
�



�

Before photo-copying or re-printing this document -
Please take a moment to consider:

One ream (500 sheets) of virgin office copy paper uses six percent of one tree, and the average 

office worker uses 20 reams (10,000 sheets) per year. By switching to 100 percent post-consumer 

recycled paper, you can save 5 lbs. of carbon dioxide per ream of paper, 1.2 trees, 26 gallons of oil, 

and prevent 2,500 lbs. of carbon dioxide from being released into the atmosphere per year.

Whenever possible, utilize digital files by using bookmarks, sending e-mail links and PDF 

files and documents. Print double sided, using draft settings and print on recycled paper.
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“During this term of Council, we will plant more trees than we have planted 
in the last decade, making Markham a greener and better place to live and 
work.” ~ Mayor Frank Scarpitti
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1.0 Introduction

Research has shown that a healthy urban forest can reduce energy 
costs, sequester carbon, improve air and water quality and reduce storm 
runoff.  When suitably integrated, urban trees are also a valuable ‘green’ 
infrastructure, providing tangible benefits that appreciate in value over time. 
As urban forests grow, their environmental, social and economic benefits 
increase.  The urban landscape can be understood as an urban ecosystem, 
with each part relating to and affecting the whole.  (Bell, R and Wheeler, J.  
November 2006)

As part of Mayor Scarpitti’s commitment to planting a significant number of 
trees, the Trees for Tomorrow campaign was conceived, and officially launched 
in May 2008.  Reviewing tree planting process in the Town of Markham as 
part of the Trees for Tomorrow program identified a need to update existing 
practices and standards relating to planting and maintenance.  This exercise 
has resulted in the development of this manual.  
  
This Streetscape Manual shall focus on Development applications for  Site Plan 
and  Subdivision as well as town boulevard tree planting.  The development 
of this document is to make sure adequate replacement and increased 
number of new tree plantings occur in a sustainable manner.  Providing 
specifications, details and education for staff, developers, contractors and 
residents will ensure this manual will be a significant resource and tool to 
ensure successful tree planting throughout the Town of Markam.
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1.1 About Trees 
Trees, by most definitions, are woody plants that are large and have a single main trunk.  A thorough 
understanding of how trees grow is fundamental to carrying out appropriate and accurate landscape design.  

Tree Anatomy
Trees are generally made up of cells and tissues, wood, stems, leaves, and roots.  Wood has four 
primary functions: conduction of water and dissolved minerals, support of the weight of the tree, storage of 
carbohydrate reserves and defence against the spread of disease and decay.  Twigs are small stems that 
provide support structure for leaves, flowers and fruit.  Branches support twigs, and the trunk supports the 
entire crown.  Buds can occur along the twig, at the base of each leaf, just under the bark, or at the tip of 
each twig.  Leaves are the food producers of the tree by trapping the energy of the sunlight in the chloroplast 
where it is converted to chemical energy in the form of sugar.  This reaction is called photosynthesis.  Leaves 
also control transpiration which helps cool the leaf and draw water up through the xylem.  Deciduous trees 
loose their leaves every year and coniferous trees hold their leaves for more than one year.  Roots serve 
four primary functions: anchorage, storage, absorption, and conduction.  The main function of large roots are 
anchorage, storage and conduction.  Absorbing roots are the small, fibrous, primary tissues that grow at the 
ends of the main, woody roots.  Roots grow where moisture and oxygen are available and most absorbing 
roots are found in the upper 30cm of soil.  Horizontal, lateral roots are usually near the soil surface.  Vertical 
roots grow off the lateral roots within a few feet of the trunk, providing anchorage.  The downward growing 
tap root of young trees is usually choked out as the root main system develops or is diverted horizontally 
once it meets unfavourable growing conditions.  Roots may extend laterally for considerable distances, 
depending on the tree species and soil conditions.  Roots of trees grown in open areas often extend two to 
three times the radius of the crown.  (International Society of Arboriculture, 2001)

Growth Requirements
Trees require adequate space to develop both above ground and below ground.  Above ground space 
controls the availability of sunlight for photosynthesis and crown development.  Below ground space affects 
root development, nutrient availability, moisture and anchoring.  The relationship between tree growth and 
soil volume requirements has been widely studied.  Restricted root system growth negatively impacts the 
development and life expectancy of the whole tree.

