
 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    1 

 
 
 

 
 
 
 
 

Climate Change Mitigation and Adaptation through Suburban Sustainable Landscape:  
A Case Study of the City of Colwood 

 
by  

 
 

NAFISEH RASHIDIANFAR 
 

 
 
 
 

A Thesis Submitted to the Faculty of Social and Applied Science 
in Partial Fulfilment of the Requirements for the Degree of  

 
 
 

MASTER OF ARTS IN ENVIRONMENT AND MANAGEMENT 
 

 
 

Royal Roads University 
Victoria, British Columbia, Canada 

 
 

Supervisor: DR. CHRISTOPHER LING 
MARCH, 2022 

 
 
 
 
 

  NAFISEH RASHIDIANFAR, 2022 



 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    2 

 
COMMITTEE APPROVAL 

 

The members of Nafiseh Rashidianfar’s Thesis Committee certify that they have read the 

thesis titled Climate Change Mitigation and Adaptation through Suburban Sustainable 

Landscape: A Case Study of the City of Colwood and recommend that it be accepted as 

fulfilling the thesis requirements for the Degree of Master of Arts in Environment and 

Management: 

 

   Dr. Christopher Ling [signature on file] 

   Dr. William Dushenko [signature on file] 

    

 

 

Final approval and acceptance of this thesis is contingent upon submission of the final copy 

of the thesis to Royal Roads University. The thesis supervisor confirms to have read this 

thesis and recommends that it be accepted as fulfilling the thesis requirements: 

   Christopher Ling [signature on file] 

 

  



 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    3 

 
Creative Commons Statement 

 

This work is licensed under the Creative Commons Attribution-NonCommercial-ShareAlike 

2.5 Canada License. To view a copy of this license, visit 

http://creativecommons.org/licenses/by-nc-sa/2.5/ca/.  

Some material in this work is not being made available under the terms of this licence: 

 Third-Party material that is being used under fair dealing or with permission. 

 Any photographs where individuals are easily identifiable.  

 

  



 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    4 

 
Acknowledgment 

I would like to acknowledge, with gratitude and respect, the territories of the 

Xwsepsum (Esquimalt) and Lekwungen (Songhees) peoples, where I have lived, learned, and 

conducted this research for the last two years. 

Additionally, I would like to express my sincere gratitude to my supervisor Dr. 

Christopher Ling for his consistent insights, support, patience, knowledge, and enthusiasm 

throughout this project. and my appreciation to the committee member Dr. William 

Dushenko for guidance, comments, and feedback through the process.  

I am grateful that this work was partially funded by the Mitacs Canada’s Research 

Training Award (September 2020), McLean Foundation Awards for Environmental Studies 

(June 2021), Chawkers Foundation Awards for Environmental Studies (June 2021), and TD 

Environmental Sustainability Scholarship (September 2021). 

Finally, I would like to send my gratitude to my family, especially my parents, for 

their unconditional love, support, encouragement, and peace of mind that they provide from 

far away, and my great friends for their encouragement along the way in the very intense 

academic years.  



 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    5 

 
Abstract 

This case study explores sustainable landscape features and solutions to the impacts of 

climate change in the City of Colwood, a suburban area on Vancouver Island in Canada. It 

does so by addressing this research question: What landscape features could be incorporated 

into a suburban landscape to enhance its ability to mitigate and/or adapt to climate change? 

The main goal of the case study is to define relevant sustainable suburban landscape features 

that will potentially help the City of Colwood mitigate and/or adapt to climate change. A 

qualitative approach has been taken to data collection from a variety of primary and 

secondary resources—reports, government publications, articles, and case studies from other 

jurisdictions. These documents have been used to identify landscapes that can address climate 

change mitigation and/or adaptation. The study’s results on sustainable landscapes in 

suburban areas could contribute to revisions in laws and policies on sustainable urban 

landscapes and to future plans and developments in this area. 

Key words: climate change, mitigation, adaptation, sustainability, regenerative 

thinking, landscape ecology, urban landscapes, suburban landscapes, sustainable landscapes, 

City of Colwood. 
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Glossary 

Climate Change: The evidence of increases in global average air and water 

temperature, shrinking ice sheets and arctic sea ice, and global sea-level rise due to human 

activities that is a major threat to biotic interactions, abiotic systems, and humans (IPCC, 

2007). 

Landscape: A cluster of ecosystems, comprised of patches in a matrix connected by 

corridors that is resulted from a dynamic interaction between nature and humans (Antrop, 

2006; Forman & Godron, 1981) 

Patches: The basic units of landscape with common characteristics, structure, or 

composition with key functions (Forman, 1995; Forman & Godron, 1981, 1986) 

Corridors: The individual units or a network of interconnected patches that assist the 

movement and flow of the species in landscape (Forman, 1995; Forman & Godron, 1981).  

Matrix: Patches along with corridors, form parts of the matrix as a mosaic. Matrix is 

the background ecosystem of these mosaics (Forman & Godron, 1981). 

Suburban Landscape: The areas with special environmental circumstances between 

urban and rural land use, with a high level of richness, density, and diversity of species and 

intermediate level of disturbances compared to rural areas that seem more likely to contribute 

ES for sustainable development (Čepelová & Münzbergová, 2012; de la Barrera, 2016; 

Forman & Godron, 1981). 

Sustainability: A process of reconciliation of ecological changes, social transitions, 

and economic stability (Amin, 2012; Antrop, 2006; Dale, 2001) 

UEI: An integrated framework of five landscape components of (1) blue landscape 

(water-based); (2) green landscape (vegetated); (3) grey landscape (non-living); (4) exits 
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including outflows, treatment, or recycling; and (5) arteries (corridors) that represents 

ecosystem services and sustainable urban systems, regardless of landscape transformation 

and climate change (Li et al., 2017) 

Regenerative Sustainability: A co-evolutionary concept of sustainability with a 

social-ecological system approach that considers humans as a part of and in partnership with 

nature (Mang & Haggard, 2016) 
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Introduction 

The climate is rapidly changing due to human activities and natural variability on a 

global scale (IPCC, 2007), affecting humans and nature in different ways. The current 

environmental crisis suggests that humans have failed both to limit climate change and to 

address its consequences, threatening both humans and the natural environment alike.  

The landscape comprises a cluster of ecosystems that provide humans with a variety 

of ecosystem services (ES) and opportunities to respond to climate change. Several studies 

(de la Barrera et al., 2016; Rubinoff, 2021) argue that shifting from current urban landscape 

structures to more suburban landscape structures is more likely to contribute ES for 

sustainable development. Suburban landscapes offer opportunities for sustainable 

development because, on average, they have greater density and diversity of species than 

urban landscapes (Forman & Godron, 1981). Therefore, a better understanding of suburban 

landscape enables us to discover the landscape elements, their features, and their ES that 

could help tackle climate change. 

 This thesis will identify climate change impacts at various scales, mitigation and 

adaptation strategies, landscape ecology, sustainability, and sustainable landscape in the 

suburban context of the City of Colwood in southern Vancouver Island. Colwood is a coastal 

community considered to be at low to moderate risk from climate change impacts, which will 

manifest as sea-level rise, changes in albedo, and alterations in temperature (Grimm et al., 

2008; Lemmen & Warren, 2004; Official Community Plan, 2019). The Colwood landscape is 

enriched with natural vegetation, parks, lakes, watersheds, and other suburban landscape 

elements with the potential to assist the community in its response to climate change. 
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This case study research presents climate change impacts and landscape elements 

categorized into eight landscapes in the City of Colwood and determines how the suburban 

landscape ecology—and its ES—can benefit humans and help them respond to climate 

change over time. In addition, regenerative sustainability is discussed as a co-evolutionary 

concept of sustainability practices in the present era. Regenerative sustainability is a social-

ecological system approach that considers humans as a part of nature and uses a collaborative 

process to achieve “net positive outcomes and a state of interactive adaptability” (Camrass, 

2020, p. 404; Mang & Haggard, 2016;). The research suggests that planners in Colwood 

might consider using regenerative system thinking (Mang & Haggard, 2016) to determine 

how the ecological, social, and economic infrastructures in Colwood could be used to adapt 

to and mitigate climate change impacts in this community.   

Research Question and Objectives 

Research Question 

 My research question is “What landscape features could be incorporated into a 

suburban landscape to enhance its ability to mitigate and/or adapt to climate change?” 

Research Objectives:  

1. To identify the main climate change impacts faced by the City of Colwood, based on 

current circumstances and local plans. 

2. To identify the landscape ecological features of a suburban area, including patches, 

matrix, and corridors as they relate to sustainability and climate change mitigation and 

adaptation.  

3. To identify existing and potential landscape features and ecosystem services in 

Colwood that could adapt and/or mitigate climate risks. 
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Potential Significance of the Research 

Determining the ecological features that can help the City of Colwood respond to 

climate change impacts will lead to a better understanding of the ecological and socio-

economic impacts of climate change in the context of the case study and demonstrate how 

landscape elements provide ES to tackle these impacts. 

The outcomes will contribute to theories and knowledge about how local authorities 

can use and sustain the suburban landscape of the City of Colwood to respond to climate 

change in terms of mitigation and/or adaptation. This research will also provide researchers 

with ideas, practical recommendations, strategies, and policies for future studies on climate 

change issues, mitigation and/or adaptation, and on sustainable suburban landscapes within 

different contexts. 
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Literature Review 

Climate Change 

From global to local scales, the climate is changing in response to human activities 

that contribute to global warming. The Fourth Assessment Report of the Intergovernmental 

Panel on Climate Change (IPCC, 2007) indicates evidence of rapid climate change, such as 

sea-level rise, global temperature increases, warming oceans, shrinking ice sheets, declining 

arctic sea ice, glacial retreat, and ocean acidification, all of which affect the air, water, plants, 

animals, and humans—our health, livelihood, economy, agriculture, and society. Thus, 

climate change impacts can be seen across different dimensions: ecological, social, and 

economic (Gasper et al., 2011; IPCC, 2007; Larsson, 2003), many of which overlap.  In terms 

of ecology—physical or ecosystem-relevant impacts—Montoya and Raffaelli (2010) point 

out that climate change is a major threat to biotic interactions (e.g., biodiversity) and abiotic 

systems (e.g., low precipitation and high radiation), affecting human health and well-being 

associated with ES. Gasper et al. (2011) define social impacts as those affecting physical and 

emotional well-being, health, food, water, livelihood, and displacement, whereas the authors 

define economic impacts as those referring to the flow of goods and services within an urban 

area. They argue that social and economic impacts are strongly interrelated. The effects of 

climate change will be more evident in cities and urban areas that are facing both changing 

ecological conditions (e.g., sea-level rise and more frequent flooding) and changing economic 

and social conditions (e.g., increased risk of health issues and disease, potential loss of 

cultural values, potential property loss and maintenance costs of facilities) (Gasper et al., 

2011; Gill et al., 2007; IPCC, 2007; Warren & Lemmen, 2004). 
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Larsson (2003) asserts that reducing climate change impacts requires both global 

actions for reducing greenhouse emissions (mitigation) and an adjustment of practices and 

policies in response to climate change (adaptation). According to Larsson (2003), mitigation 

is quantifiable, achievable, and not difficult to understand because there are only a handful of 

recognizable drivers, relatively few systems are involved, and national targets and timetables 

for reducing GHG emissions are measurable. However, Larsson continues, adaptation may be 

more complicated because it involves an interplay of economic, social, and ecological effects, 

which are unlikely to be guided by fixed targets and timetables; rather, adaptation requires 

persistent adjustment in a gradual fashion. Larsson (2003) maintains that, while national 

governments play an important role in mitigation strategies and are a stakeholder in 

development and implementation, local governments and private-sector organizations play a 

larger role in adaptation strategies. Although the public may feel removed from national 

mitigation strategies, they are often heavily involved when it comes to adaptation, and local 

support is often critical for adaptation projects (Larsson, 2003).  

This case study focuses on a coastal community, part of an urban ecosystem, where 

sea-level rise and more frequent intense storms may result from global climate change 

(Grimm et al., 2008; Hopkinson et al., 2008). Indeed, changes in albedo, evapotranspiration, 

surface energy, and even dust generation in “local” areas are likely to increase urban heat 

islands, oasis impacts, and drought that exacerbates global warming (Grimm, 2008). These 

changes show the two-way interaction between urban processes and climate change. 

Landscape 

According to Turner et al. (2001, p. 7), “A landscape is an area that is spatially 

heterogeneous in at least one factor of interest”. In a geographical context, landscape plays a 

key role in the dynamic relationship between nature and humans that can be perceived at a 
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variety of spatial scales. In the current study, landscape mainly refers to the concept of 

“landscape ecology” identified by Forman and Godron (1981, 1986) as an ecological, 

dynamic, distinct, and measurable unit (that has a variety of characteristics): “a recognizable 

and repeated cluster of stands or ecosystems, composed of patches in a matrix, connected by 

corridors that comprise a mosaic of disturbance regimes, structures, and functions” (Forman 

& Godron, 1981, p. 733; 1986; Risser, 1987).  

Antrop (2006) defines landscape as a concept that integrates material-physical reality 

resulting from a dynamic interaction between nature and humans, and immaterial existential 

values and symbols.  From Antrop’s perspective (2006), landscape refers not only to 

ecological components of the land but also to social processes (e.g., community awareness, 

engagement, and collaboration) and to the context in which social change takes place. He also 

asserts that missing from the current understanding of landscape are holistic and integrated 

perspectives and sustainability. For example, ecological values are not integrated with 

economic perspectives. For Antrop (2006), these perspectives need to be considered and 

integrated to formulate new frameworks based on the context, vision, natural capital, social 

capital, and the current condition of the case. 

