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This report supports the growing body of research that demonstrates the link between 

socioeconomic indicators and tree cover. A matched pairs design controlling for urban form 

showed a stratified spatial sample of single-detached housing areas in Toronto‟s Priority 

Investment Neighbourhoods (PINs) featured significantly less tree cover than nearby 

residential areas not designated as a PIN. Paired sampled areas were selected based on the 

homogeneity of their built form and were near adjacent to control for development age. The 

PIN status served as a treatment group because they have been established based on 

collective socioeconomic and demographic traits similar to those cited in the literature as 

predictive of, or correlated, with urban tree cover. Such findings align with the environmental 

inequity hypothesis that environmental benefits are disproportionately distributed among 

different socioeconomic groups in urban areas. At the same time, much of the focus in 

previous studies has been on tree cover with less emphasis on the structural attributes of 

trees. The structural attributes of a tree community is important in ensuring its longevity and 

increasing the canopy, from where environmental benefits derive. Increasing the canopy 

cover is a chief objective for many cities, including Toronto, and relies on large tree growth. 

A diverse and healthy tree population contributes to the long term presence of large trees and 

their canopy, so genus and size class distribution were also examined for street trees in the 

right-of-way (ROW). With this, the planning implications and approaches towards a more 

equitable distribution were discussed.  

 

 

1. Is tree cover significantly less in Priority Investment Neighborhoods (PINs) than 

non-PINs?  

Yes. Six matched pairs of a sample area of 0.67 km2 each were selected based on their 

similar land use (suburban residential) and built form, including the road network, with the 

pairs selected near each other to control for development age. It was found that there was 

significantly less tree cover in PIN neighbourhoods than their non-PIN counterparts (Figure 

A-1.). 
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Figure A-1. 

 

 

2. How do the genus distribution (diversity) and size class distribution (relative age) of 

sampled areas fare against standard benchmarks used for tree master planning? 

Diversity. Benchmarks for a single genus state that no one should represent over 10% or 20% 

in a given community. All samples had a proportion of maples (Acer) that exceeded the 

20% mark regardless of neighbourhood status with some other common genera exceeding 

the 10% mark. Given the modifiable areal unit problem (MAUP), such benchmarks 

should be used more as a rule of thumb with emphasis on avoiding a homogenous stand or 

row of trees than meeting a proportion requirement. 

Relative Age. The ideal size class distribution of a group of trees is based on their trunk 

diameter at breast height (DBH), which indicates the relative age of a tree stand. The DBH 

ranges from 0 cm to as large as the tree will grow. The distribution for Toronto and the 

ideal is seen in Figure A-2, showing how far the City and samples exceed or fall short of 

the ideal proportion.  
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Figure A-2. 

 
Source: City and Ideal values from City of Toronto, Every Tree Counts Report, 2010 

 

3. What planning directions / recommendations arise from implications of the first two 

questions?  

Protect existing trees to ensure they reach their potential growth. Section B provides 

recommendations in achieving greater environmental equity in neighbourhood tree cover and 

local management strategies.  

 

 

1. Equitable Distribution: Use socioeconomic data to further prioritize urban forest 

investments in addition to ‘least treed’ neighbourhoods.  

The second of 6 strategic goals in Toronto’s Strategic Forest Management Plan 

(2013) is to “Achieve an equitable distribution of the urban forest, increasing canopy where it 

is most needed” (p. 4). There is a major opportunity to further refine the definition of 

„equitable‟ and „most needed‟. The City can prioritize less affluent neighbourhoods that are 
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least treed, i.e. approach the urban forest similar to how social planning is approached – 

based on comprehensive social data and indicators at a smaller scale or neighbourhood-level. 

As both land use and socioeconomic variables determine the spatial distribution of the urban 

forest, planning should incorporate a greater understanding on this relationship specific to the 

City of Toronto in order to move towards a more equitable distribution.  

 

2. Smaller-scale approaches to forest management are encouraged as a source of local, 

fine-level data and as a way of addressing the specific needs of a tree community.   

Since the quality or condition of trees will differ at different places, smaller-scaled 

(few blocks or less) plans may make for a more manageable approach. Use both established 

boundaries (such as the neighbourhoods, streets, natural features) as well as boundaries that 

are meaningful and perceivable to the specific group or community. While municipal level 

tree plans are good for high level strategy and monitoring the overall state of the city, more 

specific plans at a smaller-scale would offer a unique layer of information that could support 

higher level efforts.  

 

3. Community stewardship: transfer emphasis from planting to protection and 

maximizing tree growth. On-going engagement and education can be achieved 

simultaneously in community-based inventorying, which includes monitoring.  

The City‟s stewardship programs could be extended by incorporating community-

based inventories, which calls for some level of recognizing key conditions and structural 

attributes of trees. Given that community efforts are necessary to manage the urban forest 

throughout the entire city, public awareness and education need to emphasize the optimal 

conditions for growth and survival. Citizen-based inventory such as Neighbourwoods can be 

a formative component of community partnership with the City. The community level is a 

critical scale of assessment for long-term management and through which to address 

environmental inequity. An informed and engaged citizenry can be fostered through the 

community inventory process.  
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The existing link between urban trees with various socioeconomic factors provides a 

substantial impetus to better understand the processes which dictate its distribution and apply 

this information to ensure environmental equity in the urban forest. That the amount of tree 

cover can be somewhat predicted by socioeconomic indicators means the urban forest is also 

a matter of social equity. While increasing the tree canopy is an important goal, attaining it 

depends on our ability to protect existing trees in a harsh urban environment and ensuring 

their growth. Street trees and other vegetation in the ROW are critical as they are the most 

accessible, particularly for those who have limited exposure to nature otherwise. Although 

this study was limited to single detached residential land use areas, recommendations for a 

more comprehensive inventory at different scales and ensuring small tree growth are not. 

There is need for future research to explore ways in which other land use types: multi-

dwelling residential, commercial and institutional can be designed to incorporate more trees 

and other vegetation. 
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The diameter of a tree trunk (or the average of trunks) at 1.3 m 

from the base of the tree 

 

 Plural: . The second most specific taxa in biology; more 

general than species, more specific than family. 

 

Genus distribution is defined as “the percentage of each tree 

genus (i.e. how many Maples, Oaks, Lindens, etc.) in relation to 

all community trees” (Cornell University, Community Forestry 

Program Work Team, 2011). 

 

 

A problem that arises when imposed units of spatial reporting on 

continuous geographical phenomenon result in artificially 

generated spatial patterns  

 

 

The new name for Priority Investment Neighbourhood in Toronto 

 

 

The City of Toronto established 13 neighbourhoods defined by an 

overall concentration of „at-risk‟ populations, low income, high 

unemployment, and larger numbers of single parent families and 

seniors living alone, among other conditions which indicate the 

neighbourhood is socially disadvantaged  

 

 

The street including the boulevards and road pavement in between, 

from the property line on one side to the next. It is municipal 

property and public space 

According to Statistics Canada1, “SES is estimated by combining the 

International Socio-economic Index of Occupational Status (ISEI) 

with information on the highest level of education among a student‟s 

parents, family assets, educational resources at home and family 

cultural assets”.
 

                                                 
1 Source: http://www.statcan.gc.ca/pub/81-004-x/def/4068719-eng.htm 

http://www.statcan.gc.ca/pub/81-004-x/def/4068719-eng.htm
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The City of Toronto has an objective to increase tree canopy cover to 40%
2
 by 2050 

from its current coverage at approximately 27% (City of Toronto, 1998-2013; Toronto’s 

Strategic Forest Management Plan, 2013). The canopy and its benefits: shade, air 

temperature reduction, stormwater runoff attenuation, water and air quality improvement, etc. 

effectively come from large and healthy trees. Trees also impart a positive psychological 

effect (Velarde et al., 2007), contribute to traffic calming (Ewing & Dumbaugh, 2009; Mok 

et al., 2006), enhance the streetscape environment and are associated with increased property 

values (City of Toronto, 2010). However, studies3  in some major cities across North 

America have found unequal distribution of tree cover related to socioeconomic factors. Key 

social variables that have been found to correlate with forest cover are: income, education 

level, home ownership, and race / ethnicity, such that overall, less affluent communities with 

higher concentrations of populations „at-risk‟ have significantly less canopy cover than other 

neighbourhoods. The idea of environmental inequity is based on the spatial distribution of 

environmental benefits and environmental degradation (Landry & Chakraborty, 2009), the 

latter of which initially popularized the theory (Cutter, 1995). The Environmental Equity 

Hypothesis4 therefore tests “…whether all demographic or socioeconomic groups in a 

particular study area are equally affected…” (Landry & Chakraborty, 2009, p. 2651). The 

purpose of this report then was to test environmental inequity based on Toronto‟s socially 

disadvantaged neighbourhoods to see whether they are also underserved in tree canopy. This 

means neighbourhoods that would benefit the most from adequate canopy cover often have 

the least of this amenity. This study also explored the structural conditions of the urban forest 

to examine whether socially disadvantage neighbourhoods see any significant difference in 

tree diversity and size class distribution as well.  

 

                                                 
2 40% is the average canopy cover recommended by American Forests (Heynen and Lindsey, 2003). 
3 See Table 2 for references of variables and their authors 
4 Also referred to as Environmental Equity Assessment  
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The aim of the research was to test environmental equity based on urban tree 

distribution via Toronto‟s neighbourhoods with the following research questions. 

 

1. Is tree cover significantly less in Priority Investment Neighborhoods (PINs) than non-

PINs?  

2. How do the genus distribution and size class distribution (relative age) of trees in 

sampled areas fare against standard benchmarks used for master planning? 

3. What policy directions / programs / recommendations arise from findings of the above 

questions?  

 

The research questions are loosely framed around the longer term actions in Toronto’s 

Strategic Forest Management Plan (2013, p. 16) to: increase the canopy and its equitable 

distribution; increase biodiversity; and increase the proportion of mid to large sized trees 

amongst the City‟s uneven tree size class distribution to further expand upon these ideas from 

an environmental equity perspective.  

 

 

The urban forest is more than its trees, including other vegetation types and the 

species depending on them. However, for the purposes of this study, the urban forest is 

reduced to trees. Also, due to data availability, the second research question is limited to 

public street trees in the right-of-way (ROW), which represents 6% of Toronto‟s urban forest 

as it does not include trees in natural areas such as ravines and parks or privately-owned 

trees. However, the focus on ROW street trees is important from a planning perspective 

because of its ability to directly impact the streetscape, a municipally-owned and publicly 

used corridor that affects human experience and well-being in the urban environment. As 

well, urban design measures, ordinances, etc. may be easier to impose on existing public 

trees than existing private trees (Poracsky & Banis, 2005).  
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The study area is the City of Toronto‟s 13 Priority Investment Neighbourhoods 

(PINs), defined by an overall concentration of „at-risk‟ populations, low income, high 

unemployment, and larger numbers of single parent families and seniors living alone, among 

other conditions (City of Toronto, 2008). They are structured around Toronto‟s 140 distinct 

neighbourhoods, each of which contain anywhere from 7000 to 51000 residents (Strong 

Neighbourhoods – A Call to Action, 2005). Their boundaries were established by combining 

adjacent census tracts with similar income characteristics, and taking into account existing 

service boundaries for community agencies, natural boundaries (rivers), and roads (City of 

Toronto, 2005). Figure 1 shows a PIN can include more than one neighbourhood. 