(International Society of Arboriculture, 2001)
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1.2 Benefits of Street Trees 
Trees are not only important for their intrinsic value as wildlife habitat but 
also for a great number of environmental, social and economic benefits that 
include but are not limited to:

Environmental
• Active removal of carbon dioxide and other greenhouse gases from 

the air.  
• Mitigation of air, dust, noise, heat and chemical pollution.
• Interception of rainwater, reduced runoff and improved stormwater 

runoff quality.
• Reduced soil erosion through interception of rainfall and increased 

soil stabilization.
• Increased infiltration of permeable land areas essential to 

stormwater management.
• Shade for impervious surfaces thereby reducing the ‘heat island’ 

effect.
• Shade and shelter for buildings, reducing energy associated with 

cooling and heating.
• Wildlife nesting, cover, shelter and food.
•     Preservation, protection and appreciation of our Natural Heritage.

Social and Health
• Contribution to desirable environments to live, work and spend 

leisure time.
• Creating a buffer between moving vehicles and pedestrians
• Providing shade for pedestrians.
• Contributing to reduced stress and improved physical health.
• Creating a greater sense of meaningful connection between people 

and natural environment.
• Increased traffic safety due to the perception of road width, curves 

and speed relative to tree layout and spacing.
• A stronger sense of community and empowerment for residents to 

improve their neighbourhood conditions and promote environmental 
responsibility and ethics.  

Economic
• Extended pavement surface life as a result of shade
• Lower utility costs as a result of increased energy savings.  
• Attractive environment for business and consumers.
• Increased real estate values.
• Reduced healthcare costs associated with poor air quality.
• Reduced requirements for stormwater treatment and flood control 

costs.
• Economic return from urban forest products.
• Enhanced tourism values.  
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1.3 Challenges for Street Trees
The majority of Canadians live in urban centres.  Threats to trees in the urban environment are due to 
both physical impacts and management and improper installation.  They include:

Limited Room to Grow 
In order for trees to sustain their health and growth potential, and consequently provide the most 
benefits, trees must have as much room to grow as possible.  Trees are competing for available 
space within the boulevard.  This space is crowded with:

o Infrastructure to accommodate pedestrian and vehicular traffic.
o Conflicts with utilities above and below ground 
o Municipal Gas, water and hydro lines 

All of these factors restrict the volume of soil available to support the canopy leaf growth and root 
growth balance.  

Inadequate Soil Conditions 
The successful growth and survivability of a tree is fundamentally linked to the quality of soil 
in which it grows.  Current development practices leave sites bare of native soil and with high  
levels of compaction that create an inhospitable place for a tree to grow.  Topsoil stripping and 
stockpiling introduces variability, modified pH, interrupted nutrient cycling, reduced soil organism 
activity, contamination with waste material and temperature extremes.  All of these factors 
combined make it very difficult for a tree to put out roots and survive.  Roots are unable to grow 
into soil with high bulk density that is compacted.  Soil compaction is influenced by soil type and 
human activity.  As pore space is eliminated, roots are not able to penetrate the soil and the plant 
has less access to water and oxygen.  

Inappropriate Tree Selection 
Each tree species has unique cultural requirements and the streetscape planting environment 
exposes trees to continual and unique stresses.  Matching tree species selection with tolerance 
to site conditions gives the trees a better chance at survival.  A great deal of thought needs to be 
incorporated into a planting plan.   Consideration should be given to many factors, including:

o Variability in trees stock origin and quality, local gene conservation
o Age diversity and diversity of tolerant species to resist disease and insect impacts.  

(In many Canadian communities nearly half of all urban trees are non-native Norway 
maples.)

o Exotic pests, disease and invasive plants.  
o Adaptation to changing climate

Poor Site Conditions
Physical challenges in the streetscape environment include water stress due to soil properties, 
microclimate and maintenance practices, increased drought, salt pollution, and air pollution.  The 
streetscape environment creates microclimate extremes due to wind tunnelling, reflected heat 
from asphalt, concrete and light and shade from surrounding structures.  Inadvertent damage 
caused by vehicles, snow plows, lawn equipment and vandalism threaten the health of trees and 
make them more susceptible to secondary stresses.  Weakened and stressed trees are more 
susceptible to secondary insects and disease damage.  

Limited Implementation Policies and Practices 
The economic value that a tree provides to a development is not always considered along with 
other standard assets.  Trees provide many immediate and long term benefits that need to be 
taken into account when planning for development and integrating tree planting.  Improper tree 
installation too often results in high tree failure and loss of investment.  Education for contractors, 
developers, Landscape Architects and Town staff is key to ensuring the success of our Urban 
Forest. 
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Potential planting sites must be assessed to determine appropriate tree planting strategies.  Opportunities 
for implementing high performance best management practices must be identified in the planning, design 
and construction of all projects.  

