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Abstract

A Forested Urban Park: What is the value of Allan Gardens to the City of Toronto?
Senna Sabir

Masters of Applied Science

Environmental Applied Science and Management

Ryerson University
Toronto, 2008

The purpose of this study was to conduct an assessment of Allan Gardens’ urban forest and to
investigate the value of environmental and aesthetic benefits it provides to:the City of Toronto. This
project used the Street Tree Resource Analysis Tool for Urban Forest Managers (STRATUM) model
to assess forest structure, function, and monetary value of benefits. Soil in Allan Gardens was also
investigated to determine the growing conditions for park trees.

Results indicate that Allan Gardens maintained 309 trees that provide $60,407 annually in net
annual environmental and property value benefits to the City of Toronto. Soil conditions in the park
were found to be highly variable, where some locations were highly compacted and may be
restricting tree root growth. To sustain and enhance these benefits in the future, Toronto’s urban
forest requires dedicated management and maintenance that includes new plantings, but prioritizes

protection and maintenance of existing trees and soil.
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1.0 INTRODUCTION

1.1 Vegetation in the Cityscape

Urbanization is a process that occurs as cities grow and become more densely settled. It is manifest in a
landscape of intermixed built and natural features — the cityscape. Urbanization is in large part driven by
the requirement to support dynamic and expanding local economies. This growth triggers significant
changes in both land use and land cover, which consequently affect the structure, pattern and function of
existing ecosystems (McPherson et al., 2008; Wu et al., 2008). Urbanization ‘increases the density and
distribution of impervious land cover (Morrison, 2008), which has been sh;)wn to have a direct ill-effect
on the well-being of human and non-human components of these ecosystems (Carreiro, 2008). Recent
research investigating inhabitants of cities suggests that they are becoming increasingly stressed by
environmental and social factors brought about by urban living (e.g., elevated summertime temperatures,
congestion, air pollution (Marzluff et al., 2008)).

On a global-scale, urbanization has led to the following critical ramifications: long-term
pollution, loss of productive-agricultural land, fragmentation and degradation of habitat, depletion of
groundwater resources, contamination of surface waters and aquifers, and aberrant changes in
biogeochemical cycles of both terrestrial and aquatic systems (Carreiro, 2008). For example, a recent
study conducted in Toronto investigated the influence of impervious surfaces on the chemical dynamics
associated with semi-volatile compounds (Wu et al., 2008). It concluded that many impervious surfaces
(i.e., glass, concrete and asphalt) had measurable amounts of accumulated polychlorinated biphenyls
(PCBs), which wash off during precipitation events and contribute to contaminant loads in urban aquatic
ecosystems. These authors state that impermeable materials act as both dynamic source and sink for
pollutants. Soil, on the other hand, serves as a long-term sink (Wu et al., 2008). In another example, a
study in a highly urbanized district of California found that between 627,800 and 1.48 million annual
gastrointestinal illnesses were caused by citizens swimming at contaminated beaches (Given et al., 2006);

health care costs related to this were estimated at between $21 to $51 million (McPherson et al., 2008).



An important direction for the improvement of the aforementioned urbanization issues resides in
(re)designing cities to be more efficient in their consumption of energy and materials, and in their
disposal of waste (Carreiro, 2008). This can be approached by shifting development toward building
resilient eco-cities, where an eco-city is focused on well managed resources, minimization of point and
non-point pollution, and the provision of a rich variety of spatial structures prioritizing the integration of
vegetation and natural cover amongst built spaces (Carreiro, 2008; Morrison, 2008). Abundant, dense and
well distributed vegetation can greatly improve environmental quality and human health in urban areas.

Current research quantifying the benefits provided by healthy urban forests shows that trees
provide numerous social, environmental, and economic services. Several of these benefits include:
enhancing public health programs, reduction in the cost of city services, microclimate modification, air
pollutant abatement, energy conservation, and stormwater runoff mitigation (McPherson and Simpson,
2002; Conway and Urbani, 2007; Escobedo et al., 2008; McPherson et al., 2008). Urban trees provide
increased community attractiveness, improved wildlife habitat, and recreational opportunities; these
qualities generally make cities more enjoyable, which as well as fostering psychological well-being have
also been demonstrated to increase neighbourhood desirability reflected in real estate values (McPherson
and Simpson, 2002).

The term urban forestry can be traced back to Jorgenson in 1965 when it was first introduced at
the 46th International Shade Tree Conference (Knuth, 2005). Urban forests are composed of both publicly
and privately owned trees, stands of trees, remnant f?rests, and all other forms of major vegetation found
in areas that are both influenced and utilized by ‘the urban popﬁlation (Jorgensen, 1970). The more
generally used term, urban greenspace, includes urban forests, but may also refer to vegetated areas such
as playgrounds or sports fields with few to no trees present (Thaiutsa et al., 2008). Urban forestry is a
specialized branch of forestry and its objectives inc}yde the cultivation and management of trees for their
* present and potential contribution to the physiological, sociological and economic well-being of the urban

society (Jorgenson, 1974). The collective management of these vegetated spaces, urban forest



management, is described as the planned, integrated and systematic approach to managing urban forests
for their contribution of environmental, socio-psychological, and economic benefits to the broader
wellbeing of the urban community (Knuth, 2005).

The concept of greening urban spaces grew out of beautifying movements in the United States
and Europe during the mid-1800s (Carreiro, 2008). This included landscaping of public parks for
relaxation and recreation, designing tree-lined avenues and restoring nature in town sqﬁares for aesthetic
gentility. By the 1970s, forestry professionals recognized that city trees, in particular, provide the urban
community with more than just social amenities. Over the next decades, research initiatives investigated,
and began to quantify, urban forest ecological benefits. By 1978, the US government decided that urban
trees and forests had sufficient purpose and distinct requirements that the division of Urban Forestry was
established within the United States Forest Service (Konijnendijk et al., 2006; Carreiro, 2008). This
department’s role was to investigate and implement planning and management strategies involving the
acquisition, restoration, and maintenance of urban green spaces in the US (USDA, 2003).

1.2 Benefits of the Urban Forest

At present, urban forestry studies are investigating four main themes: 1) economic costs and
benefits of trees; 2) ecological and environmental services provided by trees; 3) social benefits and public
perception of the urban forest; and, 4) urban forest policy (McLean et al., 2007). Research focused on the
economic costs and benefits of the urban forest seeks to describe how urban trées impact the economy.
The investigation of ecological services attempts to quantify the positive and negative influences of urban
forests on the city environment. A focus on social benefits and public perception of trees elucidates the
role of the urban forest in a social context (McLean et al., 2007). Public policy research is essential to
both maintaining and enhancing the urban forest. Private and public-based research conducted in
numerous cities and countries has acted to form a confluence of diverse knowledge required for

identifying and improving approaches to the stewardship of the urban forest (McLean et al., 2007).



A benefits analysis is not without complications when considering the magnitude of factors
influencing urban forests. Some of these challenges include: variation in urban growing conditions, the
range of ecological functions performed by trees, and selection of methods for data collection and
analysis. As a result, there are many procedures and interpretations described in the recent literature. In
this research, the functional benefits derived from the urban forest are discussed in terms of ecosystem
services. These services are identified as direct and indirect benefits city inhabitants and proximate
communities can gain from such ecosystem functions; they provide important contributions to addressing
local environmental problems.

1.2.1 Energy Savings

Studies in the US have found that urban vegetation and trees located in close proximity to
buildings can lower air temperatures by as much as 3°C relative to areas of the same building not shaded
by vegetation (Akbari et al. 1992; McPherson et al., 2006). Strategically planting trees around individual
buildings, relative to daylight duration and the sun’s position in the sky, are useful for increasing energy
efficiency in both the summer and winter seasons. Common building materials are ineffective heat
insulators and have high thermal capacities; large levels of heat energy are absorbed and conducted
during the daylight hours (McPherson et al., 2006; Chen and Jim, 2008). This absorbed energy causes
temperatures to increase throughout the building material; thermal heat transfer then acts to elevate indoor
air temperatures.

During the summer, solar angles are low in the east and west for several heurs each day (early
morning and late afternoon) and high in the south i’during mid-‘da}v/. This implies that south- and west-
facing walls receive high levels of summer irradiance; this in tufn warms interior spaces. Planting large
shading trees along the south, and specifically the southwest walls, of a building reduces the occurrence
of building material heating and thus decreases the energy required by air conditioners for interior

’ﬁcooling. By leaving the south-facing walls of a building bare, solar irradiance can warm interior spaces

during the winter (McPherson et al., 2006). To this end, broadleaf deciduous trees are recommended for



southern exposures in the northern hemisphere, as they do not retain their leaves during the winter.
However, the bare trunks and branches of trees that shade south- and west-facing walls during winter may
slightly increase heating costs by blocking winter solar irradiance (McPherson, 1984; McPherson et al.,
2006). Urban vegetation and trees can lower outdoor temperature via evapotranspiration processes. Water
transpired from leaf surfaces cools the surrounding air because the latent heat of vaporization from the
ambient air is absorbed to convert liquid water into vapour. Previous studies in the US have indicated that
on a hot summer day, a mature tree can transpire approximately 378.5 kg of water into the atmosphere
(Kozlowski and Pallardy, 1997; Chen and Jim, 2008). Several authors report that energy consumption for
indoor cooling may decrease by as much as 4% for every 1°C increase in outdoor temperature
(McPherson et al., 1995; Jensen et al., 2003).

Finally, by acting as windbreaks urban trees reduce wind speed and can decrease air infiltration
into buildings by up to 50%. This has been reported to translate into potential annual heating savings of
up to 25% (McPherson et al., 2006). Wind-speed diminution reduces heat loss where thermal conductivity
is relatively high (e.g., glass windows). Coniferous evergreen species (e.g., cedar, pine, spruce) are
recommended for this purpose and can be optimally positioned to provide a barrier between the building
and the prevailing wind (west to northwest in southern Ontario). |
One effect of urbanization is the urban heat island, which often expands and intensifies as a city grows.
Ventilation provided by winds dissipates the heat island, but increasingly stronger winds are required to
overcome the trapped air in denser cities (Marzluff et al., 2008). For a typical city with 25,000 occupants,
wind speeds of 5 m/s can eliminate the heat island; cities with a larger population of 1,000,000 require
speeds of 10 m/s, and those with 10,000,000 may require speeds up to 14 m/s (Marzluff et al., 2008). City
greening is a crucial step towards mitigating the urban heat island effect. Cooler building and pavement
surfaces, brought about by the presence of urban vegetation, can potentially reduce air-conditioning loads
by improving thermal comfort; this saves peak-demand electricity and money (Akbari and Konopacki,

2004; Hardin and Jensen, 2007). Moreover, lower urban air temperatures can decelerate the formation



rate of ground-level ozone (Os), which can have a significant effect on improving ambient air quality. In a
remote sensing study conducted in Terre Haute, Indiana, US, Hardin and Jensen (2007) quantified the
relationship between canopy density measurements and surface temperatures. Their results indicate that
the leaf area (LA) of urban tree canopies was inversely correlated with urban surface temperatures. Urban
commercial areas devoid of vegetation were measured, on average, to have surface temperatures of 32.5
°C while sylvan areas had temperatures as low as 21 °C. With every additional leaf canopy layer, daytime
surface temperatures were found to decrease by approximately 1.3 °C (Hardin and Jensen, 2007).

The Centre for Urban Forest Research conducted a study that found protecting and enhancing
urban forests was more cost-effective than building new power plants (McPherson et al., 2006). This
study proposed increasing California’s urban tree count by 28% in strategic planting locations such that
the enhanced urban forest potential would improve so significantly that in 15 years it could provide $462
million annually in electricity purchasing and generation cost savings (McPherson et al., 2006). The end
result would be the deferral of the requirement to build an equivalent of seven 100 MW power plants.

Another study conducted by Akbari and Konopacki (2004) investigated tree planting for potential
energy savings and peak-power avoidance in the building sector of the Greater Toronto Area (GTA).
Their results showed that a potential annual electricity savings of approximately 150 GWh and a peak-
power avoidance of 250 MW (translating to $11 million in annual energy savings) could be realized with
the implementation of strategies that aggressively remodelled tree planting design with the aim to
improve shading and windbreak benefits. . : @

1.2.2 Air Quality Improvement and Reduction in Atm}ospheric Carbon Dioxide

Air pollution is a serious urban issue and poses evident risks to human health, particularly for individuals
suffering respiratory diseases such as allergic asthma or chronic obstructive pulmonary disease (Chen and
Jim, 2008). In addition, air pollﬁﬁon has been shown to damage vegetation and building materials through
ﬁacidic deposition. Common urban air pollutants include sulphur dioxide (SO,), carbon oxides (COx),

nitrogen oxides (NOx), ozone (Os) and particulates (PM,o) (Chen and Jim, 2008). Air pollutants are



believed to be intercepted from the atmosphere by urban trees, mainly via dry deposition (Chen and Jim,
2008). This process occurs when gaseous and particulate pollutants are transported to, and absorbed into
plants mainly through their leafy surfaces. In some situations, gaseous pollutants are absorbed into the
plant via the stomata cells (Chen and Jim, 2008; Lovett et al., 2000). Other pollutants, such as SO, and
NO,, react with water found on inner-leaf cells to form sulphuric and sulphurous acids, and nitric and
nitrous acids, respectively (Chen and Jim, 2008). These acids can further react with other compounds and
are eventually transported to other plant cells, after which, assimilation processes fix the pollutants into
the plant tissues (Chen and Jim, 2008).

Leaves, stems, branches, and trunks trap particles that are later washed off by precipitation. Tree
canopies are effective at capturing particles due to their surface roughness, which increases turbulent
deposition and impaction processes by inducing localized increases in wind speed (Chen and Jim, 2008).
However, the effectiveness of this ecosystem service varies according to factors such as aerodynamic
roughness, atmospheric stability, pollution concentration, solar radiation, temperature, wind velocity and
turbulence, particle size, gaseous chemical activity and solubility. Nowak (1991) indicates that all of these
factors must be taken into consideration when estimating the amount of air pollutants removed by urban
trees on an annual basis.

Urban forests have been recognized as important sinks for carbon dioxide (CO,); they directly
sequester CO, to form woody and foliar biomass. Indirectly, trees planted strategically near buildings
reduce the demand for heating and air conditioning, thereby reducing CO, emissions associated with
electric power production and consumption of natural gas (McPherson et al., 2006). With regard to other
air pollutants, urban trees improve air quality by absorbing gaseous pollutants (O3, NO,) through their leaf
surfaces, by intercepting particulate matter (PM;, such as dust, ash, pollen), by minimizing emissions
from power generation through reduced energy consumption, by releasing O, through the process of
photosynthesis, and by reducing energy consumption, resulting in lower local air temperatures, thereby

reducing the formation of ground-level O3 (McPherson et al., 2006).



For instance, a study evaluating the effect of urban forest on air quality in Chicago found that the
dense urban forest intercepted approximately 5575 Mg of air pollution in 1991 (McPherson et al., 1997).
This included 223 Mg of CO, 706 Mg of SO,, 806 Mg of NO,, 1840 Mg of PMy,, and 2000 Mg of O;,
which provided a total savings of approximately US $9.2 million (McPherson et al., 1997). With regard to
carbon sequestration, one study evaluated field data from 10 USA cities and found that urban trees in the
US (as of 2002) store 700 million tonnes of carbon (a service valued at US $14,300 million) with a gross
carbon sequestration rate of 22.8 million tC/yr (valued annually at US $460 million) (Nowak and Crane,
2002).

1.2.3 Stormwater Runoff Reduction and Hydrological Improvement

Urban stormwater runoff has been recognized as one of the major causes of environmental
degradation to proximate water bodies. It has been demonstrated to alter the hydrological regime,
sediment regime, physical habit structure, thermal modifications, and chemical inputs that affect water
quality (Grapentine, 2008). Urban forests can reduce the amount of runoff and pollutant loading in
receiving waters by two primary ways: 1) leaf and branch surfaces intercept and store rainfall, reducing
runoff volumes and delaying the onset of peak flows; and 2) root growth and decomposition increase the
capacity and rate of water infiltration into soil layers, and thus reduce overland flow (McPherson et al.,
2006).

When rain falls on a tree canopy it moves toward the ground as throughfall or stemflow.
Throughfall refers to precipitation that reaches the understory soil surface by passing-directly through or
dripping from a tree canopy, whereas stemflow is ;;'recipitation _thét reaches the understory soil surface
after it is intercepted by leaves and branches and subsequently divéﬂed to the tree bole (base) (McPherson
et al., 2006). Otherwise, rainfall intercepted by the canopy that does not move to the underlying ground
cover will evaporate into the atniosphere. Trees with relatively large crown and leaf surface areas provide
qsigniﬁcant storage for rainwater. This interaction between rainfall and tree canopy mitigates the urban

runoff flow rate and reduces the runoff concentration time by way of temporary water storage on the



canopy surface (Sanders, 1986; McPherson et al., 2006; Chen and Jim, 2008). Decreasing runoff volume
reduces flooding hazard, surface pollutant wash out, and pollutant loading into receiving water bodies,
which ultimately reduces municipal expenses for erosion control, stormwater control, and pollutant
treatment. This is attributable to the city requiring fewer storm drains, and hence lowering the costs of
constructing and maintaining drainage infrastructure, as well as the costs of processing stormwater at
sewage treatment plants. Several factors influence the rainfall interception capacity of the urban forest: 1)
forest structure, which includes species, age and stocking levels; 2) tree architecture, which considers leaf
and stem surface area, foliation period, and storage capacity; and, 3) meteorological factors such as
rainfall amount, duration, intensity and frequency of events (Xiao et al., 2000).

The mechanisms by which urban forests influence urban hydrology have been conceptualized,
but few studies have quantified the processes involved and resulting benefits. One study conducted by
Xiao and McPherson (2002) quantified rainfall interception by Santa Monica’s street and park tree
population, found that this city’s approximate 29,000 trees intercepted 1.6% of annual precipitation,
resulting with 193,168 m® of mitigated stormwater runoff (or an average of 6.6 m’/tree), providing runoff
benefits valued at a total of $110,890 (or $3.80/tree).

1.2.4 Aesthetics and Other Benefits

1.2.4.1 House Value

Tt has been documented that well-maintained street and yard trees increase the curb appeal of
house properties (Peper et al., 2007). This has been supported by research comparing the influence of
trees on residential property values. Findings suggest that people were willing to pay 3 to 7% more for
properties boasting ample trees relative to homes with few or no trees (Peper et al., 2007). Anderson and
Cordell (1988) studying this influence for 844 single family residences in Georgia and found that each

large front-yard tree was associated with a 0.9% increase in sale price.



1.2.4.2 Noise Reduction

High frequencies are absorbed, deflected and refracted by leaves, twigs, and branches, making
urban forests effective noise attenuators (Chen and Jim, 2008). A 30 m wide belt containing trees with
sufficient crown width and density can effectively reduce noise ranging between 6 and 10 dB by 50%.
Narrower tree belts also produce a similar noise reduction function: 3 to 5 dB can be effectively reduced
by 3m wide tree belts (Nowak and Dwyer, 2000; Chen and Jim, 2008). Unfortunately, in compact urban
spaces this amount of room is seldom available. So, trees and shrubs found in an urban landscape are
more effectively employed as moderately effective noise screens at the source, rather than actual sound
barriers (Chen and Jim, 2008).
1.2.4.3 Health and Psychological Services

While it is important to note that urban forest management depends heavily on knowledge of tree
and urban ecological dynamics, arborists and urban foresters should also be familiar with the social
complexities of the urban communities they serve (Johnston and Shimada, 2004). By landscaping and
designing green spaces with trees and shrubs, the urban forest can make an important contribution to civic
spaces where people can gather and mingle. Where appropriate, many urban forests are complemented
with playgrounds, sport fields and outdoor theatres; this creates an inclusive recreational green urban
system. When well-tended, urban forests and related public green spaces are positive symbols of
Jandscape beauty, and provide residents with contrasts and diversions from the built cityscape. Several
recent studies add to the results of Ulrich (1984) regarding the:: restorative functions of the natural
environment (Chiesura, 2004; Chen and Jim, 2008); Ile found that the feelings and the emotions evoked in
urban parks and public green spaces are perceived by people to be very important contributions to their
well-being. The direct benefits include regeneration of psychophysical equilibrium, relaxation, break from
the daily routine, and the stimulétion of a spiritual connection with the natural world. All these perceived
Kemotional and psychological benefits contribute to the quality of human life, which in turn is a key

component of sustainable development (Chiesura, 2004). Unfortunately, the socio-psychological benefits
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of urban forestry, although intuitively recognized, continue to be advocated with limited public
enthusiasm (Johnston and Shimada, 2004). In practice, urban forestry is as much about people as it is
about trees; knowledge of trees is only half the equation (Johnston and Shimada, 2004).
1.3 Evaluation of the Urban Forest Canopy

Urban populations receive many environmental and aesthetic benefits from mature trees growing
in the downtown core of cities. However, a general analysis of these benefits is, in and of itself,
incomplete information to manage forested urban landscapes in an informed manner. Acquisition of data
describing the structure of an urban forest, including tree species and canopsf distribution, provides urban
forest managers with a more comprehensive picture necessary to implement strategies that can maximize
the forest’s desired ecological functions (Duffy, 1999). In addition to urban forest benefit analyses,
organizing current tree and canopy information into an updated inventory will inform park managers of
the number, species, size, health, and distribution of trees. This can assist managers to plan for tree
maintenance as required by growth stages, as well as for future tree loss and replacement needs.

