A GIS-based decision-support model linking urban forest benefits with
sustainability goals: an application to Thunder Bay, Ontario

This thesis is submitted to the Faculty of Graduate Studies to partially fulfill the
requirements for a Master of Environmental Studies degree
offered through the Northern Environments and Cultures Program
at Lakehead University

By

Bradley N. Doff

© Bradley N. Doff, 2011. All rights reserved.



Abstract

Urban forests are a key piece of a city’s green infrastructure, highly valued for their
socioeconomic and environmental benefits. Current research demonstrates their
structure and function are considerable assets to the health and livability of a city
(e.gs., energy savings, stormwater mitigation, decreased crime rates). Cities are also
now beginning to recognize the importance of these benefits in managing and
maintaining their urban forests. However, the ways in which these benefits are
tabulated fall short of providing city foresters and municipal planners schemes by
which to prioritize tree planting and tree care regimes that will optimize benefits to
the community. This proposes a method by which this may be accomplished.

An Urban Forest Benefits Model (UFBM) has been developed to integrate the
research on the benefits of an urban forest into a GIS decision-supported tool. The
UFBM is intended to guide cities in prioritizing their greening efforts so as to
maximize the level of net environmental, economic and social benefits. It will also
help municipalities integrate green infrastructure in a way that contributes toward
their urban sustainability objectives.

There were three key objectives associated with this research: (1) to develop an
inventory and framework of urban forest benefits calibrated for a specific city; (2) to
develop a prioritized list of the city’s sustainability goals and identify how greening
efforts contribute toward these goals through use of a link table; and (3) to develop
the GIS-based UFBM that will assist with the sequencing of greening activities
(planting, maintenance and protection) in order to optimize community benefits
and attain long-term community sustainability goals.

The prototype UFBM was applied using a case study approach to the City of Thunder
Bay, Ontario. Review of urban forestry and sustainability literature and several
focus groups aided in the development of seven custom standard and link table
tasks to help achieve a variety of Thunder Bay’s sustainability goals through
decision-supported greening. The seven management tasks chosen were: (1)
stormwater mitigation; (2) planting near higher population concentrations; (3)
emerald ash borer crisis management; (4) economic development; (5) greening of
Central Business Districts; (6) greening for children engaging in active-commuting
to and from school; and (7) greening for those with special needs. Each task was
modeled individually using ESRI's ArcGIS, producing an independent set of
recommended planting, maintenance and/or protection locations based on the
task’s objective (e.g., stormwater mitigation). These recommended locations for
each of the seven management tasks were then combined to form a final
comprehensive map demonstrating optimum locations for greening (planting,
maintenance, and protection) in Thunder Bay. The combined results indicate areas
requiring a high level of tree cover to ensure an optimal level of desired
environmental and socioeconomic benefits. The most important areas identified in
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this study that require sustained greening are the two downtown cores of Thunder
Bay and significant areas in Carrick, Vickers and West End neighbourhoods.
Recommendations for operationalizing the model’s results to the City of Thunder
Bay are provided as well as for applying the UFBM to another jurisdiction.

Key words: forest benefits, community sustainability, decision support system, GIS,
green infrastructure, planning, urban forests.
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1.0 Introduction

1.1 Overview of the Issue

Over the past three decades a growing body of literature has demonstrated
the multiple values of growing trees in urban environments. Through various forms
of social and biophysical research, a wide range of the environmental goods and
services produced by an urban forest are now being calculated (Dwyer and Miller
1999; Nowak and Dwyer 2007; Wolf 2007a). Urban trees are commonly referred to
as “green infrastructure” because of the many benefits they provide to society,
similar to other “hard” infrastructure (e.gs., benches, culverts). Studies focused on
green infrastructure and their benefits are not only providing communities with an
understanding of the value of an urban forest, but they are demonstrating green
infrastructure’s contribution toward more sustainable urban environments. A
dramatic increase in land pressure and other urban problems in Canada and the US
have provided a platform on which to showcase the value of green infrastructure in
cities. Urban forests have been shown to counteract and provide significant
solutions to urban challenges such as sprawl, economic decline, social inequality,
violence, obesity, environmental degradation and crumbling infrastructure (Bolund
1999; Bourne 2001; Wang 2005; Day and Dickinson 2008; Morani et al. 2010). Now,
in some regions, cities are using healthy urban forests as biotechnology to perform
sustainable regenerative services within the community (Bolund 1999; Sorrell
2006; Joye et al. 2010; Locke et al. 2010). Part of what makes green infrastructure

such an ideal option and investment is that, with routine maintenance and at



minimal expense, they provide solutions at a fraction of the cost it would take to
engineer with hard infrastructure (e.g., concrete storm drains). Consider an urban
forest’s ability to reduce stormwater runoff and water management costs, moderate
the microclimate, calm traffic, stabilize and denature air and soil pollutants and
reduce noise (Dwyer et al. 1992; Pulford and Watson 2003; Escobedo and Nowak
2009).

The type and amount of function (or benefits) provided by an urban forest is
influenced by its structure (e.g., tree canopy diameter, height and condition, tree
species) and tree placement. For the most part, a tree’s structure has been the most
understood aspect that enables a tree to produce benefits. The larger and healthier a
particular tree, the more services it generally will render (Nowak et al. 2008).
Larger, fuller trees have more leaf area, which allows them to perform more
services like filtering air, cooling hot urban areas, capturing rainfall, and stabilizing
soil.

Although it is under-studied, tree placement with respect to other
infrastructure, buildings, pollution sources and people is also another significant
determinant in the amount of benefit a tree will contribute. For example, a tree
growing in a busy downtown core provides significantly more services to its
surrounding environment (reducing smog and noise and moderating the urban heat
island) than the same tree located in a farmer’s field. Although all large, healthy
trees produce benefits regardless of where they are planted, the closer trees are to

people and pollution source, the more they will provide ameliorating and beneficial



services to the community (Dwyer et al. 1992; Maller et al. 2002; Sorrell 2006;
Rappe 2007).

The paradigm of maximizing a tree's benefits by altering its structure and
placement, however, has hardly been a focus or practice until recently. Municipal
planners, landscape architects, and urban foresters planted trees primarily for the
benefit of aesthetics and gave little forethought to optimizing other urban forest
goods and services in a community. While studies focusing on urban forest benefits
have existed for decades, few have demonstrated methods to optimize these
benefits or the means to practically integrate green infrastructure and their

considerable benefits into long term community planning.

1.2Research Problem

With recent advances in urban forest research, the structure, function and
resulting value of an urban forest are now better understood. Simultaneously, the
recent development of a suite of new GIS-based tools has allowed decision makers
to analyze and query new types of spatial information in regard to an urban forest
(McPherson et al. 1994; Nowak and Dwyer 2007; Escobedo and Nowak 2009). In the
past decade, computer models such as i-Trees’ Eco®, Streets®, and Hydro® models
have provided planners, foresters, and decision makers with detailed analyses of the
environmental goods and services an urban forest produces within a community.

Existing urban forest tools help demonstrate that green infrastructure is a
considerable asset to the health and livability of the urban fabric. The tools,

however, fall short of helping urban foresters and planners prioritize locations for



tree planting, maintenance, and protection that will maximize an urban forest’s
benefits to a community. The author, who has firsthand experience working as an
urban forest professional at the City of Thunder Bay, has encountered the lack of
available tools to aid in developing city-wide greening plans. Existing tools only
provide a current snapshot (or evaluation) of an urban forest’s benefits and have
only a limited ability to allow a user to model potential adjustments to the urban
forest to increase these benefits. In addition, due to the strong interconnection of
tree benefits and the sustainability goals of a community (e.g., reducing building
energy costs, mitigating stormwater management costs, and increasing active
transportation), there is also a need to develop a research framework that can
incorporate urban forest benefits into sustainability planning (James et al. 2009).
Currently, there are limited tools and research that provide a methodology to use
strategically urban forest benefits to help accomplish the sustainability aims of a
city.

With the advancement in both urban forest benefit research and GIS, there is
significant potential to intertwine these emerging disciplines into a decision-
support tool that will guide urban forest planning to maximize benefits. This
research proposes a prototype community development tool called the Urban
Forest Benefits Model (UFBM) that integrates the latest urban forest benefit
research within a GIS so as to enhance the environmental goods and services of an
urban forest. The UFBM will prioritize tree planting, maintenance, and protection
efforts at a neighbourhood scale to maximize the biophysical and socioeconomic

returns to the community. By doing so, it will provide urban planners and urban



foresters the means to use trees to help simultaneously achieve a variety of
community sustainability objectives (e.g., mitigating stormwater runoff and

increasing active transportation).

1.3 Research Objectives

There are three key objectives associated with this research: (1) develop an
inventory and framework of urban forest benefits calibrated to the case study city -
the City of Thunder Bay, (2) develop a prioritized list of Thunder Bay’s sustainability
goals and identify how greening efforts contribute toward these goals and, (3)
develop the UFBM that will sequence planting, maintenance, and protection efforts
in order to optimize community benefits and attain long-term community
sustainability goals. The following sections provide the methodology by which the
three research objectives are achieved. A more elaborate discussion of the methods

can be found in Chapter 3: Conceptual Model.

1.3.1 Method One - Urban Forest Benefit Framework

A thorough literature review facilitated the development of a list of
contributions that urban trees and greenspace make to urban communities. The
compiled benefit list, gathered from arboriculture and urban forestry research, was
used to create a framework presented in chart format using Microsoft Excel®. All
benefits found in the literature were summarized and a framework was established

providing details such as: a description of each benefit; the category of benefit; costs



incurred to the community; cited-research; further examples of indirect benefits;
and any other background details pertaining to the research.

Upon completion of the framework, a calibration exercise identified the
benefits that are realized in Thunder Bay. Given that the framework includes urban
forest benefits that were extracted from research performed throughout the world,
most notably in the United States and Europe, this exercise was used to understand
how urban forest benefits can be realized in different climates, and more
specifically, in Thunder Bay. A focus group consisting of eight local urban forest
professionals and academics were used to rank these benefits. This exercise
resulted in a ranked list of benefits that subsequently would be used in the link table

(see following section).

1.3.2 Method Two - Sustainability Framework

To understand how an urban forest contributes to the sustainability goals of
a community, several steps were carried out to identify and rank community
sustainability goals. Part of the process was achieved through a literature review of
the City of Thunder Bay’s major guiding documents, which identified the core goals
and direction of the City that pertained to sustainability. Similar to method one, all
pertinent goals were summarized and a framework was established providing
details such as: goal category, goal description, documents cited, and other
supplementary explanatory notes about the sustainability goal. A focus group
ranking exercise comparable to that of method one was performed in order to

achieve some level of goal priority. The participants were composed of various city



managers and decision makers, including the mayor’s assistant and urban planning
managers.

Upon completion of the prioritized urban forest benefits (method one), and
sustainability objectives (the first component of method two), the results were
summarized in a matrix called the link table. The link table was used to display
connections, both visually and statistically, between the benefits provided by trees
and the sustainability objectives of the municipality. The literature was used to
determine the strength of connection in the link table between an urban forest
benefit and a sustainability goal. The linkages were scored based on a weighting
scheme (score categories between 1 to 5; 5 being a strong connection) and provided
an indication of which linkages were most valuable. A combination of academics and
professionals from the previous focus groups were given the results of the link table.
They were then given the opportunity to provide feedback, make changes, and
confirm the most valuable connections. These valuable connections, also called

management tasks, were later used in method three.

1.3.3 Method Three - GIS Mapping

The prototype UFBM is made up of management tasks derived in part from
the link table. As discussed above, the link table is the process where the most
pressing and valuable management tasks are chosen for inclusion within the UFBM.
The other tasks that make up the UFBM are derived from the standard tasks section,
established by the user (Figure 1.1).

The selection of standard tasks is derived in part by reviewing popular

criteria that are employed by other municipalities to mitigate an urban challenge



through greening. In reality, there are very few municipalities who manage their
urban forests to increase their potential benefits, although this practice is now
gaining more recognition. The standard tasks used in this case study were chosen
because of their high value or benefit to the community, hence the “user” wanted to
secure their place in the UFBM by ensuring they were not filtered out in the link
table process. The “user” for this case study was a collaborative effort between the
researcher and the City Forester for the City of Thunder Bay. The selection process

for the standard and link table tasks is called the task generator (see Figure 1.1).
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Figure 1.1. The conceptual model displaying the components of the prototype
Urban Forest Benefits Model (UFBM). The task generator is comprised of the
tasks derived from the standard and the link table processes (the link table
processes were informed by the focus groups). The selected tasks are
inputted into a GIS where the relevant data are spatially analyzed, mapped
and consolidated to demonstrate optimum greening locations.



Prior to operationalizing the tasks into the GIS, each are reviewed to identify
the various data requirements necessary for spatial processing. The tasks and their
corresponding data sets are then inputted into the GIS for spatial analysis. In this
case study, the spatial analysis techniques changed for each task depending on the
available data and task objectives. Once each task is analyzed to demonstrate a
greening scheme based on the task’s objective, the prototype UFBM is then realized
when all greening schemes are merged together to form a combined greening index.

The City of the Thunder Bay was used in the case study for this research for
two main reasons. First, the author has firsthand experience working as an urban
forest professional at the City of Thunder Bay and is familiar with the City’s tree
inventory and related datasets required for this research. Second, cities in the
northern latitudes are exposed to cold and sometimes hostile climates that make
livability and sustainability more difficult. Trees play a major role in the livability
and permanence of northern communities by fostering a sense of place and by
mitigating the extreme climate. Therefore, Thunder Bay is a good candidate to
demonstrate how green infrastructure can be used to create more livable and

sustainable conditions in a medium-sized, cold-climate city.

1.4 Conclusion
Urban forests can provide many types of regenerative solutions to the urban
challenges that communities face. However, through professional experience, the
author has encountered few studies and models that have provided the methods to

adequately integrate the urban forest with sustainability planning. The prototype
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UFBM is a combination of computer-based and non-computer based components
(e.g., focus groups) to provide a customized tool for communities to allow them to
use green infrastructure more powerfully to mitigate the challenges they face. Due
to the diverse range of community goals the UFBM supports (e.gs., hydrology, crime
prevention, health care, education) and the wide array of socioeconomic and
biophysical goods and services it can theoretically model, a significant review of
urban forest benefits, decision support systems, and sustainability concepts were
necessary for the study. Chapter two presents a review of the literature and
provides a substantial base for the creation of the UFBM as well as supporting
evidence to justify the model’s development. Chapter three provides the detailed
methodology required to develop the model. Chapters four and five then provide
additional and technical information on how the model was implemented for the
City of Thunder Bay. Chapter six discusses the integration of results from the
previous fourth and fifth chapters and provides formal recommendations based on
the Combined Greening Index for the City of Thunder Bay. Chapter seven provides
concluding remarks that include various limitations associated with this project and

potential opportunities for future research.
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2.0 Literature Review

2.1Introduction

In the past couple of decades there has been considerable growth in research
on urban forests. Increasingly, trees are seen as integral parts of a city because of
the wide range of services they provide to both humans and wildlife (Dwyer et al.
1992). Not only are trees getting noticed for their ecological and environmental
benefits to society, but a large body of research has exposed the social and economic
benefits they provide. Today, trees are seen as an essential tool in the fight against
climate change, and air and water pollution, and as a significant contribution toward
developing sustainable communities (Kuo 2001; McPherson et al. 2006; Nowak and
Dwyer 2007).

This chapter provides a review of the various elements associated with
urban forest management and sustainability. The first section provides a discussion
of the biophysical and socioeconomic goods and services (i.e., benefits) provided by
the urban forest. This is followed by a review of the computer models used to
valuate and measure these services, the development of decision support systems
(DSSs) for sustainability and urban forestry objectives. Decision support tools are
playing an increasingly important role in both urban sustainability and urban
forestry, by providing decision makers the ability to explore and manage their
particular activities. Finally, because principles of sustainable communities directed

which management tasks were selected within the developed UFBM, issues
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pertaining to urban sustainability and the context of the UFBM within broad

sustainable policies are explored.

2.2 Benefits of the Urban Forest

Trees are highly-prized for many socioeconomic and environmental
contributions to society (Dwyer et al. 1992). Research has demonstrated trees’
ability to mitigate air pollution (Escobedo and Nowak 2009), increase community
attractiveness (Antonelli et al. 2006), reduce road and industrial noise (Fang 2003),
strengthen business districts (Wolf 2005), and reduce anxiety (Kuo and Sullivan
2001; Taylor et al. 2001). These are just a fraction of the urban forest benefits
purported in the literature. Over the past decade, researchers have begun to
quantify these benefits and have been able to generate very specific and measurable
results. Through the use of Geographic Information Systems (GIS) and other
computer models, tools such as i-Tree Eco (Nowak et al 2007) and CityGreen
(American Forest 2011), foresters and other managers can now calculate the
structure, environmental effect, and value of the urban forest (Nowak and Crane
2000).

The benefits gained from an urban forest are optimized through proper
planning, site design, tree species selection, and management (Nowak and Dwyer
2007). In contrast, improper planning, incorrect site and species selection, and
inadequate maintenance could actually result in a net loss of overall benefits, and in
some situations, come at a cost to society (Nowak and Dwyer 2007). Impacts such as
excessive production of tree pollen, volatile organic compound (VOC) production,

increased building energy use, and infrastructure damage can result without proper
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planning and management of the urban forest (Mcpherson et al. 2006). However,
with the use of appropriate planning and management principles, trees can produce
a variety of benefits that significantly outweigh their costs. These benefits can be
categorized into two main types: biophysical and socioeconomic.

Along with proper planning and management, the sum of benefits produced
by a tree is directly related to three biophysical elements: the tree’s structure (e.gs.,
branches and leaf area), the species, and its geographical placement (Dwyer 1999;
James 2009). Tree structure, primarily referring to the leaf area, provides an
estimate of the strength and amount of benefits a tree produces (Bolund 1999). The
leaf area is the estimated measurement of total surface area of each leaf on a tree.
Generally a tree that is larger will have more leaf area, and as a result, it can filter
out more pollution, intercept more rain, block noise, and provide better shade,
etcetera, than smaller trees with less leaf area (Bolund 1999). The type of tree
species also influences the type and amount of benefit generated to the community.
For example, mulberry (Morus spp.) is very effective at filtering out ground-level
ozone (Nowak 1994) but does not perform well in addressing issues relating to
stormwater management. Trees also have many more benefits to society when they
are close to people (i.e. in urban versus rural areas). Trees and shrubs are typically
in cities for their beauty or shade properties, but they could also be placed in areas
to optimize a number of other potential functions they can provide. For example,
large shade trees could be placed strategically around and within areas that contain
large areas of impervious cover (i.e., parking lots); such plantings serve to minimize

the damages of stormwater runoff, to protect paving surfaces, and to lessen the
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urban heat island effect (Arthur et al. 1995). Understanding how a tree’s structure,
type, and location affect its overall function provides a good framework for planting
the right tree in the right place.

As mentioned previously, trees can either have a net benefit or net cost to
society depending on the species, site characteristics, and the amount and type of
planning and design involved. If these planting steps are accounted for at the time of
tree planting, then the overall costs normally remain well below the net benefits
gained over the lifetime of the tree (Akbari et al. 2001). Tree maintenance expenses
generally add up to a small portion of the yearly costs. A case study by Mcpherson et
al. (2006) indicated that the municipalities of Jacksonville FL, Savannah, GA and
Chareleston, SC, spent on average about $18 a tree per year. Most of this amount
was for pruning, planting, removal, disposal and administration (Mcpherson et al.
2006). There are also other larger expenses incurred with inappropriate design,
species selection, or site selection. Costs for damaged sewer lines, building
foundations, parking lots and various other hard infrastructures can be an incurred
expense (Randrup et al. 2001). These costs, and others, like tree litter pickup and
tree pollen, can all be a nuisance and can be an expense difficult to measure. Despite
the annual and other costs listed here, the net biophysical and socioeconomic

benefits will be shown to outweigh these costs the next two sections.

2.2.1 Biophysical Benefits
Biophysical benefits are those that relate to the physical and biological
environment, such as moderating climate, reducing building energy use, air

filtration, and noise reduction. The same study by McPherson et al. (2006) discussed
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above indicated that average biophysical benefits (e.gs., heating and cooling energy
savings, carbon dioxide reduction) alone were up to six times greater than tree care
costs. A large tree planted on the east or west side of a house, for example, was
valued at $108 annually and produced $4,320 worth of services over a 40-year
period (McPherson et al. 2006). Below is a description of some of the most
compelling measured biophysical benefits reported in the literature. The
descriptions focus mainly on how trees influence the local atmosphere (air
temperature, microclimate, reduced air conditioning costs) but also provide brief
summaries of other important benefits. The benefits of an urban forest pertaining to
the specific management tasks that are part of the UFBM will be discussed in greater
detail in their respective chapters (i.e., chapters 4 and 5).

Trees influence the atmosphere in a variety of ways. First, they affect the
temperature and microclimate of local environments (Fraser and Kenney 1985;
McPherson et al 1994; Escobedo and Nowak 2009). A tree’s natural
evapotranspiration in conjunction with its leaf-area and shade provide a cooling
effect moderating hot summer temperatures found in many urban areas
(McPherson and Muchnick 2005). Second, this influence on the microclimate leads
to the conservation of the energy that would normally be required to cool homes in
the summer (Akbari 2001). Similar benefits have also been realized to reduce
building heating costs in winter with the proper site and species selection. Third,
trees remove common air pollutants - including sulfur dioxide, nitrogen dioxide,
carbon monoxide, and carbon dioxide (Beckett et al. 2000; Morani 2010) via their

uptake through the leaf stomata where they are stored (or sequestered) by the tree
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(Brack 2002). A variety of factors affect trees’ ability to uptake air pollutants,
including the health and size of leaf surface area, the concentrations of pollutants,
and local meteorology (Nowak and Dwyer 2007). According to Nowak (1994), New
York City’s urban forest removed an estimated 1,821 metric tons of air pollutants in
1994 having an estimated annual value to society of $9.5 million in 1994. Large
healthy trees greater than 77 cm in diameter removed approximately 70 times more
pollutants annually than small healthy trees less than 8 cm in diameter (Nowak
1994). Hence, there is considerable benefit in the maintenance of a healthy mature
forest.

Stormwater mitigation is another significant biophysical service performed
by trees. Tree canopies intercept rainwater on their leaves and branches, and create
favourable conditions on the ground that slow runoff and allow more water to
percolate into the soil (Dwyer et al. 1992; McPherson et al. 1994). As a result, trees
and the surrounding soil and vegetation help to reduce the effects of surface runoff
by storing, filtering and denaturing pollutants such as car oil, gas, antifreeze,
bacteria, and pesticides. Consequently, pollution loading downstream is significantly
reduced (Nowak 2006). By reducing the overall amount of stormwater, trees
significantly diminish stormwater management expenses by minimizing the
associated engineering and infrastructure costs and by reducing the volume of
water entering water-treatment facilities (Xiao et al. 1998). Further discussion
concerning stormwater is found in Chapter 4.

Society also benefits from a variety of other biophysical goods and services

generated by trees. Trees help conserve water (Dwyer and Miller 1999), lower
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energy use (Mcpherson and Simpson 2003), decrease noise and vibration along
busy roads (Cook and Haverbeke 1997; Fang et al. 2003), and increase the beauty of
the streetscapes (Mcpherson et al. 2006). In addition, trees stabilize, denature, and
compartmentalize pollution in brownfields and contaminated industrial grounds
(Pulford and Watson 2003) and provide habitat for wildlife (Dwyer et al. 1992).
These benefits also contribute toward some of the socioeconomic benefits received
from trees, such as increased tourism and economic development (further discussed

in section 2.2.2).

2.2.2 Socioeconomic Benefits

Socioeconomic benefits are those that aid the social, health, or economic
fabric of a community. There are a myriad of direct and indirect ways humans
benefit from the interactions with trees. In some cases these benefits can be difficult
to quantify, such as tree’s ability to encourage more regular use of active, non-
vehicular transportation in a community by beautifying and shading roads and
calming traffic (Hartig and Staats 2006; Hansmann et al. 2007; Rappe 2007).
Conversely, researchers have demonstrated that some influences are more easily
measured than others, such as a decrease in crime (Kuo 2001) or the increase in
property values (Wolf 2007a). Numerous studies have demonstrated that homes
with trees are preferred to comparable homes without trees. Although price is
variable and depends on how tree presence is defined, according to Wolf (2007a)
after a review a multiple studies, house prices had increased on average by seven

percent with the presence of yard and street trees.
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A growing body of evidence has also shown trees to improve the symptoms
of Attention Deficit Disorder (ADD) and Attention-Deficit/Hyperactivity Disorder
(ADHD) in children and adults (Taylor et al. 2001; Kuo and Taylor 2004;). Both ADD
and ADHD disrupt cognitive function that affect school performance, and social
development including relationships with peers and family members. These effects
can persist into adulthood if untreated, and therefore have become a focal point of
study for many public health and education-related researchers. Trees and the
natural environment appear to reduce ADD, ADHD and fatigue and allow the brain’s
‘directed attention’, purported by Kaplan (1992) to be more effectively restored
(Kuo and Sullivan 2001; Taylor et al. 2001; Maller et al. 2002; Hansmann et al.
2007). Kuo and Taylor (2004) have shown that exposure to green natural settings
during daily activities is widely effective in reducing attention deficit symptoms in
children. Their study, which included 56 analyses of variance (ANOVAs),
demonstrated that green outdoor activities received more positive ratings than did
activities taking place in other settings 54 out of the 56 analyses. This included
reductions of ADHD symptoms among both boys and girls; children in the 5- to 6-
year, 7- to 10-year, 11- to 13-year, and 14- to 18- year age groups; and children from
4 separate household income brackets (ranging from less than $25,000 to $75,000
or more per year) (Kuo and Taylor 2004).

Other studies of their socioeconomic benefits have demonstrated how trees
increase sales in and attract business customers to retail environments (Wolf
2004a; Wolf 2007b), decrease traffic speeds (Bunn et al. 2003; Wolf and Bratton

2006), increase tourism (Dwyer et al. 1992), provide healthy social space and
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increase people’s well-being (Sorrell 2006), and increase children’s school
performance (Taylor et al. 2002; Taylor and Kuo 2006). Table 2.1 provides an
extensive list of the socioeconomic and biophysical benefits that have been
attributed to the urban forest. This list is expanded upon in Appendix V. In

addition, there is more detailed discussion of the other benefits pertaining to the

UFBM case study in their respective standard and link table task chapters.

Table 2.1. Biophysical and socioeconomic benefits attributed to the urban forest.

Benefit Category

Biophysical Benefits

Urban Hydrology

Stormwater Flow Control

Stormwater Cleaning
and Phytoremediation

Water Temperature

Water Habitat Protection

Lands

Erosion and Slope
Stability

Benefit Description

Trees control stormwater runoff by
intercepting and retaining flow of
precipitation reaching the ground.
Trees reduce stormwater rate and
volume and increase wastewater facility
performance.

Trees clean stormwater runoff that can
improve the quality of water. Trees
absorb and retain toxins in water and
decrease the amount of overall
contaminated water entering the
sanitary sewer system and natural
waterways

Tree shading lowers water temperature,
vital for riparian ecosystem stability and
the survival of many organisms.

Trees preserve and enhance fish and

wildlife habitat, as well as flora environs.

Insects that dwell in treed areas provide
a rich asset to these aquatic
environments.

Trees control erosion especially on
steep areas and maintain stability on
slopes.

Research Cited

Fraser and Kenney
1985; Nowak and
Dwyer 2007; Kirnbauer
et al. 2009; Dwyer et
al. 1992.

Nowak and Dwyer
2007; Kirnbauer et al.
2009.

LeBlanc 1997;
Sweeney 1993.

Sedell et al. 1988;
Sweeney 1993.

Dwyer et al. 1992;
LeBlanc 1997; Sedell
et al. 1988; Wolf and
Bratton 2006;
Escobedo and Nowak
2009; Pulford and
Watson 2003.



Table 2.1 continued...

Benefit Category

Building
Temperature/Energy
Savings

Road Pavement Life

Soil Contamination
(Phytoremediation/
Phytoextraction)

Food

Food

Increase property value

Air Quality

Particulate

Atmospheric Pollutants

Air Temperature/Micro
Climate

Vehicle VOC emissions

Vehicle VOC emissions

Benefit Description

Trees lower ground temperature,
minimizing the need for air conditioning
in the summer. Proper planting around
buildings also reduces heating needs by
sheltering buildings in the winter from
cold winds.|

Tree shading extends the life of road
pavement and decreases resurfacing
costs.

Some tree species are effective at
absorbing soil contaminants especially
heavy metals on contaminated sites
such as along railroads, highways near
ESA's, etc.

Trees provide food for humans (apples,
pears, nuts, mulberries etc.)

Trees provide food and habitat for
wildlife

Trees consistently add value to a home
and property (between 3-15%).

Trees remove particulates from the air
(ten microns or less).

Trees reduce CO, by sequestration,
and other pollutants (Trees sequester
many pollutants from the atmosphere,
including nitrogen dioxide (NO), sulfur
dioxide (SO,), ozone (O3), carbon
monoxide (CO).

Trees lead to temperature reduction and
other microclimatic effects

By shading asphalt surfaces, trees
minimizes carbon emissions caused by
automobile gas tank evaporation.

Trees minimize interior car off-gas
toxins.
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Research Cited

Dwyer and Miller 1999;
Dwyer et al. 1992;
Nowak and Dwyer
2007.

McPherson and
Muchnick 2005.

Pulford and Watson
2003; Nowak and
Dwyer 2007.

Schreckenberg et al.
2006.

Dickman and
Doncaster 1987.

Wolf 2007.

McPherson et al.1994;
Nowak 1994;
Escobedo and Nowak
2009; Nowak and
Dwyer 2007.

McPherson et al. 1994;
Nowak 1994;
Escobedo and Nowak
2009; Nowak and
Dwyer 2007.

McPherson and
Muchnick 2005;
McPherson et al. 2006;
Sweeney 1993;
Escobedo and Nowak
2009; McPherson et al.
1994; Nowak and
Dwyer 2007.

Nowak 1994b;
McPherson and
Simpson 2003.

Akbari et al. 2001;
Chien 2007.



Table 2.1 continued...
Benefit Category

Noise

Socioeconomic Benefits

Economic Development

Attract business
investment

Stimulate downtown
business

Tourism

Worker Productivity

Building lifecycle costs

Beautification and Design

Beautification

Beautification

Beautification

Benefit Description

Trees help reduce noise in the city

Trees attract business investment
through increased aesthetics and
through increased traffic/tourism.

Trees support the creation of a positive
climate for business, institutions and
employees, in order to develop a
diversified, growing economy. Trees
positively influence consumer behavior;
customers are willing to pay more for
parking, stay longer, and spend more
on goods and services.

Trees positively affect tourism through
influence on consumer behaviour and
beautification.

Trees improve worker/employee
productivity at the workplace.

Tree shade/wind/rain diminish some
forms of weathering on
anthropomorphic surfaces such as
shingles, siding, wood decks, roads etc.
and allow for longer material lifecycle.

Trees beautify the neighbourhood.

Trees make street corridors more
attractive and appealing.

Trees improve the condition and
appearance of buildings or structures
which require upgrading & rehabilitation
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Research Cited

Fang et al. 2003; Moll
1995; Dwyer et al.
1992; Nowak and
Dwyer 2007; Cook and
Haverbeke 1977.

Yannick et al. 2010;
Wolf 2004a; 2006;
2007.

Wolf 2004a; 2005;
2007; 2009

Wolf 2004a; 2005;
Dwyer et al. 1992;

Sorrell 2006; Kuo and
Sullivan 2001; Taylor,
et al. 2002; Lohr 1996;
Shibata and Suzuki
2002.

Rosenfeld et al. 1995.

Regan and Horn 2005;
Hartig and Staats
2006; Dwyer et al.
2000; Hansmann et al.
2007; Dwyer et al.
1992; Dwyer, et al.
1991.

Wolf 2004a; 2007;
Dwyer et al. 2000;
Hartig and Staats
2006;

Regan and Horn 2005;
Yannick 2010; Wolf
2005; 2007



Table 2.1 continued...

Benefit Category

Urban
Sprawl/Intensification

Sense of Place "Genius
Loci"

Civic Pride

Public Health and Safety

Overall Health

Hospital and Injury

Recovery

Traffic

Active transportation

Benefit Description

Trees increase the value and aesthetics
of inner-city properties, thus making
them more desirable for higher income
families, which leads to more families
settling in cities rather than building
outside the urban core.

Trees make corridors more attractive
and appealing and connect a
community with its locality (sense of
place)

Trees transform neighbourhoods
(social, economic, ecological) and are a
catalyst to attaining civic pride that
brings further change and community
interaction (Wolf 2005)

Trees increase the well being of
humans. Patients with views or
interaction with greenspace heal and
are released more quickly, trees reduce
air pollution which causes respiratory
complications, reduces the number of
patients with heat stroke and other over
heating complications (heart attacks in
seniors etc.), encourages more active
transportation and reduces illness
relating to obesity and cardiovascular
disease.

The visible landscape and association
with greenspace is believed to affect
human beings in many ways, including
aesthetic appreciation, health and well-
being which contributes toward faster
recovery times.

Trees calm traffic (slow speeding) and
increase road safety

Trees encourage active transportation
as sidewalks/paths are cooler, more
protected from vehicles, more attractive
and quieter (trees reduce traffic speeds
and absorb noise).
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Research Cited

Dwyer et al. 1992;
Dwyer et al.1991.

Wolf 20044a; 2009;
Dwyer et al. 1992;
Paterson and Connery
1997; Nowak and
Dwyer 2007; Velarde
et al. 2007; McPherson
et al. 2006.

Wolf 2004a Dwyer et
al. 1992; Dwyer et al.
1991; McPherson et al.
2006.

Velarde et al. 2007;
Hansmann et al. 2007;
Sorrell 2006; Taylor et
al. 2001; Rappe 2007;
Taylor et al. 2002;
Akbari et al. 2001.

Ultirch 1984;
Hansmann et al. 2007;
Erja Rappe 2007;
Sorrell 2006; Kuo and
Sullivan 2001; Velarde
et al. 2007.

Wolf and Bratton 2006;
Bunn et al. 2009;
Pharaoh and Russell
1991.

Hansmann et al. 2007.



Table 2.1 continued...

Benefit Category

Pedestrian safety

Glare

UV Light

Psychological

Stress

Mood

Fatigue

Aggression

Depression

Cognitive Function

Food

Food Source

Benefit Description

Trees provide a safety corridor between
roads and sidewalks protecting
pedestrians and giving the perception of
safety.

Trees act as glare control in work, road
and living environments, cutting down
on irritability and work distraction.

Reduced exposure to cancer-causing
UV radiation, lowering the risk of skin
cancer and cataracts.

Trees improve mental health by
providing stress reduction, privacy, etc.

Trees positively affect mood.

Access or views of natural elements
and greenery lower mental fatigue.

Access or views of natural elements
and greenery reduce aggression.

Access or views of natural elements
and greenery alleviate the affects of
depression.

Green settings replenish cognitive
function throughout the day. Research
also indicates that children have highest
cognitive function when exposed to
green settings.

Fruit trees, if properly placed in
backyards, parks and pathways, can
produce edible fruit (apples, pears,
cherries, nuts, mulberries, etc.).
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Research Cited

Wolf and Bratton 2006;
Bunn 2009; Pharaoh
and Russell 1991.

Wolf and Bratton 2006;
Akbari et al. 2001.

Saraiya 2004; Nowak
and Dwyer 2007.

Velarde et al. 2007;
Hansmann et al. 2007;
Sorrell 2006; Kuo and
Sullivan 2001; Shibata
and Suzuki 2002.

Sorrell 2006; Velarde
et al. 2007; Hansmann
et al. 2007; Wolf 1997;
2004; Kuo and Sullivan
2001; Dwyer et al.
1991; Shibata and
Suzuki 2002.

Kuo 2001; Shibata and
Suzuki 2002; Kuo and
Sullivan 2001.

Velarde et al. 2007;
Kuo and Sullivan 2001;
Dwyer et al. 1991.

Sorrell 2006; Kuo and
Sullivan 2001; Dwyer,
et al.1991.

Wells 2000; Velarde,
et al. 2007; Sorrell
2006; Kuo and Sullivan
2001; Shibata and
Suzuki 2002.

Thaman 2002; Ellis
1998; Bolund 1999.



Table 2.1 continued...

Benefit Category

Encourage active
transportation to grocery
stores (reduce impacts
of food deserts).

Education

Attention-
deficit/Hyperactivity

Performance

Enhance Children's play

Crime and Other Social

Aggression - Violence

Aggression - Violence

Neighbourhood Safety

Benefit Description

Tree lined streets encourage active
transportation by providing protection to
pedestrians from cars and high winds,
keeping them in the shade, and provide
a more meaningful and beautified route.
People are willing to walk/bike further in
protected/beautified routes to grocery
stores rather than relying on unhealthy
convenience store food.

Children with ADHD show fewer
symptoms when exposed to
natural/treed settings and have
Improved ability to cope with ADHD.

Children's school performance is
improved with views of, and interactions
with, green settings.

Urban parks and trees provide more
opportunity and encourage children,
parents, and grandparents to participate
in outdoor activities. It also provides
meaningful and educational
environmental activities (i.e. tree
planting efforts)

Fatigue may increase chances of
outbursts of anger and violence.
Contact with nature has been reported
to mitigate mental fatigue and reduce
domestic violence

Contact with nature has been reported
to mitigate mental fatigue which can
reduce outbursts of aggression on the
road (road rage)

Trees are among the most important
features contributing to the aesthetics of
a street and neighbourhood. Their
presence increases the perception of
care and safety.
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Research Cited

Hansmann et al. 2007;
Taylor et al. 2001.

Kuo and Sullivan 2001;
Taylor et al. 2001;
Wells 2000; Velarde et
al. 2007; Sorrell 2006;
Shibata and Suzuki
2002.

Wells 2000; Kuo and
Sullivan 2001; Taylor,
et al. 2001; Taylor et
al. 2002; Kuo et al.
2004.

Dwyer et al. 1991;
Taylor et al. 1998; Kuo
2003; Taylor et al.
2001.

Taylor et al. 2001; Kuo
and Sullivan 2001; Kuo
2001; Wells 2000;
Velarde et al. 2007.

Sorrell 2006; Taylor,
Kuo and Sullivan 2001;
Kuo 2001; Wells 2000;
Velarde et al. 2007.

Kuo and Sullivan 2001;
Kuo 2003; James et al.
2009; Kuo et al. 1998;
Dwyer et al. 1992;
Velarde et al. 2007.
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Table 2.1 continued...

Benefit Category Benefit Description Research Cited

Trees increase social ties and

neighboring in public and private lands.

Trees provide relief from the sun (cool

areas to interact), aesthetics, and
Neighbourhood Safety = appearance of hospitality and care.

The various activities surrounding trees,

Kuo and Sullivan 2001;
Velarde et al. 2007;
Kuo et al. 1998; Kuo

such as leaf raking, tree planting and AU

pruning can increase neighbourhood

involvement and ties.

Trees are significant to many cultures,

communities and spiritual groups; Dwyer et al. 1991;
Cultural and Spiritual enriching and complementing cultures McPherson et al. 2006;

and spiritual experiences. Trees also Fraser and Kenney

provide creative inspiration to artists, 1985;

writers, poets and singers.

2.3 Computer Models of the Urban Forest
As discussed earlier, since the late 1990s a number of computer-based
models have been developed to equip city foresters with superior information to
manage the urban forest. The following sections present a variety of different

software models and decision support systems.

2.3.1 Decision Support Systems

A decision support system (DSS) is a set of methods that includes a
computer-based system that provides intelligence to organizations to better equip
them in their decision-making activities (Densham 1991; Eom et al. 1998; Sefino et

al. 1999). DSSs play an increasingly important role in both urban sustainability and
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urban forestry, by providing decision makers the ability to explore and manage their
particular activities (Geertman and Stillwell 2004).

The components of a DSS usually include a combination of data sets,
computer-based algorithms and software, but they also can include theoretical
knowledge and modeling capabilities (Geertman and Stillwell 2004). DSS
development in 1970s gave rise to a variety of applications in accounting, business
and marketing groups (Van Bruggen 1998), agriculture (Delarosa 2004),
environmental and natural resource planning (Varma et al. 2000; Brack 2002),
among others. The main intent was to develop a computer-based interactive human-
computer decision-making system that, 1) supports decision makers rather than
replace them; 2) uses data and models; 3) solves complex problems; and 4) focuses
on effectiveness rather than efficiency in decision processes (Alter 1980; Bonczek
1981; Spraque and Carlson 1982).

In the late 1990s, at the same time DSSs were gaining strength and
popularity, Geographic Information Systems (GIS) were continuing to mature and
were becoming more accessible and used by organizations. Although these two
systems were mutually exclusive from each other at that time, the potential to
merge them presented great benefit. GIS are pieces of software that provide a
variety of analysis for spatial data and can offer a meaningful cartographic display of
the data. However, they do not provide the tools to help users select the proper
functions needed to apply or interpret the results (Seffino et al. 1999). In its early
development (pre-1990), GIS also lacked breadth in its analytical modeling

capabilities and did not easily accommodate variations in the context or process of
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spatial decision-making (Densham 1991). In this regard, the potential to couple a
DSS with a GIS led to the development of the term spatial decision support system
(SDSS), which integrates informed decision making and spatially-referenced data
(Densham 1991; Seffino et al. 1999).

At present a variety of SDSSs are being used by community decision makers
and foresters to provide meaningful analysis of urban forestry data. These models

(i.e., i-Tree Hydro, CityGreen) will be discussed.

2.3.1.1.  i-Tree Tools Suite®

In 2006 the USDA Forest Service released a peer-reviewed software suite
that provides urban forestry analysis and benefits tools for communities. The suite
is made up of various software tools that quantify the environmental services and
structure of the urban forest (USDA 2011). The software helps communities
recognize the various types of ecosystem services provided by trees in their
jurisdiction, and it helps inform forest management activities that are applicable to
many other sustainability concerns like stormwater and air pollution. These tools
within the i-Tree Tool Suite are discussed below, namely i-Tree Eco; i-Tree Streets;

and i-Tree Hydro.

i-Tree Eco

i-Tree Eco is a tool that calculates the structure, environmental effects, and
values of an urban forest (Escobedo and Nowak 2009). It was developed in the late
1990s under the name UFORE (Urban Forest Effects) to provide accurate estimates

of urban forest structure (composition and diversity, diameter distribution, tree
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density and health, leaf area, leaf biomass, and other structural
characteristics)(Nowak and Crane 2000); pollution removal; volatile organic
compound emissions of trees; carbon sequestration rates; building energy savings
due to tree shading; compensatory value of the forest (and pollution removal); tree
pollen allergenicity index; and the potential impact of pests. At the time of its
development, i-Tree Eco had four main modules: (1) UFORE-A: Anotomy of the
Urban Forest (species composition, tree health, leaf area); (2) UFORE-B: Biogenic
Volatile Organic Compound (VOC) Emissions (emissions that contribute to ozone
formation); (3) UFORE-C: Carbon Sequestration (net carbon sequestered by trees);
and (4) UFORE-D: Dry Deposition of Air Pollution (quantifies hourly pollution
removal) (Nowak and Crane 2000). Since its initial development, USDA Forest
Service teams have added further models to provide comprehensive assessments of
trees, such as pollen costs or tree shade and energy savings. Initially i-Tree Eco was
developed for cities and street tree inventories, however its methods can be applied
to areas of any size or area, including urban or rural areas.

Four types of data are required to run the first four modules: field, tree cover,
meteorological, and pollution concentration data (Nowak and Crane 2000). The tree
cover data can be in the form of either a complete (100%) sample to calculate values
for each tree for a total population, or a partial sample inventory to calculate
estimates for a total population (USDA 2010; Nowak, pers. comm., 2011). Once the
tree data are collected and entered into the i-Tree Eco database along with other

data such as local hourly weather and air pollution concentration data, scientific
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equations and algorithms are used to calculate structural and functional information
pertaining to the estimates (i.e., carbon calculations, air pollution) listed above.

The i-Tree Eco model uses the estimates of environmental value calculated in
the first part of the model to convert them to an economic value. This is done
through a variety of complex methods depending on the module (Nowak and Crane
2000). For instance, the dry deposition of air pollution conversion calculates the
hourly dry deposition of ozone, sulfur dioxide, nitrogen dioxide, PM10, and carbon
monoxide to tree canopies throughout the year based on tree cover data, hourly
weather data, and pollution-concentration monitoring data. It requires a set of
algorithms to determine the pollutant flux, deposition velocity, aerodynamic
resistance and quasi-laminar boundary-layer resistance (USDA 2010).

As described here, i-Tree Eco uses a variety of technical data inputs and
calculations to determine a benchmark of urban forest structure and value and has
different objectives than the UFBM discussed in this thesis (see discussion in
Chapter 3). The data needed to operate the i-Tree Eco model can be difficult or
costly to access, dependent on the size and location of the jurisdiction. Although i-
Tree Eco can be applied to any size of community, its significant data requirements
limit its use to municipalities with the means to collect and manage the necessary

data.

i-Tree Streets
Another tool offered by the USDA i-Tree software suite is i-Tree Streets
(formerly STRATUM), which focuses on the benefits provided by a municipality’s

street trees. Like the described i-Tree Eco tool, it too can use either a complete or
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sample inventory to evaluate a dollar value of the annual environmental and
aesthetic benefits provided by trees. Users import the public tree inventory and
community specific information (e.gs., price of electricity, program management
costs), into the model. Although some street tree inventory attributes are optional,
the species, diameter at breast height (DBH) and street segment ID attributes are
mandatory (USDA 2010). i-Tree Streets then uses tree growth and benefit models
for predominant urban tree species in 16 US climate zones (USDA 2011) to calculate
a variety of baseline estimates. Its main outputs focus on (1) forest structure
(species composition, extent, and diversity), (2) function (the services trees provide
to the community), (3) value (the monetary value of these services) and (4)
management needs (evaluations of diversity, canopy cover, planting, pruning)
(McPherson et al. 2006; Wolf 2007a; USDA 2011). Streets provides baseline data
that can be used by decision makers to manage the resource, set priorities, leverage
investments, and gain public support (McPherson et al 2006). A comparison
between i-Tree Streets, and other i-Tree models will be discussed in the next

section.

i-Tree Hydro

i-Tree Hydro is a GIS-based beta tool that assesses changes in streamflow
and water quality based on changes in tree cover and impervious cover within a
watershed (Wang et al. 2008) and is a combination of two modules. The first module
simulates hourly changes in stream flow due to changes in tree and impervious
cover, and the second module simulates water quality based on the module (USDA

2011). The recent release of this beta model is the first of its kind to integrate trees
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into the urban stormwater modeling process (Wang et al. 2008). The software uses
a digital elevation model in conjunction with local weather station data to quantify
vegetation and impervious cover effects on hydrology (Nowak 2006). It differs from
CityGreen’s stormwater utility (see next section), which uses TR-55 stormwater
modeler (Natural Resource Conservation Services 1975) to simulate and assess the
performance of a stormwater management system. Although i-Tree Hydro has
simplified the modeling and user interface, it still requires significant input data
and complex algorithms to calculate the processes of each hydrological unit:
precipitation, interception, evaporation, infiltration, and runoff (Wang et al. 2008).
For example algorithms are used to determine runoff volumes based on different
land and soil conditions (Nowak 2006).

There are differences between i-Tree Hydro and the other i-Tree software
tools. The most significant difference is that the i-Tree Hydro analysis area is
confined to a watershed (with gauging station flow data) boundary and cannot be
defined by the user (Vargas 2005). It also requires a comprehensive understanding
and technical expertise in data preparation (e.g., formatting the DEM), and in
hydrology as its modeled results are presented as changes in hourly stream flow or
water quality (Vargas 2005). The results are not presented in spatial (map) format
and can make their interpretation difficult. Other limitations for its wide use
include, 1) data acquisition and 2) lack of a planting scheme required. First,
although the i-Tree Hydro tool is designed for municipal land-cover managers, the

inputs are still at times considerable and are difficult for small- or medium-sized
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Canadian cities to obtain. Second, i-Tree Hydro does not provide new planting and

maintenance schemes as its output lacks a spatial component as discussed above.

2.3.1.2. CityGreen®

CityGreen software analyzes the ecosystem services of an urban forest and
produces easily understandable results for municipalities. It is a useful tool for cities
to plan and manage their urban greening progress and provide baseline reports, like
those of the i-Tree Suite. The model is mapped-based and works as an extension to
ESRI’s ArcGIS 9 and uses many of the formulas found in i-Tree Tools developed by
David Nowak (American Forests 2002). The analysis is based on landcover dataset,
such as aerial photography, that has a resolution of 4m or better. The dataset must
be classified by the user (i.e., tree cover, grass, impervious cover) before it can be
processed with CityGreen (Dwyer and Miller 1999). CityGreen can process a
combination of variables, similar to those discussed in the i-Tree Tools suite (see
previous section), such as stormwater runoff, air pollution removal, carbon storage
and sequestration and landcover breakdown.