From another perspective, landscape refers to the interaction between human-made 

and natural features including biophysical, social, and economic characteristics—from the 

micro-climate to the macro-climate (Gill et al., 2007). Landscapes, from local to regional to 

global scales, provide humans with different ES, including air purification, water infiltration, 

soil formation, and recreational and education opportunities (Gill et al., 2007; Termorshuizen 

& Opdam, 2009). In addition, landscapes are potential ecological responses to climate change 

because they provide ES such as biodiversity, habitats for different species, water regulation, 
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and the carbon cycle that could respond to climate change (Gill et al., 2007; Montoya & 

Raffaelli, 2010). 

Turner et al. (2001) and Sannagrahi (2019) argue that the central focus of landscape 

ecology is the relationships between spatial patterns and ecological processes and ecosystem 

dynamics.  For these authors, the spatial patterns and interaction of landscape components 

include the fluxes and dynamics of organisms, materials, and energy, as well as ecological 

processes. 

As defined above, landscape comprises a variety of components, ranging from 

structure to dynamics and fluxes to ecological process (Antrop, 2003, 2006; Forman & 

Godron, 1981, 1986; Risser, 1987, 2006; Sannigrahi, 2019; Turner et al., 2001).  I have 

therefore explored these components to address my research questions below.  

Landscape Structure  

Landscape structure is the spatial arrangement of patches surrounded by a matrix and 

corridors, formed by flows from past to present that have created changes in the land mosaic. 

In turn, structure determines the flows and movements, which, over time, also change 

patterns and processes in the landscape; in this way, there is a connection between structure 

and function in landscape (Forman, 1995; Forman & Godron, 1981). Landscape structure can 

be measured by the distribution of the numbers and kinds of habitat patches, energy, mineral 

nutrients, and species, which provide spatial solutions in addressing all of society’s land use 

objectives (Forman, 1995; Forman & Godron, 1986). 

The way spatial elements are arranged in the landscape determines the degree to 

which the landscape regulates the flow of species, energy, and material, the movement of 

species, and disturbances, which act either as a barrier or as a channel increasing flow and 
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movements. For instance, deforested and built areas can affect the movement of species 

(Forman, 1995). 

Landscape Components 

Patches: Considering Forman and Godron’s definition (1981, 1986) of patches as “a 

spatial concept focused on a small area”, patches are the basic units of landscape that 

demonstrate common characteristics. Patches differ from one another in two main ways: in 

their origin, casual mechanisms, dynamics, stability and turnover, and biological patterns; 

and in their size, shape, and spatial configuration (Forman & Godron, 1981). Table 14 

(Appendix A) shows the five different types of patches identified by Forman and Godron 

(1981,1986), categorized by their origin, their casual mechanism, dynamics, and stability. 

In the ecological context, Forman and Godron (1981, p. 31) define patches as 

“communities or species assemblages surrounded by a matrix with a dissimilar community 

structure or composition.” The number of community types is a key structural characteristic 

of landscape that provides us with everything from biotic richness, productivity, nutrients, 

and water fluxes to potential for mapping of land use planning and analysis of landscape 

structure (Forman & Godron, 1981; McHarg, 1969). Patches, along with corridors, form parts 

of a matrix, which show several characteristics such as a degree of heterogeneity and 

connectivity (Forman & Godron, 1981). 

Forman (1995) considers large natural-vegetation patches as the only structural 

elements that serve significant ecological roles and provide many benefits in landscape. 

These patches have several key functions: they sustain populations of animals and plants; 

offer large mammals escape cover from predators and protection from core habitat 

destruction; and they protect aquifers and streams (Forman, 1995). According to Forman, 
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small natural-vegetation patches also benefit the landscape. He suggests that they should be 

considered as supplementary to large patches because they allow species to disperse or 

recolonize; protect uncommon species and habitats, which may be scattered in the landscape; 

supply habitat for species that may restrict themselves to a small patch; and make the matrix 

more heterogeneous. However, these small-patch functions can generally be supplied by 

small corridors (Forman, 1995).  

Corridors: A corridor is “a relatively narrow strip of a particular type that differs 

from the areas adjacent on both sides” (Turner et al., 2001, p. 7). Corridors are individual 

units or interconnected patches in the landscape that vary in width, connectivity, and shape 

(for example, from meandering to straight) (Forman, 1995; Forman & Godron, 1981). These 

corridors allow species and genes to move from patch to patch and are key to preventing 

migration and declines in matrix species. If a species declines or disappears in a patch, the 

connected corridors enable the species to quickly re-emerge in the same patch (Forman, 

1995; Forman & Godron, 1981).  

Corridors are classified as line corridors, stripe corridors, stream corridors, and 

networks (Forman & Godron, 1981). In a landscape with human activities, one type of 

corridor usually crosses another one; these intersecting corridors provide varying degrees of 

effectiveness as barriers to migration. Table 16 (See Appendix A) shows the corridor 

categories, their origins, casual mechanisms, dynamics, and examples of corridors. 

Spatial patterns can increase recolonization in the landscape. These patterns include 

corridors, networks, patches surrounded by woodland, small patches in clusters, short 

distances between patches, and stepping stones (Forman, 1995; Forman & Godron, 1981, 

p.137; Opdam, 1991; Verboom et al., 1991). Patterns like these are important because they 
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generate higher degrees of connectivity and functionality, fewer barriers, and less 

fragmentation in the landscape.  

Matrix: A matrix is a place to rest for species moving between different patches 

(Forman & Godron, 1981).  According to Forman (1995, p. 135), “Matrixes vary from 

extensive to limited, continuous to perforated, and aggregated to dispersed.” Matrixes also 

display various degrees of heterogeneity and connectivity, affecting other landscape 

elements. The higher the level of heterogeneity, the stronger the “directional effects” will be 

on “different sides of the patch” (Forman & Godron, 1981, p. 735). 

Suburban Landscape  

Čepelová & Münzbergová (2012) argue that suburban landscapes comprise special 

environmental circumstances between urban and rural land use, with an intermediate level of 

disturbances that are “species-rich” compared to urban or rural areas and provide habitats for 

many rare species. In addition, the species richness and diversity of vegetations including 

woodlands, shrubs, grasslands, ruderal and weedy communities are relatively high in 

suburban landscapes (Čepelová & Münzbergová, 2012).  

Šťastná et al. (2018) imply the diversity of the landscape values in suburban areas 

such as cultural, social, recreational, functional, and natural values which cause them to be 

more complex. Whereas McCann (1999) considers suburbanization in Canadian suburbs as a 

societal process in which these suburban areas have become more homogeneous, and desired 

more for the middle class in comparison to the dense and heterogeneous urban spaces. Thus, 

a suburban landscape refers to dynamic complex areas with richness in species, a high level 

of diversity in species and values, and a medium level of disturbance. 

  



 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    25 

 
Sustainability and Sustainable Landscape 

Dale (2001) defines sustainability as a process of “reconciliation of three 

imperatives”: (1) “the ecological imperative,” living within “global biophysical carrying 

capacity” and maintaining biodiversity; (2) “the social imperative,” ensuring that democratic 

governance develops and that this system reflect people’s values, and (3) “the economic 

imperative,” meeting people’s basic needs worldwide (Dale, 2001, p. 35).  

Climate change issues can be contemplated as part of the larger challenge of 

sustainable development at different scales evaluated using specific criteria (Amin, 2012; 

Damtoft et al., 2008). Additionally, in response to climate change, landscape ecology 

provides spatial solutions through its ES (Forman & Godron, 1995; Termorshuizen & 

Opdam, 2009). De la Barrera et al.’s study (2016) demonstrates how the structure of 

landscape develops and transforms from “semi-natural conditions” into suburban settlements 

(including landscape and ecological conditions). According to the authors, suburban areas 

that increase vegetation cover that is well adapted to the regional climate can supply ES that 

benefit both residents and the wider environment (de la Barrera, 2016). Rubinoff (2021) 

similarly argues that suburban landscapes can improve biodiversity by providing habitats, 

food, and shelter that not only bring some species back but also benefit humans by providing 

a healthier environment.  

Developing sustainable landscape includes many considerations that need to be 

approached holistically, keeping in mind that the landscape is a living system (Amin, 2012).  

Among these considerations are selecting a suitable site; assessing, planning, and pre-

designing; and thinking about water, vegetation, materials, human health and well-being, 

construction, operations and maintenance, and monitoring (Amin, 2012). Amin (2012) also 



 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    26 

 
suggests that sustainable landscapes can influence the quality of spaces environmentally, 

socially, economically, and aesthetically.  

However, Antrop (2006) argues that most concepts associated with a sustainable 

landscape reflect an economic perspective rather than making any direct reference to the 

landscape. He contends that perspectives on sustainability must be holistic and multi-faceted, 

so, for example, economic and environmental perspectives must be integrated. Antrop 

suggests that sustainability needs to be considered “in the context of the irreversible 

processes of urbanization and globalization” (Antrop, 2006, p. 188) and indicates that, far 

from being fixed, the concept of a sustainable landscape changes based on landscape type, 

adapted use, functionality, landscape change, and other factors.  For Antrop (2005), changes 

to the traditional rural landscape are often seen as unsustainable and threatening due to 

potential losses of biodiversity, of identity and heritage, and of coherence over time and 

space. As Forman and Godron (1981), Antrop (2006), and Amin (2012) argue, a sustainable 

landscape is characterized not only by ecological change but also by social transitions and 

economic stability. 

Li et al. (2017) identify Urban Ecological Infrastructure (UEI) as an integrated 

framework that represents ecosystem services and sustainable urban systems, regardless of 

landscape transformation and climate change. Li et al.’s (2017) definition of UEI refers to 

Benedict and McMahon (2006) who defines Ecological Infrastructure (EI) as “strategically 

planned and managed networks of natural lands, working landscapes and other open spaces 

that conserve ecosystem values and functions and provide associated benefits to society.” (Li 

et al., 2017, p. S13) 
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UEI is an “organic integration” of five landscape components that combine at an 

ecosystem scale: (1) blue landscape (water-based); (2) green landscape (vegetated); (3) grey 

landscape (non-living); (4) exits including outflows, treatment, or recycling; and (5) arteries 

(corridors) (Li et al., 2017, p. S12). In addition, the UEI framework depicts internal “biotic 

and abiotic interactions within an ecosystem” and focuses on the connection between species, 

including humans and wildlife conservation (Li et al., 2017, p. S12). 

UEI play a key role in sustainability through the ES provided to the residents. These 

ES functions include water regulation, energy supply, heat reduction, soil fertility, 

metabolism and biodiversity enhancement, runoff reduction, and nutrition retention, as well 

as socio-economic dimensions such as recreational, educational, and cultural services that 

improve urban ecological integrity, resiliency, and sustainability (Li et al., 2017).   

Resiliency is an approach to integrated science that moves social-ecological system 

analysis toward more sustainable development paths and transforms them into “a more 

desirable configuration,” in the face of change (Folke et al., 2002; Folke, 2006). In line with 

this definition of resiliency, Li et al. (2017) argue that a more stable, resilient, and sustainable 

urban system requires new holistic thinking; it also requires that landscape components be 

coordinated to maximise the landscape functions (Li et al., 2017).  

Combining the landscape ecology theory (Forman & Godron, 1981) and UEI 

framework (Li et al., 2017) generates a new perspective that is more systematic, adaptable, 

and resilient than other frameworks in which landscape elements’ responses to climate 

change are treated individually. As shown in Table 1, landscape elements are categorized in 

this framework. The left column lists the five UEI components; the second column provides 

their ES and functions; and the third column presents the landscape elements in each of these 
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categories. Figure 1 illustrates the interconnection between these five components in the 

landscape. 