2.1 Regional Context
The Town of Markham is located in the Regional Municipality of York, in the province of Ontario.  It is directly 
north of Toronto.  The unique soil and climate determine the types of vegetation which are found and can 
be grown in the area.  Markham is located within Zone 5b of the 2000 Natural Resources Canada Plant 
Hardiness Zone Map, based on the region’s average annual minimum temperature.  The area can also be 
classified as the Great-Lakes - St.Lawrence Ecoregion characterized by warm summers and cold, snowy 
winters.  York Region is located on the Lake Ontario Shore, South Slope region.  The Town of Markham soil 
composition differs due to local environmental factors such as parent soil material, drainage, differences in 
land cover and human disturbance.  

Climate
Markham’s climate, like other portions of southern Ontario, is moderated by the Great Lakes.  The area is 
influenced by warm, moist air masses from the south and Lake Ontario and cold, dry air masses from the 
north Oak Ridges Moraine.  Markham is in the South Slope region where the topography is higher than 
the Lake Ontario Shore region with only moderate influence from the lake.  Summer is characterized by 
high air temperatures reaching the mid to upper 20°C range and winter temperatures are cold and highly 
variable.  Environment Canada monitoring stations in Stouffville and at the Toronto Zoo have recorded 37°C 
as the highest air temperature in August 1989 and -36°C as the lowest air temperature in January 1981.  
The mean temperature for the growing season is 17 degrees Celsius and the frost-free growing season is 
over 160 days.  Based on Environment Canada climate stations, the average annual precipitation between 
1986 and 2006 averaged 850mm/year.  January and February tend to be the driest months with <60mm 
on average, while August and September are the wettest averaging >80mm.  15% of annual precipitation 
occurs as snow falls between December and March.  (Environment Canada 2007)    

The increase in greenhouse gases discharged to our atmosphere since the industrial revolution has created 
conditions that are precipitating change in our climate.  This phenomena known as ‘climate change’ may 
have significant ramifications to the weather system affecting this area.  

Topography and Soils
Markham has a smooth, moderately gentle sloping topography with imperfect drainage, bordered by the 
Oak Ridges Moraine to the north and dominated by the Peel Plain and South Slope physiographic regions.  
The Peel Plane region, overlying the central portion of Markham, is a generally flat topography where a 
thin veneer of silt and clay up to 5m thick was deposited over till during the most recent period of glaciation.  
Soils are predominantly clay with localized clay loam and loam with low infiltration.  The South Slope region 
is a sloping plane with two bands through the Town that border between the south edge of the Oak Ridges 
Moraine and the north edge of the Peel Plain and between the south edge of the Peel Plain south to the 
Lake Iroquois shoreline in Toronto.  The South Slope region is underlain by glacial till and the resulting 
soil types are predominantly clay with some clay loam and loam.  Runoff is relatively high and infiltration 
is correspondingly low.  Markham is predominantly in the Rouge River watershed under the Toronto and 
Region Conservation Authority emptying into Lake Ontario.  Neighbouring watersheds draining into Lake 
Ontario include the Duffins Creek and Petticoat Creek to the east and the Highland Creek, Don River and 
Humber River to the west.  

Agriculture followed by urban development has had a great impact on native soils in Markham.  In many 
locations there have likely been several stages of soil disturbance over the last 200 years or more due to tree 
removal, agriculture, building, etc.  The more disturbance, the more degraded the native soil becomes.  

2.0 Tree Planting Context
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Demographics
The Town of Markham population was listed at 272,500 in 2006 with a projected increase of 151,000 from 
2006-2013.  24% of Markham is covered by the Provincial Greenbelt Land where urbanization is restricted 
and agricultural and environmental lands are protected.  This includes the major Rouge River tributaries 
and Federal and Provincial lands in eastern Markham.  60% of land use in Markham is urban settlement 
area and 16% is rural and agricultural.  

Regional context, including climate and soil characteristics are important in considering planting sites 
and tree species selection.  The regional context can help determine overall goals for preservation 
and enhancement of natural areas and identifying targets for increasing Markham’s canopy cover and 
improving air quality.  Each individual site will have unique characteristics that need to be studied and 
understood in addition to the regional context in order to make informed decisions and implement best 
management practices for tree planting.  

2.2 Local Context
Local Context refers to the resources, methods, and policies that determine planning and development 
decision making.  It is important to understand the expectations of the Town of Markham with regards 
to tree planting for development and the studies, planning, strategies and tools that determine these 
expectations. 
 
Programs and Initiatives 

• Trees for Tomorrow is a four year strategy aimed at increasing Markham’s overall tree cover, 
providing plantings that will be sustainable and a positive living legacy for future generations and 
implementation through community and corporate involvement and programs to increase planting 
on private and public properties.  