The model provides a report of the overall stormwater runoff volume and
dollar value associated with removing any access stormwater resulting in changes
to the tree cover. Air pollution removal calculates the removal capacity of a tree
canopy and similarly to i-Tree, the model estimates the amount of ozone, sulfur
dioxide, nitrogen dioxide, PM10 and carbon monoxide that is deposited in tree
canopies or sequestered into the woody tissue (American Forests 2002). The carbon
storage and sequestration module calculates the amount of carbon stored in the

trees and represented in the land cover map (American Forest 2011). The model
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also provides a breakdown of the landcover and provides an estimate of impervious
cover, tree cover and open spaces (American Forest 2011). It is designed to analyze
alternate scenarios, as landcover maps change, the influences can be determined
regarding each of the test variables.

However, the model is not without its limitations. The process to model
those variables (e.g., air pollution removal) is mostly dependant on lookup tables
and the data are also inferred from curve-based results. For instance, if the model
was being run for Halifax, it would use the data from the nearest neighbouring
reference city (i.e., Boston) to determine the species and air pollution absorption
rates. Also, within the CityGreen model, stormwater runoff is the sole variable
calculated, as compared to i-Tree Hydro, which analyzes precipitation, interception,
evaporation, infiltration amounts, along with runoff. CityGreen uses TR-55 to
determine stormwater flow, which has been criticized by researchers for
inaccurately measuring the effects of urban forest management on runoff volume
and peak rate (Xiao et al. 1998).

Although similar to i-Tree suites, CityGreen has some advantages and
disadvantages. CityGreen has been designed to provide simplified, easily
understandable and spatial results in the form of graphs, maps, and charts in its
final report. i-Tree Suite tools does not have a map and spatial component as of yet.
Perhaps the most compelling difference between these two is the data types
required for analysis. The USDA has developed i-Tree Tools to use real, local field-
data (e.gs., local air quality and weather data) as inputs, not estimates or look-up

tables used by CityGreen (e.g., braod weather and pollution normals for large areas
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of the US). This difference allows i-Tree Tools to provide more appropriate and
meaningful results that better reflect the actual condition of the study community,
rather than estimating or interpolating data from specific neighbouring reference
cities.

As it can be inferred from the model discussion above, the current i-Tree and
CityGreen models provide only a benchmark of data with some extended non-spatial
features to simulate a change in environment or canopy cover. Their focus is aimed
at biophysical aspects of the environment (e.gs., air pollution, stormwater) and do
not account for social influences of trees in cities. The main benchmark of data
presented by i-Tree and CityGreen provide insight into the distribution, extent,
structure, function and resulting value of a community’s urban forest. They do not,
however, provide the means to adequately forecast and target areas for increased
canopy to achieve a particular objective within the urban environment/community

urban problem (e.g., stormwater reduction or traffic calming).

2.3.2 Applications of DSSs in Urban Forestry and Sustainability

The use of DSSs or SDSSs provides strong intelligence to support and
enhance a variety of industries’ and organizations’ goals. Of these, private and public
environmental planning and sustainability organizations find considerable support
from GIS-based DSSs and are turning to them to assist in complex spatial problem
solving (Densham 1991).

The use of SDSS in urban sustainability is diverse, ranging from predicting
regions of land for future sustainable development (Banai 2005) to choosing the

process of urban development that meets people’s needs while avoiding
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unacceptable social or environmental impacts (Hamilton et al. 2010). Banai (2005),
for example, developed an SDSS that assesses incremental land development plan
proposals within the long-term community priority of sustainable growth. The
system uses other models and GIS to facilitate an assessment of urban form within
multiple variables of sustainability. The resulting land-use sustainability scores
indicate whether or not a desirable urban form will exist long-term, and helps
determine land resource for future sustainable development (Banai 2005). It is
similar to the research concept advocated in this paper in that the prototype SDSS
incorporates multiple sustainability criteria, weighted to local public policy and
accounts for varied directions of development. The SDSS developed in Banai (2005)
also uses a variety of data and other models, including GIS, to provide weighted
scores that improve decision making.

Upon review of the current literature, there is arguably a large number of
SDSSs with objectives toward urban sustainability and planning, but there is a lack
of models relating to the combination of urban forestry and sustainability
objectives. The few planning tools or methods that focused on greening (Brack
2002; Randall et al. 2003; Li et al. 2005; Kirnbauer et al. 2009) had different
objectives with respect to greening, however none incorporated GIS and the
research of urban forest benefits to mitigate a particular urban problem. Kirnbauer
et al. (2009) was the closest, in that it used a variety of methods to evaluate
potential planting sites to provide users with the tools to improve the micro-
management of trees around structures. It used GIS and other models to locate ideal

planting sites based on above and underground conflicts (e.gs., gas lines,
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streetlighting). Its objective, however, was to locate a planting site based on physical
obstructions, not to maximize a tree’s goods or services.

Most of the forestry-related DSSs that exist pertain to the commercial
forestry sector, like that of Naesset (1997), Varma et al. (2000) and Seely et al
(2004). DSSs in a commercial setting differ greatly from the focus needed in an
urban setting. That is, many commercial DSSs converge on sustained long-term
management, silvicultural practices, sustained yield and profit, and forest health.
Part of the reason there has been little development of urban forestry DSS is due to
the lack of government support and funding of urban forestry in many global
jurisdictions, especially in Canada (Kenney and Idziak 2000; Kenney 2003). In
recent years, urban forest value and research has been recognized by the United
States, and has led to a surge of new research that has contributed toward other
management tools, such as i-Tree. These models, although not technically labeled a
DSS by their developers, do provide significant support for management and

complex decision-making.

2.3.3 Other Urban Forest Modeling Approaches

A recent study by Locke et al (2010) identifies a variety of GIS-based
methods that were used to identify optimum planting locations to increase tree
cover or the urban forest. Their modeling approach is not packaged as a stand-alone
software program (such as i-Tree Tools or CityGreen), but is a series of methods
using GIS and remote sensing to calculate its results. Their approach described here

has some conceptual similarities to the developed UFBM in that it is designed to
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target areas for increased tree cover in order to mitigate a particular urban problem.
The locations that were targeted by Locke et al. (2010) were selected to achieve the
programmatic goals based on a number of New York City tree planting
organizations (i.e, New York City Department of Parks and Recreation’s Natural
Resources Group, the Central Forestry and Horticulture division, and the not-for-
profit organization New York Restoration Project) and the specific needs of the
community. The GIS data relevant for tree planting were based on two tiers. Tier 1
values were used to assess whether urban trees can help address a neighbourhood’s
current needs. Examples of Tier 1 values include the urban heat island, biodiversity,
and air quality. Tier 2 values are calculated to identify the suitable planting spots for
each of the three organizations involved in the project. Both Tier 1 and 2 are
combined to form a set of parcel rankings for each stakeholder group and the results
are displayed on maps (Locke et al. 2010).

Using high-resolution imagery in conjunction with LIDAR, it was possible to
do an automated (rather than manual) classification for detailed features including
roads, buildings, grass, and trees (O’Neil-Dunne pers. comm., 2011). The high level
of detail in classification helped determine ‘possible’ and ‘preferable’ areas for
planting. This classification process and given set of methods resulted in a targeted
greening plan for each of the three planting organizations. As a result it helped
achieve various community needs like reducing flooding problems and increasing
air quality.

Locke’s et al. (2010) research methods require the use of expensive LIDAR

imagery. Many small and medium-sized cities do not have access to this type of data
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nor do they have the software or expertise required for processing it. Locke et al
(2010) also uses only the strongest benefits reported in the literature, and the
model does not prioritize or target the most important sustainability goals of a
community nor do they use a sustainability approach (i.e., environmental, economic,
social) when choosing the benefits. The model’s results are then displayed in census
areas, and therefore are generalized over large regions, which do not provide

adequate detailed results (e.g., 1 ha areas) for some decision makers.

2.4 Sustainability in Urban Environments

Cities continue to grow at significant rates in Canada and it is projected that
approximately 88% of Canadians will live in cities by the year 2030 (Statistics
Canada 2009). As these urban areas grow, so too will the challenges that threaten a
city’s health, livability, and ultimate existence. Cities occupy approximately 2% of
the world’s land surface, but they use a significant amount of the world’s resources
(Newman and Jennings 2008). This growth and consumption of resources have
amplified the environmental and social problems across the globe and within cities.
In light of these challenges, new ways of thinking, including toolkits, models, and
organizations are emerging to combat the crises caused by cities. This review of

sustainability systems and approaches provides some examples.

2.4.1 Goals and Objectives of Urban Sustainability
The development of sustainability theory and research, particularly in the

1980’s, brought about the ‘traditional’ view of sustainability - an equal integration
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of the economy, society, and environment. This construct was useful, but
researchers agreed (e.gs., Newman 1999; Seymoar 2004), that it did not
communicate a central understanding of the world - humans are not separate from
nature but are part of the natural environment (Glavic and Lukman 2007). An
alternative view of sustainability agreed upon by many scientists has since evolved,
which suggests that the economy and society can only function within a healthy
natural environment. This ‘systems’ view of sustainability places the importance on
the environment, which provides life to the other economic and social systems
(Seymoar 2004; EarthWise Thunder Bay 2008).

However, the perspectives pertaining to sustainability are complex, and
experts have not yet reached any form of consensus. Researchers and other experts
have tried to, for example, understand urban growth and define sustainable form
(shape, size, density and uses) but the opinions are diverse and approaches are still
disputed, such as centralized versus decentralized or high versus low urban
densities (Alberti 1996; Williams et al. 2000). Glavic and Lukman (2007) also
demonstrate that the terminology is also widely disputed and is used inaccurately at
times.

As a result of, or possibly in spite of, the controversy and divergent thinking,
a variety of sustainable perspectives and approaches have emerged in recent years
(Glavic and Lukman 2007). This section provides the background of some of the
more popular sustainable systems. Sustainable systems are used in this text as a
fundamental concept - a broad term to explain a complex system that contains

approaches and principles.
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Three systems of long-term urban sustainability will be reviewed. Each of the
following systems has been endorsed and used globally by civic leaders. They were
chosen because of their prominence and widespread use around the world, and
because they have their own formal networks and set of criteria that support their
work. Elements of the systems discussed below, were also used in different
capacities to shape the UFBM (various elements influenced the City of Thunder
Bay’s goals, which were used in this research). They all incorporate a long-term
(generational) timeframe; a holistic approach; application at a regional (city) level;
and an adaptive management approach.

A variety of other approaches, principles and systems have been developed
that are not as prominent as the systems described below (e.gs., +30 Plus, the Earth
Charter Initiative, and the Natural Step) and additionally, they were not used in the
construct and development of the UFBM or Thunder Bay’s guiding goals, and

therefore will not be discussed here.

2.4.1.1. Cities as Sustainable Ecosystems (CASE)

Cities as Sustainable Ecosystems (CASE) is an initiative of the United Nations
Environment Programme, International Environmental Technology Centre (IETC).
In May 2002, IETC along with ICLEI - Local Governments for Sustainability, the
Environment Protection Authority Victoria (Australia), and Environment Canada,
tabled the project, framework, and set of principles referred to as the Melborne
Principles - Sustainable Communities, at the UN World Summit on Sustainable
Development in Australia (Seymoar 2004). Each principle offered decision makers a

few paragraphs that provided a starting point and framework for a city’s journey
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toward sustainability (Newman and Jennings 2008). The abbreviated principles for
CASE are:

Principle 1: Long-term vision for cities.

Principle 2: Long-term economic and social security.

Principle 3: Intrinsic value of biodiversity and natural ecosystems.
Principle 4: Minimize ecological footprint.

Principle 5: Build on the characteristics of ecosystems.

Principle 6: Recognize and build on the distinctive characteristics of cities.
Principle 7: Empower people and foster participation.

Principle 8: Expand and enable cooperative networks.

Principle 9: Sustainable production and consumption.

Principle 10: Enable continual improvement.

CASE is the ‘objective, multidisciplinary study of urban and economic
systems and their linkage with the natural system’ (Newman and Jennings 2008). Its
basis is focused around cities having a limited carrying capacity. While it embraces
the interactions of all urban activity and the environment and how these can be
transformed into a sustainable relationship (UNEP 2003), it does so without
compromising or eroding away the carrying capacity of a city. CASE provides the
information and a framework, via the Melbourne Principles, for cities to assist in the
prioritization and reordering of environmental and social values (e.g., employment,

private property rights)(UNEP 2003).

2.4.1.2. ICLEI
The Melborne Principles for Sustainable Communities used in CASE have also

been adopted worldwide by a variety of cities and organizations, including ICLEI -
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Local Governments for Sustainability, who used them in their framework to help
cities achieve higher levels of sustainability. ICLEI's foundation is based on the Local
Agenda 21, the action plan resulting from the 1992 United Nations Conference on
the Environment and Development (the Earth Summit) in Rio de Janeiro. The Local
Agenda 21 mission is described here by ICLEI (2011, p 48):

Local Agenda 21 seeks to generate tangible results and increase

standards of local performance at the local level through the

institution of long-term, broad-based participatory planning
processes aimed at achieving sustainable development.

More recently in 2002, at the World Summit on Sustainable Development
(WSSD) Local Government Session in Johannesburg, South Africa, world leaders
joined ICLEI in launching Local Action 21 as the next chapter to Local Agenda 21.

The Local Action 21 framework builds on the entrenchment of Local

Agenda 21 and positions principles, policies and sustainability

management mechanisms at the heart of “achieving unwavering

commitment” to developing and maintaining sustainable communities

while protecting global common goods (ICLEI 2011, p 49).

Since the Local Action 21, ICLEI has developed a large body of methodologies,
procedures, and tools based on The Earth Charter Initiative and Melbourne’s
Principles to measure, plan, manage, and monitor sustainability at a local level
(ICLEI Global 2011). The Earth Charter Initiative provides principles for supporting
ethical and ecological issues that focus on developing just, sustainable, and peaceful
societies (Earth Charter Initiative 2011). The Earth Charter Initiative, in accord with
the Melbourne’s Principles are used as a significant force for ICLEI in transitioning

global cities to more sustainable ways of development and living. ICLEI's main tenet

is to build sustainable cities by enabling local governments to achieve justice,
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security, resilience, viable economies, and healthy environments (ICLEI Global

2011).

2.4.1.3. Smart Growth

Smart growth is a practical approach to issues of land use and economic
development. It is a theory and collection of land use development principles that
advocate for the concentration of growth in compact, walkable urban centres to
avoid urban sprawl, enhance quality of life, and preserve the natural environment
(Seymoar 2004). According to Downs (2005) smart growth was originally conceived
as a reaction to what many planners believed to be undesirable features, such as
urban sprawl, lack of choice among housing types, and failure to redevelop existing
and under-utilized urban lands. Smart growth has clear linkages to other more
sustainable development patterns such as, but not limited to, New Urbanism,
Compact City, and New Community Design (Downs 2005; Smart Growth Online
2011).

Smart Growth has similarities to ICLEI, in that they both provide their
training and tools to help communities implement the framework. Some if its main
objectives focus on preserving forested and agricultural land, improving public
transit, creating affordable housing, and increasing citizen participation in
community development (Smart Growth Online 2011). An outline of their ten core
principles are:

1. Mix land uses
2. Take advantage of compact building design

3. Create a range of housing opportunities and choices
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4. Create walkable neighborhoods
Foster distinctive, attractive communities with a strong sense of place

6. Preserve open space, farmland, natural beauty, and critical environmental
areas

7. Strengthen and direct development towards existing communities

8. Provide a variety of transportation choices

9. Make development decisions predictable, fair, and cost effective

10. Encourage community and stakeholder collaboration in development

decisions (Downs 2005).

Smart Growth, ICLEI and CASE are systems that are specifically focused on
regional planning. Because of their municipal focus, a variety of the principles and
approaches discussed above have been used in some form in the development of

City of Thunder Bay’s strategic vision.

2.4.2 Local Thunder Bay Examples and Progress

The City of Thunder Bay has committed to sustainable practices in a variety
of ways and has developed documents articulating specific goals and objectives with
respect to sustainability. Earthwise Thunder Bay developed the “Community
Environmental Action Plan - A living document” (2008), which has built upon
existing initiatives and foundations laid by the City and was adopted by the City of
Thunder Bay in 2008 (Earthwise 2008). The plan takes a ‘systems’ approach to
creating a more sustainable community and has adopted the Melbourne Principles
as the basis for their plan. During a three-year process, working groups throughout
the community developed a series of goals and recommend actions pertaining to

each working group’s foci. As a result, a comprehensive set of objectives ranging
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from active transportation and air and water quality, to education and land use,
were developed for the City. Many of the objectives articulated in the Earthwise
Thunder Bay CEAP (Earthwise 2008), were identified in this research. Those
specific goals are identified in Appendix V.

In 2003, the City of Thunder Bay joined the Partners for Climate Protection
program, a joint program between the Federation of Canadian Municipalities and
ICLEI Local Governments for Sustainability (Earthwise 2008). This partnership
committed the City of Thunder Bay to reducing the municipal and community
emissions through the creation and implementation of a plan (Earthwise Thunder
Bay 2008). Part of the plan was fulfilled through the Earthwise Thunder Bay CEAP,
but also other proponents of it will be worked into the upcoming Official Plan
(Cartlidge, pers. comm., 2011).

The City of Thunder Bay has also committed to a variety of sustainability
objectives as articulated in the 2005 Official Plan (Thunder Bay 2005). The Official
Plan is the principal land use policy document for the City, intended to guide the
public and private development decisions within Thunder Bay. These goals are
wide-reaching, ranging from water habitat protection and the reduction of soil
contamination, to increasing tourism and traffic calming strategies in the City. Many
of the plan’s goals and objectives relating to sustainability were used in the UFBM
and can be found in Appendix V. In 2007, the Mayor developed the “Mayor’s
Strategic Plan” (2007), another document articulating the City’s mission including a

set of broad and specific goals and principles that focus on the economy,
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environment, quality of life, and management of the corporation. A variety of these
goals relate to sustainability and have been included in the UFBM (see Appendix V).
The focus on sustainability through the CEAP, Official Plan and Mayor’s
Strategic plan and the embrace of support from organizations like ICLEI are a
testament to the City’s commitment to enhancing sustainable practices. Although
there are a number of other plans and documents that exist that pertain to
sustainability, the three documents reviewed in this study were the most prominent
and provided adequate detail for the prototype model. As discussed above, these
plans and sustainability documents were reviewed so as to identify the
sustainability aims that could be used within the UFBM, that is to identify those aims
that could be supported by a model or decision-supported greening (i.e., the UFBM).
The goals and objectives taken from these documents are summarized in Table 2.2,

with a more detailed table in Appendix V.

Table 2.2. The goals and objectives found in the City’s various guiding documents
that could be influenced by urban greening.

Sustainability

Goal Category Goal Description Citation

NATURAL CAPITAL
Lands and Water

Build watershed partnerships that
enhance stakeholder roles and Earthwise Thunder Bay

LI responsibilities and encourage a soft path  Annual Report 2009. p25
approach to water resource management.
Policies will be developed to support the - )
City's Pollution Prevention Control Plan © 1 el [Flen - ey
Ll and to protect the quality of water in the o0, 2005
Quality Official Plan Section 2

streams and rivers passing through the

City and in Lake Superior. FEgD 1148 SerEne



Table 2.2 continued...

Goal Category

Water
Conservat-
ion

Water
Discharge

Water
Collection
System

Surface
Drainage

Surface
Drainage

Water
Habitat
Protection

Erosion and
Slope
Stability

Protection of
Wetlands

ANSI's
(Areas of
Natural and
Scientific
Interest)

Goal Description

Policies will be developed to encourage
conservation in the use of treated water
and to minimize the impact on the natural
environment through the operation of the
City's water system.

In the case of new development, no
surface water, ground water or building
foundation drains will be discharged to the
City's sanitary sewer system. To the
fullest extent practical, this policy will also
be applied to existing development.

The collection of surface water and
sanitary sewage shall be, to the fullest
extent practical, achieved through two
collection systems completely separate
from each other.

To the fullest extent practical, the quality
and quantity of stormwater leaving a site
shall be maintained or improved as a
result of development.

Changes in peak runoff rates and the
timing of peak flows are to be minimized
so as to reduce downstream impacts and
the associated threat to life, property and
natural resources.

Preserve and enhance fish and wildlife
habitat, as well as flora environs

Protect people and property from the risks
associated with steep or unstable slopes,
poor soil conditions, wave impacts,
flooding and erosion.

Protect provincially significant wetlands
from any use or development that could
result in a negative impact on those
attributes for which the wetland has been
identified.

Ensure the preservation of "Areas of
Natural and Scientific Interest" through
the use of appropriate development
controls

Sustainability
Citation

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 11.6 Servicing

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 11.6 Servicing

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 11.6 Servicing

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 11.6 Servicing

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 11.21 Servicing

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 14. Environmental
Protection Areas

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 14.3. Environmental
Protection Areas

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 14.12
Environmental Protection
Areas

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 14.15
Environmental Protection
Areas
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Table 2.2 continued...

Goal Category

Open Space
Areas

Pursue
green
procurement

Community
Greening

Natural
Environment

Soil
Contaminati
on

Soil
Contaminati
on

Goal Description

Achieve a highly integrated system of
recreational areas and trails throughout
the City.

A strategic priority for the CTB: Making
Thunder Bay Greener

Develop, implement, and provide
sustained funding for a comprehensive
Urban Forest Master Plan (UFMP) that
integrates people, the environment, trees
and their continual change and interaction
with each other

1) maintain and improve, where possible,
the diversity of natural heritage features
within the City and the natural
connections between them;

2) improve property owners' awareness of
the value of natural heritage features and
increase their understanding of their role
in ensuring the protection of these
features

Improve the condition of sail
contamination (selection criteria for
Community Improvement Project Areas)

Seek to ensure, in co-operation with the
appropriate government authorities, if
necessary, that contaminated soil and
groundwater do not create a hazard for
the health of natural ecosystems or the
people who live, work or play within the
City

Human and Environmental Health

Air Quality

Pesticides

To Improve outdoor and indoor air quality
by reducing air pollutants and greenhouse
has emissions.

To protect the health and well-being of the
environment and local citizens today, and
ensure a sustainable future, by
eliminating the use of pesticides on public
and private property.
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Sustainability
Citation

CTB Official Plan- May
30, 20050fficial Plan
Section 2 Page 15. Open
Space Areas

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p9

Earthwise Thunder Bay
Annual Report 2009. p22

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 2.3 The Natural
Environment Chapter 2

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 8.3 Community
Improvement

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 12.1 Saill
Contamination

Earthwise Thunder Bay
Annual Report 2009. p32

Earthwise Thunder Bay
Annual Report 2009. p33



Table 2.2 continued...

Goal Category Goal Description

Minimize or prevent, through the use of
various abatement techniques and
mitigation measures, the exposure of any

V'i\;)?;?o’n person or property to adverse effects
and associated with noise, vibration or
o emissions; and encourage the

Emissions

implementation of appropriate mitigation
measures to minimize existing
compatibility problems;

PHYSICAL CAPITAL
Energy and Building

Reduce total energy usage by 35% within
Energy the CTB, and 10% within the community
at large, below 2005 levels by 2017

Reduce fossil fuel generation by adopting
Energy practices that reduce electricity demand
during peak periods.

Encourage the development and use of

Energy renewable energy technologies.

Reduce energy consumption at large City
Energy facilities. A strategic priority for the CTB:
Making Thunder Bay greener

Achieve long-term savings to the citizens
Green of Thunder Bay through reduced
Building operating and life-cycle costs of municipal
and private facilities.

Beautification and Design
Improve image routes through Site Plan

Control. A strategic priority for the CTB:
Making Thunder Bay more beautiful

Beautifica-
tion

Design and create Gateways to welcome
Beautifica-  people to the City. A strategic priority for
tion the CTB: Making Thunder Bay more
beautiful

Improve appearance of Water Street

BeatliJotl:ca- Terminal. A strategic priority for the CTB:
Making Thunder Bay more beautiful
Revitaliza- Revitalize Fort William Downtown. A
tion strategic priority for the CTB: Thunder

Bay will have a High Quality of Life

Sustainability
Citation

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 13.1 Noise,
Vibration and Emission

Earthwise Thunder Bay
Annual Report 2009. p18

Earthwise Thunder Bay
Annual Report 2009. p19

Earthwise Thunder Bay
Annual Report 2009. p20

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p9.

Earthwise Thunder Bay
Annual Report 2009. p15

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p10.

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p10.

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p10.

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p12.
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Goal Category

Intensifica-
tion/Housing

Appearance
of buildings

Appearance
of buildings

Residential
Areas

Urban
Residential

Urban
Sprawl

Institutional
Areas

Commercial
Grounds

Downtown
Core

Table 2.2 continued...

Goal Description

Encourage efficient residential land use
within the City by facilitating the creation
of new residential accommodations within
existing buildings or on previously
developed and serviced land.

Improve the condition and appearance of
buildings or structures which require
upgrading, rehabilitation or
redevelopment;

Improve the presence of residential,
commercial, industrial or institutional
areas which require streetscape and/or
facade improvement;

Support the provision of services and
amenities that enhance the quality of the
residential environment.

Enhance compatibility between dwelling
types at different densities and minimize
potential conflict between incompatible
land uses.

Curb Thunder Bay's urban sprawl to
reduce energy consumption and
greenhouse gases.

Ensure that major institutional uses are
located and designed in such a way as to
adequately serve the needs of the
residents; the provision of adequate
outdoor amenity area; the provision of on-
site landscaping, fencing, planting, and
other measures to lessen any impact the
proposed development may have on
adjacent uses;

Minimize the impact of commercial
development on adjacent land uses and
on the traffic carrying capacity of adjacent
roads; promote aesthetically pleasing
forms of commercial development

Maintain and enhance the downtown
areas as unique focal points of activity,
interest and identity for residents and
visitors through the provision of the fullest
range of urban functions and amenities;
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Sustainability
Citation

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 6.3 Housing

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 8.3 Community
Improvement

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 8.3 Community
Improvement

CTB Official Plan- May
30, 2005 Official Plan
Section 2 Page 17.
Residential Areas

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 17. Residential
Areas

Earthwise Thunder Bay
Annual Report 2009. p29

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 18.1. Institutional
Areas

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 19.1. Commercial
Areas

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 19.1. Commercial
Areas



Table 2.2 continued...

Goal Category

Industrial
Areas

Industrial
Areas

Goal Description

Co-ordinate development to minimize any
potential conflicts between industrial and
non-industrial land uses and between
uses within industrial areas themselves;

Promote an aesthetically pleasing form of
industrial development along major road
entrances to the City

ECONOMIC CAPITAL

Food

Food

Cost
Effective-
ness

Tourism

Tourism

Economic
Develop-
ment

Increase the amount of food grown,
hunted, gathered, processed, and
consumed locally.

Reduce the transportation requirements
and environmental impacts of the food
system

An over arching principle in the CTB
Strategic Plan

Attract and retain visitors to the
community

The establishment of the City as part of a
strong network of communities and
businesses which work together to
promote and deliver quality tourism
experiences in Northwestern Ontario will
be promoted.

Support the creation of a positive climate
for business, institutions and employees,
in order to develop a diversified, growing
economy; City will rely more upon
secondary and tertiary support industry,
retail and service functions, and small
business, rather than the traditional
sources of employment.

Sustainability
Citation

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 20. Commercial

Areas

CTB Official Plan- May
30, 2005

Official Plan Section 2

Page 20. Commercial

Areas

Earthwise Thunder Bay

Annual Report 2009. p34

Earthwise Thunder Bay

Annual Report 2009. p35

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p3.

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p8.

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 7.1 Economic
Development

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 7.1 Economic
Development
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Table 2.2 continued...

Sustainability

Goal Category Goal Description

Citation
HUMAN CAPITAL
Transportation
Active :
T Improved Safety for people who are Earthwise Thunder Bay
ransporta- .
tion (AT) engaged in AT Annual Report 2009. p11
Active Improve the number of people walking, Earthwise Thunder Bay
Transporta-  biking, or travelling by other human-
. Annual Report 2009. p11
tion (AT) powered means
Active :
Transporta- Develop infrastructure that supports AT ST UL Clr kY
) Annual Report 2009. p13
tion (AT)
Active Improve Active Transportation: A AL AU Strgtt_eglc
o ; Plan, CTB, Building on
Transporta-  strategic priority for the CTB: Thunder .
tion (AT)  Bay will have a High Quality of Life the New Foundation
y 9 y 2008. p12.
Active Encourage the use of energy efficient CTB Official Plan- May
modes of travel such as public transit, 30, 2005
Transporta- . . - .
tion (AT) car-pooling, bicycles and other non- Official Plan Section 2
motorized forms of transportation. Page 10.1 Transportation
CTB Official Plan- May
Active The City will encourage linkages between 30, 2005
Transporta- the university, college, commercial, and Official Plan Section 2
tion (AT) open space areas. Page 10.58
Transportation
Provide a rationalized system of CTB Official Plan- May
pedestrian walkways and corridors, which 30, 2005
Pedestrians allow safe, effective, convenient and Official Plan Section 2
aesthetically pleasing pedestrian Page 10.50
movement. Transportation
Minimize the adverse effects of the CTB Official Plan- May
Transport-  transportation system on the natural and 30, 2005
ation urban environments, especially in Official Plan Section 2
established residential neighbourhoods; Page 10.1 Transportation
Effect appropriate segregation of truck CTB Official Plan- May
Transport- traffic, for environmental and safety 30, 2005
atiopn reasons, while at the same time, Official Plan Section 2
minimizing the cost of movement Page 10.32
expenditures. Transportation
Council shall support the use of traffic
calming techniques that help to slow - )
. down traffic; reduce through traffic in CUl il k- Ly
flee residential areas; promote pedestrian S, 2009
Calming ¢ 4 Official Plan Section 2

bicycle and transit use; and improve the
real and perceived safety of the City's
streets.

Page 10.1 Transportation



Goal Category

Parking

Education

Education

Planning for
Children

Planning for
Children

Planning for
Children

Planning for
Children

Planning for
Children

Planning for
Children

Table 2.2 continued...

Goal Description

Appropriate standards for off-street
parking and loading facilities for all forms
of land use activities shall be established
in the implementing Zoning By-law. The
intent of such standards shall be to
achieve safe access, efficient usage,
improved aesthetics and reduced impact
on adjacent land uses.

Community Sustainability

Using education and community
awareness as a means to achieving a
sustainable community

Increase public awareness of
environmental issues and actions people
can take by promoting environmental
education and training, and participating
in projects that promote water and energy
conservation, waste reduction, pollution
prevention and urban green-spaces.

Give priority to the needs of children and
youth

Plan for children and youth as pedestrians

Plan for children and youth on bicycles
(and other wheels)

Plan for children and youth as transit
users

Focus on journeys to and from school.

Reduce transport’s adverse impacts on
children and youth
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Sustainability
Citation

CTB Official Plan- May
30, 2005

Official Plan Section 2
Page 10.1 Transportation

CEAP

Statement of
Environmental Principles:
Envinronment and
Conservation Corporate
Policy (Pt 6)

A Call to
Action:Ontario
Professional Planners
Institute

A Call to
Action:Ontario
Professional Planners
Institute

A Call to
Action:Ontario
Professional Planners
Institute

A Call to
Action:Ontario
Professional Planners
Institute

A Call to
Action:Ontario
Professional Planners
Institute

A Call to
Action:Ontario
Professional Planners
Institute



Table 2.2 continued...

Goal Category

SOCIAL CAPITAL

Safety

Crime

Speeding

Safe
Neighbour-
hoods

Safe
Neighbour-
hoods

Safe
Neighbour-
hoods

Informed
and
Involved
Citizens

Goal Description

To reduce crime as indicated in Objective
1.0, 3.1 and 4.1, 4.9 of Thunder Bay
Police Service Business Plan

To reduce speeding as indicated in
Objective 4.5 of Thunder Bay Police
Service Business Plan

An over arching principle in the CTB
Strategic Plan

Enhance Security at Parkades with better
lighting - A strategic priority for the CTB:
Thunder Bay will have a High Quality of
Life

Enhance Security at Transit Terminals - A
strategic priority for the CTB: Thunder
Bay will have a High Quality of Life

An over arching principle in the CTB
Strategic Plan

Community Services

Needs of
Special
Groups

Encourage consideration of the needs of
special groups, and in particular persons
with disabilities, in the design and
construction of buildings and other
facilities.

CULTURAL CAPITAL

Cultural
Diversity

Heritage
Resources

2007-2010 Strategic Plan, CTB, Building
on the New Foundation 2008. p3.

1) conserve the historic, archaeological,
architectural and cultural heritage
resources of the City;

Sustainability
Citation

Thunder Bay Police
Services 2008-2010
Business Plan. P1-28

Thunder Bay Police
Services 2008-2010
Business Plan. P1-28

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p3.

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008.p11.

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008.p11.

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p3.

CTB Official Plan- May
30, 2005

Official Plan Section 4
Page 4.1 Community
Services and Facilities

2007-2010 Strategic
Plan, CTB, Building on
the New Foundation
2008. p3.

CTB Official Plan- May
30, 2005

Official Plan Section 3
Page 3.1 Heritage
Resources
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Table 2.2 continued...

Sustainability

Goal Category Goal Description Citation
2) preserve and enhance structures,
buildings or sites deemed to have CTB Official Plan- May
Heritage significant historic, archaeological, 30, 2005
R architectural or cultural significance and, Official Plan Section 3
esources . I X
where practical, preserve significant Page 3.1 Heritage
public views and cultural heritage Resources
landscapes
Increase 2007-2010 Strategic
Pride in A strategic priority for the CTB: Making Plan, CTB, Building on
Thunder Thunder Bay more beautiful the New Foundation
Bay 2008. p10.

Notes:
(1) In documents cited above, CTB = City of Thunder Bay

2.5 Conclusion

This chapter has provided the researcher a substantial base for the
development of the UFBM. It has also indentified the gaps in the literature that
support the development of such a model. The literature surrounding the benefits
of urban forests has demonstrated the ability of living green infrastructure to
provide a wide array of socioeconomic and biophysical goods and services to the
community. These benefits are determined by a few key factors (e.gs., leaf area,
species selection, design, location); however with these in place, the substantial
benefits produced by trees can be optimized significantly. GIS, decision-support
tools and other models have been used to manage and evaluate the benefits of the
urban forest. However, few tools or sets of methodology have been developed to
optimize the potential benefits of trees. The approach of Locke et al. (2010) was the
exception, and provides a meaningful process to maximize the potential of New

York City’s urban forest. However, it uses a highly technical approach usually not
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affordable to small and medium-sized municipalities nor does it use a sustainability
approach (i.e., environmental, economic, social) when choosing the benefits to
model. Locke’s et al. (2010) approach also generates results that are summarized
over large regions and therefore provide fewer details to decision makers.

The various models and decision support tools described in this chapter
have also indicated that tree benefits serve as a means to mitigate many urban
sustainability-related problems (e.gs., filtering air pollution, reducing the volume of
stormwater). Various sustainability systems and approaches were reviewed,
including a variety of principles and approaches adopted by the City of Thunder Bay
such as Melbourne’s Principles and ICLEI - Governments for Local Sustainability.

In summary, this chapter has reviewed literature on the benefits of urban
forests and their potential contributions to community sustainability. The
prototype UFBM, to be fully explained in subsequent chapters, includes a process
(i.e., the link table) that was developed to make connections between these benefits
and goals. This model and its case study application to a medium-sized, cold climate
city represent a unique conceptual approach to urban forest modeling, representing
a means to support a community’s quest for sustainability through intelligent

greening.



57

3.0 Conceptual Model

The Urban Forest Benefits Model (UFBM) was designed to target urban sites
for greening that would produce multiple benefits simultaneously and further the
sustainability goals of a community. This model consists of a set of methods and a
framework which can be replicated in any city. The following chapter will provide
the detailed methods required to develop the model. Chapters four and five, will
then provide additional and technical information on how it was implemented for
the City of Thunder Bay.

Three key objectives were fulfilled in association with this research. First, a
review of urban forest literature assisted in the development of a comprehensive
list and framework of urban forest benefits. By way of a focus group, the urban
forest benefits relevant to Thunder Bay were identified and retained for the next
objective. Second, by means of a review of municipal guiding documents and a focus
group, a prioritized list of Thunder Bay’s sustainability goals was determined. These
goals were paired with the benefits derived in the first objective to form a link table,
demonstrating the connection between urban forest benefits and sustainability
goals. More specifically, the link table provides a means of identifying the benefits
that most strongly contribute toward of a particular sustainability goal. Third, by
means of a Geographical Information System (GIS), the strong connections
discovered in the link table are analyzed, resulting in a planting, protection and
maintenance strategy to optimize community benefits and attain long-term

community aims.



58

As previously discussed in Chapter 1, a variety of GIS and remote-sensing
based models are now available that provide detailed benchmarks of an urban
forest’s composition, extent, distribution and health. These models provide precise
results that allow for long term monitoring, setting of goals, increased awareness
and prioritization, and provide the means for further correlations to be made about
trees (Dwyer and Miller 1999; Nowak et al. 2002; Wolf 2007; Nowak et al. 2008;
Wang et al. 2008; Kirnbauer et al. 2009). Although these benchmarking models are
helpful in planning, they are limited in providing the intelligence needed to target
locations that optimize tree value. In addition, the UFBM provides a standard
framework and a set of methods for small- and medium-sized cities (although it
could be applied to larger cities) to strategize new management regimes based on
spatial urban forest planning, with the tools the cities already possess. Dense, large
cities often have more opportunity to use expensive imagery and sophisticated
canopy cover models (e.g., LIDAR) to help target planting areas, like that of Locke’s
et al. (2010) new technique used for New York City. Both the UFBM and Locke’s et
al. (2010) technique are new methods that integrate urban forest benefit research
with GIS to allow trees to reach their optimized level of goods and services. Locke et
al. (2010), however, use highly sophisticated and costly technology, unattainable to
a majority of municipalities. The intent of the UFBM research was to focus on
common technology, like ESRI's ArcMap, to enable small- and medium-sized
communities in Canada to spatially plan for their urban forests in order to attain
their sustainability aims. So while the design and data requirements of the UFBM

are simpler than other tools available to planners and foresters, its strength over
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other approaches is its simplicity (and potential wider accessibility), its use of local
knowledge and experience, and its ability to help determine planting locations that
optimize tree value.

The UFBM is also unique by concentrating on the long term program goals of
municipal agencies and NGOs, while most urban forest models are normally
centered solely on urban forest goals. The process and framework that allow an
urban forest to be connected with an array of sustainability goals are accomplished
through focus groups and the link table (see section 3.1 for a more full description of
these). These processes are a new contribution to the literature as they provide a
better understanding of the simultaneous contributions an urban forest makes
towards the goals of a city. The connections developed in the link table are both
visible (using Microsoft Excel’s conditional formatting) and statistical, allowing for
easy interpretation by non-urban forest decision makers. It is rare for urban forest
models and research to integrate both social and natural science methods (Kenney,
pers. comm., 2010) as is accomplished in the UFBM through focus groups and the
link table. As discussed earlier, the use of GIS to blend the results of the two focus
groups and link table to form a customized decision support tool for a community, is
also particularly unique.

The UFBM also provides a method that will allow urban forest research to be
further applied in the ‘real world’ and allow for it to optimize the very services the
trees were purported for providing. The UFBM makes urban forest benefit research
more valuable by providing a process to maximize the benefits found in academic

research. For example, the research that indicates a tree’s ability to remove ground
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level ozone and nitrogen dioxide from the air (e.g. Beckett et al. 2000) may be
inputted into the UFBM, and subsequently the model would project the ideal
locations to allow for trees to maximize its air filtering services to the community.

The medium-scale (i.e., block scale or 100 x 100m) of modeling within the
UFBM and its use of commonly available GIS software to determine planting sites,
make it compatible with some existing smaller-scale models such as Kirnbauer et al.
(2009). Kirnbauer et al. (2009) developed a micro-scale decision support tree
planting system, at the individual lot level, to aid in determining planting sites
around homes and buildings. Consequently the UFBM can be used in conjunction
with other fine-scale models to facilitate a comprehensive identification of planting
sites at both the fine (i.e., parcel) and medium (i.e., block or neighbourhood) scales.
This research also compliments and extends the usefulness of the Priority Planting
Index (PPI) method (Morani et al. 2010). The PPI, which determines the best
location to plant trees based on the population density, tree stocking levels, and tree
cover per capita, could be further developed with additional link table tasks to
create a more comprehensive greening regime.

The UFBM is one of the first models of its kind that is applying more
comprehensive types of social and physical science and newer technology in a
manner that strategically increases tree cover. As GIScience (such as remote sensing
and LiDAR technology) advances, this model, and others who use tree cover to
achieve urban regenerative solutions, will be an important tool to continually apply

and optimize the latest urban forest benefit research in Canada’s communities.
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3.1Model Development

3.1.1 Focus Groups

Part of what gives the UFBM its strength and originality is the contribution
from local experts and professionals to the research. Two focus groups were
incorporated into the research’s methods in order to properly achieve objectives
one and two and develop a model that reflects the geographic characteristics and
values of the community being studied. Local knowledge and understanding
surrounding urban forest and community sustainability issues are integral to
attaining meaningful results (Beckett 2000; Raciti et al. 2006).

The use of focus groups for this research was chosen over other qualitative
methods after consideration of their desirable features and strengths. According to
Morgan (1996), the use of focus groups is a research method concentrating
specifically on data collection that evolves from group collaboration and discussion.
Other procedures that use multiple participants (such as group interviews and
Delphi groups) are primarily used to determine outcomes such as behaviour change
or therapeutic effects and do not allow for interactive discussion (Kitzinger 1994;
Morgan 1996). A setting that encouraged group interaction was important within
the UFBM modeling process to allow new information to be quickly circulated
around the group to inform others in their decisions. The intended outcome of the
focus groups that informed the UFBM was also specifically geared toward data
collection and data organization. For these reasons, focus groups were used over
other methods, such as email surveys or questionnaires. Additionally, focus groups

were used to ensure all participants had a supportive environment to interact
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within. A Delphi group was used as a final step to review and combine the results
from the two focus groups, which involved email-mediated discussions with focus
group participants. This method is discussed in more detail in this Section 3.1.2. The
typical disadvantages associated with focus groups as discussed by Smithson (2000)
and Morgan (1996) - such as individual domination, conflicts, and arguments -
were minimized by ensuring the moderator was well prepared and had strategies to
mitigate these common problems if they developed.

The first focus group provided input in regards to the types of urban forest
benefits that are relevant and realized in Thunder Bay. It was an important first step
which determined if and how the multitude of benefits documented in the literature
apply in Thunder Bay. For example, McPherson and Muchnick (2005) studied the
effect of tree shading on Californian streetscapes and found that it dramatically
reduced pavement fatigue and cracking thereby increasing road lifespan. In
Thunder Bay, roads have limited exposure to the damaging effects of UV light and
heat of the sun in comparison to California. Californian road lifespan is strongly
influenced by heat and UV rays caused by sun, whereas in Thunder Bay, water and
frost heaving strongly influence the longevity of roads (Jones 1980; Adams, pers.
comm., 2011).

The process to determine if and how the multitude of benefits found in the
literature apply to a jurisdiction is a difficult task given the complexity of the issue,
and arguably requires many types of experts. Without resource and budgetary
limitations faced by municipalities and researchers, the ideal methods would not

stop short of developing individual studies to determine if green infrastructure does
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in fact deliver the benefits purported in the literature to a particular study area
(e.gs., a research trial would be set up to test the socioeconomic effects trees have
on increasing property value in a city, or a test would be set up to test a tree’s ability
to filter ground-level ozone). Resource limitations do exist, and therefore focus
groups are used to generate the wisdom needed on a local scale and are an
innovative and alternative method to accomplishing the research objectives. As in
any complex research environment, focus groups, interviews and other qualitative
methods have a strong importance in providing certainty in research (Gibbs 1997;
Morgan 1996). Although none of the participants had the comprehensive knowledge
to answer the questions exhaustively by themselves (regarding urban forest
benefits and their interactions with a community), as an entity, the group could
provide a clearer direction and stronger sense of certainty.

The participants in the first focus group were recruited by telephone and
were required to have either academic or professional experience in urban forestry
as well as have been employed in Thunder Bay. Those who met these criteria and
were willing to participate were provided with an introductory letter describing the
research and their obligations. The researcher required their consent before
participating (See Appendix I for cover letter). The first focus group was composed
of eight participants and was held at the City of Thunder Bay Community Services
Board Room on August 4, 2010 (Table 3.1). After an introduction to the meeting,
participants were provided with a framework on paper in tabular form, which

displayed an exhaustive list of benefits produced by trees. The framework was
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classified into various biophysical and social categories (see Appendix II for the

framework). The participants were given the task to categorize the benefits into five

Table 3.1. Focus group participants and their affiliation.

Focus Group

FG#1 (Urban
Forestry Group)

Total

Focus Group

FG#2
(Sustainability
Group)

Total

# of

participants

2

—_— N =

# of
participants

1

1
8

Affiliation/group represented

City of Thunder Bay, Parks
Department1

Lakehead University, Forestry'
Landscape architecture consultant
Forestry consultant

Retired City of Thunder Bay,
Environment Division employee'

Private arborist'

Affiliation/group represented

City of Thunder Bay, Planning
Division'

Lakehead University, Geography
Department

Retired City of Thunder Bay,
Environment Division employee'
Thunder Bay Health Unit

City of Thunder Bay, Environment
Division'

City of Thunder Bay Corporate
Services

EcoSuperior (environmental NGO)

Partnership in
both focus
groups

Partnership in
both focus
groups

No

Yes

No

'the organizations that were included in the Delphi method (see Section 3.1.2)
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classes (1, Can’t be applied; 2, Possibly applied; 3, applied; 4, strongly applied; 5,
fully applied in Thunder Bay). They used the summary table provided to them for
more details pertaining to the benefit, the various costs associated with the benefit,
the research cited, and other indirect services relating with the particular benefit.
After each participant had completed the exercise, the results were tallied
immediately within the meeting and presented to the group for overall feedback.
Opportunity was provided to have a round-table discussion to talk about (1) the
benefits, whose average scores possessed a large standard deviation, and (2) the
participant’s opinions that led to the large standard deviation. After the discussion,
participants were provided with the opportunity to adjust their results if they found
that their opinions had changed (due to added information or new research
provided).

The results of the focus group suggested that all benefits could be “likely” or
“fully applied” to Thunder Bay except one. The one exception (Road Pavement Life -
Tree shading extends the life of road pavement and decreases resurfacing costs), was
rated as “possibly applied” for Thunder Bay, because of the limited exposure of
Thunder Bay’s roads to UV light in comparison to California, as discussed earlier.
The exercise did not indentify any benefits in the category “Can’t be Applied”. The
focus group was important to demonstrate that based on the experience of a group
of qualified urban forest academics and practitioners, that the tree benefits
discussed from the literature were all relevant in Thunder Bay to some extent. This

list of benefits was subsequently used in the link table, discussed in Section 3.1.2.
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A second focus group was used to identify and rank the sustainability goals of
Thunder Bay that would ultimately be used in the link table discussed below. To
identify the core goals and direction of the City that pertain to sustainability, a
literature review of the City’s major guiding documents was completed. Various
documents were used, such as the City of Thunder Bay Official Plan (Thunder Bay
2005), the Earthwise Community Environmental Action Plan (2008), the Mayor’s
Strategic Plan (2007), and a subsection of the Ontario Professional Planners
Institute, A Call to Action (2009). Although other plans exist within the community,
these four were chosen primarily because of the broad range of people and
comprehensive set of goals they represented, including their foci on subjects like
education, the environment and public health.

The documents were reviewed by the author and the sustainability goals that
had potential to be supported by an urban forest benefit were selected and listed in
a framework presented in tabular form. In other words, if a particular goal could be
partially or fully accomplished by the goods and services of an urban forest, it was
included in the framework (e.g., a municipal goal to improve air quality). Each goal
summarized in the framework was categorized into one of five categories based on
the Roseland and Connelly’s (2005) community capital approach. Each category
represented a particular “asset” within the community. The five categories consisted
of (1) natural capital, (2) physical capital, (3) economic capital, (4) human capital,
and (5) social capital. Each sustainability goal also contained details pertaining to its
goal category, goal description, documents cited, and other supplementary

explanatory notes (see Appendix III) (see Section 5.1 for more details).
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A focus group ranking exercise was then carried out to establish a level of
priority with regards to the sustainability goals identified in the framework. The
participants chosen for the focus group had experience in large-scale decision
making within the community, in positions such as city managers, community
decision makers (e.gs., health unit), the Mayor’s assistant, and urban planners. A
total of 18 potential eligible participants were approached to participate in the
second focus group, of which eight participants chose to attend. See Table 3.1 for a
description of the types of participants who attend the second focus group.