Table 1:  

Five Components of a Sustainable Landscape, Their Functions, and Landscape 

Elements  

UEI Component Functionality Landscape Elements 

Blue Land 

* The links between rivers and 
lakes: 
Increasing the communication 
between organisms and materials in 
water 
Enhancing the ability of the water to 
self-purify, digest pollution, and 
restore ecology  
Urban wetland protection 
Water resources protection 
Aquatic biodiversity 
Providing habitat for ecological 
restoration of urban aquatic 
ecosystems 
* Wetlands and ponds: 
Water conservation 
Water purification 
Climate regulation 
Water activation 
Landscape beatification 
Avoiding water eutrophication  
Flood control 
Increasing biodiversity 
Ground water replenishment 
Strom protection 
Natural “sponges” playing role in 
water seepage, retention, storage, 
purification, and drainage 
A key step in sponge city 
construction 

- Wetlands 
- Streams and rivers 
- Lakes 
- Ponds 

Green Land Improving air quality - Urban parks 
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UEI Component Functionality Landscape Elements 

Microclimate regulation 
Maintaining biodiversity 
Urban aesthetics 

- Forests 
- Farmlands 
- Green roofs 
- Woodlands 
- Street-side green strips 
- Green corridors 
- Other natural and artificial 
green spaces 

Grey Land 

Reconstructing or restoring the urban 
“skin” (surface) 
Increasing urban soil functions such 
as storage, regulation, filtering, and 
biomass production 
Remediating the impacts from sealed 
urban soils 
Water conservation 
Storm-water runoff management  
Water quality management 
Pollutant control 
Electricity savings 
Habitat provision for wildlife 

- Roads and highways 
- Electrical grid 
- Artificial drainage system 
and utilities 

-  (Permeable pavement and 
vertical plantings) 

Exits 

Reduction and disposal 
Natural buffering and purification 
Artificial disinfection 
“Mining” of waste (waste reduction) 
Resource regeneration 
Reuse and recycling 
Transformation from a single 
pollutant discharge to ecosystem 
circulation 
Tackling urban pollution problems  

- Flows of urban waste such 
as sewage treatment 
facilities, air, and 
emissions outlets, as well 
as buffering belts 

- Buffer zones 

Arteries 

Controlling urban sprawl 
Urban social and economic 
developments 
Alleviating traffic congestion 
Air pollution mitigation 
Heat island reduction 
Transformation from urban sprawl to 
ecologic development patterns 

- Wind and water systems 
- Channels 
- Traffic lines 
- Metabolism networks 
- Any ecological corridors 
that facilitate flow of 
materials between 
components 
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UEI Component Functionality Landscape Elements 

Circulation network maintenance of 
city, people, material, air, water, and 
wind 
Connecting disconnected river 
segments 
Recovering the groundwater drainage 
for surface water flow (which 
facilitates grey lands) 

Note: Adapted from Forman & Godron (1981); Li et al. (2017) 

Figure 1:  

The Integrated Network of UEI Components  

 

Note: Adapted from Li et al. (2017) 

Sustainability Challenges Associated with Suburban Development 

Although the sustainable landscape has been investigated in different studies (e.g., 

Amin, 2012; Antrop, 2006; Dale, 2001; Rubinoff, 2021; Termorshuizen & Opdam, 2009), the 

sustainability challenges associated with the suburban landscape are not mostly considered in 

studies. Leichenko & Solecki (2013) argue that these areas are confronting continuous land-

use conversion in new developments resulting in significant ecological stress such as 

hydrological alteration, higher water and air pollution, and lower the ES that they provide to 

the context. 
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In addition, Miralles-Guasch & Domene (2010) discuss that the suburban landscape in 

North America mainly remained “single-use” and “car-dependent” that could lead to higher 

greenhouse gas emissions in the area. These new developments could also cause 

fragmentation in the landscape threatening species movement and habitats. 

Trajectory from Sustainability to Regenerative Sustainability 

Mang and Haggard (2016, p. XXX) classify the evolution of sustainability practices 

into three overlapping phases: (1) “a steady state of equilibrium,” achieved through being 

efficient and reducing the harmful effects of human activities (p. XXIV), (2) “the 

maintenance of the health and productivity of the system,” achieved through designing 

resilient systems and processes that can withstand unexpected changes (p. XXV), and (3) 

“human co-evolution in partnership with nature,” achieved when humans consider 

themselves as part of nature, not as “outsiders” (p. XXVI).  Mang and Haggard’s three-

phased co-evolutionary concept is called “regenerative development.” It focuses on taking a 

socio-ecological systems approach to develop “the capacity of living systems” and to enhance 

these systems’ “potential for diversity, complexity, and creativity,” a process that could help 

humans to address climate change issues (Mang & Haggard, 2016, p. XXVII).  

To bring about regenerative sustainability, regenerative thinking design is required. 

Figure 2 illustrates the three key agents of regenerative thinking design: “design product, 

process, and designer” and the interconnections among these agents (Mang & Haggard, 2016, 

p. XXVII). The design product refers to “continuous actions in a system in which the product 

is created” that enhances system values. The process is about “shaping the consciousness, 

capabilities, and aspirations” that foster a community’s capacity for change, while the 

designer in Mang and Haggard’s model (see Figure 2) refers to the unique characteristics of 
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the individuals taking action (Mang & Haggard, 2016, p. XXXIII). The dominant 

regenerative thinking agent being used in sustainability decisions in the City of Colwood 

appears to be in the second line of work (process), which suggests community collaboration 

and growth. For Colwood, climate change policies are part of the City’s plan to put suitable 

measures in place and engage the community in adapting to climate change and becoming 

resilient (Official Community Plan, 2019, pp. 22-24, p. 84). To pass the second line of work 

and get to the third, Colwood needs to address the uniqueness of its places, residents, nature, 

organizations, community, and stakeholders to understand the true value and potential they 

contribute to the system at different scales. The City also needs to consider how it could 

support the system through providing social-ecological infrastructure. 

Figure 2: 

Three Key Agents of Regenerative Thinking Design  

 

Note: Adapted from Mang and Haggard (2016) 

Additionally, an inner process is essential for growth in regenerative thinking—

growth that is required to foster and connect cultural and societal values. This inner process 

can be achieved through adaptability, flexibility, resiliency, willing to learn, and intelligence 
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(Iftakhar & Bahauddin, 2018; Mang & Haggard, 2016;). When cultural and societal values 

are connected, self-awareness and self-knowledge are enhanced. As well, people can discover 

empathy, respect, and compassion for others. They can also use a common language to create 

the context for inner transformation through shifts in mindset and behaviors and to ease the 

outer transformation in terms of collective actions (Hardman, 2010; Mang & Haggard, 2016; 

Rath & Conchie, 2008). The process that the City of Colwood uses in making sustainability 

decisions will be discussed again in the recommendations section later in this report. 

Methodology 

Research Methodology  

Sustainable landscape is a possible tool for climate change mitigation and/or 

adaptation (Amin, 2012; Antrop, 2007; Opdam, 2009). In this thesis, I study suburban 

landscape in the City of Colwood in terms of its ecological, social, and economic dimensions, 

as well as interrelated elements, such as climate change impacts, sustainability, landscapes, 

landscape ecology, and landscape ecosystem services (Forman, 1995; Gill et al., 2007, 

Kazmierczak & Carter, 2010). 

Research Approach  

A case study approach has been used to conduct this investigation. A case study is in-

depth, multifaceted research that can be both quantitative and qualitative. When engaged in 

case study research, researchers investigate a phenomenon in detail and depth, using 

“multiple sources of evidence” (Creswell, 2009; Feagin et al., 1991; Yin, 1989, p. 23). 

According to Corcoran et al. (2004), the case study approach enables researchers to learn 

about complex matters by using description and contextual analysis. 
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Case study research can be conducted from many disciplinary perspectives, and the 

researchers can choose from a wide array of research design and data collection techniques. 

Typically, case study researchers are seeking to answer questions of “how” or “why.” Their 

research might include exploration, description, explanation, evaluation, and/or prediction; if 

the case study research effectively analyzes practices and provides evidence for its 

conclusions, it may have “transformative values” for others (Corcoran et al., 2004, p. 9). 

Considering the research questions, objectives, and the complex schemas studied here—

climate change, landscape, and sustainability—a case study approach is appropriate for this 

research.  

The City of Colwood has been selected as the context for this case study because 

Colwood is a coastal community predicted to be affected by climate change, mainly sea-level 

rise impacts, is committed to climate action, exhibits diverse landscape ecology features, and 

has engaged in projects and developments with a focus on sustainability (Colwood Official 

Plan, 2019). For all these reasons, Colwood provides an appropriate case study for the 

investigation of my research questions. The City of Colwood provides ideal conditions to 

investigate theories about climate change mitigation and/or adaptation and landscape ecology 

and to understand how these theories can be applied to practical actions in actual suburban 

developments. 

Data Collection and Analysis 

Data Collection Methods 

The research questions and objectives were the starting points for determining data 

collection and analysis methods. I have conducted my research using qualitative data, starting 

with investigating the terminology and epistemology of climate change, the potential social-
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ecological impacts of climate change in urban areas, landscape ecology, and sustainability. I 

consulted a variety of research articles and documents (e.g., Dale, 2001; Forman & Godron, 

1981, 1986; Forman 1995; Franklin & Forman, 1987; IPCC, 2007; Gill et al., 2007; Opdam 

et al., 2018); archival records gathered from the City of Colwood’s reports on their official 

website1 (e.g., Climate Action Report, 2019; Colwood Official Community Plan, 2008, 

2019); and visual data including available local maps (Colwood PRMP, 2021; CRD Regional 

Maps2), plans (Official Community Plan, 2019), and policies (e.g., Climate Change and the 

Colwood Coastline, 2015; Colwood Official Community Plan, 2008; Colwood Official Plan 

2019). 

I have identified the main ecological, social, and economic impacts of climate change 

on both humans and nature in Colwood: sea-level rise, coastal erosion, increased runoff, 

flooding, biodiversity loss, health issues, and potential losses due to flooding and erosion 

(Official Community Plan, 2019; Lemmen and Warren, 2004). I have also explored the 

ecological landscape elements of Colwood with consideration of UEI components; and 

landscape ecology components including patches, corridors, and matrix (Forman, 1995; Li et 

al., 2017). To accomplish this, I researched the spatial and temporal data of trails and parks, 

green infrastructures, natural parks, green spaces, forests, watersheds, lakes, wetlands, and 

built environment. Table 2 shows the key resources I used to collect data to accomplish the 

three main objectives of this study.  

  

 
1 https://www.colwood.ca/city-hall/plans-reports  
2 https://maps.crd.bc.ca/Html5Viewer/?viewer=public 
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Table 2: 

Data Collection Using Key Resources to Address Research Objectives  

Research Objectives 
to Accomplish 

Required 
Data 

Proposed and 
Potential Collected 

Data 

Utilized Key 
Resources 

Objective 1 
(To identify the main 
climate change 
impacts in the City 
of Colwood, based 
on the current 
circumstances and 
local plans.) 

Landscape, 
Landscape 
Ecology, 
Climate 
Change 
Impacts, 
Sustainable 
Landscape 

Terminology of the 
principles in this 
research 
Potential ecological, 
social, and economic 
impacts of climate 
change in urban areas 
Finding the relevant 
case studies, 
problems, and 
solutions 

Forman & Godron 
(1981), (1986), (1995) 
Franklin & Forman 
(1987) 
Dale (2001) 
Antrop (2006) 
Gill et al. (2007) 
IPCC (2007) 
Gasper et al. (2011) 

Objective 2 
(To identify the 
landscape ecological 
features of a 
suburban area 
including patches, 
matrix, and corridors 
as they relate to 
sustainability and 
climate change 
mitigation and 
adaptation.) 

Climate 
change impacts 
in Colwood: 
ecological, 
social, and 
economic 
dimensions 

Study of the impacts 
such as sea-level rise, 
health issues, etc. and 
their impact on the 
community and 
wildlife 

Shaw et al. (1998) 
Lemmen & Warren 
(2004) 
Official Community 
Plan of Colwood 
(2008), (2019) 
Climate change and the 
Colwood coastline 
(2015) 
Capital Regional 
District Database 
(WWW.CRD.BC.CA) 

Objective 3 
(To identify existing 
and potential 
landscape features 
and ecosystem 
services in Colwood 
that could adapt 
and/or mitigate the 
stated climate risks.) 

Existing 
landscape 
features 
(patches, 
corridors, and 
matrix), and 
ecosystem 
services of 
Colwood and 
their abilities 
for climate 
change actions  

Collect spatial and 
temporal data of  
trails and parks, green 
infrastructure, natural 
parks, green spaces, 
forests, built 
environment and 
identify the pattern of 
landscape features to 
find the ecosystem 
services to tackle 
climate change issues 
in the area 

Forman & Godron 
(1981), (1986), (1995) 
Official Community 
Plan of Colwood (2019) 
CRD Regional Map 
(http//: maps.crd.bc.ca) 
Field observation 
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To determine Colwood’s landscape elements, I started with the 11 neighbourhood 

categories in the Parks and Recreation Master Plan of Colwood (Colwood PRMP) (2021) and 

the Colwood Zoning Map (2018) (See Appendix B). Through the process, I found some 

interconnected landscape elements in different neighborhoods. Then, by focusing on the 

degree of heterogeneity and connectivity in the landscape (Forman & Godron, 1981; Forman, 

1995), I combined some of the neighborhoods and classified Colwood into eight landscapes, 

as shown in Figure 3. 
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Figure 3: 

Eight Landscapes of Colwood and Their Boundaries Identified in This Case Study  

 

Note: Adapted from Google (n.d.) 

Due to the human scale in this context, a coarse-grained scale was mainly applied to 

determine the landscape elements and features. These elements include several fine-grained 
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landscapes and large natural-vegetation patches that have high biological diversity (Forman 

& Godron, 1981). Some of the key species and landscape elements affected by climate 

change have been identified, and I have also determined those elements that would benefit 

the most from efforts to tackle climate change.   

I have assessed the landscape, the elements, functions, and ES mainly using Forman 

and Godron’s (1981) landscape ecology theory (1981), the Colwood Official Community 

Plan (2019), Li et al. (2017), and CRD Regional Maps. The landscape’s ES are adopted from 

Millennium Ecosystem Assessment (2005) and Li et al.’s UEI categories and their ES (2017). 

In addition, I have provided evidence from different and essential resources to support the 

assessments of the specific elements.  

Data Analysis 

In the data analysis, I compared the variables of climate change predicted for 

Colwood (e.g., sea-level rise, sand erosion, flooding, etc.) and the impacts of these variables 

on the landscape patches present and potentially impacted by these variables. 