Figure 1. Toronto's 13 Priority Investment Neighbourhoods 

 
Source: City of Toronto, 2009 
http://www.toronto.ca/demographics/pdf/priority2006/priority_areas_with_neighbourhoods.pdf 

 

The Jane-Finch PIN in the northwest for instance contains four neighbourhoods5 and is the 

largest in area at approximately 21 km
2
. In total, the PINs cover 96.93 km

2
 (~15.4%) of the 

City of Toronto, which is 630 km
2
. Crescent Town is the smallest PIN at ~1 km

2
 and is 

                                                 
5
 #21 – Humber Summit, #22 – Humbermede, #24 – Black Creek, and #25 – Glenfield-Jane Heights 
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comprised of just one of Toronto‟s 140 defined neighbourhoods (#61 – Crescent Town). The 

neighbourhoods comprising each PIN are listed in Appendix A. 

Neighbourhoods deemed as Priority Investment Neighbourhoods (PIN) remained the 

same from 2001 to 2006 as assessed from Census data. The City has decided to target 

investment in specific areas within the PINs, as well as change its name to „Neighbourhood 

Improvement Areas‟ (NIA) to sound less stigmatizing (TSNS 2020, March 2012). However, 

based on a City Council Decision made in March of 2012 (Agenda item 1.b), existing PINs 

will be identified as the first NIAs. 

 

 

The existing 13 PINs are deemed as areas in most need of social investment, or where 

gaps in community services and facilities will have the greatest impact. The criteria used to 

identify the PINs were based on are in Table 1.  

Table 1. Criteria in the Determination of Priority Investment Neighbourhoods 

Physical Proximity of Services Socio-economic Indicators 

 Recreation and community centres 

 Libraries 

 Schools 

 Community health centres and hospitals 

 Community-based children‟s services 

 Community based services for youth 

 Community-based services for seniors 

 Settlement services 

 Community-based employment services 

 Food banks 

 Community kitchens, gardens and markets 

Economic 

 Median household income 

 % population spending ≥30% on shelter  

 % population aged 25+ unemployed 

Education 

 % students passing the Ontario Secondary School 

Literacy Test 

 % population with college or university qualifications 

 % of population aged 15+ attaining < Gr. 9 education 

Urban Fabric 

 % occupied private dwellings requiring major repairs 

Health 

 # of low birth weight babies/1000 live births 

Demographics 

 % population with no knowledge of English or French 

 % population recent immigrants 

 % population by mobility status one year ago 

Source: City of Toronto, Social Development, Finance and Administration Division. (2012). Progress 

Report – Strong Neighbourhoods: Responding to a Call to Action, 2012, p. 9. 

(www.toronto.ca legdocs mmis 2012 cd bgrd backgroundfile-45145.pdf ) 

 

PINs were selected as the treatment group for this study because they are a 

convenient proxy of many of the social variables which have been previously shown to 
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correlate with tree canopy and diversity under certain conditions (Table 2). Appendix B lists 

specific studies, the North American city, and other variables which were under examination.  

Table 2. Matching Social Variables between Previous Studies and PINs 

Variables previously tested in the literature (for forest cover, regardless 

of private or public status) 

Toronto PIN characteristics – 

Social Risk Factors 

 Low Income (Lowry et al. 2012; Pham et al., 2012, Davis et al., 2012, 

Chakraborty & Landry, 2009; Heynen & Lindsey, 2003; Hope et al., 2002) 

 Education Level (Lowry et al. 2012; Heynen & Lindsey, 2003) 

 Race / Ethnicity / Visible minority (Pham et al., 2012; Lowry et al., 2012; 

Chakraborty & Landry, 2009) 

 Housing construction time / development age (Lowry et al. 2012; Heynen 

& Lindsey, 2003) 

 Economic 

 Education 

 Urban fabric  

 Demographics 

 

It is seen that the social variables tested for environmental equity of the urban forest tend to 

be based on income, education, and demographics (frequently ethnicity), which are similar to 

the PIN indicators. This study does not imply that trees are planted explicitly based on 

socioeconomic or similar groupings, but is rather a product of historical path dependence or 

„legacy effects‟. Historical land uses and age of development have influenced settlement 

patterns, as well as the amount and structural distribution of trees (Steenberg et al., 2013; 

Heynen & Lindsey, 2003). Trees successfully preserved during development construction are 

an example of the legacy effect. Development age has been found to be a major predictor of 

tree canopy (Lowry et al., 2012), since the older the neighbourhood, the more time has 

passed for tree growth. Lowry et al. (2012) also found household income only correlates with 

tree cover in older developments in Salt Lake City, UT, but not in newer neighbourhoods. In 

addition, home sale values show positive correlation with tree cover in Toronto (Every Tree 

Counts Report, 2010, Appendix 7), and wealthier households can afford to move into more 

valuable homes, which are often well treed. In other words, legacy effects have, and will 

continue to, influence social and economic development patterns in cities, including the 

distribution of vegetation in urban environments.  

 

 

In the literature exploring the social relationship with urban vegetation, the quality of 

the urban forest has been mostly approximated by tree cover and to a lesser extent, species 

composition (Bourne & Conway, 2013; Hope et al., 2002; Martin et al., 2004). Much of the 
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literature „blankets‟ the urban forest by tree cover, while examining specific social variables. 

By contrast, this experiment „blankets‟ the social factors (Table 1) by using the City‟s 

established Priority Investment Neighbourhoods (PINs). The purpose is to test not only the 

tree cover distribution, but also to compare street tree diversity and size class distribution. 

Diversity and a balanced age structure are crucial to the health and continuity of a forest 

community, urban or otherwise, as trees can be vulnerable to pests and are subjected to 

various stresses such as heat, compacted soil, minimal space, pollution, etc. from the built 

environment which result in reduced life spans overall (Galvin, 1999).  

 

 

The Priority Investment Neighbourhoods (PINs) have been identified based on the 

belief that “All Toronto neighbourhoods need the local services that make them good places 

to live – things like libraries, community centres, recreation services, and children‟s 

programs” (Strong Neighbourhoods – A Call to Action, 2005). However, good places to live 

also require ecological services, and the presence of trees is even more crucial in areas where 

the most vulnerable of the city‟s population are concentrated, particularly when “the urban 

forest is increasingly becoming the main exposure to nature for much of the populace,” 

(Steenberg et al., 2013, p. 135). However, the benefits of urban trees come largely from the 

canopy, which comes from larger, more mature trees (Figure 2). Additionally, the benefits of 

large trees accrue to the community as a whole and not just the tree owner (A. Kenney, 

personal communication6, May 31, 2013). This is why the urban forest, in terms of ecological 

services, is a community asset regardless of ownership.  

                                                 
6 From author‟s participation in NeighbourWoods Tree Inventory Training course (May 31-June 2, 

2013) by Dr. Andy Kenney and Dr. Danijela Puric-Mladenovic at the Faculty of Forestry, University 

of Toronto. 
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Figure 2. Birds-eye View of a Large Tree's Benefits compared to Potential (Small DBH) 

  

 

 

This report consists of four chapters, including this introduction. They are: 
 

Chapter 1: Introduction. To set out the purpose of the research, the general problem, the 

objective and research questions. To provide the existing context of the study, the scope and 

study area were discussed, and a brief overview of precedent studies and similar variables 

used. The rationale and significance concludes this chapter. 

Chapter 2: Method. The procedure of the experiment, matched pairs design, is described. 

Data sources, the sampling design, the Student‟s t-test  and paired-difference of means, issues 

of spatial analysis, and the method for comparing street tree structural attributes are outlined. 

The chapter concludes with a note on research validity and reliability. 

Chapter 3: Results. Tree cover t-Test results are presented in the form of PINs vs non-PINs, 

as well as cover for each sampling units‟ neighbourhood they belong to and the City overall. 

Tree diversity and size class distribution is assessed based on standards in the literature and 

what planning directions the City can take based on the findings.   

Chapter 4: Conclusion. The significance and application of findings is further discussed 

with recommendations to supplement Toronto’s Strategic Forest Management Plan (2013) in 

order to address environmental inequity via the urban forest in the City.  
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The method employs a matched pairs design, which is a type of randomized block 

design that can be used to compare a treatment against a control on two very similar 

experimental units (Wang & Liu, 2013). In this case, the „two very similar experimental 

units‟ are two closely located and similar areas, where one features a „built-in‟ treatment: the 

Priority Investment Neighbourhood (PIN) status. The pairs must be physically close and 

similar in order to ensure equally present covariates (ibid). The purpose of the covariates is to 

control for their effects on the dependent variable, tree attributes. For this study, the 

covariates are: suburban residential land use, built form (mostly single detached dwellings), 

amount of space taken up by the street network, or a roughly similar grid pattern. The 

dependent variables are the mean differences in forest cover amount for research question #1, 

and right-of-way (ROW) street trees‟ genus and size class distribution for research question 

#2. Table 3 lists the attributes examined in this study as they relate to the first two research 

questions, along with a summary of the variables, population and samples.  

Table 3. Dependent Variables per Research Question 

Research 

Questions 

#1. Is tree cover significantly less in 

Priority Investment Neighbourhoods 

than non-PINs? 

#2. How do the genus distribution and size class 

distribution (relative age) of trees in sampled areas 

fare against standard benchmarks used for master 

planning? 

Dependent 

Variable 

1. Forest cover by amount 2. Diversity of ROW street trees by genus type 

3. Size class distribution by diameter at breast height 

(DBH) of ROW street trees 

Independent 

Variable 

Neighbourhood status:  

Treatment (PIN) vs. Control Group (non-PIN) 

Covariates  suburban residential land use 

 built form (mostly single detached dwellings)  

 amount of space taken up by the street network / roughly similar grid pattern 

 lag (proximity between neighbourhood pairs) 

Population Forest cover in the City of Toronto ROW street trees in the City of Toronto 

Sample Forest cover in the matched 

neighbourhood pairs 

ROW street trees in the matched neighbourhood area 

pairs 

 

The design is set up to test the environmental equity (null) hypothesis that two 

neighbourhood areas with similar land use, built form, approximate development time / 

construction methods, and street pattern (covariates) should not significantly differ in tree 
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attributes due to the socioeconomic shortcomings of PINs. The Student‟s t-Test for paired 

dependent samples was employed to see whether the differences of means of the paired 

neighbourhoods were statistically significant. Further, it was expected that street tree 

attributes such as diversity and size class distribution would differ as well. Then the sampled 

areas for tree cover, ROW street tree diversity and size class distribution were compared to 

the overall City as well as ideal standards for distribution to examine the degree to which 

they were meeting the mark.   