The process to determine a sustainability goal’s importance is a challenging
task for a number of reasons. First, the goals themselves can be considered equally
important, as they have been selected and outlined in the City’s guiding documents
and have had significant review and support by groups like City Council and the
Health Unit. Second, the ranking of the goals themselves can be subjective and prone
to bias depending on the decision makers and their own preconceptions. For
example, a participant could be particularly interested or experienced in
stormwater and therefore could be more inclined to give priority to stormwater-
related sustainability goals. These two challenges were recognized at the onset of
planning for the focus group meetings and were addressed in a two ways. To
address the first challenge - all goals being equally important - participants were
encouraged to use their experience and broad understanding of community needs
to choose the most pressing issues facing the city. It was reiterated to them that
their decision to rank these goals would only inform the UFBM and had no bearing

or impact on actual real-world actions or plans. The second objective concerning the



68

bias was addressed by selecting a diverse array of participants who were
experienced in broad-based, overview decisions, like planners, council members,
and division managers. Selection of these types of participants, provided for a
healthy and diverse perspective and priority of community values and goals.

The second focus group was held at the City of Thunder Bay Community
Services Board Room on August 11, 2010. After an introduction to the research and
exercise, participants were provided with a chart on paper, which displayed the
framework of sustainability goals (described above). The participants were asked to
rank the goals in terms of priority from one to five, five being the highest in priority.
See Appendix III for the framework and additional key information provided. Upon
completion of the individual exercise, which took about 60 minutes, the group’s
answers were tallied into an Excel spreadsheet. Within the meeting, the results were
then presented to the group (via digital projection), which contained the average
scores and standard deviations. Five sustainability goals were focused on for the
post-discussion because they had large standard deviations, an indication that the
group had varying opinions about the goal. Discussion was prompted to review
these goals and the potential causes of the large standard deviation. In most cases,
information was brought to the group’s attention that prompted some participants
to revise their rating of a goal. For example, a specific goal focused on improving the
appearance of the Water Street Terminal (Thunder Bay 2007) was reviewed. At the
onset of the focus group only a few decision makers had known that a capital project
had just recently been performed to update the appearance of the terminal. As a

result of the group discussion, some participants who had marked this goal high
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priority changed it to a low priority because of the updated information that
affirmed the project had been completed.

The exercise provided a ranking of all sustainability goals as seen in
Appendix IV. Some of the most important goals focused around food production,
open space development, intensification, active transportation, crime and energy.

The top thirty goals were then used in the link table, discussed in next section.

3.1.2 Linkages Between Urban Forest Benefits and Sustainability Goals

There are multiple connections between the benefits of an urban forest and
sustainability goals of a community. Some municipalities have recognized this and
have begun using green infrastructure to help attain several program goals to
reduce issues like the urban heat island effect and stormwater damage. Although
using trees to mitigate a few urban challenges can be very effective, there are also
various other social and biophysical services that could be used to help achieve a
community’s sustainability goals. Presently, there has been little work done that
thoroughly reviews all the benefits and the sustainability goals of a community and
provides a method for understanding the connection between them. The link table
was developed in this project to do exactly that -to demonstrate the value and
connection between urban forest benefits and a community’s sustainability goals. In
doing so, the link table helps to demonstrate which benefit-goal connections (also
called management tasks) are the most valuable to implement into the GIS

component of the UFBM.
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The link table was composed of three main elements. The first main element
was the results of the calibrated benefits developed by the first focus group, and
were listed along the horizontal axis (Figure 3.1). These included benefits such as
increased tourism, decreased noise, and cleaner air. The second main element was
the top thirty-ranked sustainability goals determined from the second focus group,
and were listed on the vertical axis. These included goals such as reducing crime,
protecting water habitats, and decreasing the total energy used by the municipality.
Thirty of a total of sixty goals were used in the link table, which through subsequent
steps explained in the third main element below, would be reduced to six link table
goals (that contained the strongest scores). In between these two axes was the third
main element, the black, gray, and white cells that contained a score denoting the
strength of connection between that particular benefit and sustainability goal. The
strength of the connection was determined by the author through an analysis of the
literature, followed by a validation process by members of both focus groups.
Conditional formatting was used in Microsoft Excel to help demonstrate the
connections visually (Table 3.2 displays the colour and definition). Only cells that
demonstrated a connection (i.e. with a score of 3 to 5) were considered important
for the link table process and all other cells that did not have a connection (i.e. with
a score of 2 or 1) were blacked out. As a result, the cells that remain visible on the
link table were those that demonstrated some level of connection between benefit
and goal. A connection score, which demonstrates the strength of connection

between benefit and goal, is determined from the body of literature that pertains to



71

_USERSKEY

Stronghy Saagree about & rannextion betwren

¥ beneftt and

Strongly agree about 3
el

JLINK TABLE

ustalnabiliity Goals Ehasen by Focus ums

RMIE EARTTAL

THACAL CARIT

Focus o oumeys 1 and Trom schodl

T Tor chakire Wl Yoot e (s s

Goa s)

|

P Tor Gokiren and yodth on cycies [and S wheai]

[ e ey e

fStrstainab!hrty—
'

ification snd Dy

Sommundy Sarvcus

Figure 3.1. A screenshot of the link table displaying the urban forest benefits (see
column heading) and the sustainability goals (see row heading). The black,
gray, and white cells display a score that demonstrate how well a particular

benefit connects to a goal.

Conditional formatting was used in Microsoft

Excel® to colour-code the cells.

arboriculture and urban forestry, but also stems from public health, planning, and

engineering peer-reviewed literature. The connection score is determined by a

combination of two things. First, if one or more sources of peer-review literature

inferred a possible connection, then the linkage would receive a score of at least

three. Second, the researcher, with focus group participants as validation, would

determine the connection score based on the overall strength presented in the

literature. If there were two or more publications that supported a connection, the

connection score would be a four or higher. If there were multiple sources from the

literature inferring a strong connection, then the score would be a five. The

justification of each connection was provided in each cell’s comment using Microsoft
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Excel® and a validation process performed by previous focus group members

provided further confirmation.

Table 3.2 The connection score, colour and definition used for each cell
(connection) in the link table.

Connection Colour Definition
Score

1 Black The literature clearly does not support a connection between UF
benefit and sustainability goal

2 Black The literature does not support a connection between UF benefit and
sustainability goal

3 Dark Gray  The literature possibly supports a connection between UF and
sustainability goal

4 Light Gray  The literature supports a connection between UF benefit and
sustainability goal

5 White The literature strongly supports a connection between UF benefit and
sustainability goal

The entire link table spreadsheet, with justification notes, was developed
throughout the fall of 2010 and contained approximately 60 benefits and 30
sustainability goals. It was provided to the focus group participants for review (see
Figure 3.2 for an example of a justification comment). This review process took the
form of a Delphi method, which involved email-mediated discussions for two rounds
with previous focus group’s participants (see Table 3.1). During the first round, the
participants were given the link table spreadsheets and were asked to review the
table and selected tasks as well as provide their input and consent to the use of
scores listed in the link table. Their decisions and comments were summarized by
the author and redistributed to the group (all comments were kept anonymous) in
the second round so that participants could review the choices and make final

alterations. Outcomes of these rounds are discussed below.
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The Delphi technique is a systematic collection of informed judgments from a
group of experts (Reid 1988). It allows experts in the field to answer a questionnaire
in an anonymous format in two rounds or more and was the method of choice for
two reasons. First, it allowed all participants to be included in the decision-making
process without having to reschedule a focus group meeting and risk the potential
absence of some participants. Second it allowed for a quick and succinct means to
receive input that did not require group collaboration. The participants selected for
the review method were chosen from the two earlier focus groups. Those selected
were required to have a good understanding of urban greening, community
development, as well as Thunder Bay’s goals. A total of eight participants were
involved in the process and were associated with the City of Thunder Bay Parks
Department, City of Thunder Bay Planning Division, Earthwise, and Lakehead
University, among others (see Table 3.1).

Prior to the link table being sent out electronically to the participants, it was
summarized using basic Microsoft Excel arithmetic to produce an average score of
each goal, the frequency of benefits contributing to that score, and a final
standardize score (see Appendix V) to view the entire link table. The final
standardize score was calculated using the weighted linear combination method, a
multi-attribute procedure based on the concept of a weighted average (Chang
2010). It is a common way of computing an index value and involves evaluation at
three levels: criterion weights, data standardization, and data aggregation. First, the

relative importance for each criterion was evaluated against the other. Three
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Figure 3.2. A screenshot of the link table displaying the comments section that
provides justification for the score received and the supporting literature for
each linkage.

criterion were used for this process: average score, frequency of benefits

contributing to a goal, and the sustainability ranking based on the score resulting

from focus group two (See Table 3.3 for a description of each criterion). The average
score and frequency criterion were given a weight of one. The sustainability ranking
was given a weight of 0.10 because it did not influence the strength of the
connection, but was an indication of priority based on the second focus group. For
instance a high priority goal would score slightly higher than a low priority goal if all

other variables remained constant.
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Table 3.3. The criterion used in the weighted linear combination method and their
associated weights.

Criterion Description Weight Reason for Weight
Average Score The mean average of all the 1 The average score helped determine the
benefit-goal scores strength of the benefit-goal connection.

corresponding to a particular
sustainability goal.

Frequency The number of times a benefit 1 The frequency or number of benefit-goal
connected with a particular connections helped determine the
sustainability goal strength of final score
Sustainability This ranking resulted from focus 0.10 Although FG2 determined the top 30 goals
Ranking group two (FG2): prioritizing for the link table, it was important to
sustainability goals allow the results from FG2 to help

determine the final selection of tasks used
for the UFBM. It was given a small weight
of 0.10

Second, the data for each of the variables were standardized using a linear
transformation into a scale of 0.0 to 1.0. The following formula was used for
standardizing:

Equation 3.1
xi B xmin

Xmax = Xmin
where S; is the standardized value for the original value X;, Xmin is the lowest original
value, and Xiax is the highest original value. Third, the index value was calculated
by summing the weighted criterion values and dividing the sum by the total of the

weights (Chang 2010):

Equation 3.2

n
S,
T
¥
i=1
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where [ is the index value, n is the number of variables, w; is the weight for criterion
i, and x; is the standardized value for criterion i. The results can be viewed in
Appendix V - The link table. The final standardized score were ranked for each goal
and the highest goals for each category were identified. These goals, also referred to
as management tasks, will be further discussed in Section 3.2.1.

Upon completion of the link table, its calculations and summaries were
emailed to the focus group participants as an Excel spreadsheet for their review and
feedback. They were encouraged to provide adjustments to the link table if they
deemed necessary and were also asked to provide comment on the final selection of
management tasks that had scored the highest. See Appendix VI for the list of
ranked goals per category. The participants provided comments but did not change
any of the link table connections, and all participants agreed with the
recommendations. Six management tasks were chosen through the link table

process for use in the GIS component of the UFBM (Figure 3.4).
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Figure 3.4. The top ranking goals (management tasks) identified in each goal
category. Due to their similar theme, four Human Capital goals were selected
and merged into one goal that focused on children’s journeys to and from

school.
because of poor

scores.

There was no cultural management task chosen for the model

Through the link table process the focus group participants identified the

following management

tasks:

creating positive climate for business

downtown core beautification

planning for children - focusing on journey’s to and from school
protect the quality of water entering streams and rivers

encourage consideration of the needs of special groups

Using the knowledge from the literature and that of focus group participants, these

six management tasks were isolated for Thunder Bay.
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3.1.3 Standard Tasks

As discussed above, the link table is the process where the most pressing and
valuable management tasks are determined (over the numerous others) that are
then to be modeled using GIS. The link table provides a balanced selection of
management tasks to fulfill the components of a typical sustainable system (e.gs.,
economic, social, environmental). Another method used in conjunction with the link
table to select management tasks to be modeled with the UFBM is the standard task
process. The use of both the link table and standard tasks processes to determine
the management tasks for the GIS is referred to as the task generator (Figure 3.5).

A standard task is defined in this research as one or a set of commonly
applied management activities performed by managers of an urban forest. In this
study, standard tasks were chosen based on both the professional knowledge of the
author, as well as considerations for what other municipalities have elected to do
when making choices about strategic greening. The selection of standard tasks was
established by the user and was derived in part by reviewing popular and successful
criteria used by other municipalities to mitigate an urban challenge through
strategic greening.

In reality, there are very few municipalities who manage their urban forests
with the intentions of increasing benefits or mitigating a social or environmental
problem (e.g., targeted planting to reduce air pollution), although this practice is
now gaining more recognition. A standard task was also chosen based on urgency or
operational need within the community. That is, if a goal had been identified

through a municipal or council directive, it would be included as a standard task.
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Such tasks could include current planting and maintenance strategies. An example is
the planning for the emerald ash borer invasion (EAB) in Thunder Bay. Although it
did not show up in the link table because of its non-sustainability focus, planning for
the EAB invasion is a current management objective of the City’s Park’s Division

(Vescio, pers. comm., 2010).

| Private Tree Data
(Stereo Analyst &
ArcGIS)

y Public Tree Data
- E | GPS & ArcGIS
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. + e | +n
Task 4:
Economic
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Consolidated Tasks form the Combined Greening Index
demonstrating optimum greening sites

Figure 3.5. The conceptual model of the UFBM. The task generator includes both
the standard tasks and those developed through the link table and focus
group processes (as discussed in the text). A GIS model was developed for
the seven listed tasks resulting in the identification of “hot spots” or priority
locations for greening.

Three standard tasks were included in the UFBM: 1) stormwater
management; 2) the Priority Planting Index (adapted from Nowak et al. 2002); and,

3) emerald ash borer (EAB) crisis management (see Figure 3.5). Stormwater

management was chosen for two reasons. First, traditional stormwater



80

infrastructure installation and maintenance is a costly endeavor for municipalities,
and green infrastructure planted in the proper areas can provide significant
mitigating effects and savings (Dywer et al. 1992). Larger urban centres like New
York City and Philadelphia have recently been implementing green infrastructure to
mitigate stormwater management damages and costs (Center for Watershed
Protection 2009). Secondly, stormwater and water quality are of great importance
in the Thunder Bay region, being that the city is at the headwaters of the Great
Lakes, and recent studies have shown various problems in regards to water quality
in the city (Stormwater Impacts Assessment 2011). This task is further discussed in
Chapter 4: Standard Tasks.

The Priority Planting Index was developed by Nowak et al. (2002) and is now
used by some municipalities to determine the most ideal planting sites. It uses three
variables to determine a priority for planting: population density, tree stocking
levels, and tree cover per capita. Areas with greater population density, low tree
stocking, and lower tree canopy cover per capita were targeted as higher priority.
This task is further discussed in Chapter 4: Standard Tasks.

The third included standard task - the emerald ash borer (EAB) management
task - is in response to the EAB’s anticipated arrival in Thunder Bay, according to
professionals (Vescio, pers. comm., 2010). The EAB is projected to Kkill all ash trees
in Thunder Bay, unless preventative measures, such as inoculation with TreeAzin ™
(BioForest Technologies Inc.), are performed. This inoculation process is costly and
it is undetermined at present whether the City of Thunder Bay will embrace this

method of pest management (Vescio, pers. comm., 2010). In the event the City uses
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the inoculation method it will only be administered to a proportion of trees due to
costs. This task is designed to focus on areas of high ash concentration as a planning
measure to perform infill planting in preparation for EAB. This task will be

discussed further in Chapter 4: Standard Tasks.

3.1.4 Private Tree Inventory

To effectively guide decisions in urban forest planning one must first have a
comprehensive understanding of the resources which need managing. In urban
forest planning, one of the most fundamental and important elements is the tree
inventory (Miller 1997). Tree inventories come in various forms depending on the
desired needs and financial and time constraints. It is common for many
municipalities to keep a relatively current inventory of the public trees they manage,
and will generally have records of tree size, age, species-type, condition and
location. Most inventories now contain spatial data derived from either GPS or GIS
software that aid in various management operations and studies. Having a
comprehensive inventory aids decision makers in allocating the proper resources
for maintenance and removal (Miller 1997), studying changes to urban forest
structure over time, and integrating the results into other models to increase the
power and efficiency of these tools.

An updated inventory of publically-owned trees was acquired from the City
of Thunder Bay for the UFBM. This inventory was current to 2010. Although many
attributes were recorded in the inventory such as tree height, ages, species-type,

stem diameter, and condition, only a few attributes were needed for the UFBM
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analyses (discussed in Chapter 5). However, while publicly-owned trees have long
been a significant focus for urban forest planners, they comprise of only a portion of
a city’s entire urban forest (Clark et al. 1997). As Clark et al. (1997) suggests,
between 60 and 90 percent of trees within a city are found on private property and
thus are not part of a City’s forestry department’s inventory. Lacking data on
privately-owned trees poses a significant challenge to urban forest planning within
a community and also poses limitations to various management tasks identified
within the UFBM. The UFBM was designed to include an exhaustive inventory of
trees in a city, whether private and public, to make the best informed
recommendations for a city as a whole. Although the model could be run with
public-data only, it would produce inaccurate results. Therefore, a private tree
inventory was carried out for the City of Thunder Bay to make the UFBM as realistic

a model as possible.

Inventory Methods

The objective of the private tree inventory was to collect private tree data in
order to create a comprehensive inventory of urban trees across the city. These
private trees include those in the front, back and side yards of individual properties
as well as forest stands (a collection of trees located in a relatively unmaintained
environment). This type of coverage enables a higher number of tasks within the
UFBM to be analyzed and thus increases the accuracy and effectiveness of the
model. The following section describes the methodology through which the

inventory objective was achieved.
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The private tree inventory was carried out via remote sensing using a
combination of both ERDAS’ Stereo Analyst and ESRI’s ArcGIS. Stereo Analyst is an
extension for ArcGIS that allows stereo visualization within the ArcGIS display
environment and thus improves the interpretation of the image.

Aerial interpretation of forest characteristics differs when one is looking at
urban forests versus natural and commercial forests in rural areas. In commercial
forestry, trees typically portray predictable and similar physical characteristics
within their species-type. However trees in urban areas (when inventoried aerially)
can take on various forms and characteristics even within one species-type, due to
inconsistencies in growing space, soil type, care and maintenance (Xiao 2004).
These inconsistencies make it difficult for analysts to accurately classify them. High-
resolution imagery, therefore, is desirable for remotely obtained, urban tree
inventories.

Two sets of high-resolution aerial imagery were acquired for the study area.
The Ministry of Natural Resources provided 40 cm resolution near-infrared ADS40
imagery (leaf-off ) and the City of Thunder Bay provided visible spectrum SID 20cm
QUAD (leaf-on). Both sets of imagery were flown in 2008 and provided a strong
aerial image bank needed for the inventory. A remote sensing analyst was hired for
16 weeks to collect the following attributes using Stereo Analyst: location; height;
visible canopy width; species; and tree type (conifer or deciduous). After four weeks
of data collection, the attributes being inventoried were scaled back to: location;
visible canopy width class; and tree type (conifer or deciduous) due to projected

time and financial constraints of doing a full set of attributes as noted above, and
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because there were more privately-owned trees than anticipated. The tree
inventory began at Lakehead University, which allowed the analyst to critique and
refine her proficiency by field verification of her estimates outside the lab on
campus. Once the analyst became proficient with interpretation, she proceeded to
inventory from Oliver Road to Thunder Bay South in 1km square units, and then to
the rest of Thunder Bay using both sets of imagery noted above. Both sets of
imagery had their advantages, and therefore frequent crosschecking was performed
to ensure accuracy. For example, the leaf-off (40cm) imagery was best to identify
conifers and some hardwoods (branching pattern), however it also contained larger
tree shadows, making tree identification more difficult because of the time of season
when the image was collected. The leaf-on imagery (20cm), taken in the fall,
displayed the changing colour of hardwoods and tamarack and improved overall
reliability of tree identification.

The scanning method, as discussed by Nowak et al. (1996), was used to
measure the position of each tree along with the tree canopy width class and tree-
type. The scanning method is the one of the most precise and detailed methods of
analyzing urban tree cover because it measures tree cover throughout the entire
study area without using sampling procedures (Nowak et al. 1996). As with all types
of inventory methods, however, the accuracy is dependant upon the ability of the
photo analyst to accurately identify tree cover (over other cover, i.e.,, grass or
driveways) and categorize it into the proper tree canopy width class.

During the digitizing of the private tree inventory, the public tree dataset was

displayed on the screen as a means to distinguish the public from private trees. A
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point was added to a shapefile representing the location of a given tree. The
complete tree inventory, including both publically and privately owned trees, is
displayed in Figure 3.6.

Using the measurement tool in ArcGIS, the tree canopy width was measured
and categorized into one of five classes (Figure 3.7 and Table 3.4). The tree type
(conifer/deciduous) was identified by visual inspection. Although there are various
inventory methods discussed by Nowak et al. (1996) that are more time and cost
efficient, this scanning method provides the most precise and detailed results for the
cost. More recent advances in Geographic Information Science have produced tools
like Geographic Object-Based Image Analysis (GEOBIA), which can help to produce
very precise inventories, but are still very costly to perform and require data such as

LIDAR (Light Detection And Ranging) imagery.
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Figure 3.6. A screenshot of both ADS40 (top) and SID20 QUAD (bottom) imagery
with the public tree data (green) and private tree data (orange) displayed on
the screen. The forest stands (purple) are also delineated on the right hand
screen. Software Stereo Analyst (ERDAS) is being used on the left hand
screen and ArcMap (ESRI) on the right.
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Figure 3.7. Determining the canopy width measurement.

Table 3.4 The visible canopy width measurements
inventoried by remote sensing were
grouped into five canopy classes.

Crown
Class Width (cm)

1 1-400
2 401-800
3 801-1200
4 1201-1600
5 1601+

In addition, the forest stands within the City were also mapped. Forest
stands were defined as a group of trees uniquely distinguishable from adjoining
areas. Trees were classified as a forest stand by the remote sensing analyst if they
were located in a natural, relatively unmaintained environment. Forest stands
within the city boundary included forested areas at George Burke Park and smaller

areas as seen in Figure 3.8. Only the extent (border) of each stand was measured,
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and did not include any other attributes such as species composition, height, or
crown closure. In contrast to stands, trees that were geographically close to each
other in areas managed by humans (i.e. the grass around its base is maintained)
were considered an urban tree and each tree was digitized as an individual tree. Due
to financial constraints the inventory covered only about 65 percent of the city
study area (Figure 3.9). With a limited private inventory, the extent of some
management tasks as a result were restricted to this boundary (e.g., the stormwater

task).
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Figure 3.8. A screen capture displaying the delineation of a forest stand (light
green) and individual trees (dark green).
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Figure 3.9. A map displaying the extent of the private tree inventory that falls
within the city study area of Thunder Bay, Ontario.

3.2 Model Structure

3.2.1 Overview of GIS-Based Decision Support
A GIS model was developed for each of the seven standard and link table
tasks that resulted in the identification of “hot spots” or priority locations for

greening. Each task was modeled individually using ESRI’s ArcGIS producing an
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independent set of recommended planting locations. These seven maps were then
combined to form a final comprehensive map demonstrating optimum locations for
greening (planting, maintenance, and protection). The analysis required for each
task was determined by the type of task and the available data. Since both the
standard and link table tasks incorporated a broad array of social, economic and
environmental issues (e.gs., planning for children’s journeys to and from school or
for special needs groups), a host of associated data such as census data, business
locations, impervious cover, etcetera were potentially required. For example, the
objective for the stormwater standard task (see Chapter 4) was to identify areas for
increased canopy cover that would mitigate stormwater problems (e.gs., flooding,
surface pollutant runoff). An analysis of this kind requires a variety of data such as
public and private tree cover, impervious cover, and aerial imagery. From these
inputs, analysis is performed to determine problematic stormwater areas, and
ultimately to demonstrate areas for which would benefit with additional tree cover.
A general methodology for each task is found in Table 3.5. Most tasks required
relatively small amounts of data inputs or analysis, the notable exception being the
stormwater task. An additional description and methodology accompanies each
task in their given sections below.

Within the GIS component of the model a vector grid was created at a block
scale (a resolution of 100, 100m x 100m grid cell, or 1 hectare) using Hawth’s Tools
extension. This vector grid was used to define a standard management size and

location that would be applied to each selected management task. The extent is
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Table 3.5. A general GIS methodology used to determine hot spots for each task.

Step
1. Identify the task

2. Explore the variables that could
be used to determine and fulfill
the task.

3. Select the variables and prepare
the data.

4. Choose methods and tools

5. Display the data on the map or
perform analysis (if required)

6. This step is reserved for the final
compilation of all tasks together
to identify smart greening
locations.

Description

Identified by the task generator (Figure
3.5)

Explore the possible variables and types
of data inputs required for the task (e.gs.,
population density, business locations).

From the list of all possible variables
that influence the task, select the
variables based on the available data.

Choose the methods and tools to
perform the necessary measures to
identify greening locations based on the
selected variables.

Using GIS, the data for each criterion are
represented on the map (e.gs., business
and school locations). Depending on the
type of data and the criterion, analysis
may also be needed using ArcGIS tools.

Using the weighted linear combination
method to assign weights to each task
(according to Focus Group Two) to
identify areas where green
infrastructure will simultaneously attain
multiple benefits within a community.

meant to be at a coarse or neighbourhood scale, which ultimately determines the

size of management area in the final hot spot map. For the case study application of

this research to the City of Thunder Bay, a grid of one hectare was created to ensure

the management areas were large enough to present a broad overview of the City

while providing tangible, easily identifiable management blocks for planning. Too

small of a management area could create an overwhelming amount of detail on a

planning level and could limit for example, foresters and technicians on the ground

in their ability to find adequate planting spots. A resolution of 10m (10m x 10m grid



92

cell) would result in numerous management areas, small enough to conceivably be
consumed with house rooftops and driveways, which clearly would allow little
potential to plant. However, it should be noted that with the presence of a plantable-
spots inventory, or a Geographic Object-Based Image Analysis (GEOBIA) a smaller
cell size could be used. Advances in Geographic Information Science have rendered
tools like GEOBIA, automated methods to classify remote sensing imagery into very
detailed and meaningful data. In conjunction with technologies like LIDAR, cities can
interpret and classify geographically based image-objects with high precision. This
kind of technology was used for Locke’s et. al (2010) study for New York City and
allowed for a better intelligence and interpretation of ground objects like trees and
plantable areas. This technology is costly, and therefore a city’s existing plantable
spot inventory could provide similar intelligence at less expense by indicating the
exact spatial location where trees could be planted. In turn it also eliminates the
areas where trees cannot be planted and allows for a greater level of precision in
targeting true potential sites. Although a small cell size would not always be
desirable (see above for justification) a plantable-spots inventory could increase the
precision by reducing the size of the management areas in the model.

Without the use of a plantable spots survey or GEOBIA, a block scale (around
one hectare) provides a good balance between management planning and finding
realistic greening sites on the ground. A balance between these two grid sizes can be
adjusted depending on the scenario and level of detail desired, however a coarse-

scale between 0.5 and 1.0 hectare is suggested.
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3.2.2 Application of the UFBM to Thunder Bay
By way of the task generator, seven tasks were chosen for use in the UFBM to
identify optimized greening areas for the City of Thunder Bay, consisting of both

standard and link table tasks (see Figure 3.5 and Table 3.6). As discussed

Table 3.6. The tasks identified for use in the UFBM for Thunder Bay consisting of
both standard and link table tasks.

Management Task Type

Stormwater Standard / Link Table

Priority Planting (Population/UTC) Standard

Emerald Ash Borer Crisis Planning Standard

Economic Development Link Table

Downtown Core Economic Development Link Table

Children’s Journeys to and from School Link Table

Needs of Special Groups Link Table

previously, the link table process identified management tasks that are relevant to
Thunder Bay, focused on a comprehensive set of community sustainability goals
already established or in progress. The standard tasks cater to the needs of the
community but are chosen based on urgency, operational needs, or the task’s
success in other municipalities. For instance, the emerald ash borer (EAB) is a great
threat to Thunder Bay and requires immediate planning. This standard task was
selected because of the urgency of the situation and the value it will provide to the
community. A task like EAB crisis planning would not have been identified through

the link table process. In another example, the recent successful implementation of
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trees to reduce stormwater damage by some cities has lead to its use in the UFBM.
As demonstrated here, and in the appropriate link table and standard tasks sections
above, the application of UFBM tasks are tailored to Thunder Bay to provide the
most meaningful and applicable services without compromising or competing

against existing management strategies.

3.2.3 Application of the UFBM to Other Jurisdictions

The UFBM was conceptualized to be adaptable to other jurisdictions.
However, in its current customized format for Thunder Bay, it is not readily
transportable. The application of the UFBM in another city would require an
individual with considerable knowledgeable of urban forest benefit literature to
carry out the focus groups and develop the link table (as discussed in Section 3.1
Model Development). Through these processes the individual, in close
correspondence with the city forester, would be able to develop a set of standard
tasks and link table tasks customized to the needs in the particular community. A
methodological framework within GIS would then have to be developed for each of
these newly defined management tasks. Then the GIS technician would acquire the
required data and process the selected tasks that are part of a newly-formulated
UFBM for a given jurisdiction. An overview process is provided in Table 3.7.

In order for the UFBM to be used in another jurisdiction, there are data sets
that will be needed by the host city. The municipality must have access to a spatial
tree inventory preferably for both public and privately owned trees. It also would be

advantageous to have access to a wide-variety of GIS layers like neighbourhood
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zones, road classes, and impervious cover, among others, that will help during the
various parts of the analysis. Many municipalities now contain a good portion of

their city assets and infrastructure data as GIS spatial layers.

Table 3.7. An overview of the methods required of an individual researcher in order

to apply the UFBM to another jurisdiction.

Step
Researcher reviews and
updates urban forest
benefits framework

Focus group one

Researcher to review
guiding documents in
order to provide a list of
sustainability goals that
could be enhanced by
the urban forest

Focus group two

Link Table developed

Standard tasks
determined

Methodology developed
for other tasks

. Tasks determined from

Link Table and sent to
GIS

Description

Researcher would add any new or site specific
relevant literature to that within the UFBM.

To identify the urban forest benefits from the
research that are not realized in the study
jurisdiction. The identified benefits are removed
from the framework.

This would be completed via a literature review
of the jurisdiction’s current guiding documents.

Community leaders prioritize sustainability goals
for the community.

The benefits and goals combined into one table
and the researcher assess the literature to define
the strength of connection between benefit and
goal. The Link Table is further reviewed by focus
group members.

The leader and decision makers involved in the
process identify the standard tasks.

Researcher to develop a methodology for each
individual management tasks, especially those
not covered in Brad Doff’'s UFBM.

GIS technician to explore and prepare the
required data for each task, perform analysis and
produce a map of targeted greening sites.
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This chapter presented a set of methods and a framework that can be
adapted for any given city. The task generation processes used in the UFBM is a
unique contribution to the literature and allows the services provided by an urban
forest to deliberately work toward attaining the goals of a community. The process
of carrying out these methods fosters a closer working relationship between city
agencies, community groups and other NGO’s as they explore together how planting,
protection and care of trees in targeted areas can optimize their benefits. Although
the UFBM is relatively simple in comparison to tools and models available to
planners, the UFBM makes new contributions to the field by linking the urban forest
with sustainability. In the following chapters the various link table tasks and

standard tasks will be discussed in further detail.
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4.0 Standard Tasks of the UFBM

4.1Introduction

A standard task is defined in this research as a commonly applied
management activity performed by managers of an urban forest. These
management activities often refer to the municipal greening strategies used to
mitigate a particular urban challenge. In reality, there are very few municipalities
who manage their urban forests with the intentions of increasing benefits or
mitigating a social or environmental problem (e.g. targeted planting to increase
active transportation or to decrease crime rates). However, this practice is now
growing in popularity. More common at present, however, is the application of
standard tasks aligned with one of the standard goals of urban forest management,
such as planning for a particular urban forest disease epidemic.

In this study, standard tasks were chosen based on both the professional
knowledge of the author, as well as considerations for what other municipalities
have elected to do when making choices about strategic greening. A standard task
was also chosen based on urgency or operational need within the City of Thunder
Bay. In addition the selection of tasks was partially influenced by the focus groups of
urban forestry and other professionals as discussed earlier (see section 3.1.1).
Together, the standard tasks and the link table tasks are those management
activities that comprise the conceptual model for the developed UFBM (see Figure

3.5 and section 3.1.3).
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The first standard task chosen for the UFBM was focused on stormwater. The
stormwater standard task is a combination of impervious cover and tree cover
variables that help produce a priority greening index to reduce stormwater damage
and cost. The second standard task focuses on increasing tree cover so as to benefit
the greatest number of people. This method, called the Priority Planting Index, was
developed by researchers at the US Forest Service Northeastern Research Station
and ranks tree planting locations based on population density, tree stocking, and
trees per capita (Nowak et al. 2002). The third standard task chosen for the UFBM is
in response to an anticipated arrival of an invasive, non-native, and harmful insect
called the Emerald Ash Borer (EAB). Currently the EAB is documented in Sault Ste.
Marie and Minneapolis and will likely be in Thunder Bay within 5 to 10 years
(Vescio, pers. comm., 2010). This task indentifies areas of high concentration of ash
(Fraxinus spp.) to produce priority-planting scheme to increase infill planting in
these areas that will potentially suffer significant loss of tree cover.

This chapter is structured into three sections, one for each of the three
standard tasks listed above. Each section provides a detailed description of the
methodology, input data requirements (Table 4.1), and simplifying assumptions for
each standard task. The UFBM is largely a GIS-based tool so the methodology
adopted outlines the various GIS operations and equations used to generate
geospatial planting locations, something that other decision support tools are

lacking (see discussion of i-Tree earlier in section 2.3).



99

Table 4.1 The input data requirements for each standard task.

Standard Tasks Theme Requirements

Theme Description (Type) Stormwater PPI EAB Attributes Needed
public tree’s existing (point) v v v varied

private tree’s existing (point) v v v varied

road network (polyline) v v v n/a

ortho SID 20cm Quad Aerial Images v v n/a
dissemination areas (via census) v population data
buildings (polygon) v area

driveways (polygon) v v area

lanes (polygon) v v area

parking (polygon) v v area

travelled roads (polygon) v v road class
sidewalks (polygon) v v area
neighbourhoods (polygon) v v name and area
city study area (polygon) v v n/a

4.2 Standard Task One: Stormwater

Urbanization increases the land area that is covered with impervious
material, and inevitably diminishes areas of natural vegetation. The development of
streets, sidewalks, building rooftops, parking lots and the resultant loss of
vegetative cover significantly increases the volume and velocity of stormwater
runoff (Wissmar et al. 2004). Large tracts of impervious cover, combined with a
network of drainage infrastructure designed to carry stormwater long distances,
have created a host of water quality and maintenance issues for municipalities. With
heightened levels of car oil, gas, antifreeze, bacteria, garbage, pesticides and metals
in cities, surface pollutants can be disastrous to watersheds and compromise human
health (Dwyer 1999; Goonetilleke 2005; Nowak 2006). The repercussions of

increased water volume, velocity, and non-point surface pollution are felt by cities
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in a variety of ways: flooding damage, increased tax payers’ dollars to treat water,
costly stormwater management infrastructure, degraded water quality and
impaired aquatic habitats (Xiao et al. 1998; Wissmar et al. 2004; Goonetilleke et al.
2005)

Communities can diminish the effect of these damages by maintaining or
planting trees, increasing other natural land cover (e.gs., soil, vegetation), and by
reducing impervious cover (Dwyer and Miller 1999). Trees have been known for
decades for their ability to capture rainfall and reduce runoff (Figure 4.1), but until
recently, their ability to assist in a broad spectrum of stormwater management tasks
has been overlooked (Seitz and Escobedo 2008). Trees intercept rainwater on
leaves, branches and trunks, as well as create favourable soil conditions that allow
rainwater to permeate into and replenish the groundwater. When engineered
properly, surface runoff can be directed toward trees where many pollutants are
absorbed by a tree’s roots (which, depending on the species, are capable of bio-
accumulating, denaturing and compartmentalizing pollutants without affecting tree
health). By slowing the rate and volume of water runoff, trees consequently reduce
the amount of pollutants entering streams and rivers, increase the quality of aquatic
habitats, and ultimately replace or minimize the need of expensive hard

infrastructure to manage the runoff.
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Figure 4.1. Conceptualizatic?nm eof the effects of trees on an urban hydrograph. An
increased number of trees reduces the overall runoff, peak discharge and
the steepness of the hydrograph’s rising and falling limbs. Adapted from
American Forests (2002).

The goals of stormwater best management practices (BMPs) are to reduce total
runoff volume, reduce peak discharge, and remove pollutants (Day and Dickinson
2008). All three stormwater BMP goals can be accomplished by the use of green
infrastructure. Properly located trees decrease peak discharge, that is, the target
level that engineers use to decipher the type and amount of infrastructure required
to manage stormwater. By doing so, green infrastructure does the same work as
hard infrastructure like pipes, pumps, and storage chambers and can drastically
reduce infrastructure, engineering and maintenance costs. By reducing total surface
runoff, green infrastructure also decreases the risk of sewage overflow in cities with
combined sewage overflow (CSO) systems. A CSO is a sewer that combines both

stormwater and sanitary sewage in a single pipe system and can significantly impair

water quality in rivers and lakes (Weyrauch et al. 2010; Gasperi et al. 2008).
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Although it has been an aim of many municipalities to remove these combined
systems, still about 772 communities in the US have active CSOs (United States
2008) and a total of 17 km of CSOs still remain in Thunder Bay (McConnell, pers.
comm., 2011). This leads to more expensive, redundant treatment of fresh water
and environmental costs associated with spills and clean up during and after rain
events.

Over the past 40 years, many models have evolved to focus on urban
hydrology and stormwater effects (Wang et al. 2008). The US EPA's Storm Water
Management (SWMM) model (Huber et al 1988), SWAT (Soil and Water
Assessment Tool) model (Arnold et al. 1998) and TR-55 model (Natural Resource
Conservation Services 1975) are effective at simulating and assessing the
performance of a stormwater management system. Unfortunately, they are too
highly parameterized for use in management applications, require significant and
costly data inputs, and do not account for the urban forest (Wang et al. 2008). A
recent release of the i-Tree Hydro model is the first of its kind to integrate trees into
the urban stormwater modeling process, however like the above mentioned, it too is
highly parameterized and therefore not readily applied for management
applications with restricted budgets or access to data. The i-Tree Hydro model was
created to simulate and study the effects of trees on urban runoff at the watershed
scale. It uses complex algorithms to calculate stormwater interception, storage,
infiltration, evaporation, and runoff and provides a measured benchmark in
stormwater performance of an urban forest (Nowak 2006). Although these

benchmark data would increase the precision of the UFBM by providing a more
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accurate estimate of the mitigating effects of Thunder Bay’s trees, i-Tree Hydro falls
short of providing the final step necessary to determine possible greening sites to
mitigate stormwater effects that is included within the UFBM. The data required to
run i-Tree Hydro were also not accessible in Thunder Bay. Due to these two
disadvantages, sophisticated models like i-Tree Hydro were not used in the UFBM

despite its strengths in other stormwater and urban forestry applications.

4.2.1 Task Objectives

The objective of task One was to produce a priority greening index to reduce
stormwater damage and cost. The greening index reveals the management areas
with the highest concentration of impervious cover and the lowest concentration of
tree cover. The intended results lead to a priority planting scheme to reduce the
peak, volume and rate of stormwater runoff. The objective was to use simple and

readily available data to target these greening sites.

4.2.2 Modeling Approach for Task 1: Stormwater

Tree cover and impervious cover data are essential for decision makers in
assessing areas of concern regarding stormwater, aquatic habitat quality and
groundwater recharge (Greenfield et al. 2009). Hence the stormwater task focuses
on the quantification of tree cover and impervious cover to derive information that
is helpful for stormwater and urban forest managers. The data to assist in the
quantification of impervious cover were provided by the City of Thunder Bay

Planning Department and street tree data needed to estimate urban tree cover were
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provided by the City’s Parks Department. However, these latter data were limited to
public trees along roads and major parks and it was necessary to create an
inventory of privately-owned trees (see discussion earlier in section 3.1.4). The
private tree inventory was built in the summer of 2010 using remote sensing
classification. The private tree data were combined with the public data to form a
contiguous tree inventory throughout Thunder Bay!. These data are essential in
determining a score that will help prioritize greening activities to mitigate
stormwater effects. A complete list of data requirements for this task is found in
Table 4.1.

The following section provides a detailed description of the methodology
used in developing the stormwater task, including a discussion of GIS operations
and equations used, data requirements, and simplifying assumptions. The
discussion is organized into three sections based on the stages shown on Figure 4.2:
(1) tree cover (Stages 1- 10); (2) impervious cover (Stages 12-23); and (3) the
stormwater score (Stages 24-25). Associated metadata for stormwater score files

can be found in Appendix VIII.

4.2.2.1. Tree Cover
The public tree inventory data obtained from the City of Thunder Bay were
recently updated in December 2010. This public tree inventory consists of a point

shapefile (compatible with a variety of GIS software, including ESRI’'s ArcGIS) and

1 The private tree inventory executed in the summer of 2010 was not fully completed due to financial
constraints. The zone inventoried was approximately 65% of the greater study area as indicated in
Figure 4.9
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has the following attributes for each public tree location: tree coordinates, height,
species, age, condition and diameter. However, only the location, height and spatial
attributes were needed for the stormwater task model. The private tree inventory
was built to mimic the format of the public inventory and is a point shapefile
containing the following attributes: tree coordinates, tree canopy size class, and tree
type (deciduous or conifer) (refer to Chapter 3 regarding sampling techniques used
in private tree inventory). A third file contained polygon shapefiles of forested
stands within the City, also remotely collected during the compilation of the private
tree inventory. Forest stands (whether on private or public land) were defined as a
group of trees uniquely distinguished from adjoining areas. Trees were delineated
as a forest stand by the remote sensing analyst if the tree was found in a natural,
unmaintained environment. Conversely, trees that were near each other in areas
maintained by humans (i.e. the grass around its base is tended) would be
considered a single urban tree and not in a forest stand (Figure 4.3).

In order to determine the overall tree canopy cover (as an estimate of the
total leaf area), the first step was to combine both the public and private tree data.
Prior to combining these two shapefiles (and their associated attribute tables), a
conversion was necessary to ensure the attribute tables from both shapefiles would
correspond. The public tree data, for example, contained an attribute that expressed
tree size in terms of ‘tree height class’ in meters. Within the private tree data, the
attribute that expressed tree size was ‘crown width class’ in meters. Because the
tree size measurement desired for the model was ‘crown width class’, the public

tree data required conversion. Although conversion algorithms have been
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Figure 4.3. A screenshot from ArcGIS displaying the delineation of a forest stand
(light green) and individual trees (dark green).

developed for multiple instances in the commercial forestry sector (e.g., tree height,
age and diameter variables can be used to estimate the amount of leaf area or tree
volume), no algorithms exist for the conversion of height to crown width (or more
desirably, leaf area) for urban trees. The closest available algorithm for urban trees
developed by Nowak (1996) required the following variables: DBH (diameter at
breast height), tree height, height to base of live crown, and crown width. Given the
paucity of available tree inventory data needed for conversion within this model, an
assumption was made that tree height correlated linearly with canopy width. This
assumption was based on the data received during the first part of the private tree
inventory when tree height, canopy width, and species attributes were inventoried.

The data consisting of 398 trees demonstrated a linear relationship (Figure 4.4)
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between the height and crown width classes, using the four most predominant
genera found in Thunder Bay - according to the public tree inventory (ash, Fraxinus;
birch, Betula; linden, Tilia; maple, Acer). Therefore each height class (5 classes
ranging between 1-23m) in the public dataset was converted linearly to crown
width class (5 classes ranging between 1-18m) (Table 4.2). Short trees (between 1
to 5 m) were categorized to have small canopy width class (between 1 to 4 m) and
so on until all the five classes were completed (Stage 1 in Figure 4.2). This
assumption would not always be accurate, however, it provides a good estimate
given the limited research and existing variables. For example, a tree with a height
class of one (1-5m) would likely have a canopy diameter between 1-4m. Depending
on the species, growing conditions, and tree shape, a tree in this height class could
have a canopy width larger than 4m, although it would be unusual. As a whole, this
assumption is useful by providing an estimate of tree canopy cover for all public
trees within the city, given the lack of conversion algorithms. Before combining
datasets, each attribute table was given an identifying tag to denote if it was a public
or private tree. This step was included in the event a decision maker wanted to
differentiate between the two types of trees after the analysis (Stage 2 in Figure
4.2).

Combining both shapefiles was completed using the ArcMap’s Union function
(Stage 3 in Figure 4.2). The redundant or unneeded attributes produced in the Union
were discarded. The recently combined layer from Stage 3 was buffered using the

Buffer tool to produce a realistic representation of canopy cover on the spatial layer
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(Stage 4 in Figure 4.2) (see Figure 4.5). The distance each tree was buffered was

based on the range median of the canopy width class it belonged to (Table 4.2).

25 T

20

fary
43}

Tree Height (m)
—
(==

S [+
~ , QD
o (7]
: . (/2]
) B
X
@)
V)
(/2]
; (2]
NE X 2
% 2 %
QO s
2 X
w X
n= 24 )
O
QO
(/)]
o
N
n=95
QQ) X Trees Inventoried
% n=279 4 Mean
4 6 8 10 12 14 16 18 20

Crown Width (m)

Figure 4.4. A linear relationship between tree height and crown width of the most
common tree genus in Thunder Bay (ash, Fraxinus; birch, Betula; linden,Tilia ;
maple, Acer). A total of 398 trees were inventoried by a remote sensing
analyst in the summer of 2010 to calculate this relationship. The black boxes
indicate the distribution of each class around the median for tree height and
crown width. The mean tree height for each of the three crown width classes
fell within the given proper tree height class distribution and thus
demonstrates that a linear relationship could be used to estimate crown
width using tree height.
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Table 4.2. Canopy width classes and their median used for
determining average canopy width.

Crown Width Class Range (m) Median (m)

1 0-4 2
2 4-8 6
3 8-12 10
4 12-16 14
) 16+ 18

Figure 4.5. A screenshot from ArcGIS displaying the public (dark green) and private
(light green) trees after the buffers had been applied, to produce a realistic
representation of canopy cover based on each tree’s crown width class.

The stand layer underwent a Dissolve and MultiPart to Singlepart function
incase any overlap or multipart features existed (Stage 5 in Figure 4.2). Another
specific ID tag was added to the attribute table in the event a user desired to

distinguish between tree canopy or stand canopy in the results (Stage 6 in Figure
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4.2). A vector grid was created at a resolution of 100m using Hawth’s Tools
extension (Stage 7 in Figure 4.2). Such a grid (the size determined by the user) was
needed to serve as the management areas - to delineate the size and boundary of
areas that the results would be presented in at the end of each task and the final
layout, which would ultimately guide decision makers in their greening choices. For
the present case study, a grid resolution of 100m (i.e., an area of 10,000m? or 1ha)
was created to ensure the management areas were large enough to present a broad
overview of the City and provide tangible, convenient and easily identifiable
management areas for planning. Too small of a management area could create an
overwhelming amount of detail on a planning level and could limit foresters and
technicians on the ground in their ability to find adequate planting spots. If, for
example, a grid resolution of 10m (i.e., an area of 100m? or 0.1ha) was used, many
management areas would be small enough to conceivably be consumed with house
rooftops and driveways, which clearly would allow little potential to plant.
Increasing grid sizes to a neighbourhood scale provides more freedom for targeting
greening sites. A balance between these two grid sizes (10m x 10m vs. 100m x
100m) can be adjusted depending on the scenario and level of detail desired,
however a coarse-scale between 50m x 50m and 100m x 100m is suggested. It
should be noted that with the presence of a plantable spots inventory, a smaller cell
size would be achievable. A plantable spots inventory is an inventory normally
undertaken by a municipality to determine the exact space where trees could be
planted. A plantable spot is determined by a variety of factors such as available

growing space, soil and lawn size and condition, above or below ground utilities or
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hard infrastructure (Kirnbauer et al. 2009). A plantable spots inventory removes the
guesswork for planting and would also eliminate areas where trees couldn’t be
planted (e.g. a building rooftop). It would allow for a greater level of precision in
targeting true potential sites. Although a small cell size wouldn’t always be desirable
(see above) a plantable spots inventory could increase the precision by reducing the
management areas in the model.