The analytical method used in this research integrated temporal and spatial structures 

with socio-economic perspective analysis of the landscape mosaic and its elements, such as 

forests, greenways, wetlands, ponds, streams, corridors, parks, backyards, roads, the built 

environment, and other landscape elements (Li et al., 2017). This analysis allowed me to 

compare and analyze the quality of ES in the main eight landscapes of Colwood.  

The analysis was prepared by using historical aerial photos and by comparing the 

previous, current, and projected changes in the landscape and its ES when it comes to climate 

change impacts. The results are reported as maps, graphics, figures, and narrative 

explanations. The risks of climate change are presented to show how the landscape’s ES will 



 
 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                    40 

 
support sustainable development from an integrated ecological, societal, and economic 

perspective in response to climate change.  

Biases and Limitation of Methodological Approach and Researcher 

The amount of available data, definitions, terminology, and concepts for the literature 

review was so massive that I found it hard to focus on the data most relevant to the topic and 

the case study. Also, due to the complexity of natural ecosystems (May, 2019), time 

restraints, and available data, some analysis and components were likely missed or not 

considered. 

Delimitations 

This research addresses the previous and current conditions, as well as the future 

developments, in the City of Colwood. To determine the most relevant criteria for sustainable 

landscape ecology, I considered the ecological, social, and economic context of this 

community. The authorities in Colwood have established sustainability goals and proposed 

climate change impacts (e.g., Hamilton et al., 2011; the Official Community Plan of 

Colwood, 2008), which helped me to determine relevant terminology, definitions, 

descriptions, concepts, and theories (Antrop, 2006; Dale, 2001; Forman, 1995; Forman, 1987; 

Forman & Godron, 1981; Franklin & Forman, 1987; Gasper et al., 2011; Opdam et al., 2018). 

Case Study Site: City of Colwood, Location, Character, How and Why? 

Location and Character 

Located on the southern-most tip of Vancouver Island, the City of Colwood is a 

suburban area on the shore of the Salish Sea within the Cascadia bioregion (Figures 4 and 5). 

Colwood’s natural vegetation is dominated by coastal Douglas fir and Garry oak woodlands. 

The city is situated on the land territories of the lək̓ʷəŋən people, the North American Coast 
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Salish Family, known as Songhees, and the region has been home to the Esquimalt Nations 

for hundreds of years (British Columbia Assembly of First Nations, n.d.; Songhees Nation, 

n.d.). Colwood’s landscape today, including the Esquimalt Lagoon and the Coburg Peninsula, 

was formed by glaciers when they retreated more than 10,000 years ago (Official Community 

Plan, 2019). 
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Figure 4: 

Colwood Regional Context (City of Colwood Official Community Plan, 2019) 

 

Note. The red dash line shows the context studied by Capital Regional District (CRD). Adapted with 

Copyright Permission from City of Colwood Official Community Plan (2019). 
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Figure 5: 

Context of the Case Study (City of Colwood Official Community Plan, 2019) 

 

Note. Adapted with Copyright Permission from City of Colwood Official Community Plan (2019)  
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Landscape of Colwood  

As Lemmen and Warren argue (2004), climate change will impact coastal zones and 

marine regions all over Canada: water levels will rise as seasonal ice cover thins, ice caps and 

glaciers melt, wave patterns change, and storm surges become stronger.  Ecological impacts 

will range from increasing erosion along shorelines and coastlines and more coastal flooding 

to the intrusion of salt water into freshwater aquifers and habitat loss (Lemmen & Warren, 

2004). Lemmen and Warren (2004) point out that sea-level elevations will not be uniform 

across the globe; they will vary according to how geological processes influence the land and 

sea, how the changing ocean—tidal range upwelling, currents—affect the shoreline, and how 

stable or sensitive the coastline is in local areas. 

Shaw et al. (1998) consider that the sensitivity of coastal areas of south Vancouver 

Island to sea-level rise is low to moderate, assuming that the coastal infrastructure is regularly 

maintained and replaced, as necessary. However, tsunamis,3 which may occur more 

frequently as a result of sea-level rise pose a significant threat to Vancouver Island’s outer 

coasts and inlets (Lemmen & Warren, 2004; Shaw et al., 1998).  

According to Lemmen and Warren (2004), sea level rise and storm surges will alter 

the shorelines. Beaches will erode and retreat, bluffs will erode, and barrier islands will 

migrate towards the mainland, which they currently protect from storms. Other severe 

impacts could include inundation of coastal lowlands, with potentially devastating social and 

economic impacts, disruptions in transportation, infrastructure damage—including sewage 

and water treatment disruptions—and losses in fishing and tourism (Farber et al, 2002; 

Lemmen & Warren, 2004). 

 
3 “…ocean waves generated by submarine earthquakes” (Lemmen and Warren, 2004, p.122) 
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Colwood’s Official Community Plan (2008) indicates that all communities with a 

coastline in North America must deal with climate change impacts, such as sea-level rise 

(Colwood Official Community Plan, 2008). As Colwood's Director of Engineering (2015) 

points out, with its five miles of ocean waterfront, Colwood could be at risk of erosion, storm 

surges, and flooding resulting from climate change. 

The Capital Regional District has provided general climate projections for the region 

in the coming years, indicating that there will be more extreme weather events, including 

summer heatwaves, winter temperatures will increase, and more precipitation will fall in 

autumn, winter, and spring (Capital Regional District, 2017; Colwood Official Community 

Plan, 2019). As the Plan (2019) states, these changes could have ecological and health 

consequences. For example, extreme precipitation, particularly after drier summers, could 

increase runoff and flooding; the shoreline could erode; damage could be done to sewage 

infrastructure affecting water quality; wildlife habitat and agricultural production could be 

disrupted; and wetter weather could mean that residents develop more respiratory problems 

(Colwood Official Community Plan, 2019). Thus, the evidence indicates that complex 

impacts are expected in Colwood due to climate change, with ecological, social, and 

economic consequences (See Table 3).  

Colwood is committed to being a climate leader and to instituting climate action 

plans: to improving by improving infrastructure for “active transportation” such as biking, to 

providing rebates for energy saving upgrades in the community, to collaborating with the 

International Council for Local Environmental Initiatives (ICLEI), and to carrying out green 

business practices. However, the actions taken to date seem to be insufficient to deal with the 

complex impacts of climate change, such as biodiversity loss, flooding, storm surges, runoff, 
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and extreme weather events (City of Colwood, n.d.; Colwood Official Community Plan, 

2019). Table 3 illustrates the major impacts of climate change in a narrow area from 

ecological and socio-economic perspectives, which must be considered in city plans, policies, 

and documents. 

Table 3:  

Major Climate Change Impacts in City of Colwood, and Their Ecological and Socio-economic 

Impacts  

Climate Change Impacts Ecological Impacts Socio-economic Impacts 

Sea level rise 

More coastal inundation 
More coastal erosion 
Increased erosion and/or 
sedimentation 
Saltwater penetration into 
freshwater aquifers 
Less sea-ice cover 
More storm-surge and flooding 
due to longer seasons and 
wave development 
Higher sea surface and 
temperature 
Potential loss of wetlands 
Coastal habitat loss  
Changes in species’ 
distribution and abundance 
Changes in ecosystem 
structure 
Impacts on sewer and 
recreational systems 

Coastal infrastructure 
erosion 
Changes in shipping season 
and renewable resources, 
affecting port facilities and 
fisheries 
Property loss and potential 
loss of life due to flooding 
Increased risk of disease 
Loss of cultural resources 
and values 
Potential significant 
economic and maintenance 
costs 

Changes in temperature 

Warmer winter temperatures 
Extreme hot days 
More precipitation in the fall, 
more runoff and flooding 
Lower water quality 
Changes in wildlife habitat 
Agricultural production 
disruption 
Biodiversity loss  

Affecting agricultural 
industry 
More maintenance costs 
Lower air quality and more 
respiratory diseases 
Lower quality of public 
space and less street life 
More costs to provide 
comfort zones in both 
buildings and public spaces 
Higher costs for society 

Note: Adapted from Colwood Official Community Plan, 2019; Lemmen & Warren, 2004 
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Analysis and Results 

In the preceding paragraphs, I discussed the ecological and socio-economic impacts 

resulting from climate change in the City of Colwood, whose sensitivity to climate change is 

low to moderate (Lemmen & Warren, 2004). I also explained that the Colwood landscape is 

enriched with the elements and features that provide ES for the area to tackle these climate 

change impacts. For the purposes of this research, the Colwood area has been classified into 

eight landscapes. In this section of the thesis, I investigate the elements of these eight 

landscapes, individually. 

Coastal Landscape 

One of the key elements of Colwood’s coastal landscape is the Esquimalt Lagoon 

Migratory Bird Sanctuary (Figures 6 and 7). Established in 1939, the sanctuary offers a rich 

feeding ground, shelter, and nesting habitat for both local and migratory waterfowl. 

Numerous species make the lagoon their home, including bivalves, sand dollars, sea lettuce, 

and eelgrass (Government of Canada, n.d.). The habitat is mainly tidal lagoon (90%), marine 

spit (>5%), and coastal forest (<5%). As shown in Table 4, the Esquimalt Lagoon is a 

migration zone and an eelgrass, and bladed kelp ecosystem. The lagoon provides not only 

aquatic and coastal habitat for diverse plant and animal species, but also fresh water, creating 

a healthy environment for area residents. This biodiverse area—the Esquimalt Lagoon, 

Oceanfront Park, and Coburg Peninsula waterfront—attracts many visitors throughout the 

year, bringing socio-economic profits to the region.  
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Figure 6: 

Esquimalt Lagoon Migratory Bird Sanctuary: A Shelter for Waterfowl 

 

Note: Photograph taken by author 

Figure 7:  

Esquimalt Lagoon Migratory Bird Sanctuary: A Significant Habitat in This Seaside Landscape 

 

Note: Photograph taken by author 

The Esquimalt Lagoon Watershed provides many ES to help this suburban aquatic 

ecosystem thrive. It contributes to aquatic biodiversity, ecological restoration, water 
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purification, and flood mitigation (Colwood Official Community Plan, 2019; de la Barrera, 

2016; Li et al., 2017; Table 4). 

In addition to the Esquimalt Lagoon, there are several parks in this coastal landscape, 

including Matilda, Seafield, Wickeim, Pithouse, Passage, Gratton, and Perimeter 1 & 2 parks, 

which are under development. These parks help regulate the microclimate and improve air 

quality. They also benefit residents because they contain green corridors, trails, and views, 

creating recreational areas in neighbourhoods for hiking and walking (Colwood Official 

Community Plan, 2019; Colwood Park Maps, 2010; de la Barrera, 2016; Li et al., 2017; 

Rubinoff, 2021).  See Table 4.  

Table 4:  

Landscape Elements, Key Species, the Functions, and ES of Coastal Landscape  

Coarse-grained 
Landscape Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES  
(PS, RS, CS, 

SC)4 

Adaptation / 
Mitigation 

Contribution of 
ES 

− Esquimalt Lagoon 
− Coburg Peninsula 
− Coburg Peninsula 

Park/Waterfront Park 
− Eelgrass ecosystem 
− Bladed Kelp ecosystem 
− Art spots 
− Walking natural trail 
− Esquimalt Lagoon 

watershed 
− Sangster Elementary 

School 
− Perimeter Park 1 & 2 

(not developed yet) 
− Oceanfront trail 
− Matilda Park 
− Seafield Park 

American Wigeon  
Black Oystercatcher 
Black Turnstone 
Bladed Kelp 
Brewer’s Blackbird 
Common Goldeneye 
Dune Grass 
(Vegetation) 
Eelgrass 
Northern Pintail 
Osprey 
Raccoon 
River Otter 
Rock Pigeon 
 

Migration zone, 
Aquatic habitats, 
Coastal habitat 
(habitat 
formation) (SS) 
Fresh Water (PS) 
Water regulation 
(RS) 
Social and 
Cultural Values 
(CS) 
Recreation area 
(CS) 
Food security 
(PS) 
Climate 
Regulation (RS) 

Mitigation: 
Climate 
regulations, 
Recreation area, 
Food security 
 
Adaptation: 
Habitat formation, 
Fresh water, Water 
regulation, Social 
and cultural values, 
Food security 

 
4 These Ecosystem Services (ES) are adapted from Millennium Ecosystem Assessment (2005). The following 
abbreviations provided in this research are: Provisioning Services: PS, Regulating Services: RS, Cultural 
Services: CS, Supporting Services: SC 
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− Wickheim Park 
− Pithouse Park 
− Colwood Beach 
− Passage Park 
− Gratton Park  
− Geothermal site 
− Organic/local food 

areas 
− Residential area 
− Street-side green stripe 

 

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 

Hatley Park National Park Site 

Located within the Esquimalt Lagoon watershed and west coast old growth forests of 

the Capital Regional District, Hatley Park is home to Hatley Castle, Royal Roads University 

(RRU), and to mature trees such as Douglas firs, Garry oaks, and Western red cedar trees 

(See Figure 8). The park has several natural trail networks, wetland, and creeks, including 

Selleck, Bee, Hatley, and Colwood creeks, which offer ES, such as providing natural flood 

control and maintaining and protecting the water supply (Colwood Official Community Plan, 

2019; Moser, 2003).  
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Figure 8: 

A Corridor from Esquimalt Lagoon to Hatley Castle  

 

Note: Photograph taken by author 

In addition to the creeks, the park’s trees also play a key role in this riparian zone, 

benefiting the area with ES: enabling habitat to form, regulating the climate, air quality, and 

water; mitigating floods; regulating erosion; and protecting the soil (Van Looy et al., 2017). 