McPherson (1998) stresses that quantifying tree canopy cover, tree health, and the potential for
additional canopy cover, provides a strong foundation on which to invigorate interest in the urban forest
and its potential positive impacts within cities. i-Tree is a peer reviewed software suite developed by the
USDA Forest Service to provide urban and community forest analysis and benefits assessment tools.
These tools include the Urban Forest Effects Model (UFORE) and Street Tree Resource Analysis Tool for
Urban Forest Managers (STRATUM) (i-Tree, 2006). Measuring canopy cover is one way to evaluate how
much forest a city supports, relative to other land types (e.g., residential, industrial, commercial)
(Morrison, 2008). A healthy urban forest sustains canopy coverage ranging from between 30 and 40%
(City of Toronto, 2008).

There is plenty of evidence in the literature that employs canopy cover as a representative factor
illustrating the wellbeing of an urban forest (Nowak and Crane, 2002; Kenney, 2008). The Town of

Oakville’s current urban forest has 29.1% canopy cover, and is considered a healthier urban forest than
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the City of Toronto’s, which is at about 17.5% (McNeil et al., 2006; Morrison, 2008). However, it is
important to note that this story fails to recognize differences in each urban forest’s species composition
and tree condition, both of which play a central role in the amount of realized ecological benefits
(Kenney, 2008). Differences in function can be accounted for by the variance in both size and structure of
tree species, and more specifically to their respective LA, and canopy densities. Accurate estimates of tree
LA and leaf biomass are critical in measuring and modelling an urban forest’s physiological and
functional processes, which include evapotranspiration, atmospheric deposition, biogenic volatile organic
emission, and light interception (Nowak, 1996). Therefore, estimating an urban forest’s leaf area index
(LAI) would be more informative than estimating its percent canopy cover (Kenney, 2000; Kenney,
2008).

Kenney (2000) maintains that LAI is a valuable measure that provides constructive insight into an
urban forest’s structure. LAI is a dimensionless variable, and is defined as the estimate of the sum of all
leaves on a plant (or a group of plants) relative to the ground area occupied by that plant (or plants)
(Kenney, 2000). Leaf area density (LAD) is a similar measure, and is defined as the estimate of the sum
of all the leaves on all the plants relative to the total land area, (e.g., area of an urban park). Moreover,
LAD can be considered as: 1) existing leaf area density (LAD), described as the leaf area presently
supported by an area; and, 2) potential leaf area density (PLAD), described as the maximum supportable
leaf area given the specific site characteristics (e.g., plantable space).

To further explain the aforementioned LAD, consider two plots of land, each 1 hectare in size
with a canopy cover of 50%. In the first plot, the caﬁopy cover is composed of 120 small stature trees,
with a leaf area of 100 m? per tree, or a total leaf area density of 12,000 m*/ha. The second plot has its
canopy cover composed of 70% small stature (LA=100 m®) and 30% medium stature trees (LA=250 m?).
The leaf area density is 14,500 m*/ha, which is a 20% increase over the plot composed of only small
:tature trees. Consequently, the benefits resulting from the forest in the second scenario would be

expected to be greater than the first. Considering leaf area density rather than the canopy cover also
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makes it possible to recognize species differences, because tree species vary in their shading ability
(Duffy, 1999).

Studies maintain that successful urban forest management requires some indication of an area’s
potential to expand leaf area (McPherson, 1998; Kenney, 2008). The city of Toronto’s current mayor,
David Miller, has expressed interest in increasing Toronto’s current 17.5% canopy cover to 34% within
the next forty years (Irvine, 2007). Yet without knowing Toronto’s carrying capacity to support additional
trees, planners are unaware of the practical possibilities of reaching this goal; LAD may be very useful in
this regard. The use of LAD and PLAD are also applicable on a more local scale, such as within urban
parks.

1.4 Urban Soil Conditions

In heavily built urban locations, natural spaces are commonly ‘containerized’ into spaces designated by
urban planners for “greenery”. These spaces are often intertwined with infrastructure systems, and are
physically constrained to a degree that renders their living systems vulnerable, and when left untended,
they quickly degrade. Soil is an essential component in these ‘green spaces’. Healthy soils have the
potential to positively influence the vitality of an urban forest ecosystem (Craul, 1999). This is due to the
fact that the physical ability of roots to grow and access nutrients, water, and oxygen is dependent on both
the physical and chemical properties of soil (Coder, 2000). An ideal soil has approximately 50% pore
space, which is shared equally with air and water; 45% is composed of mineral materials, and the final
5% of organic material (Daniels and Haering, 2006). However, urban soil is seldom found in the
aforementioned condition. This is due, in large part, to these soils being commonly fill-derived,
compacted, excavated, and poorly developed (Coder, 2000).

Soil compaction refers to a process whereby soil particles are forced into a closer state of packing
with a corresponding reduction in volume and expulsion of air (Whitlow, 1995; Kozlowski, 1999).
Vibrations due to traffic movement, heavy machinery, and repeated passes of light equipment all

eventually compress soil and break down soil aggregates (Whitlow, 1995; Coder, 2000). Compression
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also increases the bulk density and reduces the ability of air and water to permeate through the soil
medium (Coder, 2000). The degree to which soil becomes compacted is dependent on: 1) texture; 2)
water content; 3) pH levels; 4) cation-exchange capacity; 5) clay particle thickness; 6) availability of
organic matter; 7) iron oxides; and, 8) concentration of free aluminium hydroxide (Kozlowski, 1999).
Generally, soils with a high clay content are readily compacted, especially when wet, whereas dry soils
resist compaction due to their stiff matrices, high degree of bonding particles and frictional resistance to
deformation (Kozlowski, 1991). Interestingly, as a soil approaches saturation, the proportional volume of
air that can be expelled by exerted forces (that cause compaction) is decreased, so the said force cannot
compact the soil as much as it could in marginally wet conditions (Hillel, 1982).

In urban parks, many human activities regularly impact soil aggregates causing a loss of pore
space, which in turn leads to soil compaction, increased soil erosion and surface runoff (Kozlowski,
1999). A study conducted in Hong Kong found that urban parks exhibited seriously degraded soil
conditions attributable to trampling caused by high foot traffic (Jim, 1998; Paudel, 2008). Additionally,
due to the lack of open space availability as a result of intensification of urban land there has been a
substantial increase in usage of urban parks within cities. This has lead to urban park soils experiencing
nutrient and organic content deficiencies, and high levels of soil compaction, which in turn lead to root
growth restriction, respiration diminution, and retarded rainfall infiltration (Jim, 1998; Paudel, 2008;
Toleti, 2008).

Bulk density (BD) can be used to evaluate an urban park’s soil’s structure. It is not an intrinsic
value of soil, rather it varies depending on many conditions (Whitlow, 1995), and is defined as a measure
of the weight of soil per unit volume (g/em’) (Craul, 1999). Féctors such as the porosity and specific
gravity of soil particles (organic and inorganic) determine the variation in BD from one site to the next
(Craul and Patterson, 1989; Trowbridge and Bassuk, 2004). Intensive pedestrian use of parks increases
ﬁsoil compaction. In Washington D.C., this caused compaction in several urban parks resulting in an

increase in soil BD from a range of 1.2 to 1.6 g/em® to a range of 1.7 to 2.2 g/em’ (Trowbridge and
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Bassuk, 2004). This increased BD range is higher than the 1.39 to 1.69 g/em® threshold identified by
Hanks and Lewandowski (2003) (Table 1.1), and thus points to a significant impairment of successful

plant growth.

Table 1.1: Relationship between soil bulk density and root growth
Source: Adapted from Hanks and Lewandowski (2003)

il Texture Ideal BD (g/cm®)  Potential Harm to Root Growth (g/cm’) Root Growth Restriction (g/cm’)

Increasing BD leads to decreased rainfall infiltration rates, which in turn causes soil water
deficits, mineral nutrients leaching, surface runoff, sheet erosion and gully formation. In addition, sub-
surface soil horizons with higher BD values than soil layers above them will inhibit both air and water
infiltration into deeper soil horizons (Craul, 1999). When soil compaction encroaches into the first metre
of depth (location where 90 percent of tree roots exist) (Jim, 1998; Toleti, 2008), the effects of
compaction lead to conditions that make it difficult for tree roots to penetrate soil layers, thus constraining
the size, reach and extent of root systems (Kozlowski, 1999; Coder, 2000). Also, it shifts soil conditions
toward an anaerobic state. Aerobic conditions at the rooting zone are necessary for the synthesis and
maintenance of cell membranes; lack of O, renders the roots incapable of producing enough energy
required for the uptake of necessary nutrients and water (Kozlowski, 1999; Coder, 2000). Soil oxygen
restriction has been demonstrated to reduce elongation and radial growth of roots, resulting in long-term
tree survival problems (Coder, 2000).

1.5 Street Trees and Urban Parks

According to Szbg et al. (2003), street trees are exposed to a relatively high stress level and

because of this exposure their average life span is short. In contrast, trees growing in urban parks are

exposed to moderate stresses and, relative to street trees, their average lifespan is comparatively longer.

15



Therefore, as urban parks serve as important green spaces, it would be prudent management practice to
work toward lessening the stress these trees face so as to maximize their functional capabilities.
Structurally larger, and older, trees provide greater benefits relative to younger trees with smaller
canopies. Streets trees seldom live as long or grow as big as park trees, so unless there is a city-wide
investment in tree box re-examination and reconstruction to vastly improve growing conditions, the
degree of benefits derived from these trees will always be less than the benefits derived from open-grown
trees with comparatively larger canopies. In addition, because the renovation of tree boxes on a city-wide
basis would be extremely costly to the public, improving growing conditions in green spaces (e.g.,
backyards) and in urban parks is a much more feasible goal.

To date, there has been very little written about the potential of forested urban parks to play a role
in the provision of environmental benefits for cities. One exception to this may be the comprehensive
field monitoring data reported by Lam et al. (2005), which warned that inadequately designed and
managed urban parks in an extremely dense city (Hong Kong) were limited in their ability to improve

issues of both air and noise pollution.
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1.6 Goal and Objectives
The overall goal of this study was to conduct an assessment of Allan Gardens’ urban forest and to

investigate the value of environmental and aesthetic benefits it provides to the City of Toronto.
Specifically, this study examined the structure and spatial distribution of the trees within the forested
urban park, in order to conduct a comprehensive accounting of forest benefits. It aimed to provide
baseline information for the evaluation of a future urban forest management program. In addition, it
investigated the environmental quality of the urban park with respect to soil condition and tree canopy
density. This was done using a comprehensive measurement program undertaken to build upon a previous
tree survey (Aboud and Associates Inc., 2006) and soil analysis (Toleti, 2008) conducted in the park.
To achieve the study goal, five objectives were identified:

1) Inventory tree and soil resources;

2) Design and populate a spatial database with collected data;

3) Run the STRATUM model to both document the current state of Allan Gardens’ urban forest as

well as to evaluate its environmental and aesthetic benefits;

4) Generate and interpret soil condition surfaces (maps) for the park; and,
5) Document and synthesize the current status of Allan Gardens’ tree and soil resources as well as

potential park vulnerabilities and future management recommendations.
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2.0 STuDY SITE

Research was conducted in Allan Gardens, a forested urban park located in downtown Toronto (79.42W,
43.67N, 100 m elevation) (Figure 2.1). The City of Toronto has an area of 63,000 ha, and at the time the
study was conducted it had a population of approximately 2.5 million. Within the city, Allan Gardens is
bounded by Jarvis Street to the west, Gerrard Street East to the south, Sherbourne Street to the east, and
Carlton Street to the north. From this point forward Allan Gardens will be referred to in the text as AG.
The park was named after and donated by George William Allan, a one-time mayor of Toronto and long-
time senator. AG was first established in the 1860s, and presently houses a Victorian-style conservatory
known as the Palm House in which the City of Toronto operates a botanical garden. The park’s total area
is 6.1 ha, whereas its pervious surface (plantable ground) amounts to 4 ha. Its urban forest is maintained
by the City of Toronto’s Parks, Forestry and Recreation Department (PFRD) and the City of Toronto’s

Urban Forest Services, South District Office.
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Figure 2.1: Study site: Allan Gardens Park, Toronto
Sectors labeled A through F are for interpretive purposes.
Source: Urban Forest Research & Ecological Disturbance (UFRED) Group, 2007
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3.0 METHODS

3.1 Field Research
A combination of research methods was employed to determine: 1) AG urban forest structure; 2) the
monetary value of environmental services provided by AG trees; and, 3) the interactions that may
influence the wellbeing of the urban forest (i.e., the relationship between tree health and soil
characteristics). These investigations required the analysis of tree and canopy resource structure, and
specific soil conditions found in AG. A description of these methods follows.
3.1.1 Tree Analysis
Data was collected to describe tree characteristics in AG during the summer of 2007 and 2008. Tree and
canopy characteristics included: species composition, biodiversity, canopy depth, canopy width, drip-line
area, canopy area, canopy volume, Leaf Area Index (LAI), and canopy density. Although two previous
inventories exist, the first conducted in 1976 and a second by Aboud and Associates Inc. (2006), an
updated and reorganized inventory was essential to this study. Since 2006, there have been various
plantings and several important removals in AG: 1) a total of 14 mature trees were cut down; 2) 5 trees,
though still standing, have died and no longer leaf out; and, 3) as of August 2008, 13 new trees have been
planted in various areas throughout the park. Documenting these significant alterations, by way of a
detailed inventory, is essential to the demonstration of changes in the environmental services provided by
the park’s urban forest. Furthermore, because STRATUM was employed to conduct an analysis of AG,
additional information not available in the 2006 inventory was requireé for model input.w

In the 2006 inventory (Aboud and Associates‘: Inc., 2006), the arborists lumped trees of similar
species or cultivated variety found at the same location into one ‘group’ tree. This was found with six
Japanese Yews, five Kentucky Yellowwoods, seven Amur Maples, and five Alaska Cedars. For input into
. STRATUM, this method of aggf;:gation was limiting due to the fact that each tree provides benefits
reiative to its physical characteristics. Clumping a number of same-species trees together exaggerates the
physical attributes of the ‘group’ tree (e.g., crown dimensions), affecting further calculations involving
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this ‘group’ tree’s structure and allometrics. Also, if any of the contributing trees were removed for any
reason, it would be difficult to display this change in the inventory directly, or in calculations indirectly
dependant on these quantified tree features (e.g., canopy density).

In this research, leaf area data were determined by employing one of two regression equations
suitable for all tree species in AG. These linear models were developed by Nowak (1994, 1996) for open
grown deciduous trees using different tree morphological variables. The STRATUM model estimates leaf
area using the allometric relationship between total leaf area, crown outer surface area, and trunk diameter
at breast height (DBH) using a shading factor of 0.83, such that:

InY=by+bX+bS (*=0.64) (1
where Y is leaf area (m2), X is DBH, and by, bjand b, are regression coefficients. S is based on the outer
surface area of the tree crown. A description regarding how § is calculated is found in Equation 3.

In addition, this study ran a separate and parallel investigation of leaf area evaluation in AG to compare
with the total value produced by STRATUM. In this study, total leaf area was estimated using tree crown
parameters, such that:

InY =-4.3309 + 0.2942H + 0.7312D + 5.7217Sh — 0.0148S  (r* =0.91) (2)
where Y is leaf area (m?), H is crown depth (m), D is crown width (m), Sh is the shading coefficient
(defined as the percent of light intensity intercepted by foliated tree crowns and is considered to be
different for individual species, and thus investigated separately), and S is based on the outer surface area
of the tree crown.

S is calculated according to:
S=D= ((H+D)/2) 3)
and, leaf area index (LAI) is calculated such that:
LAI=Y/G “4)
where G is drip-line area and is calculated according to:

G=n(D/2) (5)
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While shading coefficient (Sh) values are specific to each tree species, little in the way of literature
discussing Sh for many of the 45 tree species located in AG could be found. Despite acquiring 25 Sh
values from Nowak (1996) that were derived from a study conducted by McPherson (1984), these data
were not fully representative of AG trees because they were based on measurements describing open
grown, medium-sized, mature trees with full crowns. Equation 1 and 2, with published Sh values,
estimate near-maximum leaf area for an individual urban tree in its present size, and the equations work
on the assumption of perfect tree health. Peper and McPherson (2003) evaluated four methods for
estimating leaf area of two tree species (London Plane and California Sycamore) in an urban setting. They
determined that applying Equation 1 and 2 generally overestimated leaf area. They attributed this
overestimation of true leaf area to the McPherson (1984) shading coefficient values that they employed.
They maintain that due to the differences between their study site’s tree structures and those investigated
by McPherson (1984) and Nowak (1996) contributed to their inaccurate estimates. Knowing this, it was
important that this study utilized Sh values based on measurements taken in AG for all 45 tree species.
Many of AG’s trees are either younger or larger than those studied by McPherson (1984) and
Nowak (1996). Therefore, this study benefits from determining shading coefficients that are more faithful
to AG tree characteristics for three reasons: 1) the trees investigated by McPherson (1984) were
structurally different when compared with trees in AG; 2) the methodology used to obtain shading
coefficients in 1984 was different from that employed in this research’s study, which could lead to a more
accurate estimation of shading coefficients; and, 3) shadir}g coefficient values are not reported in the
literature for all AG’s tree species. For reasons of consistenicy, it did not seem justifiable to only collect
the missing Sh values and amalgamate the§e with those reported in the literature.
3.1.2 Methodology and Instrumentation
A .ﬁeld inventory to document the present canopy structure, species diversity and tree conditions was
cond$cted during summer 2007 and June 2008. These data were used to supplement information available

in the 2006 inventory conducted by Aboud and Associates Inc.. For each tree in AG, species, condition,
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height, crown height, crown width, and DBH were collected (Table 3.1; Figure 3.1). Each tree was

assigned an updated identification number and individually tagged with a permanent, City of Toronto,

Diameter at Breast Height . STRATUM & Updated
(cm) Updated AG Inventory Tree Species AG Inventory
. . STRATUM & Updated
Tree Height (m) Updated AG Inventory Tree Structural Condition AG Inventory
Crown Width (m) Updated AG MVeqtory & LAI calculations
& Canopy evaluation
Updated AG Inventory & LAI calculations
Crown Depth (m) & Canopy evaluation
Tree Condition
Bark condition
STRATUM
Leaf condition
Overall tree health
Shading coefficient & Leaf .
Area (m?) Canopy evaluation & LAI

numbered aluminium disk.

Table 3.1: Summary of the data collected for each tree in Allan Gardens Park

oy

CH
TH

CBH

Figure 3.1: Tree measurements
Tree Height (TH), Crown Height (CH), Crown Base Height (CBH), Crown Diameter (CD), Leaf Area Index
(LA, Diameter at Breast Height (DBH). Source: Stoffberg et al. (2008)
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Tree species identification was completed with the aid of the 2006 inventory by Aboud and Associates
Inc. Each tree’s species was identified in the inventory and further confirmed using a dichotomous key
found in Farrar (1995). A dichotomous key is an essential tool that is employed to identify a tree by using
the key’s descriptions of crown structure, bark texture and colour, leaf shape, colour and texture, twigs
shape, flowering parts, and other distinguishing characteristics. Each key’s description is divided into two
parts or classifications (e.g., is this tree’s bark smooth or rough?) that allow the identifier to narrow down
the unknown tree to a final classification (Nix, 2009). All newly planted trees were identified in this
manner.