Once the vector grid size had been created, another Union function was used
to combine the tree cover data (public and private trees), stand data, and the grid
layer (Stage 8 in Figure 4.2). The Union function computes an intersection of the
various input features (tree cover and vector grid) and writes them to one feature
class. This is important, as the final step will include a representation of each cell’s
corresponding area of tree cover. After the union, the area for all the polygons (grid,
trees, and stands) was determined using the Calculate Area tool (Stage 9 in Figure
4.2). All fields with a buffer radius of >0 and features with a stand ID tag (which
selects only the tree canopy polygons), were exported to a new layer. This layer’s
area of tree cover then was summarized using Summarize tool in the attribute table
to determine how much tree cover area occupied each management area (Stage 10
in Figure 4.2). The DBF table created in the summary was then joined back to the
original vector grid (stage 11 in Figure 4.2) to display the sum of tree cover in each
grid cell. Tree cover can vary from 0 to 1.0 ha, with 1.0 ha representing complete

canopy cover for a given cell or management area (See Figure 4.6)
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Figure 4.6. A screenshot from ArcGIS displaying the sum of tree cover area per
management area. Each grid cell, or management area, represents 1 hectare.

4.2.2.2. Impervious Cover Data
The second component of establishing a stormwater score is to determine
the amount of impervious cover in the study area. The data received from the City of
Thunder Bay pertaining to impervious cover were: building footprints, driveways,
lanes, parking lots, sidewalks, and travelled roads. Many of theses layers, however,
were a combination of paved and non-paved surfaces, originating from AutoCAD
files. Therefore the GIS shapefiles (converted by the City of Thunder Bay from

AutoCAD) were queried so as to extract the proper features for use in the model.
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Shapefiles converted from AutoCad bring with them a variety of challenges.
AutoCad data (lines or polygons) are drawn in an environment where symbology is
the extent and boundary of the feature. In ArcGIS, the boundary remains the same
regardless of the symbology used to display the feature. When a broken line, for
example, in the AutoCAD display environment is brought into the GIS, it is normally
converted as multiple polylines -with their own set of nodes and line properties
(some newer versions of AutoCad can allow for more desirable conversions). As in
this case, some municipalities have not converted over their CAD files to spatial files
in a GIS environment. Consequently, a set of methods was developed to work with
the converted AutoCAD data (Stage 12-17 in Figure 4.2).

The first stage was to query and retain all paved features from unpaved
features (i.e., some parking lots, trails, were considered unpaved)(Stage 12 and 13
in Figure 4.2). For the purpose of this research all unpaved layers were considered
pervious. In reality, some unpaved surfaces function like that of a paved surface, due
to their compaction or fine granular size. However, without supplementary data,
the assumption was made that all unpaved areas were pervious.

The converted AutoCAD shapefiles contained numerous line features
representing sidewalks, roads, and driveways that when merged as “closed”
polygons indicate areas of pervious and impervious cover. A two step process was
used to convert these line features: (1) the line features were combined using the
Union function; and (2) these unioned line features were converted to polygons,
using the Feature to Polygons tool (Stage 14 and 16 in Figure 4.2). After using the

Feature to Polygons tool, the x,y tolerance was set to 0.3 meter to ensure the
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polygons were closed. A brief visual inspection was necessary to ensure polygons
were indeed closed and to ensure that a larger x,y tolerance was not required (Stage
15 in Figure 4.2).

The newly-created polygons needed to be classified as either an impervious
or pervious surface. During Stage 16 in Figure 4.2, a majority of the polygons were
properly converted into their respective classes (either a pervious or impervious),
however some areas were encoded improperly (e.gs. large blocks, boulevards).
Using ArcGIS’ Selection and editing tools, most surfaces, especially the large
polygons greater than 100m? were properly classified using the City’s 40 cm QUAD
aerial imagery as a backdrop for verification (Stage 17 in Figure 4.2). Approximately
15 hours was required to classify these features in the stormwater area (3690
management areas) or on average about 15 seconds per management area. It must
be noted that there were a significant amount of small areas of boulevards that were
encoded improperly during the Union (back in stage 14 of Figure 4.2). For instance
the driveway of a particular home between the sidewalk and road would be coded
as pervious, while the front lawn between the sidewalk and the road was coded
impervious. Also the shapefiles denoting impervious layers that were received from
the City of Thunder Bay did not always match the existing road or impervious
infrastructure (Figure 4.7). Given the time and financial constraints required to hire
a technician to make all the edits, a give-and-take method was applied to these areas
that had many small discrepancies in classification. The estimation practice permits
a small error to pass if a neighbouring error counteracts it. Figure 4.8 demonstrates

the various types of error associated with determining the overall error for a given
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Figure 4.7. A screenshot from ArcGIS of impervious cover depicting two sources of
coding inaccuracies: 1) the give and take method (see red outlines), where
the front boulevard (classified as impervious on the map) is used as an
estimate to counterbalance the driveway area (not classified as impervious
on the map) and 2) the original data provided by the City is slightly imprecise
with regards to various features (see yellow outlines). This type of error was
generally not accounted for (see Figure 4.8 for further discussion).

management area. To determine the magnitude of error, one management area (i.e,,
a 100 m cell) was used for a trial. The impervious area was calculated for the cell
and the various types of error were subtracted or added based on the following

formula:

Equation 4.1
A, -A +A -B,+B,

A

o

Error =



117

EFZEA Original Imprvs.s Classification

=]

bets

0]
Redelete B

1

[
K5

5

%

e
(K
100m

N
W E
' 100m ! S
Types of Error
e — T fﬂl— L
Types of Error

!" _{ A-Adjusted to impervious
A-Adjusted to pervious
B Adjusted to impervious

B Adjusted to pervious

Error "A" were areas that
wiere incorrectly classified
during stage 17 (Figure 4.2).
Error "B" were areas that
were incorrectly classified/
delineated by the City.

100mm

Figure 4.8. Types of error present during the analysis. Error “A” were areas that
were incorrectly coded during the classification process (Stage 17 of Figure
4.2). Error “B” was incorrectly classified by the City (e.gs., roads that were
digitized too large or too small, or new driveways or garages that were not
updated in the City database). The give-and-take method was performed for
this test management area and resulted in a 3.1% error.
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where as A, is original impervious cover in the cell (see top of Figure 4.8), A, is the
area that should not have been included as impervious cover during the
classification process (Stage 17 of Figure 4.2)(see bottom of Figure 4.8), A; is the
area the should have been included as impervious cover during the classification
process (Stage 17 of Figure 4.2), B, is the area that was incorrectly classified by the
city and should not have been included as impervious cover (i.e. the road was not as
wide as indicated on the feature) and B; is the area that was incorrectly classified by
the city and should have been included as impervious cover. Figure 4.8 helps to
demonstrate these various areas that were incorrectly classified.

An error of 3.1% was calculated for one test cell, and is a reflection of the
level of inaccuracy in this process. The area that was classified into impervious and
pervious cover was limited to within the stormwater study area only (See Figure
4.9).

In future studies, if a municipality had themselves created a polygon
shapefile for impervious surfaces, Stages 12 through 17 (Figure 4.2) could be
omitted thus increasing accuracy. In anticipation for a later step, a unique identifier
was added to each impervious feature in the attribute table (Stage 18 in Figure 4.2).
The impervious cover layer was dissolved and a multipart to singlepart function was
also applied (Stage 19 in Figure 4.2). A 100m resolution vector grid identical to the
layer used for the tree cover analysis, created with Hawth’s Tool extension as
discussed earlier (Stage 7 in Figure 4.2), was added to the map display. A unique

identifier was also added to each feature (i.e., cell) on the grid. The grid and the
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impervious surface layer were then combined using the Union tool (Stage 20 in
Figure 4.2). As discussed earlier, the Union function computes an intersection of the
various input features (impervious cover and the vector grid) and writes them to
one feature class (the grid cell). This is important, as the final step will include a
representation of each cell’s corresponding area of impervious cover. The area of all
polygons was then calculated using the Calculate Area tool, and the Multipart to
Singlepart function was once again applied (Stage 21 in Figure 4.2). Using the
selection options, the impervious surfaces were selected and exported to a new
layer. This layer was joined to the original grid and the area of impervious cover in

each grid cell was summarized (Stages 22 and 23 in Figure 4.2) (Figure 4.10).

I T

Figure 4.10. A screenshot from ArcGIS displaying the sum of impervious cover in
each management area. Each grid cell represents 1 hectare. The darker
shaded management areas have higher amounts of impervious surface.
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4.2.2.3.  Stormwater Score

With the completion of both tree cover and impervious cover grids, a
weighted linear combination method was applied (Stage 24 in Figure 4.2) to the
results of each section (tree cover and impervious cover) to calculate a final
stormwater score. This method was used to standardize the impervious and tree
cover scores and allow the user to weight these variables based on importance. The
final score would indicate priority for greening (Stage 25 in Figure 4.2) (Figure
4.11).

The body of research indicates a varying level of benefits that trees provide
with respect to stormwater management. Furthermore, the literature demonstrates
the wide-ranging influence that impervious surfaces have on stormwater hydrology.
The weighted linear combination method was used so as to account for these
differing influences. Due to the variances in a trees’ mitigation effect, the user is
given the opportunity with this method to alter the weight a tree has in the
providing an ameliorating effect. The interception of rainfall alone can range from 6
to 36 percent depending on the species, leaf type and amount, density, and climate
(Xiao et al. 1998; Seitz and Escobedo 2008). Other studies demonstrate trees’ ability
to reduce total stormwater runoff from 7 to 12 percent (Wang et al. 2008). Other
factors such as evapotranspiration, infiltration, and store rainfall, also affect

stormwater hydrology.
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Figure 4.11. A screenshot from ArcGIS displaying the stormwater score. The
combined score represents a 6 to 1 weighting of impervious cover and tree
cover respectively. Values tending towards 1 (darker cells) indicate
management areas that require focused greening to mitigate stormwater
damages, while those tending towards 0 do not require greening. Each grid
cell represents 1 hectare.

The weighted linear combination method is a common way of computing an
index value for a vector-based model (Chang 2010). The method involves evaluation
at three levels: criterion weights, data standardization, and data aggregation. First,
the relative importance for each criterion was evaluated against the other. For
example, based on the literature, impervious cover was considered to be
approximately six times more important than tree cover in respect to the final
stormwater score (Wissmar et al. 2004; Seitz and Escobedo 2008), so a 0.6 was

recorded for impervious cover and 0.1 was recorded for tree cover. Second, the
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data for both impervious cover and canopy cover were standardized using a linear
transformation into a scale of 0.0 to 1.0. The following formula was used for
standardizing impervious cover:

Equation 4.2
xi B 'xmin

xmax - xmin

where S; is the standardized value for the original value X;, Xmin is the lowest original
value, and Xmax is the highest original value. Since tree cover was used to offset the
impervious cover, its standardized value was subtracted from 1. Therefore the
formula used for standardizing tree cover was:

Equation 4.3

xi - xmin

1-§, =

1

Xmax ™ Xmin

where S; is the standardized value for the original value X;, Xmin is the lowest original
value, and Xmax is the highest original value. Third, the index value was calculated
for each grid cell by summing the weighted criterion values and dividing the sum by

the total of the weights (Chang 2010):

Equation 4.4

2

where [ is the index value, n is the number of variables, w; is the weight for criterion

i, and x; is the standardized value for criterion i.
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4.2.3 Modeled Results for Task 1: Stormwater
The stormwater task has three major elements: tree cover, impervious cover,
and a combined stormwater score. The following sections provide the results

pertaining to each element.

4.2.3.1.  Tree Cover

The main objective of the tree cover study was to arrive at an estimate of the
distribution and extent of urban forest canopy cover within Thunder Bay. This
estimate, in conjunction with the impervious cover, was used to determine the final
stormwater score. The tree canopy analysis was carried out for the entire city,
however, due to an incomplete private tree inventory, the study was limited to the
areas that incorporated both public and private inventories (see Stormwater Study
Area, Figure 4.9). The results were summarized in management areas of 1 ha in size,
and various colour shades of green were used to represent the area of tree cover in
each cell (Figure 4.12). Tree cover will be discussed in terms of percent cover to
follow the industry standard when dealing with canopy cover analysis.

The entire stormwater study area (excluding Lake Superior) had an
approximate mean canopy cover of 9.2 percent. The largest conglomerate of
management areas with 100 percent canopy cover area were forested regions
within the City limits (see George Burke Park and three management areas (A, B, C)
found east of the Thunder Centre on Main Street (Figure 4.8). With the exception of
these forested regions, Carrick, Academy, West End, and Volunteer Pool

neighbourhoods had the greatest tree cover with 14.2, 13.4, 11.7, and 11.4 percent
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Figure 4.12. A map displaying the values of tree cover area for each
management area for most of the City of Thunder Bay. Each grid cell
represents 1 hectare. Labeled forested regions (A,B, C, and George Burke
Park and zone around the Inter City Mall (D)), are discussed in the text.
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canopy cover respectively (Figure 4.12). These higher-than-average canopy cover
levels are likely due to the abundance of maturing public street trees (e.g., large Acer
saccharinum and Fraxinus pennsylvanica L., along many of these streets) and
numerous backyard trees in these areas. Table 4.3 presents the summaries of
canopy cover, impervious cover and stormwater scores. Impervious cover and
stormwater scores will be discussed in sections 4.3.2 and 4.3.3 below. In general,
tree cover was highest in Thunder Bay north when compared to the inter-city area
and Thunder Bay south. Although neighbourhoods such as Dease and Vickers in the
south contained management areas with high tree cover (28%), their mean
coverage across the neighbourhood was not as high as Carrick, Academy, West End,
and Volunteer Pool neighbourhoods in the north. Neighbourhoods Dease and
Vickers mean tree cover was 8.6 and 9.5 percent respectively. The least tree cover
was found in inter-city area. Vast tracks of land, some 200-300 meters wide,
stretching 700 meters long were found to have very little or no canopy cover, largely
due to the substantial amount of buildings and parking lots within these industrial
and commercial lands. An area of 211 ha surrounding the Inter-City Shopping Mall,
bordered by Central Avenue (north), Fort William Rd (east), William Rd (south) and
Balmoral Road (west) resulted in a mean tree cover of 3.1 percent (see area labeled
D on Figure 4.12).

The summary of neighbourhood averages seen in Table 4.3, were calculated
using the intersect selection method within ArcGIS. This selection method selects a
cell (or feature) if the neighbourhood being summarized intersects any of the

features (cells) (Figure 4.13). This technique was chosen to ensure that all areas
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Table 4.3. A summary by neighbourhood of average percent tree cover, average
percent impervious cover and average stormwater score. Impervious cover
and average stormwater scores will be discussed in sections 4.3.3.2 and
4.3.3.3 respectively.

Avg. Avg.
Neigh- # of Tree Impervious Avg.
bourhood Grid Cover Cover Stormwater
Neighbourhood Area (ha) Cells? (%) (%) Score
Academy 171 206 13.4 13.8 0.24
Carrick 120 152 14.2 13.1 0.23
Chapples 148 239 5.5 12.8 0.24
Charry 79 105 6.6 8.5 0.2
Dease 129 158 8.6 15.8 0.26
Downtown PA 91 126 5.6 14.8 0.26
Edgewater! 102 82 6.5 14.4 0.25
Green Acres 118 145 7.4 14.1 0.25
Hillcrest 59 80 10.4 12.7 0.23
Intercity Mall (see
“D” on Figure 4.12) 211 211 3.1 17.0 0.28
Northwood* 132 130 7.7 13.1 0.24
Ogden East End 91 122 5.7 16.6 0.27
Regent? 68 81 10.3 12.1 0.23
River Terrace! 120 143 33.3 4.1 0.13
Vickers 161 198 9.5 16.1 0.27
Volunteer Pool® 133 75 11.4 12.3 0.23
West End! 84 86 11.7 9.8 0.21
West Thunder? 155 62 6.8 12.2 0.24
Westfort East! 131 58 5.3 15.5 0.27
Total Average 118 141 9.9 13.1 0.24

1 Only a portion of the neighbourhood was analyzed because part of the neighbourhood fell outside
the stormwater management study area.
2 This is a count of full and partial grid cells intersecting each defined neighbourhood.

within the neighbourhood were included, especially arterial roads that could be
lined with trees and large tracts of impervious cover (i.e., road). The neighbourhood

zones in most cases followed arterial roads and therefore the intersect method
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provided a means to include these sections where otherwise they would be omitted

if using the contain, have their centroid in, or completely within selection methods.

Figure 4.13. A screenshot from ArcGIS demonstrating how an intersect selection
method within ArcGIS selects cells within a neighbourhood. The
neighbourhood border and included cells (management areas) are
highlighted.

4.2.3.2.  Impervious Cover
The main objective of the impervious cover study was to arrive at an
estimate of the distribution and extent of impervious cover within Thunder Bay. The
results were summarized in management areas of 1 ha in size, and various colour
shades of grey were used to represent the area of impervious cover in each cell
(Figure 4.14). Management areas in Thunder Bay South adjacent to some major

arterial roads were found to have high percentages of impervious cover, such as
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Victoria Avenue and May Street corridors. Management areas with high
percentages of impervious cover in Thunder Bay North were found to be adjacent to
the Red River Road, Water Street, and Cumberland Street corridors (Figure 4.14).

In addition to the corridors that contained contiguous management areas of
high impervious cover, 48 management areas throughout the city contained
impervious cover greater than 0.5 ha. These management areas were primarily
situated in the vicinity of the inter-city commercial and industrial core (31
management areas). Surprisingly, no management areas in the Thunder Bay north
downtown core contained over 5000m? of impervious cover. Twenty-two
management areas contained impervious cover greater than 0.9 ha. Of these 22
management areas, 15 were found in the inter-city region, three in Ogden East
Neighbourhood, two at Lakehead University, and two in the Northwood
Neighbourhood. The Intercity (see “D” on Figure 4.12), Ogden East End and Vickers
Neighbourhoods had the highest average impervious cover at 17, 16.6 and 6.1
percent respectively. River Terrace, Charry, and the West End Neighbourhoods had
the lowest average impervious cover at 4.1, 8.5, and 9.8 percent respectively (Table
4.2). In reference to the Thunder Bay land use designation map, one would note that
many of the management areas with highest impervious cover were situated within
a ‘commercial’ land use (Figure 4.15). These management areas will have a
significant impact on the final stormwater score, recalling that impervious cover is

weighted as 6 times to that of tree cover as discussed earlier.
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management area for most of the City of Thunder Bay. Each grid cell
represents 1 hectare. The darker shaded management areas have the higher
amounts of impervious surface.
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Figure 4.15. A land use map for the City of Thunder Bay. Adapted from the City of

Thunder Bay Official Plan (Thunder Bay 2005).

4.2.3.3. Stormwater Score

The main objective of the stormwater score study was to arrive at an

estimate of urban stormwater problem areas that could potentially be mitigated
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using green infrastructure. This was achieved by using both the impervious and tree
cover results discussed above. The results were summarized in management areas
of 1 ha in size and various colour shades (yellow to red) were used to denote a
priority for greening (Figure 4.16).

The body of literature presents varying results about a tree’s ability to
mitigate stormwater and its associated hydrologic problems. For example, the
literature indicates that a tree canopy can intercept between 6-36 percent of rainfall
and thus decrease stormwater peak and flow (Seitz and Escobedo 2008; Xiao et al
1998). The interception of stormwater by a tree, however, is dependant on the
species, leaf type, leaf amount, density, and climate (Wang et al. 2008; Xiao et al
1998). Changing these variables also influences a tree’s performance with respect to
other stormwater functions like storage, infiltration, evaporation, and runoff (Seitz
and Escobedo 2008). Although i-Tree HydroR now accounts for some of these
variables (i.e., species, leaf type and amount, density, and climate), much of the data
required is difficult or costly to access. Even when they are available, a model like
this requires very detailed inputs to calculate an urban forest’s performance in
regard to stormwater. In support of the UFBM’s objective to use simple and readily
available inputs, the literature was therefore used to make an informed assumption
about an urban forest’s performance in regard to stormwater. This estimate was
used to decipher the weight of the tree cover criterion for use in the weighted linear

combination method to establish the stormwater score.
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As previously discussed, the weighted linear combination method is a
common way of computing an index value for a vector-based model (Chang 2010)
and involves evaluation at three levels: criterion weights, data standardization, and
data aggregation. The relative importance for each criterion was evaluated against
the other criterion. Based on the literature, tree cover was estimated to provide
ameliorating services of approximately 16 percent, and was given a weight of 0.1.
Conversely, the impervious cover was considered to be six times as important and
was given a weight of 0.6.

The amalgamation of both tree cover and impervious cover layers using the
weighted linear combination method produced a stormwater score for the city
ranging between 0 and 1.0. The highest numbers indicated areas for priority
greening. A management area with a score of 0 would typically have little to no
impervious surface, and/or a large part of the management area with tree cover. A
management area of 1.0 would be indicative of an area with large amounts of
impervious surface and likely little to no tree cover.

The entire stormwater study area contained 22 management areas that were
in the top 10t percentile (a score of 0.9 and above). Of the 22 management areas, 15
were located in the inter-city region, three in the Ogden East End Neighbourhood,
two on Lakehead University property, and two in the Northwood Neighbourhood. It
is worth noting that none of the management areas in the top 10t percentile were
found in Thunder Bay North or north of Oliver Road. Within the top 25t percentile
were 31 management areas. The nine management areas found between 25t and

10t percentile (a score between .75 and 0.9) were primarily located in the inter-city
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region (five) with the exception of two more near Lakehead University and two in
the Academy Neighbourhood.  Neighbourhoods with the highest average
stormwater score were Intercity (See “D” on Figure 4.12), Westfort East, and Vickers
at 0.28, 0.27, and 0.27 respectively. River Terrace, Charry, and West End

Neighbourhoods ranked the best with scores 0.13, 0.20, and 0.21 respectively.

4.2.4 Discussion and Recommendations for Planting Locations

In managing stormwater, impervious cover is the element that influences
stormwater damage and costs the most (Wissmar, Timm, Logsdon 2004). For this
reason, greening activities have been prioritized in areas that have a large
percentage of impervious cover. It is recommended that if the City of Thunder Bay
were to focus on stormwater as a sole task (not in conjunction with the other tasks)
then it should target the most critical stormwater management areas (Figure 4.17).

Recent approaches to stormwater management have been largely focused on
‘end-of-pipe’ solutions, which are largely ineffective (Goonetilleke et al. 2005). A
more comprehensive understanding of stormwater management is now focusing on
the source controls because it is the most successful and least costly intervention.
Properly placed green infrastructure is a valuable source control that manages rain
on-site or close to where it falls. Tree cover has been shown to be most effective in
reducing runoff for low intensity and short duration precipitation events. The
largest pollution runoff is caused by short rain events and therefore trees should be

seen as a tool that is more effective at managing water quality over storm flow (Xiao
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et al. 1998). However, it is recommended that the City of Thunder Bay use and
promote the use of green infrastructure in conjunction with other source controls,
such as tree bioretention areas, vegetative filter strips, and soakaways in these
critical areas so as to give more opportunity for trees to manage flooding. In the
event stormwater was the sole task targeted in this model, the inter-city region
should be given priority, based on the industrial and commercial land-use, and given
that this region contains the six most urgent stormwater management areas. It
would also help to mimic pre-development hydrologic conditions in these heavily
industrialized areas.

Future research should integrate other spatial data such as point and non-
point pollution and flooding densities, if available within a community to provide
further direction with respect to greening. An increase in input data would provide
more valuable decision-support for offsetting the damages caused by stormwater in

a community.

4.3 Standard Task 2: Priority Planting Index

4.3.1 Task Objectives

The objective of task two was to reproduce the Priority Planting Index (PPI)
in Thunder Bay. The PPI is an index developed by researchers at the US Forest
Service Northeastern Research Station (Nowak et al. 2002) that ranks tree planting

locations based on population densities, tree stocking, and trees per capita. The



138

intended results lead to a priority-planting scheme to increase tree cover so as to
benefit the greatest number of people. A variety of municipalities have used the PPI
since its conception, providing recommendations for targeting planting locations in
highly populated areas. Due to its wide acceptance and use by large and small
municipalities alike, and its application in a variety of studies (Raciti et al. 2006;

Morani et al. 2010), it was included in the UFBM as a standard task.

4.3.2 Modeling Approach

Three variables are used to calculate the PPI (population density, tree
stocking, and trees per capita), following the approach of the USDA Forest Service
(Nowak et al. 2002). A variety of data were needed to calculate these three
variables. Data already processed and obtained for the stormwater task (tree
canopy summaries, pervious cover summaries) were used, along with other new
data types such as the 2001 Census of Population (Statistics Canada 2001). A
complete list of data requirements is found in Table 4.1. The developed approach
used to calculate the PPI is comprised of eighteen (18) key steps and is shown in
Figure 4.18 and discussed beginning with section 4.3.2.1.

The values of the PPI range between 0 and 100, with higher values indicating
a higher priority for planting in a particular area. Each input variable was
standardized on a scale of 0 to 1, with 1 representing the management area with the
highest priority for planting (i.e., areas with high population densities, low tree
stocking levels, and few trees per capita). Individual scores were then combined

with the following formula developed by the USDA (Nowak 2002):
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Equation 4.5
[ = (PD x 40) + (TS x 30) + (TPC x 30)

Where [ = priority planting index value, PD is standardized population
density, TS is standardized tree stocking, and TPC is standardized tree cover per
capita?. The numerical coefficients in the above equation indicate the relative
weighting of the three variables to the overall PP], noting the slight emphasis placed
on the population density variable (40%). The population density variable is
measured in order to determine which areas would benefit the most number of
people. The tree stocking variable is a measure of available greenspace in order to
determine if there is room to plant new trees. That is, if there is an area with high
population density, tree stocking provides an indication if trees can be planted in
the region. Standardized tree cover per capita is a measure of tree cover per person.
It provides an indication of existing tree cover, and demonstrates if highly populated
areas are currently well treed (not taking into account tree stocking).

The PPI was intended to determine the score per census tracts. However, to
be consistent with the size and boundary of areas that the results would be
presented in at the end of each task and the final layout within UFBM (see 4.2.2.1 in
the stormwater task for further discussion about management areas), the data from
the census tracts were further transferred down into 100m by 100m management
areas (a grid resolution of 100m, an area of 10,000m? or 1ha). The methods required

for this step will be further discussed in below.

2 The tree input variable were standardized in an identical approach to that
discussed earlier for the stormwater management task - see equation 4.2 and 4.3.
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The following section provides a detailed description of the methodology
used in developing the PPI, including a discussion of GIS operations and equations
used, data requirements, and simplifying assumptions. The discussion is organized
into three sections based on the stages shown on Figure 4.18: (1) population
density (Stages 1- 7); (2) tree stocking (Stages 8-12); and (3) tree cover per capita

(Stages 13-16).

4.3.2.1.  Population Density

To determine population density, the 2001 Canadian Census (Statistics
Canada 2001) was obtained from an online source (Statistics Canada 2001) and
imported into ArcGIS and converted into UTM (Stage 1 and 2 in Figure 4.18). The
population attribute within the 2001 census data was the sole attribute required for
this task. The area and resulting population density were calculated for each
dissemination area (DA) using a simple equation (population divided by area) in
ArcGIS’ attribute table (Stage 3 and 4 in Figure 4.18) (Figure 4.19). As discussed
above, the vector grid with a grid resolution of 100m was imported (originally
created in the stormwater task via Hawth’s Analysis Tools) into the project (Stage 5
in Figure 4.18) to present the final population densities within the standard 100 x
100m management areas. Overlay tools within ArcGIS present a typical problem in
polygon-to-polygon translations. When merging or translating statistics represented
in a polygon layer (the “summary” layer) to a polygon that has different border (the
“zonal” layer), a variety of methods exist that provide different results (see Figure
4.20). For example, a standard intersect selection method such as “completely

within” calculates the area of zonal polygons that are completely within the
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summary polygon. This methods also produces different results than, for example,
the “touch the boundary” method.

The various standard selection methods were not ideal to calculate
population density because of their imprecision. Alternatively, Hawth’s Polygon to
Polygon Analysis tool was used for its accuracy in statistical translation. This tool
uses a weighted mean approach, which means it has the ability to derive a weighted
mean statistic from each polygon in the summary layer that overlaps a zonal
polygon. It then generates the weighted mean of the summary layer and writes it to

a new field in the zonal layer (Stage 6 in Figure 4.18)(see Figure 4.21).
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Population Density by DA 2001 Census oo o

Figure 4.19. A map of the PPI study area displaying the population density
summarized in dissemination areas. Density (per/ha) values are labeled to
its corresponding dissemination area.
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AB

Figure 4.20. The summary layer (large blue polygon) is summarized into the zonal
layer (small square polygons). Bordering polygons like the small square
zonal polygon (highlighted) above demonstrates the problems associated
with summarizing the summary layer into the zonal layer accurately. Some
intersect methods (e.g., “have their centroid within”) would give the zonal
polygon a value of 26.5, while others (e.g., “completely contain”) would not
provide a value at all, because it is outside the zonal polygon. Other methods
would allocate a value of 33.2 (adjacent summary polygon) to the zonal
polygon. The various types of selection methods in ArcGIS were not
adequate for accurately translating a statistic from one layer to another.

The weighted mean population density generated from Hawth’s Tools is then
standardized on a scale between 0 to 1, where the higher the density, the greater the
priority for planting (Figure 4.22). The standardization followed Nowak’s et al

(2002) PPI formula:

Equation 4.6

pp==m
r

Where, PD is the standardized value (0-1), n is the value of the population density
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Figure 4.21. Polygon to Polygon Analysis tool performs a weighted mean
calculation and assigns the zonal polygons (highlighted cells on left figure)
100 percent of the value of the summary polygon (dark brown polygon). In
this scenario, the zonal polygons highlighted on the left figure would be
assigned a density of 26.5 people/ha because they are entirely within the
summary polygon boundary. The right figure demonstrates the zonal
polygons (highlighted cells) that would undergo a weighted mean calculation
that accounts for the proportion of area that the zonal polygon is overlaying
on a summary polygon. For example, if 40 percent of the zonal polygon fell
within the summary polygon of 26.5 people/ha, and the remaining 60 percent
fell within a polygon of 20.3 people/ha, the zonal polygon would calculate
(0.40*26.5) + (0.60*20.3) and would assign a weighted value of 22.8
people/ha to that zonal polygon (see example polygon with asterisk).

for the census block (per/ha), m is the minimum value of population density for all
census blocks, and r is the range of population density values among all census
blocks (i.e., maximum value - minimum value). Density in this study was calculated

in units person per hectare.



146

N
s & & 3};
& a By E 3
nff v = 8 e - & \:u
'1- o,
RV 2 R
g‘g‘a - e x dag i
o A CRYSTA \ FRILLIPG 20T 2
o o WADE | L1E Pl e )
A | J OB
N AV LI Ty
W FA I RER OO KE EE; v e ) R
= G I NG =5 P A A e A%
AN [ hwose A
e i R
_6& I al | 2 ﬁ
w I:| A il ;‘i"ﬂ |'(

(5] Ly | : E|' g[ N Fh_i
gl J e *[gJII Ell Y :.'_.‘,EC:E”: 3 o =
=TT T [ e R e -

R [ EE IR : i v AW
3 T o5 2| [V [

g ? e = L T 11/

L] (_ Tﬁ: h'-(né'é %-"' e FHRET \h
I H 1ElE] [H o e —
i AE I s EE L [ []

Figure 4.22. A screenshot from ArcGIS displaying the values of the population
density variable summarized in each management area. Each grid cell
represents 1 hectare. Dark purple indicates a high population density and a
greater priority for planting.

4.3.2.2. Tree Stocking

Tree stocking is defined as the percentage of available planting space that is
occupied by a tree and therefore varies from value of 0 to 100. Values of 100 would
suggest that all available planting space has been utilized for trees. Within the PPI,
the lower the tree stocking level, the greater the priority for planting. To determine
the area of plantable space, the impervious cover and tree cover results from the
stormwater task (Stages 11 and 23 in Figure 4.2) were imported (Stage 8 and 9 in
Figure 4.18). The impervious cover was imported so the inverse could be taken from
the results (i.e., the amount of pervious land cover) and then used a surrogate

estimate for plantable space (Stage 10 in Figure 4.18). The amount of pervious land
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area provides an estimate of greenspace, which includes areas such as residential
lawns, parks, and grassed boulevards (however, it only provides an estimate of
greenspace because not all pervious surfaces can be considered plantable because of
their proximity to utilities, sidewalks, and buildings). It does not include impervious
cover elements such as building footprints, paved sidewalks/boulevards, paths,
driveways and parking lots. As discussed in the stormwater task chapter, for the
purpose of this research all unpaved layers were considered pervious. In reality,
some unpaved surfaces function like that of a paved surface, due to their compaction
or fine granular size (such as a gravel driveway). However, without supplementary
data, the assumption was made that all unpaved areas were pervious. As discussed
earlier in Section 4.2.2.2, an error of approximately three percent was calculated in
the classification process of pervious and impervious cover for one test cell and is a
reflection of the error existing in this classification process.

The pervious cover results were joined with the tree cover area results
imported from the stormwater task so that the tree stocking variable could be
calculated (Figure 4.23). The tree stocking and normalizing formula based on

Nowak’s et al. (2002) - see below — were used (Stage 11 and 12 in Figure 4.18):

Equation 4.7

T
(100 - (
TS = T+G

100
where TS is the standardized value for tree stocking (0-1), T is percent tree cover,

) x 100)

and G is percent grass cover.
The PPI study area was dependant on the public and private tree inventory

(as discussed in chapter 3). Due to the financial constraints that limited the private
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tree inventory to about 65 percent of the City’s area, the PPI study area, like that of

the stormwater study area, were also limited to this same extent.
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Figure 4.23. A screenshot from ArcGIS displaying the value of the tree stocking
variable for management areas on the City’s north side. Each grid cell
represents 1 hectare. The lighter shades indicate management areas with
lower levels of tree stocking, and therefore indicate a greater priority for
planting. The arrowed polygon labeled (A) has adequate tree stocking (i.e.,
darker shades).

4.3.2.3. Tree Cover Per Capita

Tree cover per capita is determined by the amount of tree cover area divided
by the population of a given area. Priority towards planting is assigned to those
management areas having lower values of tree cover per capita. To determine tree
cover per capita, both tree cover area and population density layers were joined
using the Union tool in ArcGIS (Stage 13 in Figure 4.18). The tree cover per capita
was calculated by grid cell (i.e, by management areas) in ArcGIS’ attribute table

using the following equation (Stage 14 in Figure 4.18):
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Equation 4.8
Tree Cover per Capita = Tree Cover (m?)
Population

At this point in the modeling process, the tree cover per capita would
normally be standardized as was done in earlier tasks. However, the UFBM, which
uses smaller areas (management areas of 100m resolution) compared to the areas
used by Nowak et al. (2002) (normal census dissemination areas or census blocks),
requires a process to adapt Nowak’s et al. (2002) PPI method. When the polygon
size gets reduced from a census block to 1 ha management area (like that used in the
UFBM), the 1 ha areas are potentially consumed with entire forested regions that
generally have very low populations. This leads to very high tree cover values per
person (e.g., a management area in George Burk Park with 10 000 m? of tree cover
and a density of 1.5 pers./ha resulted in a value of 6666 m?/pers.), which skews the
data significantly when attempting to standardize on a scale between 0 and 1.
Nowak et al. (2002) would normally not get these kind of high tree cover per capita
values because the census blocks (or DUs) used for urban settings were never
consumed entirely with forest. For this reason, Nowak’s et al range for
standardizing would be significantly smaller, and allow for a better final distribution
of the data after the standardization step. Therefore to help correct this, a standard
tree cover target was established at 30 percent cover, and all management areas
with tree cover with 30 percent or more were given a maximum value of 30 (or 1 on
the standardized scale) (Stage 15 in Figure 4.18). Many municipalities use tree cover
targets between 25-40 percent (American Forest 2002; Librecz 2007), therefore 30

percent was deemed a suitable overall target for tree cover in Thunder Bay.
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Standardized values for tree cover per capita were then calculated for the
management areas using the formula presented in Nowak et al. (2002) (Stage 16 in
Figure 4.18) (Figure 4.24):

Equation 4.9

where V is the standardized value, n is the value of tree cover per capita
(m?2/person) for the management are of interest, m is the minimum value for all of
tree cover per capita values, and r is the range of values among all tree cover per

capita values (i.e., maximum value - minimum value).

Figure 4.24. A screenshot from ArcGIS displaying the values of tree cover per capita
variable for management areas in the intercity area of the City. Each grid cell
represents 1 hectare. The darker shaded management areas have lower
levels of tree cover per capita and hence, a greater priority for planting.
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4.3.2.4. Priority Planting Index (PPI)

After each of the task variables has been standardized on a scale of 0 to 1,
with 1 representing those management areas with the highest population density,
lowest tree stocking density, and/or the lowest tree cover per capita, a final PPI
score was determined by using the union or join tool in ArcGIS (Stage 17 in Figure
4.18). The following formula was used to produce an overall priority index value
between 0 and 100 (Stage 17 in Figure 4.18):

Equation 4.10
[ =(PD x 40) + (TS x 30) + (TPC x 30)

Where I is the index value, PD is standardized population density, TS is standardized
tree stocking, and TPC is standardized tree cover per capita. The next section
provides a discussion of the results for each of the three variables contributing to

the PPI as well as the combined index values.

4.3.3 Model Results

4.3.3.1. Population Density
The objective of the population density variable was to determine those
higher density areas of the City that could be a priority for tree planting. Population
density for the management areas (at a resolution of 1 ha) is depicted in Figure 4.25.
Management areas in the Academy neighbourhood were found to have the highest
densities with 71 persons/ha (four management areas in Figure 4.25), which has a
concentration of multi-family dwelling units such as high rise apartments and

townhouses. The least dense management areas were situated in the Intercity
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region which is primarily zoned as commercial (with densities less than 1 pers/ha)
and light industry uses.

Neighbourhoods were also summarized according to population density
(Table 4.4). The highest densities were in Hillcrest, Regent and Volunteer Pool
neighbourhoods with an average of 32, 31.2, and 29.4 persons/ha respectively. The
lowest densities were in the Intercity Mall area and in the River Terrace
Neighbourhood with an average of 1.5 and 4.0 persons/ha respectively. According
to Nowak et al. (2002), the higher the density, the greater the priority for planting.

The summary of neighbourhood averages seen in Table 4.4 were calculated
using the intersect selection method within ArcGIS. This selection method selects
the cells (management areas) if the neighbourhood polygon being summarized
intersects any of the cells (management units) (see earlier Figure 4.13). This
technique was chosen to ensure that all areas within the neighbourhood were
included, especially arterial roads that could be lined with trees and large tracts of
impervious cover (i.e., road). The neighbourhood zones in most cases followed
arterial roads and therefore the intersect method provided a means to include these
sections where otherwise they would be omitted if using the contain, have their

centroid in, or completely within ArcGIS selection methods.

4.3.3.1. Tree Stocking
The main objective of the tree stocking variable was to estimate the
percentage of available greenspace (tree, grass, and soil cover areas, i.e., pervious
surface area) that is occupied by tree canopies. The results for the tree stocking

variable for management areas at a resolution of 1 ha are shown in Figure 4.26.
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Figure 4.25. A map displaying the values of the population density variable for
management areas for most of the City of Thunder Bay. Each grid cell
represents 1 hectare. Dark purple indicates a high population density and a
greater priority for planting. The highlighted cells (blue) indicate the
management areas with the highest densities (approximately 71
persons/ha).
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Table 4.4. Summary by neighbourhood of average population density (PD), average
tree stocking (TS), average tree cover per capita (TCC) and average Priority
Planting Index (PPI). Tree stocking, average tree cover per capita and
Priority Planting Index results will be discussed in sections 4.3.3.2, 4.3.3.3
and 4.3.3.4 respectively.

Neigh- # of PD

bourhood Grid (pers./ TS TCC Avg.
Neighbourhood Area (ha) Cells? ha) (%) (m?/pers.) PPI
Academy 171 206 22.0 15.7 72 45.9
Carrick 120 152 27.8 16.3 52 49.7
Chapples 148 239 17.6 6.5 58 40.9
Charry 79 105 12.1 7.1 179 36.8
Dease 129 158 29.1 10.1 33 48.7
Downtown PA 91 126 16.6 6.4 37 40.5
Edgewater! 102 82 27.9 7.5 24 47.4
Green Acres 118 145 22.9 8.6 34 44.8
Hillcrest 59 80 32.0 11.8 32 51.1
Intercity Mall
Area 211 211 1.5 3.8 228 29.3
Northwood* 132 130 29.3 9.4 37 48.6
Ogden East End 91 122 27.4 6.8 24 46.9
Regent * 68 81 31.2 11.7 34 50.4
River Terrace! 120 143 4.0 33.6 1333 28.6
Vickers 161 198 28.7 11.2 35 48.9
Volunteer Pool ! 133 75 29.4 12.9 43 49.6
West End * 84 86 27.3 13.1 44 48.5
West Thunder? 155 62 20.9 7.8 49 43.3
Westfort East! 131 58 28.3 6.3 1122 47.0
Total Average 118 141 22.9 10.8 183 44.5
Total Entire
Study Area 3209 3427 14.4 9.7 212 37.2

1 Only a portion of the neighbourhood was analyzed because part of the neighbourhood fell outside
the study area.
2 This is a count of full and partial grid cells intersecting each defined neighbourhood.

Forested regions within the City scored high in tree stocking because these
areas contain close to 100 percent canopy cover. A total of 41 management areas
having tree stocking value greater than 85% are scattered around the study area,

with some concentrations of these in and around the River Terrace and Academy
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Figure 4.26. A map displaying the values of the tree stocking variable for each
management area for most of the City of Thunder Bay. Each grid cell
represents 1 hectare. The darker shaded management areas have lower tree
stocking levels and hence, a greater priority for planting.
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neighbourhoods and at Lakehead University. Some 880 management areas having
low tree stocking values (<3.6%) were scattered across the city, however most were
concentrated in the Intercity and industrial zones (Figure 4.26). A summary of tree
stocking per neighbourhood (Table 4.4) demonstrates that the Intercity Mall Area,
Westfort East, and Downtown Port Arthur had the lowest tree stocking levels at 3.8,
6.3, and 6.4 percent respectively. River Terrace, Carrick, and Academy
neighbourhoods had the highest level of tree stocking with 33.6, 16.3, and 15.7
percent, respectively. A summary by neighbourhoods in this instance is misleading,
where large tracts of unforested (low stocking) areas can be skewed by adjacent
forested land (high stocking) within the same neighbourhood boundary. The
boundary for River Terrace includes large tracts of forested land (nearly 50%),
which increases its average stocking value when the neighbourhood is averaged as a
whole. A closer look at the inhabited section of the neighbourhood demonstrates
that in fact many areas with low tree stocking exist with most management areas in
the western portions of the River Terrace neighbourhood with a tree stocking of
<3.6% (Figure 4.26). Therefore, the neighbourhood summary results provide a
general overview and indication of the average results, however it should be noted
that the individual management areas are the intended focus for supporting

decision makers in their greening activities.

4.3.3.2. Tree Cover per Capita
The objective of tree cover per capita variable was to determine those areas

of the City with lesser amounts of tree canopy cover per capita (m?/capita), that are
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a greater priority for planting. The results for the tree cover per capita variable were
summarized in management areas at a resolution of 1 ha and are shown in Figure
4.27.

As discussed earlier, the management areas used in the UFBM are much
smaller units than the census blocks used by Nowak et al. (2002). To reduce some of
the skewing as a result, a 30 percent canopy target was established. Even with the
established 30 percent target, many management areas with high tree cover (up to
30%), and low population densities created many low results as pertaining to tree
cover per capita (Table 4.4). The lowest results were from Ogden East End,
Edgewater, and Westfort East neighbourhoods. These neighborhoods scored low
because a majority of the management areas contained little to no tree cover, in
conjunction with their being of moderate to high population density (which would
result in a low score). These areas, none-the-less, are key focal points for tree
planting if one considers just the tree cover per capita variable. Neighbourhoods
with the highest values of tree cover per capita were River Terrace and Intercity
Mall area with 1333 and 228 m? per capita, respectively. River Terrace resulted in a
score of 1333 m? per capita because it contained almost equal the amount of
management areas with little to no tree cover as it did fully forested regions. The
forested regions generally had very little population densities (and resulted in a
high score). In contrast, the equal amount of management units with little tree cover
contained high populations and resulted in a low tree cover per capita score. The
Intercity Mall area also contained a variety of forested areas that exhibited low

population densities. This resulted in slightly higher results when compared to
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Figure 4.27. A map displaying the values of tree cover per capita variable for each
management area for most of the City of Thunder Bay. Each grid cell
represents 1 hectare. The darker shaded management areas have lower tree
cover per capita levels and hence, a greater priority for planting.
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more populated neighbourhoods like the Volunteer Pool and Academy
neighbourhoods. It should be noted that the summaries of neighbourhoods are
averages, and individual management areas should be focused on for greening. The

implications of these results will be further discussed in Section 4.3.4.

4.3.3.3.  Priority Planting Index

The Priority Planting Index (PPI) is the combination of the three previous
variables (population density, lowest stocking density, and lowest tree cover per
capita) using the formula developed by Nowak et al. (2002) (see equation 4.5). The
results for the PPI for management areas at a resolution of 1 ha in size are shown in
Figure 4.28 and denote the relative priority for greening.

The five management units with the highest index values across the study
area were located in the Academy (4) and Northwood (1) neighbourhoods and
ranged from 80 to 70 respectively in their index scores (see arrows “A” in Figure
4.28). The lowest index values were concentrated in the Intercity area and ranged in
score between 10 to 12 (see “B” in Figure 4.28). Neighbourhoods were also
summarized by average index values. The highest index value (highest priority to
plant) is Hillcrest, Regent and Carrick neighbourhoods with index values of 51.1,
50.4, and 49.7, respectively. These neighbourhoods ranked highest due to their
dense populations and available greenspace for planting in these areas. River
Terrace, Intercity Mall Area, and Charry, ranked the lowest average index score at
28.6, 29.3 and 36.8, respectively. These neighbourhoods ranked lower because of

low population densities, higher tree stocking densities, and higher tree cover per
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Figure 4.28. A map displaying the Priority Planting Index for management areas for
most of the City of Thunder Bay. Each grid cell represents 1 hectare. The
darker shaded management areas have lower PPI scores and hence, a greater
priority for planting. Labeled forested regions (A,B) are discussed in the text.
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capita values. River Terrace especially ranked low in part because its boundaries
included large tracts of greenspace, which would significantly increase its overall
tree stocking densities (33.6 percent), giving it the appearance that it does not
require more trees. Similarly, Charry had a low population density (its border

extends beyond the developed neighbourhood) which resulted in a low PPIL.

4.3.4 Discussion and Recommendations for Planting Locations

The literature has demonstrated that trees are a significant benefit to people
in cities. The PPI is one methodology embraced by many municipalities to help
prioritize planting scheme to increase tree cover so as to benefit the greatest
number of people. The results for portions of Thunder Bay considered in this model
demonstrate that a focus of tree planting should occur in the most heavily populated
areas that have available space for trees. It is recommended that if the City of
Thunder Bay focuses on PPI as a sole task (not in conjunction with the other tasks)
then it should target the most critical management areas. However, the PPI task
within the UFBM is meant to be one of the many integral tasks that make up a
comprehensive priority greening (planting, maintenance and protection) index for
the City.

The wide range of results obtained for the tree cover per capita variable (as
discussed previously) was mitigated by setting a tree cover target at 30 percent.
Setting this type of target is helpful and recommended for a community undergoing
the PPI study with smaller management areas (such as the 1 ha management areas

used in the UFBM). Setting a tree cover target helped to mimic the original census
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tract extent/area used by Nowak et al. (2002), which generally has less overall tree
cover and higher population densities in any one area. However, there is room to
explore various other methods to best apply the PPI methods to smaller
management areas. Possible modification of the formula (possibly weighting the
tree per capita variable slightly less than the others) or other methods of translating

statistics from polygon to polygon could provide other helpful alternatives.

4.4 Standard Task 3: Emerald Ash Borer Crisis Management

The Emerald Ash Borer (EAB) (Agrilus planipennis) is an invasive, non-native
beetle that was first found in Windsor, Ontario in 2002. Since its introduction to
North America, it has killed millions of ash (Fraxinus spp.) trees in Southern Ontario
and the northern US states (CFIA 2011). It moves quickly by flying, however, its
range is significantly amplified by artificial spread, that is, people moving infested
ash materials (e.g. firewood) to new areas. The beetle has been identified as most
destructive forest insect ever to invade North America (Ontario 2011). The beetle is
approaching Thunder Bay, and its effects have been observed in Sault Ste. Marie
(800km to the east) and Minneapolis (600 km to the south) and will likely be in
Thunder Bay within 5-10 years (Vescio, pers. comm., 2010). The threat of extensive
damage to Thunder Bay’s ash tree population is real and significant according to the
City’s Forester (Vescio, pers. comm., 2010).