For example, the trees help regulate the climate by absorbing carbon and mitigating heat 

islands and the effects of global warming (Daily, 2013; Gash & Shuttleworth, 1992; Meher-

Homji, 1992; Woodwell & Mackenzie, 1995). They help regulate the water by playing a role 

in the water flow, hydrological system, and rainfall (Morengensen, 2002). They protect the 

soil by cycling nutrients and holding much-needed moisture (Morengensen, 2002). Thus, 

these forests moderate climate impacts at the local and regional level, while also mitigating 

global warming on a global scale. 
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There are three human-made ponds and a Heritage Fish Ladder located in the 

southwest part of the park by the Esquimalt Lagoon. See Figure 9. The ponds and ladder 

provide habitat, food, and shelter for diverse species and salmon spawning to complete their 

life cycle. Like the creeks and trees, these ponds provide ES: water regulation, water 

purification, and flood mitigation. This ensures that this ecosystem is biodiverse and secure in 

food and water, making it resilient to landscape changes (Brett & Hall, 1979; Canada’s 

Historic Places Website, n.d.; Hameed & Hilo, 2021). 

Figure 9: 

Heritage Fish Ladder at Royal Roads University Connected to the Ponds 

   

Note: Photograph taken by author 

For Capital Region residents and tourists, Hatley Park holds cultural and social value 

due not only to its miles of ocean front, old growth forest, ponds, and gardens but also to its 

history. Hatley Castle and RRU have preserved the site and provide visitors and students with 

opportunities to learn about the social value of the area (Colwood Official Community Plan, 

2019; Colwood PRMP, 2021; Mang & Haggard, 2016). The park also provides supplies of 

timber and wood for fuel and brings in funds from individuals, such as students, and from 

regional, provincial, and national governments (Daily, 2013).  
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Overall, the trail network, Hatley Park National Historic Park Site, RRU, old forests, 

creeks, and other landscape elements of Royal Roads forests provide an integrated ecosystem 

that benefits both nature and humans through ES such as biological diversity, water 

regulations, climate regulations, flood mitigation, and educational and cultural values. Many 

of these services stabilize the landscape and make it more resilient and adaptable to landscape 

changes due to climate change impacts. See Table 5.  

Table 5:  

Landscape elements, Key Species, Functions, and ES of Hatley Park National Park Site  

Coarse-grained 
Landscape 
Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES  
(PS, RS, CS, SC) 

Mitigation / 
Adaptation 

Contribution of ES 
− Hatley Park 

National Historic 
Site 

− Royal Roads 
University 
(including library, 
school, etc.) 

− Selleck Creek 
− Bee creek 
− Hatley Creek 
− Colwood Creek 
− Heritage Fish 

Ladder and 3 
Ponds 

− Japanese Garden 
− Natural walking 

trail network 
− Green Technology 

Buildings 
− Natural Corridors 
− Within the Lagoon 

watershed coastal 
Douglas-fir forest, 
Garry oak 
meadows, lakes, 
wetlands, riparian 
zones 

− Social enterprise 

Old forests, 
wetlands, and 
riparian zones 
Woodlands 
Coastal Douglas fir   
Garry oak  
Peacocks 
Herbaceous 
ecosystem 
Native plants, 
ancient firs and 
cedars, and wildlife 

Aquatic habitat / 
Habitat formation 
(SS) 
Green buildings 
(CS)(RS) 
Native forests and 
plants (raw materials 
& genetic resources) 
(PS) 
Food security (PS) 
Ornamental 
resources (PS) 
Recreation and 
ecotourism 
Scientific / 
Educational values 
Cultural diversity and 
values (CS) 
Spiritual values (CS) 
Historic / Knowledge 
values (CS) 
Biodiversity (PS) 
Air quality regulation 
Climate regulation 
(RS) 
Disturbance 
regulation (RS) 

Mitigation: Green 
Buildings, Food 
Security, Air quality 
regulation, Climate 
regulation 
 
Adaptation: Habitat 
Formation, Native 
Forests and Plants, 
Food Security, 
Educational Values, 
Cultural and 
Biological Diversity, 
Disturbance 
regulation, Soil 
retention, Erosion 
regulation, 
Pollination, 
Hydrological 
regulations, Air 
quality regulation, 
Climate regulation 
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− Eco-education 

areas (RRU) 
− Coastal habitat 
− Bird and wildlife 

watching by the 
ocean 

− Hatley Memorial 
Gardens 

− Herm Williams 
Park 

− Galloping Goose 
Regional Trail 

− Pioneer Cemetery 
− Local businesses 

and residential 
areas 

Erosion regulation 
(RS) 
Soil retention (RS) 
Biological regulation 
(RS) 
Diseases and pest 
regulation (RS) 
Pollination (RS) 
Natural hazard 
regulation (Such as 
flooding) (RS) 
Hydrological 
regulation (SS) 
Soil and habitat 
formation (SS) 
Photosynthetic (SS) 
Seed dispersal and 
nutrients cycling (SS) 

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 

CFB Esquimalt Landscape  

The Canadian Forces Base (CFB) Esquimalt neighborhood is an integrated heritage 

site, natural landscape, and suburban residential area. Elements of the suburban landscape 

have social, historical, architectural, and environmental value: Fort Road Hill, Fisgard 

Lighthouse (see Figure 10), École John Stubbs Memorial School (Elementary & Middle), and 

Journey’s End House Museum. These cultural landmarks are found within the boundary of 

Fort Rodd Hill National Historical Park. See Figures 10 and 11. They demonstrate the 

integration of natural and suburban features in this area (Colwood Community Green Plan, 

2011; Colwood Official Community Plan, 2019).  
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Figure 10:  

Fisgard Lighthouse 

 

Note: Photograph taken by author 

Figure 11: 

Belmont at Fort Road Hill Historic Site 

   

Note: Photograph taken by author 
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Some of the main environmental and recreational values of the Fort Hill site are the 

natural camouflage (Figure 12) that its forests provide for deer and other animals and its 

views of the harbour and the Strait of Juan de Fuca (Parks Canada Agency, n.d.). 

Figure 12: 

Deer Camouflaged on Fort Road Hill  

 

Note: Photograph taken by author 

In terms of social values, many volunteers contribute to the community in CFB 

Esquimalt. They work with children, youth, and families, and plan and execute events, 

providing opportunities for social engagement (Esquimalt MFRC, n.d.; Li et al., 2017; Mang 

& Haggard, 2016). 

In addition to providing cultural, social, and recreational values, this neighborhood is 

also important to the region’s ecosystem. The land is covered by woodlands and old Garry 

oak forests, part of the coastal habitat of the Esquimalt Lagoon, and brings biodiversity and 

resiliency to this area. Garry oak ecosystems rich in biodiversity were once abundant in 

coastal areas of southern Vancouver Island. Now identified as critically endangered, these 
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ecosystems have become fragmented and harmed by habitat loss. The remaining Garry oak 

ecosystem—trees and meadows—in Esquimalt supplies the area with water cycling, nutrient 

cycling, and energy flow (Colwood PRMP, 2021; Millennium Ecosystem Assessment, 2005; 

Figures 13 and 14). Table 6 illustrates these landscape elements, their ecosystem, and ES in 

this landscape. 

Figure 13: 

Garry Oak Trees and Meadow in CFB Landscape 

 

Note: Photograph taken by author 

Figure 14: 

Garry Oak Fruit and Tree in Fort Road Hill Historic Site 

 

Note: Photograph taken by author 
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According to a report from the Ministry of Environment, Lands and Parks of British 

Columbia (1993), the Garry oak ecosystem on southern Vancouver Island plays a key role in 

helping the region to adjust to global warming and to adapt to climate change. As indicated in 

this report, over thousands of years, Garry oak vegetation has grown accustomed to cold 

periods and fire cycles, demonstrating its adaptability and ability to thrive in dry soil and 

harsh climatic conditions. Highly diverse, Garry oak meadows and woodlands provide habitat 

to many types of vegetation: shrubs, such as ocean spray and snowberry; flowers, including 

the satin flower, blue camas, white Easter lily, and the yellow western buttercup; and ferns, 

rock mosses, and grasses, such as Idaho fescue and California oatgrass; they also provide 

habitat to diverse birds, mammals— ranging from deer to mice—reptiles, insects, and spiders 

(Ministry of Environment, 1993). Garry oak ecosystems provide ES for many diverse species 

and exhibit biodiversity, making them highly resilient to climate change impacts (Ministry of 

Environment, 1993).  See Table 6 for information on CFB’s landscape elements, species, 

functions, and ES. 

Table 6:  

Landscape Elements, Key species, Functions, and ES of the CFB Esquimalt Landscape  

Coarse-grained 
Landscape Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES 
(PS, RS, CS, SC) 

Mitigation / 
Adaptation 

Contribution of 
ES 

− Fort Road Hill and 
Fisgard Lighthouse 
National Historic 
Site 
Ecosystem 
(Woodlands) 

− Coastal habitat on 
the south-east and 
south-west shoreline 

− Heritage and cultural 
site 

Woodlands 
Old forests 
Garry Oak 
(Restoration) 

Soil fertility (RS) 
Park/Recreation area 
(CS) 
Ecotourism resources 
(CS) 
Historic values (CS) 
Social Values (CS) 
Educational values 
(CS) 
Social engagement 
(CS)  

Mitigation: Climate 
regulations, Air 
quality regulation 
by Garry oak 
ecosystems 
 
Adaptation: 
Historic and social 
values, Educational 
values, Social 
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− Military site 
− Volunteer site 
− École John Stubbs 

Memorial School 
(Elementary & 
Middle) 

− Walking nature trails 

Garry oak ecosystem 
as a habitat for the 
other species such as 
flowers, shrubs, grass / 
habitat formation (PS) 
(SS) 

engagement, 
Habitat Formation 

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 

Colwood Corner Landscape 

The Colwood Corner area is home to different parks and trails, including Gamble 

Park, Millstream Creek Park, and Hartwig-Saunders Park. There are fish ladders on 

Millstream Creek that provide aquatic habitat, specifically for salmon hatching. Joe’s Creek 

and Millstream Creek are also key components of the local water cycle. Together with the 

Galloping Goose Regional Trail and Westshore Park and Recreation, the three parks provide 

spectacular views, walking trails, and recreational activities (Colwood Parks Map, 2010; 

Colwood Community Green Map, 2011; Colwood Offical Community Plan, 2019; Colwood 

PRMP, 2021). The parks supply connections, allowing people and animals to move through 

corridors and river networks; as well, they purify water, retain pollution, and sequester 

carbon, thus mitigating urban heat island effects (Colwood Official Community Plan, 2019; 

Li et al., 2017; PRMP, 2021; Van Looy et al., 2017). 

Colwood corner is also home to a branch of the Greater Victoria Library, providing a 

potential place for environmental education to take place, not only for those living in 

Colwood but also for residents from all over the Region of Victoria (Colwood Official 

Community Plan, 2019). 

Colwood Corner is covered by Garry oak woodlands and its vegetation is classified as 

terrestrial herbaceous (Capital Regional District Maps Database, n.d.). As explained earlier, 
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Garry Oak ecosystems will be key to biotic interaction, biological diversity, and higher 

resiliency in the area when climatic conditions change (Ministry of Environment, Lands and 

Parks, 1993; Montoya & Raffaelli, 2010). See Table 7 for more about landscape elements, 

species, functions, and ES.   

Table 7:  

Landscape Elements, Key Species, Functions, and ES of Colwood Corner Landscape  

Coarse-grained 
Landscape 
Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES 
(PS, RS, CS, SC) 

Mitigation / 
Adaptation 

Contribution of ES 
− West Shore Parks 

and Recreation 
− Library  
− Gamble Park 
− Millstream Creek 

Park 
− Hartwig-Saunders 

Park 
− Joe’s Creek 
− Galloping Goose 

Regional Trail 
− Garry oak 

ecosystem 

Terrestrial 
Herbaceous 
Riparian zone 
Garry oak  

Scenic vista 
(recreational ES) (CS) 
Walking trails (CS) 
Park and ride facilities 
(PS) 
Environmental 
education (CS) 
Aquatic habitat / 
Habitat formation (SS) 
Recreation areas (CS) 
Habitat formation (SS) 
Soil retention (RS) 

Mitigation: Climate 
regulation through 
parks and trails 
 
Adaptation: 
Recreation areas, 
Educational values, 
Habitat Formation, 
Soil retention, 
Hydrological 
regulation 

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 

Colwood Lake Landscape 

The Royal Colwood Golf Course is one of the main landscape elements in the 

Colwood Lake area. See Figure 15. Covering a large area, this landscape provides socio-

economic value, as golfing is one of the main recreational activities in North America 

(Pestrosillo et el., 2019). As discussed by Petrosillo et al. (2019), golf courses are urban 

infrastructures that increase connectivity between patches and thus function as stepping 

stones to large natural areas. They support biodiversity because they offer habitat to urban 

wildlife, and, as a corridor, they offer opportunities for pollination and seed dispersal; they 
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also regulate pests (Colding & Folke, 2009; Forman, 1995; Gange et al., 2003; Petrosillo, 

2009; Tanner & Gange, 2005). Golf courses can also benefit people living near them by 

providing scenic vistas, reducing noise, mitigating urban heat islands, retaining stormwater 

nutrients, and absorbing water and air pollution (Andersson et al., 2014; Li et al., 2017; 

Ortuno et al., 2016; Petrosillo, 2019; Saarikivi et al., 2015).  