DBH was initially collected as tree circumference (cm) using an ordinary calibrated measuring
tape at 1.4 m above ground level. The DBH value was then calculated by dividing the value of its
circumference by the value of @ (assuming a trunk of circular shape). In circumstances where a tree trunk
forked into stems below the 1.4 m mark, all the stems were considered and each was measured
individually.

Tree height (m) was determined using a percent scale clinometer and metric measuring wheel.
Standing along the horizontal baseline of the tree at a measured distance (where both the top and the base
of the tree were observable through the clinometer), the percent value observed on the scale when
levelling the mark at sight of the top of the tree was recorded. Subsequently, by pointing the clinometer at
the bottom of the tree (where trunk meets ground) the base percent reading was noted. The tree’s height
was then determined by subtracting these two percents to give the percent of the measured distance that is
the tree’s height. Such that,

Total % Height = Top% - Base% (6)
then,
Tree Height (m) = Total % Height X Horizqgtal Baseline Distance (m) )
A Crown width (D) was measured using a metric measuring wheel. Tree crown drip-line was

projected onto the ground and the length along one axis from edge to edge was measured, with the trunk

24



:
!
i
i
E
3

designated as the centre. Due to the irregularities of each tree’s crown structure, it was reasonable to
measure the diameter of the maximum axis (a-b) and then the axis at 90 degrees to that (c-d). The two
axes were then averaged arithmetically to give the final crown width value. Such that,

Crown Width (D) = [(a-b) + (c-d)]/2 (8)

Each tree’s crown depth (H) was determined using a percent scale clinometer and a metric
measuring wheel. Standing along the horizontal baseline of the tree at a measured distance, the top
percent reading value on the scale when levelling the mark at sight of the top of the crown was recorded.
This was repeated for the bottom of the tree’s crown. After calculating the heights of these two points
relative to ground level, they were subtracted to give an estimate of the crown depth. The bottom of the
crown was considered to be at an imaginary horizontal line drawn across the trunk at the bottom of the
lowest live foliage. This bottommost point of the crown is described as the level at which most live
branches above which are continuous and typical for that particular tree species (and/or tree size). In
cases where there were many water-shoots growing on a tree, the bottom of the crown was considered to
start at the first branch (from the ground looking up) that had a basal diameter equal to or greater than
2.5cm.

Crown surface area (Ca) is the area available for a tree’s leaves to intercept atmospheric gases,
deposit pollutants, and filter out the sun’s radiation (Brack, 1999). It is estimated assuming a solid
geometric shape for the crown, and knowing crown depth and width values for the individual tree. During
data collection, all tree crown shapes were considered and designated as either conoid or paraboloid. The
conoid shape was assigned to trees whose crown displayed a more triangular shape, either due to past
pruning activities or as a result of natural crown shape (i.e., coniferous trees). The paraboloid shape was
assigned to trees whose crowns displayed a more circular shape; most deciduous tree species possessed
this crown type. Ca, measured in m?, for both conoid and paraboloid crown shape was calculated as

follows (Brack, 1999):
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Conoid: Ca = (aD)/2 [(H? + (D/2)"]"* (9)

Paraboloid:  Ca = [(aD)/(12B2)(D¥4) + 4H)*] - D*/8 (10)

Crown volume (Cv) is calculated from the crown width (D) and depth (H). Cv, measured in m’,
was also estimated after assuming one of the two geometric shapes (Brack, 1999):

Conoid: Cv == (D°H/12) (11)

Paraboloid: Cv = (D*H/8) (12)

For the most part, the evaluation of tree condition relied on the 2006 inventory by Aboud and
Associates Inc. In situations where there was evidence that a tree’s biological and/or structural issues
noted by the arborist had been resolved by forest maintenance activities, the health rating was adjusted.
All newly planted trees were identified as healthy provided they did not exhibit excessive pest damage or
vandalism. In some cases, newly planted trees suffered from the drought conditions present during
summer 2007.

Collection of direct LAI measurements for all trees in AG was not conducted as part of this study.
Instead, direct measurements to determine the LAI values for select trees, based on species, were taken.
With these measurements, indirect methods were applied to estimate the LAI of all AG trees. Specifically,
hemispherical photos were taken of 45 trees representative of the tree species present in AG. Photographs
were taken on July 22nd, 2008 under fairly uniform overcast conditions so as to minimize the anisotropy
of the sky radiance. The images were taken using a Coolpix 8400 equipped with a fishéye adapter Nikon
FC-E9 lens, (Nikon Inc., Japan), which was levelleé and adjustgd on a tripod at different locations
underneath the tree canopy. Two pictures were taken of each representative tree at varying distances
between the tree trunk and edge of the drip-line. Each photo location was checked to ensure that the photo
~ captured the examined tree crown.fnost fully.

) The hemispheric photos were saved as JPEG images and downloaded for processing on a

personal computer. After ensuring that each photo contained a full and unobstructed view of the
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investigated tree crown, the photo was loaded into a hemispherical photo evaluating program (HemiView
Ver. 2.1), for LAI analysis. HemiView required the following inputs: 1) camera and fisheye lens
specifics; 2) day and time of photo acquisition; and, 3) AG site properties (latitude, longitude, and
altitude). All images were then aligned north to south in the software; this was essential for LAI
calculation.

Images were classified to assist HemiView to distinguish between the visible and obscured sky
(i.e., distinguish the canopy openings from the foliage). This was achieved by converting the continuous
tone display (colour digital image) into a binary display where all visible sky was classified as white, and
all items obstructing sunlight as black. To do this, a threshold intensity value was established, above
which the image was classified as visible, and below which it was classified as obscured. This threshold
intensity was achieved by toggling back and forth between the binary display and the continuous tone
display for each photo, while increasing or decreasing the threshold value until edges of the classified
image best matched the obscured sky edges of the continuous tone image.

Once it was determined that the threshold intensity level produced a binary image that
corresponded well with sky visibility at the time of photography, a section of the image that encompassed
at least 30% of tree canopy was selected. This selection was made to minimize the area of tree branches
and trunks influencing the LAI estimation. This is due to the fact that tree limbs do not contribute to the
LAI value by definition, and thus, their inclusion in LAI analysis would lead to an exaggeration of the
final output value. Because limbs appear as black in the binary image, it was important to toggle back and
forth between the continuous tone image and the binary tone to visually assess the area of the canopy that
had both the lowest number of tree limbs displayed as well as foliage volume that was representative of
the entire tree canopy. After selecting this area of the canopy HemiView produced estimates of LAI for
the tree species captured in each image. As there were two images collected for each tree, the arithmetic
mean of the output values was taken. This produced 45 LAI values, one for each tree species in AG.

To determine the shading coefficient (Sh) for each species, Equation 2 was rearranged as follows:
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Sh = ((In [LAI x G]) +4.3309 — 0.29424H — 0.7312D + 0.0148S)/5.2717 (13)

LAI values were then submitted to Equation 13 to determine the Sh values of the 45 species investigated.
For example in the case of Tree# 127 (Black Walnut), the LAI value was be multiplied with the drip-line
area of the canopy for that respective tree (G), producing Tree # 127’s leaf area (Y). This value was then
used in equation 13 along with Tree # 127’s H, D, and S values; solving this equation provided the Sh
value of Black Walnut species. This Sh value was then compared to the reference values (where
available) obtained from McPherson (1984), and evaluated for similarity. After the acquisition of this Sh
value, LAI values were estimated for all the remaining Black Walnut trees found in AG using Equations 2
through 5, and repeated for the remaining tree species.

LAI values for deciduous urban trees whose morphological characteristics exceeded the
limitations of the equation (i.e, H>12m, D> 14 m, 0.5> H/D > 2, and / or S > 500) were calculated
using an extrapolation of leaf area for similar trees (Nowak and Crane, 2004). For these trees, average
LAI was calculated using Equation 2 for the maximum allowable tree size based on the appropriate crown
height, crown width, and crown height to width ratio for the tree in question. Height and width values
greater than 12 m and 14 m, respectively were ‘capped’ at these measurements and used in Equation 2; all
other inputs were unaltered (D. Nowak, personal communication, October 28th, 2008). Where trees had
an S value that exceeded 500 m, crown height and width were similarly ‘capped’ at the maximum
allowable values. For trees with crown height to width ratios that were less than 0.5 or greater than 2, the
ratio was scaled up to reach the minimum, or down to reach the maiimum ratio allov::dble. Equation 2
was then solved with the final leaf area, produced By Equation -5, and scaled proportionally to the
corrected leaf area value for that specific tree (D. Nowak, personal communication, October 28th, 2008).
3.2 STRATUM Analysis

" This study used the STRATUM model version 3.4, paf'?t of the i-Tree software suite, to evaluate the tree

resource in AG (i-Tree, 2006). STRATUM is a non GIS-based program, and is utilized as an urban forest
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analysis tool that employs either a sample or, as in the case of this study, a complete inventory of tree
data. Its function is to describe tree management needs, and to quantify the value of annual environmental
and aesthetic benefits provided by an urban forest (i-Tree, 2006). STRATUM has been used by
communities to assess their street tree resource; this study employs it at the neighbourhood scale to assess
the benefits of a forested urban park. By examining an urban forest with this tool, it is expected that
managers can better understand trees as a resource, and develop informed management plans to ensure
their health and longevity.

STRATUM uses growth curves for significant urban tree species found in each respective climate
zone contained in the model’s database, along with other regionally specific data, such as climate data,
building construction and energy use patterns, fuel mix for energy production, and air pollutant
concentrations. STRATUM uses this information to calculate: (1) urban forest structure (species
composition, extent and diversity); (2) urban forest function (the environmental and aesthetic benefits
trees provided to the urban community); (3) urban forest value (the annual monetary value of the benefits
provided and costs accrued). The reports generated by STRATUM allow urban forest managers and
planners to interpret the complexity of AG’s tree resource and to evaluate its management needs (i.e.,
diversity, canopy cover, planting, pruning, and removal). With these report interpretations, urban forest
managers and planners are supported with quantitative information that allows them to lobby for
additional municipal funding, create public enthusiasm, involvement and investment, and to promote
sound decision making relative to AG’s urban forest.

Current research on urban forests commonly use another i-tree tool, the Urban Forests Effect
Model (UFORE), to evaluate its resource complexity and functions. However, this study elected to use
STRATUM over UFORE for the following reasons: (1) STRATUM allowed this study to perform a full
inventory of the AG tree resource, whereas UFORE would have required performing sample inventories
throughout the study site; (2) STRATUM is a non-GIS based analysis tool, which requires only basic

inventory data, whereas UFORE requires three categories of data (field inventory, meteorological, and air

29



pollution concentrations and boundary layer heights); (3) STRATUM is designed for analyzing street tree
populations, and the design of the model allowed this study to tailor the model to fit the scale of an urban
park, UFORE would have not easily permitted scaling of the model down from its intended city-wide
analysis; and, (4) STRATUM is a computer application that allows for in-house report generation, yet
UFORE requires all collected data be sent to Syracuse, New York, for processing with results returning to
the principal investigators within 2-6 weeks.

In addition to the data collected in the aforementioned inventory, STRATUM requested formatted
information be organized according to the following specific field names, and in the following order: (1)
Treeld; (2) Zone; (3) StreetSeg; (4) CityManaged; (5) SpCode; (6) LandUse; (7) LocSite; (8) DBH; (9)
MitncRec; (10) PriorityTask; (11) SwDamg; (12) WireConflict; (13) CondWood; (14) CondLvs.

The following are specific descriptions for each (i-Tree, 2008):

Treeld is the tree identification number. This is the unique number assigned to each tree in AG that

permitted identification. Treeld numbers ranged from 1 —309.

Zone is the particular name of a managed area within a city where the tree is located. STRATUM permits
up to 20 zones within an analysis. Because this feature was not applicable to this study (all AG trees are

in the same location), a value of one was assigned to all trees.

StreetSeg is interpreted as street segment. This is a numeric code used to identify the street segment
within a city where the tree is located. Again, this feature was not applicable to this study due to all the

&

trees being located in the same area. The value zero was assigned for each tree.

CityManaged is a numeric code used to distinguish city owned and managed trees from privately owned
and managed trees. If the tree is owned by the city then the value one would be assigned, if it was
privately owned the value two was given. In the case of AG, all trees are city owned and managed, so the

value one was assigned to each.
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SpCode identifies species code. This is a 4 letter alphanumeric code used to identify each tree species. It
consists of the first two letters of the genus name, followed by the first two letters of the species name.
For example, the species code for Tree of Heaven (dilanthus altissima) would be AIAL. In the case of
Sugar Maple (Acer saccharum) and Silver Maple (Acer saccharinum) trees, the codes ACSAl and

ACSA?2 were assigned to each respectively.

LandUse is a numeric code used to describe the area where the tree is growing. The values selected in this

study were one for Park and two for Sidewalk.

LocSite refers to the location of the tree on the study site. This is a numeric code used to describe the
specific location where the tree is growing. The values assigned for this study were as follows: Grass -
one; Bare Soil - two; 50:50 Grass:Soil - three; 25:75 Grass:Soil - four; 75:25 Grass:Soil - five; Flowerbed
- six; Dog Park - seven; Concrete/Asphalt - eight; and, Gravel (semi-pervious) - nine. Trees found in a
location where there was as much under-canopy bare soil as there was grass (i.e., a 1:1 ratio) were
assigned the value three, whereas trees found in locations where there was distinctly less grass than there
was bare soil (i.e., a 1:3 ratio) were assigned the value four. Finally, in the case where the presence of
under-canopy bare soil was much greater than the amount of grass (i.e., a 3:1 ratio) the value five was
assigned. Trees growing in tree boxes along the sidewalk were assigned the value eight, and all trees

found within the newly constructed dog park were assigned the value seven.

DBH is diameter at breast height. This is a numeric entry for the measured diameter at breast height taken
during field data collections. In cases where there was more than one stem for a certain tree (i.e., more
than one DBH value for a tree because the trunk forked underneath the 1.4m height) the largest DBH
measurement for that tree was recorded; STRATUM does not allow for multiple entries in such a

situation.

MincRec is interpreted as a maintenance recommendation. It is a numeric code used to identify the

recommended maintenance for the tree depending on both age and condition. Values used for this study
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were as follows: One — None; tree requires no immediate or routine maintenance; Two — Routine for
young tree; tree height < 5.48 m (or 18ft) and tree is in need of maintenance, but health of tree is not
compromised by deferring maintenance up to 5 years; Three — Immediate for young tree; tree height <
5.48 m and in need of maintenance, postponing maintenance beyond 1 year will compromise health of
tree; Four — Routine for mature tree; tree height > 5.48 m and in need of maintenance, but health of tree is
not compromised by deferring maintenance up to 5 years; Five — Immediate for mature tree; tree height >
5.48 m and tree is in need of maintenance, postponing maintenance beyond 1 year will compromise health
of tree; and, Six — Critical concern (public safety); tree requires immediate inspection. All newly planted
trees, within the past 2 years, were assigned the value one; remaining trees were assigned values relative
to their height and health condition ascertained from field data collection and the 2006 Aboud and

Associates Inc. inventory.

PriorityTask is a numeric code describing the highest priority task required for a tree; it takes into
consideration the abovementioned MtncRec codes. Values were selected for this study as follows: One —
None; tree does not require maintenance; Two — Stake/Train; staking or training involves manipulating
the trunk to grow straight, eliminating multiple leaders, crossing branches and girdling ties; Three —
Clean; crown requires cleaning to remove dead, diseased, damaged, or poorly attached branches; Four —
Raise; in the case of obstruction issues crown requires raising by removing lower branches from tree
trunk; Five — Reduce; crown needs to be thinned by pruning to deal with overcrowding, wind resistance
or light infiltration issues; Six — Treat pest/disease; treatment of insects, pathogens or parasites is required
to maintain tree health; and, Seven — Remove; tree is ciangerous, > 80% dead, or dead and no level of
maintenance will increase longevity or safety. All trees assigned MincRec values of one required no
maintenance, so these trees were assigned a PriorityTask value of one. Remaining trees were assigned
_maintenance values based on field :observations, and consultation with 2006 Aboud and Associates Inc.

%

inventory.
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SwDamg refers to the degree of sidewalk damage. This is a numeric code to describe the degree of
sidewalk damage caused by tree roots growing underneath the pavement. This STRATUM field was not
applicable to this study as most trees were found in the park; for those located on the sidewalk, none had

caused visible damage.

WireConflict is a numeric code used to identify a tree that is high enough for utility lines present in the
vicinity to have interfered with crown growth. The values selected were as follows: One ~ No lines; there
are no utility lines in the vicinity of the tree crown; ‘Two — Present but not conflicting; utility lines are
present in the vicinity of the tree crown, but crown branches do not presently’ intersect wires; and, Three —
Present and conflicting; utility wires are present in the vicinity of the tree crown, and the tree crown
branches intersect the wires. Since there is no height recommendation for utility lines found in the

presence of a growing tree, these data were collected through field observation.

The remaining two fields relied on field observations and the 2006 Aboud and Associates Inc.

inventory.

CondWood indicated the condition of the wood. This is a numeric code used to identify the health of a
tree’s branches. Values used in this study were as follows: One — Dead; Two — Very poor: > 75% dead;

Three — Poor: 50 — 75% dead; Four — Fair: 25 — 50% dead; and, Five — Good: <25% dead.

CondLvs represents condition of leaves. This is a numeric code used to identify the health of the tree’s

leaves. The values entered were as follows: One — Dead; Two — Poor; Three — Fair; and, Four — Good.

STRATUM was used to calculate the following aspects of AG’s tree resource: 1) Structure —
population summary, importance values, species composition, canopy cover; 2) Function — environmental
benefits; and, 3) Value — annual monetary value of benefits. More specifically, STRATUM quantified the
following environmental services based on detained inputs describing AG’s urban forest: 1) energy
conservation; 2) air quality improvement; 3) CO, sequestration; 4) storm-water runoff mitigation; and, 5)

property value increase.
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These analyses involved creating a new SRATUM project by translating the full 2008 AG
inventory database from Microsoft Excel to Microsoft Access format. Location data, specific to AG was
inputted so that an appropriate climate zone could be used. It should be pointed out that the model’s
benefit analysis is extensively based on regionally specific tree growth measurements, hourly climate and
air pollution concentration data, building construction information and cost data based on reference cities
in 19 different climate zones throughout the United States. Due to the fact that variability of these factors
exists from region-to-region, reliable benefit results can only be obtained when using data from the
climate zone where the tree resource is actually located. Unfortunately, STRATUM does not provide
climate zones outside of the US, thus there is no data for cities in Canada. As a result, any analysis that
has been conducted outside of the US using STRATUM has lacked regional field data to support it. In
addition, STRATUM does not allow for regionally specific data (e.g. hourly climate data) to be input
instead of the default choices. Nowak advised using the northeast climate zone (Figure 3.2), because the
City of Toronto’s climate is most similar to that of the closest US reference city, New York (D. Nowak,
personal communication, October 28th, 2008). This was deemed acceptable as this study used the
STRATUM model as a management tool that is capable of providing a general accounting of the benefits
provided by AG’s tree resource. It should be noted that although a STRATUM study was conducted by
the City of Vancouver, British Columbia, the authors do not specify which climate zone was used for

their analysis.
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STRATUM Climate Zones
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Figure 3.2: STRATUM climate zones (version 3.4)

SOURCE: i-Tree (2006)
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In addition to tree-specific inputs, STRATUM requires regionally-specific data that describe the
following costs: 1) electricity ($/kWh); 2) natural gas ($/Therm); 3) stormwater interception ($/gallon); 4)
average home resale value (8$); 5) NO, ($/1b); 6) SO (§/Ib); 7) VOC ($/1b); 8) CO, ($/1b); and, 9) PMyo
($/1b).

Average electricity and natural gas pricing for the City of Toronto was collected for the year
2007; these values were $0.0505/kWh and $1.1169/Therm respectively. The 2007 stormwater
interception cost (average of all blocks paid on or before due date), was at $0.007298/gallon. The average
home resale value ($462,392) for the Moss Park neighbourhood, as reported by 2006 Census, was used.
Air pollutant abatement costs are used by STRATUM to estimate willingness-to-pay (i.e., if a company is
willing, or obligated, to pay an average of $1/Ib of treated and controlled pollutant to meet minimum
standards, then the mitigation savings provided by a tree that intercepts 1 Ib of pollution is $1)
(McPherson et al., 2006). Unfortunately, despite much effort, this information could not be located for
Canadian industries. Therefore, the values used in this study are those found in the Piedmont UFORE
analysis (McPherson et al., 2006), which calculated average annual emissions and their monetary values
by using utility-specific emissions factors for electricity and heating fuels. This emissions pricing was
derived from models that calculated the marginal cost of controlling different pollutants to meet air
quality standards (McPherson et al., 2006). Prices used in this study are as follows: 1) NO, ($6.55/1b); 2)
SO, ($1.91/1b); 3) VOC ($6.23/1b); 4) CO, ($0.0075/1b); and, 5) PMj, ($2.31/1b). Maco and McPherson
(2003) describe in detail the methods by which the urba‘n forest structure, and ecological and aesthetic
benefits are calculated by STRATUM.