Thunder Bay has approximately 5500 street ash trees, comprising of
approximately 25% of the total public tree inventory, and also has an abundance of

privately owned ash trees (not inventoried in this project). The extent of damage to
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ash in Thunder Bay will not only include large costs incurred for removal and
maintenance operations of the affected trees, but also the loss of the significant
environmental services (and compensatory value) these trees provide.

One preventative measures now being used by homeowners and some
municipalities to protect valued ash trees against the EAB is called TreeAzin ™.
TreeAzin™ is a systemic insecticide and was developed by BioForest Technologies
Inc. It can now be used to inoculate select ash trees to protect the tree from EAB for
up to two years. This inoculation process is costly and it is undetermined at present
whether the City of Thunder Bay will embrace this method of pest management. In
the event the City uses the inoculation method it will only be administered to a
proportion of trees due to high costs. This task within the UFBM was designed to
focus on areas of high ash concentration as a planning measure to perform infill

planting in preparation for the arrival of EAB.

4.4.1 Task Objectives

The objective of this third and final task was to produce a priority greening
index to reduce the impact of ash-loss once EAB reaches Thunder Bay. The greening
index uses an ash cover score to reveal the management areas with high
concentrations of ash cover in m? per hectare. The intended results lead to a priority
planting scheme to increase infill planting in these management areas. Because
many municipalities today have been modifying their management plans and
creating new strategies to address the EAB infestation, and due to the present and

real threat to Thunder Bay, it was included as a standard task in the UFBM.
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4.4.2 Modeling Approach

Tree cover, and more specifically, leaf area, is the benefit-generator of a tree.
The more abundant a tree’s leaf area and healthy a tree’s canopy, the more the
environmental services a tree produces for a community, such as air-filtration,
cooling microclimates, beautifying a street, and dampening traffic noise. For this
reason, this task focuses on the potential tree cover loss that could result within the
first few years of an EAB infestation. The sudden loss or deterioration of ash tree
cover has a significant impact on the community due to the loss of benefits they
provide to the City. Hence, the EAB task focuses on the quantification of ash tree
cover, whether from small or large trees. The data to assist in the quantification of
ash tree cover were provided by the City of Thunder Bay Parks in the form of street
tree data. These data were limited to public trees along roads and major parks. The
private tree inventory used in the stormwater task was not used because it did not
contain any attributes to discern species type (see discussion earlier in section
3.1.4). For this reason, the EAB task is solely focusing on public street trees,
although its recommended planting locations (in the form of management areas)
could also be used to encourage private tree planting. A complete list of input data
requirements is found in Table 4.1.

The following section provides a detailed description of the methodology
used in developing the EAB task, including a discussion of GIS operations, equations

used, data requirements and simplifying assumptions.
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4.4.2.1. Public Tree Cover

The public tree inventory data obtained from the City of Thunder Bay were
recently updated in December 2010. This public tree inventory consists of a point
shapefile (compatible with a variety of GIS software) and has the following
attributes for each public tree location: tree coordinates, height, species, age,
condition and diameter. However, only the species, height and spatial attributes
were needed for this task. In order to determine the overall tree canopy cover (as an
estimate of the total leaf area), the first step was to use the attribute for public tree
height as a surrogate for tree canopy diameter. This assumption was based on the
data received during the first part of the private tree inventory and was discussed
earlier in the stormwater task (see section 4.2.2.1). Based on this assumption each
height class (5 classes ranging between 1-23m) in the public dataset was converted
linearly to crown width class (5 classes ranging between 1-18m) (Stage 1 in Figure
4.29) (Table 4.5). Similar to the stormwater task, the ash tree layer was buffered
using the Buffer tool to produce a realistic representation of canopy cover on the
spatial layer (Stage 2 in Figure 4.29). The distance each tree was buffered was based
on the range median of the canopy width class it belonged to (Table 4.1). The tree
buffer layer underwent a Dissolve and MultiPart to Singlepart function in case any
overlap or multipart features existed (Stage 3 in Figure 4.29). As discussed above,
the vector grid with a grid resolution of 100m was imported (originally created in
the stormwater task via Hawth’s Analysis Tools) into the project (Stage 4 in Figure
4.29) to represent the final ash tree cover statistics within the standard 100 x 100m

management areas.
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Figure 4.29. Conceptual diagram of GIS steps used in the EAB
task. It involves the analysis of tree inventory data to
generate an EAB priority score.
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Table 4.5. Canopy width classes and their median used for
determining average canopy width.

Crown Width Class Range (m) Median (m)

1 0-4 2
2 4-8 6
3 8-12 10
4 12-16 14
) 16+ 18

Once the vector grid had been created, a Union function was used to combine the
tree cover data and the grid layer (Stage 5 in Figure 4.29). The area for all the
polygons (grid and trees) was determined using the Calculate Area tool (Stage 6 in
Figure 4.29). All fields with a buffer radius of >0 and features (which selects only the
tree canopy polygons), were exported to a new layer. This layer’s area of tree cover
then was summarized using Summarize tool in the attribute table to determine how
much tree cover area occupied each management area (Stage 7 in Figure 4.29). The
DBF table created in the summary was then joined back to the original vector grid
(stage 8 in Figure 4.29) to display the sum of tree cover in each grid cell. As the final
step the tree cover area was standardized on a scale between 0 to 1, with 1
representing the highest amount of ash tree cover (Stage 9 in Figure 4.29)(Figure
4.30). The tree area was standardized using the followed formula:

Equation 4.11

_(n-m)

%

r
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where, V is the standardized value of ash tree cover (0-1), n is the value of ash tree
cover (ha), m is the minimum value of ash tree cover (ha), and r is the range of ash

tree cover (ha) (maximum value - minimum value).
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Figure 4.30. A screenshot from ArcGIS in the northern portion of the City of
Thunder Bay displaying the ash tree cover management areas. Each grid cell
represents an area of 1 hectare. The darker shaded management areas have
higher ash tree cover and, hence a greater priority for planting and
managing.

4.4.3Model Results

The main objective of the EAB task was to estimate the extent of ash tree
cover within the City of Thunder Bay. The results were summarized in management
areas at a resolution of 1 ha in size and are shown in Figure 4.31. Various colour

shades (yellow to red) were used to denote a priority for greening. The ash cover



169

scores shown in Figure 4.31 is a standardized value of the cover of ash trees as a
fraction of the management area.
The summary of neighbourhood averages seen in Table 4.6 were calculated using
the intersect selection method within ArcGIS. This selection method selects the cells
(management areas) if the neighbourhood polygon being summarized intersects
any of the cells (management units) (see earlier Figure 4.13). Further details on this
selection method were discussed earlier in the Priority Planting Index section 4.3.3.
The five management units with the highest ash cover scores were located in
four different neighbourhoods. One management area in each of the Carrick,
Hillcrest and Academy neighbourhoods and two in the Westfort West
neighbourhood had ash cover ranging between 1524 - 1215 m?, and represent
areas for increased greening (see highlighted grid cells in Figure 4.31). The
neighbourhoods with the highest priority to green were River Terrace I, Redwood,
and West End, with an average of 215.1, 202.6, and 169.6 m? ash cover respectively.
Intercity Mall Area, Green Acres, and North Cumberland were the lowest priority

neighbourhoods with and average of 0, 3.6, and 5.6 m? ash cover respectively.

4.4.4 Discussion and Recommendations for Planting Locations
Many solutions to prevent and control EAB are presently being explored and
implemented by municipalities, including the City of Thunder Bay. Nevertheless,
these solutions may not prevent or control an infestation in Thunder Bay in the

event EAB arrives in the region. For this reason, managing for EAB now with infill



Table 4.6. Summary by neighbourhood of average ash cover (m?2).

Neighbourhood
Academy

Carrick

Chapples

Charry

County Park
Current River
Current River North
Dease

Downtown PA
Edgewater
Grandview

Green Acres
Hillcrest

Humber

Intercity Mall Area
Jumbo Gardens
North Cumberland
Northwood

Ogden East End
Parkdale

Picton

Redwood

Regent

River Terrace
River Terrace 1
Sherwood
Shuniah

Sir John A McDonald
Thornloe

Vickers

Volunteer Pool
West End

West Thunder
Westfort East
Westfort West

Neighbourhood

Area (ha)

170.8
119.9
148.3
79.4
217.4
119.6
113.8
128.6
90.8
101.9
134.6
118.2
59.2
72.8
179.8
105.9
87.2
131.8
91.1
158.6
30.1
61.4
68.3
120.2
27.9
42.1
226.6
65.6
43.1
161.4
133.8
83.6
155.3
131.2
148.6

# of
Grid
Cells!
206
152
239
105
264
151
147
158
126
132
191
145
80
99
211
136
120
162
122
180
49
84
94
152
47
73
280
89
58
198
165
113
187
157
178

Average
Ash Cover

(m?)

75.9
130.0
7.8
10.0
49.5
63.9
51.3
65.7
24.0
13.6
82.6
3.6
106.2
60.7
0.0
51.3
5.6
76.6
68.2
24.8
29.7
202.6
67.4
69.1
215.1
32.5
44.5
81.8
75.3
5.9
93.6
169.6
30.2
14.1
34

! This is a count of full and partial grid cells intersecting each defined neighbourhood.
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Figure 4.31. A map displaying the values of the standardized ash cover score. Each
grid cell represents 1 hectare. The darker shaded management areas are a
greater priority for greening. Highlighted cells (light blue) are five of the
management areas with the highest ash cover score, as discussed in the text.
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planting to guard the significant loss (25%) of public tree canopy cover, will help
mitigate the deficit felt by the community.

This task within the UFBM prioritizes tree-planting activities in areas with
levels of high ash tree cover. However, by identifying areas of possible significant
damage, this task is also identifying the management areas that necessitate
additional maintenance and protection to increase the leaf area for non-ash trees. As
ash decline, these neighbourhoods will be more reliant on the other mature trees to
provide the services the ash once did.

The results demonstrate that tree planting should occur in the most heavily
ash populated areas (Figure 4.31). It is recommended that if the City of Thunder
Bay focuses on EAB and ash cover as a sole task (not in conjunction with the other
tasks) then it should target the most critical management areas identified in Figure
4.31. However, the ultimate UFBM is meant to integrate the 3 standard and 4 link
table tasks so as to develop a more comprehensive priority greening (planting,

maintenance and protection) index for the City that reflects a variety of goals.

4.5 Conclusion
These standard tasks provided a means to apply important municipal
greening strategies from other jurisdictions, along with local priorities such as EAB
management, to the UFBM. The results from the stormwater task demonstrated that
greening activities should be prioritized in areas that have a large percentage of
impervious cover and low existing tree cover. The critical areas were illustrated and

were located primarily in the Intercity region. An approach to stormwater
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management of this kind would significantly increase tree cover where it is needed
to reduce damages and costs caused by stormwater. The Priority Planting Index
demonstrated where to increase tree cover to benefit the largest number of people
in Thunder Bay. It designated the better part of residential areas of both Thunder
Bay north and south as the focal point, leaving out much of the intercity region. And
third, the EAB task facilitated an urgent issue to be included into the model by
prioritizing tree-planting activities in areas which could be devoid of trees in a few
years. The high level of ash cover in the City, which is a target for the EAB, was well
distributed across the city, although higher concentrations existed in the north.
Planting and maintaining existing trees in these areas is priority to sustaining a
strong flow of urban forest benefits in these neighbourhoods.

The results from these standard tasks provided a strong and comprehensive
set of results that will be especially useful when combined with the link table tasks

discussed in the next chapter.
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5.0 Link Table Tasks of the UFBM

5.1Introduction

The link table within the UFBM is a comprehensive process that includes the
use of focus groups to measure the level of connection, however small or large,
between an urban forest benefit and a particular sustainability goal (e.g., a goal of
increasing active transportation in a community is influenced by the ability of trees
to beautify the neighourhood, to absorb noise, to slow traffic, and to protect
pedestrians.). If a particular connection is strong (i.e., a particular sustainability
goal of a community can be in part or in whole accomplished through the function of
an urban forest), then a link table process creates ‘tasks’ that will be used in the
UFBM to direct greening initiatives. The tasks derived from the link table process
are focused primarily on the most urgent sustainability aims of a community. The
link table process provides a balanced approach to sustainability goals, by choosing
an array of tasks that focus on one or more of the various elements that make up a
healthy community. These elements include a community’s economic capital,
physical capital, human capital, natural capital and social capital (see section 1.3
Model Development for further discussion). These four link table tasks address all of
the above elements except for natural capital, which was fulfilled through both the
stormwater and EAB standard tasks discussed in chapter four. Of the numerous
potential tasks that were generated, the prototype UFBM includes four link table

tasks that address a variety of sustainability goals. These link table tasks were
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selected to meet goals of the City of Thunder Bay and therefore represented a
unique customization “prototype” UFBM to Thunder Bay.

The first link table task chosen for the economic capital category is called the
Economic Development Greening Index. The economic category based on Roseland
and Connelly (2005) focuses on a community’s material wealth and on ways to
allocate resources to make more with less. The index focuses on supporting the
creation of a positive climate for business, institutions and employees, in order to
encourage a growing economy (Thunder Bay 2005). The sustainability goal behind
this task was derived from the Thunder Bay 2005 Official Plan, which looked to
develop and rely more upon secondary and tertiary support industry, retail and
service functions, and small business, rather than the traditional sources of
employment (Thunder Bay 2005). This task produces an index that ranks tree
greening locations based on business density and existing tree cover. The intended
results lead to a priority-greening scheme to increase tree cover so as to benefit the
greatest number of businesses across the City of Thunder Bay.

The second link table task focuses on physical capital and was called the
Downtown Core Greening Index. Physical capital is the stock of material resources
such as buildings and other infrastructure to be used to produce a good and a flow
of future income (Roseland and Connelly 2005). Improving physical capital includes
focusing on the assets of a community, such as downtown infrastructure (Roseland
and Connelly 2005). Although closely related to the Economic Development Greening
Index discussed above, this task focuses on maintaining and enhancing the

downtown areas as unique focal points of activity and interest for residents and



176

visitors through the provision of strong business amenities (Thunder Bay 2005). It,
too, stems from objectives found in the City of Thunder Bay’s 2005 Official Plan. The
objective of the Downtown Core Greening Index was to produce a priority-greening
scheme to increase tree cover so as to compliment existing infrastructure and
benefit the greatest number of people and businesses in Thunder Bay’'s two
downtown cores.

The third link table task chosen for the prototype UFBM is called the School
Travel Greening Index and focuses on the human capital category. Human capital,
according to Roseland and Connelly (2005), focuses on health, education, skills,
knowledge and leadership to increase things like literacy and family and community
cohesion. The School Travel Greening Index produces a priority greening index to
direct the benefits of an urban forest to children engaging in active, non-vehicular,
transportation to and from school. The index ranks public tree greening locations
(planting, maintenance and protection) based on proximity of roads to a school and
existing tree cover. This goal stemmed from a set of guidelines created for
municipalities by the Ontario Professional Planners Institute (OPPI 2009).

The last link table task used in the prototype UFBM is called the Special Needs
Greening Index and fits within the social capital category. Social capital is a wide
term and refers to the connections within and between social networks that
contributes to strong community cohesion and social relations (Roseland and
Connelly 2005). Social capital can result with society’s investment in social
development that ensures people have equitable access to basic determinants of

health (e.gs., peace, safety, food, and shelther)(Roseland and Connelly 2005). The
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Special Needs Greening Index aims to direct the benefits of an urban forest to the
needs of special groups, in particular persons with disabilities. The index is
primarily meant to increase the aesthetics, safety, and cleanliness of a
neighbourhood in the vicinity of a “care residence” and to moderate extreme
temperatures, traffic, and noise that can be hostile to people with special needs.
This task also stemmed from goals found in the Thunder Bay 2005 Official Plan.

This chapter is comprised of four sections, each devoted to one of the link
table tasks described above. Each section provides a description of the methodology,
the input data requirements (Table 5.1), and simplifying assumptions for each task.
The UFBM is largely a GIS-based tool so the methodology adopted outlines the
various GIS operations and equations used to generate geospatial planting locations,

something that other decision support tools are lacking.

Table 5.1. The input data requirements for each link table task.

Link Table Tasks Theme Requirements

Theme Description (Type) Economic Downtown Core School Special Attributes
Development Development Travel Needs Needed

public tree’s existing (point) v v v varied
private tree’s existing v varied

(point)

road network (polyline) v v v v n/a

ortho SID 20cm Quad v n/a

aerial images

business (point) location
neighbourhoods (polygon) v v v name and area
city study area (polygon) v v v v n/a

central business districts v n/a

(polygon)
school locations (points) v location
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5.2Link Table Task One: Economic Development Greening Index

Over the past few decades, a growing level of research has demonstrated the
positive influence of greenery on human attitudes and function. However, due to the
complex methods required to undertake such research, the empirical data required
to demonstrate this to the public was lacking up until recently (Wolfe 2002; Joye et
al. 2010). Hard, empirical data have since accrued and provide telling evidence that
urban vegetation not only supports the well-being of people, but also helps
stimulate and benefit urban business districts (Wolf 2004a; 2005; 2007a; Yanick et
al. 2010). Trees can play an important ‘healing’ role by mitigating the effects of
negative moods and stress, which are commonplace for shoppers and business
people (Gullone 2000; Joye et al. 2010). These effects impact purchasing behaviour
in a positive manner among consumers and increase the work ethic and
productivity among business people. Wolf and others have concluded that greenery
enhances the perceived aesthetic qualities of urban areas and the appeal of
commercial/retail districts (McPherson et al. 2006; Velarde et al. 2007; Wolf
20074, Joye et al. 2010). In short urban environments with greenspace elements,
such as a mature streetscape canopy, were constantly preferred over non-
greenspace environments by both shoppers and business people (Wolf 2005; Joye et
al. 2010). Although there are a variety of factors that influence the success of an
economic district, researchers have found that outdoor aesthetics are equally as
important as indoor aesthetics to consumers (Wolf, pers. comm., 2010). Wolf (1999;
2005) reports that customers are willing to stay longer and pay more for a product

and for parking in greened urban environments over non-green urban settings.
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In Thunder Bay, as in other cities, locally-based small retailers continue to
contend with the domination of the big box store retail format. It is thought that
greenspace elements, such as trees, plants, and flowers located near small retailers,
could stimulate additional business growth or success. Although high-end retail
businesses are presumed to receive the greatest benefits, no research presently
exists that specifies the types of business that benefits more or less from greenery
(Wolf, pers. comm., 2011). Therefore, the Economic Development Greening Index
focuses on (and does not discriminate between) all types of business and
commercial types in Thunder Bay (e.gs., restaurants, stores, businesses, financial

institutions).

5.2.1 Task Objectives

The objective of this link table task was to produce an Economic
Development Greening Index that ranks tree greening locations based on business
density and existing tree cover. The intended results lead to a priority-greening
scheme to increase tree cover so as to benefit the greatest number of businesses
across the City of Thunder Bay. It differs from the Downtown Core Greening Index
(link table task 2) in that this task focuses on business development throughout the

city and is not geographically limited to downtown areas.

5.2.2 Modeling Approach
Two variables are used to determine the Economic Development Greening

Index: a tree cover score (private/public); and a business density score. To
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determine these variables, a variety of spatial data were needed. The data to assist
in the quantification of tree cover were provided by the City of Thunder Bay Parks
Department in the form of street tree data. These data, in addition to the private tree
inventory discussed in the stormwater task, make up the dataset required for this
task. Since both public and private tree cover data had already been processed for
the stormwater task, that dataset was simply imported into this project. For this
reason, the task’s study area was limited to the same region used in the stormwater
task and PPI tasks (see Figure 4.28). The City of Thunder Bay provided a list of
businesses needed to determine the extent and distribution of businesses in and
around Thunder Bay. A complete list of data requirements for this task is found in
Table 5.1.

The following section provides a detailed description of the methodology
used in developing the Economic Development Greening Index, including a
discussion of GIS operations, equations used, data requirements and simplifying
assumptions. The methodology to calculate the tree cover score was previously
discussed in section 4.2.2.1 (i.e., in the stormwater section), hence most of the
details on how the tree cover score is calculated is omitted here to avoid
unnecessary repetition. The discussion of the Economic Development Greening
Index is organized into three sections based on the stages shown on Figure 5.1: (1)
business density score (Stages 1- 4); (2) tree cover (Stages 5); and (3) the Economic

Development Greening Index (Stages 6-8).
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5.2.2.1. Business Density Score

To determine the concentration (i.e., density) of businesses in Thunder Bay,
the first stage was to import the business location shapefile (a point shapefile
provided by the City of Thunder Bay with a point allocated to each business) and the
vector grid created originally in the stormwater task (and used consequently for
each task), into ArcGIS (Stages 1 and 2 in Figure 5.1). Hawth’s Analysis Count Points
in Polygon Tool was then used to determine the amount of businesses in each grid
cell of 100m resolution (Stages 3 in Figure 5.1). This tool counts the number of
points (businesses) that occur in each vector grid cell (or management area), and
the value is written to the vector grid attribute table. To target areas of medium to
high concentrations for the study, a criterion of 4 or more businesses per hectare
was selected. This number was chosen so the task could focus on more concentrated
business areas, ignoring areas of irregularly dispersed businesses. The business
count generated from Hawth’s Tools was then standardized on a scale between 0 to
1, with 1 representing the greatest concentration of businesses in a given

management area (Stages 4 in Figure 5.1). The standardization formula used was:

Equation 5.1
xi ~ xmin

X - 'xmin

max

where S; is the standardized value for the original value X;, Xmin is the lowest original

value, and Xmax is the highest original value.



Business
Density

Tree Cover
(see 4.2.2.1)

Import business

location data

Import vector
grid (100x100m)

J

ol

Count of
grid using
Count Points

\_

business in each
Hawths Tools’

Polygon Tool

~

in

4

count

Standardize

J
(3

v

Standardize
tree cover

Join both layers’
attributes

Weighted Linear
Combination
Method

\

Economic
Development
Greening Index

J

Figure 5.1. Conceptual diagram of GIS steps used in the Economic
Development Greening Index. It involves the analysis of
business density and tree cover variables to generate the

final index.

182



183

5.2.2.2. Tree Cover Score

To determine the tree cover within each management area, the tree cover
score was imported from the previous stormwater task (see 4.2.2.1). American
Forests recommends on average between 15 percent tree cover in central business
districts and 25 percent tree cover for residential areas (American Forests 2002). A
mean target of 20 percent was established as a desired tree cover. Before
standardizing the tree cover per cell, the maximum tree cover levels citywide were
adjusted to 2000 m?, or 20 percent. This readjusted the range based on the new
desired target to provide more precise results. The tree cover was then
standardized based on the 20% target, so any cells above 2000 m? were given a
value of 0 (i.e., no need for planting)(Stages 5 in Figure 5.1). Values greater than 0
and tending towards 1 are those areas with tree cover less than 2000 m?and in need

of planting.

5.2.2.3. Economic Development Greening Index
After both the business density and tree cover variables were standardized
on a scale of 0 to 1 (Stages 4 and 5 in Figure 5.1), with 1 representing the
management areas with the highest business density and lowest tree cover score,
the individual scores were combined using the join table tool in ArcGIS (Stages 6 in
Figure 5.1). A weighted linear combination method (Chang 2010) was then applied
(Stages 7 in Figure 5.1) to calculate the Economic Development Greening Index

(Stages 8 in Figure 5.1).
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The weighted linear combination method is a common way of computing an
index value for a vector-based model (Chang 2010). This method was discussed
earlier in the stormwater task (see section 4.2.2.3) and allows for the weighting of
the criterion depending on the users specification. This index is new and thus the
variable weights cannot be established from other research, hence a series of
scenarios (6) were done to demonstrate the effects of various weighted variables
(Figure 5.2). The focus groups, used to select the link table tasks (see section 3.1.1),
identified business density as the priority and principle variable. Therefore, the
business density variable was given a weight of four times the importance of tree

cover.

5.2.1Model Results

The Economic Development Greening Index has two variables: business
density score and tree cover score. The following section provides the results and
summaries of the business density score and the final Economic Development
Greening Index. The tree cover score discussed earlier (see section 4.2.2.3) will be
omitted in this section, although its results, summarized by neighbourhoods, are

presented in tabular format in Table 5.2.

5.2.1.1. Business Density Score
The main objective of the business density score was to arrive at an estimate of
the distribution and extent of the businesses within Thunder Bay. The results for the

business density variable for management areas at a resolution of 1 ha are shown in
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Figure 5.3. The four most dense management areas ranging from 40-34 business per
hectare were found at Intercity Mall (2) and Victoriaville Centre (2) (see Figure 5.3).
The neighbourhoods with the greatest average densities were Downtown Port
Arthur, Intercity Mall Area, Vickers, and Dease with an average 3.9, 2.3, 1.9, and 1.8
businesses per hectare respectively (Table 5.1). The neighbourhood with the lowest
densities were River Terrace and West Thunder, both with 0 businesses per hectare.
Table 5.2. Summary by neighbourhood of average business density and average

tree cover and the average Economic Development Greening Index. The
greening index will be discussed in sections 5.3.3.2.

Business
Density Econ.
Neighbour (avg # of Tree Dev.
hood Area # of Grid businesses Cover Greening
Neighbourhood (ha) Cells? /ha) (%) Index
Academy 171 206 0.33 13.4 0.09
Carrick 120 152 0.32 14.2 0.09
Chapples 148 239 0.23 5.5 0.10
Charry 79 105 0.05 6.6 0.09
Dease 129 158 1.78 8.6 0.13
Downtown PA 91 126 3.96 5.6 0.18
Edgewater! 102 82 0.06 6.5 0.10
Green Acres 118 145 0.26 7.4 0.10
Hillcrest 59 80 1.52 10.4 0.12
Intercity Mall
Area 211 211 2.28 3.1 0.15
Northwood* 132 130 0.17 7.7 0.10
Ogden East End 91 122 1.31 5.7 0.12
Regent? 68 81 0.26 10.3 0.10
River Terrace! 120 143 0 33.3 0.07
Vickers 161 198 1.91 9.5 0.13
Volunteer Pool® 133 75 0.72 11.4 0.11
West End? 84 86 0.22 11.7 0.09
West Thunder?! 155 62 0 6.8 0.09
Westfort East? 131 58 0.07 5.3 0.10
Total Average 121.2 129.4 0.8 9.6 0.1

1 Only a portion of the neighbourhood was analyzed because part of the neighbourhood fell outside
the study area.
2 This is a count of full and partial grid cells intersecting each defined neighbourhood.
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5.2.1.2.  Economic Development Greening Index

The Economic Development Greening Index is the combination of the
business density and tree cover scores. Tree cover scores were imported from the
stormwater task and a full description of results is discussed in section 4.2. A
weighting of 4 was given to business density and a 1 to the tree cover score. The
results were summarized in management areas of 1 ha in size and various colour
shades (yellow to red) were used to denote a priority for greening (Figure 5.4).

The four management areas with the highest index value across the study
area were located at Intercity Mall and the Victoriaville Centre with a score range of
0.86 to 1 (see highlighted cells in Figure 5.4). Significant sections along Memorial
Avenue, Algoma Street South and Central Avenue also demonstrated a need for
priority greening. Neighbourhoods were also summarized by average index values.
The highest average index value (highest priority to plant) is Downtown Port
Arthur, Intercity Mall Area, and Vickers with index values of 0.18, 0.15, and 0.13
respectively. These neighbourhoods ranked highest due to the dense concentration
of businesses and also influenced by the low tree cover in these areas. River Terrace,
Carrick and West End neighbourhoods ranked the lowest average index score at
0.07, 0.09, and 0.09 respectively. These neighbourhoods were low ranking primarily

because of their low business density score.

5.2.2Discussion and Recommendations for Planting Locations
Research has demonstrated the positive impact trees have on consumer

behavior and stimulating overall economic development. The Economic
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Development Greening Index is a first attempt to help municipalities prioritize
greening schemes so as to benefit the greatest number of businesses. The results
demonstrated that tree planting, maintenance, and protection should occur in the
most heavily concentrated business areas in Thunder Bay, that are devoid, or
lacking in existing tree cover. Some of the focal points include the downtown cores,
intercity area, along Memorial Avenue, Algoma Street and Central Avenue.

At this point, no research has studied the type of businesses that would
benefit more from greening over others. If such studies existed, this level of detail
could easily be applied to the UFBM to make this index more relevant by preventing
areas from being unnecessarily greened (i.e., convenience stores may not benefit as
much from green infrastructure as high-end retail shops and restaurants).
Therefore, further research could allow this index to be further refined and become
more effective. It is also noted that these recommended locations are governed by
the 80 to 20% weighting of business density score versus tree cover score. Further

testing of other weighting scenarios may have generated alternate locations.

5.3Link Table Task Two: Downtown Core Greening Index
Trees play an important role in improving the aesthetics of a downtown
neighbourhood. As discussed in the previous section, the presence of trees in
business areas can stimulate value, the perception of value, and provide a
welcoming facade to attract customers and tourists (Wolf 2006). In Thunder Bay,
the downtown cores are arguably more important than other areas of the City to

stimulate the growth and health of the business sector. This is because healthy,
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vibrant downtown cores are significant assets and are essential for the life of a
community (McPherson and Murray 2002; Thunder Bay 2005). Like many North
American cities, the 1970’s saw the gradual decline of downtown core areas. Unique
to Thunder Bay was the merger of two former cities of Port Arthur and Fort William
in 1970 that meant two downtowns suffered during this period. The economic
activity that once thrived in the cores was directed to a new focal point in the
Intercity area and was meant to bring the two cities together in both the physical
and economic sense (Randall and Lorch 2007; EarthWise Thunder Bay 2008). The
merger of these cities also instigated new levels of urban sprawl and was another
contributor to the population loss in the cores.

This task’s focus is solely on benefiting the downtown cores to increase the
aesthetics and function of these areas with the hope that, as the literature indicates,
business and population growth will be stimulated through the use of green
infrastructure. A district-wide greening regime, as described by Wolf (2005), is one
of the best means to attain a perceptual richness, sense of place and increased

aesthetics that businesses depend on.

5.3.1 Task Objectives

The objective of the second link table task was to produce a Downtown Core
Greening Index, a rankable index based on whether a management area is within a
city’s Central Business District (CBD) and its existing tree cover. The intention of
including this index within the UFBM is to increase tree cover so as to benefit the

greatest number of businesses and people in Thunder Bay’s two downtown cores
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and to ultimately help establish more attractive, functional, and prosperous
downtowns. It differs from the Economic Development Greening Index (task 4) in

that this task focuses only on the two central business districts of Thunder Bay.

5.3.2 Modeling Approach

Two variables are used to determine the Downtown Core Greening Index:
tree cover score and those areas zoned as Central Business Districts. The data to
assist in the quantification of tree cover were provided by the City of Thunder Bay
Parks Department in the form of street tree data. These data, in addition to the
private tree inventory discussed in the stormwater task, made up the dataset
required for this task. Since both public and private tree cover data had already
been processed for the stormwater task, that dataset was simply imported into this
task. The Central Business Districts zones were digitized from the City of Thunder
Bay Official Plan (Thunder Bay 2005) land use map. A complete list of data
requirements for this task is found in Table 5.1.

The following section provides a detailed description of the methodology
used in developing the Downtown Core Greening Index, including a discussion of
GIS operations, equations used, data requirements and simplifying assumptions.
The methodology to calculate the tree cover score was previously discussed in
section 4.2.2.1 (i.e., in the stormwater section), hence most of the details on how the
tree cover score is calculated is omitted here to avoid unnecessary repetition. The
discussion of the Downtown Core Greening Index is organized into three sections

based on the stages shown on Figure 5.5: (1) central business districts (Stages 1- 5);
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(2) tree cover (Stages 6-7); and (3) the Downtown Core Greening Index (Stages 8-

10).

5.3.2.1.  Central Business District Score

The City of Thunder Bay has two main Central Business Districts (see Figure
5.6). These two districts are what determine the study area for the task. The first
stage was to digitize and import the Central Business Districts shapefile (provided
by the City of Thunder Bay) and the vector grid created originally in the stormwater
task, into ArcGIS (Stages 1 and 2 in Figure 5.5). Many of the boundary lines of the
Central Business Districts follow major roads; hence, to ensure the study area would
encompass potential trees on either side of these roads, a buffer of 50 meters was
applied to each central business district (Stage 3 in Figure 5.5). The Hawth’s
Polygon to Polygon Analysis Tool was then used to calculate the amount of Central
Business District area within each grid cell of 100m resolution. Hawth’s Polygon to
Polygon Analysis tool uses a weighted mean approach, which means it has the
ability to derive a weighted mean statistic from each polygon in the summary layer
(Central Business District) that overlaps a zonal polygon (vector grid). It then
generates the weighted mean of the summary layer and writes it to a new field in
the zonal layer (Stage 4 in Figure 5.5)(refer to Figure 4.21 and 4.3.2.1 for further
discussion). Every management area completely within a Central Business
Districtsreceived a count of lha, or a score of 1. Any management areas that
intersected a boundary received a weighted mean derived from the polygon to

polygon analysis. Any management area completely outside the central business
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district received a value of 0 ha, or a score of 0. The area results generated from
Hawth'’s Tools was then standardized on a scale between 0 to 1, with 1 representing
the most area of a central business district in a given management area (Stages 5 in
Figure 5.5). The standardization formula used was:

Equation 5.2
'xi B xmin

'xmax - xmin
where §; is the standardized value for the original value X; (area of central business
district per cell), Xmin is the lowest original value (is the minimum area for central

business district per cell), and Xmax is the highest original value (is the maximum

area for central business district per cell).

5.3.2.1. Tree Cover
To determine the tree cover within each management area, the tree cover score was
imported from the previous stormwater task (see section 4.2.2.1). American Forests
recommends on average between 15 percent tree cover in central business districts
(American Forests 2002). Therefore, a mean target of 20 percent was established as
a desired canopy cover for any management area in the Central Business District
zones. Before standardizing the tree cover per cell, the maximum tree cover levels
were adjusted to 2000m? per cell, or 20 percent (Stage 6 in Figure 5.5). This
readjusted the range based on the new desired target to provide more precise

results. The tree cover was then standardized based on the 20% target, so any cells
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above 2000 m? were given a value of 0 (i.e.,, no need for planting)(Stages 5 in Figure
5.5). Values greater than 0 and tending towards 1 are those areas with tree cover

less than 2000 m? and in need of planting.

5.3.2.2. Downtown Core Greening Index

After both the tree cover and CBD zone variables were standardized on a
scale of 0 to 1, with 1 representing the management areas with the lowest tree cover
and largest amount of central business district area, the individual scores were
combined using the join table tool in ArcGIS (Stages 8 in Figure 5.5). A weighted
linear combination method (Chang 2010) was then applied (Stages 9 in Figure 5.5)
to calculate the Downtown Core Greening Index (Stages 10 in Figure 5.5). The
weighted linear combination method is a frequently used technique of computing an
index value for a vector-based model (Chang 2010). This method was discussed
earlier in the stormwater task (see section 4.2.2.3) and allows for the weighting of
the criterion depending on the users specification. Since no researchers to date
have developed a formula or a weighting scheme for an index of this kind (like that
of the PPI) the author chose to perform multiple weighting scenarios to
demonstrate the effects of various weighted variables (Figure 5.7). The focus
groups, used to select the link table tasks (see section 3.1.1), identified central
business density as the priority and key variable. Therefore, the central business

density variable was given a weight of four times the importance of tree cover.
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5.3.3 Model Results

The Downtown Core Greening Index uses two variables: central business
district score and tree cover score. This section provides the results of the central
business district score and the final Downtown Core Greening Index. The tree cover

score discussed earlier (see section 4.2.2.3) will be omitted in this section.

5.3.3.1.  Central Business Districts Score
The City of Thunder Bay has two main Central Business Districts (see Figure 5.6).
These two districts, with a 50-meter buffer, determined the study area for this task.
Every management area completely within a Central Business District received a
score of 1 (i.e., it had the entire 1 ha management area completely within the Central
Business District). Any management areas that intersected a boundary received a
value proportional to area within the Central Business District (using the weighted
mean analysis using Hawth’s Polygon to Polygon Tool). The results of this task were
not summarized by neighbourhood because the study area was limited to within the
boundary of the two Central Business Districts and made for easy interpretation

(Figure 5.8).

5.3.3.1. Downtown Core Greening Index
The Downtown Core Greening Index is the combination of the Central
Business District score and tree cover scores. Tree cover scores were imported from

the stormwater task and a full description of its results is discussed in section 4.2. A
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weighting of 4 was given to Central Business District score and a 1 to the tree cover
score. The results were summarized in management areas of 1 ha in size and
various colour shades (yellow to red) were used to denote a priority for greening

(Figure 5.9).

5.3.4 Discussion and Recommendations for Planting Locations
Research has demonstrated the positive impact trees have on creating healthy and
attractive downtown districts. The increase in aesthetics and functional space
created by trees and other green infrastructure helps stimulate and strengthen the
economic vitality of a downtown core. The Downtown Core Greening Index is a
simple means to help municipalities prioritize greening schemes to the downtown
core where present tree cover does not exist or is sparse. This task did not require
sophisticated data inputs or analysis, like some of the other tasks, to determine the
high priority zones. However, the areas that delineated the downtown cores needed
to be spatially represented in vector grid format in order to be combined with other
tasks in the final UFBM analysis. It is, therefore, recommended that this tasks be
used in combination with the other UFBM tasks to help develop a more
comprehensive priority greening (planting, maintenance and protection) index for
the City. If there was a desire to better delineate priority areas within a downtown
core or CDB zone, one could have used one or two other weighting scenarios shown

in Figure 5.7.
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5.4 Link Table Task Three: School Travel Greening Index

Rising levels of childhood obesity in North America and a 75% decrease in
children walking to school has spurred the creation of policies and guidelines
surrounding new ways to encourage active commuting to school (McDonald 2007).
Policymakers in Ontario have begun to support active commuting through the
development of child- and youth-friendly land use and transport planning
guidelines (Gilbert and O’Brien 2009). The Ontario Professional Planners Institute
also recently endorsed a set of 21 similar guidelines to prompt new approaches to
plan for youth and foster healthy communities (OPPI 2009).

Research has demonstrated that a variety of obstacles deter active
commuting by children to school: primarily poor neighbourhood and infrastructure
design (no lights and/or signaled crossings, lack of sidewalks), parental perception
of crime and safety, and busy roads/intersections (Timperio 2004; Timperio et al
2006). Distance is also a factor that influences walking behaviour. One study
suggests that 48% of children/youth living less than 1.6 km from school were
shown to walk compared with 3% living further than 1.6 km (McDonald 2007).
Other reports suggest that planners and community committees should focus their
strategies within a 3-kilometer walkable and bicycle zone, and a closer walking zone
within a kilometer of school (McDonald 2007; Gilbert and O’Brien 2009).

The negative factors, such as parental perception and distance, however, can
be mitigated through good urban design and the integration of green infrastructure

(OPPI 2009; Gilbert and O’Brien 2009). A study by O’Brien and Gilbert (2003)
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suggested that 75 percent of 6000 Ontario elementary school children would prefer
to walk or cycle on a regular basis to school if the various limitations they faced
were minimized. In the transition to redesigning neighbourhoods with an active-
transport culture, green infrastructure plays an increasing integral role. The direct
and indirect benefits provided by green infrastructure, most notably trees, are
numerous. One of the strongest forces is an increase in the aesthetics of a street.
Beautified streetscapes are more attractive and are used more frequently by
pedestrians (Wolf 2004b). The more people actively commute on a street, the more
people use a street, and the safer the street becomes. The safety of children also
increases through the integration of trees that safeguard youth from traffic while
functioning as a traffic-calming device (Wolf and Bratton 2006). As pedestrian
traffics increases, so do social interactions among neighbhours and their
community. These kind of social interactions are valuable for the development of
children (Taylor et al. 2001).

Trees also affect the biophysical environment that can lead to a variety of
benefits for youth as pedestrians. Trees moderate the extreme temperatures in both
summer and winter and provide shade from harmful UV rays (Raciti 2006). The air
and noise filtering capacity of green infrastructure is also significant (Nowak 1994;
Beckett 2000) and creates more pleasant and healthy routes to school
Consequently with an increase in active transportation, the number of cars and
congestion on the road are reduced, also decreasing harmful emissions.

Trees also support the healthy development of cognitive and other mental

functions (Wells 2000). Walking to school is a perfect way to allow youth to be
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physically and mentally stimulated. A large body of literature suggests that humans
have an innate connection with nature. Thus, the biophilic phenomena stimulated
through such connections suggests that having daily interaction with nature helps to
reduce stress, ADHD/ADD, poor temperaments/moods and helps to foster creativity
and inquiry (Velarde et al. 2007; Taylor et al. 2001; Kuo and Sullivan 2001; Rappe
2007). In addition encouraging children to walk to school increases their

independent mobility and contributes toward healthy mental development.

5.4.1 Task Objectives
The objective of the third link table task was to produce a priority greening
index to benefit children when engaging in active, non-vehicle, transportation to and
from school. The index ranks public tree greening locations (planting, maintenance
and protection) based on proximity of roads to a school and existing tree cover. The
closer a section of road is to a school and the less tree cover exists along that road,

the greater the priority for increased canopy cover.

5.4.2 Modeling Approach

Two variables are used in the School Travel Greening Index: road proximity
to a school and target tree cover per road length. The data to assist in the
quantification of tree cover were provided by the City of Thunder Bay Parks
Department in the form of street tree data. Only public street tree data were used
for this study, primarily because street trees play a critical role in influencing active

transportation (e.gs., providing shade, beautifying a streetscape, calming traffic,
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protecting pedestrians), when compared to trees further set back from the road
(e.g., a resident’s backyard tree). The public tree data were processed in the same
manner the public and private tree data were for previous management tasks and
will be discussed further in section 5.4.2.1. The spatial locations (and selected
attributes) of Thunder Bay schools (both public and seperate school boards) were
provided by Dr. Todd Randall (pers. comm., 2011). These data consisted of 37
operational schools (as of 2008) that serve students between Grade 1 and Grade 12.
The City of Thunder Bay Planning Department provided the road data used in
proximity to schools. A complete list of data requirements used for this task is found
in Table 5.1.

The following section provides a detailed description of the methodology
used in developing the School Travel Greening Index, including a discussion of GIS
operations and equations used, data requirements, and simplifying assumptions.
The discussion of the School Travel Greening Index is organized into three sections
based on the stages shown on Figure 5.10: (1) tree cover per road length (Stages 1-
11); (2) proximity to school (Stages 12-20); and (3) the School Travel Greening

Index (Stages 21-23).

5.4.2.1. Optimum Tree Cover per Road Length Score
The optimum tree cover per road length score (or variable) provides an
indication of the amount of tree cover found along a given section of road and
identifies how much additional tree cover is required to meet some target tree

cover. If the current tree cover is below the desired target amount, then greening
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activities (i.e., planting, maintenance, and protection) are prioritized for these areas
over others. To determine tree cover per road length, the public tree point locations
were first imported into ArcGIS where the tree height attributes were converted to
canopy width classes (see methodology and justification in Section 4.2.2.1)(Stage 2
in Figure 5.10). The tree data were then buffered based on the canopy class
attribute using the Buffer tool to produce a realistic representation of canopy cover
on the spatial layer (Stage 2 in Figure 5.10). A Multipart to Singlepart function was
applied (Stage 3 in Figure 5.10) and a vector grid was created at a resolution of
100m using Hawth'’s Tools (Stage 4 in Figure 5.10). Hawth’s Polygon to Polygon
Analysis Tool was then used to determine the amount of tree area in each vector
grid cell. This tool has the ability to derive a weighted mean statistic from each
polygon in the summary layer (tree canopy) that overlaps a zonal polygon (vector
grid cell). It then generates the weighted mean of the summary layer and writes it to
a new field in the zonal layer (Stage 5 in Figure 5.10)(see previous detail in Figure
4.21 and its associated text for further discussion).

The next step is to intersect the road network with another 100m-resolution
vector grid (Stage 6 of Figure 5.10). This allows the road network to be cut into
lengths within the boundary of each grid cell. The calculate geometry function was
then used to calculate the length of road. The summarize function then provided the
sum length of road found in each cell and prints the results to a DBF file (Stage 7 of
Figure 5.10). This DBEF file is then joined back to a new vector grid (Stage 8 of Figure

5.10) and displays the results in road-meters per management area.
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Figure 5.10. A conceptual diagram of GIS steps used in the school travel greening
index task. It involves the analysis of tree cover per road length, and a
management area’s proximity to school.
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The target tree cover for streetscapes was then determined. According to The
Road to a Thoughtful Street Tree Master Plan, intermediate sized trees have a mature
crown spread of 35 to 50 feet (or 10.6 to 15.2 m) (Simons and Johnson 2008). These
sized trees are similar to those of average mature trees in Thunder Bay (Vescio,
pers. comm. 2010), and should be spaced somewhere between 30 to 50 feet apart
(or 9.1-15.2 m)(Simons and Johnson 2008). Therefore, an average of 40 feet (12.2
m) spacing was used. To determine the optimum tree cover for a street, the
following formula was developed and applied (Stage 9 of Figure 5.10):

Equation 5.3

OTC=(§)><2><C

where, OTC is the optimum tree cover along a road, r is road length (in meters), tis
the average ideal spacing for planting trees along a road (in meters), and c is the
average canopy area for one mature intermediate tree (in square meters). In a new
attribute field, the existing tree cover (Stage 5 in Figure 5.10) is then subtracted
from the optimum tree cover to determine the target tree cover for a given

management area (Stage 10 and 11 in Figure 5.10) (Figure 5.11).

5.4.2.1. Proximity to School Score
The proximity to school score (or variable) indentifies the management areas
that are closest to schools. The closer a management area is to a school, the more

important it is to carry out greening activities (planting, maintenance, protection) in
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Figure 5.11. A map from ArcGIS displaying the target public tree cover summarized

for each management area. Each grid cell (management area) represents 1

hectare. In this map, the darker the management area the lower the amount

of tree cover per road length and thus, a greater priority for street tree
greening. Operating Thunder Bay schools are represented by black dots.

it. Studies suggest that age plays a role in determining how far a student will walk to
school (i.e., elementary school students will walk less of a distance than high school
students)(Gilbert and O’Brien 2009). It should be noted that for the prototype
UFBM, school type (e.g., elementary and high schools) was not differentiated. The
school locations data (as a point shapefile) were imported into ArcGIS and a Multiple
Ring Buffer function was applied to each school (Stage 12 in Figure 5.10). The
buffers applied to each school were at a distance of 250m, 500m, 750m and 100m. A

variety of urban planning documents and guidelines have established home-to-
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school walking distances and have suggested that students will walk between 1-3
kilometers to school, although these vary with age. A number of walkability indices
also use approximately 1 km as a threshold distance to suggest that walking rates
significantly drop as this value increases (Timperio et al. 2006; McDonald 2007).
Therefore, the School Travel Greening Index used 1 km as the priority zone for
greening around schools. As discussed earlier, trees foster healthier
neighbourhoods and encourage active transportation by creating safer, quieter, and
social avenues to school. With the 1 km threshold being established as the target
area, the buffer was split into four 250-meter priority zones (Figure 5.12). As a
generalization, more children will walk through the 0 to 250-meter zone going to
and from school than the other zones (children walking from 500 meter and 750
meter zone still have to travel through the 250 meter zone to reach school) and
therefore it receives a higher priority (or weight). The various zones and their

respective buffers and weights are seen in Table 5.3.

Table 5.3. Zones and their respective buffer distances
and weights used in the School Travel Greening
Index.

Zone Buffer distance = Weight

250m 0-250m 1
500m 251 -500m .75
750m 501 - 750m 5

1000m 751-1000m .25
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Figure 5.12. A screenshot of the various multiple ring buffers surrounding schools
for a portion of Thunder Bay schools. The schools are represented by black
dots, the red buffers are the 250m zones (weight of 1), the orange buffers are
the 500m zones (weight of .75), the light green buffers are the 750m zones
(weight of .50), and the dark green are the 1000m zones (weight of .25).

The school buffers created in stage 12 (in Figure 5.10) were not dissolved to

allow for continued analysis in stages 14 - 20 (in Figure 5.10). A vector grid with a

100m resolution was then imported into the ArcGIS project (Stage 13 in Figure

5.10). At this point, normally Hawth’s Polygon to Polygon Analysis would be

sufficient to determine total area of buffers within each cell (like other previous

polygon to polygon analysis performed with the other management tasks).