Figure 15:  

Colwood Golf Course  

 

Note: Photograph taken by author 

Although golf courses can provide ES such as recreation, tourism, biodiversity 

support, the absorption of carbon, and soil retention, they also negatively impact water and 

soil. The chemicals applied to golf course lawns to keep them green and pest free can 

contaminate waterbodies and harm wildlife (Briassoulis, 2007; Colding & Folke, 2009; 

Knopper et al., 2005; Petrosillo at al., 2019). As well, irrigation, fertilization, and carbon fuel 

used to maintain equipment can reduce a golf course’s capacity to sequester carbon, and these 

potential negative impacts should be considered in ecological management (Petrosillo, 2019).  
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Despite the negative impacts of golf courses, geographic features in the area help the 

Colwood golf course limit its negative environmental impact. Two features—Colwood Lake 

and Colwood Creek— store and filter the runoff from the golf course, thus providing 

residents in the area with a high water quality (Colwood Official Community Plan, 2019; 

PRMP, 2021; Petrosillo, 2019).  

As part of the Colwood Creek watershed, Colwood Lake is a habitat and spawning 

area for fish (e.g., the brown bullhead, rainbow trout, and pumpkinseed fishes), supports 

biodiversity, improves water quality and hydrological cycling, supplies nutrients, helps 

control floods, and sequesters carbon (Angler’s Atlas, n.d.; Colwood Creek Watershed, 2011; 

CRD, 2021; Li et al., 2017). See Table 8 for more ES. Because hydrological conditions are 

critical to watersheds and wetlands, any changes in the volume of water could threaten the 

area. Water volume can be influenced by climate change, and changes in volume can alter 

and degrade wetlands (Zedler & Kelcher, 2005). Interestingly, wetlands can help the 

ecosystem regulate water volume. They provide both ecological benefits and socio-economic 

services, such as support for biodiversity, flood control, water filtration, and recreation 

(Brinson & Malvárez, 2002; Colwood Creek Watershed Map, 2011; Zedler & Kelcher, 

2005).  

Table 8:  

Landscape Elements, Key Species, Functions, and ES of the Colwood Lake Landscape  

Coarse-grained 
Landscape 
Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES 
(PS, RS, CS, SC) 

Mitigation / 
Adaptation 

Contribution of ES 
− Royal Colwood 

Golf Course 
− Colwood Creek 
− Colwood Lake 
− Galloping Goose 

Regional Trail 

Old forests 
Garry oak 
ecosystem 

Climate regulation 
(RS) 
Pollination (RS) 
Hydrological and 
nutrient cycling (SS) 
Fresh water (PS) 

Mitigation: Climate 
regulation, Recreation 
 
Adaptation: Climate 
regulation, Habitat 
formation, Historic 
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− St. John’s Church 

Park 
− Residential areas 

Natural hazard 
regulation (RS) 
Habitat formation (SS) 
Recreation (CS) 
Historic and cultural 
values (CS) 

and cultural values, 
Hydrological and 
nutrient cycling 

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 

Wishart North - Wishart South Landscape 

The landscapes of Wishart North and South consist of residential areas, street-side 

green strips, and green corridors, Sue Mar Park, Terrahue Park, and Wishart Elementary 

School. These landscapes are the home of Garry oak trees, which facilitates species 

movement between different patches of the landscape, with connectivity leading to less 

fragmentation and higher ES functionality (Colwood Community Green Maps, 201; Forman, 

1995; Forman & Godron, 1981; Millennium Ecosystem Assessment, 2005). These ES include 

regulating the local climate and air quality, sequestering carbon, and providing recreational 

values (Colwood Community Green Map, 2011; Colwood Official Community Plan, 2019; 

Li et al., 2009. See Table 9. 

 Table 9:  

Landscape Elements, Key Species, Functions, and ES of Wishart North – Wishart South Landscape  

Coarse-grained 
Landscape 
Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES 
(PS, RS, CS, SC) 

Mitigation / 
Adaptation 

Contribution of 
ES 

− Colwood Garden 
Society 

− BC Government – 
Colwood 

− Wishart 
Elementary School 

− Sue Mar Park 
− Terrahue Park 

Garry oak 
ecosystem 

Food and genetic 
resources (PS) 
Air quality regulation 
(RS) 
Social values and 
engagement (CS) 
Educational values (CS) 
Climate regulation (RS) 

Mitigation: Air 
quality regulation, 
Climate regulation 
 
Adaptation: Food 
security, Air quality 
regulation, Climate 
regulation, Social 
values and 
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Recreation and 
ecotourism (CS) 

engagement, 
Educational values 

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 

An innovation sponsored by the City of Colwood and created in 2014 is the Colwood 

Garden Society, which supplies residents and Wishart Elementary School with garden plots. 

The gardening benefits the area by providing ES such as food and crop production and by 

providing educational value for the students at the school (Colwood Garden Society, n.d.; 

Colwood Official Community Plan, 2019; Millennium Ecosystem Assessment, 2005). 

Triangle Mountain Landscape 

Triangle Mountain landscape is composed of parks, lakes, and creeks, as well as 

natural and street corridors. The parks, including Ocean View, Outlook, Lookout Lake, 

Colwood Creek, Afriston, Sedwick, Drummond and Karger Park, are largely covered by 

Garry oak trees and terrestrial herbaceous vegetation (PRMP, 2021). These ecosystems are 

critical for sequestering carbon, regulating air quality and the climate, and preventing soil 

erosion. See Table 10 for a complete list of the ES that the Triangle Mountain landscape 

provides.  According to CRD Maps (2021) these parks are sensitive ecosystems because of 

the age of their trees and their role in conserving soil (Colwood Community Green Map, 

2011; Colwood Official Community Plan, 2019; CRDMaps, 2021; PRMP, 2021). 

Table 10:  

Landscape Elements, Key Species, Functions and ES of Triangle Mountain Landscape  

Coarse-grained 
Landscape 
Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES 
(PS, RS, CS, SC) 

Mitigation / 
Adaptation 

Contribution of 
ES 

− Ocean View Park 
− Outlook Park 
− Lookout Lake Park 

(a local favorite 

Terrestrial 
Herbaceous 
vegetation 
Garry oaks 

Aquatic habitat / Habitat 
formation (SS) 
Recreation (CS) 
Historic values (CS) 

Mitigation: 
Recreation, Climate 
regulation, Air 
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place for swimming, 
picnics, hikes, and 
shoreline fishing, 
and a place for 
eagles to sit and hunt 
on forested trails) 

− Natural and street 
corridors 

− Veterans Memorial 
Parkway 

− Colwood Creek 
− Colwood Creek Park  
− Afriston Park 
− Sedgwick Park 
− Drummond Park 
− Karger Park 
− Scrap works battery 

and metal recycling 
Ltd 

Forest age, 
soil 
(sensitive 
ecosystem) 

Air quality regulation 
(RS) 
Climate regulation (RS) 
Soil retention and erosion 
regulation (RS) 
Water regulation and 
waste treatments (RS) 
Soil formation (SS) 
Photosynthesis (SS) 

quality regulation, 
waste treatment 
 
Adaptation: Habitat 
Formation, Air 
quality regulation, 
Water regulation, 
Soil formation and 
retention, Flood 
mitigation, Climate 
regulation, Historic 
values  

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 

Lookout Lake, which is stocked with rainbow trout, is a local spot for fishing, 

swimming, and hiking along forested trails (City of Colwood, n.d.). The lake and surrounding 

park benefit both wildlife and humans by providing fresh water, aquatic habitat, habitat for 

eagles, water regulation, views of nature, and recreational activities, such as sustainable 

fishing (i.e., people can meet their social needs by fishing here without decimating the fish 

population), bird watching, and hiking (Colwood Official Community Plan, 2019; Li et al., 

2017). 

One of the innovative elements in the Triangle Mountain Landscape is the “Scrap 

Works Battery and Recycling Ltd,” a local business that recycles scrap metal and provides 

battery disposal for residents in the Capital District Region of Victoria. The mission of this 

business is to avoid contaminating the environment while contributing to sustainability in the 

City of Colwood (Scrap Works Battery and Metal Recycling Ltd, n.d.). 
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Royal Bay – Latoria Landscape 

The City of Colwood has designated the Royal Bay area as an Intended Growth Area 

(IGA). Here the City aims to create a community that is more integrated, resilient, and 

sustainable than other neighborhoods (City of Colwood, 2018; City of Colwood, 2019). The 

Royal Bay area is surrounded by the Esquimalt Lagoon, Juan De Fuca Strait, the Woods 

neighborhood to the north, and Latoria Creek. This location presents an opportunity for 

restoring habitat connectivity between upland forests and coastal ecosystems (City of 

Colwood, 2018; City of Colwood, 2019). 

Parts of Royal Bay contain key patches of landscape covered with old forests. These 

patches include Havenwood Forested Park with its many ferns and wildflowers, Latoria 

Creek (see Figure 16), Latoria Walk, Pondside, and Promenade Park. According to the 

Capital Regional District Map (2021), any plans or actions must consider these fragile 

ecosystems (including Latoria Creek). These patches all benefit the landscape. Like the other 

parts of the landscape already discussed, they help regulate the climate, play a key role in 

pollination, safeguard biodiversity, and provide hydrological and nutrient cycling. These 

patches will be even more critical to the area as the climate changes (Colwood Community 

Green Map, 2011; Colwood Parks Map, 2010; PRMP, 2021).  
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Figure 16: 

Latoria Creek Park 

 

Note: Photograph taken by author 

According to the Royal Bay Map (2018), there is a large area in the south part of 

Royal Bay that, if left undeveloped, would have strong potential to reconcile land use and 

infrastructure, restore the ecosystem and biodiversity, and to capture the sense of place that 

BC coastal areas are known for. Patches in this undeveloped area could provide higher levels 

of ES, resiliency, and sustainability in response to climate change impacts over time (Royal 

Bay Area Plan, 2019; Royal Bay - Latoria North Parks Plan, 2018).  

Royal Bay contains one natural area called Meadow Park, which mainly consists of 

lawns and tall grasses surrounded by trees. This park provides habitat enhancement, a 

greenway connection, and stormwater diversion. Another park in the area—Latoria Creek 

Park—also has potential for sustainable development, particularly in restoring Murray’s 

Pond, a pond that has shrunk due to previous development. As we have seen, these parks 

connect different patches of the landscape in the area, supplying ecosystem protection, and 
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preventing subdivision and fragmentation (City of Colwood, 2018; City of Colwood, 2019; 

Forman & Godron, 1981). 

Prominent in the Royal Bay landscape is the Olympic View Golf Club, which covers 

a large area and is connected to nature. As discussed earlier, golf courses can negatively 

impact the water and soil. They can also benefit nature in several ways: by providing 

connectivity to support biodiversity, improving air quality, mitigating urban heat island 

effects, providing recreational activities, providing an attractive view, and reducing noise for 

the residents via its vegatation. Both harms and benefits should be considered when adapting 

to climate change (Andersson et al. 2014; Briassoulis, 2007; Colding & Folke, 2009; 

Colwood Community Green Map, 2011; Knopper et al., 2005; Li et al., 2017; Ortuno et al., 

2016; Petrosillo, 2019; Saarikivi et al., 2015). Table 11 shows the key landscape elements, 

species, ecosystems, and services in the Royal Bay – Latoria Landscape. 

Table 11:  

Landscape Elements, Key Species, Functions and ES of the Royal Bay – Latoria Landscape  

Coarse-grained 
Landscape 
Elements 

Key Selected 
Species and 
Ecosystems 

Functions / ES 
(PS, RS, CS, SC) 

Mitigation / 
Adaptation 

Contribution of 
ES 

− Havenwood Park 
(Forested Park, 
Settings of forest, 
ferns, and 
wildflowers) 

− Latoria Walk Park 
− Pondside Park 
− Latoria Creek 
− Olympic View Golf 

Club 
− Wetlands 
− Latoria Creek 
− Seasonally flooded 

agriculture 
− Latoria Creek Park 

Old forests  
Old second 
growth 
Wetland, forest 
(sensitive 
ecosystem) 

Climate regulation 
(RS) 
Pollination (RS) 
Hydrological and 
nutrients cycling (SS) 
Fresh water (PS) 
Recreation (CS) 
Biodiversity (SS) 
Scenic vista (CS) 
Riparian zone / 
Hydrological cycling 
(SS) 

Mitigation: 
Climate 
regulation, 
Recreation 
 
Adaptation: 
Climate 
regulation, 
Hydrological and 
freshwater 
regulation, Flood 
mitigation 
Biodiversity 
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− Promenade Park  
− Undeveloped areas 
− Meadow Park 
− Trail access 

Note: Adapted from Forman & Godron, 1981; Millennium Ecosystem Assessment (2005); Colwood 
Parks Map (2010); Colwood Community Green Map (2011); CRD Maps (2021); Li et al. (2017); Capital 
Regional District Database (WWW.CRD.BC.CA) 
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Discussion 

The City of Colwood is a coastal community with low to moderate sensitivity to 

climate change. As the climate changes, Colwood will be impacted by sea-level rise and 

changes in temperature, (Colwood Offical Community Plan, 2019; Lemmen & Warren, 2004; 

Shaw et al., 1998). As the authors of these documents argue, these changes will have serious 

ecological impacts: greater storm surges, coastal erosion, saltwater intrusion, greater 

precipitation, coastal flooding, wetland losses, terrestrial and aquatic species losses, and 

resulting biodiversity losses. These ecological impacts will have cascading socio-economic 

impacts, threatening the region’s social fabric. They will be felt at the individual level—

losses from storm surges, temperature extremes, flooding, and heatwaves; disease caused by 

lower air and water quality and food insecurity, itself caused by disruptions in agriculture; 

financial losses in income and property—and at the community level—higher costs for 

maintaining coastal infrastructure, changes in fisheries and shipping, loss of tax revenue, 

reduced quality of public life, and extra costs for maintaining public space (Capital Regional 

District, 2017; Colwood Official Community Plan, 2019; Lemmen & Warren, 2005; Li et al., 

2017).   

