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Abstract

City owned urban trees are important pieces of public infrastructure which provide significant eco-
nomic, environmental, and health benefits to the areas they populate. In large Canadian cities, however,
the urban forest is disproportionately concentrated within wealthier neighborhoods, at the expense of
lower income citizens. In this paper, the distribution of street trees across Toronto’s 25 municipal voting
wards is analyzed to further investigate the relationship between neighborhood wealth and concentration
of urban trees. Toronto’s wealthiest wards are found to consistently have more trees per square kilometer
than Toronto’s poorest wards, and to have a greater concentration of large trees.
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1 Introduction

Toronto’s urban forest, comprised of an estimated 10.2 million trees, provides the Toronto public with a
number of significant economic, environmental, and health benefits (Urban Forestry 2013). The city’s tree
canopy contributes to the reduction of air pollution via the natural sequestration of carbon dioxide in the
atmosphere (Urban Forestry 2013; Greene, Robinson, and Millward 2018). Further, residential street trees
reduce the amount of home energy use, by providing homes shade and a windbreak, both of which mitigate
the need for electric cooling or heating (Urban Forestry 2013; Greene, Robinson, and Millward 2018). The
estimated economic benefit of these ecological services to the city is over $28.2 million dollars (Urban Forestry
2013). Alongside the reduction of air pollution related illnesses, Toronto’s city trees also provide life saving
shade to city residents (Graham et al. 2016). In a study of heat related ambulance calls in Toronto, Graham
et al. (2016) found that heat related deaths during extreme heat events were reduced by 80% in areas with
greater than 5% tree canopy coverage.

In North America, the substantial public benefits of urban trees are disproportionately afforded to wealthy
communities. Wealthy residents in U.S. cities were found to have nearly 50% more greenery surrounding
their homes than poor residents (Leahy and Serkez 2021). In a study of four major urban areas in Canada,
Ottawa, Toronto, Montreal, and Quebec City, authors Landry, Dupras, and Messier (2020) found that a
neighborhood’s diversity of urban trees was inversely related with measures of social vulnerability.

To further investigate the relationship between socioeconomic status and urban tree coverage in the Canadian
context, this paper will analyze Urban Forestry data on the location and size of Toronto’s city-owned street
trees. In particular, the paper considers the number and density of street trees in each of Toronto’s 25
municipal voting wards. Using 2016 Census data, the relationship between average household income and
the prevalence of small, large, and total street trees by ward will be discussed. For the analysis, the R
statistical software (R Core Team 2021) will be used to load, clean, and visualize this data. The tidyverse
(Wickham 2021) and dplyr (Wickham, Francois, et al. 2021) packages are used for data manipulation,
the stringr (Wickham 2019) package for text processing, and the janitor (Firke 2021) package for data
cleaning. Packages ggplot2 (Wickham, Chang, et al. 2021) and kableExtra (Zhu 2021) are primarily
used to generate tables and graphs. Additionally, the sf (Pebesma 2022) package is used to graph City
of Toronto maps and the scattermore (Kratochvil 2020) package to plot the coordinates of street trees.
Packages bookdown (Xie 2021a), knitr (Xie 2021b), and tinytex (Xie 2021c) are used for formatting and
compiling the paper. Finally, the package here (Miiller 2020) is used to manage file paths.

2 Data

2.1 City-Owned Street Tree Data

This paper utilizes the Street Tree dataset (Open Data Toronto 2022b) from the Toronto Open Data portal,
imported via the opendatatoronto package (Gelfand 2020). At the time of this analysis, the dataset
contains 662,152 observations of unique street adjacent trees owned by the City of Toronto (Open Data
Toronto 2022b). The data is used primarily for inspection and maintenance purposes by Toronto’s Urban
Forestry staff, and was compiled over several years of inspections. Recorded tree data includes a unique
identifier for each street tree, names of adjacent streets and nearby parks (if applicable), the coordinate
(latitude and longitude) of the tree, the municipal voting ward the tree falls within, the tree’s common
name, and the tree’s diameter in inches, measured at 1.3 meters height (Open Data Toronto 2022b).



Table 1: Sample Street Tree Data

Tree ID  Ward Number Trunk Diameter Longitude Latitude Is Large Is Small

1 10 47 -79.41619  43.64954 TRUE  FALSE
2 17 25 -79.35453 43.80372 FALSE FALSE
3 20 24 -79.27608 43.67763 FALSE  FALSE
4 6 4 -79.42521 43.74369 FALSE  TRUE
5 16 25 -79.31538 43.73389 FALSE FALSE

Above is a sample of the Street Tree data used in this paper. To simplify the analysis of the trees’ geographic
distribution, longitude and latitudes are kept in favour of less precise location indicators, such as street names.
Further, to limit the scope of this analysis, tree species is not considered, although this is a relevant avenue
for future discussion of government tree allocation. Relatively few observations are missing from the dataset.
Two observations of tree ward location are missing, both of which are not included in this analysis. Further,
3473 observations of tree diameter are either missing or 0. These observations are excluded from all analysis
and calculations based on tree diameter, but are used to plot the geographical distribution of Toronto’s
street trees. As these missing observations are not concentrated in any specific set of wards,' they are not
expected to drastically impact the conclusions of this investigation.

