheon conjugens 
Fragaria virginiana 
Galium boreale 

Carex spengellii 
Elymus innovatus 
Festuca spp. 

Populus balsamifera· Geranium viscosissimum Phleum commutatum 
Prunus pensylvanica· Lactuca pulchella Stipa curtiseta 
Prunus virginiana· Lathyrus ochroleucus 
Quercus macrocarpa Unum lewisii 

Uthospernum ruderale 
Penstemon confertus 
Penstemon procerus 
Solidago canadensis 
Thalictrum venulosum 
Viola canadensis 

#5 Moist Sites, 
Riparian, Low 

Acer negundo 
l3etula occidental is" 
Populus balsamifera· 

Cornus sericea'" 
Eleagnus commutata· 
Salix spp: 

Salix spp! 
Shepherdia 
canadensis·' 

Achillea millefolium 
Actaea rubra 
Agroseris glauca 

Agropyron smithii 
13 romus anomalus 
I3romus pumpellianus 

Areas Populus deltoides· Virburnum trilobum·· Anemone canadensis Calamagrostis canadensis 

(sub mesic to 
wet) 

Populus tremuloides· 
Quercus macrocarpa 
Ulmus americana 

Viburnum opulus" Comus canadensis 
Dodecatheon conjugens 
Galium boreale 

Carex macloviana 
Carex microptera 
Carex raymondii 

Thalictrum venulosum Carex spengellii 
Viola canadensis Elymus innovatus 

#6 Wetlands, 
Innundated 

Fraxinus pensylvanica 
Larix larcina++ 

Corn us sericea oJo 

Salix spp.' 
Sambucus racemosa" 

Acorus spp. 
Anemone canadensis 
Hippurus 

l3eckmannia spp. 
Bromus pumpellianus 
Calamagrostis canadensis 

Areas - Menyanthes spp. Carex macloviana 

Regular Polygonum amphibium 
Sagitarria spp. 

Carex microptera 
Carex raymondii 

flooding Scirpus acutus Carex spengellii 

(wet) Scirpus paludosus 
Sparganium spp. 

Glyceria spp. 
Juneus spp. 

Typha latifolia 

Dry ------------------+) Mesic 
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Piant Associations for the Ca Iga ry Reg ion (table J ofJ) 

*'(4 t'/ 
Trees	 Native Grasses 

Irrigated Parkland 

Abies lasiocarpa++ Acer ginnala	 Caragana pygmaea #7 Sunny, 
Abies siberica Amelanchier alnifolia+	 Clematic tangutica 

Irrigated Betula papyrifera++ Caragana arborescens Juniperus spp.

Crataegus spp. 'Sutherland' Lonicera spp.
 
Fraxinus spp. Cornus sericea+ Pinus mugo mugo
 
Larix sibirica Hippophae rhamnoides Potentilla fruticosa
 
Malus spp. Eleagnus commutata Prinsepia sinensis
 
Populus X Brooks Juniperous spp.+ Prunus spp.
 
#4/#5 Philadelphus lewisii Rosa Rugosa
 
Picea glauca+ 'Waterton l 

++ Rosa woodsW
 
Picea pungens Physocarpus opulifolius Salix spp.
 
Pinus contorta++ Prunus tomentosa Spiraea spp.
 
Pinus ponderosa++ Prinsepia sinensis Symphoricarpos spp.+
 
Pinus sylvestris Sambucus spp.
 
Sorbus americana Shepherdia spp.
 
Sorbus aucuparia Syringa spp.
 
Ulmus americana Viburnum spp.++
 

Abies lasiocarpa++ Acer ginnala	 Euonymus nana #8 Partial Shade, 
Abies siberica Amelanchier alnifolia+	 'Turkestanica' Refer to site types 3, 4 & S for grasses and

Irrigated Fraxinus Cornus alba siberica Lonicera spp. forbs tolerant ofsimilar moisture conditions.
 
pensylvanica+ Cornus sericea+ Philadelphus spp.
 
Picea glauca+ Physocarpus opulifolius Pinus mugo
 
Picea pungens Philadelphus lewisii 'compacta'
 
Prunus pensylvanica 'Waterton '++ Pinus mugo mugo
 
Prunus virginiana+ Prinsepia sinensis Ribes aureum
 
Larix larcina++ Prunus tomentosa Rosa woodsii+
 

Prunus virginiana+ Shepherdia
 
Sambucus canadensis canadensis"
 
Syringa spp.
 
Viburnum spp.

Abies lasiocarpa++ Viburnum spp.++	 Lonicera Spp.#9 Shade, 
Abies siberica Cornus alba 'Siberica'
 

Irrigated Picea glauca+ Cornus alba 'Argenteo

Picea pungens	 marginata' 

Cotoneaster lucidus 
Ribes alpinum 
Sorbaria sorbifolia 

+ Denotes woody species native to the Aspen Parkland or Fescue Grassland ecoregion.
 
++ Woody species native to Alberta, although not considered characteristic of the Aspen Parkland or Fescue Grassland ecoregion.
 

#4 #5 #6	 #5 --~--#1 

-----------~) Wet ----------+) 
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Appendix F: Wildlife Habitat Requirements 
for Selected Species of the Calgary Region 

Frequently there are opportunities to provide habitat for wildlife in urban areas that 

are missed by designers. Wildlife is often thought of as something that should be 

excluded from cities and only provided outside of urban areas. As a result, our 

cities are devoid of many species that are urban friendly, and missing the benefits 

of increased biodiversity, ecosystem health, and an enhanced living environment 

for citizens. 

Creating habitat for wildlife means providing food, water, shelter, and space in 

amounts that will support desired species. Although simple in concept, it can be 

difficult in practice since little is known about the habitat requirements for many 

wildlife species (Adams 1994). However, using what we do know about wildlife 

may be helpful for informing design decisions. 

Naturalized parks and other 'green" areas often provide designers with the best 

opportunities to provide habitat. However, by simply changing the plant palette, or 

by placing species in a more stratified manner, any urban landscaped area can be 

designed to support wildlife, from insects like bees and butterflies, to songbirds 

and larger raptors. Urban friendly wildlife species such as these can help improve 

the biodiversity of the area and act as an amenity for residents, while requiring 

minimal space and creating a few conflicts with surrounding land uses. In addition, 

the habitat requirements of urban fringe species, not necessarily compatible with 

the built environnlent, should also be considered in design so the landscape bordering 

the urban environment can be designed to buffer the impacts of urbanization. 

The following pages provide a brief description of the habitat requirements for 

some of the key wildlife species for the Calgary region. 
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Songbird Habitat 
The Calgary region supports approximately 50 species of songbirds year round and 

over ISO species, which spend either winter or summer in the region (Calgary 

Horticultural Society 1996). The benefits of creating habitat for songbirds in the 

urban environment are many. Besides the obvious value of supporting a higher 

population of songbirds, other benefits include natural insect control, soil 

conservation, improved microclimate, and improved wildlife habitat for associated 

species such as small mammals. Some social benefits include a therapeutic and 

psychological health value many find from watching birds, opportunities for bird 

watching and wildlife photography, education, and a more natural aesthetic. 