Although these projected climate change impacts in Colwood are serious, when 

designing and carrying out mitigation and adaptation strategies, the area’s rich suburban 

landscape must be considered. For example, the Esquimalt Lagoon Bird Sanctuary is a 

pivotal ecosystem in the coastal landscape, being a feeding ground, shelter, and habitat for 

diverse plant and animal species that enhances aquatic biodiversity and plays a key role in 

purifying the water and restoring the ecology of the region. This site enables the community 
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to protect the coastal zone from coastal habitat loss, storm surges, reduced water quality, and 

coastal erosion caused by climate change.  

Other elements of the landscape also play an important role in protecting the 

community from climate change impacts. Lakes, coastal wetlands, creeks, stream networks, 

and ponds in Colwood are the key elements for hydrological cycling, habitat formation, and 

water regulations. They improve the air and water quality and provide a place for different 

species to live, feed, and move between different patches. As well, they make a critical 

contribution to responding to sea-level rise impacts, such as flooding, coastal erosion, and 

property losses. Having these elements present in the landscape can also reduce costs for 

building infrastructure. 

Other landscape elements central to combatting climate change impacts are parks, old 

forests (mainly in Hatley National Park and CFB Esquimalt), green corridors, trails, and golf 

courses. Garry oak woodlands and meadows and herbaceous ecosystems provide ideal 

habitats for different species, improve the air and water quality, regulate microclimatic 

conditions and hydrological cycles, mitigate flooding and soil erosion, reduce GHG 

emissions, enhance biological regulations, provide natural recreational areas for the residents, 

and reduce the maintenance costs for the community. Thus, these elements are crucial in 

responding to extreme events caused by climate change. 

While it is essential to consider these natural elements in the Colwood community in 

strategizing to combat the impacts of climate change, the process also requires regenerative 

thinking design (Mang & Haggard, 2016). As discussed in this thesis’s literature review, 

Mang and Haggard (2016) have developed a model that enables communities to assess their 

progress in meeting climate change impacts. The model depicts three key agents or stages in 
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developing regenerative thinking design. See Figure 2 on p. 24. Mang and Haggard (2016) 

describe a community in the first stage of regenerative thinking as engaging in the first line of 

work, while a community in the second stage is engaged in the second line of work: growing 

the capability of a community or a team. The City of Colwood is mainly in the second line of 

work. It is engaged in a process of designing a product to enable the City to think and act 

regeneratively. To move to Mang and Haggard’s third line of work, in which the product 

works to improve the health and value of a system, the City needs to focus on the uniqueness 

of place (Mang & Haggard, 2016). To achieve this third stage, the community, province, and 

government authorities need to agree on the mitigation and adaptation strategies required to 

tackle climate change impacts that will be discussed in recommendations in this thesis. 

Although current mitigation strategies such as GHG emission reductions are likely to be 

insufficient to combat global climate change on their own (Mang & Haggard, 2016, p. 412), 

the City of Colwood can act by investing in active transportation and green infrastructure, 

and social engagement. 

One of the key components of this research is the suburban landscape. Part of the 

urban-rural gradient, this suburban landscape is dynamic, biologically diversified, and 

socially and economically complex. It also provides connectivity between humans and nature 

and delivers different ES. This landscape comprises various components, including green 

vegetation cover such as parks, forests, green spaces, and corridors; blue elements such as 

lakes, wetlands, stream networks; and a built environment with commercial, industrial, and 

residential sites connected as well as intersected by roads and railways.  

This integrated network of landscape components delivers ES that can combat climate 

change impacts. This network enhances the region’s environmental quality through 
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mitigating floods, filtering water, preventing landslides during extreme rainfall and storm 

surges, mitigating heat island effects, and improving deteriorating air quality caused by GHG 

emissions (De la Barrera, 2016; Li et al., 2017; Rubinoff, 2021). Thus, the suburban 

landscape enriched with various components is a suitable context for sustainable planning 

and development, building infrastructure, and implementing mitigation and/or adaptation 

strategies in response to climate change. 

Conclusions and Recommendations 

I selected the City of Colwood as a case study to investigate the landscape features of 

a suburban landscape that could enhance a community’s ability to mitigate and/or adapt to 

climate change. Situated in the coastal zone of Vancouver Island, British Columbia, Colwood 

is a suburban area for which climate change impacts are projected to be low to moderate. As 

the City develops strategies and plans to tackle climate change, it will incorporate these 

projections, the landscape’s features, and ways to develop sustainability within an ecological, 

social, and economic framework.  

Since climate change impacts, landscape features, and sustainability are complex, I 

had some difficulties narrowing down and synthesizing the definitions, concepts, theories, 

and ideas through the process. To overcome these, I have focused on the key climate change 

impacts on this community, the key landscape elements, and the regenerative system thinking 

toward sustainability for this case. Considering these difficulties, the timeline, and available 

data to address the research question, this paper could be the starting point for more research 

on the suburban landscape and the building of infrastructure in communities to tackle climate 

change. The examples and strategies presented above on ecological, social, and economic 
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infrastructure are just a few of the possibilities that could be expanded in future studies in 

different contexts.  

In tacking climate change impacts, I recommend the City to consider the community’s 

diverse landscape elements. The different elements of the eight key landscapes of Colwood 

demonstrate the diversity, connectivity, and integration of these elements. Dynamic 

landscape elements in Colwood’s rich ecosystem include natural vegetation, wetlands, 

watersheds, lakes, and biological diversity. I recommend that the City develop a regenerative 

framework that consists of three types of infrastructure—ecological, social, and economic 

infrastructure—to deal with climate change impacts. Table 12 lists some recommendations 

for building these infrastructures in the City of Colwood. 

Table 12:  

Recommendations for the City of Colwood Interventions in the Landscape to Address Climate 

Change Impacts  

Ecological Infrastructure Social Infrastructure Economic Infrastructure 

− Incorporating Nature-
based Solutions for 
mitigation and/or 
adaptation (McHarg, 
1969) 

− Adaptation strategies 
including protection, 
accommodation, and 
retreat (Lemmen & 
Warren, 2004) 

− Appropriate land use and 
development 

− New definition of green 
infrastructures including 
natural forests, 
multifunctional farming, 
biodiversity park, and 
green buildings (Sturiale 
and scuderi, 2019) 

− Innovative strategies and 
new ways of resilience 
thinking (Li et al, 2017) 

− Raising awareness and 
sense of place among the 
community for their 
engagement  

− Youth engagement 
through events and 
training courses 

− Fostering cultural and 
social values such as 
sympathy, respect, 
common language, and 
compassion 

− Incorporating different 
insights including 
Indigenous knowledge 
with science 

− Considering flooding 
through sustainable 
design for the port 
facilities and fisheries  

− Lower the maintenance 
cost via incorporating 
ecosystem elements with 
city planning and 
implementations 

− Providing job 
opportunities for 
residents regarding 
landscape and 
construction 

− Enhancing local 
economic sufficiency 
through utilizing 
potential local materials 
for construction and 
local food production 
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Since the City of Colwood is a coastal community that will see increasing extreme 

weather events and a potential sea-level rise, adaptation solutions such as disaster mitigation 

and land-use plans will be effective in decreasing the area’s vulnerability to the impacts of 

climate change (Smit & Pilifosovo, 2003). Lemmen and Warren (2004) identify three basic 

strategies for approaching adaptation solutions: protecting, accommodating, and retreating.  

These three strategies can be applied to the Colwood case. When it comes to 

protection, Lemmen and Warren (2004, p. 124) suggest that “soft protection measures” will 

increase the coast’s natural resilience, lessen infrastructure maintenance costs, and reduce the 

need to build hard protection such as a sea wall. Soft protection measures could include 

designing ecological infrastructure. Accommodation strategies include building natural 

resilience by restoring wetlands and coastal ridges, developing ecological and social 

infrastructure, redesigning existing structures, and developing appropriate land use and 

development strategies. Retreating strategies address eliminating or lessening direct climate 

change risks and impacts through legislation, regulations, and resettlement (Lemmen & 

Warren, 2004). Table 13 shows examples of these three strategies and how they could be 

incorporated into coastal zone ecological infrastructures. 

Table 13: 

Adaptation Strategies for coastal zones (Lemmen and Warren, 2004) 

Adaptation Strategies Examples 
Protection Beach nourishment, wetland restoration and creation 

Accommodation 

Elevating buildings on piles, shifting agriculture production 
to salt-tolerant crops, controlling and/or prohibiting removal 
of beach sediment, developing warning systems for extreme 
events 

Retreat Legislating setback regulations, resettlement  

Referring to the three key strategies discussed above, I consider protection and 

accommodation to be adaptation strategies that provide opportunities for the City of Colwood 
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to build ecological infrastructure, whereas retreat is a suitable strategy to ameliorate and 

renew socio-economic infrastructures (Lemmen & Warren, 2004). In other words, retreat 

strategies would require the rebuilding of a community’s economy and social fabric. Using 

protection, accommodation, and retreat strategies and building ecological infrastructure will 

bring together different stakeholders from local, provincial, and federal governments to 

coordinate a plan for sustainable responses to climate change (Larsson, 2003). 

Li et al. (2017) argues that investigating UEI and finding ways to be more resilient 

and sustainable requires knowledge of all the parts that comprise an urban system, how these 

parts function and interact, and the complexity of this interaction and the system as a whole. 

To develop this understanding, to tackle barriers such as “rigid thinking, institutional 

fragmentation and flexible policies, and to build social infrastructure to combat climate 

change,” innovative strategies and new ways of thinking are required (Li et al., 2017, p. S17). 

To develop innovative strategies and systems thinking, what is required is experience, a 

diversity of perspectives, creativity, and wisdom. For Colwood, I would suggest bringing in 

different perspectives by incorporating stakeholders, industries and businesses, youth 

engagement with Indigenous knowledge and using experienced individuals for planning, 

implementation, and monitoring. 

Because climate change, its impacts, and human responses to them are dynamic and 

complex, there is no one quick, clear answer for how to tackle this enormous challenge. If we 

are to act responsibly and sustainably, we, as humans, must see ourselves as part of nature 

and an integrated system. As discussed in this thesis, the solution to this challenge may be to 

engage in regenerative thinking in which not only the natural environment is considered but 

also the social and economic consequences of climate change impacts.  
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To enhance the findings of this qualitative case study further research could 

systematically analyse the implications of urban ecological infrastructure units in 

characterizing the intersection of the landscape and climate change. Also of value would be a 

quantitative study examining the proportion and extent of the different landscapes and 

landscape units across Colwood and therefore the extent of the various ecosystems services 

and implications for future development. 

To build infrastructure and to develop resiliency and adaptability, the City of 

Colwood needs to engage stakeholders, including community, local, provincial, and federal 

governments; embrace diverse and equitable perspectives; form local and global partnerships 

and networks; develop innovative strategies; build community awareness and trust; and show 

compassion. These actions will build a resilient ecosystem as well as sustainable socio-

economic fabric, resulting in innumerable benefits to the environment, animals, and people of 

this region.   
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Appendices 

Appendix A 

Table 14:  

Comparison of five types of patches differ in their origins, casual mechanisms, dynamics, and stability. Adopted from Forman and Godron (1981), (1986), 

Forman (1995) 

Characters 
A spot disturbance 

patch 
A remnant patch 

An environmental 
resource patch 

An introduced 
patch 

An ephemeral patch 

Origin 
(determining 
the species 
dynamics, 

patches 
stability and 

turnover) 

From a disturbance of 
a small area in the 
matrix, such as a 
sudden sever 
environmental change 

Caused by wide-spread 
disturbance 
surrounding a small 
area 

Reflecting the normal 
heterogeneous 
disturbance of 
resources in the 
environment of a 
relatively permanent 
and discrete area 
differing from the 
surrounding area 

Dominated by an 
aggregation of 
individuals 
introduced into a 
matrix by people. 

Caused by normal short-
lived frequent 
fluctuations in resource 
levels of biotic and 
abiotic environmental 
changes, being low 
enough intensity that 
species can adapt to 
them. 

Casual 
mechanisms 

Succession proceeds 
until the patch 
disappears by 
becoming like a 
matrix 

The patch disappears or 
remain due to 
convergence pace and 
relaxation period. If 
the period pace is rapid, 
the patch may change 
relatively little in 
species composition. 
However, in chronic 
changes pace, the patch 

Not dependent on 
disturbance  
Species changes affect 
the normal of dynamic 
interaction between a 
small community with 
its surrounding matrix 

Human disturbance 
regime determines 
the patch to remain 
or disappear. 