Given the available data and resource constraints (time, budget), an empirical 

approach to the problem was employed as described in this section in the following order:  

1. Data Sources 

a) Data Pre-processing  

b) Ideal Standards & Benchmarks 

c) Data Limitations  

2. Sampling Design 

a) Sampling Frame 

b) Covariates & Controlled Dependence 

c) Selection Criteria & Stratified Spatial Sampling 

d) Sampling Area  

3. Paired Difference Student‟s t-Test of Means in Dependent Samples 

4. Spatial Analysis 

a) Moran‟s I – a measure of spatial autocorrelation 

b) Tree Cover 

5. Benchmarks: Comparison to City and Idealized Standard 

a) Tree Diversity  

b) Class Size Distribution 

6. Research Validity & Reliability  

 

 

Data was taken come from the Toronto.ca/open website, which provides open access 

to a consortium of City-related data. For this experiment, the following were used: 

 Priority Investment Neighbourhoods (PINs) and a neighbourhood boundary file of the 

140 neighbourhood districts 

 Forest and Land Cover (2007) for tree canopy data 

 Street tree (point) file, including species and diameter at breast height (DBH) information 
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Data was projected to NAD1927 UTM Zone 17N in ArcMap 10.1. Satellite imagery was 

obtained from the base map provided in ArcMap, which over Toronto has a resolution of 60 

cm (1 pixel / cell = 0.6 by 0.6 m).  

 

 

 

The Forest and Land Cover (2007) data classifies the City of Toronto by eight 

mutually exclusive land cover categories: 

1. Tree Canopy 

2. Grass Shrub 

3. Bare Earth 

4. Water  

5. Buildings 

6. Roads 

7. Pavement 

8. Agriculture  

 

The data set was reclassified so that Tree Canopy remained as Class 1, while classes 2 

through 8 were reclassified 0. The reclassified data was converted from raster to vector in 

order to clip the file with the other layers for sampling. 

 

 

The Street Tree data file (2012) is refreshed annually and its‟ data collected as an 

inventory of municipally owned-trees on road allowances for inspection and maintenance 

(Parks, Forestry & Recreation - Urban Forestry, City of Toronto, 2012). Records with a „0‟ 

DBH means the tree size was either not recorded or too small to record (R. Henry7, personal 

communication, March 19, 2013), so these records were omitted in the assessment of tree 

diversity. Some records contained both Genus species information while others contained 

only the Genus. Given the incomplete records, diversity assessment for this study used genus 

type only since it was consistently available. For example, Tillia cordata (Little-leaf Linden) 

was categorized into the overall Tilia (Linden) group.  

 

                                                 
7 Planner, Forest Policy & Planning, Urban Forestry, City of Toronto. 
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The City of Toronto‟s Every Tree Counts Report (2010) and Strategic Forest 

Management Plan (2013) provides benchmarks to compare the samples to, as well as contain 

ideal standards on tree attributes. This study draws particularly upon the Every Tree Counts 

Report (2010) Appendices, which lists baseline statistics for comparison purposes. This 

includes an ideal species diversity range for street trees as well as class size distribution 

based on research from the Community Forestry Program Work Team at Cornell 

University‟s Department of Horticulture8 and Toronto’s Strategic Forest Management Plan 

(2013) stricter guidelines for diversity.  

 

 

The street tree dataset represents different recording times over the past several years 

and input dates are not included in the dataset. Issues in data quality and incompleteness can 

affect data analysis, particularly since overlaying data of different times creates a time lag. 

The PINs are based on census information, the latest of which reflects social variables as they 

were in 2005. The forest land cover is from 2007, while the base map is from May 20139. For 

the street tree data set, records have been inputted incrementally over many years by tree 

crews, meaning that one record could be several years old, while others could have been 

entered much more recently. Records do not have the date of entry assigned in the street tree 

file to see whether data of vastly different recording times are being compared. The data files 

were also originally created for different purposes, which can affect data quality / 

appropriateness when used for other studies and purposes it was not originally attended for. 

 

 

 

The sampling frame is provided by Toronto‟s neighbourhood boundaries that define 

the spatial extent of the City as well as divide the city into 140 distinct social planning areas 

(Figure 3). Using existing neighbourhoods by traditional boundaries such as streets is a 

                                                 
8 http://www.hort.cornell.edu/commfor/inventory/utilizing.html 
9 http://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9 

http://www.hort.cornell.edu/commfor/inventory/utilizing.html
http://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9
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common approach to urban forest management (Steenberg et al., 2013). The Priority 

Investment Neighbourhoods follow these boundary lines, with the exception of Kingston-

Galloway, which creates its own border that includes portions of three different 

neighbourhoods. Using the neighbourhood districts is an appropriate sampling frame because 

the boundaries have long been predetermined as social planning areas by a combination of 

census tracts and natural features (City of Toronto Strong Neighbourhoods Task Force, 

2005). 

 

 

Given the extent of the Priority Investment Neighbourhoods (in pink in Figure 3), 

they include a wide variety of land uses. To control for differences in land use and built form 

(as a proxy of development age), six rectangular plots with similar built form and grid pattern 

were drawn, one over the PIN neighbourhoods (red square), and another over a matching 

control area nearby (green square) of the same size, shape, and content (single detached 

housing). Controlling for land use and built form is necessary as they have been cited 

(Bourne & Conway, 2013; Lowry et al, 2012; Grove et al., 2006) to affect tree cover amount 

and species diversity. Conway and Bourne (2013) state that differences in land use types are 

more predictive of urban forest pattern than differences in cities, including the Greater 

Toronto Area. The built form has both a spatial aspect in terms of lot size and available space 

for vegetation, as well as a temporal aspect, housing age. Developments of the same period 

tend to be more similar than of different times with similar time allotted for tree growth. 

Many studies recognize that development age is a variable explaining vegetation abundance 

(Lowry et al., 2012; Heynen & Lindsey, 2003; Grove et al., 2006) and pattern (Hope et al., 

2003; Whitney & Adams, 1980). Thus, the method aims for homogeneity in built form and 

land use, and close proximity between the matched sampled pairs to limit the effect of the 

built form. 

The six green and red pairs as pictured in Figure 3 are the product of a trial and error 

process using the base map provided in ArcMap to obtain the most homogenous pairings as 

possible. In Landry and Chakraborty‟s (2009) study method, they also focused on single-

dwelling residential land use, excluding sites with “high population density institutional 
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housing” (p. 2657). This method also excluded multi-dwelling units. Covariate homogeneity 

is defined as: 

 Homogenous Land use type – residential, single-detached housing  

 Homogenous street grid pattern – ensures planting area available in the ROW is similar  

Figure 3. Map of Sampling Units 

 
 

The covariates are based on observations of high resolution satellite imagery rather than a 

measured similarity. Stuart and Rubin (2008) recognize the difficulty in finding matches with 

close or exact values of all covariates when there are more than a few. This is particularly the 

case for many real-life urban planning case studies that compare two cities, streets, blocks, 

sites, etc. as there are no perfect twin cases. While it is possible in statistical experiments to 

measure the dissimilarity of covariates, for the purposes of this study, an estimate based on 

observations of high resolution satellite imagery was deemed adequate. 

 

 

Areas had to be as homogenous as possible in terms of residential land use and built 

form to encourage the built period is of the same time. Given these are residential areas, a 
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baseball diamond and / or school field were frequently unavoidable features in each sampling 

area. Thus, when selecting the matched area, if one baseball diamond or school field was in 

the experimental group, then efforts to contain a baseball or school field within the control 

were made as well. This method employs stratified spatial sampling, as each PIN was only 

sampled once (Rogerson, 2001). It was equally important that the population extent be well 

represented by choosing samples from different Priority Investment Neighbourhoods to avoid 

over representing one area of the city. Appendix A covers the decision-making process of 

selecting the six sampling areas and their controls. 

It is possible that the paired samples may have similar income and education levels10. 

However, the designation of PINs is based on more criteria than general socioeconomic 

status (SES), as seen in Table 1 of the previous chapter. PINs were selected to blanket 

specific social factors that make certain neighbourhoods in Toronto a priority for community 

improvement. Previous studies and other North American cities (Appendix B) examine a 

different combination of social factors, and this study follows suit by using PINs to capture 

those social variables that have been deemed important for the social wellbeing of Toronto‟s 

neighbourhoods. The study therefore relies on the City‟s determination of what classifies as a 

priority neighbourhood, recognizing there are other neighbourhoods and communities that 

feature low SES other than the 13 identified areas. 

 

 

The size of each sample area was approximately 0.67 km
2
 and overlaid areas of 

homogenous residential form, one within a PIN boundary and another outside of this 

boundary but physically nearby. Each sampled rectangular area therefore represents a few 

short blocks or, to give some real-life context, about a 10-minute walk. The selection of each 

sampling unit size is empirical as it was based on trial and error of fitting the maximum 

homogenous area as possible. Pham et al. (2012) achieved homogeneity with the use of city 

blocks (no intersecting streets). This method uses a slightly larger area (0.67 km
2
) in order to 

ensure enough point data (ROW street trees) would be captured in each sampled area. Once 

                                                 
10 Complete neighbourhood profiles can be found here: 
http://www.toronto.ca/demographics/profiles_map_and_index.htm (by the City of Toronto's Social 

Development & Administration Division‟s Social Policy Analysis and Research unit, with assistance 

from Toronto Public Health 

http://www.toronto.ca/demographics/profiles_map_and_index.htm
http://www.toronto.ca/divisions/divisions_info.htm#development
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the spatial units were identified, a new layer was created for each sampling square in order to 

analyze the data within them.  

 

 

Lag refers to the spacing or interval between neighboring unit phenomena (Dungan et 

al., 2002). In this experiment, lag refers to the distance between the closest boundaries of the 

sampling units rather than the distance between the centroids of the sampling units. Selection 

of the locations for the control samples aimed to be as close to its paired PIN sample as 

possible to increase neighbourhood similarity because the more similar the built form of each 

matched pairs, the higher likelihood that space and size constraints for street trees would be 

similar. Adjacency was not always achievable because of apparent differences in built form. 

The largest distance between a sampling unit and its control was Jamestown, at 

approximately 2.4 km separation. Steeles-L‟Amoureaux was next furthest at roughly 1.3 km 

between the pairs (Figure 3). Both are close to the northern border of the City and were 

surrounded by more industrial-type built form and natural area (particularly for Jamestown). 

The other paired neighbourhood units were near adjacent (Figure 3).  

 

 ’

Once the results for tree cover amount, diversity, and class size distribution were 

obtained, a Student‟s t-Test was run on the difference of means between the paired 

experimental (PIN) group and the control group samples. The Student‟s t-Test is a small 

sample inference as there were only 6 paired samples in this experiment. The test statistic is: 

t = đ   (sd / √n) with đ equal to the mean difference between the two groups. sd is the standard 

deviation of the means, divided by the square root of the (6) number of pairs.  

For the first research question, the environmental equity (null) hypothesis (Ho = ud = 

0) is that the difference in amount of tree canopy are negligible between the paired 0.67 km
2
 

neighbourhood sample units. If the null hypothesis is true, there is no statistically significant 

difference between tree cover found in PINs and non-PIN areas and no inequity. The null 

hypothesis, Ho, was rejected at the 5% significance level (α=0.05). The degrees of freedom is 
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5 as df = n-1 = 6-1. Conversely, the alternative hypothesis (Ha: ud < 0) is that significantly 

less tree cover is to be found in PINs compared to its matched pair. A one-tailed test is used 

because the alternative hypothesis expects significantly less tree cover only, rather than more. 

The “t-Test: Paired two sample for means” Data Analysis Tool was used in MS Excel to 

obtain the test statistic and critical values of the mean difference of pairs. This test required 

the random distribution of sampled individuals within the sample unit area. The next section 

describes issues with these assumptions in spatial statistics. 