Economically, the creation of songbird habitat can increase property values and 

provide fmit producing plants for human consumption (U.S. Fish & Wildlife Service 

2000). 

Description 

Generally, the larger the habitat provided, the more birds supported, however it is 

not a linear relationship as a fairly small increase in habitat can mean a significant 

increase in the number of birds. For example, a habitat of twice the size of another 

will have over twice as many birds. Therefore, it is better to have one large patch 

than several small patches from a songbird habitat standpoint (Hounsome 1979). 

To satisfy the wide range ofsongbird species, it is important to provide a diversified 

landscape, as the more complex and diversified the physical structure of the 

landscape, the more bird species it will support. A shrub understorey between the 

lower herb layer and tree canopy is an essential part of successful bird habitat as the 

majority ofbirds nest in shrub type vegetation. Approximately 3/4 ofall birds build 

nests less than 4.5 metres (15 feet) above the ground, the average height being 2.4 

metres (8 feet) (Jones et al. 1995a). A lack of a shrub understorey has proven to be 

a problem in urban environments for songbirds as the availability of suitable nest 

sites is considered a limiting factor for many birds in the urban environment 

(Hounsome 1979). 

It is also important to provide a diversified landscape since most birds have different 

habitat requirements throughout the year as their food, shelter, and water 

requirements change with the seasons. It is therefore desirable that the varying 

needs ofsongbirds are met all in one area to help ensure that they will use a particular 
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area year round. The main requirements for songbirds include: food, cover, climate 

modification, perching sites, water, grit, and anting and moulting areas (Burley 

1987). 

Food 

Songbirds feed primarily on fruit, seeds and insects. It is therefore important that 

food supplies are available throughout the year to ensure successful habitat creation. 

Using a range of fruiting trees and shrubs, which provide fruit in the summer, fall 

and winter, will improve the quality of the habitat immensely. Summer fruiting 

species include Prunus spp., Lonicera spp., and Amelanchier alnifolia, while fall 

fruiting species include Cornus spp., Sorbus Americana, Cotoneaster spp., and 

Shepheria spp. Plants which possess fruit over the winter are an important source 

for food during the cold winter months. Some species include Symphoricarpos spp., 

Viburnum trilobum, and Hippophae rhamnoides. Quercus macrocarpa and Pinus 

spp. can also provide food in the fonn of acorns and nuts for songbirds while forbs 

which produce seeds such as Aster spp., Ratibida columnifera, Solidago spp., and 

Phlox spp. also provide food. 

As birds are insectivorous during all parts of their lives (Jones et a1. 1995a), it is 

important that insect habitat is also provided. One way to ensure that insects will be 

available for birds is by providing hosts plants for insects such as Rosa spp., 

Amelanchier alnifolia, Prunus spp., Sorbus spp., and Ribes spp. (Burley 1987). 

Dead trees (snags), fallen logs, and leaf litter also provide habitat for insects, as 

well as nest building materials. Unfortunately these items are often removed from 

urban landscapes for aesthetic reasons. Instead these items should be left, and when 

absent, provided if possible. Snags are especially important for bark gleaning birds 

that forage for bark beetles, ants, spiders, and moths (Burley 1987). Fallen logs and 

leaf litter also provides habitat for insects and material for building nests. Slopes 

with rock faces or outcroppings are beneficial in attracting ground feeding birds, as 

habitat for insects, worms, and small mammals is provided (Kress 1996). 

Escape Cover and Shelter 

Escape cover from predators and protective shelter are also important aspects of 

songbird habitat. Evergreen species provide important protection in the winter from 

the wind, rain, cold, and snow. They also provide important hiding and escape 

Common songbird species of 
the Calgary region 

American Crow (Corvus 
brachyrhynchos) 

American Goldfinch (Carduelis tristis) 
American Robin (Turdus migratorius) 
Barn Swallow (Hirundo rustica) 
Black-billed Magpie (Pica Pica) 
Black-capped Chickadee (Parus 

atricapillus) 
Blue Jay (Cyanocitta cristata) 
Bohemian Waxwing (Bombyci//a 

garrulus) 
Brown-headed Cowbird (Molothrus 

ater) 
Cedar Waxwing (Bombycilla cedrorum) 
Chipping Sparrow (Spize//a passerina) 
Cliff Swallow (Hlrundo pyrrhonata) 
Common Nighthawk (Chordeiles 

minor) 
Common Raven (Corvus corax) 
Common Redpoll (Carduelis Flammea) 
Dark-eyed Junco (Junco hyemalis) 
Downy Woodpecker (Picoides 

pubescens) 
Eastern Kingbird (Tyrannus tyrannus) 
European Starling (Sturnus vulgaris) 
Evening Grosbeak (Coccothraustes 

vespertinus) 
Gray Catbird (Dumetella carolinensis) 
Hairy Woodpecker (Picoides villosus) 
House Wren (Troglodytes aedon) 
Least Flycatcher (Empidonax minimuJ) 
Mourning Dove (Zenaida macroura) 
Northern Flicker (Colaptes auratus) 
Northern Oriole (Icterus galbula) 
Pine Grosbeak (Pinicola enuc!eator) 
Pine Siskin (Carduelis pinus) 
Red-breasted Nuthatch (Sitta 

canadensis) 
Red-eyed Vireo (Vireo olivaceus) 
Red-winged Blackbird (Agelaius 

phoeniceus) 
Rock Dove (Columba livia) 
Ruby-crowned Kinglet (Regulus 

calendula) 
Savannah Sparrow (Passerculus 

sandwichensis) 
Tree Swallow (Tachycineta bicolor) 
Warbling Vireo (Vireo gilvus) 
Western Wood-Pewee (Contopus 

sordidulus) 
White-breasted Nuthatch (Sitta 

carolinensis) 
White-throated Sparrow (Zonotrichia 

albicollis) 
Yellow-rumped Warbler (Dendroica 

coronata) 
Yellow Warbler (Dendroica petechia) 

Source: Bovey 1988. 
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Songbird Habitat Species: for the Calgary region
 

Species Name Native 
to 

Alberta Dry to 
Mesic 

Moisture Conditions 

Mesic to Sub Mesic 
Sub Mesic to Wet 

Irrigated
Only 

Fruit Availability 

Summer Fall Winter 

Nuts/
Seeds 

Escape 
Cover 

Coniferous Trees 
Abies balsamea v v v 

Abies lasiocarpa v v ..; 
Larix lardna .j ..; 
Picea glauca v .j v 

Picea pungens .j .j 

Pinus contorta ..; .j .j .j 

Pinus ponderosa ..; .j .j 

Pinus sylvestris .j .j .j 

Deciduous Trees 
Acer negundo ..; ..; 
Crataegus spp. ..j .j ..; .j .j 

Eleagnus angustifolia .j ..; ..; 
Fraxinus spp. .j .j 

Malusspp. .j .j 

Populus balsamifera .j ..j v 
Populus deltoides .j ..; 