Rare or sever 
environmental changes 
are considered 
disturbances, resulting 
in spot disturbances and 
remnant patches 
 



 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                                                                                                    92 

may remain but with a 
species composition 
different from the 
origin patch 

Dynamics 

High population 
changes 
High immigration and 
extinction of species 
(causes its ultimate 
disappearance) 

The inverse of the spot 
disturbance 
A net loss of species 
may happen from rapid 
at first to zero at last. 
Lost species are those 
requiring a larger 
habitat than the 
remnant patch or being 
sensitive to a modified 
microenvironment 
Such as “woodlots in 
an agricultural area, a 
shrub-covered island 
produced by flooding a 
valley, a breeding 
warbler community on 
a south- facing slope 
that survived a rare 
freeze, or a pocket of 
herbivores that escaped 
the invasion of an 
aggressive non-native 
species.” 

Such as 
“Concentrations of 
amphibians and reptiles 
in a desert oasis, 
patches of heaths on an 
exposed mountain 
ridge, acid-tolerant 
mosses in a glacier-
caused bog, and 
pollinators in a moist 
alpine gully” 

Such as “Pine and 
eucalyptus 
plantations (Pinus, 
Eucalyptus), golf 
courses, fields of 
wheat and corn 
(Triticum, Zea), or a 
large feeding station 
that attracts 
vertebrate species to 
a small area” 
 

Such as “mammals 
feeding at dawn around 
a large savanna 
mudhole, a localized 
bloom of annuals in the 
desert, or a large 
shrubby area in field-to-
forest succession” 
 

Stability / 
Turnover 

Semi-stable 
Short-lived or long-
lived 

From short-lived, 
single natural or human 
disturbance to long-

Permanent 
environmental resource 

If the human 
disturbance regime 
maintains, the patch 

Rapid-turnover 
ephemeral patches seem 
more notable in the final 



 
 

CLIMATE CHANGE AND SUBURBAN SUSTAINABLE LANDSCAPES                                                                                                    93 

lived from chronic 
human disturbance. 

causes lead the patch to 
be permanent. 

remains stable. If 
not,  
the patch converges 
with the matrix and 
disappears. 

scale rather than the 
landscape. 

Table 15:  

Patches Features (Forman, 1995) 

Patches Size Patches Edge and Shape Patches Number and Configuration 
Affecting productivity, nutrients and water 
flux, and species dynamics (like species 
diversity) 
Higher level of habitat diversity determined 
mostly by the history and present regime of 
disturbance 
Containing the major factors of habitat 
diversity, disturbance, area, isolation, age, 
matrix heterogeneity, boundary discreteness 
affecting the landscape patches. 
Correlating strongly with species diversity. 
Patches vary in size from large to small, 
shape from elongated to round, and 
configuration from complex to smooth 
(Forman, 1995) 
The average turnover rates of landscape 
patches may be high. 
The sharpness of the patch boundaries differs 
in the landscape. 

- Patch edge 
Patch edge is defined as “the outer band of 
the patch, having an environment 
significantly different from the interior of the 
patch that produce the edge effect.” 
The species composition and abundance 
differ between the edge and interior of the 
patch. 
There are several significant factors such as 
the angle of the sun, wind, as well as the 
degree of species difference between the 
patch and matrix that affect the width of the 
patch resulting in the variation of patch edge 
from a few meters to a few tens of meters at 
the landscape level.  

- Patch Shape 
It is significant to target the dispersal or home 
range suitability. 
It influences the patch interior and edge. 

“In understanding a land- scape, 
determining the number of patches in each 
of at least four categories appears essential. 
How many patches are there of each of the 
patch origins? How many of each 
community type are there for each of the 
patch origins? In each category thus 
formed, what is the size distribution of the 
patches? And what is the distribution of 
patch shapes in each of these?” Various 
spatial configurations could be examined 
using standard statistical techniques 
(Chessel 1978, Daget 1979, Godron 1971, 
Kershaw 1973) applied to patches 
distributions in each category. These 
patches may be random, regular, 
aggregated, or positive or negative 
associations with other patches. 
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Considering more gradual gradients may 
conduct the movements of species between 
patch and matrix. 
Being impacted by the high level of 
heterogeneity of the matrix 
 

The interior and edge ratio of patches is 
applicable to evaluate the importance of patch 
shape in the landscape. 
Regarding Whitmore (1975) plant species 
composition and community structure are 
impacted by the patch shape. 
Patch width or shape seems to be a main 
ecological variable in the landscape. 
In various shape of isodiametric, rectangular, 
strips, linear, circular (ring zones), dendritic, 
etc. 
A compact or round form affects the internal 
resource conservation, by minimizing the 
perimeter exposure to outside effects (Harris 
and Kangas, 1979) by (Forman, 1995). 
A patch that usually has a large core, with 
some curvilinear boundaries, and narrow 
lobes, as well as depending on flows 
orientation angel, can optimize several 
ecological key functions in the landscape 
(Forman, 1995). 
Narrow lobes increase the interaction with 
distant parts of landscape through higher 
recolonization rate for local extinct species, 
or species dispersion to other patches 
(Forman, 1995). 
A compact or rounded shape minimize the 
perimeter exposure to outside leading to 
conserve internal resources (Harris and 
Kangas, 1979, by Forman, 1995). 
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Table 16:  

Types of corridors in landscape (Forman and Godron, 1981; Forman, 1995) 

Characters 
Types of Corridors in Landscape 

Line corridors Stripe corridors Stream Corridors Network 

Origins 

They originate the same as 
patches, e.g., remnant tree 
lines left from earlier forest, 
introduces shrub and tree 
plantings for defence, 
livestock enclosing, and 
decreasing wind 

 

“Normally a dendritic 
pattern formed by 
intersecting narrow 
fingers upstream 
gradually widen 
downstream.” 

Generally, from cross-
connection of line corridors 
such as hedgerows, bocage, 
roads, railroads; and 
occasionally composed of 
strip corridors. 
Widespread in landscape 
affected by high level of 
human activity and imprint. 

Casual Mechanism 

Being narrow and typically 
have only species 
characteristic of “patch edge”, 
dominated by human 
disturbance 

Wider band, containing a 
patch interior environment, 
interior species may migrate 
or live 

Vary in width based on 
the size of the stream, 
which strongly affect the 
erosion rate in stream 
banks the water 
absorption from 
precipitation and runoff 
which in turn, control 
siltation and flood in 
downstream ecosystem 

Providing an “effective 
migratory route”, due to the 
exitance of alternative 
pathways being crucial for 
“animal foraging efficiency, 
predator avoidance, and 
minimizing the barrier or 
isolating effect of local 
disturbance or break in a 
corridor link.” Migration 
efficiency will be 
determined by the frequency 
of intersected corridors, and 
degree of expanded nodes 
and patches in such 
intersections. 
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Dynamics 

Providing habitat and 
breeding sites for species that 
require the surrounding 
matrix environment for 
protection or feeding. 
Non-native species are 
common 
Path line: disturbance-
resistant species, compacted 
soil, often with attendant 
erosion along the line. 
Linear correlation between 
hedgerow age and shrub 
species diversity. 

Protective cover for species 
from natural predators, 
domestic animal, and 
human effects. 
The outer portions have the 
edge effect, while central 
portion has the interior 
environment and species. 
So, the “width” is critical 
in strip corridors. 
A strip corridor which 
connects small patches may 
enrich them with species 
that could not survive in 
small, isolated patches 

In contrast to line and 
strip corridors  
Border water courses 
The most widespread 
corridor type, due to 
water and mineral 
nutrition flow. 
To preserve species 
from flooding in the low 
stream, it must include a 
stripe of interior 
environment on well-
drained soil. 

Networks alter the flow of 
nutrients, water, and air 
across the landscape. 
Containing loops 
Networks contain prominent 
features of most landscapes, 
due to their impacts on not 
only the links, but also the 
matrix and patches. 
Networks modifies the flow 
of air and heat energy 
changing evapotranspiration 
and the moisture patterns of 
the soil. 
 

Examples of 
Elements in 
Landscape 

Paths, roads, hedgerows, 
property boundaries, drainage 
ditches, irrigation channels 
Hedgerow line of shrubs or 
trees: higher than a matrix, cut 
wind speed, shades the 
adjacent matrix, high 
evapotranspiration rate. 

 Streams, stream banks  

Overlaps 

- - 
Networks and stream corridors delay surface water and 
nutrient runoff, consequently, reduce siltation and floods 
in downstream ecosystems. 

- Edge species moving in all four kinds 
- A wide stream functions as strip for movement of patch interior species. 
- A corridor should be continuous to maximize the effectiveness. 
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Landscape Scale 

Speaking of scale, three types of landscape are identified by Forman & Godron (1995) 

that includes coarse-grained, medium-grained, and fine-grained landscape. 

Coarse-grained landscape encompasses several fine-grained landscapes and is 

optimum to provide benefits for large patches and multihabitat species, including humans. It 

is massive context for environmental resources and conditions that could be measured by 

grain size as the average diameter or area of all patches. The course-grained landscape only 

contains large natural-vegetation patches which provide aquifer and specialist interior species 

protection as well as large built areas for industrial specialization. It is relatively monotonous, 

high in diversity, but low site diversity, costly movement for multihabitat species. With only 

large patches of the major land uses present such as natural-vegetation, agricultural, and built 

areas. However, medium-grained landscape is deprived of the large patch benefits (Forman & 

Godron, 1981).  

In a lower scale, fine-grained landscape is monotonous in which site diversity is high. 

These sites mainly contain generalist species requiring short distance movements to survive. 

Due to the widely distributed pollution sources all over the fine-grained landscape, air and 

water quality tend to be low. However, the absence of specialized resources in its large 

patches results in the truncated and narrower resource base. Bearing in mind, the fine-grained 

corridor and junction areas are effective for multihabitat species (Forman & Godron, 1981).  

Landscape Change / Transformation 

Landscape transformation can take place from different mechanisms such as logging, 

suburbanization, wildfire, and desertification that leads to some spatial patterns to the mosaic 

sequence over time. Mosaic sequence including edge, corridor, nucleus, nuclei, and dispersed 
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can be analyzed for different landscape changes such as patch size and boundary length and, 

compared and correlate with the spatial attributes (Forman, 1995). 

Landscape transformation occurs by a variety of in-order overlapping spatial 

processes from perforation, dissection fragmentation, and shrinkage, to attrition that are 

caused by nature and/or human, and results in habitat loss and isolation. These five spatial 

processes are defined by Forman (1995) in the subsequent paragraph in the order of their 

importance. 

1- Perforation: “the process of making holes in an object such as a habitat or 

land type, e.g., dispersed houses or fires in forest.” 

2- Dissection: “the carving up or subdividing an area using equal-width lines, 

e.g., by roads or powerlines.” 

3- Fragmentation: “the breaking of an object into pieces that are often widely 

and unevenly separated.” 

4- Shrinkage: “the decrease in size of objects” 

5- Attrition: “disappearance of an object.” 

In dissection and fragmentation stages, the connectivity across the continuous 

corridors and matrix tend to decrease. In the first stages, although the spatial processes 

enhance habitat loss and isolation, however, the average patch size decreases in the first four 

stages and increase in attrition due to the disappearance of small patches (Forman, 1995).  

In terms of the total boundary length between original and new elements, it mainly 

increases in the first three phases, whereas it decreases in shrinkage and attrition phases 

(Forman, 1995). 

Edge is identified as a new-land-type that spreads mainly in parallel strips from an 

edge, that is considered as the best ecological transformation sequence by Forman (1995), 
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due to the edge pros and cons. Because, on the positive side, in edges there is no perforation, 

dissection, or fragmentation that is the best advantage for large patches, and “Connectivity”. 

However, on the other side, in edges, there is not “risk spreading”, there is progressive 

narrowing of the initial remnant strip, and it is an extensive area of new-land-type without 

small patches and corridors. Forman (1995) and Forman and Collinge (1995) introduce a 

theoretical mosaic sequence labelled with “the ‘jaws and chunks’ metaphor” that eliminate 

edge cons (Forman, 1995; Forman and Collinge, 1995). 

In terms of climate change impact, land transformation is associated with climate 

change and pollution driven by urbanization which is changing the ecosystem properties at 

different landscape scales through connectivity of resources, energy, and information among 

social and ecological system (Grimm et al., 2008). Different consequences of land 

transformation from nature, patterns, changing pace, to ecological and societal attributes vary 

in different scales, due to human preferences, economy, politics, and environmental 

sensitivities (Carpenter et al., 2007 by Grimm et al., 2008). 
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Appendix B 

Figure 17:  

Colwood Parks (City of Colwood, 2010)  

 
Note. Adapted with Copyright Permission from City of Colwood 
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Figure 18:  

Colwood Parks (City of Colwood, 2006)  

 
Note. Adapted with Copyright Permission from City of Colwood 
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Figure 19:  

11 neighbourhoods of Colwood (Colwood PRMP, 2021)  

 
Note. Adapted with Copyright Permission from City of Colwood   
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Figure 20:  

Colwood Zoning Map (City of Colwood, 2018)5  

 
Note. Adapted with Copyright Permission from City of Colwood 

  

 
5 Retrieved from: https://www.colwood.ca/city-hall/maps  
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Figure 21:  

Colwood Community Green Map (City of Colwood, 2011)6 

 
Note: This map is mainly used to find the ecosystem services of the landscape elements in Colwood 

 
6 Retrieved from: https://www.colwood.ca/sites/default/files/maps/Colwood-Green-Map-2011E.pdf  