 

 

"Everything is related to everything else, but near things are more 

related than distant things." – Tobler‟s 1
st
 Law of Geography 

The sampling method was a critical component of the experiment because the 

samples are spatial units. Applying statistical techniques onto spatial „subjects‟ is somewhat 

problematic as statistical techniques have been designed for non-spatial populations (e.g. 

behavioural response of people to a treatment). Thus, geographical phenomena often 

naturally violate assumptions of independent and random samples, meaning all individuals in 

space are related to some extent. However, due to the aforementioned fact that things located 

nearer to each other are more alike, and things further apart are less alike, using a matched 

pairs design helps mitigate this effect. The use of stratified spatial sampling also mitigates the 

issue of non-independent data. Furthermore, one cannot always assume that “a random 

sample from a map is not a random sample from a non-spatial sampling frame unless the 

individuals are randomly distributed in space” (Matthews, 1981) [emphasis added]. Moran‟s 

I was applied to the neighbourhoods to which each sampled belonged,  to ensure samples 

would not contain spatially clustered or evenly dispersed, i.e. not randomly distributed, data. 

  

 ’

Moran‟s I is an index from -1 to +1 that measures the level of spatial autocorrelation, 

or the level of dependency of features. -1 indicates features are evenly dispersed (imagine a 

chessboard), whereas +1 means perfect clustering (picture the entire chessboard squares on 

one half as all black and the other all white). An index of 0 indicates a random distribution, 
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which is desirable because random individuals are required for the t-Test. An example for the 

Jamestown PIN sample is seen in Figure 4, which shows the spatial distribution of forest 

cover to not be significantly different from a random dispersion, based on the z-score value.  

Figure 4. Example of Moran's I generated Spatial Autocorrelation Report 

 
 

In ArcGIS, the global Moran‟s I statistic was applied to each of the 12 sampling unit 

area values of the polygons representing tree cover. The presence of spatial autocorrelation at 

the neighbourhood level was seen in West-Humber Clairville at the northwestern most corner 

of the City. Due to the ravine area running through it, a very distinct tree cover pattern 

results, making the Moran‟s I score closer to +1 (clustered). It seems that across the suburban 

residential land cover, tree cover is distributed more randomly. The Index values for each 

sampled area unit are in Appendix C.  

 

 

The tree canopy area was calculated for each sample neighbourhood unit using the 

reclassified Forest and Land Cover data (Section 2.1.1.1). The Student‟s t-Test was then 

applied with a critical value set at 0.05 in order to gauge the chance of the difference 

observed; whether it is by chance or whether the sample represents a true difference. Once 
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the values for the sampled pairs were obtained, they were compared against the average 

values of tree cover (Every Tree Counts Report, 2010, Appendix 6) for the neighbourhood 

that the sample came from for further comparison.  

 

 

The structural attributes of a tree community is important for their overall health and 

survival. Unfortunately, data on two key structural attributes: diversity and size class were 

accessible by the researcher for ROW street trees only. These recorded street trees are 

primarily owned by the City, but some trees have been confirmed to be under private 

ownership (City of Toronto, Parks, Forestry & Recreation, 2012). These still remain part of 

the database (ibid) although the database does not identify ownership information. Despite 

such limitations, the condition of street trees in the right-of-way (ROW) based on diversity 

and size class were examined because street trees are an important element of the streetscape, 

which is a critical public space in urban planning. Street trees affect public experiences of the 

street corridor by providing shade and therefore cooling as well as aiding in traffic calming 

(Ewing & Dumbaugh, 2009; Mok et al., 2006). Their sudden absence would best convey the 

aesthetic and psychological benefits they were previously providing. A healthy distribution 

of genera and age structure are important contributors to ensuring a tree community‟s 

longevity. Therefore, the genus distribution and size class distribution were explored for 

street trees in the ROW as described in the following sections. 

 

 

Species diversity is important for biodiversity, and species is the most specific taxa 

followed by genus. As stated in Section 2.1.1.2, species information was not available for 

every tree record, while the genus type was. Thus, the method uses genus type (plural: 

genera) instead of species for tree diversity. A common tenet of urban tree diversity is that no 

single genus should account for more than 20% of the tree population (Cornell University, 

Community Forestry Program Work Team, 2011; Galvin, 1999). Toronto’s Strategic Forest 

Management Plan (2013) uses a stricter benchmark at 10% for a single genus, which is also 

used by Steenberg et al. (2013) in their assessment of the urban forest in Halifax, NS. This 
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study identified street tree genus types, or genera, that surpassed either the 10% or 20% 

benchmark per sample in a list of the top ten most abundant genera. Looking at the top 10 is 

a quick way to identify dominant genus or genera since the top ten frequently make up 

majority of an urban street tree population (Galvin, 1999; Sun & Bassuk, 1991; Bourne & 

Conway, 2013; Conway & Bourne, 2013). First, the proportion of different genera present in 

a sample using the Shannon-Wiener Diversity Index (SWDI) was conducted, which flows 

from the relative abundance measure. 

 

 

The relative abundance measure is used to define the proportion of individuals a 

particular species (or in this case, genus) contributes. It was calculated for each sampling 

unit‟s genus as:  

RA= [Ni / T] x 100, 

Where N is the number of individuals of a single species and T is the total number of 

individuals of all species in the neighbourhood. The relative abundance is used as p in the 

Shannon-Wiener Diversity Index (SWDI) calculation, explained in the next section. SWDI is 

a well-used measure in urban forestry and biogeography as it does not depend on an area 

variable, where space is impeded by competition / cooperation with other species. The above 

calculation is used since it does not require an area measurement, as an individual street 

tree‟s existence is not spatially influenced from natural regeneration or threatened by 

competition from other species (Welch, 1994).  Welch (1994) also used SWDI for species 

diversity in urban trees in Boston, MA, while Bourne and Conway (2013) used a similar 

form of SWDI, as does Sun and Bassuk (1991). 

 

 

The Shannon-Wiener Diversity Index (SWDI) measures the relative „evenness‟ of the 

species distribution, taking the relative abundance one step further by creating an index score 

for diversity. The equation for calculating SWDI is:  

H = i, 

Where s = the total number of species in the sample (neighbourhood) and p is the proportion 

of all individuals in that sample area that belong to species i. This formula was calculated in 
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MS Excel once the species were reclassified into genus types. Each type was recorded with 

the number of trees per genus per sample. The larger the SWDI value, the more evenly the 

tree genera is distributed across the different species types. A major shortfall of the index 

score is that although a score between 2 to 3 generally means good evenness, it is difficult to 

interpret whether a score of 2.35 and a 2.47 are substantially different (Magurran, 2004). 

Thus, a pairwise Student‟s t-Test shows whether the relative difference is significant between 

the mean SWDI scores of the PIN and non-PIN. The results of this test are in Section 3.2.1.1. 

 

 

The standard ideal for a street tree class size distribution for the City of Toronto is 

provided in the Every Tree Counts Report (2010) and used to evaluate the sampled street 

trees in this study (Figure 5). An increased tree canopy cannot be met unless a sufficient 

population of large and healthy trees as well as a generation ready to replace them are 

present. Street tree class size distributions were obtained for each sample and categorized 

based on the classes of the standard ideal for Toronto (Figure 5). Figure 5 also shows the 

City falling behind the ideal distribution, with too many small trees and not enough larger 

sized trees.  

Figure 5. Toronto Street Tree Size Class Distribution Compared to Ideal 

 
Source: Every Tree Counts Report (2010), pg. 44 
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Table 4 shows the further generalization of the classes into three relative age 

groupings to avoid boundary issues of DBH and to simplify relative age.  

Table 4. Rounded Class Size Categories 

DBH (cm) 0 - 15 16 - 30 31 - 45 46 - 61 62 - 76 77+ 

Age Range SMALLER / ‘YOUNGER’ MIDDLE  LARGER / ‘OLDER’ 

 

The six standard size classes were rounded to match the street tree dataset, which contains 

whole numbers only. New class boundaries had to be determined since 76.2 cm and 76.3 cm 

are the point of distinction in Figure 5, whereas the street tree data shows both as 76 cm. 

Boundary class definitions are important because it can make the difference of whether a 

number of trees would be in the last („larger / older‟) and most important category or not. 

Each paired sample‟s class size distribution was summed up and the mean was calculated for 

each PIN and control group to compare it to the City and ideal distribution (Figure 5). 

When applying the Shannon-Wiener Diversity Index calculation, street trees with 0 

DBH were omitted. Street trees with 0 DBH were also excluded when identifying the top ten 

genera. Bourne and Conway (2013) also disregarded trees with less than a DBH of 2.5. They 

were included in the class size assessment, since the established class categories start with 0 

DBH (as opposed to 1) and because it is important to know how many small trees may 

potentially become large trees. 

 

 

The validity of the research is obscured by the application of statistical techniques on 

spatial attributes. Two main problems arise: one in spatial statistics and the other an issue of 

scale. The presence of potential latent spatial dependencies is mitigated with the use of a 

matched pairs design, which takes advantage of dependent samples, stratified spatial 

sampling, and the Moran‟s I (Appendix C). However, t-tests also require normal distribution 

of the population, which in geographic data is rarely seen (Berry, 1998). Additionally, scale 

remains a persistent issue when attempting to quantify and analyze a phenomenon in 

geography and in ecology. For instance, tree cover clustering can be seen at the wider 

neighbourhood level due to the presence of a ravine or natural area, but at a smaller scale 

where only one land use area is present, tree cover distribution is random. Thus, where to 
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„draw the line‟ in terms of boundary size can cause issues, and is known as the modifiable 

areal unit problem (MAUP). MAUP is the fact that results depend on the area of sampling 

size as a finding at one scale can be completely different at a larger or smaller scale. For this 

study, a sampling unit of 0.67 km
2
 was found to be an appropriate size to capture the most 

homogenous range of land use and form and offers less chance of a distribution that is not 

random (i.e. clusters are more likely at larger extents). Though there is a lack of consensus on 

what spatial levels should be used in urban forest management, approaching the urban forest 

management at a smaller neighbourhood level is helpful in incorporating a different scale of 

variables (drivers) of the urban forest (Steenberg et al., 2013). Thus in practice, the focal area 

shape and form for a small-scale tree plan should be determined by how a community or 

group perceives the boundaries of their local urban forest community. This is discussed in 

more depth in the following chapters. 
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This chapter presents answers to the first two research questions: results of the 

environmental equity test based on tree cover, and how PINs fare against comparable 

neighbourhoods in terms of genus diversity and class size distribution for street trees in the 

right-of-way (ROW). The findings were used alongside the author‟s participation in training 

with Neighbourwoods, a community-based tree inventory training protocol, to highlight key 

opportunities in urban forest planning. First, a summary of the data are presented numerically 

in Table 5. 