STRATUM further required angual costs associated with m;naging AG’s tree resource. During
summer 2008, many attempts were made to contact the PFRD, and Urban Forestry department, with the
goal of estimating annual costs ($) for the following pgrk activities: planting, pruning, tree and stump

removal, pest and disease control, irrigation, repair/mitigate infrastructure damage, litter/storm clean-up,

36




litigation and settlements due to tree-related claims, expenditure for program administration, and tree
inspection.

Eventually, it was learned that the City of Toronto does not collect data in the detail or format
that would lend itself to this kind of reporting (D. Hart, personal communication, July 11th, 2008).
However, this did not hinder STRATUM s ability to produce a benefit analysis, but it thwarted the ability
to generate both a cost-benefit and net benefit analysis of AG’s urban forest.

STRATUM has been applied as an urban forest management tool for street tree evaluation in
various cities in the US (City of Cambridge, Massachusetts; Cortland, New York; and, City of Pittsburgh,
Pennsylvania); however, it is important to note this study is the first of its kind to apply the STRATUM
model to the scale of an urban park. At present, little evidence of forested urban park investigations is
found in the literature, and even less concerning studies that focus on quantifying the ecological and

aesthetic benefits provided by an urban forest confined to a park.

3.3 Soil Analysis

Measurement focused on physical properties of the soil that included texture, compaction, bulk density
and soil-water permeability. Although this study could have benefited from soil chemistry analysis (e.g.,
pH, electrical conductivity, and nutrient analysis), additional research was limited by time and financial
constraints.

3.3.1 Soil Sampling Design

Using Hawth’s Tools (ArcGIS 9.2 extension), a grid with 20 m x 20 m cells was superimposed on an air
photo/ of AG, for the purpose of producing a gridded random sampling design. After masking all cells
containing impervious surfaces (i.e., walkways, buildings), a sample point was randomly assigned to each
remaining grid cell; this totalled 117 locations. These locations were subsequently sited in AG using a
precision GPS, a measuring wheel, and a sighting compass. Each point was marked with a 20 cm nail that
secured 10 cm radius red plastic disk flush to the ground; each disk was labelled with a unique sampling
location number. This form of marker was essential for visual recognition of sample sites so as to: 1)

37



ensure minimal disturbance within the park; and, 2) ensure repeat sampling efforts obtained data from the
exact location.

If the soil could not be sampled at the designated sampling point due to an obstruction (e.g.,
walkway, tree, or bench), the sampling point was relocated to a location within a radius of 1 m from the
original point; these changes were then updated in the GIS. In the case of stolen sample site markers (10
out of 117 were either moved or lost during the study period); replacements were made and installed
using a similar procedure. Within the newly constructed dog park, built during in the spring of 2008, 10
sample points were removed by contractors during the construction process; they were not replaced. On
occasion, grass cutting efforts in the park obscured the locations of the sampling disks. In such
circumstances, a metal detector was used to re-locate the sampling sites.

3.3.2 Methodology and Instrumentation

From the 117 soil samples sites, 40 were selected randomly using Hawth’s Tools to investigate texture.
Soil was removed from a depth of 15 to 20 cm at each of these locations using an auger. Urban locations
often exhibit highly disturbed soil, so this project focused on analyzing soil texture within the A horizon,
which is an important rooting zone for trees (Craul and Patterson, 1989). Soil samples were collected in
individually numbered field bags, from which approximately 50 ml was sieved and added to 100 ml
labelled sampling containers. After filling containers to the 100 ml mark with water, 1 ml of
biodegradable soap was added to each as an emulsifying agent (Steila, 1976; Plante et al., 2006). The
containers were then sealed and shaken vigorously for 60 seconds to ensure that the soil, water and soap
mixed sufficiently. Following this, containers were cafefully placed on a flat surface and the proportion
of sand and silt content was measured after 6 hrs; clay was measured after 72 hrs (Steila, 1976; Plante et
al., 2006). The percentage sand, silt and clay were used to estimate ideal bulk density following Saxton et
| al. (1986). Soil type for the 40 soil samples was then classified following Craul (1999).

| Soil compaction measurements were taken during May 2007; this data collection occurred at all

117 sample sites. Compaction measurements were taken early in the springtime for two reasons: 1) the
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soil must be moist during compaction measurements for the instrument to function optimally; and, 2)
taking measurements early in the spring avoided bias caused by increased foot and park vehicle traffic
that occurs in mid- to-late summer (June, July, and August). A Field Scout SC-900 probe (Spectrum
Technologies Inc.) was used for soil compaction measurements. A profile of depth 2.5 cm to 30 cm was
collected at each sample site. This probe had a built-in data logger, which eliminated the need to record
soil measurements manually. It was important to take compaction measurements at depths that could be
correlated with soil-water infiltration data. The SC-900 probe recorded the soil depth using a sonic depth
sensor, while compaction was measured using cone index values recorded by a load cell sensor and
converted to pressure recorded in kilopascals (kPa). A total of three profiles was collected and averaged
for each of the 117 sample locations. From the profiles, values at two measurement depths (7.6 cm and 20
cm) were retained for subsequent mapping purposes.

Using the methodology outlined by the USDA (1999), soil water permeability was measured at
the 117 sample locations in July 2008. This was done by driving an open ended steel cylinder of 7.6 cm
diameter into the soil surface using a hammer and a wooden block. The cylinder was situated within 20
cm of the sample marker, and all grass or vegetation captured within the cylinder was removed from the
surface so as to reduce any factors that may impact the water percolation process. Using a calibrated
measuring scoop, 60 ml of water was poured into the cylinder and left to infiltrate into the soil; this was
referred to as the ‘wetting’ process. When this procedure was completed (i.e., all the water captured
within the cylinder had run into the soil), another 60 ml of water was poured into the cylinder and the
time taken for complete soil infiltration was recorded with a stopwatch. Permeability measurements are
recommended to occur at soil conditions close to saturation (USDA, 1999); therefore, this method was an
attempt to control the wetting condition rather than planning data collection to be reliant on a rainfall
event. Any sample location that did not drain completely within one hour was considered to have poor

soil-water infiltration capacity.
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3.3.3 Geospatial Analysis

Geostatistics is a collection of methods for the analysis and estimation of data correlated in space or time
(Bailey and Gatrell, 1995); this project used kriging, one of several geostatistical methods, for spatial
interpolation of soil surfaces. Spatial interpolation with kriging assumes that locations close together are
more similar than locations that are farther apart. This distance of correlation is called the range, beyond
which observations (point data) are considered uncorrelated or spatially independent (Bailey and Gatrell,
1995); it is investigated using a semivariogram. A semivariogram is a mathematical function that
describes spatial correlation in observations measured at sample locations (Bailey and Gatrell, 1995). It is
usually illustrated in a graph format that plots the variance in measurement value with distance between
all pairs of sampled locations (Johnston et al., 2001). Kriging required modelling the semivariogram to
predict values for the same data type at unsampled locations (Bailey and Gatrell, 1995).

While continuous data, such as percentage sand/silt/clay, compaction, bulk density, and soil water
permeability can be measured at any location in space, they were only available in a finite number for
sampled points (40, or 117). Kriging was used in this project as an interpolation method; it incorporated
statistical relationships among a group of measured points to create prediction surfaces (Johnston et al,,
2001). Kriging is a linear predictor, meaning that predictions at any location were obtained as a weighted
average of neighbouring data. It is based on the Regionalized Variable Theory, which assumes that the
spatial variation of a variable represented at specific measurement locations is statistically homogeneous
throughout the defined surface (Bailey and Gatrell, 1995; Johnston et al., 2001). w
Kriging was carried out in this research project using A’rcGIS 9.2 software and the Geostatistical Analyst
extension. It is important to note here that, while soil surfaces were important to the assessment of overall
park conditions in AG, the processing of these data using kriging was completed as part of a separate
study conducted by Masters Student, Brahma Toleti, under the supervision of Dr. Andrew Millward
(P;incipal Investigator, Ryerson’s Urban Forest Research & Ecological Disturbance (UFRED) Group).

Therefore, while this study actively contributed to the sampling design and data collection phase of AG

40



soil measurements, the full explanation of kriging methods used to generate soil prediction surfaces is

described in Toleti (2008).
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4.0 RESULTS AND DISCUSSION

4.1 Allan Gardens 2008 Tree Inventory
For a downtown urban park, AG has a large tree population encompassing a wide range of species; of the
309 trees surveyed 45 species were recorded (Table 4.1; Figure 4.1). Nine of the tree species were in the
Acer (Maple) genus (20% of total park species count). The next most common genera were Fraxinus
(Ash) and Quercus (Oak), both with 4 species each (9% each of the total species count); these were
followed by Ulmus (Elm) and Tilia (Linden), accounting for 7% and 5% of the total species count
respectively.

The largest average Ca was measured for the Amur Cork (Phellodendron amurense) (571 m?),
and the largest average Cv was measured for the Freeman Maple (dcer x freemanii ‘Jeffersed’) (4134
m®). The smallest average Ca and Cv were associated with the White Oak (Quercus alba) (11 m* and 5
m’, respectively). The most common species found in AG was the North American native Sugar Maple
(Acer saccharum), accounting for 19.1% of the total population of trees inventoried. This species had
average Ca and Cv values of 125 m” and 593 m’, respectively. Norway Maple (Acer platanoides) (13.3%)
and Siberian Elm (Ulmus pumila) (7.4%) were the next most common species; they averaged 258 m” and
235 m? for Ca, and 1346 m’ and 652 m’ for Cv, respectively. It is important to point out that the average
Cv of Norway Maples was nearly twice that measured for the Siberian Elm, despite being very similar
with respect to Ca. This is attributable to the fact that Siberian Elms, despite being large trees in AG, have
crowns that are shallower, and less layered than the Norway Maple; 1n other words, their crown depths
were much less.

The canopy shading coefficients calculated in this study were compared with those reported by
Nowak (1996), and first derived by McPherson (1984). Nowak (1996) reported shading coefficient values
for 47 tree species, of which 25 Qere found in AG. However, this study attempted to improve upon

%

Nowak’s (1996) coefficients by directly investigating shading values specific to AG trees.
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Botanical Common Average Average - Sabir Shading Nowak Average
Name Name Ca (m?) Cv (m°) Coefficient Shading LAI
Coefficient

1802.39

Cladrastis kentukea Kentucky Yellowwood

raxinus excelsior 259.59 1231.40

Fraxinus pennsylvanica
var. lanceolata

Gleditsia triacanthos var.

ap) pl ‘
Metasequoia Dawn Redwood 106.42 116.09 0.58 X 4.87
glyptostroboides

Quercus alba

Quercus robous

tigiata’

ap
Taxus cuspidata Japanese Yew

Ulmus glabra Scotch Elm 1744.16

Table 4.1: Allan Gardens tree inventory summary

Average Ca — Average Crown Surface Area, Average Cv — Average Crown Volume, Sabir Shading
Coefficients, Nowak (1996) Shading Coefficients, Average LAl — Average Leaf Area Index Values for
Allan Gardens Tree Species. All occurrences of “x” within the Nowak Shading Coefficient column indicate
that Sh values for these tree species were not made available by Nowak (1996). Refer to Appendix A for
full inventory.
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Figure 4.1: Tree locations in Allan Gardens with identification numbers

Refer to Appendix A for full tree details
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A comparison to evaluate the difference between Nowak’s (1996) 25 shading coefficients and those
generated in this study was undertaken. Nowak’s shading coefficients produced a mean of 0.83 (SD =
0.058), whereas this study found a lower shading coefficient mean of 0.75 (SD = 0.086). To evaluate if
there was a significant difference between the means of the two groups, first, the normality distribution of
both sets of data was tested using the Kolmogorov-Smirnov Test (Sabir shading coefficient’s p = 0.797,
and Nowak shading coefficient’s p = 0.573; both were determined to be normally di’stributed), and
second, a t-Test was performed using both data sets. The t-test null hypothesis was that no difference
existed between the two group means. However, the t-Test (assuming equal variance confirmed by the
Levene’s Test) found that there was significant difference between the groups (p = 0.001). This test
confirmed that the use of Nowak’s (1996) shading coefficient values for the 25 tree species with Sabir’s
for the remaining 20 species would provide inconsistency in the resulting LAI values generated in
Equation 2. It further supported the decision to collect and process the Sabir shading coefficients for all
45 species.

It should be pointed out that the value of this study’s shading coefficient investigation is very
important to future uses of Equation 2. Previous studies which employed Nowak’s equation (Peper and
McPherson, 2003) found that these shading coefficients may not always be in accordance with the tree’s
true values due to specific tree characteristics and conditions found in the study site. This study illustrated
that there is value in obtaining site-specific Sh information, if LA is estimated using the logarithmic
regression model.

The study estimation of LAI values for all the trees present in AG used Equation 2, however, it
should be noted that although this equation takes into account the width, and height of a tree’s crown, it
does not directly consider crown condition. It estimates near-maximum leaf area for individual open-
grown full canopy urban trees. Therefore, it is expected that in some cases, where a tree may be damaged
or in decline, the model may tend to overestimate leaf area. LAIL Vaiues are mapped in Figure 4.2 along

with the footprint of each tree’s dripline.
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As can be seen in Table 4.1, average LAI values range between 0.26 and 4.87 for all tree species
investigated. Deciduous trees have average LAI values that range between 0.26 and 4.66, whereas
coniferous species have average LAI values ranging from between 1.49 and 4.87. The tree species
measured to have the highest average LAI was the Dawn Redwood (Metasequoia glyptostroboides)
(4.87), followed by three broadleaf deciduous trees that include Sugar Maple (Acer saccharum) (4.66),
Red Maple (Acer rubra) (3.92), and Littleleaf Linden (Zilia cordata) (3.30). The fact that these three
deciduous species have larger LAI values, and comparatively higher average crown height and width

dimensions, establishes their importance to the urban environment. Trees
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Figure 4.2: Tree dripline footprint classified by LAl values
Overlaid on a 2007 leaf-off air photo (Source: DMTI Canada)
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with the lowest average LAI values were found to be Amur Cork (0.58), European Ash (0.42), Freeman
Maple (0.28), and White Ash (0.26) (Table 4.1).

Tree canopy coverage is substantial in parts of AG, especially in the north western area of
sections A, D, and E that support trees with higher canopy width (Figures 2.1 and 4.2). Many of the trees
in these sections also have higher LAI values (LAI of 3 or greater) when compared to trees in other
locations in AG. Sections B and C harbour many trees with low LAI values (less than 2) and small
canopy sizes. Section A, however, is the most congested treed space in AG. Although composed of many
trees in good health, the 2008 inventory reveals that some of the trees in this location are experiencing
decline. This may be attributed to the soil conditions, old age, and to some degree competition between
trees for available light.

The total LA in AG calculated using STRATUM was 75,633 m* (Appendix B3), whereas this
study’s independent collection of data for shading coefficient input into Equation 2 estimated 67,446 m’
(Appendix A). When considering AG total plantable space (40,000 m?®), STRATUM output produced a
LAD value of 1.89; this study’s LAD was found to be 1.68. Because many of the trees in AG exceeded
limits imposed by Equation 2 (190 trees fall into this category, approximately 61.5% of the tree
population), restrictions on their various crown characteristics had to be adopted, thus producing lower
leaf area estimations (D. Nowak, personal communication, October 28th, 2008).

4.2 STRATUM Tree Resource Reports for Allan Gardens

4.2.1 Tree Numbers . *

The 2008 AG tree inventory included 309 trees (Tablé 4.2). AG’s tree population was found to be
dominated by broadleaf deciduous species (92.6%), the coniferous evergreens accounted for the
remainder. Broadleaf deciduous trees can grow larger in both structure and crown characteristics
compared to coniferous trees. Because most ecological services provided by trees are directly related to
leafﬁ surface area, the high percentage of broadleaf trees in AG make a strong contribution to the

ecological benefits provided by park trees.
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Species
Common Name DBH class (cm

BROADLEAF DECIDUOUS
- LARGE

ap!
Northern Catalpa

Japanese Pagoda

BROADLEAF DECIDUOUS
- SMALL

J apanese Treé Lilac

Norway Spruce

CONIFER EVERGREEN -

VI 1 Z . e
Table 4.2: Tree species abundance by DBH class
Refer to Appendix B1 for full STRATUM report
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4.2.2 Tree Species Composition and Diversity

In Table 4.2, tree species presence, relative to DBH size class, was described for all 45 species found in
AG. The five dominant species include Sugar Maple (19.1%), Norway Maple (13.3%), Siberian Elm
(7.4%), Red Ash (5.5%) and Crimean Linden (5.2%) (see Appendix B2 for STRATUM report). These
five species constitute just over 50% of AG’s tree population. The Acer (maple) genus alone constitutes
over 48% of the total tree population. Tree dominance of this kind can be a management concern. This is
due to the fact that having such a significant portion of trees in the same genus may enhance vulnerability
in the event of a storm, drought, disease, pest, or other stressor (e.g., Dutch Elm Disease, Emerald Ash
Borer). Such an event could have a catastrophic effect on AG and the ability of its trees to provide
benefits to the City of Toronto in future.

4.2.3 Tree Species Importance

Importance values (IVal) are one method of measuring reliance on the functional capacity of a certain
species. Each tree species’s [Val was calculated as the sum of relative abundance (from percent of total
trees), crown projection area (from percent of total leaf area), and leaf area (from percent of canopy
cover), divided by three (Peper et al., 2001; 2007). The IVal provides a more robust indicator of species
importance than does relative abundance or size alone (Peper et al., 2001). TVals range between 0-100,
where a value approaching 100 suggests reliance on this species is high, indicating that a large fraction of
an urban forest’s benefits are supplied by this species. On the other hand, an IVal close to 0 suggests little |
or no reliance (Peper et al., 2007). “

There may be a practical advantage to an u'rbv;;m tree pop}llation being composed of a few
dominant species (i.e., an IVal > 25%), as this dominance may lead to lowered maintenance costs bréught
about by the efficiency of repetitive work. However, it is not desirable to rely so heavily on a few species,
as this may equally incur large cosfé if disease or senescence becomes widespread, resulting in a large
numTaer of removals and/or replacements. In the case where IVals are more equally distributed across five

to ten species, the risk of momentous loss of a single dominant species would be notably curbed. Leaf

50




area, canopy coverage and IVals for the ten most prevalent species found in AG are presented in Table
4.3.

Table 4.3: Importance values (IVal) for the 9 dominant tree species in Allan Gardens Refer
to Appendix B3 for full STRATUM report

Species # of % of total LA (m% % of Canopy cover % of Total Importance
trees tree total LA 2

m canopy cover Val

The 9 most abundant AG tree species (Table 4.3) comprise 66% of the total AG population, 60%

of the total leaf area, and 63% of the total canopy cover. Collectively, they produce an IVal of 63. AG
was found to be most reliant on the functional capacity of Norway Maple trees (IVal = 15), despite
accounting for only 13% of the total tree population. Because of the large canopy size of many AG
Norway Maples, they provide high amounts of both leaf area and canopy cover. Results suggest that the
Norway Maple is just over twice as significant, in terms of LA and canopy cover, as the Siberian Elm
(IVal = 6.8), and four times more significant than Red Ash (IVal = 3.4). Of the 20 most prevalent species
growing in AG (Appendix B3), the tree species that contributed the least benefit were the Kentucky
Yellowwood, Japanese Yew, and Red Oak with IVals of 0.6, 0.7, and 0.7 respectively.

Silver Maples have a relatively high IVal of 10.1, yet they rank as the 7th most abundant species
(4.5% of AG’s total tree population). Siberian Elms, on the other hand, rank 3rd in population abundance
but have an IVal of only 6.8. Compared to the Siberian Elm, Silver Maples’s population is approximately
60% less, but due to its tree crown characteristics this species is more substantial in terms of both leaf
area and canopy cover (2.08 and 1.89 times more, respectively). Therefore, if the number of Silver Maple

trees was increased by new plantings to match the population abundance of Siberian Elm trees, Silver
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Maple species’ importance value would increase disproportionately as a function of tree structure and
morphology.