Populus tremuloides ..; ..; .j .j 

Prunus pennsylvanica .j ..; ..; ..; ..; 
Prunus virginiana ..; .j .j ..; 

Quercus macrocarpa ..; ..; .j 

Sorbus americana .j .j .j ..; 
Sorbus aucuparia ..; ..; ..; 
Ulmus americana ..; 

Tall Shrubs (> 2.0 meters) 
Amelanchier alnifolia ..; .j .j ..; 
Caragana arborescens .j .j 

Cornusspp. ..; .j .j ..; ..; 
Eleagnus commutata .j ..; .j .j 

Hippophae rhamnoides ..; ..; ..; ..; 
Prunus tomentosa ..; ..; 

Sambucus canadensis ..; ..; .j ..; 
Shepherdia argentea ..; 

Syringa villosa ..; 
Viburnum lantana ..; ..; 

Viburnum trilobum ..j .j .j .j 

Low Shrubs « 2.0 meters) 
Cotoneaster luck/us ..; ..; ..; 

Juniperus spp. .j ..; ..; ..; 
Lonicera spp. ..; ..; 

Prinsepia sinensis .j 

Rlbes alpinum v v v 
Rosa spp. ..; ..; ..; .j .j .j 

Shepherdia canadensis .j .j .j .j .j 

Symphoricarpos albus .j v ..; .j 

Forbs 
Aster spp. .j .j v 

Campanula rotundifolia v ..; 
Comus canadensis ..; ..; 
Fragaria virginiana .j .j .j v 

Helianthus annus ..; ..; 
Phlox hoodii .j .j .j 

Ratibida columnifera ..; .j .j 

Solidago spp. ..; .j .j 

Refer to Appendix E for original sources. 
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cover from predators such as hawks and owls. Planting thicket forming shrubs next 

to fruit producing species is also attractive to songbirds as the thicket protects the 

birds as well as the food source from other browsing animals such as rabbits and 

deer (Kress 1996). Species such as Crateagus, Rosa, Lonicera, and Juniperus create 

thickets. 

Water 

Water is also an important part of songbird habitat, although not usually a limiting 

factor for birds in urban environments since standing water can usually be found 

(Hounsome 1979). Water is used for drinking, bathing, and food as insects are often 

attracted to open water. Water is especially important in the winter so that birds can 

avoid hypothermia which occurs if birds eat snow (Calgary Horticultural Society 

1996). Water for bathing should be no more than two to three inches deep with a 

relatively hard bottom and gently sloping to keep it fresh. Providing a variety of 

water depths will also cater to a greater number of bird species. It is also best to 

keep the area immediately surrounding the water 3 to 4.5 metres (l0-15 feet) free 

of dense vegetation to prevent predators from ambushing birds. 

Snags 

Besides providing insect food for many species, snags are important for providing 

perching and nesting sites. Large snags are generally more valuable than smaller 

ones since they can be used by more species. Snags greater than 25 cm (l0 inches) 

in diameter at breast height are considered best with a combination of both hard 

wood tree species (Oaks & Ash) and soft wood tree species (poplars) used (Jones et 

al1995b). 

When possible, varying sizes of snags should be placed in small clumps so that 

both nesting and foraging sites are provided in one convenient location since single 

snags may not provide enough nesting and foraging habitat for some species (Jones 

et al. 1995b). It should also be noted that large groups of snags are generally not 

used by more than one pair of the same species due to territorial behaviour (Jones et 

al. 1995b). 

Dusting Areas 

Areas in which birds can find grit and indulge in dust baths are important components 

i/d/ire habitat reQuirements 
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Example of a small nest box on a 
farmers fence south of Calgary. 

of songbird habitat (Burley 1987). Bare areas are also important for moulting birds 

to perform anting where birds crush ants against their skin dispersing a folic acid to 

relieve itching and discourage parasites (Burley 1987). 

Bird Houses 

To help compensate for a lack of nesting places in urban environments, nest boxes 

can be used to attract specific species. By carefully selecting the right size of nest 

box, one can target certain species while excluding "undesirable" species. Refer to 

the table of the next page for recommended nest box dimensions for cavity nesting 

species ofAlberta. 
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Nest Box Dimensions: for cavity nesting bird species ofAlberta 

Species Hole Diameter 
Entrance Height 

Above Floor 
Box Depth 

Floor Length/ 
Floor Width 

Box Height 
Above Ground 

64 -100 mm 

House Wren 25 mm (1 in.) 130 mm (5 in.) 150 mm (6 in.) 
(2.5 -4 in.)/ 

87.5 - 130 mm 
1.8 m (6 ft) min 

(3.5 - 5 in.) 

Black-Capped 
Chickadee, Boreal 
Chickadee, Mountain 
Chickadee, Red-Breasted 
Nuthatch, White 

32 mm (1.25 in.) 150 mm (6 in.) 200 mm (8 in.) 
100 mm (4 in.)/ 
130 mm (5 in.) 

1.8 - 6 m 
(6 - 20 ft) 

Breasted Nuthatch, 
Brown Creeper, Downy 
Woodpecker 

200 mm (8 in.) 250 mm (10 in.) 
Tree Swallow, Violet 130 mm (5 in.)/ 1.5 m (5 ft.) min. 
Green Swallow, 38 mm (1.5 in.) 130 mm (5 in. for 150 mm (6 in. for 130 - 150 mm usually 3 - 4.5 m 
Mountain Bluebird Violet Green Violet Green (5-6 in.) (10 - 15 ft.) 

Swallow) Swallow) 

Hairy Woodpecker 50 mm (2 in.) 230 mm (9 in.) 305 mm (12 in.) 
130 mm (5 in.)/ 
150 mm (6 in.) 

3 m (10 ft.) min. 

Bufflehead, Flicker, 
Saw-Whet Owl, Boreal 
Owl, Pygmy Owl, 
Grackle, Purple Martin 
(use a colony ofhouses 
for purple martin) 

64 mm (2.5 in.) 

230 - 330 mm 
(9 - 13 in.) 

76 mm (3 in.) for 
Purple Martin 

250 - 380 mm 
(10-15 in.) 

150 mm (6 in,.) 
for Purple Martin 

130 - 150 mm 
(5  6 in.) / 

175 - 250 mm 
(7 - 9 in.) 

3 - 6 m 
(10 - 20 ft.) 

Kestrel, Hawk Owl 75 mm (3 in.) 
230 - 400 mm 

(9 - 16 in.) 
280  460 mm 

(11 - 18 in.) 

200 mm (8 in.)/ 
230 - 250 mm 

(9 - 10 in.) 
5 m (16 ft.) min. 

Common Goldeneye, 
Barrow's Goldeneye, 
Hooded Merganser, 
Common Merganser 

75 x 100 mm 
100 x 127 mm 

oval C3 x 4 in. 4 
x 5 in.) 

508  585 mm 
(20 - 23 in.) 