Table 5. Population and Sample Area 

 13 PRIORITY INVESTMENT 

NEIGHBOURHOODS  

CITY OF TORONTO 

Total land area (km
2
) 96.93 km

2
 (~15%) 630 km

2
 

Forest cover 23.6 km
2
 (24%) 179 km

2
   

Total inventoried street trees 64 348 (~12%) 530 195 

Street tree gross density 664 / km
2
 842 / km

2
 

*2007 Landcover data 

 Sample: 6 PINS Population: 13 PINS 

Total land area (km
2
) 4.05 km

2
 (4.18%) 96.93 km

2
 

 

 

The area of tree canopy cover for each 0.67 km
2
 sample unit (as located in Figure 3) 

are listed in m
2
 in Table 6 below. 

Table 6. Tree Cover Area (m
2
) 

 

PIN CONTROL Difference 

Lawrence Heights 202 929.2 349,002.5 -146,073.3 

Jamestown 173,242.6 197,521.6 -24,279.0 

Flemingdon Park-Victoria Village 223,002.7 213,807.3 9,195.4 

Steeles-L‟Amoureaux 121,483.5 214,594.8 -93,111.2 

Kingston-Galloway 150,730.7 169,247. 3 -18,516.6 

Eglinton East-Kennedy Park 120,197.8 150,305.2 -30,107.4 

SUM 991 586.5  1 294 478.6 -302,892.1 

MEAN 165 264.4 215 746.4 -50,482.0 
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The PIN samples consistently fell short from their matched control pair. One exception is the 

Flemingdon Park-Victoria Village sample, which shows slightly higher canopy cover in the 

control. Rubin and Stuart (2008) state that some control units may be quite dissimilar from 

treatment samples, or some treatment samples may be very dissimilar from the control units, 

as seen with Flemingdon Park. They further posit that discarding such units with „extreme‟ 

values, or outliers is acceptable (ibid). However, this was not necessary as the results from 

the Student‟s t-Test for the mean difference of the 6 paired samples (Table 7) still showed a 

significant difference between the two groups. 

Table 7. Student’s t-Test Results for Mean Difference in Tree Cover 

  PIN CONTROL  # of Observations 6 

Mean 165264.4 215746.4  Degrees of freedom 5 

Variance 1794998408 4907827959  (0.05) P(T<=t) one-tail 0.04247 

t Statistic -2.1435  t Critical one-tail 2.015048 

 

The test statistic is negative as it indicates less tree cover than what is expected with the null 

hypothesis (of 0 difference). The critical value is |2.02|, which the test statistic surpasses at 

the 0.05 level. The results suggest that single-dwelling residential areas in PINs feature 

significantly less tree cover.  

As mentioned, Flemingdon Park-Victoria Village goes against the hypothesis that 

PINs will feature less tree cover. The Flemingdon Park-Victoria Village PIN sample belongs 

to the Neighbourhood #43 (Victoria Village), which on a whole (all land uses such as parks 

included) has much more tree cover (11%) than the neighbourhood which the control sample 

belongs to, Neighbourhood #119 (Wexford-Maryvale) with 5.3% tree cover (Table 8). In 

fact, the average cover of the neighbourhood is always lower than its sample tree cover 

percent proportions. This is consistent with the fact that land use is a major determinant of 

canopy, as is the case in Toronto (Toronto’s Strategic Management Plan, 2013) and Peel 

Region, ON (Bourne & Conway, 2013). Table 8 shows the percent tree cover per sample 

unit, with the control samples in grey. The next column shows the average percent cover for 

the entire neighbourhood from the City‟s 140 identified neighbourhood districts (Figure 1) 

that the sample unit belongs to.   
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Table 8. Tree Cover Percent Proportion in Sample Unit vs. Neighbourhood 

 

Neighbourhood (from Toronto’s 140 

district neighbourhoods) 

% Tree Cover in 

Study Sample 

Avg. % Cover of 

Corresponding 

Neighbourhood 

Lawrence Heights 

 PIN: 32 – Englemount-Lawrence 30.3 16.3 

 Control: 39 – Bedford Park-Norton | 103 

Lawrence Park South 
52.1 

30.2 | 31.3  

Jamestown 
PIN: 2 – Mount Olive-Silverstone-Jamestown 25.9 23.7 

Control: 1 – West Humber-Claireville 29.5 6.1 

Flemingdon Park-

Victoria Village 

PIN: 43 – Victoria Village 33.3 17.7 

Control: 119 – Wexford-Maryvale 31.9 11 

Steeles-

L‟Amoureaux 

PIN: 116 – Steeles 18.1 5.3 

Control: 130 – Milliken 32.0 3.5 

Kingston-

Galloway 

PIN: 136 – West Hill (west) 22.5 28.8 

Control: 136 – West Hill (east) 25.3 28.8 

Eglinton East-

Kennedy Park 

PIN: 138 – Eglinton East 17.9 14.9 

Control: 125 – Ionview 22.4 15.6 

Source: Appendix 6 – Average Tree Cover in Toronto Neighbourhoods, Every Tree Counts Report 

(2010), p. 86-90. 

 

The average percent cover in the final column includes all land use types, whereas the 

sampled areas consist of single detached residential. Single-detached residential is the most 

treed land use type, second only to natural area (Toronto’s Strategic Forest Management 

Plan, 2013). This trend is reflected in the sample tree cover, where it is frequently greater 

than the average neighbourhood cover, with the exception of the West Hill PIN sample in 

Kingston-Galloway. The differences between the sample, a homogenous land use, and the 

average cover over the larger neighbourhood show how much land use is a confounding 

factor. This was a major finding by Bourne and Conway (2013) in their assessment of 

different land uses in Peel Region as well. They found, along with Poracsky and Banis 

(2005), that commercial and industrial areas tend to be very low, as well as multi-unit 

dwellings. In Toronto, industrial land use represents only 4.1% of tree cover (Every Tree 

Counts Report, 2010).  

 

 

This study looked at single family residential as a way of controlling for the 

confounding effect of land use. According to Toronto’s Strategic Forest Management Plan 
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(2013), Single Family Residential represents 31% of the total tree cover in the city, again 

second to Open Space areas (Table 9). It also shows this land use form (single-detached 

residential) is able to accommodate 10% more cover.  

Table 9. Potential Canopy Expansion by Land Use Category 

 

Source: Toronto’s Strategic Forest Management Plan (2013), Table 4, pg. 32 

 

Based on Table 9, the City is clearly looking to meet most of its targeted canopy through the 

single-detached residential land use type, which indeed makes up a vast majority of the city. 

The idea is to target private yards, front and back, because of the space available for trees. 

The City should be prudent so that their urban forest strategy does not continue to prioritize 

neighbourhoods that are more likely to afford or to choose to buy and live in large lot, single 

dwelling types. While targeting land uses with the space for more planting is a practical 

approach, there is a major opportunity to encourage new developments to be innovative and 

find or design ways that would maximize plantable space and conditions (e.g. improving soil 

quality, etc.). More research and appropriate policy development to encourage increased 

vegetation is recommended, particularly as multi-unit dwellings become more pervasive. 

Thus, while residential tree cover is important, planners should look at strategies for 

increasing cover in commercial and industrial zones as well. One strategy is to expand the 

definition of „green building‟ to include design that maximizes plantable space and 

conditions outside the building envelope. Additionally, more optimal conditions for tree 

growth within multi-dwelling residential, commercial, institutional, industrial, etc. in design 

and in policy should be pursued as well.  
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Street tree genus diversity and trunk size (DBH) are discussed in this section. First, a 

description of the sampled right-of-way (ROW) street tree is provided in Table 10. 

Table 10. Summary of Sampled Street Trees 

 Steeles-

L’Amoureaux 

Jamestown Kingston-

Galloway 

Lawrence 

Heights 

Eglinton East-

Kennedy Park 

Flemingdon 

Park-Victoria 

Village 

Neighbourhood 

ID # 

PIN 
(#116) 

CONTROL 
(#130) 

PIN     
(#2) 

CONTROL 
(#1) 

PIN 
(#136) 

CONTROL 
(#136) 

PIN 
(#32) 

CONTROL 
(#39 & 
#103) 

PIN 
(#138) 

CONTROL 
(#125) 

PIN 
(#43) 

CONTROL 
(#119) 

# of Street Trees 936 1551 1052 1269 462 605 1255 1283 587 556 1351 644 

# of 0 DBH 

records 
86 274 30 69 78 53 1 2 49 50 1 42 

TOTAL 

SAMPLE 
850 1277 1022 1200 384 553 1254 1281 538 506 1350 602 

Difference -427 -178 -169 -27 +32 +748 

# of Genus type 

found 
23 19 36 39 29 27 45 41 25 28 43 29 

SWDI
11

 1.79 1.75 2.42 2.05 1.52 1.39 2.79 2.71 2.35 2.45 2.78 2.19 

*DBH = diameter at breast height (1.3 m) 

 

Two control samples feature less street trees than its paired PIN: Flemingdon Park-Victoria 

Village and Eglinton East-Kennedy Park. The control for Flemingdon Park-Victoria Village 

contains less than half ROW street trees compared to its PIN pair, deviating in amount of 

trees from the rest of the samples. Perhaps the Flemingdon Park-Victoria Village control area 

was not surveyed as thoroughly as the rest, given that 42 trees had a DBH of 0, indicating 

they were not measured or too small to be measured. At the same time, only 1 street tree had 

a 0 DBH in its paired PIN sample. Eglinton East-Kennedy Park also shows more trees in its 

PIN sample than the control, but only by 32 trees. Between the pairs, a t-Test showed no 

significant difference between the mean amounts of street trees (Appendix D). Overall, both 

Eglinton East-Kennedy Park and Kingston-Galloway showed the least amount of street trees, 

with 553 or less in the samples regardless of PIN status. The minimum number of ROW 

street trees for the rest is 936 or above a thousand (excluding the Flemingdon Park-Victoria 

Village control sample, which has only 602 trees). Both Eglinton East-Kennedy Park and 

Kingston-Galloway are in the southeast part of the city.  

                                                 
11 The Shannon-Wiener Diversity Index includes trees with DBH of 0. 
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Table 11 presents the results for the differences in genus types and Shannon-Wiener 

Diversity Index (SWDI) scores.  

Table 11. Shannon-Wiener Diversity Index Results 

 PIN Control Difference 

Excluding 0 DBH # of Genera SWDI # of Genera SWDI # of Genera SWDI 

Lawrence Heights 41 2.79 45 2.71 -4 0.08 

Jamestown 36 2.42 39 2.05 -3 0.37 

Flemingdon Park-Victoria Village 41 2.78 29 2.19 12 0.59 

Steeles-L‟Amoureaux 22 1.79 18 1.75 4 0.04 

Kingston-Galloway 29 1.52 27 1.39 2 0.13 

Eglinton East-Kennedy Park 25 2.35 28 2.45 -3 -0.1 

AVERAGE 32 2.28 31 2.09 8 1.11 

 

PIN status does not seem to be a factor in the number of genus types present. All PINs except 

Eglinton East-Kennedy Park had a higher SWDI score. Thus, Eglinton East-Kennedy Park 

was the only pair which followed the hypothesis that PINs would have lower genus diversity. 