4.2.4 Age Structure

The age distribution within a tree population influences present and future maintenance costs, as well as
the flow of benefits (Peper et al., 2007). A population of non-uniform age allows managers to allocate
annual maintenance costs uniformly over many years, and assures continuity in overall tree-canopy cover.
An ideal age distribution would have a high proportion of new plantings (i.e., trees with DBH within the
two ranges 0-8cm and 8-15cm) to offset establishment-related morality. For each species, 40% of its tree .
populations should be found in these first two DBH segments (Group One), and the remaining 60% of the
population should be distributed across the larger and subsequent DBH classes. Under this scenario, 30%
of AG’s total tree population would occur in the next three DBH segments (Group Two: 15-30 cm, 30-46
cm and 46-61cm), followed by 25% in the subsequent two DBH segments (Group Three: 61-76 cm and
76-91cm), and the remaining 5% in the last two segments (Group Four: 91-107 cm and >107cm) (Peper
et al., 2007). Some modifications to these classes are required on a species by species basis because not
all trees have the ability to achieve the same size at maturity. Table 4.4 shows age data (relative to DBH
size class) for the 10 most prevalent tree species found in AG.

Table 4.4: Relative age distribution (%) by DBH class for 10 dominant tree species in

Allan Gardens
Refer to Appendix B4 for full STRATUM report

DBH class (cm)- _

ap ki
AG-wide total 8.41 8.41 28.48 22.01 11.65 9.71 6.47
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The overall age structure for AG trees fails to meet, or even approach, the aforementioned ideal
age distribution with exception of two DBH groups: 1) Group Two, which exceeded the ideal 30%; and,
2) Group Four, which came close to approaching the 5% ideal. When considering the 10 dominant AG
tree species, five are represented in the smallest DBH size class, with only the Autumn Blaze Maple
exceeding the 40% ideal of the first DBH size group (100% of its total population present). In the second
DBH group, all 10 dominant tree species exceeded the 30% ideal with exception of the Silver Maple. In
the third DBH group, the three species that exceeded the 25% ideal were Norway Maple (32%), Silver
Maple (43%), and Littleleaf Linden (27%). In the fourth DBH group, the two tree species which exceeded
the 5% ideal were Silver Maple (36%) and Littleleaf Linden (9%).

Of the species in Table 4.4, recent inventory records show that the percentage of young Autumn
Blaze Maples was found to be high because there was a recent planting of this species in the western part
of Section B (Figure 2.1). This is a hybrid of Red and Silver Maple that has only recently gained favour
by the City of Toronto in its planting efforts. The Silver Maples in AG are, for the most part, a population
of large old trees; none of this population is characterized as having small-to-medium sized stature,
indicating that this species is vulnerable to loss if replanting is not encouraged.

It is important to note that the percentage of Sugar Maple trees is low within the DBH 8-15 ¢cm
segment, yet the percentage is comparatively higher in the 15-30 cm segment. This could mean that a
number of newly planted Sugar Maple trees are not surviving into the higher segment for various reasons
or that this species was favoured in the past and was planted with zeal. Young Sugar Maples could be
facing relatively higher tree mortalities in AG due to pest damage, disease vulnerability, and competition
for water and nutrients. Also, it may suggest that fewer Sugar Maple trees have been planted in AG
recently, i.e. over the past decade. However, there are no planting records illustrating the planting patterns
in AG to support this deduction.

In 2007, Ryerson’s Urban Forest Research & Ecological Disturbance (UFRED) Group become

aware of the problem concerning young Sugar Maple trees and AG’s growing population of thirsty
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squirrels (Duncan, 2007). As AG is enclosed by 4 major streets, the majority of the Eastern Grey squirrel
population is geographically restricted to the park, meaning that they are reliant on it for their sources of
food and water. After an especially dry summer season in 2007, squirrels were observed to bark strip
young Sugar Maple trees in search of moisture. They do this by removing (sometimes girdling) the young
tree’s outer bark to access the cambium, the transport location for sugars and water (Millward, 2007).
However, by bark stripping in this manner squirrels can cause irrevocable damage to the tree, often
instigating the death of the affected limb. This has lead to several young Sugar Maple tree deaths (e.g.,
Tree # 278, Appendix A) (Millward, 2007).

Distribution of tree DBH values can be used as an important point for comparison between the
Sugar and Norway Maple. These species are somewhat similar in their tree structure and population
number in AG, but the Norway Maple is known to have a quicker growth rate than the Sugar Maple. Even
with a higher occurrence of Sugar Maples in the lower DBH classes, the population number drops
dramatically after the 30 - 46 cm class (from 34% to 5 %); no Sugar Maples exist with a DBH greater
than 76 cm. However, Norway Maple trees do exist in the higher DBH segments. Assuming that many of
the now large trees in each species were planted around the same time, one explanation for Norway
Maple size is that they grow more rapidly. Another explanation is that the Norway Maple is better
adapted than the Sugar Maple to the urban growing conditions in AG. Unfortunately, planting records do
not exist for AG, so these arguments cannot be fully substantiated. It is likely that the observed
differences in these two species are a combination of both factors. s
4.2.5 Tree Condition
Tree condition indicates both how well trees are managed and théir relative performance given the
growing environment within an urban park. The structural condition of trees (branches) in AG was found
to be good, with 87% receiving a fair or better desigqgtion (Appendix 5B). Similarly, the functional
condition (foliage) was also found to be sound, with 95% receiving a fair or better rating. The species in

AG whose structure was determined to be deteriorating (i.e., very poor or dead condition) were the
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following: Japanese Yew (16.7%), Sugar Maple (8.5%), Silver Maple (7.1%), and Columnar Norway
Maple (6.7%) (Appendix BS). Whereas, the species in AG whose foliage was found to be deteriorating
(i.e., poor or dead condition) were the following: Green Ash (40%), Japanese Yew (33.4%), Siberian Elm
(8.7%), Columnar Norway Maple (6.7%), and Sugar Maple (5.1%) (Appendix B6).

4.2.6 Tree Replacement Value

Replacement value should be distinguished from the value of annual benefits produced By an urban forest.
The latter is discussed in Section 4.3, and is defined as a ‘snapshot’ of the benefits provided by the total
tree population in AG for a single year. The replacement value of an urBan forest reflects its current
population number, stature, placement, and condition (Peper et al., 2007). Hence, replacement value
accounts for the historical investment in trees over their lifetime. Therefore, the replacement value of the
AG tree population would be expected to be many times greater than the value of annual benefits it
produces. The STRATUM model employs a cost approach to evaluate the value of a tree and assumes
that the replacement value of the tree equals the cost of production (i.e., the cost of replacing a tree in its
current state) (McPherson et al., 2006; Peper et al., 2007). In Table 4.5, replacement values are described
for the 10 most prevalent species found in AG. In instances where a replacement value of $0 is allocated
for tree species throughout the DBH ranges, it indicates that, as of August 2008, there were no trees of

this particular species existing within this size class.
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Table 4.5: Replacement value, by DBH class, for the 10 most valuable tree species in
Allan Gardens

All values are reported in CAD $. STRATUM reports replacement values in US §, exchange rate
conversion was done at the average 2007 rate of 1.074 CAD $ to 1 US $. Values produced by STRATUM
in Appendix B7 are retained in original US $ currency.

DBH class (cm)
Species Total % of
0-8 8-15 15-30 30-46 46-61 61-76 76-91 91-107 >107 total

$21,853  $127,253 $0 $46,968 $196,074 9.56

e

Egﬁﬁaf $0 $0 $2245  $24194  $23,544 S0 $84.948 S0 $41787 S$176719 862

Sugar $28,565

$62,935

$24,222 $o $0 $0 $146,764 7.16

$31,813 $0 $0 $75,657

$7.373 $38,776 $74,216

total $4,485 $12,977 $138,736 $280329 $326,365 $428217 $474300 $124334 $261,427 $2,051,170  100.00

The average replacement value for a tree in AG was estimated at $6,638. Norway Maples account
for approximately 19.5% of the total replacement cost, followed by Black Walnut (9.6%), Crimean
Linden (9.3%), Littleleaf Linden (8.6%), and Silver Maple (8.6%). The DBH class with the greatest
replacement cost was the 76-91 cm segment ($474,300). It is important to note that while Siberian Elms
are among the larger trees on the study site, their replacement value does not rank as high as Norway
Maple because they are found in fewer numbers (population of 23 tréés), and have somewhat smaller
crowns (average crown surface area of 225 m’). Norwa;/ Maples are more abundant (population of 41
trees), have a more variant tree structure and crown dimensions (average crown surface area of 270 m®).

On the whole, replacing AG’s 309 public trees with ones of similar species, size, and condition
shquld, for example, most trees be Algleavily damaged by:a catastrophic event such as one similar to the

LN

1998 ice storm, would cost approximately $2.05 million. Hence, AG trees are a considerable public asset
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and a significant component of City of Toronto’s green infrastructure. However, it is important to realize
that in the case of such a storm, trees of mature stature could never be replaced immediately.

4.3 Benefits Provided by Trees in Allan Gardens

In this section, the benefits of AG’s public trees are evaluated. It should be noted that this is not a full
accounting of all the benefits provided by this urban forest, because some benefits are intangible or
otherwise difficult to measure (e.g., psychological). In addition, this is not an exhaustive accounting of all
the environmental benefits provided by the urban forest, due to limitations of knowledge concerning the
physical interactions between tree and pollutant. A full accounting of thé benefits of an urban forest
would take added account of the site-specific variability in tree species growth rates, and individual tree
crown structure. Benefit estimates produced by STRATUM represent a general accounting of the benefits
provided by AG public trees (Peper et al., 2007). They do, however, provide an important platform from
which urban forest management decisions can be made.

4.3.1 Annual Energy Savings

Electricity and natural gas saved annually in the City of Toronto (Table 4.6), resulting from both shading
and micro-climate related benefits produced by AG’s urban forest amount to 84.8 GJ (valued at $1,190),
and 936.5 GJ (valued at $9,914) respectively. This equated to a total annual energy saving of $11,104, or

an average saving of $35.93/tree.
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Table 4.6: Annual energy savings produced by 10 dominant tree species in

Allan Gardens
Refer to Appendix C1 for full STRATUM report

Species Total Electricity Total Natural Total % of % of Avg.
Electricity $) Natural Gas (3) &) Total Total $/tree
G Gas (GJ) Trees S

Norway Maple trees provide 17% of the energy savings and account for 13% of the total tree

population; this was expected for a tree species with the highest IVal. Sugar Maples (14% of total energy
savings) and Silver Maples (10% of total energy savings) make the next greatest contributions. On a per
tree basis, Scotch Elm trees were the greatest contributors, providing energy savings of approximately
$95/tree annually (Appendix C1). Black Walnuts and Silver Maples provide the next great savings on a
per tree basis ($87 and $80, respectively) (Appendix C1). Scotch Elm, Black Walnut and Silver Maple
were among the older and larger trees at the time of the inventory, explaining why their energy benefits
per tree were higher than younger, yet large-growing, trees (e.g., Norway Maples provided an average
energy savings of approximately $46.51/tree). As these younger species age and increase in size, their
contributions to energy saving for the City of Toronto will increase accordingly.

4.3.2 Annual Atmospheric Carbon Dioxide ((?02) Reducfion

In addition to carbon sequestered by AG trees, other aspects that involve the carbon cycle in an urban
ecosystem include CO, released when !park personnel use machinery for maintenance and planting
procedures (e.g., chain saws, vehicles). This CO, release is termed maintenance release (MR). Further,

when a tree dies, all the carbon that accumulated in the Waody biomass over the tree’s lifetime is released
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back into the ecosystem as wood decomposes. This CO, release is referred to as decomposition release
(DR). STRATUM considers these factors when estimating the CO, benefits of trees.

AG’s urban forest was estimated to reduce atmospheric CO; by a net 51,895 kg annually (Table
4.7). This benefit was valued at $858, or $2.78/tree. Avoided CO, emissions from power plants totalled
32,193 kg, whereas CO, sequestered by trees totalled 27,201 kg. CO, released via MR and DR amounted
to 7,500 kg, or a cost valued at $124. On a per tree basis, Scotch Elm ($9.93/tree), Silver Maple
($5.85/tree), Black Walnut ($5.79/tree), and Norway Maple ($5.39/tree) trees provide the greatest CO,
removal benefits (Appendix C2). Due to their crown surface area and tree structure, Norway Maples
provided the highest total benefits accounting for nearly 26% of AG’s urban forest.
Table 4.7: Annual CO; reductions, releases, and net benefits produced by dominant

tree species in Allan Gardens
Refer to Appendix C2 for full STRATUM report

Species Sequestered Sequestered DR MR Total Avoided Avoided Net Total %of %of Avg.
(kg) s (kg (kg) Released (kg) s Total () Total Total $/tree
k trees 3

Norway 9,005 149 915 263 -19 5,541 92 13368 221 133
Maple

Norway 748 12 -158 -4 -3 796 13 1,341 22 49 2.6 1.48

Littleleaf
Linden

402 7 212 -68 1,170 19 21 3.6 25 1.94

total 27,201 450 6,019 1481 -124 32,193 532 51,805 858 100 100 2.78
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4.3.3 Annual Air Quality Improvement

Approximately 133 kg of O3, NO,, PMy,, and SO, are annually intercepted either in the form of pollutant
deposition or particle absorption by AG’s trees (Table 4.8). This interception was valued at an annual
saving of $1,520 for the City of Toronto.

Table 4.8: Pollutant deposition benefits produced by dominant tree species in

Allan Gardens
Refer to Appendix C3 for full STRATUM report

Species Deposition (kg) Total Total % of % of % of
0; NO, PM;, SO, Deposition = Deposition Total Total Total
(kg) ® Trees (kg) ®
17

Silver Maple

Other trees 23.1 9.8 11.4 3.9 48 548 31 36.1 36.

05 and PM;, were the pollutants deposited or absorbed in the greatest quantity by AG’s trees. Due to its
substantial leaf area, Norway Maples contribute the most to absorption and deposition of pollutants,
removing a total of 23.3 kg annually, and accounting for almost 17.5% of the overall pollutant deposition
and uptake benefits. Silver Maples were the second most important contributors, accounting for
approximately 11.8% of the total benefits. The next most significant at pollution abatement in AG were
found to be Sugar Maple (14.9 kg) and Crimean Linder (8.5 kg), ea(;h accounting for%épproximately
11.2% and 6.4% of the total amount saved annually from e;ir pollutant emission reduction.

Offsets to energy demand provided by AG’s urban forest (mostly a result of summertime cooling)
causes a reduction in air emissions for the pollutants NO,, PM;o, VOC, and SO,. Collectively, a total of
148:‘2 kg of these pollutants are avéided annually, with*an estimated value of $1,615 (Table 4.9). The
largest avoided NO, emissions were provided by the Norway Maple (15.9 kg). Additionally, AG’s
Norway Maples provided the greatest overall impact on reducing pollutants, 25.6 kg otherwise emitted
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from power plants was avoided annually; this was valued at $278 for 2008. Sugar and Silver Maples were
the next greatest contributors of benefits, contributing to the avoidance of 19 and 15.8 kg of air pollutants
annually, and providing a saving of $208 and $170 respectively (Table 4.9).

Table 4.9: Avoided poliutant benefits provided by dominant tree species in

Allan Gardens
Refer to Appendix C3 for full STRATUM report

Species Avoided (kg) Total Total % of % of % of
NO, PM;o vOC SO, Avoided Avoided Total Total Total ($)
(keg) ®) Trees (kg)

Other trees 312 2.1 1.2 16.4 50 751 31 33.7 46.5

Many trees species emit a small about of hydrocarbons from their Jeaves, such as isoprene and
monoterpenes, into the atmosphere as biogenic volatile organic compounds (BVOCs) (Penuelas and
Llusia, 2003; Manning, 2008). These BVOCs become a small part of the photochemical production cycle
that produces Os;. Anthropogenically produced volatile organic compounds are referred to as VOCs.
When both VOCs and BVOCs are added to the photochemical oxidant cycle, they react with O, to
produce hydrocarbon free radicals, which further react with nitrogen oxides (NOx). In sufficient
quantities, VOC and BVOC emissions decrease the Os; breakdown process; this can cause ground level Os
concentrations to accumulate in the atmosphere (Penuelas and Llusia, 2003; Manning, 2008). Therefore,
BVOC emissions from trees must be considered. It was found that AG’s trees account for a total of 20.5
kg of BVOC produced annually; they offset about 7.2% of the air quality improvement and are estimated
to have an annual cost to the City of $281 (Table 4.10). Austrian pine trees are the heaviest contributors
of BVOCs, accounting for nearly 19% of AG’s total emissions. Comparatively, Red Ash and Siberian

Elm were determined to be the lowest emitters, with relatively undetectable contributions.
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Table 4.10: BVOC emissions costs and net air quality benefits provided by dominant
tree species in Allan Gardens
Refer to Appendix C3 for full report

Species BVOC BVOC Net Total Net Total % of % of Avg,
Emissions Emissions Emissions Emissions Total  Total (§)  $/tree

ple
100.00

AG-wide total -20.5 -281 261.0 2,854 100.0 9.24

Environment Canada (2008) estimated that the total VOC emissions in Canada for 2005
approximated 1.93 million tonnes (Environment Canada’s definition of VOCs includes both
anthropogenic and natural sourced emissions). The primary sources were found to be: 1) transportation
(31%); 2) upstream oil and gas industry (26%); 3) industrial sources (e.g., petroleum refineries, pulp and
paper, plastics manufacturing) (13%); 4) commercial and consumer products (e.g., solvent use, surface
coating, printing) (12%); 5) residential wood combustion and incineration (8%); and, 6) all other sources
(of which BVOCs are merely a fraction) accounted for the remaining 10% (Environment Canada, 2008).
Therefore, it is important to note that anthropogenic caused VOC emissions from traffic alone in Canada
are, comparatively, so high that BVOCs from trees have little effect on overall air quality. This statement
is supported by a study conducted in the West Midlands metropolitan area of the UK that found BVOCs
emissions were much lower than anthropogenic VOC estimates for thei same area (Owe;ﬁ‘ et al., 2003).
These authors maintain that although urban tree canopies i)roduce BVOCs, this is only a point of concern
in areas that experience a high occurrence of NOy emissions; in almost all cases, expanding urban tree

canopy density is strongly advocated for its capacity to serve as a large sink for many air pollutants which

far outweighs its contribution to the formation of 03."‘?Therefore, this should be considered a near
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negligible drawback to the urban forest, and does not constitute an argument for failing to protect and
enhance AG’s trees.