Table 1 includes two True/False variables, Is Small and Is Large, which indicate respectively whether a
tree’s diameter is below the 25th percentile or above the 75th percentile of all observed tree diameters. The
motivation for including these variables is twofold. First, the Street Tree dataset does not include the date
at which trees are planted. Instead, tree size can be used as a proxy for tree age, the assumption being that
older trees are on average larger and younger trees on average smaller. Second, tree size is a determinant of
tree value, larger trees providing greater environmental benefits, such as increased air quality, and economic
benefits, such as reduced home cooling costs and shade coverage, than smaller trees (Urban Forestry 2013).

2.2 Ward Geography Data

To supplement the Street Tree data, this paper also utilizes the City Wards dataset (Open Data Toronto
2022a), retrieved via the opendatatoronto (Gelfand 2020) package. This dataset includes the boundaries
of Toronto’s 25 municipal voting wards, as well as their names and numeric codes. A sample view of the
dataset is shown below.

Table 2: Sample City Ward Data

Ward Number Ward Name Longitude Latitude Geometry Area
16 Don Valley East -79.33 43.74 POLYGON ((-79.31335 43.7169... 22.93
3 Etobicoke-Lakeshore -79.52 43.62 POLYGON ((-79.49777 43.6519...  39.95
15 Don Valley West -79.38 43.73 POLYGON ((-79.35232 43.7157...  30.24
23 Scarborough North -79.25 43.81  POLYGON ((-79.22591 43.8396... 30.38
11 University-Rosedale -79.39 43.67  POLYGON ((-79.39004 43.6905... 13.57

The Latitude and Longitude variables provide the rough center of each ward, while the Geometry variable
contains the boundaries of each ward, defined by a set of coordinates (latitude and longitude). Area is the
area of each ward in square kilometers, calculated using the Geometry variable and the sf (Pebesma 2022)
package for manipulating shape objects.

1see Additional Tables 4



2.3 Data Analysis

Figure 1 provides a birds eye view of every street tree in Toronto, overlaid on a map of the city’s 25 municipal
voting wards.
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Figure 1: Toronto’s Street Trees

Some immediate disparities in tree coverage are visible, particularly in Etobicoke North, Humber River-Black
Creek, Spadina-Fort York, and Scarborough-Rouge Park, all of which have large expanses of little to no tree
coverage. In contrast, wards surrounding Davenport, including Parkdale-High Park, Toronto-St. Paul’s, and
University-Rosedale, are densely canopied with street trees. Additionally, Figure 1 displays the effects of
large highways and roads, which displace urban forestry. The 401 Ontario Express Highway is visible as
a straight line cutting through Scarborough-Agincourt and Scarborough North wards, as is Highway 2A
through Scarborough-Guildwood.



Table 3 gives a more detailed description of the distribution of trees, summarizing the number and density
of total, small, and large street trees by ward. Additionally, the average diameter of trees (given in inches)
in each ward and ward area (in square kilometers) is provided.

Table 3: Number, Density, and Size of Street Tree by Ward

Number of Trees per Mean
Number of Trees Square Kilometer Tree Size

Ward Total Small Large  Total Small Large Diameter Ward Area
Toronto-St. Paul’s 26232 5591 7006  2002.57 426.82 534.84 27.22 13.10
Parkdale-High Park 27361 5466 8346  1788.04 357.20 545.41 29.81 15.30
University-Rosedale 23659 5540 5754  1742.97 408.13 423.90 25.71 13.57
Willowdale 31486 5203 9104 1595.97 263.73 461.47 28.11 19.73
Davenport 19255 4712 4165 1594.66 390.24 344.94 23.80 12.07
Eglinton-Lawrence 35074 6428 9429  1550.34 284.13 416.78 27.20 22.62
Toronto Centre 8366 954 1407  1429.36  162.99 240.39 22.08 5.85
Etobicoke Centre 51065 9165 16025 1369.56 245.80 429.79 28.30 37.29
Don Valley West 40287 5499 13045 1332.04 181.82 431.32 30.84 30.24
Don Valley North 31274 3656 8134 1282.85 149.97 333.66 26.52 24.38
Beaches-Fast York 19762 4408 5380 1178.04 262.77 320.71 27.71 16.78
Etobicoke-Lakeshore 46263 9370 13009 1157.90 234.52 325.60 28.27 39.95
York South-Weston 27049 5344 5983  1084.71 214.30 239.93 24.65 24.94
Don Valley East 24365 2983 5720 1062.81 130.12 249.51 25.94 22.93
Scarborough-Agincourt 20426 4781 4021  956.19 223.81 188.23 21.57 21.36
York Centre 33254 6428 5730  942.05 182.10 162.33 21.16 35.30
Toronto-Danforth 18840 4470 5043 865.64  205.38 231.71 27.31 21.76
Scarborough-Guildwood ~ 21090 4902 4895  808.92 188.02 187.75 22.87 26.07
Humber River-Black 23491 5239 3132  766.45 170.94 102.19 17.86 30.65
Creek