However, non-dissolved multiple ring buffers that are layered on top of each other,

like those in this index, require a different method of analysis due to the complexity

and number of calculations (Figure 5.13). An analysis of this kind is possible using a

manual approach but time consuming. To expediate repetitive calculations, a script
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was developed with the assistance of T. Sapic in conjunction with Lakehead
University’s GIS Lab (pers. comm., 2011)(see Appendix VII for the script). The script,
developed in Python programming language was needed to calculate the weighted
mean area and final weight for each overlapping segment in a management area. It
began by creating a shapefile of each grid cell in the Thunder Bay study area. All
intersecting buffer lines in each cell then get cut up into different polygons with the
clip tool (some as numerous as 30 polygons) (Figure 5.14)(Stages 15 in Figure 5.10).
The script then takes each individual clipped polygon and creates a new individual
shapefile with it (e.g., a cell with 30 polygons would have 30 new shapefiles
associated with it). These new shapefiles are then individually unioned back to its
origin cell (i.e., based on the example of 30 polygon sections above, 30 individual
shapefiles are unioned to its origin cell)(Stage 16 in Figure 5.10). Each shapefile
(polygon in a cell) is then unioned to the previous shapefile, until the process re-
flattens all shapefiles into one plane (Stage 17 in Figure 5.10). The script then takes
each polygon in the flattened cell and measures how many buffer zones occupy that
same space, above or below it. For each buffer zone occupying the same space the
script adds a weight value of 0.25 to that polygon (Stage 18 in Figure 5.10). The
weight of 0.25 is used to correspond with the weighting values of multiple ring
buffers discussed earlier (Figure 5.15). Once each polygon had been counted and
multiplied by the weight of 0.25, the script divides the polygon area by the area of
the cell (10,000 m?) to calculate the proportion of area occupied by the polygon. The
resulting polygon area is multiplied by the polygon’s weight and results in a final

score for that polygon. Subsequently, the sum of all the polygon’s scores in a cell (or
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Figure 5.13. A screenshot demonstrating the various layers of buffer zones that can
intersect management areas (or grid cell). In school-dense areas, the buffer
zones are numerous and overlapping. For example, the outlined cell above,
intersects with 12 different buffer zones (from 4 different schools). Schools
are represented by black dots, and buffer zones are represented by curved
light-black lines. The method to calculate the results of each cell’s score is
discussed and illustrated further in Figure 5.15.

management area) result in the Proximity to School score (see example in Figure

5.16) (Stage 19 in Figure 5.10). These results provide an indication of how

important a management area is to increase tree cover, based on its proximity to

schools. The methods used to standardize these scores are discussed in the

following section.

5.4.2.1.  School Travel Greening Index
After both the Tree Cover per Road Length score and Proximity to Schools

score were determined, both variables were standardized on a scale of 0 to 1, with 1
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representing the management areas with the lowest tree cover per road length and
the largest proximity to schools score (closest to a school). To calculate the School
Travel Greening Index (Stage 23 in Figure 5.10), the scores were standardized and

weighted using Chang’s (2010) weighted linear combination method (Stage 21 in
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Figure 5.14. The script has clipped 3 separate polygons in this management area
(or grid cell)(at stage 15 in Figure 5.9.)
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0.25x2

0.50
Figure 5.15. A multiple ring buffer indicating that each buffer is weighted
individually with a score of 0.25 but when added together with overlaying
buffers its weight is the sum of its layers. For example, the centre red buffer

has total weight of 1.00 due to the addition of the other buffers below it (0.25
+0.25 + 0.25 + 0.25).

Figure 5.10). The final index was then clipped to represent only the management
areas that intersect with both roads and school buffers (all other areas were given a
score of zero) (Stage 22 in Figure 5.10).

The weighted linear combination method was discussed earlier in the
stormwater task (see section 4.2.2.3) and allows for the weighting of an index’s
weighting input variables depending on the user’s specification. Since no
researchers to date have developed a formula or a weighting scheme (like that of

the PPI) for an index of this kind the author chose to perform multiple weighting
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Example Calculation

Polygon 1: Polygon 2: Polygon 3:

1 layer deep 2 layers deep 1 layer deep
Score=1x0.25=0.25 Score =2x0.25=0.50 Score=1x0.25=0.25

Cell Area =1089/10000 = 0.11 Cell Area = 5343/10000 = 0.53 Cell Area=1214/10000=0.12
Polygon Score = 0.022 Polygon Score = 0.265 Polygon Score = 0.03

Total Cell Score: 0.022 + 0.265 + 0.03 =0.317

Figure 5.16. An example calculation used to determine the final Proximity to
School score. The score of each polygon in the cell above is summed,
resulting in the Proximity to School score.
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scenarios to demonstrate the effects of various weighted variables (Figure 5.17).
The focus groups, used to select the link table tasks (see section 3.1.1), identified
proximity to school as the priority variable. Therefore, the proximity to school

variable was given a weight of four times the importance of tree cover.

5.4.3 Model Results

The School Travel Greening Index uses two major variables: tree cover per
road length (TC) and a management area’s proximity to school (PTS). The results
pertaining to each of the two variables and the combined School Travel Greening

Index are provided in the following sections.

5.4.3.1. Tree Cover per Road Length Score
The main objective of this score was to identify the need for additional tree
cover required along Thunder Bay roads. If the present tree cover is below the
targeted tree cover, then greening activities (planting, maintenance, and protection)
are prioritized for these areas to benefit and encourage children to walk or bike to
school. The results for the tree cover per road length variable for management areas

at aresolution of 1 ha are shown in Figure 5.18.
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Figure 5.17. Maps of the school travel greening index for Thunder Bay, displaying
the various weighting scenarios of proximity to schools score (PTS) and tree
cover per road length score (TC). Values tending towards 1 (red) indicate
management areas that require focused greening, while those tending
towards 0 (yellow) do not require greening. Each grid cell represents 1
hectare.
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Figure 5.18. A map displaying the value of the tree cover per road length variable
summarized for each management area and clipped to within 1 km of a
school in Thunder Bay. Each grid cell represents 1 hectare. Darker shades of

green have a higher score (or low canopy cover per road length) and hence, a
greater priority for planting.
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Neighbourhoods were summarized according to score (Table 5.4), and
neighbourhoods with the highest average score and priority for greening were
Downtown Port Arthur, Hillcrest, and Vickers with average scores of 0.47, 0.46, and
0.45 respectively. These sections scored the highest because of the denser road
network (in areas) which increases road length value per management area, in
conjunction with a lower presence of tree cover along these roads. The
neighbourhoods with the lowest mean scores, were Parkdale, River Terrace, and
County Park with a.0.20, 0.25 and 0.27 mean score respectively. These scores were
influenced by the large tracts of land without roads that are included in their
boundary. The skewing of the neighbourhood summary results due to boundary
lines were discussed in previous sections (see 4.3.3.2). The neighbourhood
summary results provide a general overview and indication of the average results,
however it should be noted that the individual management areas are the intended
focus for supporting decision makers in their greening activities, and not the

neighbourhood zones.

5.4.3.1. Proximity to School Score
The estimate of the proximity to school score is to identify the management
areas that are closest to schools. The closer a management area is to a school (or a
cluster of schools), the higher the score and the more important it is to carry out
greening activities (planting, maintenance, and protection). The results for the
proximity to school score variable for management areas at a resolution of 1 ha are

shown in Figure 5.19.
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Table 5.4. Summary by neighbourhood of average tree cover per road length score,
average proximity to school score, and average School Travel Greening Index.
Values of this index tending toward one are in greater need of greening.
Average proximity to school score and average School Travel Greening Index
results will be discussed in sections 5.4.3.2 and 5.4.3.3 respectively.

Average Tree Average
Cover per Proximity
# of Grid Road Length to School School Travel
Neighbourhood Area (ha) Cells' Score Score Greening Index
Academy 170.8 206 0.24 0.11 0.14
Carrick 119.9 152 0.43 0.56 0.53
Chapples 148.3 239 0.34 0.38 0.37
Charry 79.4 105 0.32 0.11 0.16
County Park 217.4 264 0.27 0.20 0.22
Current River 119.6 151 0.32 0.22 0.24
Current River North 113.8 147 0.28 0.18 0.20
Dease 128.6 158 0.42 0.32 0.34
Downtown PA 90.8 126 0.47 0.07 0.15
Edgewater 101.9 132 0.35 0.30 0.31
Grandview 134.6 191 0.32 0.41 0.39
Green Acres 118.2 145 0.37 0.48 0.46
Hillcrest 59.2 80 0.46 0.11 0.18
Humber 72.8 99 0.29 0.13 0.17
Intercity Mall Area 179.8 211 0.29 0.01 0.06
Jumbo Gardens 105.9 136 0.35 0.23 0.26
North Cumberland 87.2 120 0.38 0.17 0.22
Northwood 131.8 162 0.33 0.60 0.55
Ogden East End 91.1 122 0.43 0.36 0.38
Parkdale 158.6 180 0.20 0.03 0.06
Picton 30.1 49 0.39 0.44 0.43
Redwood 61.4 84 0.29 0.33 0.33
Regent 68.3 94 0.41 0.25 0.29
River Terrace 120.2 152 0.25 0.07 0.11
River Terrace I 27.9 47 0.29 0.49 0.45
Sherwood 42.1 73 0.27 0.10 0.14
Shuniah 226.6 280 0.35 0.32 0.33
Sir John A McDonald 65.6 89 0.32 0.38 0.37
Thornloe 43.1 58 0.30 0.16 0.20
Vickers 161.4 198 0.45 0.49 0.48
Volunteer Pool 133.8 165 0.39 0.51 0.49
West End 83.6 113 0.32 0.72 0.64
West Thunder 155.3 187 0.34 0.31 0.32
Westfort East 131.2 157 0.36 0.42 0.41
Westfort West 148.6 178 0.31 0.18 0.21

! This is a count of full and partial grid cells intersecting each defined neighbourhood.
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Figure 5.19. A map displaying the value of a management area’s proximity to school
variable for the City of Thunder Bay. Each grid cell represents 1 hectare.
Darker blue management areas have higher scores (close to school) and
hence, a greater priority for planting.
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Management areas that were surrounded by multiple schools scored the highest.
The five highest scoring management areas were located in the West End and
Carrick Neighbourhoods (Figure 5.20) and were surrounded by seven schools. A
summary of tree proximity to school by neighbourhood (Table 5.4) demonstrated
that the West End, Northwood, and Carrick neighbourhoods had the highest average
score at 0.72, 0.60, and 0.56 respectively. Intercity Mall Area, Parkdale, River
Terrace, and Downtown PA had the lowest average score at 0.01, 0.03, 0.07 and,

0.07 respectively.

oo umbo,@gd;ns

River Terrace

displaying the five highest scoring proximity to school management
areas in Thunder Bay (highlighted cells). Their scores ranged
between 1 and 0.95. Each grid cell represents 1 hectare.

5.4.3.2.  School Travel Greening Index
The School Travel Greening Index is the combination of both previous scores

(tree cover per road length and proximity to schools) into one index. The results
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were summarized in management areas of 1 ha in size and various colour shades
(vellow to red) were used to denote a priority for greening (Figure 5.21). Higher
scores indicated a greater priority for planting. The results were also summarized
in tabular form (Table 5.4)

Five management areas with the highest index value were located in the
West End and Carrick neighbourhoods (Figure 5.22). These differed from the
highest scoring cells in the Proximity to School score (see Figure 5.20), due to the
influence of existing tree cover in this area. Neighbourhoods were also summarized
by average index values. The highest average index value (highest priority to plant)
were from the West End, Northwood and Carrick values of 0.64, 0.55, and 0.53
respectively. These neighbourhoods ranked highest due to the dense concentration
of schools that were contained within the neighbourhood or adjacent
neighbourhoods. Neighbourhoods that ranked the lowest average index score were
Intercity Mall Area, Parkdale, and River Terrace neighbourhoods at 0.06, 0.07, and
0.11 respectively. These neighbourhoods ranked the lowest primarily because their

distance to a school exceeded 1km.

5.4.4 Discussion and Recommendations for Planting Locations

Trees play a significant part in growing strong healthy communities that
embrace a culture of active-commuting to and from school. The School Travel
Greening Index is an attempt to help prioritize greening activities so as to benefit
the largest number of people who walk and bike to school. It also serves as a means

to encourage and increase active-commuting rates in youth who live close to
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Figure 5.21. A map displaying the values of the School Travel Greening Index for
management areas in Thunder Bay. Each grid cell represents 1 hectare. Dark
shades of red have higher scores and hence, a greater priority for greening.
Since the study area focuses on road proximity to schools, the cells that do
not intersect with a road and the cells that are outside the 1km buffer
distance to an operating school are given a value of zero.
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Figure 5.22. A screenshot from ArcGIS of the north section of Thunder Bay

displaying the five highest scoring School Travel Greening Index

management areas. Their index scores ranged between .89 and 0.85. Each

grid cell represents 1 hectare. The highest scoring management areas for this

final index differ slightly from the management areas in Figure 5.19 due to
the influence of existing tree cover in this region.

schools. A buffer of 1km around schools was used based on the research to target
the area where the most children and youth are likely to walk to schools. The
results demonstrated that tree planting, maintenance, and protection should occur
in the most heavily clustered school areas in Thunder Bay, that are devoid, or
lacking in existing tree cover. One region in the north that intersected the West End
and Carrick neighbourhoods, and two regions in the south that intersected the
Vickers and Northwood neighbourhoods were determined as the focal point for

greening.
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The methods undertaken for this task did not include walking pathways,
because the public tree data was not available for such areas. In reality, such paths
should be considered as a possible route to school and would therefore be a route
worth greening. Future research could aim to include such infrastructure if the

necessary data existed.

5.5 Link Table Task Four: Needs of Special Groups Index

Just like youth, people with special needs (i.e., physically or mentally
disabled) are often particularly vulnerable to present land use and transportation
infrastructure designs. Up until recent support for social equality in cities, many
people with special needs have had their mobility restricted due to hostile urban
conditions. Temperature extremes, excessive traffic noise and pollution, and poorly
designed infrastructure frequently restrict the mobility and independence of people
with disabilities. Restricted mobility, or exposure to hostile urban environments
often leads to other health-related issues, such as negative effects on the overall
well-being (physiological and psychological) of people and the reduction in general
personal comfort (Gant 1997).

Since the late 20t century, trees and other green infrastructure have been
recognized for their therapeutic effects. Hospitals, geriatric centers, drug
rehabilitation centres, prisons, and residence for the disabled began using trees in
“healing” and “sensory” gardens because of the widespread benefits to patients and

prisoners (Maller et al. 2002). A multitude of studies have since purported that
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patients heal quicker from physical and psychological trauma when exposed to
greened environments, and have found that patients have increased motivation for
physical exercise and have more social interactions (Gullone 2000; Maller et al
2002; Rappe 2007;). More specifically, Park et al. (2010) has demonstrated that
exposure to green settings promote lower concentrations of cortisol, lower pulse
rate, lower blood pressure, and lower sympathetic nerve activity than do non-treed
urban areas. Many of these benefits can be realized by greening the immediate
premises because views through windows to greenspace throughout the day can be
as valuable to patients with restricted access and mobility (Kaplan 1992; Maller et
al. 2002).

The restorative benefits of trees also directly and indirectly transpire through a
decrease in traffic noise and pollution, a reduction in temperature and wind
extremes, and a decrease in exposure to UV light. These factors, mitigated by trees,
play a significant role in determining if a resident will go outside. It will also help
increase the overall well-being and increase the effectiveness of a patient’s therapy.
The City of Thunder Bay, in its 2005 Official Plan, has recognized the need for
increased care and attention to people with special needs. This task has been
developed to help support and increase the quality of life for people with

disabilities.

5.5.1 Task Objectives
The objective of the fourth link table task is to produce a priority greening

index to benefit the needs of special groups, in particular persons with disabilities.
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The index is to target areas that are in proximity to long-term care residences whose
patients are people with special needs (i.e., those with disabilities). The index is
primarily meant to increase the aesthetics, safety, and cleanliness around the
residence’s neighbourhood and to moderate extreme temperatures, traffic and noise
that can be hostile to people with special needs. The index ranks public tree
greening locations (planting, maintenance and protection) based on proximity of
roads to a residence and existing tree cover. The closer a section of road to a
residence and the less existing tree cover it has, the greater the index and the

priority for increased canopy cover.

5.5.2Modeling Approach

Two variables are used in the Special Needs Greening Index: proximity to a
residence (PTR), and optimum tree cover per road length (TC). The data to assist in
the quantification of tree cover were provided by the City of Thunder Bay Parks
Department in the form of street tree data. Only public street tree data were used
for this study, primarily because street trees play a more critical role in influencing
active transportation (e.gs., providing shade, beautifying a streetscape, calming
traffic, protecting pedestrians) and plays an important role in benefiting those with
special needs. The public tree data required for this index was imported from the
School Travel Greening Index, which uses the same data and analysis. The spatial
data for the residence in Thunder Bay were collected and digitized by a summer
student. The data consisted of 28 public and private long-term care residences that

serve people with special needs (but did not include long-term care facilities for the
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elderly). The residences selected for the study were care groups/facilities and
community housing facilities so as to target the areas where people with special
needs lived. The City of Thunder Bay Planning Department provided the road data
used to determine the proximity of roads to care residences. A complete list of data
requirements used for this task is found in Table 5.1.

The following section provides an abbreviated description of the
methodology used in developing the Special Needs Greening Index, including a
discussion of GIS operations and equations used, data requirements, and simplifying
assumptions. Most of the methodology used for this task was also used for the
School Travel Greening Index task, hence some details are omitted here to avoid
unnecessary repetition. The discussion of the Special Needs Greening Index is
organized into three segments based on the stages shown on Figure 5.23: (1) tree
cover per road length (Stages 1); (2) proximity to long-term care residences for the
people with disabilities (Stages 2-10); and (3) the Special Needs Greening Index

(Stages 11-13).

5.5.2.1. Tree Cover per Road Length Score
The optimum tree cover per road length score (or variable) provides an
indication of the amount of tree cover found along a given section of road and
provides an indication if it falls short of some target. If the current tree cover is
below the desired target amount, then greening activity (i.e., planting, maintenance,

and protection) are prioritized for these areas. The methodology to carry out this
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Figure 5.23 A conceptual diagram of GIS steps used in the Special Needs
Greening Index Task. It involves the analysis of tree cover per road

length, and a management area’s proximity to a care residence.
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analysis was determined in the previous task (see 5.4.2.1) and will be omitted from

this section.

5.5.2.2. Proximity to residence

The proximity to residence score (or variable) indentifies the management
areas that are closest to where special groups reside. The closer a management area
is to a residence, the more important it is to carry out greening activities (planting,
maintenance, protection). The residence location data (as a point shapefile) were
imported into ArcGIS and a Multiple Ring Buffer function was applied to each (Stage
2 in Figure 5.23). The buffers applied to each residence were at a distance of 100m
and 200m. These buffer zones were selected to prioritize the areas immediately
adjacent to a residence to soften traffic noise, moderate the temperature, attracts
birds, and provide an attractive environment to expand the interior living quarters
of a care residence. A buffer of these distances also provides the visual appeal for a
resident’s daily view out the window if they are not able to leave the facility. The
inner buffer was given a weight of 0.5 because of its high priority, and the second
buffer was given a weight of 0.25 (Figure 5.24).

The residence buffers created in stage 2 in Figure 5.23 were not dissolved to
allow for continued analysis in stages 4 - 10 in Figure 5.23. A vector grid with a
100m resolution was then imported into the ArcGIS project (Stage 3 in Figure 5.23).
The Python script used for the School Travel Greening Index was then adapted
(filenames changed to reflect this task’s files) and run to determine a score that

reflects a management area’s proximity to a residence (Stages 4 to 10 in Figure
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Figure 5.24. A screenshot of the various multiple ring buffers surrounding a
portion of Thunder Bay residences for special needs. The residences are
represented by dark red dots, the light blue buffers are the 100m zones
(weight of .5), and the dark blue buffers are the 1000m zones (weight of .25).

5.23). A detailed description and GIS steps used for this process is previously

provided in Section 5.4.2.2.

5.5.2.3.  Specials Needs Greening Index
After both the tree cover per road length score and proximity to residence
score had been determined, both were standardized on a scale of 0 to 1, with 1
representing the management areas with the lowest tree cover per road length
score and the largest proximity to residence score (closest to a residence). To
calculate the Special Needs Greening Index (Stage 13 in Figure 5.23), the scores

were standardized and weighted using Chang’s (2010) weighted linear combination
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method (Stage 11 in Figure 5.23). The final index was then clipped to represent
only the management areas that intersect with both roads and residence buffers
(Stage 12 in Figure 5.23).

The weighted linear combination method was discussed earlier in the
stormwater task (see section 4.2.2.3) and allows for the weighting of the criterion
depending on the users specification. Since no researchers to date have developed a
formula (like that of the PPI) or a weighting scheme for an index of this kind the
author chose to perform multiple weighting scenarios to demonstrate the effects of
various weighted variables (Figure 5.25). The focus groups, used to select the link
table tasks (see section 3.1.1, identified proximity residence as the priority variable.
Therefore, the proximity to residence variable was given a weight of four times the

importance of tree cover

5.5.3Model results

The Special Needs Greening Index uses two major variables: tree cover per
road length (TC) and a management area’s proximity to a care residence (PTR). The
results pertaining to each of the two variables, and the combined Special Needs

Travel Greening Index are provided in the following sections.

5.5.3.1. Tree Cover per Road Length Score
The main objective of this score was to identify the need for additional tree
cover required along Thunder Bay roads in proximity to care residences. If the
present tree cover is below the targeted tree cover, then greening activity (planting,

maintenance, and protection) are prioritized for these areas to benefit the people
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Figure 5.25. Maps of the special needs greening index for Thunder Bay displaying
the various weighting scenarios of proximity to residence score (PTR) and
tree cover per road length score (TC). Values tending towards 1 (red)
indicate management areas that require focused greening. Each cell
represents 1 hectare.
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who live in the care residences. The results for the tree cover per road length
variable for management areas at a resolution of 1 ha are shown in Figure 5.26.
Neighbourhoods were summarized according to score (Table 5.5), and
neighbourhoods with the highest average score and thus, highest priority for
greening, were Downtown Port Arthur, Hillcrest, and Vickers with average scores of
0.46, 0.46, and 0.45 respectively. These sections scored the highest due to slightly
higher road densities (in some sections), which increases road length per
management area, in combination with a lower presence of tree cover along these

roads.

5.5.3.1.  Proximity to Residence Score
The estimate of the proximity to residence score is to identify the management
areas that are closest to care residences. The closer a management area is to a
residence (or a cluster of residences), the higher the score, and the greater the
importance to carry out greening activities (planting, maintenance, and protection).
The results for the proximity to residence variable for management areas at a
resolution of 1 ha are shown in Figure 5.27.

Management areas that scored the highest were those that intersected two or
more residence buffers. The management areas ranged between a score of 1 and
0.91 and were located across the city - one in County Park, Downtwon PA, Academy
respectively, and two in Chapples. A summary of tree proximity to residence by
neighbourhood (Table 5.5) demonstrated that the Downtown Port Arthur, North

Cumberland, and Vickers neighbourhoods had the highest average score at 0.14,



238

Courty Park
=ik

Shiniak

Grandie.

sinhirteer Fool

RiverTerrace

rtercity Mall Area

Porthenpdct

Tree Cover Score

0o-02

03-04

05-06

07-08

09-1.0

City Road MNetwork
O Nieghbourhoods

Partdaie

Wasttort East

WSt Thunder

Equal Break s Classification

o 03x o7 1.4 21 28
[ JE VR T

Westfo West

Tree Cover Score

Figure 5.26. A map displaying the value of the tree cover per road length variable
summarized for each management area in Thunder Bay. Each grid cell
represents 1 hectare. Darker green management areas have higher scores (or
low canopy cover per road length) and hence, a greater priority for planting.
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Table 5.5 Summary by neighbourhood of average tree cover per road length score,
average proximity to residence score, and average Special Needs Greening
Index. Values tending toward one are in greater need of greening. Average
proximity to residence score and average Special Needs Greening Index
results will be discussed in sections 5.5.3.2 and 5.5.3.3 respectively.

Average
Average Tree Cover Special
# of Proximity to per Road Needs
Neighbourhood Grid Residence Length Greening

Neighbourhood Area (ha) Cells® Score Score Index
Academy 170.8 206 0.05 0.39 0.05
Carrick 119.9 152 0 0 0
Chapples 148.3 239 0.05 0.34 0.04
Charry 79.4 105 0 0 0
County Park 217.4 264 0.05 0.27 0.03
Current River 119.6 151 0.05 0.32 0.06
Current River North 113.8 147 0.03 0.27 0.03
Dease 128.6 158 0.04 0.42 0.05
Downtown PA 90.8 126 0.14 0.46 0.16
Edgewater 101.9 132 0.03 0.35 0.03
Grandview 134.6 191 0.02 0.32 0.026
Green Acres 118.2 145 0.03 0.37 0.03
Hillcrest 59.2 80 0.01 0.46 0
Humber 72.8 99 0 0 0
Intercity Mall Area 179.8 211 0 0 0
Jumbo Gardens 105.9 136 0 0 0
North Cumberland 87.2 120 0.07 0.38 0.08
Northwood 131.8 162 0 0 0
Ogden East End 91.1 122 0 0 0
Parkdale 158.6 180 0 0 0
Picton 30.1 49 0 0.39 0
Redwood 61.4 84 0 0 0
Regent 68.3 94 0.03 0.41 0.03
River Terrace 120.2 152 0 0 0
River Terrace I 27.9 47 0 0 0
Sherwood 42.1 73 0 0 0
Shuniah 226.6 280 0 0.35 0
Sir John A McDonald 65.6 89 0 0 0
Thornloe 43.1 58 0 0 0
Vickers 161.4 198 0.06 0.45 0.08
Volunteer Pool 133.8 165 0.01 0.38 0.01
West End 83.6 113 0 0 0
West Thunder 155.3 187 0 0 0
Westfort East 131.2 157 0.02 0.36 0.02
Westfort West 148.6 178 0.05 0.31 0.05
Total Average 112.3 144.3 0.0 0.2 0.0

! This is a count of full and partial grid cells intersecting each defined neighbourhood.
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Figure 5.27. A map displaying the value of the proximity of management areas to
care residences variable. Each gird cell represents 1 hectare. Management
areas with darker shades of red have higher scores (close to residence) and
hence, a greater priority for planting.



241

0.07, and 0.06 respectively. 18 neighbourhoods resulted in an average of score 0

because no care residences (or their 200m buffer) occurred within their boundary.

5.5.3.2.  Special Needs Greening Index

The Special Needs Greening Index is the combination of both previous scores
(tree cover per road length and proximity to residence) into one index. The results
for the Special Needs Greening Index for management areas at a resolution of 1 ha
are shown in Figure 5.28.

Five management areas with the highest index value were located across the
city with final scores ranging between 0.90 and 0.80. The neighbourhoods
containing these highest scoring management areas were County Park, Downtown
Port Arthur, Academy and Chapples (Figure 5.29). Neighbourhoods were also
summarized by average index values (Table 5.5). Due to the heavy weighting on
residence proximity, these scores followed closely with the results found with that
indicator (i.e., residence proximity). The highest average index value (highest
priority to plant) were from the Downtown Port Arthur, North Cumberland and
Vickers neighbourhoods with a score of 0.16, 0.08, and 0.08 respectively. As
discussed above, numerous neighbourhoods resulted in an average index score of 0
because no care residences (or their 200m buffers) occurred within the

neighbourhood boundary.
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Figure 5.28. A map displaying the value of the Special Needs Greening Index. Each
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with a road and the cells that are outside the 200m buffer distance to a
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243

\

A

|

1
o
=]

5 inlof 4
£l i Shunjat
o
o d\l
P,
e
1 riercity i all-Ards -

i | tes [ %
T

Figure 5.29. A screenshot from ArcGIS displaying the management areas with the
highest index scores (highlighted cells in blue) as discussed in the text.

5.5.4 Discussion and Recommendations for Planting Locations

People with disabilities are more vulnerable to the hostile conditions of the
urban environment, especially along roadways. An increase in greening around care
residences for the disabled is a important way to mitigate the effects of urban
conditions, and it is another pro-active techniques to providing holistic and
restorative environments for people in need. The Special Needs Greening Index is an
attempt to help prioritize greening activities so as to benefit these types of people. A
buffer of 200 meters around care residences was used to target the areas that

should first be greened. The results demonstrated that tree planting, maintenance,
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and protection should occur where care residences are clustered together (within
200m of each other). Downtown Port Arthur neighbourhood contained the highest
level of clusters and the highest average score. It will be particularly important to
address these needs in this area, simply because of the level of urbanization in this
neighbourhood and the common problems associated with dense urban areas (e.gs.,
air pollution, noise, heat). Other high scoring management areas were dispersed

across the city and should also be addressed as priority.

5.6 Conclusion

The tasks derived through the link table process helped to target and
accomplish a broad spectrum of Thunder Bay’s urgent sustainability goals through
prioritizing increased tree cover. The comprehensive process used in the link table
helped select four main objectives above and beyond the three standard UFMB tasks
discussed in chapter 4. The Economic Development Greening Index prioritized
greening activities so as to benefit the greatest number of businesses across the City.
The results demonstrated that priority tree planting, maintenance, and protection
should occur in the downtown cores, intercity area, along Memorial Avenue, Algoma
Street and Central Avenue. The Downtown Core Greening Index provided a simple
means to create healthy, functional, and attractive central business districts by
targeting a district-wide greening regime. The fourth link table task called the
School Travel Greening Index produced a priority greening regime to benefit
Thunder Bay children when engaging in active commuting to and from school. The

index ranked three main regions as priority for public tree greening, one in the
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north, and two in the south of Thunder Bay. These priority areas were within
heavily school-clustered regions. The forth and final link table task focused on
greening around care residences for people with disabilities, as a means to mitigate
the hostile urban environments they can face on a daily basis. This Special Needs
Greening Index demonstrated that priority areas were relatively dispersed across
the city, with the highest priority focusing on regions where residences were within
200 meters of each other (e.g., Downtown Port Arthur neighbourhood).

The link table tasks are beneficial in directing management activities that
pertain to specific sustainability goals. However, both the standard and link table
tasks were processed with the intentions of being combined into one set of results
to demonstrate a comprehensive priority planting, maintenance and protection
scheme to increase tree cover in Thunder Bay. The combined results with discussion

will be provided next.
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6.0 Discussion

The amalgamation of all previous recommended greening locations from the
standard and link table tasks described in the previous two chapters is referred to
as the Combined Greening Index. The priority regions identified in this combined
index reflect the management areas that should ideally increase in tree cover in
order to produce the numerous benefits that simultaneously attain a variety of
desired sustainability goals. Consequently, the Urban Forest Benefits Model (UFBM)
provides a prioritized greening scheme to maximize the amount of services
rendered to the community by trees. This chapter begins with a description of two
versions of the Combined Greening Index, one “ideal” and one “realistic”, and a
discussion of their resulting values. This is followed by a discussion of formal
recommendations at two levels. At the first, site specific recommendations for
community greening that the City of Thunder Bay should adopt are described. At
the second level, the implications of this study to modeling and calculating urban
forest benefits are discussed as well as commentary on how this modeling process
could be adapted to other jurisdictions. The chapter concludes with an
acknowledgement of the limitations of the prototype UFBM and an identification of

future research topics resulting from this work.

6.1 Integration of Results
The intended purpose of the final Combined Greening Index is to identify the

areas that require a higher level of tree cover to ensure that an optimum level of
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desired benefits will flow to the surrounding community. These desired benefits are
based on the seven sustainability objectives selected for the prototype model -
three standard tasks and four link table tasks. Each of the task’s results were
standardized and merged to form the combined index layer. The study area for the
Combined Greening Index was limited to the task with the smallest study area (i.e.,
the stormwater, PPI and the economic development tasks).

There were two types of combined indexes developed for the UFBM. The
first — the Ideal Combined Greening Index - demonstrates the ideal greening
locations (i.e., areas that should be planted, maintained, or protected to deliver
maximum services). This index, for example, may potentially target management
areas that have a little amount of land available to plant (i.e., grass or bare soil), such
as the downtown cores of Thunder Bay. The Ideal Combined Greening Index was
developed in the event that the municipality was interested in converting its
hardscapes to greenspaces (which is increasingly undertaken by municipalities).
However, converting pavement to plantable areas for greenspaces is costly.
Therefore a Realistic Combined Greening Index was also developed to help
demonstrate areas that can be more realistically and affordably greened (i.e., areas
that have existing greenspace and bare soil) based on the present distributions of
impervious and pervious cover land use areas. The Ideal Combined Greening Index
is considered the core index in this text and provides the basis for formal
recommendations. The results pertaining to each of the two combined indexes are
outlined in the following sections, as well as discussion regarding the use of the

ideal index over the realistic index in this study.
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Ideal Combined Greening Index

The Ideal Combined Greening Index integrates the average score of all
management tasks into one final layer (Figure 6.1). The results for the Ideal
Combined Index for management areas at a resolution of 1 ha are shown in Figure
6.2. The higher the index score for a given management area, the greater the need to
intensify greening activities (i.e., planting, maintenance, and protection) in these
managements areas to increase or to enhance the benefits received from tree cover.

In compiling the prototype version of the Combined Greening Index, the
contributing sub-index scores (one from each of the seven management tasks) were
weighted equally rather than placing greater priority (or weight) on one or more
tasks. Future research might involve a detailed sensitivity analysis to determine
appropriate weighting schemes to explore how alternate weightings of the
contributing sub-index scores affect the final Combined Greening Index results. The
formula used to determine the Combined Greening Index is:

Equation 6.1

(SWGIxw,)+(SNGIx w,) +(STGI x w,) + (PPI x w,) + (DCGI x w,) + (EDGI x w,) + (EABGI x w,) x 100

S

where, CGI is the Combined Greening Index, SWGI is the Stormwater Greening Index

CGlI =

standardized score, SNGI is the Special Needs Greening Index standardized score,
STGI is the School Travel Greening Index standardized score, PPI is the Priority
Planting Index standardized score, DCGI is the Downtown Core Greening Index

standardized score, EDGI is the Economic Development Greening Index
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- SCHOOL TRAVEL

Figure 6.1. The combination of all tasks into the final Combined Greening
Index to demonstrate priority greening management areas. The
Combined Greening Index is the average score of all tasks.
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Figure 6.2 A map displaying the values of the Ideal Combined Greening Index for
management areas for most of the City of Thunder Bay. Each grid cell
represents 1 hectare. Darker management areas indicate a need for more

focused greening.
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standardized score, EABGI is the Emerald Ash Borer Greening Index and w; is the
weight given to each of the seven sub-indices.

The formula used to calculate the Combined Greening Index within the GIS
incorporates the score of each 1 ha management area from each task to form a final
score based on the combined average. When a particular management area receives
a high score in the combined index, this indicates that it either scored high in one or
more of the individual sub-indices, or scored moderately well in most of the seven
standard and link table tasks (Figure 6.3).

The management areas contained within the top 1st percentile (i.e., 34 of
3427 management areas within the study area) were largely located near or within
the two downtown cores, with the exception of one in Carrick and one in West End
neighbourhoods (Figure 6.4). These areas are the most critical management areas
that require a concentration of greening activities. The management areas within
the top 10t percentiles (343 management areas) were also identified (Figure 6.5).

The five management areas across the study area with the highest overall
Ideal Combined Greening Index values were located in the Thunder Bay north core
(two management areas) and in the Thunder Bay south core (three management
areas) (Figure 6.6). These areas were heavily influenced by high scores stemming
from the Economic Development Greening Index, Downtown Core Greening Index,
and the Priority Planting Index. The two north core management areas were also
influenced by strong scores from the Special Needs Greening Index. It is important
to note that significant sections in Carrick and West End neighbourhoods were also

high priority areas (see Figure 6.5). These areas were mainly influenced by high
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Figure 6.3. An example of the combination of values from the seven management
tasks and the resulting Combined Greening Index for the same management
area (or grid cell). Values of the contributing tasks vary between 0 and 1;
those for the combined index vary between 0 and 100. Values tending
toward 1 and 100, respectively, indicate areas that required more focused
greening (planting, maintenance, and/or protection). The Combined
Greening Index is calculated by equation 6.1 discussed in the text.
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a) Thunder Bay (north core)

Figure 6.4. Thirty-four management areas (highlighted in blue) identified as
critical priority (15t percentile of areas considered) with an index score
between 76 and 100 for (a) Thunder Bay north core (top) and (b)
Thunder Bay south core (bottom).
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Combined Greening Index score between 50.9 and 100.
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scores stemming from the School Travel Greening Index, the Priority Planting Index
and the Emerald Ash Borer Greening Index. A concentration of high scoring
management areas between the Vickers and Westfort East neighbourhoods were
influenced strongly by the combination of the Special Needs Greening Index, the
School Travel Greening Index, and the Priority Planting Index. A conglomerate of
management areas found within the Northwoood neighbourhood also ranked high
on the Combined Greening Index due to strong influences by the School Travel

Greening Index and Priority Planting Index.

Figure 6.6. The five management areas across the study area with the highest
overall Ideal Combined Greening Index values (highlighted in blue)
representing the most critical priority areas with index scores between 88
and 100. The left figure demonstrates the critical management areas in
Thunder Bay north core and the figure on the right demonstrates those in
Thunder Bay south core.

Neighbourhoods were also summarized according to index score (Table 6.1).
The neighbourhoods with the highest average index score and thus, highest priority
for greening, were Vickers, Downtown Port Arthur, and West End with an average

value of 53, 49, and 49 respectively. Lowest average index scores came from the
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Charry, Intercity Mall Area, and River Terrace neighbourhoods with a score of 23,

21, and 13 respectively.

Table 6.1 Summary by neighbourhood of the range and average Ideal Combined
Greening (Ideal CG) score and of the average Realistic Combined Greening

(Real CG) score.

Neighbourhood

Academy
Carrick
Chapples
Charry

Dease
Downtown PA
Edgewater!
Green Acres
Hillcrest

Intercity Mall
Area

Northwood*
Ogden East End
Regent?

River Terrace!
Vickers
Volunteer Pool?
West End?
West Thunder!
Westfort East!
Total Average

Neigh-
bourhood
Area
(ha)

171
120
148
79
129
91
102
118
59

211
132
91
68
120
161
133
84
155
131
121

# of
Grid
Cells?

206
152
239
105
158
126
82
145
80

211
130
122
81
143
198
75
86
62
58
129

Min.
Ideal
CG
Score

12
29
10
0
17
18
19
17
19

0
19
19
17

1
19
18
14
18
21
15

Max.
Ideal

CG

Score

62
81
61
42
89
100
56
67
83

66
69
87
83
55
91
64
76
55
67
71

Average.
Ideal CG
Score

31
45
35
23
45
49
41
39
39

21
44
45
40
13
53
41
49
36
46
39

Average
Realistic
CG Score

22
40
29
19
37
43
33
32
33

10
40
37
35
11
47
37
49
29
39
33

1 Only a portion of the neighbourhood was analyzed because part of the neighbourhood fell outside

the study area.

2 This is a count of full and partial grid cells intersecting each defined neighbourhood.

The Realistic Combined Greening Index

The Ideal Combined Greening Index summaries until now have indicated the

best greening sites for Thunder Bay. The Ideal Combined Greening Index, as
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discussed earlier, does not account for management areas lacking adequate growing
space (e.g., the Intercity area and downtown cores may lack space to plant trees due
to high levels of impervious cover). Therefore a realistic greening index was
developed to help demonstrate a more realistic and affordable greening scheme
based on available greenspace or plantable land (Figure 6.7).

To create these results, the impervious cover (taken from the stormwater
task, see Figure 4.14) was standardized on a scale between 0 and 100, 100 being a
management area with 100 percent impervious cover. These values were
subtracted from the ideal combined index score to provide an estimate of the areas
that may be more difficult to plant trees due to the current high amounts of
impervious cover. The following formula was used:

Equation 6.2
RCGI = (%)xloO -1CGI
CA

where, RCGI is the Realistic Combined Greening Index, IM is area of of grid cell with
impervious cover (in square metres) taken from the stormwater and other
management tasks, CA is the area of a grid cell (in square meters), and ICGI is the
Ideal Combined Greening Index.

Although the visual differences are subtle between the ideal and realistic
combined indexes when mapped (cf Figures 6.2 and 6.7). The five management
areas with the overall highest Realistic Combined Greening Index value across the
study area were all located in the Thunder Bay north core (Figure 6.8). One of these

management areas also scored in the top five highest in the Ideal Combined
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Figure 6.7. A map displaying the values of the Realistic Combined Greening Index
for management areas for most of the City of Thunder Bay. Each grid cell
represents 1 hectare. Darker management areas indicate a need for more
focused greening.
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Greening Index. In addition, there are some other statistical distinctions. In
particular, summaries of the Realistic Combined Greening Index by neighbourhood
are shown to be on average 15 percent lower (or a score of six) when compared to
the ideal index scores (see Table 6.1). The neighbourhoods with the highest average
index scores and thus, the highest priority to plant according to the Realistic
Combined Greening Index, were West End, Vickers, and Downtown Port Arthur with
an average score of 49, 47, and 43, respectively. These were also the highest scoring
neighbourhoods according to the Ideal Combined Greening Index, although West
End and Vickers exchanged positions. Lowest average index scores came from
Charry, River Terrace, and Intercity Mall Area neighbourhoods with a score of 19,
11, and 10, respectively. These also were the lowest ranking neighbourhoods

according to the Ideal Combined Greening Index.

6.2 Discussion

The Ideal and Realistic Combined Greening Indexes described above
demonstrate two approaches to using the combined data from the standard and link
table tasks. Both are relevant and meaningful to decision makers in determining
greening schemes for a municipality. Although both indexes provide similar results,
the realistic index (reconfigured results from the ideal index based on available
plantable land) represents management areas that can be realistically and more
affordably planted. However, the Realistic Combined Greening Index is primarily
focused on determining planting locations, and its results undermine the UFBM’s

ability to determine maintenance and protection regimes. When the realistic index
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Figure 6.8. The five management areas across the study area with the highest
overall Realistic Combined Greening Index values (highlighted in blue)
ranging in scores between 90 and 100. With the exception of one, these
management areas differed from the management areas with the highest
Ideal Combined Greening Index scores (Figure 6.6) because these areas
contained more greenspace to allow for planting.

reduces the ideal score because a particular management area has little to no
plantable area, it negates the fact that an increase in maintenance and protection is
also required for existing trees in that particular management area. For this reason,
the realistic index should primarily be used for supporting the development of
planting regimes and should not inform the overall greening activities (i.e., planting,
maintenance, and protection) of a municipality.

For three reasons it is recommended a municipality use the Ideal Combined
Greening Index to inform its greening activities. First, it provides an idealized (or

visionary), long-term goal to inspire decision makers to identify and innovate new
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approaches to create space for trees through brownfield conversion, planting pit
development, and hardscape land conversions. It also provides opportunity to
demonstrate new ways of integrating green infrastructure into urban developments
and could be used to inspire and persuade decision makers to increase funding
toward greening initiatives.

Second, the Ideal Combined Greening Index offers more accurate results for
providing prioritized maintenance and protection to existing trees in high priority
areas (see earlier discussion above). Tree benefits are positively influenced by an
increase in tree cover (or leaf area), and therefore properly maintained and
protected existing trees will foster larger, healthier functioning tree canopies that
will provide maximum services to the community.

Third, Thunder Bay has large tracts of impervious cover (e.g., large tracts of
pavement in the Intercity Area and its two downtown cores). Ironically, the Realistic
Combined Greening Index targets areas that have less impervious cover to plant
trees. In terms of sustainability, it is within these areas particularly (e.g., Intercity
Area) where more trees and healthier tree cover are required to mitigate the
negative effects of large areas of impervious cover (e.g., urban heat island effect and
stormwater runoff).

The compilation of all tasks to form the Ideal Combined Greening Index
completes the third and last objective identified in this thesis. In summary, there
were three key objectives: (1) to develop an exhaustive list and framework of urban
forest benefits calibrated to the City of Thunder Bay, (2) to develop a prioritized list

of Thunder Bay’s sustainability goals and identify how greening efforts contribute
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toward these goals and, (3) to develop the GIS-based UFBM that will assist with the
sequencing of greening activities (planting, maintenance and protection) in order to
optimize community benefits and attain long-term community sustainability goals.
The first objective was accomplished by the development of a list of contributions
made by urban trees and greenspaces to urban communities. The compiled benefit
list, gathered from arboriculture and urban forestry research, was used in a focus
group to determine the benefits provided by Thunder Bay’s urban forest. This
framework of benefits, developed via the literature and focus group, was presented
in chart format and was later used in the link table (objective 2).

The second objective was achieved through a literature review of the City of
Thunder Bay’s major guiding documents, which identified the core goals and
direction of the City that pertains to sustainability. This was necessary to determine
how an urban forest contributes to the sustainability goals of a community and was
accomplished through the link table process. A focus group ranking exercise was
performed in order to prioritize and rank these various sustainability goals. The
second component of objective two was fulfilled by summarizing the results of
urban forest benefits and sustainability goals in a matrix entitled the link table. The
link table was used to display connections, both visually and statistically, between
the benefits provided by trees and the sustainability objectives of the City of
Thunder Bay. The third objective was achieved by selecting the various compelling
standard and link table tasks and inputting them into the GIS to be spatially
analyzed. The standard tasks were chosen by reviewing popular criteria used by

other municipalities to mitigate an urban challenge through greening. Both
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standard and link table tasks were modeled individually using ESRI's ArcGIS
software producing an independent set of recommended greening locations (or a
map) based on a given task’s objectives. These seven maps were then combined to
form a final comprehensive map demonstrating optimum locations for greening
(planting, maintenance, and protection) in Thunder Bay.

With an understanding of the input tasks used in the prototype UFBM, the
author expected that the two downtown cores along with sections of the Intercity
Mall area (i.e., the developing business and light industrial area between the two
downtowns; see Figure 6.2) would be the main focal points for greening. The results
(shown in Figure 6.2) indicate there is, in fact, an emphasis towards the downtown
cores due to the strong influence of the economic capital and physical capital tasks
(i.e., link table tasks 1 and 2). However, few critical management areas were located
in the Intercity Mall area due to the weak emphasis in these areas by five of the
seven standard and link table management tasks.

An urban forestry professional in Thunder Bay might suspect the major
arterial roads (i.e., Red River Road, Arthur Street) - including those within the
Intercity Mall area (i.e., Memorial Avenue, Fort William Road, Harbour Expressway)
- to be significant priority areas for greening due to the low tree cover along many
sections of them. With some exceptions, many of these arterial roads were not
identified in the application of the prototype UFBM as a greening target largely
because no single task focused solely on either beautification along or infilling
canopy gaps along arterial roads. This is the main reason why the Intercity Mall

area is not modeled as a critical area in this application of the UFBM. Future
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versions of the UFBM could be configured to include these and other criteria if
deemed important by a given focus group and/or researcher.

In addition, an urban forestry professional might not have expected that
mature residential neighbourhoods (>50 years old) - including Northwood, West
End and Carrick neighbourhoods - would be emphasized for greening activities as
these areas typically have higher-than-average levels of tree cover. However, as
indicated through the application of UFBM, these neighbourhoods are in close
proximity to facilities (e.gs., schools, care residences) and people who depend on the
tree’s benefits and services resulting in high scores for the School Travel Greening,
Special Needs Greening and PPl management tasks, respectively (Figure 6.2).
Although unexpected by many urban forestry professionals, these areas should
continue to be a focal point for tree planting, maintenance and protection to ensure

that the community needs (and goals) are met by living green infrastructure.

6.3 Formal Recommendations

The development of the prototype UFBM has led to two levels of
recommendations.  The first set of recommendations pertain to greening
suggestions specific to the city used in the case study application of the UFBM - the
City of Thunder Bay. The second set of recommendations focuses on the how the
approach for modeling and calculating the benefits of an urban forest could inform
the wider research and professional literatures. Based on the rationale discussed
above, it is recommended that the Ideal Combined Greening Index be used over the

Realistic Combined Greening Index as the primary source for influencing greening
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recommendations in Thunder Bay. Based on the Ideal Combined Greening Index, it
is recommended that the City of Thunder Bay focus a majority of its planting,
maintenance, and protection efforts in the highest scoring management areas. The
areas of primary focus are highly concentrated management areas within the two
downtown cores and concentrated sections within the West End, Northwood, and
Vickers neighbourhoods (see Figure 6.4). A greening regime should be developed to
include an intensification of tree cover in these areas. Naturally, this model does not
replace routine planting, maintenance, and protection regimes entirely, but is
recommended that these results, based on the seven top sustainability goals of the
community, be used considerably, and in conjunction, with existing schemes.