Net air pollutants removed, released, and avoided by AG’s urban forest are also presented in
Table 4.10. This total interaction with the atmosphere provided a net benefit valued at approximately
$2,854 annually, with an average benefit per tree of $9.24. Trees vary dramatically in their inherent
ability to produce net air quality benefits. Typically, trees supporting large canopiés with large leaf
surface areas, and that are not high BVOC emitters, produce the greatest benefits for urban air quality.
Although Norway Maple trees are moderately high emitters of BVOCs, the large leaf surface area
associated with this species counteracts the overall effect, reducing nearly 24 times the pollutants (47 kg)
than they produce (2 kg) for a net total emissions benefit that was 18% of the total net air quality benefit
produced by AG’s trees. On a per tree basis, Norway Maples provided an average of $12.62 of annual
benefits, and ranked second to Silver Maple trees, which provided an average of $22.31 in annual savings.
Despite providing the highest benefits per tree, Silver Maple trees were the third highest remover of
pollutants, extracting approximately 28.8 kg, and only producing 2.8 kg of BVOCs. Sugar Maples were
the second best pollutant removers (30.5 kg) while being moderately high emitters of BVOCs (3.3 kg).
Sugar Maples, mostly because of their comparatively smaller stature, accounted for only 11.7% of the
overall air quality benefit produced by AG’s urban forest.
4.3.4 Annual Stormwater Runoff Mitigation
AG’s public trees intercept 1,920 m® of stormwater annually; the total value of this benefit to the city was
determined to be $3,701, or $12/tree (Table 4.11). Certain species are far more successful at mitigating
stormwater runoff than others (McPherson et al., 2006; Peper et al., 2007). Tree size, shape, leaf type, leaf
area, branching pattern, and bark texture all affect the extent to which precipitation can be intercepted
(Xiao and McPherson, 2002). The top three tree species to provide this benefit included Black Walnut

($43.45/tree), Scotch Elm ($39.94/tree), and Silver Maple ($35.39/tree) (Appendix C4).
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Table 4.11: Annual stormwater reduction benefits provided by dominant tree species in

Allan Gardens
Please refer to Appendix C4 for STRATUM report

Species Total rainfall Total ($) % of Total % of Total ()  Avg. $/tree
intercepti ¥

Norway Maple

AG-wide total 1,920 100.00 100.0 11.98

As a percentage of overall stormwater interception benefits, the Norway Maple accounted for the
highest contribution at 16%; Silver Maple trees accounted for 13%; and, Sugar Maples accounted for 11%
(Table 4.11). Not surprisingly, trees that performed poorly at stormwater interception were
characteristically small with relatively less leaf and stem area, such as Autumn Blaze Maple ($0.21/tree)
and Amur Maple ($0.27/tree) (Appendix C4). The stormwater mitigation performance of other trees, such
as Northern Red Oak and Autumn Blaze Maple is expected to improve as their younger cohort matures in
size and structure. However, it is important to note that the Red Ash population rooted in the sidewalk
cutouts, while small in stature, is not expected to grow much given the constraints of its growing medium;
hence, its population’s performance is not expected to improve significantly.
4.3.5 Annual Aesthetic and Other Benefits
To estimate the value of other intangible benefits, research has compared the difference in sale prices of
houses to estimate the contribution associated with proximity to trees ana park land (Peper et al., 2007).
This difference in price reflects the willingness of buyers to pay for thé 'perceived benefits associated with
proximity to treed properties. STRATUM uses an approach designed to capture what house buyers
perceive as both the benefits and costs of access to trees jn a property sales price. One challenge to the
af)plf&ation of this approach is the difficulty associated with extrapolating results from front-yard trees on

residential properties to trees in other location s (e.g. urban park vs. commercial land).
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With regard to aesthetic benefit, calculation is directly related to a tree’s annual increase in leaf
area (McPherson et al., 2006). When a tree is actively growing, leaf area increases annually. At maturity,
there may be no net increase in leaf area from year to year, thus there is little or no incremental increase in
annual aesthetic benefit from that year forward; instead, a comparatively high sustained aesthetic benefit
exits. Because this project represents a 1-year snapshot of AG’s tree population, benefits reflect the
present leaf area for each tree for the year studied (Table 4.12). Therefore, one would expect that the
young population of Autumn Blaze Maples would have a much greater annual increase in benefit than an
equal number of mature Sugar Maples. However, the cumulative aesthetic value, based on leaf area, of
the Sugar Maples would be much greater than that of the young Silver Maples.

Table 4.12: Annual aesthetic and other benefits provided by dominant tree species in

Allan Gardens
Refer to Appendix C5 for full STRATUM report

Total (§ % of Total trees

Columnar Norway Maple

"AG-wide total 23373 100.00 100 75.64

The estimated total annual benefit associated with property value increases and other less tangible
benefits was found to be $23,373, or $75.64/tree on average (Table 3.12). Trees which produced the
highest average annual benefits include Scotch Elm ($208.36/tree), Tree of Heaven ($133.53/tree),

Siberian Elm ($121.36/tree), and Norway Maple ($113.88/tree) (Appendix C5).
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4.3.6 Annual Benefits of Allan Gardens Trees by Species

Of the dominant species in AG, Silver Maples were found to be the most valuable at providing benefits
($215/tree), followed by Norway Maple ($193/tree) and Siberian Elm ($176/tree) (Table 4.13). Columnar
Maple ($74/tree) and Austrian Pine ($72/tree) were found to contribute the least on a per tree basis;
however, it should be noted that although they contribute the least relative to the other eight dominant tree
species, they are still responsible for a significant overall contribution of the benefits provided by AG’s
urban forest (Table 4.13). For non-dominant tree species, Scotch Elm ($385/tree), Black Walnut
($278/tree), and Tree of Heaven ($250/tree) produced the most significant benefits (Appendix C6).

Table 4.13: Average annual benefits ($/tree) of the dominant tree species in

Allan Gardens
Refer to Appendix C6 for full STRATUM report

Species Energy CO, Air Quality Stormwater Aesthetic & $/tree
Other

Autumn Blaze Maple 0.98 0.09 0.18
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4.3.7 Total Annual Benefits Derived from Trees in Allan Gardens

Total annual benefits produced by AG’s trees are estimated at $60,407; total environmental benefits
approximated $18,517 (31% of the total annual benefits). Of these environmental benefits, energy savings
($11,104) accounted for 60% or 18% of the total annual benefits provided by AG’s trees (Table 4.14).
Stormwater reduction savings ($3,701) accounted for 20% of the environmental benefits, 6.1% of the
total annual benefits, whereas air quality improvement ($2,854) accounted for 15% of the environmental
benefits or 4.7% of total annual benefits. CO, reduction benefits ($858) account for 4.6% of the total
environmental benefits (1.4% of the total). Finally, the effect on property vélue cultivated by AG’s trees
accounted for 69.3% of the total benefits provided by this forested urban park.

Table 4.14: Total annual benefits provided by dominant tree species in Allan Gardens
Refer to Appendix C7 for full STRATUM report

Species Energy CO, Air Stormwater Environmental % of Aesthetic  Total % of
&) (%) Quality ) Benefits (3) Environmental & Other Benefits Total
Benefi Benefit:

221

Columnar Norway 325 22 76 62 485 26 629 1,114 18

AG-wide total 11,104 8580 2,854 3701 18517 100.0 41.890 60407 100.0
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4.4 Soil Analysis

Tree root growth can be limited by excessively dense soils which are resistant to penetration and
restrictive to the influx of nutrients and water (Craul, 1999; Brady and Weil, 2008). Specifically, root
penetration is dependent on soil strength, where variation in soil strength is due to three factors: 1) texture
(% sand, silt and clay); 2) compaction levels; and, 3) water content.

4.41 Soil Texture

The soil texture analysis of AG found that the dominant soil type was sandy loam. Clay content in the soil
was found to be reasonably low throughout the park at less than 5%. Locations within AG that had a
greater sand content (greater than 70%), compared to other sections of the park, were mostly found in
Sections C and D (Figure 4.3a). The areas which contained the least proportion of sand (less than 60%)
were found in Sections A and F (Figure 4.3a). These areas with lower sand content were expected to have
higher soil compaction levels. The prediction error map Figure 4.3b (one standard error) confirmed a
higher confidence in the soil surface results for areas that were proximate to sampling locations. In areas
that were close to park boundaries, there was less confidence in the soil surface map results. However,

when the magnitude of error is inspected, prediction confidence is high for the majority of the park.
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Figure 4.3: Percent of Allan Gardens’ soil composed of sand
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Sand particles in the soil range in size between 0.05 and 2 mm (Brady and Weil, 2008). Because the
particles are relatively large (compared to silt and clay), the pores between them are large also. A soil
with a high percentage of sand particles has low specific surface areas (i.e., low surface area for a given
mass of particles), which means that it possesses lower capacity to hold water or nutrients (Brady and
Weil, 2008). Therefore, while soils with a relatively high content of sand are expected to be well aerated
and loose (i.e., experience little compaction), they are sometimes found to be infertile, and often very
prone to drought stress (Brady and Weil, 2008). Silt particles are smaller than sand, ranging in size
between 0.002 and 0.05 mm (Brady and Weil, 2008). Because these particles are smaller in size, they
have more numerous pores between them. In general, soils with higher silt content will retain water when
wet, and decelerate soil water drainage. However, due to a limited cohesiveness, soils with high silt
content can be susceptible to both wind and water driven erosion (Brady and Weil, 2008).

Soils within AG that had the greater silt content (equal to or greater than 35%) were found in
Sections A, E, and F (Figure 4.4a). The areas of the park that contained the least proportion of silt (less
than 20%) were found in Sections C and D (Figure 4.4a). The prediction error map Figure 4.4b (one
standard error) showed similar results to that produced for sand; locations proximate to sampling sites
showed less overall error than those closer to park boundaries. In general, errors were found to be low and
confirmed a sound sampling design.

4.4.2 Soil Compaction Analysis

Results show that the soil compaction in AG ranged from 1000 kPa to 1600 kPa at the 7.6 em depth. The
majority of AG was moderately compacted at levels ranf;ing between 1200 and 1400 kPa. Soil at this
depth was found to be most compacted (equal to, or greater than, ‘V‘14OO kPa) in sections A, B, and
somewhat in Section F (Figure 4.5a). Most of the highly compacted soil occurred in the vicinity of the
conservatory buildings, with the greatest levels (1600 @a) found Section B (Figure 4.5a). The least

comﬁacted soil (equal to, or less than, 1200 kPa) was found in AG Sections C, D, and E (Figure 4.5a).
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Figure 4.4: Percent of Allan Gardens’ soil composed of silt
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Figure 4.5: Soil compaction surface for Allan Gardens at 7.6 cm depth
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The prediction standard error map (Figure 4.5b) showed strong confidence in compaction estimates for
the park, with excellent prediction ability for Sections A, D, and E. This is partially due to the higher
number of samples that were taken in this investigation (117 samples).

The results for soil compaction at the 20 cm depth show values that were much higher than those
found at 7.6 cm, with ranges from 1000 kPa to greater than 2600 kPa. Soil compaction at the 20 cm depth
revealed highly compacted areas in the same locations found for the 7.6 cm depth, Secﬁons A,B,and F
(Figure 4.6a). The highest compaction level (equal to or greater than 2600 kPa) was found in the centre of
Section B (Figure 4.3a). Sections with lower compaction ranges (1000 — 1400 kPa) at the 20 cm depth
were found in Sections D and E, with the lowest values in Section E. Moderate levels of compaction were
found in Sections A, B, and F, similar to where high and moderate compaction patterns were found at the
7.6 cm depth (Figure 4.5a). The prediction standard error map (Figure 4.6b) showed relatively strong
confidence in compaction estimates for the 20 cm depth. The highest prediction confidence was found in
areas proximate to the sampling locations. In locations that were very close to the boundaries of the park,
less confidence in the prediction surface was observed.

Section F of the park, which had low sand content, was found to have high compaction at the 20
cm depth. Whereas, Section C, which was composed of higher sand content, exhibited among the lowest
compaction levels (Figures 4.3a, 4.4a, and 4.6a). Based on soil compaction at 20 cm depth, and the soil
texture analysis, Section F of AG had a higher probability of causing tree root growth restrictions relative

to other park locations.
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Figure 4.6: Soil compaction surface for Allan Gardens at 20 cm depth
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4.4.3 Soil Bulk Density

In Toleti’s (2008) analysis of AG soil, bulk density (BD) values were found to be highest (greater
than 1.7 g/em’) in Section C (Figure 3.7a). The next highest BD range (1.675 to 1.7 g/cm®) was also
found in Section C and in the northern fraction of Section D (Figure 3.7a). Higher levels of BD were
attributed to moderate pedestrian and vehicular (both AG park maintenance and police cars) traffic in
these regions of the park. No locations within AG (as of 2007) exhibited BD measurements equal to, or
greater than, the level at which root growth would be expected to be restricted (i.e., 1.8 g/cm’) (Hanks and
Lewandowski, 2003). However, BD that may cause potential harm to robt growth was found; Toleti
(2008) measured several areas throughout AG with BD values that exceeded the 1.63 g/em’ threshold
(moderate risk of limiting tree root growth in sandy and sandy loam soils) (Jim 1998; Craul, 1999). These
BD values were found in Sections C, D, and F. A conclusion that plant root growth is not currently
restricted by bulk density should be approached with caution, as these values could climb in the near
future if soil remediation actions are not undertaken in some of the identified areas of the park.

The area with the lowest values of BD (in the range of 1.525 to 1.55 g/cm’) was found in Section
A of AG (Figure 4.7a).This area of AG was also found to be least compacted, this is attributable to the
fact that the park personnel have allocated this section as grounds for children’s programming, thus
discouraging other activities. This region of the park is fenced off and not accessible to regular park
visitors. By limiting the amount of pedestrian and vehicular traffic in this region, compaction levels have
been minimized, which in turn led to lower BD values. The lowest range of BD values (1.55 to 1.575
g/em’) was found in Sections A, B, D, E, and F (Figure 3.7a). Similar to the other mapped soil surfaces,
the prediction error map Figure 3.7b (one standard error) showed higher confidence in the prediction
surface results for areas that were proximate to the sampling locations. In areas that are close to the

boundaries of the park, there is less confidence in the prediction surface map results.
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Figure 4.7: Soil bulk density surface for Allan Gardens
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4.4.4 Soil Permeability

Genius Soil water content is often indirectly correlated with soil permeability. If soils allow for more
water to infiltrate into their pores (i.e., harbouring high permeability levels), then the water content within
the soil structure will increase. However, this assumes that the soil texture is such that water would not
drain too rapidly, but rather would be retained by the soil and made available for plat root uptake. In cases
where permeability may be high, the amount of water retained within the pores is dependent on the
percentage silt and clay, as well as organic matter content, within the soil matrix. Low water content in
fine textured soils tends to cause soil strength to increase, which consequeritly presents higher resistance
to plant root growth and penetration.

This study found that water movement into the soil varied highly across AG, ranging from 20
mm/hr to 100 mm/hr. The higher the infiltration rate, the higher the permeability of the soil water; this
contributes to raising the stormwater runoff mitigation capacity. Provided that soil water has a reasonable
residence time, higher permeability may also mean more water availability for plants. The highest
infiltration rates (i.e., fastest water permeability) were found in significant portions of Sections A, B
(western side), C, D and F, and to some extent in Section E (Figure 4.8a). A high infiltration rate is
attributable to the combination of soil texture (high percent sand, relative to other soil particles) and
compaction (low compaction values at both surface and deeper sub-surface soil levels). Whereas, the
slowest infiltration rates (i.e., the lowest water permeability) were found to be dominant in Sections B
(eastern side), and in the centre location of Sections D and E (Figure 4.8a). Moderate water infiltration
rates (60 to 80 mm/hr) were found in Sections A to E, and to a lesser degree in Section F. The locations in
AG where high water infiltration rates were observed for over 25% of the studied section area were found
A, B, and C (Figure 4.8a). Interpretation of the prediction error maps (Figure 4.8b) followed a similar

pattern and explanation as was presented for Figure 4.7.
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Figure 4.8: Soil water infiltration surface for Allan Gardens
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5.0 CONCLUSIONS AND MANAGEMENT RECOMMENDATIONS

This study has quantified many of the important benefits that AG’s urban forest provides to the City of
Toronto. To do this, it has produced a ‘snapshot’ of the current tree resources in the park, which will serve
as important baseline data for future management considerations. Given the current status of AG’s tree
population, an informed discussion regarding the maintenance and management required to sustain, or
even increase, the level of annual benefits can occur. |

Data (tree resource complexity, tree resource extent, and soil condition), describing AG’s urban
forest, can assist in the refinement of broader tree management goals. Findingé from this study support the
City of Toronto shifting its focus away from simply increasing canopy cover toward attaining and
meliorating conditions that promote urban forest sustainability. This would provide the City with the
desired long-term benefits that accrue from an urban forest composed of a variety of species that are
distributed well according to age. Also, it is important to note that the STRATUM analysis
methodologies, results, and conclusions found by this study are unique and important, and are
recommended for inclusion in future urban park tree management initiatives.

AG’s 309 trees are an important asset to the City of Toronto, with a replacement value of $2.05
million and approximately $60,407 in annual benefits. Also, the number of species in AG (45) is
remarkable for a downtown urban park considering the varying soil conditions measured across the site.
Due to the potential for catastrophic tree loss resulting from disease or pests, the continued population
dominance of two species (Sugar Maple and Norway Maples; constituting 19.1% and 13.3% of the total
population respectively) is an important management concern. The recent plantings that have occurred in
various sections of the park confirm City efforts to diversify and improve the age structure of this urban
park’s frees, however, the species selected for plantings were found to be limited to only two genera,
Quercus (Oak) and Acer (Maple).

Among the dominant tree species in AG, this study found a total of 149 maples that collectively

comprise 48% of the total population. The Acer genus, therefore, may be at some risk because it is one of
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the most preferred hosts for the Asian Long-horned Beetle (ALB), which has been responsible for
catastrophic damage to Maple, Horsechestnut, and Poplar trees in forests of both New York City and
Chicago (CDFA, 2008). The ALB was discovered in the City of Toronto in 2003. Since then, intensive
protection and eradication programs have been implemented by the Canadian Food Inspection Agency
(CFIA) to protect Maple, Birch, Elm, Horsechestnut, Willow, Poplar, Hackberry, London Plane and Ash
tree species (TPFR, 2005). At present, 68% of AG’s tree population are species at risk to the ALB.

There is a total of 24 Fraxinus (Ash) trees (Green, European, Red, and White), which comprise
7.8% of the total AG tree population. Red Ash, the predominant species, provides 2.5% of the total
canopy cover and ranks sixth in overall importance of tree species within the park (IVal = 3.4). As Ash
species have begun to fall victim to both the Emerald Ash Borer and ALB, plantings of these species have
ceased in AG. It is important that the City strengthen and maintain its monitoring and eradication
programs that aspire to protect the scale of benefits currently provided by its urban forests; selective
diversification of tree species can ensure successful tree growth to maturity, which will maximize the
benefits provided by this resource in the future.

Although AG’s Norway Maples provide the City with annual benefits of $7,917, constitute 13%
of the park’s total tree population, provide 17% of total canopy cover, and rank first in overall importance
(IVal = 15), they are now considered to be an invasive species in Ontario and the northeastern U.S.
(Riley, 1989; Dunster, 1990). This is because Norway Maples are known to produce large numbers of
seeds that, through wind dispersion, invade green spaces sych as parks and ravines (Abbey, 2000). Also,
like Silver Maple, Norway Maples are susceptible to storm damage be;:ause of their tree morphology
(drooping crotch angles and lateral branching). In a forest setting, their v;‘(‘iense canopies are found to inhibit
the successful establishment of other trees in their proximity, reducing species diversity. Also, since
Norway Maples have an aggressive and shallow root sxstem, they out-compete other plants in their
ir;lméﬁdiate landscape, and can cause pavement upheavals in urban settings (Abbey, 2000). In the last

decade, no new Norway Maples have been planted in AG.
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Recent plantings in AG include various Oak and Maple species. In particular, the Maple species
found most commonly planted was the Autumn Blaze Maple (4cer x freemanii ‘Jeffersred’). This tree
was elected as the Urban Tree of the Year for 2003, and consecutively for 2004 by the Society of
Municipal Arborists (a US-based professional affiliate of the International Society of Arboriculture).
Autumn Blaze Maple is a cultivar created from the combination of two native species, Red Maple and
Silver Maple (Nix, 2008). It is known for its superior fall colour, dense and healthy branching, high
growth rates, drought resistance, insect and disease resistance, and a wide range of other soil and
environmental adaptabilities (Nix, 2008). In addition, its rate of growth is significantly faster than Red
Maple, reaching up to 18.3 m tall and 12.2 m wide (or 60 feet and 40 feet, respectively) at maturity. This
tree is not as susceptible to storm damage as either the Norway or Silver Maple due to its branches’
tighter crotch angles (Nix, 2008). Currently, the Autumn Blaze Maple population comprises 2.6% of

| AG’s trees.

In general, AG would benefit from a shift away from planting new Maples to the introduction of
new species and cultivars that will contribute to the diversification of genera in its urban forest ecosystem.
Trees that are recommended for future planting include native species that grow large in stature and are
less vulnerable to pests, wind and urban stresses; these include: Carya (Bitternut Hickory, and Shagbark
Hickory), Tsuga (Eastern Hemlock), Fagus (American Beech), Prunus (Black Cherry), and Larix
(Tamarack). Non-native species suggested for future plantings include Ginkgo (Maidenhair Tree),
Quercus (Bur Oak, and Shumard Red Oak), and Picea (Serbian Spruce, and Blue Colorado Spruce)
(Aboud and Associates Inc., 2006).

Leaf area was found to be the main contributing reason for AG’s urban forest benefits. Many
factors were found to affect the extent of leaf surface area, they include: 1) tree number; 2) tree age and
structure; 3) canopy dimensions; and, 4) canopy health. As the number of dense-canopied trees increases,
the amount of leaf area increases, and thus, the amount of canopy cover will increase. Tree age affects

leaf area quantity to a certain extent; young trees that have the potential to achieve large statures will
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increase their contribution annually until they reach a mature status. Small trees provide more consistent
benefits, in terms of leaf area, throughout their lives. If the tree population does not decrease in the near
future, then the flow of benefits derived from the AG urban forest is expected to increase significantly.
This is due to the fact that the trees planted in the past 5-10 years are a dynamic resource; they are all
large-growing species whose tree stature and canopy dimensions are expected to increase significantly.
Therefore, both AG’s urban forest value and annual benefits are expected to increase as these newly
planted trees mature, and as new trees are planted.