635 mm (25 in.) 
250 mm (10 in.)/ 
305 mm (12 in.) 

3 m (10 ft.) min. 

Barred Owl 200 mm (8 in.) 360 mm (14 in.) 410 mm (16 in.) 
360 mm (14 in.)/ 
380 mm (15 in.) 

5 m (16 ft.) min 

Barn Swallow, Eastern 
Phoebe, Say's Phoebe, 
Robin, Blue Jay 

Nest Ledges 
150 - 200 mm 

(6 - 8 in.) 
150 mm (6 in.)/ 
175 mm (7 in.) 

3 - 3.7 m 
(10 - 12 ft.) 

Source: Alberta Fish and Wildlife. 1986. Habitat Development Fact Sheet No. 12: Building Nest Boxes for Cavity Nesting Birds. 
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Common butterfly species of 
the Calgary region 

Alberta Arctic (Geneis alberta)
 
Artemesian Swallowtail (Papilio
 
machaon dodi)
 
Canadian Tiger Swallow (Papilio
 
canadensis)
 
Dotted Blue (Euphilotes enoptes)
 
Meadow Fritillary (Bolorio bellona)
 
Northwestern Fritillary (Speyeria
 
electra)
 
Olympia Marble (Euchloe olympia)
 
Persius Duskywing (Erynnis persius)
 
Riding's Satyr (Neominois ridingsii)
 
Rustic Blue (Plebejus rusticus)
 
Silver-spotted Skipper (Epargyreus
 
clarus)
 
Spring Azure (Celastrina ladon)
 
Uhler's Arctic (Geneis uhleri)
 

Source: Bird et al. 1995. 

Butterfly Habitat 

Of the 700 butterfly species found in North America very few are actually garden 

pests (National Wildlife Federation 2000). Landscaping for butterflies can add visual 

interest and increase biodiversity to a garden or urban landscapes. Within urban 

areas, any number ofthe small spaces that can be found may be suitable for creating 

habitat since butterflies require a minimum amount of space as compared to many 

other types of wildlife. 

Habitat Description 

Butterfly habitat must include both caterpillar host plants and nectar producing 

plants together in close proximity. Sunny sites are best as butterflies require waml 

places to sun themselves, while caterpillar host plants should be provided in both 

sunny and shady sites. The area should be sheltered from the wind so butterflies 

can feed and lay their eggs. A damp area of sand or mud should be provided for 

drinking since open water is not desirable to butterflies. 

Vegetation 

As butterflies are nectar seekers they are attracted to colourful flowering plants. 

Native species which produce red, yellow, orange, pink, or purple blossoms, that 

are flat topped or clustered, and have short flower tubes, are best. These allow the 

butterfly to reach the nectar with their proboscis (National Wildlife Federation 2000). 

It is also suggested that perennials with a mature height of at least two feet are 

preferred (Megalos et al. 2000b). Greater success will be obtained if flowers of a 

similar colour are planted together, and a range ofplants are selected that will bloom 

at different intervals over the season. Therefore annuals are good plants to use since 

they bloom continuously from spring to fall (Marsland 2000). It is also important to 

have an abundance of flowering plants in late summer as this is when butterflies are 

most active. 

Other Species that benefit 

Hummingbirds and bees are also attracted to similar habitats. Hummingbirds are 

especially attracted to nectar producing red flowering plants, while bees are attracted 

to blue and yellow flowing plants. Bees are especially important to have around 

fruit trees and vegetables as they are responsible for pollinating about 30% of our 

diet (Natural Resources Conservation Services 2000). 
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Butterfly Habitat Species: for the Calgary region 

e 1.;it1i,~OlSSvY~~ co~~tIO~; ~ . ",,,'» . ,>, oom-_._-~.P~"';.'

" Mesic Sub . d i& • d[

Dry to to Sub Mesic Irrigate no 
iii MesIc Mesic to Wet Only '. .&Xiii: 

Deciduous Trees 
Acer negundo ..; ..; ..; 

Betula spp. ..; ..; 

Malusspp. ..; ..; white & red early 

Populus spp, ..; ..; ..; 

Prunus pensylvanica ..; ..; ..; white early 

Quercus macrocarpa ..; ..; 

Salix pentandra ..; ..; ..; 

Ulmus americana ..; ..; 

Deciduous Shrubs 
early to

Potentilla fruticosa ..; ..; ..; yellow 
late 

Salix discolor ..; ..; ..; 

Symphoricarpos occidentalis ..; ..; ..; 

pink to early to
Syringa villosa ..; ..; 

purple middle 

Vines 
middle to

Clematis tangutica ..; yellow 
late 

Lonicera brownii'Dropmore bright orange middle to..;
Scarlet Trumpet' to red late 

Forbs 
white, red, &

Achillea millefolium ..; ..; ..; ..; middle
pink 

white, red, 
middle to

Asterspp, ..; ..; ..; ..; pink, purple, 
late

& blue 

Astragalus flexuosus ..; ..; ..; 

pink, purple, 
Erigeron spp. ..; ..; ..; middle

& blue 

yell ow-
Caillardia aristata ..; ..; ..; late 

orange, red 

yellow, early to
Helianthus annus ..; ..; ..; 

orange late 

white, yellow, 
red, pink, 

Lupinus spp. ..; ..; ..; ..; late
purple, & 

blue 

Monarda fistulosa ..; ..; ..; red, pink middle 

Petalostemon candidum ..; ..; ..; 

pink/bluish to
Pholx hoodii ..; ..; ..; early

white 

Solidago canadensis ..; ..; ..; yellow late 

Viola canadensis ..; ..; ..; white early 

Refer to AppendiX E for onglnal sources. 
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Waterfowl Habitat 
The prairie pothole region, which extends across the prairies of North America 

makes up only 10% of the total waterfowl breeding area, but is responsible for 

producing approximately 50% of the duck population (Smith et al. 1964) putting 

Alberta's wetlands among the best in North America (Nietfeld et al. 1985). 

Unfortunately the prairie pothole landscape is one of the most intensely managed 

landscapes in North America (Johnson et al. 1994) causing the quality ofAlberta's 

wetland habitat to be significantly reduced as many pothole complexes have been 

drained to provide more agricultural land. 

Habitat Description 

Potholes do not occur in neat patterns or regular numbers. Their frequency can 

range between 10 and 100 in a square mile (260 ha), with an average ono potholes 

per square mile (260 ha) over the entire prairie pothole region. This number can 

change however depending on the amount of precipitation each year (Smith et al. 

1964). 

The size of the water body required to support waterfowl is variable depending of 

duck species. For example mallards prefer potholes 0.04 to 0.4 ha in size, blue 

winged teal 0.04 to 0.2 ha, and American widgeon prefer potholes 0.2-0.4 ha in size 

(Nietfeld et al. 1985). It is also important that there be an abundance of seasonally 

flooded wetlands that flood in early spring and dry-out by mid summer. These 

ephemeral ponds created by snow melt and spring rains receive high use by breeding 

dabbler ducks who seek temporary shallow potholes for isolation. The increased 

number of potholes which are created from snow melt and spring rains give prairie 

ducks the privacy they need to rear their families (Smith et al. 1964). Evidence of 

the importance of temporary pools is seen by the significant linear relationship 

between the number of ducks and the number of May ponds (Batt et al. 1989). 