This prototype model was developed as a case study for the City of Thunder
Bay, and includes both public and private lands. Typically municipalities have little
jurisdiction over private lands within the City (e.g., residential front or back yards).
The City is therefore encouraged to employ creative strategies to inspire
homeowners to increase tree cover on private land in high priority greening areas.
Possible approaches may include arbor days, tree campaigns, partnerships with
local tree advocacy organizations and utility companies, rebates and incentives, and
media releases, which may enhance community awareness and increase private tree
cover where it is most important. Of course, by planting trees along public sections
of desired streetscapes, the City of Thunder Bay can lead by example, acting as a
catalyst for future greening in a neighbourhood.

As the UFBM helps to inform new planting and planning schemes for the City,

management areas that are targeted for greening will require diligent application of
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best management practices in the field. The UFBM provides recommendations
based on 1 ha areas, and to increase existing tree cover (i.e., benefits), foresters,
arborists, and field technicians must choose the proper tree species, microsite, and
management approach to facilitate the greatest potential of the targeted UFBM
benefits. For example, if the targeted tasks were stormwater, school travel, and
special needs, then a large street tree, such as Silver Maple (Acer saccharinum) or
Basswood (Tilia Americana) could be prescribed given the other site characteristics
are met, such as available growing space and soil. Figure 6.9 demonstrates some of
the factors that should be accounted for when greening. It should be noted that the
ultimate success of the UFBM decision support model hinges particularly on field
technicians and arborists in using best management field practices to implement the
model’s results. With a comprehensive understanding of best management
practices and with the integration of local knowledge of climate and tree species,
arborists will ensure optimum health, growth and supply of tree benefits long term.
The second level of recommendations focuses on the modeling approach
used in the development of the UFBM, including modeling urban forest benefits and
lessons learned in the process. Thunder Bay was used as a case study city, that is, it
was used to help determine the usefulness and application of the model to other
jurisdictions. The UFBM’s framework and modeling approach was designed to be
compatible with other small- to medium-sized cities, primarily because of the
flexibility in data and software requirements. To be compatible, however, the model
would require adjustments to suit the study community, including the modification

of weighted variables used in the GIS.
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Figure 6.9. Pictorial representation of the various considerations that should be
accounted for by arborists and field technicians before tree planting and
maintenance. In addition to the above, other site characteristics must be
considered such as soil type, species selection, and growing restrictions such
as underground or overhead utility infrastructure. Best management
practices are required for the successful greening of each management area.
Source: from ISA (2007).

The development of the link table provided a framework for sifting through
substantial quantities both of urban forest benefits and the sustainability goals of
Thunder Bay. These methods allow the link table to be customized to any
community, based on their geographical location and sustainability goals, and
provides a community with a set of tailor-made greening strategies derived from the

strongest connections indicated in the link table. The focus groups and link table,

however, required the researcher to have considerable knowledge of the urban
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forest benefit literature. The application of the UFBM to another city, therefore,
would require an individual to possess an extensive background in urban forest
benefits. It also requires an understanding of the spatial data needed to support the
GIS analysis of specific sustainability tasks.

The use of focus groups provided meaningful input during the customization
process, and in addition, it helped in the prioritization of urban forest benefits and
community goals. The focus groups were also integral for justifying the assigned
weighting to many of the variables used in the formulae during the GIS analysis. For
future applications of this model, it is recommended that the individual investigate
alternative means of designing and running meetings, conference calls, and focus
group meetings. Alternative approaches, such as email surveys and Delphi groups
could be used in conjunction with focus groups to provide even more effective
results, especially if focus group meetings are not well attended.

In the development stages of the model, the researcher investigated the
various advantages and disadvantages regarding the size of area within which the
results should be presented in (see Chapter 3). Other models (particularly Locke et
al. 2010 and CityGreen) based their recommendations on larger more
inconsistently-sized areas (e.g., census tract areas). After reviewing the advantages
and disadvantages, the researcher chose to display the UFBM results using 1 ha
management areas to increase the usefulness to planners and to other decision
makers. It is recommended that future applications of this model use a grid of 1ha or
smaller to summarize the results in order to increase the accuracy and usefulness

for decision makers.
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7.0 Conclusion

Urban forests are multi-functional living green infrastructure that contribute
significant socioeconomic and biophysical goods and services to society. Extensive
urban forest research and modeling using GIS in recent years has demonstrated that
an urban forest’s structure and function act as bio-technology to purify water and
air, reduce the urban heat island effect, reduce health care costs, and encourage
active transportation, among other effects. At the same time, cities are in a crisis and
are facing problems that challenge their existence. Pollution, obesity, population
influx, social injustice and infrastructure degradation are issues that are
deteriorating the quality and health of city life (Bourne 2000). Decision makers have
begun recognizing the need for restorative, natural services in their communities
and are identifying the important role urban forests play in sustaining the health
and livability of their cities.

The prototype UFBM evolved out of the need to understand how urban
forests might be better integrated into a community to alleviate the existing
sustainability problems faced by cities. The UFBM developed in this research is the
first of its kind to integrate the mitigating, multifunctional goods and services of
trees with the tailored sustainability objectives of a community. By way of focus
groups and a review of urban forest benefit and sustainability literature, three
standard tasks and four link table tasks were chosen for a customized case study

application to the City of Thunder Bay. By way of GIS, these tasks were analyzed
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individually to determine the optimum locations to green, based on the task’s
particular sustainability goal. The combination of all seven tasks provided an overall
greening management strategy called the Ideal Combined Greening Index. This
index targets sites that allow trees to produce multiple types of services
simultaneously that contribute toward the most important goals of a community.

The model is customizable and designed for use in other jurisdictions. It
depends heavily upon focus groups and a well-informed lead researcher to recreate
the link table, identify the tasks, and develop a methodology for each task for a given
city. In the case study for Thunder Bay, only seven tasks were modeled, however,
ideally, all the tasks presented in the link table (given their priority and data
requirements/availability) should be modeled to derive the most comprehensive
greening plan.

With resource and budgetary limitations faced by municipalities, the
prototype UFBM will provide decision makers with the tools to green their cities in
an intelligent, cost-effective manner, based on the needs of a community. It will
provide urban foresters the means to modify their existing tree planting and
maintenance regimes to increase benefits to the community and bolster the mission
of other progressive community-planning strategies such as Smart Growth.
Although the prototype UFBM may be only one tool in the decision maker’s arsenal,
this model provides a strong holistic approach for using living green infrastructure
in a manner like never before, to assist in achieving the urban sustainability goals of

a city.
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7.1 Research Limitations and Future Research

There are a variety of limitations and challenges faced by researchers when
developing a new model or research approach. With these challenges come the
opportunities to explore alternative methods for attaining the research objectives.
Below is a discussion of the various limitations faced in the development of this
model, and potentially new research avenues that could be explored.

To determine the best methodological approach, a combination of creativity,
academic counsel, and a significant review of GIS, sustainability, and urban forest
benefits literature were needed. The replication and customization of the UFBM to
other jurisdictions would likely also require the individual to have a significant
understanding of GIS, sustainability, and the urban forest concepts. For this reason,
the relevance and application to other municipalities could be limited if such
individuals lacked any of these areas of expertise. Hence, new approaches and
methodology to reduce the expertise required to carry out the UFBM should be
explored. Examples could include creating a user-contributed, internet-based
database of urban forest benefits and their potential connections with typical
community sustainability objectives. Additionally, sections of the model (e.gs., the
link table and GIS methods) could be developed with macros, scripts, and even a
small software package to help simplify the user experience. Other examples could
include a heavier reliance on focus groups and advisory panels to reduce the
dependence and need for a single individual that is highly versed in these

specialized topics.
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The use of focus groups was integral in the development of the UFBM for
drawing on expertise and knowledge from a corporate level when the researcher
required additional input. As previously discussed, alternative means of gaining the
corporate knowledge could be explored. The focus groups were invaluable to create
meaningful group conversations, however, the format allowed for only a portion of
participants to attend due to scheduling conflicts. In this manner, other methods
such as conference calls, emails, and one-on-one meetings could also prove effective
in gaining local, communal feedback.

As new strategies are explored regarding community input, it also will be
important to uncover ways in which the focus groups can be used to provide input
regarding the weighting of parameters of each standard and link table tasks, on
their own, and in the combined index. As discussed previously, a sensitivity analysis
to determine and justify more appropriate weighting schemes could include an
expert advisory panel or a focus group for this process.

The development of the UFBM was made possible with GIS and remote
sensing data provided by the City of Thunder Bay and also with financial support
from public and private sources. These data and funding sources made it feasible to
carry out the core elements of the UFBM successfully, such as the inventory and
classification of the city’s private trees. However, although the research objectives
were met with the available data and funding, recent development of newer
technology could possibly provide more precise results. The summer employee who
carried out the private tree remote sensing inventory for the UFBM was required to

classify tree canopies into diameter classes manually due to the limitations in
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availability of technological equipment. Manually classifying trees into categories
decreases the level of precision of the overall tree population and it is time
intensive. In contrast, LIDAR used in conjunction with remote sensing software (e.g.,
Ecognition) provides more accurate results when estimating tree cover and does so
by using an automated, time-saving process. It can also classify other useful land
types such as bare soil and impervious cover, which is beneficial for other UFBM
analyses. Although LIDAR is less commonly used in small- and medium-sized cities
due to its costs, if available, its application to the UFBM would generate more
meaningful results.

The purpose of the UFBM is to provide a macro-scale decision support tool to
help develop greening schemes within a 1 ha management area. For some decision-
makers, this coarse approach could be a limitation due to the lack of support for
micro scale tree management (i.e., picking exact locations for tree planting).
Although using LIDAR would increase the precision and decrease the size of the
management areas, the UFBM was not designed to provide the tools or methods to
evaluate potential planting sites on a micro scale level. Therefore, there is
opportunity to explore various approaches to merge the UFBM with other micro-
scale decision support systems, such as the model created by Kirnbauer et al
(2009). A merger of this type could create a more comprehensive set of tools to
evaluate potential planting sites at both the macro and micro scale.

Other limitations that exist pertaining to the UFBM include tree planting and
care costs that are not accounted for in the model’s results. Tree planting can be

expensive in urban areas. Most of the tree planting costs are determined by the type
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of site/soil remediation that is required to provide favourable conditions to grow
and sustain a tree. This includes cutting out concrete, removing hard infrastructure,
and replacing compacted urban soils with fertile loam. These costs in Thunder Bay
for some situations can be as much as 25 times the cost of the tree itself (Vescio,
pers. comm., 2010). Determining tree costs would be helpful in such a model],
however, they are also very difficult to estimate at a macro scale. Future research
could investigate the process of estimating average tree planting costs based on the
amount and type of surface cover in a given management area. LIDAR, and its
associated classification software, would be an asset for this type of analysis. A GIS
layer estimating these figures would provide a form of cost-benefit analysis within
the UFBM providing even more direction for decision makers in developing a

greening scheme.
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Appendix I - Introduction Letter and Consent Form given to Focus Groups

[Lakehead o

UNIVERSITY MES NECU
bndoff@lakeheadu.ca

August 4, 2010

Dear Focus Group Participant;

Welcome and thank you for participating in today’s focus group! I'd like to provide you with some basic
details about my research and why your involvement is important. | will also ask you to review and sign
the consent form (attached).

Presently my research focuses on the varying levels of social and biophysical services that trees provide
to our communities and how this allows cities to become more resilient and healthy. | am developing a
model (Urban Forest Benefits Model) that will help optimize the benefits we receive from green
infrastructure so that communities can better achieve their sustainability goals through the use of “smart”,
GIS decision-supported greening. The research is being undertaken at Lakehead University and is
partially funded by the City of Thunder Bay and MITACS Canada.

The purpose of today’s focus group is to determine how urban forest benefit research can be applied
within the context of Thunder Bay. Each participant of the group will be given an exercise that will ask
them to categorize the benefits into five classes (from ‘Can’t Apply’ to ‘Fully Apply’ in Thunder Bay). Some
time will be spent at the beginning of the meeting to discuss instructions about this exercise.

The subject of urban forest benefit research is multifaceted. It is anticipated that the exercise you are
asked to complete today may seem indeterminate. Please note that the goal of this meeting is not to find
the one “right” answer (which is arguably unattainable), but as a group, to provide some means of clarity
and direction in the realm of uncertainty. We will draw on your expertise and knowledge to come up with
our best and most informed answers. This meeting is expected to run for about 2 hours. Breaks,
refreshments and a light lunch will be provided. This meeting may be audio recorded for note taking
purposes.

Your names will be recorded on your own written exercise incase follow up is needed. Your answers and
names will be kept confidential when the research is publically presented. If necessary, you may receive
an email or telephone call to follow up on some of your input. The information gathered from this meeting
will be kept securely at Lakehead University for five years. Also, please note that your participation is
voluntary and you can withdraw from the meeting at anytime.

Thank you for being an integral component of this research!

Yours truly,

.

Bradley Doff

Contact information:
Principal Investigator: Dr. Todd Randall
Telephone: (807) 343-8381
Email: todd.randall@lakeheadu.ca



Lakehead

UNIVERSITY

Student Investigator(s):

Lakehead University’s Research Ethics Board:

Bradley Doff
Telephone: (807) 629-7626
Email: bndoff@lakeheadu.ca

Telephone: (807) 343-8283

290

Consent form

| have read the covering letter and familiar with the process of the focus group. | acknowledge that this

process isn’t confidential but for any public presentations my name will be kept anonymous. |
acknowledge that | can withdraw from this meeting at any point, or may choose not to answer any

questions. | agree to participate in today’s focus group meeting.

Please print name

Please sign name

Date
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Appendix II - Urban Forest Benefits Framework provided to Focus Group



Biophvysical Benefits

Benefit Description
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Categorizing How Urban Forest Benefits Apply to Thunder Bay

Research Cited

Associated indirect (quantifiable
& non-auantifiable) benefits

Other explanat

Urban Hydrology
Lands

Stofmwater Flow Control

Treas control stormwater runaff by intarcepting and
rataining Row of precipitation reaching tha ground. Trees
reduce siormwaler rate and volume and Increass

| wastewater facility performance.

[Frasar and Ranney 1985; Nowak and
Dryar 2007; Kimbats #f ). 2009,
Drwyor of al 1552,

Reduce carbon footprnt of water and waste water

oporations; natural drainage design is 25% cheapar io
‘build than conventional readside develcpmant; reduce
flooding hazard, erosion. surface runcll pollution loads.

Stonmwaler Cleaning and
Phiytoramadiation

Trees cloan stormwaiar runoft that can improve the quainy
of watar Trons absert and retain loxing In water and

| decrease the amount of overall contaminated waler

enlnene M snastany sewne syt and sl

Newak and Dwyer 2007; Kimbauar af al
2009

Increase stream, river and lake waier quallty. healthier
AQUABE BEORYSIAME, pAOpie AN enjoy naturalizad,
onganism fich aqualic areas (e.g. beaches, fish in fivers,
oot

Astudy of the Gwynns Falls watershed in Baltimore
Indicated that hamvily foregied areas can reduce tatal runalf
by a5 much as 26% and increase low-Nlew el by up to
13% compared with non reed Sreas in existing land cover
and land use conditions (Navilla. 1998). Furthas, thed cover
aver parvious surfaces reduced total runoff by as much as
A% while rew canogry Cower over impanioes surfhces had
a limiled effect on runcfl. [J. Nowak and Joha F. Dwyer
2007). Savings in siommwatar managemsnt costs from moess
n Tuesan wies calculatd at S0.18 par lneé por yoar of

Waler Consanvation

Matural shading provided by treds minimizes lawn

| searching and the need for axcassive lywn and garden

watering (usually treated water)

In dirid { some

tree spacies requirs large
amounts of water (e.g.
mulbarry) and can offsel the
watier savid b shads

‘Walter Temperature

Trea shading kowers waler lemperature, vital for ripasian
ecosysiem stabiity and he survival of many organisms.

LeBlanc 1997; Sweanay 1993

Stream cooling dissolved for
many fish and streamiake organisms, 1rn5 an banks of
rivers not only provide shade, but soil stabiity.

Tha significance of vegatation noar and arcund SHesma,
fvars and lakes results from a trea’s capacity 1o absarh
short-wave fadiation that wilsd offierwse bi absoed by
the waler body. Vegetabon also helps fo moderate cooler
stredm lemperalures 8l neghl by emitbng move long-wave
radiation than open sky sl reducng e waber s long-wave
rakation bosses. In addilion, the loss of roobs, whsch provide
Stream Lank stabvhity. may lead fo long-lerm cumuative
lemperslure effects as stream geomelry is allered.

Water Habital Profection

Treas praserve and enhance fish and wildlife habital, as
well as fiora erviions. Insects that dwell mn teed areas
provide a nch assel 1o these agualic enywonments.

Eadall, Bisson, 5wnnm and Gragory
1958, Sweeney 1993,

Healthier aquatic ecosystems, healthier ecosystems that
depend on aguabs environments,

Thi significance of vegatation noar and around Seams,
rivers and lakos results from a tree's capacity lo absor
short-wave radiation that would otherwise be absorbed by
the water body. Vegetation also helps fo moderaie cooler
stream lemperatures al night by emitting maore long-wave
radation than apan sky and raducing ths wabe's long-wave
radiation losses. In addition. tha loss of roots, which provide
stream bank stability, may lead 1o long-term cumulative
temparature effects as stream geometry is alened,

Erasion and Slope Stability

Trees control erosion espacially on Steep ansas and
maintain stability on slopes.

Bisson. Swanson and Gregory 1988;
Wolf and Bration 2006: Escobedo and
Nowak 200%; Pultord and Watson 2003

Drryor ot al 1092; LeBianc 1807; Sedell,

Beter water quality downstream (lass suspended solds);
minimized nutrients leaching.

Trees have massive root systems, which help 1o bind the
soll

Building TemparaturaEnergy
Savings

Trens lowar ground lamperatin, minimizing the need for
air congitiening In the summer. Progar planting around

| Busidings alsa reducas hoating nesds by shattering

{nilefirs i the winier o ool wind:

Pianted in tha wrong areas,
iroes can undesirably shade
buildings in the winter
aniing e heafing oosts

Dwyer and Millar 1999; Dwyar ot ak
1892; Nowak and Dwyer 2007

Raduce fossil fuel usa; reduces cbon amissions;
Increasss savings to be used for other home/business
s

Road Pavemaent Life

Tree shading exterds the life of road pavement and

| focroases rasunfacing costs.

Soma roots cause path and
sidéewalk cracking if sidewalk
ot is shaliow

McPharson and Muchnick 2005,

Reduce fossil lual use [equipment and anargy required ks
roplace asphalt), reduce carban amissions.
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Categorizing How Urban Forest Benefits Apply to Thunder Bay

Other explanatory notes

[Beil Contamination Soemi e species are effective at absorbing sod Fulford and Walson 2003, Nowan and | Brownfieids hat ore (el sbandoned can be beautfied and The potential vse of rees o5 a suilablo vegetation cover ol
il i i heavy matals on conlaminalid Dwysr 2007 the scdl contained withaul lange expensss. Willew used | haavy motal-contaminalad Land has recaived increased
Phyinextmaction) sitns such as along radronds. highways near ESA's, o, on sites can bo = or atiention over the Inst 10 years, Treos have been suggested

bomass enedgy. 5 8 |ow-cosl, sustainable and ecologeally-solnd solution
Tor the o of heavy 1 i kand,
pecially whon & is o use olher of
Ihesne i o tim prassure on tha reuse of the snd, Banefits
can asisa maindy from stabilization of the sod or wastn.
Athough m some cases phyloextraction may be sufficient to
provide clean up of e sofl, Before ihese Denefits can be
realized, the lress musl become established on 3 sie
(Pulfard and Watson 2000) Willew, poalat magle, ash,
aider, sycamons, pine, birch and cotionwood cin be used fo
absor eavy metals, of which willow is genarafy the most
proficient. Uplake ooows thioughout the sol profile 1o 8
dopith af around B56m. Lead, cheamilm and cappar end la
b# mmabiired and hald pamanly in the foats. whereas Cd,
Ni and Zn are more sasily iranslocated fo the serial tissues
Thie has important imphications 1o (he contfol of movemant
of hesavy metass in the wider environment, which is one of
Ih peiemary aims of phytaremdiation (Pulford and Watson
204
Fooed Trews provide lood for humans (appkes. poard, nuls, Fruil trees i planted e | Betweckenibarg ef ai. 2006 Cen play a role m povesty reduction, engages peopls
mulbarries sic | wrong location can caise a {and intercity peopie] with nature/community participaticn|
fittar and wikilife nuisance. Hossoms am ansihetic assats io the commienity,
Urban fru rees sametimes ENCOUrAQEE Sironper (and needed) haney bea Nailat in
reguire more annual care (o urhan areas.
produce a ciop and atded
axnenss o clean uo liter
Treas provide food and habitat for widide Wildide can become & Dickman and Doncastar 1987, Commaunity can anjcy the banefils of having
nusance al times in wiban wildiife/nature w areas wisre they live, play and work
arnas (haars birds_ ste)
Increass proparty vakin Treas consistanty add vallie 1o 2 homa and propedy Incroasing proparty vakies | Wol 2007 Proparties ans mare alvacive and sall Faster aver hon- | Price incraase: 2% -malurs yard rees [grealer shan G-inch
(betwnen 3-15%) fan't always desirable. Mixad treod properties, increased nelghbourhood besusfication, | dbh), 3-5% -trees In front yard landscaping, 6-9% good tee
home values is naeded far mereased survalliance and appearance af securty, cover in & nelghbernood, and 10-15% mature ees In high-
sustanable communies so | ncreased socal ineraction. income nesghborhoods. Price effect s varable and deperds
lower incoma families can 6 how ten prasance i defined, In addition. the
aMard living dlifion of & arma makes &
| accammadatiars Far Instance, greater of vakia ars.
sean for rea planting and lndscape IMpravements in (ower-
(T Wolf 20071
F?aruwlmu Trees mrmove pastsculates from th air (ben microns or Some make ees produce | McPlserson, Nowak, and Rownies rRMum health-ca costs related 1o respirsiory adments | Urban vegetation can directly and indwectly affect kcal and
Imss) largs amaunts of polen 1994: Nowak 1884h: Escobnda and (mspecially along haavy-uss vehicls cormdars) ragianal air qualty by altering tha urban atmaspheric
which can cause increased | Nowak 2009; Nowak and Dwyer 2007 ervirenmant: (1) temperature reduction and other
" allments. Heawly flocts, @nd (2) remaoval of air pollutants
treed sireets thai fomm & (pollution removal per m2 of canopy cover n New York n
conlinuous canopy along 1964 was 137 g/m*2hyr or 1821 metsic 1ons (B value
busy sireats can retin $9 5 million. Trees spquester many polutanis from tha
polutants in high stmosphens, including nitrogen disaide (NO2), sullur dicxide
within B (902}, orone (03), carbon monaxide (CO), and particulate
COTtOr. mater of ton microns or less (FM10)MNowak 1664) Gther
Mot on how Bees reduce air pollutants: Trees exchangs
pasas wih the stmasphans and captens pariculatas that can|
b harmiid o people. The rabe al which lrees iemove
gasecus pollulants such as ozone, carbon monaxide. and
sulphur doxide depends primarily on the amount of fokage,
murmber and conditon of B $iomata, and meleomiegical
canditians. Rasulls frem computar studies indicabs that irees)
can reduce appreciably the amount of czane in poliuted air
e Physison ki i 15904 1
Aimosphenc Pallulants Trons mduce COZ by sequesiration, and oihns pallitints Trons may aleo advarsaly | McPhnrman, Nowsk, and Rowmims Coninaed natas about frens praducing BVOCS: Sama
(Treas spqupsier many paliutants from the stmosphare. affact mir quality Most trens | 19694; Nowak 1994b; Escabadn and complicating factors inclde variations wih lemparalure and
Inchuding niragen dioxide (NOZ). sullur dawide (S02) amil blogenic valatile ceganic | Nowak 2009; Mawak and Dwyer 2007, stmosphenc levals of NOZ As woll. ihe ozone-loming
azand (D3], caman monaxide (C0] oompounds (BVOCS) such potential of diffarent Ires Spocias varies considertly
a5 isoprena’s and and Winer 1998}, Genera emiting the greatest
mancterpenes fhat can rafative amount of BVOCE are swent gum (Liquidambar
eonlribute to OF BYOC spp.), blnck gum (Nyssa spp.), sycamore (Platanus spp. ).
emissians from ciy bees o papler (Fopulus spp.), and cak (Quercus spp.) Studies
03 farmation The damanstrated that although remaving rees raduces BVOC
ibufion of formation this affect was by increasad
dapands on commiplex from natural and
qECraphic and simesphens sourcos due [0 e increased air lemperaluns assocated
interactions that hava net wilh bree resrerval (auch s8 increase szone due b e heat
bein sludied in most cities island effect)(Mawak 2000)
Sien “athar axplanatony
nnles” for mage datails
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Benefit Category

enefit Description

Categorize

Categorizing How Urban Forest Benefits Apply to Thunder Bay

Other explanatory notes

Al Tempesature/Micio Climate

Trews lead to temperature feducton and otfer
eflects

[McPherson and Machnick 2005,
McPherson e al. 2006, Sweaney 1993
Escobedo and Nowak 2009,

Health Benefits - (reduce health costs) rom moﬁ
in heated cars; reduction of

Trees lowes s, ground and waler lemperature. this

slress, tespiretony iness Lower energy bils for mr
conditioning and heating: lower CO2 emissions

g meci chmates (coolng downtown cofes, feducng
the need for s conditioning elc. )

Velede VOU emissions

IE] shadng asphall suraces, [rees minsmizes carbon
cawsed by ilee gars Lark

McPharson,|
Howak, 1n\‘l Rowntres 1884, Nowak and
Mowak mﬂlb. McPhersoan and Sinpson
2003.

By shading asphall surfaces and parked cars. rees reduce

Iyydrscaran ermsssions from gasobne hal evaperales liom

leaky fuel tanks and worn boses. These emissans ane a

principal component of smog, and parked vehicles are 3
vary snuer

Treas minimize mianar car ofl-gas taxins

Akbarl, Pomnmantz, and Taha 2001
Chinn 2007

Tncreased respiratony and overml e

Tha mannor of vehicle usaga, for sxampin, parking in
sunlight, can Increase the intenar lemperature and promaote
the smission af VOC. A high temparature may also inguce
pholo-chemical reactions and subsequently genorale niw
VOC speches, witich conribate 1o In-cabin VO levess, For
example, phialate chemicals. (commonty used polymer

) vt haver been idensified in current
m pandl and adhesive samples can B iransformed 1o 2-
1-hoxancl vis hwdrotvis and tharmal

Social Benefits

Treas halp reduce noise in ha oty

Fang, Ling and Kuntze 2003; Mall 1995;
Dwyer ef o, 1992, Nowak and Dwyer
2007; Cook and Haverbeke 1977

Decroase health issues ralated to naise exposure;
stress, mental fatigue, hearing damage, Letier employes
salistaction.

Wiia beils of sl dense rees combned with salt ground
surfaces can reduce apparent lpudness by 50% or more.
Dwyer, McPierson, Schroeder, and Rowritres 1992,

Trias slirect busingss ivestment Nicugh noeesed
aesthetics and through increased traffictourism.

Trees not propedly pruned, o

Wl 2007, Yanmck of ol 2010, Wl

inconectly seliced trees can| 2002 Woll 2004,

diversfiod, growing economy. Traes posiively influence
canaumer behavion custemers are wiling bo pay mare Tor
parking, slay longer. @nd spend mors on goods and
APiCEs.

ik busingss Signs:
Treus suppon the creation of o positve chmata for Heduced visibility o
business, Institutions and empioyass, in oo fo cevelop o siorafronts and signage dun

o vegetaton is a major
cancem of merchanls. The
rsduced ralings on Ehe
“Wayfinging™ prece

At as lkely 1o son intemal
businosses il a mall is
surrounded by trees. Two
solubions ane possible (see
Mol 2007

canfirmed that custamens ana |

Wil 2007, Woll 2004, Walf 2008 Wolt
T Woll 2004,

Balinr air and water (micro cimale | guallly envirenments,
cognitive restoraven after shapping. shaded/cood pace fo
have lunch,

[ Touism

Trews positively affect tourtsm through influence on
consumer behaviour and

Woll 2002, Woll 2005, Dwyer ef af 1982,

[Workar Productivity

{Teas o workmiar siofe pocB ATt ot
workplace

Taylos, Kuo and Sullvan 2002; Lohr
135; Stubata and Suzukl 2002

| Adtract demmicwn businiss, sironges cily econcmy.

Sorred 2005, Kuo & Sulivan 7007a. | Nafirn Fias Bran linked with increasing safl Sscping -

which incemases ot only productivity, but quality of

A vierw of natural elamants was found fo hdl-u-nmgamv-
impact of job siress, intention to qut and a marginal
atinct on con (Shipata and Suzukl Z002)

Banicing ilecycia costs

Troa aminish sama lonms of

on anthropomenphic surfaces such as shingles, iding
wood decks, Foads ec, and alow fov longer maberial
Liifacvesp,

Trens can fal and

buikding materials, leadng to
fower matereal ife-cycle

Ly 23

|Rosentei g 1608

Trons lower rplacamant costs (longes Wacycin} and
thevely reduce carton emissions snd poliutants.

Dk colournd surtacas are damaged by daiy mermai
expansion and contraction and thus have shorer servies
lives. Light coloured material or shaded material have h:ngel
iirgviles

Ewautilication and i!l"
Beauification

Trens banutily e naignbourhood

2006;

Hug and S«al»nd 2007; Duwynr at ai.

1902; Dwyer, Schroader, and Gobster
1

iRman and Hom 2005; Hnmg And Staals] Troes compliment RisoRcal Enildings, They can b 8
2000 Hansmann, signal

of change In a neighbourhood, provide & message
of carm, provide visual identity and positively influance
mnads.

Treas make sireel comdons mone airactive and appessn |

Wil 20070; Harig and Stanes
2008:Dwyar al al. 1992

lwut 2007, Dravyor et 8l 2000, Woll 2004

Trees compliment historical buldings. thy can be &
signal of ehange in a neighbourhood. provide @ messaga
of care, provide visual idanlity and positively influance

Trees inprove the conditon and appeanance of buldings
of stnictures which require upgrading, rehabillation or re-
development.

Risgan and Horn 2005, Yannick 2010;
Well 2005, Dwyer et sl 2000, Woll
2007a; Hartlg and Staats J006.

moads

Trees complinwent historical buldings. they can be o
signal of efange in & neighboumood. provide & messsge
of care, provide visual identity snd positivety influence
monds

Urban Speawlintansification

Trens incraass the vakie and aestetics of Innar<iy
proparies, Swis making them mans desiratie for higher
Incoma [amises, which leads o maem amilles sating in
cilas Tathar han bullding outside the urban core.

fﬁ&v«; Al 1982, Duryer, Schondar,
and Gobster 1881

Lass iraffic, carbon emiskicn, moem nier city carpocing,
quislar roads, ks sireRs related 1o ar pollusion and
iradiic congestion
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Categorizing How Urban Forest Benefits Apply to Thunder Bay

Research Cited

Associated indirect (quantifiable
& non-auantifiable) benefits

Other explanatory notes

Serse of Place "Genius Loc™

Trees make comidors more alfractive and appealing and
connect a commnity with its locality (sense of place)

Waoll 2002; Dwyer et al. 1992, Woll 2004;
Paterson and Connery 1997, Nowak and|
Dowynr 3007; Unlarda, Fry, and Twalt

2007; Woll 200%; McPharsan at al 2006 |

Treas transform naighbourhaods (social, acanamic,

and are & catalys! 1o autaming codc pride that
beings funer change and comerunity intersction (Woll
2005)

Woll 2002, Dwyet ot &l 1982- Dwyer,
| Schroader, and Gobster 1991, Woil
2004, McPherson el al. 2006,

Treas haip to craata distinction in place and associations
and thus create a sense of unity.

Civic Pride
Public Haalth and oty
DOwarall Heahh

Trees incréass thie wall biing of humans.  Patisnts with
wirws oF interaction with gresnspace heal and are
released more guackly, rees reduce a poliution which
causes mspiratory complcations, reduces the mimbar of
pabants with heal stioke and ol ever ealing
complications (hean attacks in seniors eic.), encourages
more Sclive Iransportation and feduces Aness relatng Yo
sty and disnasn

Valarde, Fry, and Twel 2007, Hansmann,
Hug. and Sesland 2007; Sormall 2006;
Taylor, Huo and Sulivan 3001, Rappe
2007 Taylor. Kuo, and Sullean 2002;
Akban, Pomenantz, and Taha 2001,

Troes can dodroase hoalth cane cost through vanous
direct and indirect means and save lax payer's maney.

Hespitad and Injury Recovery

The visible ] i greerepace
balieved to atffect hismian baings in many ways, including
|aesthetic appreciation. heath and welk-beirg which
vt b {nsins enconny timns

Uitsrchy 1984, Hasmann, Hug, and

Spaland 2007; Erja Rapge 2007 Sormil

2008, Huo & Sullvan 2001a; Velarde,
s Tyl 27

Less of tax-payers dolars gong Wward health cange
which can be spent on other governmaent initiatives.

envimnmants, cutting down on iritablity and work
{rRcton,

|Pamesantz. and Taha 2001

Traffs: Trees calm trallic (slow speedng) and increase road Trwes, Il planted n the wrong |Woll and Bratien 2006, Bunn 2008, Ouiieler neghboutheods (ess high speed traflic), lewer
nalaty location of incormectly |Pharach and Russall 1881 | accidents and less damage whaen thoy occur, Trees
PTUNEd, Can CRUSE reduca glare and are possiy linked with decreasing
chsiruction t signs leading | ncidences of aulomobile sccidents
10 traffic Accidents
Aciive ransporation Troes aclive a5 [ . Hug, and Seelard 2007 [Batier citizen health (cheasing walking'biking aver
are eocler, more prolected fom vehicles, more altractive driving), provides more accessible routes for
|and quister (traes raduce traffic spaads and absorty [undemdvileged (wihoul s and iower sassacancmic
) familing by orocary stneas (v storms! ale
Pedasirian safaty Trees provide a safaty cormdor batwesn roads and Woll and Bratton 2006; Bunn 200%; [Encoursgn active iransportation.
profecting and giving the percep |Pharaoh and Russall 1997,
v
Glare Troas act as glare condrol in work, road and lhing Wolf and Bration 2006; Akbasi, Paasibly linked with decreasing incidences of automcbile

accidents, and batier worker productivity (officos withaut
QiArn),

=

Rduoed expodurs b cancer-ciusing LIV radalon,
bwwinring the risk of skin cancer and cataracts.

Baranys 2004, Mowak and Dwyer 2007

Redueed heallh-care costs

Shin Cancer 15 Te most comeon lype of cancer in e
Linited States (Saraiva 20041

[Sbess Trees improve mental health by providing siress reduction [Garme stress can be brought, | Velarde, Fry, and Tved 2007, Hamsmann] A reauston in heal care costs associaled wilh stess | A viem of natural elements was found 1o bufler the negatve
peivacy, B0 o by the patenial riak af Hug, and Seeland 2007 Somell 2006;  |and maentalipsychologicnl issues, batler warkar impact of job stress, infenfion 1o quit and a manginal pasitive
tree failure. Ko & Sullivan 20018 Shivata and productiity, healthior family interactions. effact on genaral well-being.
Skl 2002
Mood Trees posiively allecl mood. Soerell, John 2008: Velarde Fry, and | A reduction in health care tosls associaled with stross
Twsid 2007 Hansmann, Hug, and and mentallpsycholegical ssus, betior worker
Soeeland 2007, Woll 1997, Wall 2004, | productivily, healthier family inleractions.
Ko & Suliivan 2001a; Dwyer,
|Schroader, ang Gobster 1991, Shibaia
Fatigue AcCess of views of naturel eleinents and greenery wer Ko 2001; Shibata and Surokl 2002 Battir worker productivily, ealthier fardy interscions. | Lower mental faligue: residents with nearty nature were
miental faligue. Ky sl Sullvan 2001 mone likely 1o be atde (o desl with the major issues of their
lives. Such residents feft mom hopeful and less helpiess
abaut the issuss facing them. Higher mental Fatigua:
| resigents nearby nature were less likely 1o be able 1g
| deal with Bie magor ssues of thei lives. Such residents feit
lags hapaful and more helphass about the issues facng them
Ky 20011
Apgressian Accnss or views of nalural nlemants and gresnary reducn alarde, Fry, and Tved 2007, Kug & A reduclion In healih care cosis assacialed with siress | Less aggressive behaviou:, lewer crimas mparied i (e
| agaression. Sulvan 7001a; Dwyer, v FasLes, batler worker pofoe (both property crimées and violent comes) than in
Gohster 158] = = heatthioe family | tivas withaul arssnor.
Depression | Actess or views of natural slements and gresnery Serell 2006, Kuo & Sulvan 2001, A retuCtion in heath care costs associaled wilh siress
Allaviate the affects of deprossion. Dwyer Schroedar, and Gobater 1991 and montalipeychological issues, botlar worker
heathier family
Cogrilive Funstion Green setings replanish cognitive function throughout the Waells 2000; Vielarde, Fiy, and Tveit Betier sehool and employee performance, & rediction in
day. Research also indicates that children have highast 2007; Scrmell 2006; Kuo & Sullivan haalth care costy associated with siress and
£oonitive hineson whan sxoossd 1o oreen setinas 2001a; Shibata and Suzuki 2002 mantalnsvchalonieal insuss healthist famiy inteectians.
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Research Cited

Associated indi
& non-auant

Other explanatory notes

Food
Food Sonfos Fruit Irans, @ propedy plased in hackyards. parks and Plantad in the wrong place, | Thaman 2002 Elis 1996; Bolund 1898, | Urban tres producing fnst (parks, public archards
pathways, can produce edible frull (apples, pears, Tt that dowsn't get picked backyard) requine less Eavel time and less snergy than
cherries, nuts, mulberries, etz | by humans/tirds can be driving 1o a grocery store or farm outside of the city.
sk iaad o, n crlrml i e i
[Encourage active transpartation | Tres linnd streats ancourags aclive tanspartation by Hansmann, Hug, and Seetand 2007, | Betiar overal healih {in conjinction with pating batter]
1o grecery stores (reduce proviging protection 1o pedesirians from cars and high Taylor, Kuo, and Sullivan 2001, which leads 1 less health care expenses.
impacts of food desarts) winds, keeping tham in tha shade, and provide a mare
maaningful and beaulifiad route. People ame wiling to
furthaoe routes 1o grocory
slores rather than nelying on unhealthy convenience sioe
el
Education
Artenticn-deficit/Hyperacinily | Children with ADHL show fewer sympioms wihen exposed Kuo & Sullivan 2001a; Taylar, Kuc and  |Less cosls wilh
o riatiraliresd seltings and have improved abiity 1 cope Sullivan 2001, Wells 20000 Velarde, Fry, |ADHDMyperactivty, increased laaming and higher qualty
it ADHD, and Trell 2007, Somell 2006, Shibata | sludents | clizens,
Pertormance Childien's sehool perlormance s improved wil views o, | Wells 2000, Kue & Sullivan 2007a; Increased learning and beller peroemang studerts.

and ineraclions with, green seltings.

Taylos, Kuo and Sullivan 2001, Taykor,
Kug and Sullivan 2002; Kup, Frances

Enhanca Children's play

Urban parks and fress provide mom opportunty and
encourage children, parents, and grandparents o
parlicipate in ouldeor activilies. |t also provides

| n

gfl & acthities (i.e. i
planting sMnns)

Schronder, and Gobster 1981,
Taylor, Wiley, Ku, & Sulivan, 1998; Kuo
2003, Taylor, Kuo and Sulkvan 2001

] Talor P04
Drwryr,

Tncrmased physical scivity

Crime and Cther Secial

Ragression - Viahnce

Fatigue may increasa chances of outbursts of anger and
wiglence, Conlact with nature has been reponed 1o
Fetigate mental latigue and reduce domeslic viskncs

Trytor, Koo and Sullivan 2001, Koo &
Sullivan 2001a: Kuo 2007; Wells 2000;
Vedarde, Fry, and Tveil 2007

Troed an b safer

Treas can play an Engartant roie in reducing crime rates and
domastic vialence. In 8 stisdy of Chicage public housing
tesidents, University of linors researchers found that
uildings with high devels of greenery had 52% fewer
prapedy and violent crimes an apartment buildings with
Il of ro vegetation.

Wihy? Gaoen spaces draw people ouldeors, Inoneasing
survellance and dscournging llegal nctivity. The gresn and
proomed appearance of an apartment building is a signal
that cwners and ressdents core Bboul @ proparty,and walch
Gves it and each olher

Grewnar common amas also facilitated stronger social ies
The more treas and grass in the common spaces, the mare
lhose spaces were used by residents. Those iving claser to
green spaces enpyed more socal activities, had maore
wisltors, knew mare of their neghbors, ard reporied

o aels of By Lerweard
membsers than those living near bamen spaces (Kuo 2001).
Lozs apgressan behaviour, fewer crimes rapaned io the
polica {bath property crimes and viclent crimes ) than in
aenas wilhsl aeaenen (K 20011

Caontact with nature has been repored fo mitigate mental
laligue which can reduce cutbursts of aggression on lhe
foad (rad rage)

Somell 2008; Tayier, Kuo and Sullvan
2001, Ko & Sullivan 2001a; Kus 2001,
Wlls 2000; Velarde, Fry, and Tveit

Reduce accidents caused by road rage, kawer health care
cosls.

| Mesghbourisod Salety

Triees are among Me mos! imponant fealures contributing
tn the assthetics of a sireet and neighbourhiood. Thair
presence increases the percaption of care and salety.

Some greenspaces Mat ane
porcaived o be unmanaged
can have negative effects on
iz wed Drirg of peophe by
[mcreasing anasty caused by
crime. faar ol crima and fear
o wild anamdls o 1he cily.

Kuo and Sullivan 2001, Kuo 2003
Jamas af sl 2004 Kuo, Bacalcoa, and
Sullivan 1998; Dwyar sl ail. 1992,
Vedarde. Fry, and Tvelt 2007,

Less police intervention/patrol required in wel-cared for
nekghibourhoads.

Troes inciease social ties & neighbonng (n pubis snd
private bards. Trees provide rellel reem the sun feool
arens bo nbivact), sesthetics, and appearance of
haspitality and care, The vanaus activities surounding
trons, such as toaf raking, tree planting and pruning can
ncynane lins

| it and Sullivan 2001: Vainrde, Fry.
and Tveil 2007, Kuo, Sullvvan, Coley,
and Brunson 1698, Kuo 2003,

Cistutal and Spinhun

And
Trees are signéficant to many cullines. communities and
xpisitual groups. eriching and comalempnting cultires
and spintual expariences. Traes also provide creabive

1o antists writnrs, onels And Sinnecs

Dwyet, Schraedar, and Gobster 1881:
McPharsan of sl 2006 Fraser and
| Kennay 1985

Highir quality of lile for citizans.
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Appendix III - Sustainability Goals Framework provided to Focus Group



Prioritizing our Community's Goals

Goal Description

Priority

Sustainability
Citation

Supplementary Explanatory Notes

NATURAL CAPITAL

Lands and Water
Wistor Habital Protection [Presorve and enhancs fish and widiife Gy of Thundar Bay Officaal Plan- | The Caty s richly
hatat, as well as fora erirons May 30, 5005 'Enwumwﬁmum'msmmwmnmmﬁnwmwm anunl
Official Flan Section 2 Page 14, |Comdor”, vmﬂuswmwwm “Areas of Natural srd Scientific Irterest™
A etians which, Beugh et
mmm.bnm o .am Important
tostures, o these areas shal be somsilve io
mnmﬂmmmmmmnmammmmwnwmmm
progle
Erosion and Siope Stablily | Prolect people and property from (e ks Gty of Thunder Bay Official Plan- | 17% BT 1o VTS, SERAmE and sdpEcen! 1ands
szociyied wilh Hieep o Lnslabis Hopes, May 50, 2005 the City. Il is i . wrhen In & heallty
(poce sail condions. wivee Impacts, Soodag Officinl Plawn Section 2 Page 143, |natural state, perform importanl scologcal functions, Where these aeas can be
4nd erosion, Areis tegrated inle the Ciy's rad system, they can represent mmportant pubikc
i withir hese awas, in addiion bo impeding
gival funclions and vithies, xposes peogle and
s “Matural
Cﬂrﬂw‘m&m‘ﬂ"ﬂvﬂwhmduhmlm‘dwwhmlnﬂa
urmmwn,mmuwmmmmwmuwwmmh
mroson T} of aroas,
Mln”wm»n ¥ sl Ersion
| mssasiny reprosent consirainis 1o deviopment witen hess aras.
Watir Guaity Foloms Wil by Seveloped 10 suppart e oty of Thander Bay Offcal Plan- | Murieipal serveing and presents 3 major b fomd, 115
Cily's Pollution Prevention Contol Plan and May 30, 2005 important thal this i protecied " a
%0 protect She quakty of water in the streams. Official Plan Secton 2 Page 1.8 plannng 1S requined 10 ensure: Ay
anel revess passing throcgh the Gity and in Benicing rrurest thu ity rumeds oty and o the et
[} sk Simwnnr
Warter Conseraaban Poiicaes wil be: developed to encourage Ty of Thunder Bay Offical Fian.
cangenation n the use of trealisd waber and May 30, 2005
10 minimera the enpact cn the natsal Cifacial Plan Section 2 Page 1.6
enaronment through e operation of the Setvicng
Ciiv's i sustos
[Water Diacharge In 6 case of new dewsiapmant, ra surice Ciny of Truncer Bay Cifficial Plan.
waler. ground waier or bultding foundason May 30, 2005
drainss will b descharged 10 the City's Officidl Fian Section 2 Page 11.6
nanitary sewer systom. T the fullest sxsend Sanvicing
practical, this policy wil also be appled
[Water Cobection System [T comecton of surtace water and SArEary mummmmm
[sewage shaf ba, ta ihe fulest extent
[praciical, schieved through two collection MPMS-dmﬂPipﬂs
[ syatams comglelaly saparate from each Sarvicing
e
[Sortsce Drainsge T the bt exbent praciical, e quaily snd| |Gty of Thander Bay Oiffic) Plan-
| quantity of stormwater leavang @ site shall May 30, 2005
e maintnined o improved as 3 rasult of omclmmsormnzmns
Ei— Servicing
[ Changes in poak rundl il i ff firing |Gy o Theindar Bay Officeal Pian-
of parask. Mlows arw o ber mimemized 3o o3 lo May 10, 2005
resdiaon Gowngineam impacts and the Dffcial Flan Secton 2 Page 11.21
|associabed Sreat 1o lile, proporty and Sarvicing
s ol ressau e
Protection of Walknds [Pratect provincially sgoficant wiliands o Gty of Thundor Bay Gfticeal Plan. | Welsrds sre The ocial benelis ey
iy use or dowsopment thal could resul in My 30, 2005 mm\u wuum-unw&mmwwnmwmnfwﬁomwmrwu
A negative impact on Mok Anibuies for Official Flan Section 2 Fage 14,17 L5 Thiry mainkain —»—rlunlly i iny
which The wotland has Boen identifiod Emvronmental Protechon Amnas. mwwm, = v etk
o o widke varsty of plant and "'prwll-
Areas bo b y Sigrificant Wellands™ mww
iy Sigrificant” igueher wih
mmamnmm&mlwmdwamhmmmmmm
3 regaties impact on the welland fell
[Ersus i preservation of “Areas of Hataral Gﬂrdﬂmwﬂnm’mmw

ANSTs (Areas of Naburil and
Scienific Intenest)

e Sciomtde Interest

May 50, 2005
Dﬂ:lﬂ]ﬁm!ﬂdm??lpll"b

e of WIS NG SCHINAAE Inleresl mfljrnmammﬁmmm
features - relubed bo the
nmema(m AL anviranmant, mm:«mm AMETS play an

of natural hertage. Through comparative vakmsons of
mnsavn-mwﬁnm:iwn 1 smes of siles u-mpvwwwmumvwd
iclogical . natural landorms and e Provines have
been. b, e, i the best
spuctrum of natural areas & an important asped of cor the matural heritag

..._..:g..w

Lardds desgnated as “Magr " Shitll b used primanily for recenational
pupoms, Both door and cutdoor. “Majce Open Space’ uses shall inchede both active and

historical shes, mmmmum;b«mmamnwmm
i iadd LS =

T oty of Thradnr Ay pIACSS. & Tegh ey On (T PrOMCHCN A Wikl ARG of
malural hevitage features. [t & recogrized Mal the Cily ias a diverse and abundant supgply
af natail hentigs feahaes and thal these fesources must be managod wisely in ander to

featies: are the hatsta of many spacies and play
an impodtant ros 0 the rogaon's scology. GRanges o natsnl honsige fratusss can aflect
Dabwadn e aran's plant, animal, wales, s and landscags sybems.
Treough the spplication of the policies in tis Plan, the Cay wil asempt to snsure fat
Mwmmmmumwmmmm

fite o the natural haritage

(ebecton exfiria for Commuraty
imprermimannd ﬁmr Araas)

Coen Space Areas | Achieve a haghly integrated systam of m«mmranmlmm
recresticnl arsas arnd s ihroughout the May 30
City. MPMSI:\:M?P.PL'I

Open Space Ansas

Commnity Grosning lop_impssment. and provde SEtaod Ensthwese Thunder Bay Annsinl
furding for a comprehensive Lihan Forst Rapon 3006 p2d
[Maasnr Plan (UFMP) Bat inlograles pecgly,
the: arironeent, freos and thes continual
chanpe and intesciion with I s

MNatural Enviranment ) masintain and IMErcve, whne poskEN, Oy of Thundar Bay Offical Plan-
the divarsity of natural héritage faatires May 30, 2005
withn the Cay and the natural Official Pian Sectan 2 Page 2.3
connections between them; Tha Natural Chapaar 2|
2] impeen property ownan’ Awaneness of
she vakie of natural hesilage features and o delicals halance
increass thar of thair role in
@nauring the peosection of these featses

Bof Comtamninason mprove i condstion of soil contamnation

mumumanmmmn.
May 30, 2006
il Bian Secion 3 Page 83

resources ihai st ioday. [09!'-‘!”«2 ﬂnmmlﬁmﬂmlmn
mmﬂm

muavmmdmammmmmauu cammunity lnimmf the City)
Eractly in Senior GIVATIMH PIOGramS SUch a8 Rarawal,

e conmany

Thes City bl prvvidi propesty = o

ufpmpmy-muum s Supporied thicugh the r‘rsmmny Slmdan'&aylw The Gity
5 I ramsa

wm’p-mnhmnlnmum City infiatives in community Wumm
sigrificantly fawards strengiiuning the local bax base, econamic deveiopment, job crostian

it I, v oo pliry within the City

[ 50ek 10 ersiare. 0 co-cporaton wan e |Gy ol Thunder Bay Offcial Plan- o Tands (L 10r 0TS of pubis e
[ apprograle goveiment sulhones, 1 May 30, 2005 ot safiedy or ervirsnmental qualty, ae unsale 28 & resull of past aclivibes. This Chaples
nircessary, Bl consamenatng soil and Cifficial Plan Secton 2 Fage 121 mmmmmmmmumum-wwmm-um
Qremsetwitier do niot orente o hazied B the pobentady praclices. F of
et of pestural or e progle s Plan, onty

probloms are idenified, The folowing Fst of gomeal uses suggests scihilies thal are.

urortly in oporaton, or huve boen presarit ) Lt pasi. Biat ane rolidod i possibic

they I winsti and other
reaiues; iredustrial s commurceal actvities Imvotving hazardous substances; storege and

transfis of hazandous subrsiancs; and sies formory usoed for ranspotaton or utily

purposes. In addilion. whre sgnificant filing of propesty has occurmed in th past,

| cemtaminamts miry e presunt and site remediation ey be reguned.
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Prioritizing our Community's Goals

Sustainability

Goal Description Priorit; ¥ Supplementary Explanatory Notes
P y Citation PP SR ¥
Human and Health

Ar Quasity Ta Improve outdoar and indoar air qualily by | [Enrwise Thunder Bay Anmual

rechucing air polistants and graenhouse has Rapan 2006 pid

emasions.
Pestitdng Tos product Do s nd veeih-ning of ihe Eartwtan Thurder Bay Annaal

Repon 2009, p33

[Fiaiee, vibraion and Emsusns [h

PHYSICAL CAPITAL

and Bulldin,

WMM(WWWN—

Oﬂtllll'm&!ﬁlmzﬁw'h
Noise, Viewation and Emisaion

There is a growing awareness of e iMpacts of noises ABsacialed with arpon operations,
mmummmmnauwmmsgmmm@-mmm
wivch may b ge ta houring.