Kingston-Galloway and Steeles-L‟Amoureaux both scored less than 2 for diversity while the 

other matched pairs scored above two, indicating a less even genus distribution. Typical 

values for the Shannon-Wiener Diversity Index in ecology generally range from 1.5 to 3.5, 

and are rarely above 4 (Kerkhoff, 2010). Magurran (2004) criticizes SWDI for lack of an 

intuitive index, as one cannot say the implications of a 1.8 versus a score of 2. Thus, it is 

more useful for relative comparison than absolute interpretation. It is not surprising that street 

trees in the ROW, a man-made tree community, would fall towards the lower end of this 

spectrum. There is a tendency in natural resource management to create more uniform 

conditions in species selection. Next, the paired difference test evaluated whether the 

difference seen between the pairs are statistically significant. 

 

 ’

As the results showed a greater number of genus types could be found in either the 

PIN or control group, a two-tailed test was employed for both genus type and the SWDI at 

the 0.05 significance level. Table 12 shows how in either direction, there is no statistically 

significant difference between the two groups in number of different genera present and in 
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SWDI. The test statistic (0.53 for genera and 1.81 for SWDI) does not surpass the critical 

value (2.57). Thus, there is no statistically significant difference in the mean number of genus 

types or their distribution (evenness as measured by SWDI) between the matched pairs.  

Table 12. t-Test: Paired Two Sample for Mean Difference in Genus Diversity 

Number of Genera     SWDI 

  PIN Control   PIN Control 

Mean 32.33 31  Mean 2.28 2.09 

Variance 67.07 91.60  Variance 0.27 0.23 

Observations 6 6  Observations 6 6 

df 5  df 5 

t Stat 0.53  t Stat 1.81 

P(T<=t) two-tail 0.62  P(T<=t) two-tail 0.13 

t Critical two-tail 2.57  t Critical two-tail 2.57 

 

 

 

Sun and Bassuk (1991) found street tree populations in Ithaca, NY12 were usually 

composed of less than 50 species, excluding rare species. The sampled street tree attributes in 

Table 10 shows this to be the case as well, although a more generous metric (30 to 40) may 

apply for the number of genus types (genera). The most diverse in genera were found in 

Lawrence Heights (45 in the PIN, 41 in the control), while the Flemingdon Park-Victoria 

Village PIN sample also had a higher number of genera (43). The control for Steeles-

L‟Amoureaux had the least (19), despite having over a thousand street trees in the sample, 

suggesting that more street trees do not necessarily increase the chance of a more diverse 

composition.  

Species composition trends in this case tend to be found at a wider spatial scale, 

suggesting street tree diversity is not so much a function of social neighbourhood 

characteristics. The results also show PINs being more diverse in ROW street tree genera, 

although not significantly different, than their matched pair in four of the 6 cases: Steeles-

L‟Amoureaux, Kingston-Galloway, Lawrence Heights, and Flemingdon Park-Victoria 

Village. This may be a result of the sample area size or location chosen; a larger area could 

have different results. The composition of each sample unit is provided for each matched pair 

                                                 
12 Ithaca is also part of the same sub-ecoregion, Mixed Wood Plains, as Toronto.  
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in Table 13, from most abundant genus listed to the least. The darker grey shading highlights 

which genus surpass the 20% benchmark, the lighter grey shows those surpassing the stricter 

10% mark.  

Table 13. Top Ten Genera by representative proportion (%) per Matched Pair 

JAMESTOWN  FLEMINGDON-PARK  EGLINTON E.-KENNEDY PARK 

PIN % CONTROL % PIN % CONTROL % PIN % CONTROL % 

Acer 32 Acer 49 Acer 22 Acer 45 Acer 30 Acer 32 

Tilia 17 Tilia 11 Picea 15 Malus 10 Tilia 14 Ulmus 13 

Malus 8 Picea 8 Malus 8 Gleditisia 8 Malus 13 Tilia 12 

Gleditsia 8 Gleditsia 6 Betula 8 Tilia 6 Gleditisia 11 Malus 7 

Picea 6 Malus 6 Gleditsia 6 Pyrus 4 Fraxinus 5 Gleditisia 6 

Fraxinus 5 Betula 5 Pinus 6 Picea 3 Syringa 5 Fraxinus 3 

Betula 3 Ginkgo 3 Morus 4 Sorbus 3 Prunus 3 Prunus 3 

Platanus 3 Sorbus 2 Prunus 4 Syringa 3 Pyrus 3 Betula 3 

Catalpa 3 Syringa 1 Tilia 3 Betula 2 Betula 3 Pyrus 2 

Gingko 2 Catalpa 1 Sorbus 2 Ulmus 2 Sorbus 2 Sorbus 2 

Total 87 Total 92 Total 78 Total 86 Total 89 Total 83 

 
KINGSTON-GALLOWAY STEELES-L’AMOUREAUX LAWRENCE HEIGHTS 

PIN % CONTROL % PIN % CONTROL % PIN % CONTROL % 

Acer 37 Acer 46 Acer 39 Acer 48 Acer 31 Acer 27 

Malus 11 Malus 10 Fraxinus 18 Fraxinus 18 Picea 13 Picea 16 

Tilia 11 Tilia 8 Gleditsia 16 Gleditsia 11 Gleditsia 7 Pinus 6 

Syringa 6 Pinus 7 Tilia 13 Tilia 10 Pinus 5 Betula 5 

Fraxinus 5 Prunus 6 Syringa 4 Sorbus 4 Prunus 4 Malus 5 

Prunus 5 Fraxinus 3 Sorbus 3 Malus 3 Betula 4 Tilia 5 

Pyrus 5 Gleditsia 3 Ginkgo 2 Quercus 1 Malus 4 Gleditsia 4 

Sorbus 3 Pyrus 2 Pyrus 2 Pyrus 1 Morus 3 Syringa 4 

Gleditsia 3 Populus 2 Quercus 1 Syringa 1 Ulmus 3 Pyrus 3 
Amelanchier 2 Sorbus 2 Celtis 0.4 Gingko 0.5 Syringa 3 Quercus 2 

Total 88 Total 89 Total 98.4 Total 97.5 Total 77 Total 77 

 

Over 20% of all sampled street trees consist of maples (Acer). This is a finding 

consistent with the City overall, where Norway maple (Acer platanoides) represents over 

20% of the City‟s street tree population (Every Tree Counts Report, 2010). The stricter 10% 

guideline for genus used by Toronto’s Strategic Forest Management Plan (2013) was 

exceeded in all samples by 1 or 2 genera except for the Kingston-Galloway control, as shown 

in the lighter grey (Table 13). The following genera were present in proportions over 10%: 

Linden (Tilia) in 5 samples (3 in PIN and 2 in control samples); Spruce (Picea) and Apple 

(Malus) in 3 samples each (each overrepresented in 2 PINs and in 1 control); Ash (Fraxinus) 

and Locust (Gleditsia) were overrepresented in both samples in Steeles-L‟Amoureaux; and 
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finally Elm (Ulmus) in the Eglinton East-Kennedy Park control. The results suggest PIN 

status has little, if any, impact on genus diversity of ROW street trees.  

As mentioned, often less than 10 street tree species make up a great proportion of the 

entire population (Sun and Bassuk, 1991), and this is truer still for genus since it is a more 

general taxa. For example, the top ten genera in the Jamestown ROW control make up 92% 

of the genus composition, and in the PIN sample the top 10 genus types make up 87% of the 

species composition. Lawrence Heights‟ top 10 residential ROW street trees make up 77% of 

the genus composition, which is the lowest proportion of all the 6 groups, indicating a higher 

diversity in total beyond the top ten. Steeles-L‟Amoureaux represents the northernmost and 

newest development of the 6 neighbourhood groups. Almost all (approximately 98%) of its 

street tree population is made up of 10 genus types. Of course, these proportions may change 

simply by increasing the sample area as per the modifiable areal unit problem (MAUP). 

 

3.2.1.2.1 Strategies and Applications for Tree Management Plans 
 

One example of how such findings could be used in a community street tree plan is to 

place a moratorium on further plantings of Maples (Acer) for this plot. However, at a smaller 

scale, it is more important for ROW street trees, which are often planted in a line and 

frequently in close quarters, to not be entirely homogenous than to use these 10% or 20% 

benchmarks. This is particularly crucial in light of devastating pests such as Emerald Ash 

Borer and Asian Long-horned Beetle, as well as Dutch elm disease. The lack of diversity 

makes it easier for pests to spread and reduces overall resiliency. Prioritizing native species is 

also important. A look at the bottom 10 genera in a given plan or study area could be 

investigated to identify where to focus survival efforts as well as trends in owner preferences 

of certain species. Strategic planning requires comprehensive tree inventorying for analysis, 

including the DBH of each tree for an assessment of the overall class size distribution, 

discussed next in the following section.  

 

 

The findings will be discussed in terms of their relative age: „small   younger,‟ 

„middle,‟ „large   older‟ (Table 14). The values (% proportion) for the samples are based on 

the mean values of the six PINs and the mean values of the six control sample areas. 
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Table 14. Class Size Distributions for Neighbourhood Pairings, Ideal and City 

 SMALL / YOUNGER MIDDLE LARGE / OLDER 

DBH (cm) 0-15 16-30 31-45 46-61 62-76 77+ 

Ideal 28% 22% 15% 10.5% 6.5% 11% 

City-wide 45.5% 25.5% 11% 5% 3% 2.5% 

PINs  47.2% 30.1% 15.3% 4.4% 1.8% 1.1% 

Controls  44.8% 27.8% 15.4% 7.8% 2.2% 1.9% 

 

Table 14 is shown graphically in Figure 6, which shows the proportion per class of street 

trees across the City (blue), mean distribution of street trees for the 6 PIN samples (red 

outline) and for the 6 control sample areas (green outline). The ideal distribution is shown in 

green with a black cap to mark the difference. 

Figure 6. Sampled Street Tree Size Class Distributions Compared to Ideal 

 
 

 

The City on a whole, the PIN samples and control samples on average highly 

overshoot the ideal 28% and 22% for the smaller (first two) size classes, with the PINs 

having the highest proportion of trees in the smallest size category (0-15 cm and 16-30 cm). 
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In other words, small / younger trees make up most of the street tree population for both 

neighbourhood types and for the City overall. However, the PIN is furthest away from the 

ideal (28%) at 47%, and 30% (22% ideal), respectively, while the City and control values are 

similar. The proportions include records of 0 DBH since the ideal classification system 

begins with 0 DBH. 

 

 

Interestingly, the sampled areas (PIN and control group) meet the 31-45 cm DBH 

ideal of 15%, which is better than the City. In the 46-61 DBH middle size class, the PIN and 

the City meet less than half of the standard ideal proportion, while the control is closer to 

meeting the ideal, faring better than the City overall. This again shows single detached 

residential to be a more robust land use type in terms of tree distribution. 

 

 

The most important class size category is the larger / older tree class. The sampled 

areas are furthest from the ideal proportion (11%), where not even 2% of the sampled street 

trees fall in this category. However, the City as a whole is not much better at 2.5%. Hence, 

there is a City-wide need to provide the resources so that younger and middle sized street 

trees are able to grow into this category. Since it takes many years for trees to reach this level 

of maturity, the largest class size is where socioeconomic indicators start to matter less 

because large tree(s) persistence is based on past land use conditions that allowed it to grow 

(Grove et al., 2006). Large trees have stood the test of time against development while a 

more intense strategy for the smaller / younger class is necessary to ensure they continue to 

survive and grow healthily.  