Areas supporting high densities ofshallow wetlands in fertile prairie parkland regions 

are the most productive breeding habitat (Nietfeld et al. 1985). Therefore the ideal 

waterfowl habitat consist of wetland complexes of both permanent and seasonal 

wetlands of a variety of shapes and sizes. Wetlands which posses both open water 

and shallow areas with emergent vegetation are required with the most preferred 

habitat being semi-permanent potholes up to one metre deep in the summer (Nietfeld 

et al. 1985). Riparian vegetation is also key for providing food and shelter. 
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Unfortunately, riparian vegetation is often lacking, as agriculture will often take 

place right up to the edge of a pond. 

Waterfowl generally occupy a number ofwetlands ofvarying types during the nesting 

season showing that wetland complexes are important for waterfowl. Some data 

shows that Mallards occupy between 7 and 22 wetlands during the nesting season 

(Dwyer et a1. 1979). This is because one pond usually does not contain all of the 

breeding requirements for one pair unless it is larger than three acres. Therefore a 

community of potholes is required for successful breeding (Dwyer et a1. 1979). 

Ideally wetland complexes should be between 32 and 400 ha with four upland 

hectares for every hectare ofwetland (Johnson et al. 1994). Complexes should also 

consist of both temporary and seasonal wetlands to attract breeding pairs, with at 

least one semi-pennanent and permanent marsh of significant size which persists 

later into the SUlmner to support broods (Johnson et a1. 1994). 

Islands 

Islands are an important component of waterfowl habitat as they provide nesting 

sites that are protected from many predators. Depth of the water surrounding an 

island should be between 0.3 and 1 metre deep and should be surrounded by water 

the entire nesting period (Alberta Fish and Wildlife 1986d). Frequency of islands 

need not exceed one per 20 ha of wetland and they should be at least 100 to 150 

metres apart to be desirable nesting locations. A greater number of wetlands will 

most likely not be used due to telTitory reasons. The island itself should be 0.9 

metres above the spring water level with a flat top and sloping sides with a total 

nesting area approximately 95 metres squared. Smaller nesting mounds can be 

between 3 and 15 metres in diameter. They should be protected on the windward 

side from erosion and be planted with shrubs to offer protection from the wind. 

Trees should not allowed to establish on islands as they can become perching sites 

for birds ofprey. The majority ofnests should be located within 30.5 to 40.5 metres 

of the waters edge. On larger ponds, some islands may be located as far as 135 

metres from shore (Nietfeld et a1. 1985). 

Complex shape and topography 

The more complex a wetlands shape and topography, the greater the potential for 

supporting a larger and more variable population of waterfowl species. A complex 

shape can potentially support a greater number of breeding pairs of ducks as pairs 

Common waterfowl species 
of the Calgary region 

American Widgeon (Anas americana) 
Blue-winged Teal (Anas discors) 
Common Goldeneye (Bucepha/a 

dangu/a) 
Common Merganser (Mergus 

merganser) 
Gadwell (Anas strepera) 
Green-winged Teal (Anas crecca) 
Lesser Scaup (Aythya affinis) 
Mallard (Anas p/atyrhynchos) 
Northern Shoveler (Anas dypeata) 
Pintail (Anas acuta) 

Source: Nietfeld et al. 1985. and 
Bovey 1988. 

Woody plant species for 
waterfowl 

Deciduous Trees 
Acer negundo 
Hawthorn spp. 
Fraxinus spp. 
Populus deltoides 
Ulmus americana 

Deciduous Shrubs 
Physocarpus opulifolius 
Sambucus canadensis 

Refer to Appendix E for common 
names and original source of 
information. 
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can be visually separated from one another reducing territory issues between pairs. 

A complex shape and topography also helps create the mudflats, lakeshores, marsh 

shores, pastures and fields that waterfowl need for survival (Nietfeld et al. 1985). 

Cover 

Vegetation is required to provide both food and shelter for waterfowl. Nest cover is 

provided by sedges (Carex spp.), mixed prairie grasses, bulrush (Scirpus spp.), 

great bulrush (Scipus acutus), and rushes (Juncus spp.). Shrubs such as Common 

buckbrush (Symphoricarpos occidentalis), and Currant (Ribes spp.) are also 

important cover species (Nietfeld et a1. 1985). 

Food 

Seasonal wetlands are important feeding sites in spring as they support high 

invertebrate populations. As the seasonal wetlands dry out, the ducks move to semi

permanent ponds and lakes and feed on adult aquatic insects and vegetation such as 

duckweed (Lemna spp.), pondweed (Potamogeton spp.), bulrushes, sedges, and 

smartweed (Polygonum) (Nietfeld et a1. 1985). 

Other Species that benefit 

Wetlands are often one of the most biologically diverse habitat types as they support 

a range ofspecies from tiny insects to larger mammals. One oftheir key contributions 

is the provision of drinking water for birds and mammals. 

One of the more COlmnon inhabitants of prairie potholes is the muskrat. Muskrats 

are an important component of the pothole ecosystem as they eat the roots and 

bulbs of aquatic plants such as cattail and bulrushes, helping to control emergent 

vegetation, thus keeping a portion of the pothole open. Muskrats make potholes 

more suitable for duck species which require some open water (Bird 1961). Some 

species of ducks are also known to use muskrat houses as basking places along the 

shore (Fritzell1989). The pond size requirements for muskrats are relatively small 

as they only require a wetland ofat least 200m2 (Green et a1. 1987), with water deep 

enough to sustain under ice activity throughout the winter (Fritzell 1989). 

Unfortunately, muskrats are often seen as a pest in regards to constructed wetlands 

as they will tUlmel into the sides of wetlands to make their homes causing damage 

to the wetland's liner. 
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Bat Habitat 
Bats are the single most important controller of night-flying insects such as 

mosquitoes, moths, and beetles. A single little brown bat can consume up to 600 

mosquitoes in an hour (Natural Resources Conservation Service 2000), or 3000 to 

7000 in a night (Megalos et a1. 2000). This trait may be especially beneficial around 

urban wetlands where public concern over mosquitoes can occur. Unfortunately 

there are many misconception about bats being dangerous when in fact only 1 in 

20,000 actually carries rabies (Savonen 1998). 

Habitat Description 

The primary habitat requirements of bats is a permanent wet area, a consistent 

insect supply, and roosting sites (Megalos et a1. 2000). Both foraging and roosting 

habitat should be in close proximity to one another. Snags make good natural roosts 

for bats, along with caves, dead hollow snags, cavities in live trees, and rock crevices. 