Scarborough North 22836 4473 3034  751.57 147.21  99.85 19.34 30.38
Etobicoke North 35483 7038 6801  734.90 145.77 140.86 21.38 48.28
Scarborough Southwest 20655 5187 4967  733.94 184.31 176.49 24.46 28.14
Scarborough Centre 18043 4899 4410  640.81 173.99 156.62 22.93 28.16
Spadina-Fort York 10656 1234 1534  570.74  66.09  82.16 21.07 18.67
Scarborough-Rouge Park 25878 5032 4411 479.27  93.19  81.69 21.27 54.00

& Diameter is measured in inches and Ward Area is measured in square kilometers.

The three tree per square kilometer variables are obtained by dividing the number of total, small, and large
tree counts in each ward by ward size in kilometers. As was apparent from Figure 1, Davenport, Willowdale,
University-Rosedale, Parkdale-High Park, and Toronto-St. Paul’s are the five most densely street tree covered
wards, and are among the top 10 most dense with small and large trees as well. Likewise, Scarborough-Rouge
Park, Spadina-Fort York, Scarborough Centre, Scarborough Southwest, and Etobicoke North are the five
least densely street tree covered wards. Notably, these wards are among the Toronto’s largest, while the five
most tree covered wards are among its smallest, perhaps owing to the greater population density of Toronto’s
smaller downtown wards.



To investigate further, Figure 2 compares the number of total, small, and large street trees per square
kilometer in each ward.? To maintain counts of a similar scale, the number of total trees per half-kilometer
squared is compared alongside the number of small and large trees per kilometer squared in each ward.
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Figure 2: Density of Total, Large, and Small Street Trees by Ward

As before, wards surrounding Davenport (Ward 9) have the greatest density of trees in all categories, while
those near Humber River-Black Creek (Ward 7) and Scarborough-Guildwood (Ward 24) have the least. The
variation in the density large trees is most pronounced. The ward densest in large trees, Toronto-St. Paul’s
(Ward 12), contains 534.84 large street trees per square kilometer compared to Scarborough-Rouge Park
(Ward 25), which has the fewest large trees per square kilometer, 81.69. The number of large street trees
per square kilometer in Toronto-St. Paul’s is over 6 times that of Scarborough-Rouge Park, while the total
number of streets trees per square kilometer in Toronto-St. Paul’s is just over 4 times that of Scarborough-
Rouge Park.

2For readability wards are labelled by ward number, see Additional Tables 4 for the corresponding ward names



3 Results

3.1 Wards with Lower Tree Density

The five wards with the fewest trees per square kilometer are Scarborough-Rouge Park, Spadina-Fort York,
Scarborough Centre, Scarborough Southwest, and Etobicoke North. Of these, Scarborough Centre and Eto-
bicoke North respectively have the third and fifth lowest average household incomes in Toronto, according
to 2016 Census data (Statistics Canada 2016). The average household making $70,624 annually in Scar-
borough Centre and $73,374 annually in Etobicoke North (Statistics Canada 2016). The remaining wards,
Scarborough-Rouge Park, Spadina-Fort York, and Scarborough Southwest, respectively have the 15th, 18th,
and 8th lowest average household incomes of Toronto’s 25 wards (Statistics Canada 2016). This provides a
weak indication that poorer wards have a lower tree density, but is far from conclusive.

3.2 Wards with Lower Large Tree Density

As indicated by Figure 2, the disparity between large tree density by wards is greater than that of overall tree
density. Likewise, the relationship between large tree density and ward income appears stronger. Of the ten
wards containing the least number of large trees per square kilometer, six are also within the ten wards with
the lowest average household earnings (Statistics Canada 2016). Once again, Scarborough-Rough Park is an
outlier, containing the fewest large street trees per square kilometer despite having the 11th highest average
household income (Statistics Canada 2016). Notably, a large portion of the Scarborough-Rough Park ward
is within the Rouge National Urban Park, Canada’s largest planned national park (Parks Canada, n.d.).
The park, which contains no street trees, is likely to decrease the density of street trees in the ward overall.