 

 

A healthy tree community requires a balanced aged tree structure to ensure the 

continuation of the urban forest. No sample met the ideal class size distribution except for in 

the middle age, 31-45 cm DBH class category, where the means for the matched pairs met 

the criteria. There is an extreme shortage of large ROW street trees (62+ cm DBH), reflecting 

the City on a whole suffers from too many small-sized trees and a severe shortage in large 
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trees (Every Tree Counts Report, 2010). As mentioned, larger mature trees provide more 

social and economic benefits. In Halifax, NS, mature trees were given priority for 

maintenance and management (Steenberg et al., 2013). When older trees eventually decease, 

so do its ecological services while at the same time demanding high costs by the City for 

their removal and maintenance (ibid). Ensuring middle aged trees are available when this 

occurs is crucial, highlighting the need for existing trees to grow into their full potential.  

 

 

As mentioned in Section 1.1.1 of this report, this study sought answers to the 

following research questions:  

1. Is tree cover significantly less in Priority Investment Neighborhoods (PINs) than non-

PINs?  

2. How do the genus distribution and size class distribution (relative age) of trees in 

sampled areas fare against standard benchmarks used for master planning? 

3. What policy directions / programs / recommendations arise from findings of the above 

questions?  

 

In doing so, it evaluated current conditions of the urban forest in terms of equitable 

distribution of tree cover and right-of-way (ROW) trees‟ genus composition and class size 

distribution. Investigating the first two research questions stimulated the identification of 

appropriate planning approaches to address environmental inequity via the urban forest.  

 

 

A significant difference was found between the mean areas of forest cover in Priority 

Investment Neighbourhoods (PINs) and the control group. This finding is similar to other 

studies (Appendix B) confirming a link between certain neighbourhood attributes and tree 

cover and diversity. A look at the top five most and bottom five least treed neighbourhoods 

out of Toronto‟s 140 social planning districts further supports the idea of environmental 

inequity in neighbourhood tree cover (Table 15). 
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Table 15. Percent forest cover in Toronto's 5 most and least treed neighbourhoods 

 
Source: Every Tree Counts Report (2010), p. 30, Table 2 

 

Traditionally wealthier neighbourhoods (other than those consisting much natural 

park area such as Morningside and High Park) are in the top five, while the bottom five least 

treed were found in socially poorer neighbourhoods of Toronto. While none of the most treed 

neighbourhoods are or ever have been identified as a PIN, three of the five least treed 

neighbourhoods (Humber Summit, Steeles, and Yorkdale-Glen Park) are part of a Priority 

Investment Neighbourhood. As for the other two least treed neighbourhoods, Milliken is a 

northern suburb adjacent to the Steeles-L‟Amoureaux PIN, while Little Portugal is 

downtown. PIN criteria also involve physical proximity to services, which may be a reason 

why no downtown neighbourhoods have been identified as a PIN. This trend continues 

beyond the top five and bottom five, with more affluent neighbourhoods somewhere closer to 

the top of the list and less affluent neighbourhoods closer to the bottom, as seen when forest 

cover data is overlain across the 140 neighbourhood districts using the City‟s Wellbeing 

Toronto v213 online mapping tool.  

There is an important opportunity for the City to level the distribution of urban trees, 

which is a major challenge since majority of urban trees are under private ownership. 

                                                 
13 City of Toronto. (2008). Wellbeing Toronto v2, Forest cover [data]. Retrieved from 

http://www.toronto.ca/wellbeing/ 

http://www.toronto.ca/wellbeing/
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Incorporating social data would help prioritize less affluent neighbourhoods for forest 

investment since trees provide important social and environmental amenities while enriching 

their streetscapes. Though the study deals with a “natural” feature, trees, it is humans that 

largely dictate where they remain and grow, and therefore where environmental services are 

found. The next section reviews findings from sampled street trees in the right-of-way 

(ROW). 

 

 ’

Though there is evidence that environmental inequity applies for urban tree cover, 

there is no significant difference in amount of street trees, or street tree diversity and class 

size, which remains in an overall poor state comparable to the City. While there is a 

significant difference between PINs and non-PIN average tree cover, the lack of any 

significant difference in ROW street trees may be attributed to the isolation of 6% of a 

specific subset of Toronto‟s total urban forest population, street trees. It is of course possible 

that road density could have been greater in certain samples, although the sample selection 

process aimed to for homogeneity. Interestingly, the control samples showed less diversity 

than the PIN samples in many cases, but there was no statistically significant difference 

between the two groups on average. One possible reason is that the City creates more 

uniform conditions by choosing a limited number of species and maintaining such, and these 

could have occurred in the sampled control areas. Whitney and Adams (1980) also mention 

the tendency to choose more readily available species, ones that are less expensive or well 

promoted by the supplier / seller. Additionally, the matched pairs were located near each 

other to control for their sameness in development period (neighbourhood age) which is a 

major factor for plant diversity (Hope et al., 2003), particularly for street trees in residential 

areas (Poracsky & Banis, 2005). Hope et al. (2003) also attributes diversity in residential 

areas to some socio-cultural factors in which personal preference, taste and fashion are 

largely responsible, however their study looked at all plant genera in Central Arizona – 

Phoenix, AZ and was not limited to ROW street trees. In any case, trees under municipal 

jurisdiction are not contributing to environmental inequity in PINs.  
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Toronto’s Strategic Forest Management Plan (2013) lists the achievement of 

equitable distribution of urban forest as a top long term goal, second only to the overall 

increase in forest cover. One of the shortcomings of Toronto’s Strategic Forest Management 

Plan (2013) however, is that equitable distribution is only mentioned in the beginning and 

end of the plan – as a goal; there is no indication on how this will be achieved or measured, 

though many helpful recommendations and strategies are made. Improved understanding of 

the urban forest ecosystem and its interaction with social processes and policies is an area of 

research that will continue to evolve (Steenberg et al., 2013) and this information should be 

incorporated in city planning. Socioeconomic and demographic information at the census 

tract level can also be used in urban forest planning. The City already has much experience in 

identifying and prioritizing neighbourhoods that require targeted investments based on social 

indicators. A similar approach could be taken with the urban forest that benefits both socially 

disadvantaged neighbourhoods while contributing to the overall City‟s urban forest. 

The Toronto’s Strategic Forest Management Plan (2013) also highlights the need to 

educate the general public on the urban forest. Awareness should move from the overall idea 

of one-time tree planting to retaining the largest and healthiest tree as possible (Kenney, 

personal communication, 2013). This means transferring the enthusiasm of tree planting into 

a long term stewardship (ibid). Programs such as Neighbourwoods14 provide a successful, 

proven model for community-based inventorying. Developed by Dr. Andy Kenney and Dr. 

Danijela Puric-Mladenovic at the Faculty of Forestry, University of Toronto, the protocol has 

been used by a number of communities across Ontario, including Kingston, Thunder Bay, 

Windsor, as well as the Annex and Harbord Village area in Toronto to develop strategic 

urban forest management plans. The Town of Mitchell, ON now has a complete tree 

inventory using Neighbourwoods, collected incrementally over the course of a few years 

(summers). Without regularly updated inventory, the lack of information on the condition or 

health status of trees leaves a large question mark as to whether the existing trees will live on 

                                                 
14 Neighbourwoods

©
 is a comprehensive and standard tree inventory protocol developed to assist 

communities and professionals in collecting the tree information they need to strategically plan and 

manage their urban forest. For more information: 

http://www.forestry.utoronto.ca/neighbourwoods/web/neighbourwoods/homepage.htm  

http://www.forestry.utoronto.ca/neighbourwoods/web/neighbourwoods/homepage.htm
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to produce the ecological services that is mainly derived from larger trees. Small-scaled 

approaches – that is, small enough for manageable, detailed inventories to be collected – are 

therefore appropriate for defining community goals for their portion of the urban forest.  
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This study explored the distribution of tree cover and public street trees in the right-

of-way (ROW) between sampled areas within Toronto‟s Priority Investment Neighbourhoods 

(PINs) and nearby neighbourhoods that have not been flagged by the City. The aim was to 

see whether there was a significant difference between the amount of tree cover and quality 

of street trees in similarly built neighbourhoods of different social status. PINs were chosen 

to encapsulate the social variables that have been examined in past studies and specifically 

deemed important for Toronto. The PINs functioned as a proxy to represent overall less 

affluent or socially „at-risk‟ neighbourhoods, rather than testing individual social factors. A 

test on a sample of matched PIN and controlled non-PIN neighbourhoods showed a 

significant difference in tree cover, with PINs featuring significantly less tree cover. There 

was no significant difference in amount or diversity of right-of-way (ROW) street trees. 

Well-established benchmarks showed a few concerns in diversity, with an over 

representation (>20%) of the maple (Acer) genus and a highly skewed relative age of street 

trees, which aligns with findings in Toronto’s Strategic Forest Management Plan (2013) and 

is the case for Halifax, NS as well (Steenberg et al., 2013). The urban forest is greatly 

determined by socio-cultural values (Whitney, 1980; Hope et al., 2003) and thus amenable by 

humans, which is encouraging in the pursuit of achieving equitable distribution of the urban 

forest. The existence of inequity within this resource however, coupled with the extreme 

shortage of large / old street trees, makes it even more urgent for urban planners to consider 

this in tandem with their overall social and economic efforts. The urban forest is fundamental 

to urban resiliency, particularly in light of major storm and flooding events. Urban 

biodiversity also increases the amount of exposure that city residents can get more regularly, 

which is also an important element in stimulating people‟s desire to support conservation 

(Bourne & Conway, 2013).  
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The City, regardless of land use type or any other landscape variable would benefit 

from protecting existing trees in order to ensure their growth. The following 

recommendations are specific to mitigating environmental inequity in urban forest planning.  

 

1. Equitable Distribution: Use socioeconomic data to further prioritize urban forest 

investments in addition to ‘least treed’ neighbourhoods in respect to Strategic Goal 

#2 of Toronto’s Strategic Forest Management Plan (2013) 

Expand the definition of „equitable‟. Currently, in Toronto’s Strategic Forest 

Management Plan (2013) this means targeting less treed areas – an obvious approach, or 

“where it is most needed”. There is opportunity to elaborate on this definition given the 

inequity in tree cover found in Toronto and other cities. The term „equitable‟ could be 

expanded to include less treed areas that are also less affluent (not just by income) similar to 

how social investments are targeted to those who would benefit the most. Environmental 

inequity of the urban forest needs to be addressed by way of incorporating information on 

social disparity to make appropriate forest planning decisions and in managing their 

implementation. Understanding the situation of environmental equity in the urban forest 

compels us to address the procedures that should ensure fair distribution, i.e. environmental 

justice (Zimmerman, 1993-4). As recognized by Toronto’s Strategic Forest Management 

Plan (2013), the urban forest is not solely the realm of arborists but of other municipal 

agencies and the greater community as well. Since both land use and socioeconomic 

variables determine the spatial distribution of the urban forest, planning should encompass a 

greater emphasis and understanding on this relationship in order to achieve equitable 

distribution as the second listed strategic goal in Toronto’s Strategic Forest Management 

Plan (2013).  

 

2. Smaller-scale approaches to forest management are encouraged as source of local, 

fine-level data and as a way of addressing the specific needs of a tree community.     