Artificial roosts should be provided where natural roosts are missing. The best way 

to provide roosting sites in urban areas is to construct bat houses (Natural Resources 

Conservation Service 2000). Bat houses should be placed on a pole at least 4.5 

metres (15 feet) high, away from prevailing winds, and in a spot that receives at 

least four to six hours ofsun per day. Tree trunks are not usually appropriate as they 

are usually too shady for bats (Natural Resources Conservation Service 2000.). 

Another option is to place for boxes around are tree (North, South, East, and West) 

so bats can choose the most appropriate orientation according to the microclimate 

(Megalos et a1. 2000). 
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Woody plant species that 
attract ground birds 

Coniferous Trees 
Abies balsamea 
Larix larcina 
Picea glauca 
Picea pungens 
Pinus contorta 
Pinus ponderosa 

Coniferous Shrubs 
Juniperus spp. 

Deciduous Trees 
Acer negundo 
Betula papyrifera 
Hawthorn spp. 
Fraxinus spp. 
Populus balsamifera 
Populus deltoides 
Populus tremuloides 
Prunus pensylvanica 
Prunus virginiana 
Quercus macrocarpa 
Sorbus americana 
Ulmus americana 

Deciduous Shrubs 
Amelanchier alnifolia 
Physocarpus opulifolius 
Sambucus canadensis 

Refer to AppendiX E for common 
names and original source of 
information. 
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Ground Bird Habitat 

Ground birds, such as the Sharp-tailed Grouse, are an important keystone species 

for the prairies (Green et al. 1987). Therefore providing appropriate habitat conditions 

for Sharp-tails, will also provide suitable habitat for some small mammals, songbirds, 

and ungulates (Green et al. 1987). Although the Calgary region is considered 

secondary from a habitat suitability standpoint for grouse, they are known to live in 

areas just outside of the city (Nietfeld et al. 1985). 

Habitat Description 

Grouse occupy a range of habitats from grassland to parkland with the transitional 

zone between the two being the most important (Green et al. 1987). The rolling 

topography ofthe aspen parkland provides the diverse conditions necessary to create 

proper habitat conditions. Grouse habitat should consist ofpredominantly grassland 

(approximately 69%) in a 150 ha (1.5 km square area). They require dense grasses 

for nesting in the spring in close proximity (4.7 to 14 metres) to aspen groves for 

cover (Nietfeld et al. 1985). Dancing grounds, which are used by males during 

mating season, should be located within .8 km of nesting females and consist of an 

open area, 1.8 to 2.7 metres across, on slightly higher ground than the surrounding 

landscape to allow for visibility in all directions. A marsh should also be provided 

within the 150 ha area. 

In the grassland areas, taller species such as wheatgrasses are preferred (Green et 

al. 1987). In the shrubland and aspen groves, species typical of the parkland such as 

Populus tremuloides, Prunus spp., Amelanchier alnifolia, Symphoricarpos spp., 

Salix spp., and Eleagnus commutata are preferred. Around dancing grounds 

vegetation should include Symphoricarpos albus, Rosa spp., and Eleagnus 

commutata to provide roosting spots for males so that they may be protected from 

predators (Nietfeld et al. 1985). 
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Raptor Habitat 

Raptors are an important predator of the prairie ecosystem as they help control 

many urban and agricultural pests such as rodents, small mammals, grasshoppers, 

house sparrows and blackbirds. For example, one pair of hawks can kill 

approximately 480 ground squirrels in one summer. Unfortunately many of the 

benefits ofraptors are being lost. Raptor feeding and nesting habitat is disappearing 

due to human action such as the use of pesticides which reduces food and poisons 

the birds when they ingests the poison from its prey. However, the greatest threat to 

raptors is habitat loss due to urbanization and agriculture. Therefore providing 

suitable nesting sites for raptors is an important aspect of preserving populations 

(Holroyd et al. 1995). 

Most raptors are migratory and leave during the fall for places south such as South 

and Central America. A small number of raptors, such as Snowy Owls and Gray 

Falcons spend their winters in Alberta after summering in the north. Other raptors 

only pass through Alberta as they migrate. 

Habitat Description 

Most raptors, with the exception of Osprey and Burrowing Owls, nest as solitary 

pairs and therefore have territories. For this reason a separation of approximately 

one kilometre between pairs is suggested for the placement ofnest boxes and nesting 

platforms (Holroyd et al. 1995). 

The specific habitat requirements differ depending of the raptor species targeted. 

However, all raptors require high nesting sites and a prey base for survival. It is 

suggested that even a single tree in a field can provide nesting habitat for raptors. 

Standing dead trees can be important nesting sites for raptors, while Kestrels and 

small owls nest in tree holes, while raptors such as Merlins, Long-Eared Owls, and 

Great Horned Owls make use of old nests of Crows and Magpies. The only raptor 

that does not require high nesting sites is the Burrowing Owl which nest in the 

abandoned burrows of ground squirrels and badgers. 

Common raptor species of 
the Calgary region 

American Kestrel (Falco sparverius)
 
Bald Eagle (He/iaeetus /eucocepha/us)
 
Great Horned Owl (Bubo virginianus)
 
Merlin (Falco co/umbarius)
 
Peregrine Falcon (Falco peregrinus)
 
Red-tailed Hawk (Buteo jamaicensis)
 
Snowy Owl (Nyctea scandiaca)
 
Swainson's Hawk (Buteo swainsoni)
 

Source: Bovey 1988. 
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Woody plant species that
 
attract browsing wildlife
 

Deciduous Trees 
Acer negundo 
Crataegus spp. 
Fraxinus pensylvanica 
Malus baccata 
Prunus virgin ina 
Quercus macrocarpa 
Salix pentandra 

Deciduous Shrubs 
Amelanchier alnifolia 
Comus sericea 
Rosa spp. 
Salix spp. 
Sambucus racemosa 
Shepherdia canadensis 
Symphoricarpos albus 
Symphoricarpos occidentalis 

Refer to Appendix E for common 
names and original source of 
information. 
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Deer Habitat
 
Although deer are not necessarily compatible with developed areas they are an
 

important species of the Fescue Grassland and Aspen Parkland ecoregions. For this
 

reason their habitat requirements should be understood, either to provide appropriate
 

habitat on the edge of a development, or to ensure that deer are not encouraged to
 

enter areas where they may not be desirable. In the Calgary region, two species of
 

deer are commonly found, the white-tailed deer (Odocoileus virginianus) and the
 

mule deer (Odocoileus hemionus). Since deer are a keystone species, providing
 

deer habitat will also provide habitat for other small mammals such as chipmunks,
 

squirrels, snowshoe hares, weasels, fox, coyote, songbirds, upland game birds, and
 

some raptors.
 

Habitat Description
 

Deer usually have very small homeranges between 500 to 800 ha if adequate food
 

and cover are available. The optimal size for thermal cover is between 0.8 to 2.0 ha,
 

and hiding cover should be between 2.6 to 10.5 ha (Nietfeld 1985).
 