3.3 Wards with Higher Tree Density

Davenport, Willowdale, University-Rosedale, Parkdale-High Park, and Toronto-St. Paul’s comprise the five
wards with the most street trees per square kilometer. Parkdale-High Park is the only ward with a sub-
six-figure average household income at $99,784 (Statistics Canada 2016). All five wards are within the top
ten average household incomes, and two wards, Toronto-St. Paul’s and University Rosedale are within the
top five (Statistics Canada 2016). Toronto-St. Paul’s having an average household income of $155,470 and
University-Rosedale an average of $170,832 (Statistics Canada 2016).

3.4 Wards with Higher Large Tree Density

Three of five wards with the greatest density of large trees, Don Valley West, Toronto-St. Paul’s, Etobicoke
Centre, are within the top five average household incomes by ward (Statistics Canada 2016). Further, seven
of the ten highest average household earning wards are also within the ten wards with the densest large tree
cover (Statistics Canada 2016).

3.5 Small Tree Density

The relationship between small tree density and ward income is the least convincing of those examined, with
several notable outliers. Davenport’s average household income of $80,807 is the eleventh lowest of all 25
wards, yet Davenport’s small tree coverage is the third densest at 390.24 per square kilometer (Statistics
Canada 2016). Don Valley West, which boasts the city’s highest average household income of $216,158 has
the tenth lowest number of small trees per square kilometer (Statistics Canada 2016). Some of the wealthiest
wards, however, namely Toronto St. Paul’s, University-Rosedale, and Eglington-Lawrence, are also among
those with the densest small tree coverage (Statistics Canada 2016).



4 Discussion

The strongest result of this analysis is the apparent relation between high ward income and high prevalence
of large street trees. Don Valley West, Toronto-St. Paul’s, Etobicoke Centre, the three wards with the first,
fourth, and fifth highest average household incomes respectively, are among the most densely large street
tree covered wards in Toronto (Statistics Canada 2016). Nearly all of the highest earning wards are also
relatively dense with large street trees. The presence of larger, and therefore likely older, city owned trees
in these areas is consistent with the history of government investment into Toronto’s wealthier areas (Walks
2010). Repeated patterns of government reinvestment in the city’s downtown neighbourhoods, such as the
planting of new street trees or further development transit infrastructure, has widened the gap between
these areas and Toronto’s outer suburbs, which include several wards within the Etobicoke and Scarborough
regions (Walks 2010).

Additionally, higher ward income appears related to increased street tree density in general, and to a lesser
extent, small street tree density. All five wards with the greatest tree density have average household
incomes of near or above $100,000, while just one of the five wards with the lowest tree density, Spadina-
Fort York, has an average household income in the six-figures (Statistics Canada 2016). Some of the city’s
wealthiest and centrally located wards, Toronto St. Paul’s, University-Rosedale, and Eglington-Lawrence,
also contain among the largest numbers of small trees per square kilometer (Statistics Canada 2016). Under
the assumption that small trees are likely younger or newly planted, this relationship implies that Toronto’s
wealthiest wards continue to receive an influx of city owned street trees. Such reinvestment in already
wealthy areas, in the form of new tree planting, has the potential to further widen the infrastructure gap
between Toronto’s poorest and wealthiest wards. Redirecting funding for urban tree planting towards poorer
communities is one of many avenues that the City of Toronto government could pursue to mitigate growing
income disparities in the city.

These conclusions, however, should be interpreted cautiously as this analysis is purely descriptive and does
not contain any evidence for a causal relation between government street tree allocation and neighbourhood
wealth. Moreover, the data used omits pertinent information, such as the date age of each street tree and
tree’s species, which could be incorporated in further analysis. The results presented here, then, are better
suited to encourage further study of Toronto’s forest infrastructure. For instance, the role of city trees
in redlining, the systematic withholding of public or private investment from marginalized and historically
racialized communities, could be considered (Leahy and Serkez 2021). Such analysis is important to promote
and justify the reallocation of Toronto’s city trees, a powerful tool for economic, social, and environmental
benefit, to the neighborhoods where they will create the largest impact.



5 Additional Tables

Table 4: Number of Trunk Diameter Measurements Missing by Ward

‘Ward Number

Ward Name

Number of Diameter Measurements Missing

01O Uk W=

Etobicoke North
Etobicoke Centre
Etobicoke-Lakeshore
Parkdale-High Park
York South-Weston

York Centre

Humber River-Black Creek
Eglinton-Lawrence
Davenport

Spadina-Fort York

University-Rosedale
Toronto-St. Paul’s
Toronto Centre
Toronto-Danforth
Don Valley West

Don Valley East

Don Valley North
Willowdale
Beaches-East York
Scarborough Southwest

Scarborough Centre
Scarborough-Agincourt
Scarborough North
Scarborough-Guildwood
Scarborough-Rouge Park

330
472
602
69

152

23
36
25
135
3

13
38
2
399
ol

10
7
11
203
230

63
103
240
72
184
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