The quality or condition of trees will differ at different places, so neighbourhood level 

(few blocks, maybe less) approaches present better scales by which to attenuate matters 

appropriate to the community and land use context. Given the vastness of the urban forest, it 
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is time-consuming and expensive to measure or inventory it in any fine, complete detail. 

Small-scale approaches to the urban forest can be a more manageable approach to taking 

stock of the existing conditions and potential improvements, information which is 

indispensable for addressing the specific needs of a community of trees. Community tree 

plans at the block(s)-level offer a fine-level source of data for planners and arborists alike. 

Small-scale plans can be tailored to specific trees in need of attention, or imbalances in 

diversity to combat specific pests.  

Smaller-scale plans can more effectively identify places in the streetscape where there 

is less space to support vegetation outside of the ROW. The ROW is the corridor which 

residents and the community perceive on a daily basis, whereas natural areas and parks are 

not. Targeting specific areas of the streetscape that are part of a regular commute, where 

immediate access to green is lacking, as opposed to park areas which one has to set aside 

time to „get to‟ for tree management can be more easily identified in small scale plans. This 

is particularly important as the urban forest is “increasingly becoming the main exposure to 

nature for much of the populace,” (Steenberg et al., p. 135). Small-scale plans also make the 

level of detail required more manageable to assemble, while cumulatively help to anchor 

high-level data from imagery. Therefore, a collective, piecemeal approach may be effective.  

 

3. Community stewardship: transfer emphasis from planting to protection and 

maximizing tree growth. On-going engagement and education can be achieved 

simultaneously in community-based inventorying, which includes monitoring.  

With the majority of urban trees on private property, ownership could potentially be a 

barrier to management, which is why community education and partnership is important and 

its value recognized and prioritized in Toronto’s Strategic Forest Management Plan (2013).  

While research begins to focus on the health and condition of the urban forest, the issue of 

cost remains an obstacle as measuring the quality of the city‟s 530,000+ trees and counting is 

no small, quick task. Inventory of existing trees and assessing their surrounding condition 

requires much effort and a level of expertise. Supporting neighbourhood-based approaches to 

inventorying would reduce the current data deficit on urban trees, particularly through 

community inventory protocols such as Neighbourwoods and can be part of smaller scale 

forest community plans. The message that urban forest stewardship extends beyond tree 
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planting is also reinforced through the process while providing data. Thus it would be 

worthwhile to focus limited funds into supporting community-based programs so that a 

collection of inventories on a small-scale can eventually be built. Point-based data 

inventories could then be used as supplementary information by municipalities as well as 

ground truth regional imagery.  

Expansion of the forest canopy depends on trees surviving into old (big) age. Given 

that community efforts are necessary to see this result, public awareness and education need 

to emphasize the optimal conditions for growth and survival. This calls for a need of some 

level of understanding and of some key structural attributes of trees and its condition, which 

can be facilitated by encouraging and supporting community-based inventories. Resources 

such as online mapping and open data can facilitate citizen science and community inventory 

to mitigate this problem. 

 

 

This study looked at the most diverse and rich land use (single-detached residential) 

in terms of urban trees, second to natural areas (Toronto’s Strategic Forest Management 

Plan, 2013). There is a need for future research to explore ways in which multi-dwelling 

residential, commercial and institutional land use types can be designed to incorporate more 

trees and vegetation. On-going research should support innovation in design that perpetually 

challenge current tree expansion targets in all land use types. For now, the right-of-way 

remains an important public space area for the urban forest, but also one of the most 

challenging.  
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Table A. Decision Matrix 
PRIORITY INVESTMENT 

NEIGHBOURHOOD  

Comments CANDIDATE 

(Y/N) 

Crescent Town  

#61 – Crescent Town 

Tree points over neighbourhood regions do not seem to 

cover every tree in the ROW. Total tree data points: 524. 

N 

Flemingdon Park-Victoria 

Village  

#43 – Victoria Village 

#44 – Flemingdon Park  

There is a good candidate area in the northeast section of 

the PIN, containing 2947 tree data points from single 

detached homes. Curvilinear streets. 

Y, good 

adjacent 

(control) 

candidate 

Dorset Park 

#126 – Dorset Park 

Narrow strip of residential surrounded by industrial lands. 

If I‟m really strapped I could go back but unlikely 

N – better to 

avoid if possible 

Eglinton East-Kennedy Park 

#124 – Kennedy Park 

#138 – Eglinton East 

Comparable areas lack. It‟s also very close to the above 2 

PINs. 

N, unlikely 

Scarborough Village 

# 139 – Scarborough Village 

Coastline Bluffs, again difficult to find comparable areas.  N 

Kingston-Galloway 

(#135, 136, 137) 

Good comparable areas Y 

Malvern 

#132 – Malvern  

No comparable built form of comparable size surrounding; 

lots of industrial looking structures; also right next to 

Rouge 

N 

Steeles-L’Amoreaux 

#116 – Steeles   

#117 – L‟Amoureaux 

Several good candidates within (3) – difficult to select just 

one 

Y 

Westminister-Branston 

#35 – West  

Built form within varies widely, also has much ravine / 

park space within 

N 

Lawrence Heights 

 #31 – Yorkdale-Glen Park  

Great candidate with great nearby comparable control Y 

Jane-Finch 

#21 – Humber Summit 

#22 – Humbermede 

#24 – Black Creek 

#25 – Glenfield-Jane Heights 

Most of it is blocky structure (towers); good candidate in 

SE corner but difficult to place a comparable control. The 

SE corner is bordered by a heavily forested ravine. 

Y. Avoid if 

possible (better 

than Dorset 

Park) 

Jamestown 

#2 – Mount Olive-Silverstone-

Jamestown  

Candidates found, might not be the best one in terms of 

homogeneity. Control is south of it, further than the other 

pairs nearness. 

Could, Y 

Weston-Mt. Dennis 

#8 – Humber Heights-Westmount  

#113 – Weston 

#115 – Mount Dennis   

Lots of natural areas within it (2 ravines run through it). 

Control candidate areas look industrial. 

N 



 

 

 

Table B. Summary of Precedents 

STUDY AREA VARIABLES FINDINGS 

Bourne & 

Conway, 

2013 

Peel Region, ON 

by municipality: 

Bolton, Caledon,  

Brampton,  

Mississauga 

Tree species diversity vs. land use 

types (8) 

 

 Differences in species diversity greater 

between land uses than municipalities  

 Different land use more important than 

different city 

Lowry et al., 

2012 

Salt Lake City, 

UT 

Neighbourhood age: 

 15 yrs ago (90s) 

 55 yrs ago (50s) 

 95 yrs ago (pre-war) 

Vs. HH characteristics (median Y, 

avg. HH size, med. Pop age, non-

white pop., highschool graduates); 

urban form (street connectivity, 

land use mix, median lot size, 

residential street density, median 

block perimeter); geophysical 

landscape (mean annual P, 

available water storage, distance to 

streams /canals, aspect) 

 New neighbourhoods have a positive 

relationship with street density and 

residential tree canopy, but relationship 

diminishes with neighbourhood age. 

 No relationship between HH Y and % tree 

canopy in newer neighbourhoods. For 

older neighbourhoods, significant positive 

relationship between income and % tree 

canopy emerges, particularly for oldest 

neighbourhoods 

 Importance of time since development; 

time strengthens / multiplies effect of 

income on neighbourhood canopy 

abundance 

Pham et al., 

2012 

Montreal, QC Low Y and visible minorities vs. 

access 

Low Y more than minorities 

Davis et al., 

2012 

Chicago, IL Socioeconomic groups vs. 

proximity to: open space, lake, tree 

canopy cover, bird diversity 

Low to mid Y Hispanic residents worst off 

group in all 4 categories 

Chakraborty 

& Landry, 

2009 

Tampa, FL Street trees vs race and ethnicity, 

Y, housing tenure 

Significantly lower proportion of tree cover 

on public ROW in neighbourhoods with a 

higher proportion of African-Americans, 

low Y, and renters 

Martin et al., 

2004 

Phoenix, AZ Income, species composition, time 

since disturbance (median year of 

development & pop. density) 

*not limited to trees 

Heynen & 

Lindsey, 

2003 

Central Indiana, 

IN (44 

counties, ~ half 

live in 9) 

% urban forest cover vs. 

ecological/geographic (slope, 

DEM, stream density, urban form, 

urban area, pop density, housing 

stock age (% older than 1979), SES 

status, median HH Y, education 

(bach or higher), policy (tree city) 

Urban areas are more likely to have more 

canopy cover if: in counties with more 

canopy cover, have higher proportions of 

their pop‟s with college degrees, older 

housing stock, both more land and land with 

slopes >15%, denser stream networks. 

Population density, median HH Y, and 

planning, zoning or Tree City status are not 

correlated with urban canopy cover. 

Hope et al., 

2002 

Central Arizona-

Phoenix, AZ 

Urban plant diversity Family Y and housing age best explained 

the observed variation in plant diversity 

Whitney & 

Adams, 1980 

Akron, OH Income, Education, Age of 

development vs. species 

Spatial arrangement of urban plant species 

communities correlated with the land use 

zones: CBD, transition, blue collar & single-

detached residential, commuter zones 
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Table C. Moran’s Index Values for the spatial pattern of tree cover  

 PIN CONTROL 

Lawrence Heights 0.000523 -0.001092 

Jamestown 0.020910 0.053916 

Flemingdon Park-Victoria Village 0.004890 -0.006175 

Steeles-L‟Amoureaux 0.002544 0.002494 

Kingston-Galloway -0.035896 -0.011301 

Eglinton East-Kennedy Park 0.030563 0.005243 

 

Scores are based on a continuum between -1 and +1. When Moran‟s I = 0, there is random 

distribution. Negative 1 indicates even dispersion while positive 1 indicates clustering. A 0 is 

desirable to ensure tree cover is randomly distributed to fulfill the assumption of randomness for 

the statistical test. The null hypothesis of the (global) Moran‟s I statistic is that the feature is 

randomly distributed within the study area, that the observed pattern of values is by random 

chance. 

 

The control for Jamestown comes closest to the value of 1, towards a clustered distribution. 

However, with a z-score of 1.09, it does not appear to be significantly different from 0 (random). 

A critical value of 1.65 needs to be reached before patterns are considered as not random at the 

minimum level of significance (0.10). 
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Table D. Street Tree Samples Paired Difference Results 

Matched Sample Pair PIN Control 
 

t-Test: Paired Two Sample for Means 

Lawrence Heights 1255 1283   PIN Control 

Jamestown 1052 1269  Mean 940.5 984.6667 

Flemingdon Park-Victoria Village 1351 644  Variance 126759.5 186907.5 

Steeles-L‟Amoureaux 936 1551  Observations 6 

Kingston-Galloway 462 605  Degrees of freedom 5 

Eglinton East-Kennedy Park 587 556  t Stat -0.25009 

TOTAL 5643 5908  P(T<=t) one-tail 0.406234 

Mean 940.5 984.67  t Critical one-tail 2.015048 

Std Dev 356.03 432.33  P(T<=t) two-tail 0.812468 

Std Err 145.35 176.50  t Critical two-tail 2.570582 

 

 

The test statistic does not meet any critical value and so the null hypothesis (of no difference) is 

not rejected. 

 

 

 