The Aspen Parkland is optimal habitat for deer since it has a high frequency ofedge
 

condition as deer like transitional areas between native and agricultural fields
 

(Nietfeld 1985). Parkland's complex topography with a variety ofslopes and aspects
 

creates a mix of grassland, shrubland, deciduous forest, coniferous forest, and open
 

water, providing a good balance between food and cover.
 

A complex topography with a mix of trees, shrubs, forbs, and grasses are required
 

for shelter and security (Nietfeld 1985). Coniferous forest located on northeastern
 

and southeastern aspects provides the best thermal cover and hiding places. These
 

patches should be between one to five ha in size. Deciduous forest communities are
 

best on the east, west, and some northern aspects, the open areas in-between not
 

exceeding 200 metres. South facing slopes are important feeding areas in the winter
 

as they have the least amount of snow.
 

Common shelter and browse species include Populus tremuloides with an
 

understorey of Amelanchier alnifolia, Prunus virginiana, Comus sericea, Juniper
 

spp., Rosa spp., Salix spp., and Symphoricarpos spp. Many native grasses are also
 

eaten and are especially important in the spring before woody species obtain foliage.
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Appendix G: Site Inventory & Analysis 

Appendix G: Site Inventory & Analysis is a summary of the information gathered 

for the Southeast Planning Area site, for the inventory and analysis stage of the 

Adaptive Design process. This summary highlights the key fmdings under six 

sections: 

1. Site description; 

2. Surrounding land uses; 

3. Surrounding natural features; 

4. On site natural features; 

5. Cultural features and issues; and 

6. City of Calgary's plans. 

Site Description 
The site, located in the southeast potion ofCalgary, is 1604.6 hectares (3,965 acres) 

in size, of predominantly agricultural land. There is very little native vegetation 

remaining on the site with only remnants ofaspen and shrub groves scattered around 

a few sloughs and potholes, and bordering some ofthe gravel roads which cross the 

site. 

Surrounding Land Uses 
The site is bordered by Marquis of Lome Trail to the north, Municipal District of 

Rocky View to the east, the Municipal District of Foothills to the south, and the 

future Deerfoot extension to the west. The land immediately surrounding the site is 

relatively undeveloped, with the closest development being the community of 

Cranston, currently under construction, located to the east of the site (west side of 

future Deerfoot Trail extension). North ofMarquis ofLome Trail are the communities 

ofMcKenzie Lake and McKenzie Town. To the south is a steep escarpment and the 

Bow River valley which is the only area of ecological significance bordering the 

site. 
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City of Calgary
 

The Southeast Plani 
located in the southea: 
the city of Calgary, 
Marquis of Lome Trai 
of the Bow River. It is 
(3900 acres) in si. 
designated as 
employment centre. 

Image adapted from' 
Calgary. 
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The Southeast Planning Area is 
currently used for farming with little 
existing infrastructure. The 
communities of McKenzie and 
Cranston are the closest residential 
neighbourhoods. 

Air photo adapted from the City of 
Calgary. 
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Surrounding Natural features 

Inventory 

South of the site is the Bow River valley which is planned for future adoption into 

Fish Creek Provincial Park. Currently most ofthe land along the river is privately 

owned and is undergoing gravel extraction. Despite this, much of the area still 

remains in a natural state and provides important wildlife habitat for many species 

including wintering waterfowl, white pelicans, double-crested comorants, and eagles. 

The river valley also supports mule deer and white tail deer populations. The 

occasional black bear has also been known to wander south from Fish Creek 

Provincial Park into the area. The south side of the river is especially important for 

wildlife as it acts as a movement corridor for many species, while the river provides 

exceptional trout habitat (City of Calgary GRAMP 1999). Vegetation in the area 

consists of some small patches of remnant prairie with some aspen groves and 

shrubs growing in the more sheltered lower areas. Within the floodplain, along the 

river s edge, are numerous stands of Balsam Poplar. 

North ofthe site (north side ofMarquis ofLome Trail) there is less natural habitat 

although a few sloughs have been identified by the Growth Area Management Plan 

(1999) as being ofsignificant value and worth incorporating into future open space 

networks. 

Analysis 

Future development in the area should incorporate, as much as possible, connections 

to the identified natural areas. This is especially true for the river valley to the 

south, which currently has limited public access due to private land holdings. The 

design of open space in the new community should compliment current wildlife 

movement patterns to help continue the function of the river valley as a travel 

corridor. Also, providing additional park space at the top of the ridge could easily 

enhance the patches of remnant prairie along the south facing river valley slope. 

Building setbacks would also be required along the edge of the escarpment to help 

achieve this. 
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Identified by Growth Area Management plan as 
natural habitat that should be preserved and 

open space should lie into. 

Wellands idenlified by Cily of 
Calgary Parks Department as ---. 

being of significance 
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To the north, incorporation of those habitat patches identified in the Growth Area 

Management Plan will be difficult. These patches are separated by Marquis ofLome 

Trail (Highway 22X) and will become even more separated once highway expansion 

is complete. Providing a physical connection between these patches and the Southeast 

Planning Area open space network would most likely not be economically feasible 

since this would require a wildlife underpass or overpass. 

Elevation 
(in meters) On Site Natural Features 

D 
D 

1052.5 

1047.5 

- 1055 + 

- 1052.5 

Inventory 

The site s topography is gently rolling with no steep or undevelopable slopes. The 

site has an elevation difference of approximately 33 metres from the highest point 

D 1042.5 - 1047.5 
(1055 metres) to the lowest (1022 metres). The site s high point is along a ridge 

running from the southwest to northeast in the north west portion of the site, with 

D 1037.5 - 1042.5 site s low points located in the northeast and southeast. 

D 1032.5 - 1037.5 Based on the soils and geology for the Cranston development, immediately west of 

D 
D 

1027.5 - 1032.5 

less than 1027.5 

the site, the soils are believed to be stable and pose no constraint to development! 

(City ofCalgary Planning and Building Department, City, Community & Downtown 

Planning Division 1998). 

~ Direction of 
Overland Flow Due to the previous conversion ofland into agriculture, there are few natural features 

remaining on site, except for the scattering ofwet areas and sloughs, surrounded by 

patches ofnative vegetation. According to a preliminary evaluation of the wetlands 

in the northwest corner of the site by City of Calgary Biologists, a small cluster of 

wetlands in this area does warrant some protection. The most significant of this 
a 200m 400m 600m lkm 1.5 km grouping is located in the transportation utility corridor and is approximately 7.0 

hectares (17 acres) in size. It is a groundwater recharge basin as is considered 

regionally significant as it is an important breeding and staging area for waterfowl. 

Located along the southern portion of the site are patches ofnative grasses with the 

largest being located just outside the site boundary. 

, For demonstration purposes of this project it is assumed that these conditions are 
transferable to the Southeast Planning Area site. 
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MD of Foothills 

Southeast Planning Area 
Elevation Analysis 
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Analysis 

Topography places no limitations on development of this site as all slopes are 

minimal. However, whenever possible the natural drainage of the land should be 

respected to minimize alteration on the surrounding hydrology. As the most 
significant of the site's wetlands is located in the transportation utility corridor, the 

design should look for ways ofconnecting the open space network to these naturally 

occurring wetlands to help ensure that they continue to function as places for 

groundwater recharge and wildlife habitat. 