Land

Alraton, of siep
Lmes most sensitive fo the efects of nome include ol residential uses, many nsbiubonal
mlmum Enurchas Bnd Sehacls, 5ome recrentonal LSas such B prenk
as well as ses includiny) day care taciltes.
mwﬂlndwumwﬂuww forms of negative
urban ervironmernt, depandng upen tha pamioular faciity, cther adverse affects may ko
relat i £

%
i

Energy

Earttrease Thunder Bay Annual

Riport 2008 18

Eanfwise Thunder Bay Annual
Repon 2008, g8

Earthwise Thunder Bay Annual

tacilters. A stategic prorily for the City ol
urvter Ry hiakinn Thundar

'&'_mm 020
2007-2010 Sirategic Flan, CTH,

BMUWNMWFMM

Green Buidig

ihrough reduced
[Ma-cycle costs of municipal and privase

Exsrtfwise Thunder Bay Annunl
Report 2008, 15

Bomnification and Design
Beautication

improve image routes through Site Plan

Control. A stratege: prorty for the City of

Thunder Bay: Making Thunder Buy mone
il

Z007-2010 Sirategic Plan, G10,
ing on e New Foundation

Design and create Gateways 1o welcome
people o the Gity. A stratagic prosity for
thee City of Thunder Eay: Making Thunde:

improve appearance af Water Street

Tarminal, A strategic prionty for ihe iy of

I’mnﬂ:rﬂa.l Making Thunder Bay mare
g

Revitalization Revitalze Fort William Dowmiown. A Z007-2010 Sirategic Plan, CTH,
siratugic prorty for the City of Thunder Bay: Buiding o the New Foundation
Thunder Bay wel have a Hgh Cualiy of Lifs 008 p12
InfsnsScationiousng Encourage sfciant residential land uss cqﬂma:ymwm nlimwlmuﬂmmmwsmhmmummm
within the City by faciilating the creation of May 30, amenity and o provide for an amgie and varied supply of dweling types ko meet ihe needs|
new residental accommodascns umulmmanawns:l of al that this P of
existing buskdings or n previcusty reigribamicads thal are wel planned, sate, Fiendly, vibrant. inclussve. and places where
deveioped g serviced land, wmmtmmwmm— While if Is eapecied that single detached housing
f-ba the carminant % musgia resideniial
housing i these derrunds, an)
o et fhat el rmimize
mnnnmmawmumﬁmmnq umlnll Dmgmlommmu the
City's housing stock hars grown amber of
mmmmmwmmnmmﬁmcmmmm
changes in the City's camagrapiee profile resuting in @ smaker average housahcla size.
Crver the nexd two decades, h@lthmhwwhnnmwﬂ5mm
units. Privately awned, single
City's housing stack. M.hmdrmpnrhmmqmmpxmhﬂ-wam
erre mey be mone commen in new
13 Expacted to become incteasingly Important in fulle years and me conversian of oider.
lsgper dwelings i spariment busdings ard the conversian of non-residential space fo
resbential use f5 snbicgoted bo coninbute additioral residential accommdations.
chinges in ihe age peofle of the City's populabon. (i expected thal (here wil be an
ircreased demand for housing for sersor citizens. Al the same lime, the housing needs of
it Aiehdiiag and sihar e ina ruimt siun "
Ingirds of mm!mmmﬂmﬂﬁwm wummmmkamanm-nnummmmmwmum
[ busldings o6 slsclunes which ragquin My 30, 7005 wehich masntan, lop
B Official Fian Section 2 Page 83 ‘I social ot wilhd ty hlmnnl e Ly
s muwmmwmmmmmmmumnmm
o Programs, in s afons
award comimanity Tha City ligibin provade propedty %l
ranln, aicd S plondetios gred he
Progeams marks avalakdn froen Hme b time. Maintenance |
nlmmugw1wﬂmrtfnhwymsym The ity
Business. (BLAE)
BiA it iy
qnmmrnmmmdmmw ity indtinti
wnwqumwmm ‘conamic devmiopmant, i ermation
i Wt i b
Impdove e presance of feydantial, ity of Thunder Bay Officaal Plan-
cammercial, industrial or insfitutional aress May 30, 2005
which requrs STeolICapa and'ar facade Official Fian Section 2 Page 8.3
[, Community Improvement
[Fsidenin Arei [Sumwent o0 pravin of serveces and ’F«yﬂmr&qmmﬁm Cards G e, il e
armwenities that enhance he quality of the My 30, Wmsmm‘c',-amﬂdnmmmwmmmmnu
[ A p———, Offcial p[,. Section 2 Page 17, | W inlegral to. and sUppoMive of. a residential emironment. Housing may taies many
Rusidrilial Armis. Forms ranging in density snd scale lrom smgle detached dwelings 1o high-se apariment
nructures. T s for e 4l & beoad range of resdential
s thal will 3atisly heousing requirements, awd @ range of ieslyes. tree resdurtl lnd
use das are epiabishad in tis Plan,
Urban Residerial Enkance batwaan dwaling Gy of Thunder Bay Offical Plan- |lmmmmm'5'n'umﬁmmrmmm‘ﬂ
wurannumum and minimiza May 30, 2005 range and tonur, Tanging
CHficial Plan Sectian 7 Page 17 umsmamamxml-m- h"-m-mnmmmnm meviumnlmml'm"
ussa. Ramdential Areas
mmmumrmsmmum
Lk Speawl (Curty Thursder Bay's urtian sprawd o rodices Eimrttwese Thurdir Bay Anneal
ey consumplion and geeenhouse Ropart 2009 p2
IrvstButional Aras Iam-nmmmuncnumn mynﬂr-mawanyonm?h» Lands A" as “Major | By el
and dbaKned in Sch A way 45 15 Wy 30 mammupuu:aqnwmpwmmﬂnmammm such as
Ww:mnmnmdmrmu o«:wms.umzbmm u-wuum o0 homes, comectional instiitions,
Thee prcvision of adecunbe culdonr pmendy ud\u Thenitlyrs. fisdiorimes. and ofier
ares. the provisson of on-ase ([Bndecapng, puUBAC INABNAONAT TAciltst And BUBKINGA. Lkt within IFit. dedignaticn afw ganerally
fencing, planting, and oiber measues io characlerized iy lasge areas of open space.
ensen any impact the popased
| devmiopment may haws on Adacen] uses;
Commercial Grounss Minimize the impact of commancial Caty of Thunder Bay Offical Plan. LANds Geswqnaied 107 COMMENcha use, SHown gerarally on SEnedue A and mom
on adgacent Lana dses and on May 34, 2005 wmwmswwwﬂonimmlnmmmmwmmumm
the traffic carmying capacity of orruulmmamu 181, |publc office e, functions, culteal
ronds; promole sesthetically pleasing forms Commencial Are facitush, 0 wirll i commungy Servi Tacilies. hm»ﬁmmmumﬁxmp&.ml
of commencial development mdgnommms hmmmmwmmmm-\m
Fan hrean Com®, | *Community
- mmmmﬂmmmmmmtw“
citarantiatid ta function, ludm dansity and scals of
Downliwn Cor | Miaitain and aenance e downlown arat Tty of Thundar Bay Oflcal Plan. | Lands Desgnacd 5 ot T O The Gy s WD
s rigue focal points of actnay, inerest May 3, 2005 mmmmﬂmum It s interced that these tao areas will
aned idtntity for residents and visbang Official Plan Section 2 Page 18 1 and residential
hraugh the provision of the fulest range of Commancial Araas s {‘mmﬂly mummlwumnrmmcmpmmmgm
urhian Lmctions and amenies. dmm-mmhl’wc"ymﬂﬂlbulpnrhfwmlnhnmﬁ.wml-ﬂ
cutural pursus. The Madilonal dowrmown cone areas are viewed o5 assets,
imporiant b the Cay 05 & whoks. Tmmmmwmrmmmmcu-'mmund
iy he downl cores. bl Tor
core ar unclaons.

299



Goal
Category

Goal Description

Co-orginals development 1o minimize any
[potisntal confict batween adiavial snd

Land
Wil industnial sreas themaslvas;

Sustainability

Citation

City of Thunder Bay Oficial Plan-
.

My 30,
Official Plan Section 7 Page 30
Commarcial Arsas

ing our Community's Goals

Supplementary Explanatory Notes

LANGS dnsigraied 1oe INGUSITA LS SHOWN GEnaraly on Scnacie “A° i Mo
|swecificaly on Schedule “E” are intenced to be used for & broad range of manutacturing
i, wardnGusng, Al umnmng rocissing of goads ana mw mabenals, public
ulily lmdm-. frangportation and mcwmulnnvxlm and 1aes ancillary 10 the
forngoing. In addison, certan . siich ag
Whloasih Dutlls, Ehovroorms, Banks, olleas, EMALFANS, kHoma ighRAtang Ao
athietic. chibes may b parmitted in industrial areds, in accordance with The policies of tha
Plan. In order mmnnm ther moram and future industry nm o addreas.
paneerms regarting land n
this Plan, The “Heavy Indeal “Light Induﬂhnl * *Business Park® nnd "ulnnns' s
e beansis of it range of pemitied uves or Sdusiial
processes, the poteriial Snpacts (hese uses O proTesses Ve on pgacen arves, and e
scaln and niensty of development

Fromole an sesthencally pleasing form of
indusirial development aiong major rusd
enirances o ihe Ciy

ity of Tmuum Bay D%l P
omml P|m s.cw. 2 Page 20.

ECONOMIC CAPITAL
Food mmu mw Funted ] Tmmﬂlﬂmd
and consismed locally. Fonpet 2009, 34
Reduce the Iranaponaton fequirements andj Enstraiae Thunder Bay Annual
arsvirarmental impacis of e food spsbem | Rnpeort 2008, p35
|‘|m-n [AtiFact and retain ¥isdces o the community. | 2007-2010 Stralegic Plan, GTE,
[Bulding on the Maw Foundaton
Thve estaUiehment of B1e City as part of & mummm
mwum
msmumn
wmmwmh Devatapmand
[ Econguma: Disvesgmaent

HUMAN CAPITAL

[ Supge the coation of & (v cTTAM iy
m-ﬂ%h

aga 7.1

@ummm
by 30,2002 artfsterm Ot Tha Ciy & also woll sfuster 1 develop and Grotnlen on ke

mmmw .

Active TAT]

imgwrover Aciive Transpostation: A steatug
|Mwmmummmm
[Encrurage the use of enorgy efficent

midas of iravel such 83 public ranad, car-
puotng, bicycles and ather nonemehorend

The Cily will gmoourage bnkages bobvwen
tha unsverity. cobege, commarcial, and
pen space sneus.

Provide @ relionaliced syslem of pedestrian
--m Wmnmnh

Transporiabon

mmhmmdn-

Official Flan Section 2 Page 10.1
Transportation

l}aﬂmnhm-d mdmnm mwmm
frmmawoek for

a
eompatoety of wnd umumummmmmmmumm
o travel and vanous

MPB'W
mmﬁmm rnmmm becycle paihe, padwstrian irais, pulic e |
mmmmmmmm-mm.amrmz

i e "AUpOAT” die
Schadula "A" all ot faciitins within|
|l 1ana use deaigrations

|5Mwwmwmdnml
o, for earmmental ond safely
o, Wi 2t e i tima, Trurmizang
fhee ot of roverment expenditures.

Ty of Trasmdar By Ocial Fian-
May 10, 08
Oficial Plin Setan 2 Pagd 1052
Transporiaton

Trafic Galming

shall s e use of trasic
umqmnm Ihat Pk i sk sty
mm treough traffic in mmu-

lﬂuuh- mmwmmm

'T&urmmmm
My 30,

OMMPIIISWZmei
Temnsportation

Farkng

[ Agpeopniase standards foe off-atest parking
s Jandang Racdties Sor o Yorma of lord e
it Shal b istabiishi o this

iy af Thunder Ray Cfiial Fan-

My 30, 2005
Oficial Plan Settan 2 Pagd 10,1
Transportabon

—

and comumunaly mearnness. Carmenuniy Emamnmental Action
i 1 means i acheving 8 sustanable
incrasus pltic swananess of snviommants| Statement of Environmantal
139008 And BCUONG BRCOW CAN taka by Principias: Emcnmant

tralning, and participatiog in projects tnat )
oramoi waier ard energy
ey reduction. preetnbon and
urtin
SOCIAL CAPITAL
Safety

Crime Ta tidice crm a8 indcatnd in Dbyecive Thunder Bay Folce Sarvces 2008
10,3 1800 4.1, 4 5 of Thunder Bay Police 010 Business Plan P1-38
| S Busingss Plan

| Spending Ta reduce spescing &% oddicabed in Thundes Bay Poice Senvices J008-
| Cibjactive 4.5 of Thunder Bay Polce Servical 2040 Business Plan. P1-28
P

| Bate Faigh At over - in the G0 FO0T-2010 Srategic Plar, CTE.
Strategic Plan Budging on the Naw Faundaton

igiiing - A strategic priority bor the City of
Thurser Bay: Thundur Bay wil have o High

IEnh.m Securily o Packades with Batier

[ Codit ot | ifs

2007-2010 Sirategic Plan. CTB.
Bushding or the New Fournation
2EpT




Goal
Category

Prioritizing our Community's Goals

Goal Description

Enhiance Secuity at Tranait Tarmrals - A
[sxmtaga: priocny for the Coy of Thandar Bay:
Thursier Bay will have a Hgh Quality of Lile

Priority

Sustainability

Citation

2007-2010 Siratege Pian, CTH,
Buslding on the New Foundation
2008 pi1

Supplementary Explanatory Notes

Informed and Involved Citizens

A ovar arching principle in the CTE
Straligee Plan

2007-2010 Sramege Plan, CTB,
Buading on the Ner Foundation
2008, 93

Commaunity Senices
Naads of Spacial Groups

ﬁnmu»qn conaderaton of the nesds of
[spucinl groups, and in particular persony
with disabiliass, in e design and
canatruction of Busdings and olber (nciitss

iy of Thune Bay Official Plan.
Moy 30, 2005

Official Plan Secton 4 Page 4.1
Camenundy Seraces and Facitios

Land 1 docisona widy GHoR e sgn e Tiw
. g fre [nwcbesd, The
provision of adegu menily services and faciibes i essertal for he enhancemsent

ol qualey of ifi. Whike the City fiself may ol be droctly meolved o te provison of B
mmywwm o rmmes it can oflen play o supportve ol This Plan

of
wervices 1| s intencted thal s services snd Tacibes be
pfysicaly accessibie, affandabis, susianable and conamue to svole 1o meet (he changing

riaads of e community. 44 Access 1o ‘Fersoes and

Fseuns Accasibdity will be corgidered in the design of al w!llt buddings and facilites,
Iritiatns it posstin

Tha use af public and tha rautes,

ahnmane
such ad pedestnan paths and bicycle commuting routes, wil be mipponed 0 as to
Ieutee public aceoss o Tacilties D Sorvices

CULTURAL CAPITAL
[Ferage Resourc: T) coreree fis hoane. archasciogee, ﬁumm
ol thie City; Omcial E 1 P ol L
ol ,“I_‘ W . w bacame:
posatin 05 i, rhizgic
Bt s At
Hemaom ang o o
Wil iy ety neriuge vokse of
Thaes ais -
1 e & o "
1 s s Gty may oo
I 3 Page 3.1 Resources) :
wnd eribance strctines, Caty f Thendesr Bay Official Plar-
kaer irati gﬁ.m By
hissore 4 [Flan Section 3 Page 3.1
|Hentage Resourcns.

SUPPLEMENTARY SECT.[DN
A Call to Action:

(Feb. 10/09)

Planning for Chadren

Give priarity to the needs of children
and youth

[ Guidelines 1-3]. These three
quidelings sre the most

in that they call for
& locus on the needs of young
people and indicate procassas
whereby this can be achieved.
Report: Flan for the Needs of
Children and Youth, Pg 2, Feb,
10, 2009

“1f we can build & successful city For children we will have a successhul city for
all pEople.” The gusdelings have been endorsed by OFFI and thus represent
DPP1's position on these n\ill.cri‘ at feast ’ow urban and suburban

. The d In Six graups, ser ot here with
| brtet comments and in full mnr in this Call to Action.

[Pian for chraren and youtn o
pedastrians

[Guidetines a-7]. Walking |3
the mast svallable moda of
Active transportation, and Mis
the most impartant. It can
provide the maxmum af
enertise for the minimum
financial autkay. Land uses
should above all faciiitate
young peaple’s walking.
Report: Plan for the Needs of
Children and Youth, Py 2. Feb.
10, 2004

[Fian for children and yauth on Bicycies
land other wheels)

TGumeTmes BT, Bty oig i
tha mast commen moda of
mechanized, nan-matarized
trangportation, and is avadable
o mast young peaple. It can
be an important means of
enhancng independente in
yeouth; but, even mare than
adulls, young people require a
safe bicycling anvironmant..
Report: Plan for the Needs of
Children and Youth, Pg 2, Feb,
10, 3005

Pian for children and youth as transid
users

| Guidetines 13-15]. As with
cycling, the svailability of
transit ta young people ean
enhinee their independence
and sacial maturation. Young
peopie wil use transit if it is
wasy to use and particularly it
they and their parents
cansider it to be safe. Report:
Plan for the deeds of Children

Facus on jeurneys to and fram schoal.

the schoul year, trips to and
fram school usually comprise
the majeeity of young pacpie’s
weekday ravel. These traps
shauld recesv the highest
prianty whan seaking to
ENCOUQE DETIVE
transgertation (.., non
metorized transportation such
a5 walking and Bieyeling),
Raport: Man for the Nesds of
Children and Youth, Pg 2, Feb,
10, 3006

and Youth, Pg 2. Feb. 10, 2008
LWI_". .m_?'ﬁ'x m—n..—’—r,. Ting

Reduce transport’s adverse impacts an
children and youth

[Guidalings 19-21], Almagt all
of these impacts result from
aperation of the internal
cambusten engines that
propel nearky all motorized
wefilcles. They ane expenenced
mastly when travalling but alsg)
when near traffic. Repart: Plan
for the Neads of Children and
Yauth, Pg 2. Feb. 10, 2009
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Appendix IV - Ranked Goals Determined by Focus Group #2

atego oal De ptio erage 3
ECONOMIC CAPITAL Food | w" s e smolie o o AT DU AN i prCs e a0 48 07 5
NATURAL CAPITAL Lands and Water  [Open Space Areas m'”":; l“g:'é:“ag's'ed Syatom of racraational arsas and tralks 46 07 5

Beaulification and Encourage efficient residential land wse within the City by facilitating the
PHYSICAL CAPITAL Deasian [Imensificaticn/Housing  |creation of new residential accommodations within existing buildings or 4.5 0.5 5
o on previcusly developed and serviced land.
PHYSICAL CAPITAL Beautification and Urban Sprawl Curb Thunder Bay's urban sprawl 1o reduce energy consumption and 45 0.5 5
Design reenhouse gases.
- . Active Transportation [ The City will encourage linkages between the university, college.
HUMAN CAPITAL Transporiation P and CpAn spare Weas, 4.5 08 5
To reduce crime as indicated in Objective 1.0, 3.1 and 4.1, 4.9 of Thunder
SOCTAL CAPITAL 3 it Bay Police Service Business Plan 4.4 0.9 5
Reduce energy consumption at large City facilities. A strategic priprity for 44 0.7
PHYSICAL CAPITAL Energy the City of Thunder Bay: Making Thunder Bay greener ' _ 5
B = and Mainiain and enhance the downiown areas as unique focal peints of
PHYSICAL CAPITAL Basign D Core activity, interest and identity for residents and visitors through the 4.4 0.9 5
— A0l wision of the fullest range of urban funclions and amenities;
HUMAN CAPTTAL Transportation Active Transporiation  |improve the number of people walking, beking, or travedling by other 44 05 5
AT) human-powerad means
HUMAM CAPITAL Transporiation (AT} Jrorex Develop Infrastruciure that supparts AT 4.4 0.7 5
SOCIAL CAPITAL Sarer; Safe ighbounmd§ An owver arching principte in the CTB Plan 4.3 0.8 5
= i 1) malntaln and improve, whers possible, the diversity of natural herllage
features within the City and the natural cennections between them;
5 2) improve proparty owners' awareness of the value of natural heritage =
NATURAL CAPITAL Lands and Water  [Natural Environment features and increase their understanding of their role in ensuring the 4.3 0.9 5
protection of these features
Energy and Reduce lotal enargy usage by 35% within the CTB, and 10% within the
EHYSIGALICARSTAL . | gidin e community at arg, below 2005 levels by 2017 42 b 5
HUMAN CAPITAL Transporation A:Tll = Tritiey Improved safely for people who are engaged in AT 4.3 0.9 5
ok A Active Transportation  |Improve Active Transportation: A strategic prionty for the City of Thunder
HUMAN CAPITAL Transportation T Bay: Thinder Bay will have a High Guahity of Lita 4.3 0.7 5
CULTURAL CAPITAL Herilage Resolrces R el 4.3 0.9 5
of sites deemed 1o have
CAP of cultural
CHLTURAL AL and, where praciical, presarve significant public views and cultural 4.3 0.9 5
SUPPLEMENTARY SECTION Planning for Children Reduce tranaport’s adverse impacts on children and youth 4.3 0.7 5
Profect provindally significant wetlands from any use or development thal
NATURAL CAPITAL Lands and Water  |Prolection of Wettands  [could result in a negalive impact on those atiributes for which the wetland 4.1 1.0 5
n identified.
Suppor the creabon of a positive chmate for business, institutions and
employees, In order to develop a diversified, growing economy; City will
|[ECONDMIC CAPITAL Economic Development [rely more upon secondary and tertiary suppart industry, relall and service 41 1.0 ]
functions, and small business, rather than the traditional sources of
18
Provide a8 i system of p and comdors,
HUMAN CAPITAL Transportation Padestrians which allow safe, effective, convenient and aesthelically pleasing 4.1 0.6 5
HUMAN CAPITAL O e R 4.1 0.8 5
public of issues and actions people
Community can take by kon and training, and
[ 2L -ducal
HRSAN RAEATAL |Sustalnablity = L) participating in projects thal promaole waler and energy conservation. 4.1 06 5
waste reduction, pollution prevention and urban green-spaces.
MNeads of Special Encourage consideration of the needs of special groups, and in particular
SOCIAL CAPITAL Communily Services Groups i perscns with disabilities, in the design and construction of bulldings and 4.1 0.8 5
other facilities.
SUPPLEMENTARY SECTION Planning for Children  |Focus on joumeys to and from school. 4.1 1.0 5
NATURAL CAPITAL Lands and Water | Water Habitat Protection |Preserve and enhance fish and wildlife habitat, as well as flora environs 4.0 0.8 5
[Policies will be developed to support the City's Pollution Prevention
NATURAL CAPITAL Lands and Water Water Quality Controd Plan and to protect the quality of walter in the streams and rivers 4.0 11 -1
passing through the City and in Lake Superior,
Energy and Achieve long-lerm savings to the citizens of Thunder Bay through
EONSICAL CAFXFAL Buildin (rpen BUding reduced operating and life-cycle costs of municipal and private facilities. B i 5
ECONOMIC CAPITAL Food R.duumkm':apomnm requirements and environmental impacts of 40 11 5
Encourage the use of energy efficient modes of travel such as public
HUMAN CAPITAL Transportation (AAT: st fransit, car-pooling. bicycles and olher non-molorized forms of 4.0 0.9 ]
transportation.
SUPPLEMENTARY SECTION Planning for Children Plan for children and youlh as pedestrians 4.0 0.8 5
SUPPLEMENTARY SECTION Planning for Children  [Plan for children and youth on bicycles (and other wheels) 4.0 0.8 5
SUPPLEMENTARY SECTION Planning for Children  [Plan for children and youth as transit users 4.0 0.8 5
’ ANSI's (Areas of Natural| Ensure the preservation of "Areas of Natural and Scienlific Interest”
NATURAL CAPETAL Lsncta and Waber and Scientific Interest)  [through the use of appropriate development controls 39 o0& 9
Energy and
PHYSICAL CAPITAL Buildin Energy Encourage the development and use of renewable energy technologies. 3.9 0.6 5
Changes in peak runoff rates and the timing of peak flows are to be
NATURAL CAPITAL Lands and Water  |Surface Drainage minimized so as lo reduce downstream Impacts and the associaled threal 38 0.7 5
to e, properiy and natural resources,
Beautification and Revitalize Fort Willlam Downtown. A stralegic priority for the City of
RHYSICAL CARITAL esign e tiiakeaion Thunder Bay: Thunder Bay will have a High Quality of Life 38 2 §
SOCIAL CAPITAL Satety :;';“:2‘? and Involved |, over arching principle in the CTB Strategic Plan 3.8 1.3 5
SUPPLEMENTARY SECTION [Planning for Children Give priority to the needs of childdren and youth 3.8 1.0 5
In the case of new development, no surface water, ground water or
NATURAL CAPITAL Lands and Water |Water Discharge bullding foundation drains will be discharged 1o the City's sanitary sewer 26 0.7 5

system. To the fullest extent practical, this policy will alsa be applied to

exisling
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To the fullest extent pmdnml the quality and quantity of stormwaler
NATURAL CAPITAL Lands and Water  |Surface Drainage laawving a site shall be mai ot Imp S Pl 5 36 13
PHYSICAL CAPITAL Beautification and Rasidaniial Araas Support the provision of services and amenifies that enhance the quaity 36 12
Design of the residential environment
ECONOMIC CAPITAL | Tourism Altract and refain visitors io the 3.6 0.9
| Minimize the adverse effects of ms transportation svs!am on the natural
HUMAN CAPITAL and urban envi in 36 1.3
noighbourhoods.
Increase Pride in A strategic priofity for the Cily of Thunder Bay. Making Thunder Bay more]
CULTURAL CAPITAL it Ba 3.6 1.2
Seek o ensure, in with the approp
" if y, that soil and g do not
SARVAE EARIEAL LA B UK PHCH R Ol RO ] creale a hazard for the health of natural ecosysiems or the people who 35 09
live, or play within the Cit
Council shall suppart the use of traffic calming lechnigues thal help io
- 2 < slow down traffic; reduce ihrough traffic in residential areas; promate
HUMAN CAPITAL Transportation Traffic Calming |pedestrian, bicycle and transit use; and improve the teal and perceived 3.5 1.2
ion in the use of treated|
NATURAL CAPITAL Lands and Water  |\Water Consenvation waiar and to minimize the impact on lhe natural environment through the 3.4 0.9
‘rho collection of surface water and sanllaty sewage shall be, to the
NATURAL CAPITAL Lands and Water  |Water Collection System|fullest extent practical, achieved through two collection systems 3.4 1.1
complately separale from each other.
; To Improve ouldoor and indoor air quality by reducing air pollutants and
NATURAL CAPITAL [ Air Quality greentiouse has smissions 34 1.2
Promote an aesthetically pleasing form of industrial development along
PHYSICAL CAPITAL Industrial Areas atorroad siances ko the Gl 34 0.7
Erosion and Slope Prolect paople and property from thi risks associaled with steep or
HATUBAL ENPITAL Lans 8k Paee Slability unstable slopes, poor soll conditions, wave impacts, flooding and erosion. 33 10
x 4 I tha son of soil chileria for
NATURAL CAPITAL Lands and Water | Scil Contamination ormtindy Ml Peblacy Arass 33 o7
Beautification and ) Improve image routes through Site Plan Control. A stralegic prierity
BHYSICALZAFITAL Design Seauiaion for the City of Thunder Bay. Making Thunder Bay more beautiful 33 L4
Design and create Gateways to welcome people to the City, A
{1
PHYSICAL CAPITAL x:;‘:."“‘ onand g s i priority for the City of Thunder Bay: Making Thunder Bay more 33 12
ECONOMIC CAPITAL Tourism 33 0.5
moted.
: To reduce speeding as indicated in Objective 4.5 of Thunder Bay Police
SOCIAL CAPITAL Safaty . Speeding Service Business Plan 3.2 1.0
Mmlmlze of prevent, through the use of various abalement techniques
Human and and , tha of any person or property io
NATURAL CAPITAL Environmental No‘.”' Niaaifort snd adverse effects assoda{ad with mnso vibration or smissions; and 3.1 1.1
st the of to
minimize @xisting compatibiity problems:
Energy and Reduce fossil fuel genaration by adopting practices thal reduce electricity
PHYSICAL CAPITAL Energy &emand i ey 3.1 0.6
Beautification and ; tha p af i or -
PHYSIGARTARITAL Design FADRGITSACY.OF bulldlngs areas which ;gwe sireatscape and.fnr facade |mErmamen| 31 08
Ensura that major institutional uses are located and designed in such a
i way as 1o adeguately serve the needs of the residents; the provision of
PHYSICAL CAPITAL ::k o A i Areas d outdoor amenity area; the provision of on-site landscaping, 3.1 0.8
gl fencing, planting, and other measures fo lessen any impact the proposed
dovelopmant may have on adiacen! Uses:
Co-ordinate d to mini any polential conflicts between
PHYSICAL CAPITAL ::';':'m"'" and | tustrial Areas industrial and non-industrial land uses and batween uses within industial | 3.1 08
i areas themselves:
| Appropriate standards for off-street parking and loading facilities for all
forms of land use activities shall be established in the implemeanting
HUMAN CAPITAL Transportation Parking Zoning By-law. The intent of such standards shall be to achieve sale 3.1 1.0
access, efficient usage, improved aesthetics and reduced impact on
rad'ml land uses.
Enhance Security at Transil Terminals - A strategic pricrity for the City of
BOCIALCARIRAL Fatel Safe Neightourh9odS | hunder Bay: Thunder Bay will have a High Qualiy of Life 31 L3
PHYSICAL CAPITAL z:‘":'"m'“" and | spearance of buiidings | ™P'¥ the s 2! o - W 3.0 08
. = Efiect approgriate segregation of ruck traflic, for environmental and
HUMAN CAPTTAL i safety reasons, while at the same time, minimizing the cost of movemant 3.0 0.9
itures.
Human and ~ |To protect the health and well-being of the environment and local citizens
NATURAL CAPITAL Environmental Peslbcides today, and ensure a sustainable future, by eliminating the use of 29 1.2
Health eslicides on pubbc and private arly.
Minimize the impact of commercial development on adjacent land uses
Beautification and ¢ and on the fraffic carmying capacity of adjacent roads: promote
RHOEICEE CAEIYaL Design fERl Eceling S aesthalically pleasing forms of commercial development 29 08
Enhance Security al Parkades with better lighting - A sirategic priority for
SOGTALCAPITAL Selnty felie siahbouriiaocs the City of Thunder Bay: Thunder Bay will have a High Quality of Life 28 09
Beautification and e Enhance compatibility between dwelling types at different densities and
gt s it l Design thisan Raddanis minimize potential conflict between incompatible land uses 28 b
PHYSICAL CAPITAL Beautification and Beautification Improve appearance of Water Street Terminal. A strategic pricrity for 21 0.8

Design

the City of Thunder Bay: Making Thunder Bay more beautiful
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Appendix V - Link Table

Digital media pasted here
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Appendix VI - Summary of Ranked Goals per Category Provided with Link Table
to Focus Group Participants

Please review the folowing six categories. 1f you would the model 1 agree with recommendations
another task please mwmﬂ [Earoames asicaos S i e recommendations and left
i e § By Did not agree completely with the recommendations and have listed
my recommendations/feedback in the comments section below.

ECONOMIC Capital

3 MANAGEMENT TASK TO CHOOSE FROM

Comements:
C CAMITAL
|ecemotere carrrar
|econoterc caprrar
PHYSICAL Capital
6 MANAGEMENT TASK TO CHOOSE FROM
3 The doweriamn Yool ‘Commients:
ey e netity intorest and ientay for tesidents and
PHYSICAL CAPTTAL Bnnutifcaton and Design i pelefpotloditrmy = i
o
PYRICAL CARTTAL Enmgy e Busldig
= Td v wit B Cily by
PATRICAL CARTTAL Boautibcaton and Design ' 0.49
seiced land
FHYSICAL CAPFTAL Boautification and Design At Syt ||EAwE Truluiur Fny's il sgesme o eiie seyeny 0.44
- - vy Feeduce eroegy consumpbon ot large Gy faceties. & sralogd
YRICAL CARITAL Enorgy and Buking prory o w Gy o Ytuncr Gy Meking Tounde By 0.44
e e ey el B iy Feduoe W] STy S 5 5% WA T CT8 i .

HUMAN Capital

13 MANAGEMENT TASK TO CHOOSE FROM

Two overarching themes scored well in this category:
Planning for Children and Active Transportation. Both
themes are strongly interconnected and it is a
recommended managament task to focus on Active
P for Children, on journeys to

and from school.

LAT)
Podnsinans [Provice & mbonaiizad sysiem of pedosiian walkuays and

MY EARTYAL Trampertation coemidors. whach alicw sabe. affectiva, convensn and 0.44
| Active st Trarporiation. A strategic prionty for ta City
foutbidy EaFL Trarmpertation Transportation anununany Thunder Bay wil have & High Cuality of Life 0.42

T [ S — [P tor chdren and youth as transi users 0.30

(Encourage e s of enorgy oMCIONE moses of Fav such

(s & Trarngertation 0.25
AN E4PTT L Covmrmnay Sustunaniiy 0.01
NATURAL Capital
4 MANAGEMENT TASK TO CHOOSE FROM
FEN - The first and second Management Tasks are strongly
WATURAL CAPITAL Lancs and Water w“m"‘:_f“’w“ ) ""’”:“" ?'“m ﬁ‘h‘;: interconnected and rank high. It is therefore
ior. recommended that the common theme of Protecting
Water Quality (pollution loading, flora and fauna
MATUMAL CAPITAL Lands and Water preservation) be chosen.
RATURAL CAPTTAL Lands and Water
oct n-mnannqmn Eomments;
WATUNAL CAPITAL Lands and Watar Wwtands hat could result paci on thoas 0.40
i i = i L |amibutos for which the wotiwnd has been dentited.
SOCIAL Capital
3 MANAGEMENT TASK TO CHOOSE FROM
Comments!
SOCIAL CAPITAL Cormmnty Sarvcrs
|mm v Rality o (At crves Arching pincipie i the CTE. Strategie Flan 0.44
|,m"“._‘m.'M Safaty Crame Turmmmumwmmumwln arwu. 0.39

4.9 of Thunder Bay Palcs

CULTURAL Cabital

2 MANAGEMENT TASK TO CHOOSE FROM

Cisn TuAAL CARITAL 0.22
Non seulln 1t is recommended that neither of the Cultural
Non = - Management Tasks be chosen due to their low priority
S JESCIPHON Ry vuunal EARTTAL 0.22 ranking, low averages, and low final scores.
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Appendix VII - Script developed in Python Programming Language used for
Determining the Proximity to School Variable in the School Travel
Greening Index (Sapic, pers. comm. 2011).

import arcpy
from arcpy import env

arcpy.env.overwriteOutput = True

vgr_rows = arcpy.UpdateCursor("C:\\gis_temp\\special_needs\\vector_grid2.shp", "","","Grid_code; grid_score; Shape","")
# this is the vector grid source and adds a field called "grid_score"

schbuff = "C:\\gis_temp\\special_needs\\school_buff_ring.shp"
#pathway to school buffer

vector_grid = "C:\\gis_temp\\special_needs\\vector_grid2.shp"
#second pathway to vector grid

result_fold = "C:\\gis_temp\\special_needs\\result\\"

# create this new folder called "result"

n=1

for vgr_row in vgr_rows:
print vgr_row.Grid_code
#print '""Grid_Code" = %s' %row .Grid_code
cell_area = round(vgr_row.Shape.area, 0)
#print cell_area
arcpy.Select_analysis(vector_grid, result_fold + "cell.shp", ""Grid_code" = %s ' %vgr_row.Grid_code)
arcpy.Clip_analysis(schbuff, result_fold + "cell.shp", result_fold + "schbuff_clip.shp","")

arcpy.AddField_management(result_fold + "schbuff_clip.shp", "buff_id", "SHORT", 3, "","","","", "" "")
arcpy.CalculateField_management(result_fold + "schbuff_clip.shp", "buff_id", "!FID! + 1", "PYTHON", "")
schb_rows = arcpy.SearchCursor (result_fold + "schbuff_clip.shp","","", "NAME; BUFF_DIST; Shape; buff_id", "")
sch_lIst =]

schbdist_Ist =[]
schbarea_lst =[]

schb_id=0
schb_dict = {}
na=0
for schb_row in schb_rows:
schb_lst =[]
temp_lIst =[]
arcpy.Select_analysis(result_fold + "schbuff_clip.shp", result_fold + "buff_temp.shp", ""buff_id" = %s ' %schb_row buff_id)
if na==0:
arcpy.Union_analysis([result_fold + "buff_temp.shp", result_fold + "cell.shp"], result_fold + "union_temp%s.shp" %na, "","","")
arcpy.Union_analysis([result_fold + "buff_temp.shp", result_fold + "union_temp%s.shp" %na], result_fold + "union_temp%s.shp" %(na+1),
nn ||"’ IHY)
na=na+ 1
union_temp_rows = arcpy.SearchCursor (result_fold + "union_temp%s.shp" %na, "","", "Shape", "")

cell_score =0
for union_temp_row in union_temp_rows:
schb_rows2 = arcpy.SearchCursor (result_fold + "schbuff_clip.shp","","", "NAME; BUFF_DIST; Shape; buff_id", "")
part_score =0
for schb_row2 in schb_rows2:
#print "tu sam 3"
if union_temp_row.Shape.within(schb_row2.Shape):
part_score = part_score + 0.25
cell_score = ((union_temp_row.Shape.area / cell_area) * part_score) + cell_score
del union_temp_row
del union_temp_rows
vgr_row.grid_score = cell_score
vgr_rows.updateRow(vgr_row)
print vgr_row.Grid_code
del vgr_row
del vgr_rows
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Appendix VIII - Metadata

These pages contain metadata for the various GIS data layers used in developing the
UFBM, particularly the source and contact information should additional information about
the layers be required. The two tables below indicate the input spatial data used in the
three standard and four link table management tasks. The details following present
metadata for each theme or layer listed in these tables. Detailed contact information for
individuals who provided and/or created these data are provided separately.

Shapefiles used in the seven management tasks:

Table VIIL.1. The input data requirements for each standard task.
Standard Tasks Theme Requirements

Theme Description (Type) Stormwater PPI EAB Attributes Needed
public tree’s existing (point) v v v varied

private tree’s existing (point) v v v varied

road network (polyline) v v v n/a

ortho SID 20cm Quad Aerial Images v v n/a
dissemination areas (via census) v population data
buildings (polygon) v area

driveways (polygon) v v area

lanes (polygon) v v area

parking (polygon) v v area

travelled roads (polygon) v v road class
sidewalks (polygon) v v area
neighbourhoods (polygon) v v name and area
city study area (polygon) v v n/a



Table VIIL.2. The input data requirements for each link table task.
Link Table Tasks Theme Requirements

Theme Description (Type) Economic Downtown Core School Special
Development Development Travel Needs

public tree’s existing (point) v v v
private tree’s existing (point) v

road network (polyline) v v v v
ortho SID 20cm Quad aerial v

images

business (point)

neighbourhoods (polygon) v v v
city study area (polygon) v v v v
central business districts v

(polygon)

school locations (points) v

Description of Shapefiles used: (organized alphabetically)

Buildings
Filename: *SDE_buildings.shp
Format: polygon shapefile
Data Current to: December 2008
Geographic extent: City of Thunder Bay
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
Area - building area

Business
Filename: business.shp
Format: point shapefile
Data Current to: 2002
Geographic extent: City of Thunder Bay
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
location

Central Business Districts
Filename: downtown_core_zones.shp
Format: polygon shapefile

308

Attributes
Needed

varied
varied
n/a

n/a

location
name and area
n/a

n/a

location

Created: Central business districts were digitized during the summer of 2011 from the City
of Thunder Bay’s land use planning map from the 2005 Official Plan (see Figure

4.15)
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Data Current to: September 2005
Geographic extent: Thunder Bay CMA (Census Metropolitan Area)
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
Cbd_zones

City study area
Filename: city_boundary_adjusted1.shp
Format: point shapefile
Created: The city study area was digitized during the Spring of 2011
Data Current to: December 2008
Geographic extent: Thunder Bay CMA (Census Metropolitan Area)
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
Area
Special Notes:
(1) The city study area incorporated most of the Thunder Bay CMA (Census
Metropolitan Area) (see Figure 4.9).

Dissemination Areas (via census)
Filename: census_data_projctd.shp
Format: polygon shapefile
Data Current to: December 2001
Geographic extent: City of Thunder Bay
Source: Statistics Canada
Attributes used:
POP2001 - population per dissemination area

Driveways
Filename: driveways.shp
Format: polyline shapefile
Current to: December 2008
Geographic extent: City of Thunder Bay
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
Area - area of driveway

Lanes

Filename: lanes.shp

Format: polyline shapefile

Current to: December 2008

Geographic extent: City of Thunder Bay

Source: City of Thunder Bay, Planning and Building Dept.



Contact: Janice Bonish (see details below)
Attributes used:
Area - area of lanes

Neighbourhoods
Filename: *SDE_neighbourhoods.shp
Format: polygon shapefile
Geographic extent: Thunder Bay CMA (Census Metropolitan Area)
Current to: December 2008
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
NAME
SHAPE_Area - area of neighbourhood

Ortho SID 20cm Quad Aerial Images
Filename: SID_20cm_Quad.sid

Format: Raster

Data Current to: October 2008

Source: City of Thunder Bay, Parks Department
Contact: Shelley Vescio (see details below)

Parking
Filename: Parking.shp
Format: polygon shapefile
Geographic extent: Thunder Bay CMA (Census Metropolitan Area)
Current to: December 2008
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
Area - area of parking lots

Private Trees, Existing
Filename: private_trees.shp
Format: point shapefile
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Created: Private tree locations were digitized during the summer of 2010 from the City of

Thunder Bay’s ‘leaf on’ imagery (i.e., the Ortho SID 20cm Quad Aerial Images) in
conjunction with sections from other images (40 cm resolution near-infrared

ADS40 imagery ‘leaf-off’ provided by the Ministry of Natural Resources). The SID

20cm imagery was flown in October 2008 capturing trees with their leaves on.

Data Current to: October 2008

Geographic extent: for a portion of the City of Thunder Bay as illustrated on Figure 3.9

(Private Tree Inventory Zone).
Source: Bradley Doff
Contact: Bradley Doff (see details below)
Attributes used:



Crown_Diam - Canopy width class

Special Notes:

(2) Other attributes within layer: There were additional attributes collected during
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summer 2010 including: {type; species; tr_height}. These additional attributes were

collected for only a portion of the private tree inventory zone (as seen in Figure

VIIL.1 below).
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Figure VIIL.1. A map displaying the extent of the private tree inventory that falls

within the city study area of Thunder Bay, Ontario.



Public Trees, Existing
Filename: *SDE_trees.shp
Format: point shapefile
Data Current to: December 2010
Geographic extent: ...
Source: City of Thunder Bay, Parks Department
Contact: Shelley Vescio (see details below)
Attributes used:
HT - Height

Road Network
Filename: city.shp
Format: polyline shapefile
Geographic extent: The City of Thunder Bay
Current to: December 2008
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
Rd_name

School Locations
Filename: schoolstbay_tojuly5.shp
Format: point shapefile
Geographic extent: The City of Thunder Bay
Current to: July 2009
Source: Lakehead University, Department of Geography
Contact: Todd Randall (see details below)
Attributes used:
Name
Location

Sidewalks
Filename: Sidewalks.shp
Format: polygon shapefile
Geographic extent: The City of Thunder Bay
Current to: December 2008
Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:
Area

Roads

Filename: Travelled_roads.shp

Format: polygon shapefile

Geographic extent: The City of Thunder Bay
Current to: December 2008
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Source: City of Thunder Bay, Planning and Building Dept.
Contact: Janice Bonish (see details below)
Attributes used:

Area

Contact list:

Janice Bonish

Chief Drafting Technician, Planning and Building Department
City of Thunder Bay

JBonish@thunderbay.ca

(807) 625-2550

Bradley Doff

MES Candidate
Lakehead University
(807)629-7626
brad@doff.ca

Chris Doyle

Geomatics / GIS Solutions

Corporate Information & Technology
Corporation of the City of Thunder Bay
Phone: (807) 625-2261
cdoyle@thunderbay.ca

Todd Randall

Associate Professor, Department of Geography
Lakehead University

(807) 343-8381

randall@lakeheadu.ca

Shelley Vescio,

City Forester, Parks Department
City of Thunder Bay

(807) 625-2473
svescio@thunderbay.ca

*SDE refers to the technology that manages spatial data in a relational database
management system (RDBMS) and enables it to be accessed by multiple users. SDE is
typically used in municipalities which have multiple users of the same ArcGIS projects.
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