The greatest concern at this time for AG is that the park is on track to suffer a net loss in tree
number and overall canopy cover due to the fact that many large trees are old, and are in declining states
of health. The eventual loss of these trees will lead to an important, yet short-term, reduction in overall
benefits. In addition to this anticipated tree loss, there is the issue of young tree mortality evident with
certain species recently planted in AG. To maintain the flow of benefits that the City currently enjoys, it is
imperative that planting efforts concentrate on replacement with medium and large stature trees, and that
management and maintenance efforts are improved so as to reduce young tree mortality rates. It is further
recommended that new tree plantings be planned with the goal of attaining close to the relative age
distribution discussed in Section 4.2.4.

Each tree planted, that survives and grows to maturity, in AG will contribute to the improvement
of the City of Toronto’s air quality, urban micro-climate, stormwater runoff rates, and energy
conservation. While street trees may be better positioned ?n the cityscape to provide enyironmental
benefits, they seldom develop to their full potential due ‘ largely to inadequate growing conditions,
especially soil quality and volume. Park trees have the potential to dé;elop large, dense, and healthy
canopies. Comprehensive and integrated planting and management efforts at park sites in Toronto’s core
are required to ensure tree benefits continue in the short- anq? long-term. Investment in park trees will pay

much more in terms of dividends (ecosystem services) than a similar expenditure on street trees.
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Tree canopy width and depth have a direct impact on AG’s capacity to contribute to Toronto’s
environmental and socio-economic wellbeing. Mayor David Miller’s plan to increase canopy cover in the
City of Toronto to greater than 30 percent is an important goal; however, it should be noted that it is
insufficient to simply plant more trees to achieve this outcome. The City must investigate the option of
intensive maintenance programs that aim to prolong and improve the stature and lifespan of mature trees,
as well as endeavour to reduce young tree mortality. To this end, urban forest managers can use canopy
cover and LAD figures to assist in their identification and prioritization of available planting space, as
well as for the selection of tolerant species suited to particular urban conditions.

While there was minor evidence of stressed trees in AG, this study did find important potential
natural and anthropogenic vegetation-soil interactions that could significantly influence the park’s future
forest development and flow of benefits. Soil analysis results showed that a large amount of AG’s soils
were compacted in important tree rooting zones. The construction work recently undertaken to build the
dog park in the western corner of Section B, the high traffic of people and dogs on a daily basis, and the
park maintenance and police vehicles that do not adhere to allocated paved driveways, have all
contributed to the degradation of soil conditions.

The variation in soil texture throughout the study site influences the degree of water retention and
soil compaction, and correspondingly, the amount of water available for plant roots as well as the degree
to which roots are able to penetrate the soil structure. AG’s sandy soils rapidly drain water and are more
prone to drought pressures. In contrast, sandy-loam soils, with more fine (silt and clay) content retain
more water due to their smaller and more numerous pore spaces, but are more vulnerable to external
compaction pressures. Areas in sections A, E and F were found to have higher silt content. Field
observations found that two of these three sections (E and F) have large grown trees with dense and
healthy canopies. Parts of Section A, however, also have large trees but many of these trees were in

deteriorating health condition, likely a result (or partial result) of highly compacted soils.
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At the 7.6 cm soil depth, compaction was found to be profound in parts of Sections A and B.
Conflating this with the aforementioned soil texture information (higher silt content), trees that were
observed to be in deteriorating health were the ones located in the region of Section A that had suffered
from considerable soil compaction. Intense human and dog traffic may be the cause of this surface soil
compaction in Section A, namely in the area around the fountain where the informal off-leash dog park
was located for the past decade. Also, many of the young oak and maple trees growing in the western part
of Section B were found to exhibit signs of failing health. Compaction levels in Section B may also be
attributable to human foot traffic, as an entrance to one of the Conservatory buildings was found to face
this section of the park. Further analyses at the depth of 20 cm revealed soil compaction levels in Sections
A and B were even more severe than surface measurements. Where these occurred in Section B they were
hypothesized to be a result of a building that existed on this site pre-1980 or to the construction of the
Conservatory back in the early 2000s.

Water infiltration is crucial for successful tree establishment and growth. The ideal infiltration
rate for AG’s soil is site-specific and dependent upon texture, bulk density, and tree-specific water
requirements. The areas of AG with the slowest water infiltration rates were found, not surprisingly, in
the location with the most recent vehicular and maintenance disturbance (the new dog park), as well as in
the vicinity of high soil silt content. These two sections of AG show a strong negative correlation between
infiltration rate and soil compaction. Interestingly, retarded water infiltration rates were also encountered
in the central portions of Sections D and E. This portion of AG was characterized by mqderate surface
soil compaction, but lower values at the 20 cm depth; its soil texture waé composed of fairly high levels
of silt. This portion of the park was also used regularly for leisure a{étivities, demonstrating that lower
infiltration rates are attributable to the combination of many interacting factors.

To protect and enhance AG’s forest, the City of ;l“oronto’s maintenance priorities must include
pianﬁng and caring for new trees, while maintaining and eventually removing aged and diseased ones.

Particular maintenance attention should be paid to the newly planted trees so as to ensure that they
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survive and develop well-structured and healthy mature canopies. Norway Maples, which provide a
substantial share of AG’s forest benefits must continue to receive regular maintenance attention.
However, in AG and other Toronto parks where this species is dominant, replacement plans should be
composed of a diversity of species (preferably native to southern Ontario). It is recommended that new
replacements be planted first in areas where removals are anticipated, and then, all subsequent planting
efforts should be in areas that aim to reduce the City’s reliance on the Norway Maple.vWith this in mind,
all future planting efforts in AG should take into account the soil conditions and available growing space.
While costly, soil remediation in strategic locations may be useful for lessening compaction. By heeding
these recommendations, planners and urban forest managers ensure the right tree is planted in the right
place, where final size matches site conditions and trees can grow to maturity providing maximum

benefits.
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Appendix A — 2008 Tree Inventory
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TREE #
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DBH
TREE
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PR

Mature: I

Acer saccharum Tree dead

Acer saccharum Mature: None

Tilia cordata (cultivar) Mature: None

109 118 Gleditsia triacanthos var. inermis P 38.36 13.43 11.07 0.82 11.73 P Mature: R 99.16 598.36 3.10

117 125 Picea abies C 13.85 6.87 433 0.63 4.04 P Mature: I V . 50.i9 18.47 k 0.86
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Appendix A — 2008 Tree Inventory

133

135

137

2008
TREE #

TREE
SPECIES

;s
Acer saccharum
Acer saccharum
Fraxmqs excelsior
Acer saccharum
Acer platanoides

G
Acer saccharum

CRN
DEPTH
CRN
WIDTH
Loc

LIVE
CRN RATIO

=
a

=]
3 Z S
Z a HE
o

P 31.35 17.10 1475 0.86 13.33 P

P 41.06 19.62 1539 078 1219 P

P 69.07 "1‘7.59 14.26 0.81 15.32 P

p 37.08 1865 1591 0.85 12.50 P

RECOMM.

Mature: None

Mature: None

Mature: None

Ca

Cv

1030.01

898.45

1313.89

975.62

LAI/ notes

3.00

422

0.50

3.87
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Appendix A — 2008 Tree Inventory

&= [=] w
-, = 2]
I+ Bis =) 4 = = g = > o} 2 3
2§ E: 25 > B E: Ep B OB & S 5
3 N - = —
& & % = S g 2 & 3

151 159 Platanus x acerifolia P 27.37 11.14 941 0.84 10.13 P Mature: None 91.71

Crataegus sp.
Gymnocladus dioicus

Acer saccharinum
B

Acer x freemanii

203.35

Mature: None

Mature: R

Acer saccharinum

Acer saccharinum
Aesculus hippocastanum
Acer saccharum

Acer platanoides

177 190 Acer platanoides P 72.26 2025 1784 0.88 16.46 P




Appendix A — 2008 Tree Inventory

2005
TREE #
2008
TREE #
CRN
DEPTH
LIvE
CRN RATIO

CRN
WIDTH
Loc
RECOMM.
Ca
Cv
LAI/ notes

=
7] ]
= I
23 E 2 2 &
=& g =z

.Mature: R

185 198 Maluscov. P 15.92 321 1.80 0.56 3.89 P Mature: I 14.14 10.65 1.65

187 200 Quercus rubra P 24.35 10.47 9.15 0.87 7.85 P Mature: None 100.51 221.39 352

188a 202 Cladrastis kentukea P 4.14-9.87 5.94 423 0.71 488 P Young: R 34.16 39.46

188¢ 204 Cladrastis kentukea P 3.50-7.48 8.29 6.09 073 ‘ 5.79 P Mature: R 55.92 80.17

Sorbus aucuparia
a2

Pinus nigra

193 208 Pinus nigra C 39.15 1076 772 072 823 P Mature: R 11304 13680 257

! Note - The Kentucky Yellowwood tree #188f was missed in the initial 2008 inventory count, so when reintroduced into the inventory it was assigned the next number after all the trees were
numbered, i.¢. tree # 309. Therefore, the next tree planted in AG will be assigned the number 310 and so on.
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Appendix A — 2008 Tree Inventory

CRN
DEPTH

. w2

= - g
28 ¢ g 5 : £
03 3 § Q @) 2
-

Young: None

2005
TREE #
2008
TREE #
LIVE
CRN RATIO

TREE
SPECIES
CRN SHAPE
DBH
TREE
HEIGHT

308.82 633.06

17.48

4
Mature: R

2201 1891 . Mature: R 2889:09
17.76  14.59 . . Mature: R
Mature: 1

Mature: R

Acer saccharu
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Appendix A — 2008 Tree Inventory

= (=] . wn
e 3t 4] =] E s S
® 2 - E 5 = s
§: B2 - Pz 3fsfozdoalg ST =
[ E-'g; é =g a § = § =2
Q & =

229 249 P 63.34 P Mature: I 14.03 960.88

247

Mature: None
Mature: R
Mature: R

Mature: R

Mature: R

e
164.83

13351
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Appendix A — 2008 Tree Inventory

2005
TREE #

288

2008
TREE #

308

CRN SHAPE

Gleditsia triancanthos var inermis

Fraxinus pennsylvanica

DBH

17.51

TREE
HEIGHT

CRN
DEPTH
LIVE
CRN RATIO
CRN
WIDTH
Loc.
RE€OMM
Ca

Cy

Mature: R

Mature: R

Mature: R

Mature: R

Mature: R

Mature:

4.86 0.77 4.95 S

LAI/ notes
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Appendix A — 2008 Tree Inventory

Where:

1. CRN shape:
e P — Parabolic shape,
e C - Conoid shape.
2. Loc: Location:
s P -—Park,
e S - Sidewalk.
3. Recomm.: Recommended attention:
e Mature: Mature tree — tree height > 5.48m, requiring either
o R - Regular maintenance or,
o I-Immediate attention and maintenance.
e Young: Young tree — tree height < 5.48m, requiring either
o R -Regular maintenance or,
o I-Immediate attention and maintenance.

4. Any occurrences of “x” indicate that the tree has been removed sometime between the 2006 inventory and this study’s 2008 inventory.
Therefore, at the time of this study’s investigation this tree did not exist in AG.

5. Any occurrences of “0” in the crown measurements indicate that though this tree still stands in AG (as of 2008), it no longer leafs out.
Thus, it has no canopy dimensions.
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Appendix B1 — Complete Population of Public Trees

| 08 |

8-15

15-30

30-46

46-61

61-76

76-91

91-107

[ >107 T

Total |
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Columnar Norway Maple

—
W

Silver Maple

—
~

Black Walnut

Scotch Elm

Green Ash

Honeylocust

Northern Red Oak

Tree of Heaven

Dawn Redwood

Pyramidal English Oak

Freeman Maple

Horsechestnut

European Beech

Kentucky Coffeetree

London plane

White Oak

American Elm

Sycamore Maple

White Ash

European Ash

Maidephair

Upright European Aspen
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BROADLEAF DECIDUOUS -
MEDIUM

Crimean Linden

—
o

Littleleaf Linden

Autumn Blaze Maple

Red Maple

Northern Catalpa

Hawthorn

Amur Corktree

Sweet Cherry

Japanese Pagoda
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Amur Maple

Kentucky Yellowwood

Crabapple

Japanese Tree Lilac

Callery Pear

Total
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CONIFER EVERGREEN
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Austrian Pine

Alaska Cedar

Norway Spruce

~Sjwlwnipo

Total
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AG-wide Total

309
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Appendix B2 — Species Distribution of Public Trees (%)

M Sugar maple
| Norway maple
®m Siberian zlm
® Red ash
M Crimean Linden
m Columnar Norway Maple
W Silver mapla
s Littleleaflinden
Austrian pine
= Autumn Blaze Maple

' Other species

Species Percent
Sugar Maple 19.1
Norway Maple 133
Siberian Elm 7.4
Red Ash 5.5
Crimean Linden 5.2
Columnar Norway maple 4.9
Silver Maple 4.5
Littleleaf Linden 3.6
Austrian Pine 2.9
Autumn Blaze Maple 2.6
Other Species 31.1
Total 100
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Appendix B3 — Importance Values for Most Abundant Public Trees

Numberof  %hofTotal Ieafdres YofTotal CanopyCover YeofTotal  Importance

Species Trees Trees {my LeafArea {m®  Canopy Cover Valae
Sugarmaple 38 181 2472 111 2,615 110 138
Norway maple 41 133 11,040 146 4,111 1732 150
Siberian ehm 23 74 5,174 6.2 1471 6.2 6.8
Redazh 17 35 1646 22 383 13 34
Crimean Linden 16 52 3837 532 1,584 8.6 37
Colummnar Norway Maple 15 48 910 12 333 22 2.

Silvermaple 14 4.5 10,750 14.2 237 116 101
Littleleaflinden 11 36 2,069 27 &0 34 32
Austrian pine g 10 1233 1.7 504 21 22
Autwmn Blaze Maple g 26 33 04 10 ot 05
Amurmaple 7 23 40 01 11 00 08
Black walnut 6 18 6,140 &1 1,501 6.3 53
Japanese Yew & 19 o8 {1 6 0.1 o7
ScotchElm B 18 5344 7.1 1677 70 33
Alaska Cedar 5 16 426 {6 1534 06 09
Eentucky Yellowwood 5 1.6 1% VEY 16 0.1 08
Green Ash 5 16 578 09 242 10 12
Honeylocust 5 16 382 08 265 1.1 12
Northemred oak 5 16 16& 02 b 02 0.7
Treeofheaven 4 13 2511 33 676 2% 23
Othertrees 42 13.6 14224 188 4,205 1746 167
Total 309 100.0 75,633 1000 23841 1000 1000
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Appendix B4 — Relative Age Distribution of Top 10 Tree Species (%)

100

a0 W Sugar maple
80 p B Norway maple
70 —i ®Sibarian elm
I VA B Redash
50 1/
2 s0 ® Crimean Lindan
40 .‘ = Columnar Norway Maple
-0 1% = Silver maple
¥~ Cityw tal
20 A::I::.n“;np?nhe-e Mapke o Littleleaf lindan
Little leaf linden
10 v Calamwar o raay IMaple Austrian pine
w  Crimean Linden
0 F e ® Autumn Blaze Maplz
6, v SMo raay n:ple g |
QY UgA! ma pl o Citywide tota
¥ ,@9’% b‘o@' © c;» & A r
SR
o
DBH Class
DBHclass (cm)
Species 0-8 8-15 1530 30-46 4661 61-76 7691 91-107 =107
Sugarmaple 10.17 169 4237 3390 6.78 5.08 0.00 0.00 0.00
Norway maple 0.00 244 732 3659 1707 26283 488 244 244
Sibenian elm 0.00 000 2609 5652 13.04 435 0.00 0.00 0.00
Redash 000 2941 7039 0.00 0.00 0.00 0.00 0.00 0.00
Crimean Linden 0.00 0.00 000 1250 7500 1250 0.00 0.00 0.00
Columnar Norway 0.00 667 8000 1333 0.00 0.00 0.00 0.00 0.00
Silvermaple 0.00 0.00 0.00 000 2143 2857 1429 7.14 2857
Littleleaflinden 0.00 0.00 909 3636 18.18 000 2727 0.00 9.09
Austrian pine 0.00 000 3333 3333 1111 1111 11.11 0.00 0.00
Autumn Blaze Maple  100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Citywide total 841 841 2848 2201 11.65 9.71 647 162 3.24
107
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Appendix B5 — Structural (Woody) Condition of Public Trees by Species (%)

Citywide total

Yery paar: - 75% dead
2%
Dead Paor:50—75% dead

9%

M Dead

B Verypoor: > 75% dead
B Paor:50—75% dead
B Fair: 25—-50% dead

W Goad: < 25% dead

Desi  Verypoor  PoorS0-  FairlS-  Goo<23%
Spacizs > 75% dead T75% daad 50% daad daad
Sugar maple 34 5.1 136 525 254
Norway maple 0.0 0.0 24 31.7 639
Siberian elm 0.0 0.0 8.7 36.1 522
Redash 0.0 0.0 0.0 588 412
Crimean Linden 0.0 0.0 0.0 125 875
Columnar Norway 7 0.0 0.0 400 533
Silver maple 0.0 7.1 214 500 214
Littleleaf linden 0.0 0.0 0.0 63.6 364
Austrian pine 0.0 0.0 0.0 100.0 0.0
Autumn Blaze Maple 0.0 0.0 0.0 125 875
Armur maple 0.0 0.0 0.0 0.0 100.0
Black walnut 0.0 0.0 0.0 50.0 500
Japanese Yew 16.7 0.0 16.7 66.7 0.0
Scotch Elm 0.0 0.0 0.0 833 16.7
Alaska Cedar 0.0 0.0 0.0 0.0 100.0
Kentucky Yellowwood 0.0 0.0 0.0 0.0 100.0
Green Ash 0.0 0.0 60.0 40.0 0.0
Honevlocust 0.0 0.0 200 60.0 200
Nosthem red oak 0.0 0.0 0.0 0.0 100.0
Trez of heaven 0.0 0.0 0.0 250 750
Citywide total 16 19 8.7 434 443
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Appendix B6 — Functional (Foliage) Condition of Public Trees by Species (%)

Citywide total

Dead or Dying Foor
2% 3%

B Deador Dying
B Poor
™ Fair

B Good

Dead or Poor Fair Good
Spacies Dving
Sugarmaple 34 1.7 20.3 74.6
Norway maple 0.0 0.0 4.9 95.1
Siberian elm 0.0 8.7 56.5 348
Redash 0.0 0.0 17.6 824
Columnar Norway 6.7 0.0 0.0 933
CrimeanLinden 0.0 0.0 13.3 86.7
Silvermaple 0.0 0.0 50.0 50.0
Littleleaflinden 0.0 0.0 27.3 2.7
Austrian pine 0.0 0.0 44 4 3556
Autumn Blaze Maple 0.0 0.0 0.0 < 100.0
Amurmaple 0.0 0.0 0.0 100.0
Black walnut 0.0 0.0 0.0 100.0
Japanese Yew 16.7 16.7 66.7 0.0
ScotchElm 0.0 0.0 16.7 833
Alaska Cedar 0.0 0.0 100.0 0.0
Kentucky Yellowwood 0.0 0.0 0.0 100.0
Green Ash 0.0 40.0 20.0 40.0
Honeylocust 0.0 0.0 20.0 - 80.0
Northemred oak 0.0 0.0 0.0 100.0
Tree ofheaven 0.0 0.0 0.0 100.0
Citywide total 1.6 2.6 214 74.4
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Appendix B7 — Replacement Value for Public Trees by Species

DBH Class (tm)