In terms of vegetation, the already disturbed nature ofmost of the site means there 

are few areas that are of significant quality. The few aspen groves around potholes, 

and the scattering of mature trees around existing farm residences, are the only 

trees ofsignificant size found on the site. Therefore the design should focus mainly 

on incorporating outside natural features with the site and look for ways to create 

new natural areas, rather than looking to locate open space around existing mature 

tree stands. 

Finally, the site's high points provide opportunities for views ofdowntown Calgary 

and the Rocky Mountains to the west. These should be preserved and enhanced as 

much as possible to help create a unique community character. 

Cultural Features & Issues 
Inventory 

Currently there are a number of agricultural operations still in use on the site. A 

couple of the farms are located on the higher points of land which offer excellent 

views of the mountains to the west and of downtown Calgary to the North. Public 

road access is currently limited and primarily restricted to the northern portions of 

the site. To the south there is no public road access to the river valley. 

Analysis 

Based on the site analysis conducted, it is not believed that any of the farm sites are 

of historical value and therefore worth any extra effort in preserving. The current 

road network and associated infrastructure is minimal and does not warrant 

preservation unless compatible with the design solution. The focus should be on 

preserving views though the provision of view corridors and the creation of vistas 

to the north west and west for views of downtown Calgary and the mountains. 
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Site Images 
The following images of the Southeast Planning Area give an indication of the 

character ofthe landscape. Refer to the map below for the view location on the site. 

Key Map for site photos: 
Arrows indicate position 
and direction from which 
photo was taken. 

MD of Foothills 

o 200m 400m 600m lkm 15 km 
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View #1 
• view west along Marquis of Lorne 

Trail (Highway 22X) 

• highway borders north end of 
site 

• to be widened to four lanes by 
2002 

• views of mountains possible 
• issue of noise and visual 

buffering for new community 
• right of way occupies a 

significant amount of land, 
although may be used for 
recreational purposes 

View #2 
.~,., 

• view south along future 
alignment of Deerfoot Trail 

• will provide access to 
employment centre 

• issues of noise and visual 
buffering require consideration 

View #3 
• view from west boundary of 

site of mountains to the west 
• view currently unobstructed, 

however as community of 
Cranston is developed views 
will be reduced 
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View #4 
•	 view east from northwest 

quadrant of site 
• depicts typical landscape of site: 

rolling agricultural land with 
some trees along the road side 

•	 limited infrastructure invested 
into site 

View #5 
• view from north/central 

portion of site looking west 
• view of farm positioned on one 

of the site's higher points 
• view of mountains in 

background 
•	 little perceivable elevation 

change on site 

View #6 
• spruce hedgerow located at 

the corner of 72 Street and 176 
Avenue SE. 

• example of the types of trees 
on site which warrant little 
consideration for preservation 
due to size and quality 

• may wish to incorporate into 
design solution or transplant 
on site to other locations 
depending on final design proposal 
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View #7 
• view south from ridge at centre 

of site 
• gentle sloping land creates little 

barrier to development 

View #8 
• view north from central/east 

point 
• view of farmstead on 72nd Street 
• downtown Calgary visible 

from this location 

View #9 
• view of aspen copses in east 

end of site 
• example of typical native 

vegetation patches 
• little understorey vegetation 

possibly due to cattle graZing 
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City of Calgary's Plans 
The City of Calgary, in conjunction with the landowners, has already started the 

planning process for future development of the site. At this time, the project is in its 

early stages and only general discussions and decisions have been made in terms of 

its role as an employment centre, surrounding highway expansion, major road 

configuration, and land use mix. The following is a summary ofthe work completed 

to date. 

Employment Centre Strategy 

The Southeast Planning Area has been selected as one of Calgary's three Major 

Suburban Centres which are to intended to "create a significant concentration of 

activity and focal point of office development, medium density residential and 

community facilities" (City of Calgary 1999). It is intended that this new major 

centre would provide jobs in close proximity to the city's projected growth corridors 

reducing future commuter traffic away from already congested downtown routes. 

At the early planning stages, the City has suggested a target population of 

approximately 77,000 and employment for about 10,000. 

Highway Expansion 

With the development of the Southeast Planning Area, upgrading of Marquis of 

Lome Trail (Highway 22X) will be required. This highway, which is part of the 

City's planned ring road system, is located on the north boundary of the site and 

will be widened from two to four lanes by 2007 (City of Calgary Winter 2000). A 

transportation utility corridor (TUC) has been set-aside for this major freeway to 

ite inventol)' & analYsis 

View #10 
• view to north from south end 

of site 
• remnant native landscape 

patches 
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Land Uses 

D predominantly
residential 

D predominantly
public facilities 

D predominantly
employment 

D predominantly
retail 

D transportation
and utility R/W 

•........
 LRT corridor 

major road or 
hignway 

o 200m 400m 600m lkm 1.5 km 

serve both private residential and commercial transportation to either pass by Calgary 

or access areas within in a quick and efficient manner. The TUC is also intended for 

the placement of major utilities such as petroleum pipelines, transmission lines, 

and municipal services, however secondary uses may also be placed within the 

TUC such as agriculture, commercial, recreational, and storage activities. Also it 

has been suggested that the lands adjacent to TUC should be considered in terms of 

being entranceways to the city and therefore consider visual impact, screening, and 

setbacks for development which occurs in the vicinity ofthe TUC (Calgary Growth 

Area Management Plan Planning Committee 1999). The same issues should also 

be considered for the Deerfoot extension, which will run along the west boundary 

ofthe site and act as the gateway to the City from the south. Along the east side of 

the site, the north/south running east freeway will form the eastern boundary of the 

site. As a result, major highways will surround the site on three sides. These highways, 

in conjunction with the escarpment to the south, will create a limited number of 

access points for vehicles. This provides an opportunity for a relatively unfragmented 

greenbelt surrounding the site, which can include the highway right of way, which 

permits secondary land uses such as recreation and agriculture, to be located within 

the right of way. 

Major road alignment & Land use configuration 

A grid ofmajor roadways has been proposed for the site. These roads divide the site 

into six communities, with community four, at the centre being predominantly public 

facilities. To the west is the predominantly retail and employment centre running 

along the site s high point. The future light rail transit line (LRT) is also proposed 

and will have a station just east of the mixed use town centre, putting it within a 20 

minute walk of approximately one quarter of all residents. Two additional stations 

are also being considered north of and east of the employment centre. 

Two school site s are also proposed for the site: one in community four, in conjunction 

with a health care facility and regional recreational centre, and one in community 

two. Throughout each community it is intended that a mix of housing types and 

create an adequate population base to support transit and local retail. 

392 AppendiX G 



MD of Foothills 

City of Calgary Land 
Use Concept 
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MD of Foothi lis 

o 200m 400m 500m lkm 1.5 kmDistance from 
Employment Centre 
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