Standand ot

Spaciaz OB 813 1330 30-48 4881 8178 7881 01-147 =147 Total Renr Total
Sugarpapla 1,153 53.27 26,577.74 5853643 1253638 27633562 000 [k 1] 000 136,352.05 &0) T.16
Korway mapls O 33147 4.937.38 &4 404 0B 5B.054.26 148,747.00 30 676,39 28,208.34 25, 238.6% 371,877.68 {=0) 18.49
Sibarian slm ] 000 £,360.14 ISLTRLTE 16,0023 £.211.87 .00 o000 0.00 60,052.05 4=0) 362
Fad ash @ 180734 18,748.17 [ER 1] .00 [k 4.0 [iXeH] (iR 1] 22.356.51 (=0} 117
Crimnaom Iinday ] 000 $.00 11,253.38 128.501.1% 3821679 LR (R i) [ 2] 176,873.36 &) 827
Columnar Norwey o £33 1BT4BIT 8.589.21 0.00 0.00 0.00 0.00 o000 28 400.73 {=0) 148
Silvermaple o 0.e0 0.00 400 1650228 314284 R3340 17.57T34 0 TRIRNIZ 163,431.88 {=D) .56
Littlslaaf lindamy kel [k 7] 208824 25T 21,805.88 LER ] T9,037.82 000 38,E879.71 164,423 .20 &0) .62
Avzteian pins o D40 560050 14,800.05 9,623.15 15884236 2300213 o.00 0.00 60,002.08 =00 3.62
Aogteeyn Blass hiapla 1022 LR .00 0.00 0.0 400 jiked o0 .00 1,021.85 =0 .05
Amurmaple ] 365028 .00 0.00 £.00 0.00 o.00 £.00 0.00 3,650.28 =0 019
Blagk walent L] LR .00 LR DG 20,332 32 118,382.05 000 43 700,23 1B2,431.81 =00 838
Tapansse Yow 306 835,28 75882 0.00 £.00 .00 .00 0.00 0.00 199057 {=0) 0.10
Sootch Elm ] 0.0 050 400 5,634.09 £211.87 3000103 000 18,507.53 7443543 (=0) 3.80
Alazka Cadar kil ek il 0.337.50 D00 0.0 D40 D00 k] 0.00 9,337.50 &0 0.4%
—_ Eeartucky Yallewsnvond 2R 43176 [k ik LR .00 D00 000 000 1,380,683 &0) 007
o Grazn Azh ) 0.00 5,886.03 0.0 0.00 LX) 0.00 0.00 0.00 5,386.03 ¢=0) 031
Honaslomust 160 2.00 .00 18,854.60 0.00 000 0.00 0.0 oL0 20,024.03 =0) L.03
Northery rad pak 428 [EX ] 253271 .00 a.00 .00 000 .00 D00 206032 &0) {16
Trae of hamren 128 D.O0 o0 0.060 000 ADEESDS  IBSDDTS 5.00 o0 70,392.55 (=0 1.69
Crsbappls ] 800 3.405.44 0.00 0.00 000 0.00 0.00 0.00 3,405.44 (=0) 0.18
D tedwond o 0.00 462154 £,281.73 2.00 .00 0.0 .00 2.00 10,913.68 ¢=0) 2.57
Woomay spasca i} I,111.64 .08 4.063.63 LR 0.0 [LR A o.0h 3 .00 607530 =) 8.32
English osk o .00 £,853.21 .00 0.00 .00 0.00 0.00 2.00 6,853.31 =00 0.36
Freamun Napla ] 0.00 £.00 2.00 0.00 L0 000 17,377.34 13,8335 3LAM0.RE {20) 1.63
Radmapls o £24.53 231097 0.00 0.00 .00 2.00 0.00 .00 2,935.50 &) 2.15
Hegsachastuut kel [ER LA 200 000 000 D211.87 13 330.64 080 400 22,342,352 {=0) 118
Enormpasn baack L] 63433 D40 .00 D00 .08 D00 30 154.83 .40 30,770.36 {0) 208
Henturky coffsatres ] 4.00 2.0 0.00 867002 20,331.52 2.00 0.00 0.00 20.002.54 {=0) 152
London Blans o 0.0 1,088,204 (R H 000 D00 0.00 15,165.36 4.00 17,234 .50 &0 D00
White oak o) 31060 1.202.28 2.00 .00 0.0 [iRe) .08 .50 1,521.80 &0 008
Tapaness trea llar o 453,76 120228 2.00 0.00 000 000 o.00 0.00 1,655.05 f=0) 0.8
American alm ] 000 0.00 800 0.00 9,211.87 000 .00 19,587.53 28,800.40 {=0) L5l
Yycamaoea mapla il 0.0 D.ED 0.00 B,283.47 Do [ER L] [k ] 0.00 2.203.47 &0) 0.43
Northem catalpa ] £.00 231087 0.00 0.00 0.00 0.00 0.00 0.00 231087 {0 212
Hawthim o £.00 1,005.85 0.00 0.60 0.00 0.00 0.00 4.00 1,005.95 (=0 0.05
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Appendix B7 — Replacement Value for Public Trees by Species

DBHE Class {cm)

; Standiard i
Specias o8 815 1530 3046 4661 5176 7691 81-107 5107 Tottl Ferpr Tomal
White azh o o0 0.00 000 .00 000 1953820 o.00 0.00 19,838.20 {=0) 104
Eraropam, Atk ] 0.00 0.00 0.60 000 2033252 0.00 o.00 0.00 20,332.52 {20) 1.07
Ginkeo g .00 200 0.00 0.00 040 20,300.76 000 0.00 20,508.76 {&0) L35
A corktraa B o.00 0.00 o.00 0.0 0D 20,500.76 0.00 0.00 25,399.76 {0 15§
Trpright Ereropan o 0.00 0.00 2,738.75 2.00 2.00 0.00 0.00 0.00 2738.75 (=) .14
Srwest chenry o 0.00 2.00 4,280.61 .00 0.00 0.00 .00 000 4,209.61 (=0) 2.23
Callary paar 9 .00 0.00 0.00 5,634.00 0.00 o0 0.00 000 | 5,634.00 (=0) 030
BurQek o £38.38 o.00 0.00 0.00 o.00 0.00 0.00 o.00 65088 ) 8.03
Tspanave pazoda tres 8 000 0.00 6,201.73 2.00 0.00 0.00 0.00 0.00 825173 {=0) 0.33
Citywidatotal 4173 1507389 6082467 S050G0.88 30842251 120012 11568321  243,237.30 100843312 &) 100,00




Appendix C1 — Annual Energy Benefits of Public Trees by Species

* Total Electrcity Electricity TotalNatural Natural Total Standard %5 ofTotal Yoof Hvg.

Species {GI % Gas{Gl) Gas{$) {3y Emor Trees  Total$ $itree
Sugarmaple 103 145 1310 1387 1,532 (A 191 138 2597
Norway maple 14.6 203 160.% 1,702 1907 QA 133 172 46.51
Siberian elm 57 B 66.4 703 783 (DAY T4 7.1 3404
Redash 24 34 308 336 350 (NFAY 33 32 2114
CrmeanLinden 59 g3 674 714 TOT (NYAY 52 72 49 80
ColarrmarNorway Maple 2.1 20 279 295 325 (N/AY 49 28 2166
Silvermaple 83 130 933 087 1117 NVAY 45 101 7082
Littleleaflinden 31 43 358 379 422 (NAAD 36 38 3835
Austrian pine 18 27 20.5 217 243 (NAAY 28 22 2701
Auturon Blaze Maple 0.0 1 07 7 8 (NA) 26 01 098
Amurmaple 00 1 07 7 8 (VA) 23 01 113
Black walmt 4.5 63 431 457 320 (NVAY 19 47 86.60
Japanese Yew 01 1 13 14 16 (NV/A) 19 01 260
Scotch Elm 52 73 47.1 Jo0 FTY (NEAY 19 52 2337
Alagka Cedar {6 g 6.7 71 7O (NFAY 16 0.7 1387
Kentucky Yellowwood o1 1 1.1 12 13 (NfAY ! 15 o1 156
Green Azh 1.0 14 125 133 146 (NAD 1.6 13 827
Honeylocust 10 13 126 133 148 NAD 15 13 2837
Northemredoak 02 3 332 33 3T A 16 03 738
Tree ofheaven 31 30 211 233 253 (NFA) 13 13 63.24
Other street trees 146 203 13235 1614 1,819 (NAY 136 184 4331
Citywidetotal g4.8 1,180 936.3 o014 11104 DAY 180.0 100.0 3593
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Appendix C2 — Annual CO, Benefits of Public Trees by Species

Sequestered Sequestered Decomposition Maintenance Total Awvoided Awvoided Net Total Total Standard %6 of Total Yof  Avg
Species kg (3) Releasetkg) Release(kg) Releasad($) &gy &3] {kg) {$) Exror Trees Total§  $itree
Sugarmaple 3,110 52 673 -202 -150 35824 63 6,166 102 (N/AY 19.1 118 173
Norway maple 2005 149 815 -263 -18 5541 42 13,368 221 (NFAY 133 158 538
Sibexian eln 1,871 31 467 21 & iz 36 3463 FTOVA) 74 67 249
Redash 326 3 61 -40 -2 207 15 1,132 19(QV/AY 35 22 1.10
Crimean Linden 1,020 17 -7%0 -112 150 2254 37 21,382 300VA) 52 46 246
ColurmmarMerway 748 12 -158 44 3 796 13 1,341 22(NAY 49 26 148
Silvermaple 31 3% -720 -138 -15 3521 38 4,954 B2 (NAY 435 98 385
Littlelea fEnden 402 7 2212 -G8 50 1,170 19 1,202 1A 36 25 1494
Austrian pine 134 3 -4 47 -2 717 12 780 1344 29 135 143
Anturym Blaze Maple 33 1 -1 -4 4 15 0 43 TNVAY 16 01 000
Amurmaple 3 0 -2 -4 Q 17 4 35 TN/A) 23 01 0.08
Black walnuf 741 12 -277 66 6 1,703 28 2100 FIVAY 19 41 379
Japanese Yew 25 g -1 -3 0 37 1 58 1NrAY 19 o1 .16
Scotch Ebm 2072 34 -386 66 -7 1,983 33 3,603 S0 (N/AY 19 69 993
Alaska Cedar a3 2 -18 -16 -1 225 4 284 5 {(NFAY 1.6 0 054
Eentcky Yellowwood 14 0 -1 -3 { 26 0 37 1N/ AY 16 0.1 0.12
Green Ash 131 2 -25 -16 -1 370 6 461 SAY 16 0% 132
Honeylooust 213 4 -44 -13 -1 304 7 354 QAY 18 11 183
Northemred oak 39 1 -11 -3 ¢ 92 2 134 2NVA) 146 03 Q44
Tree ofheaven 474 8 -239 -31 -4 800 13 1,004 17 (A 13 19 415
Other street trees 4368 72 086 -231 20 55580 82 8,701 144 N/ A) 136 168 343
Citywide total 27,201 430 6,018 -1.481 -124 32,193 532 51,893 B8 (N/AD 1000 1000 278
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Appendix C3 — Annual Air Quality Benefits of Public Trees by Species

en i i 2

Deposition (k) e Avoided (kg) Ao Bt Bmiies, | Towl  Total Stadaed %of Towl Ave
Spacias 0, W03  BMpg 804 N0y BEMjg VOC 503 ) (ke (5) Ewmisgions (8) Beror Treas $itree
Supar maple 7.1 31 313 12 170 1240 0.8 03 37 208 -33 -45 303 333 (N/A) 191 564
Norway mapla 112 4.8 53 LS 267 159 1.0 0.6 8.1 278 =20 27 4740 517 (N/A) 13.3 1262
Siberian alm 37 1.3 17 06 36 6.4 04 02 31 111 4.0 ] 176 196 (N/AY 74 333
Rad ash 1.6 2 07 0.2 a7 235 032 0.1 13 49 0.0 0 76 85 (N/A) 55 501
Crimaan Lindan 42 17 2.0 0.6 98 6.6 0.4 03 33 114 -2l -29 170 134 (NVA) 52 1130
Columnar Norway Maple 13 0.6 3 02 33 23 0.2 0.1 1.2 43 0.2 -2 68 6 (NFA) 49 504
Silvar maple 75 33 37 1.2 180 87 06 0.4 51 170 2.8 -38 ;288 312 (N/A) 4.3 2231
Littlelzaf lindan 21 0.9 1.0 0.3 50 34 0.2 0.1 1.7 60 -1.i ~13 28 S S (NAY 346 3.64
Austrian pina 19 0.9 12 0.3 48 20 0.1 0.1 1.0 36 -39 -33 38 ILNFAY 9 3341
Anturen Blaze lapla 0.0 28 0.0 0.4 1 0.1 040 0.0 00 1 0.0 0.1 1 (/A 26 Q.18
Axgut maple 0.0 0.0 0.0 0.0 1 0.1 0.0 0.0 0.0 1 0.0 0 01 2(IA) 23 033
Black walnut 39 L7 19 06 23 4.6 03 0.2 25 31 040 0 157 174 (N/AY 1.9 29.00
Japanese Tew 0.1 040 01 0.0 2 01 2.0 0.0 .1 2 02 -2 02 2 (N/AY 19 036
Scoteh Elm 42 2 28 06 98 52 03 02 29 92 0.0 0 1727 190 (N/A) 9 3163
Alasks Cadar 0.6 0.3 0.4 0.2 15 0.7 0.0 00 03 11 -13 -18 11 8 (N/A) 14 161
Kentucky Yallowwood 0.0 0.9 0.0 040 &1 0.0 20 8.0 2 0.0 a 0.2 3 (VA 16 032
Gosan Ash 0.4 0.3 03 0.1 13 1.1 01 040 0.5 20 0.0 0 31 35 (N/A) 16 6396
Honeylosust 0.7 0.3 0.3 0.1 13 1.2 0.1 0.0 0.6 21 03 -4 30 32 (N/A) 16 648
Worthern rad osk 02 01 0.1 00 4 03 0.0 0.0 0.1 5 01 ~2 06 7 (N/A) 16 132
Traz ofheaven 1.8 0.7 0.9 0.3 42 22 0.1 0.1 12 39 0.0 0 72 81 (N/A) 1.3 2013
Other steast traes 111 47 54 18 264 156 Lo 0.6 8.1 272 -3.3 -4 450 491 (N/A)Y 136 11.69
Citywida total T 639 273 314 105 1520 926 60 36 465 1615 205 281 2617 28540VA) 1000 924




Appendix C4 — Annual Stormwater Benefits of Public Trees by Species

Totalramfalt Total Standard  %%ofTotal %ofTotal$ Avg
Species interception {curn) {$) Emor Trees $itree
Sugarmaple 215 415 VA 181 112 704
Norwaymaple 313 603 NAY 133 163 14.71
Siberian ebm 114 230 (NFAY 74 &0 937
Redash 43 B3 (NFAY 335 23 491
Crimean Linden 111 214 (NFAY 52 b 1338
Columrmar Norway Maple 32 62 (NFAY 45 1.7 413
Sitvermaple 257 495 (N:A) 45 134 3539
Littleleafinden 57 111 (NiAY 36 kX 10.07
Austrianpine 49 05 (N/A) 29 26 1052
Autumn Blaze Magle 1 2 (NAY 16 0 o
Amurmaple 1 2 (NAY 23 0.1 027
Black walnut 135 261 (Q¥AY 19 T1 4345
Japanese Yew 3 & (NVAY 18 o2 102
Scotch Flm 124 240 (NiA) 19 65 ' 3994
Alaska Cedar 16 31 (NAY 16 08 6.17
Kentucky Yellowwood 1 2 (NAY 18 0.1 4.37
Green Ash 18 34 (MAY 18 os 6.85
Honeylocust 16 31 (NFAY 1.6 08 620
Northemred oak 5 o (NFAY 16 02 1.75
Tree ofheaven 39 114 Ay 13 31 2846
Other streettrees 348 671 NVA) 13.6 18.1 1587
Cirywidetotal 1.920 3,701 {(NFAY 100.0 100.0 11.98
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Appendix C5 — Annual Aesthetic / Other Benefits of Public Trees by Species

Standard % of Total %of Total$ Avg

Species Total($) Ewor Trees $ltree
Sugarma;ﬁle 3,500 (N/A) 19.1 150 5932
Norway maple 4,669 (VA) 133 200 113.88
Siberian elm 2,791 QVA) 74 118 121.36
Redash 1,054 N7A) 55 43 62.02
CrimeanLinden 383 (NVA) 52 2.5 3641
ColummarNorway Maple 629 (N/A) 49 2.7 4195
Silvermaple 1,004 (N/A) 45 43 71.68
Littleleaflinden 387 (N/A) 36 1.7 35.14
Austianpine 266 VA) 29 1.1 29.60
Autumn Blaze Maple 602 (VA) 286 26 7522
Amurmaple 72 (NVA) 23 03 10.24
Black walnut 679 VA) 18 29 11314
Japanese Yew 171 (N/A) 19 07 28.57
Scotch Elm 1250 VA 19 54 20836
Alaska Cedar 197 (N/A) 1.6 08 3937
Kentucky Yellowwood 63 (VA) 16 03 1255
Green Ash 335 (NVA) 16 14 66.91
Honeylocust 473 (N/A) 1.6 20 9457
Northemredoak 241 (NW/A) 1.6 10 4825
Treeofheaven 534 (N/A) 13 23 13353
Other street trees 3,875 (VA) 13.6 16.6 9225
Citywidetotal 23373 NVA) 100.0 100.0 75.64
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Appendix C6 — Annual Benefits of Public Trees by Species ($/tree)

Species Energy COy AirQuality Stomnwater Aesthetic/Other Total {$) Standard Error
Sugarmaple 2387 173 554 704 5932 9070 INAY
Norwaymaple 4651 538 1262 14.71 11388 19310 (NAAY
Stherian el 34.04 248 8.53 Q7 121.36 17508 Ny
Redash 2114 1.10 501 481 62.02 0418 DAY
Crimean Linden 4080 246 11350 1338 3841 113.535 V&Y
CobmpmarNorway 2166 148 304 4.13 4183 420 NAAY
Silvermaple 7082 385 2231 3339 7168 21505 A
Littleleafinden 38.35 104 8.64 1007 3514 0413 NAY
Aunstranpine 2701 143 341 10.52 2060 T1.06 (NFAY
Anturnn Blaze (.98 {409 .18 {421 7522 TEH8 (DAY
Amurmaple 1.13 o0g 023 {27 24 11.96 MAY
Black walmat 8660 b 2000 43.45 11314 2778 (A
Japanese Yew 260 {18 {136 102 2857 3270 (NFAY
Seotch Elm Q337 093 31.63 3004 20836 FBID3 NAY
Alaska Cedar 15.87 084 161 617 3937 6395 (NJAY
Eentucky 1356 012 {132 0.37 1235 1613 (NOAY
Green Azl 2027 132 696 6.83 6601 o 11132 DAY
Honeylocust 2057 1.83 6.48 620 o437 138.63 VA
Northemredoak 7.36 044 132 175 4825 5015 (A
Tree ofheaven §3.24 4.15 2013 846 133.53 4051 NAY
Otherstreet trees 4331 343 11.69 1387 o123 16663 (M/AY
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Appendix C7 — Total Annual Benefits of Public Trees by Species ($)

Total Standard %4 ofTotal$

Species Energy CO,y Air Quality Stormwater  Aesthetic/Other (3) Ewmor
Sugarmaple 1532 102 333 415 3,500 5,882 (=) 140
Norway maple 1,907 221 517 603 4,669 7017 =) 188
- Siberianehln 783 57 196 220 2,791 4,048 (=0) 87
Redash 359 18 85 83 1,054 1,601 =0 338
Crimean Linden 797 39 184 214 383 1,817 =0) 43
Colurmmar Norway 323 22 76 62 620 1,114 =0y 27
Silvermaple 1,117 82 312 493 1,004 3,011 =0 7.2
Littleleaflinden 422 21 25 111 387 1,035 (=0) 25
Austrianpine 243 13 31 o35 266 6548 (=0} 1.5
Auntunm Blaze Maple 8 1 1 2 602 613 (=0) 13
Amurmaple 8 1 2 2 72 84 (=) 0.2
Black walut 520 35 174 261 679 1,668 (=0) 40
Japanese Yew 16 i 2 6 171 196 (=0) Qs
Scotch Elm 572 60 190 240 1,250 2311 (=0) 55
Alagka Cedar 79 ] 8 31 197 320 =0) 0.8
Kentucky 13 1 3 2 63 81 =0 0.2
Green Ash 146 8 35 34 333 558 =0y 13
Honeylocust 148 9 32 31 473 693 (=0) 1.3
Northemred oak 37 2 7 2 241 296 (=0) 0.7
Tree ofheaven 253 17 81 114 534 998 (=0) 24
Other street trees 1,819 144 491 671 3,875 6,999 (=0) 16.7
Citywide Total 11,104 8358 2854 3,701 23373 41,890 =0) 100.0

&
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