• Markham Green Print is a plan for a sustainable Markham striving to create a clean, safe environment, 
a vibrant community and a fair and inclusive community that welcomes creativity and culture.  The 
Quest for the Best Markham is an interactive challenge that engages the community to define the 
vision for Markham’s future as a sustainable community.  

• The Celebrate our Environment Community Calendar is a three-season resource guide full of 
information about workshops, community cleanups, garden tours, planting events, plant sales, 
environmental celebrations and more.  

• Commemorative Tree Planting partnership provides a creative and lasting way for individual 
residents, families, businesses, schools and community groups to honour friends and family or to 
celebrate special events.  The Town will plan a mutually agreed upon, standard-sized tree in a park 
and will also provide regularly scheduled maintenance to the tree and surrounding area.  

• The Markham Environmental Sustainability Fund is a Town program that funds innovative and 
leading environmental initiatives that contribute to the health of the natural environment.  

• The Trees for Tomorrow Fund is a Town program to encourage Markham community groups, non-
governmental organizations and other public agencies to conduct tree planting on public land.  

• The Backyard Tree Planting Program is a partnership involving Markham, York Region and LEAF 
(Local Enhancement and Appreciation of Forests) subsidizing consultation with a qualified arborist, 
a tree and full planting services.  
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Staff Resources 
Development Services Commission
• Planning & Urban Design Department

 Urban Design Group
• Design approval for subdivision and site plans
• Determine species variety for boulevard trees
• Determine design and % species make-up
• Tree preservation
• Streetscape design
• Coordinate with York Region
• Site Inspection 
• Release of Letters of Credit
• Closure of Files

Fire and Community Services Commission
 Forestry
Business and Technical Services 

• Maintain all trees on Town right of ways after subdivision assumption
• Plant replacement trees.
• Tree replacement for assumed subdivisions
• Pruning on an as needed basis
• Clearing of hazard trees on town property

 Operations Business and Technical Services 
• Review opportunities and coordinate plantings on Town and public lands
• Work with government agencies, non-governmental organizations and community 

groups for ongoing partnerships of planting and stewardship

Tools and Policies
• Official Plan/Secondary Plan Amendment 
• Zoning By-Law Amendment
• The Development Application and Approval Process 
• Committee of Adjustment 
• Environment and Open Space Policies
• Tree Preservation By-Law
• York Region Forest Conservation By-Law
• Growth Management Strategy
• Natural Heritage System
• Rouge Park Management Plans 
• Province of Ontario Greenbelt Plan 
• TRCA Special Policy Areas
• Federal Greenspace Master Plan 
• Building Markham’ s Future Together
• Province of Ontario Oakridge Moraine Plan
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2.3 Site Context
Choosing potential tree planting areas must consider multiple factors including climate, soil 
characteristics, environmental conditions, planting space, site location, existing vegetation, visibility 
and accessibility, aesthetics, land use, ownership and regulations, social influences, and maintenance 
requirements.  
By fully understanding the site context, conflicts are minimized, maintenance needs are reduced, public 
safety is enhanced and long term costs are reduced.  Planting strategies can be considered in the context 
of the specific site and prioritized to maximize canopy coverage for long term benefits.  

Choosing an appropriate planting site must consider the following:
• Adequate soil volume and quality to support future healthy tree growth.
• User safety considering visibility and accessibility.
• Preventing compaction of planting area soils by construction and foot traffic
• Resolving conflicts between trees and utilities, pavement and lighting.
• Reducing impact of tree exposure to emissions, polluted runoff, wind and drought.
• Allowing for snow removal and storage and prevent salt damage, ice damage and trunk scour
• Preventing damage to trees from cars, vandalism and other conflicts
• Proximity to features that could reduce costs and/or impact of construction. 

Spatial Requirements
Within the limitations of the streetscape environment, materials and methods for tree planting can be 
determined and variations to the standard road cross section can be considered to accommodate 
tree growth and associated spatial requirements.  In order for trees to sustain their health and growth 
potential, and consequently provide the most benefits, trees must have as much space as possible.  
There is a balance that a tree maintains between the surface leaf area for photosynthesis and the area of 
absorbing roots for water and nutrient uptake.  A soil volume criterion is based on the expected size and 
stature of a particular tree species.  Where soil volume space is limited, site specific enhanced planting 
strategies should be designed to extend the root zone under hard surfaces.  Consideration should include 
but not be limited to techniques such as continuous planting trenches, structural soils, soil cells and 
permeable paving.  Above ground tree parts must also be considered to reduce conflicts between trees 
and surrounding infrastructure to minimize maintenance and increase benefits and survivability.  

TREE SIZE IN RELATION TO AVAILABLE SOIL VOLUME
(Urban, 2002) 
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Soil Quality
The functional relationship between tree roots and the characteristics of the soil in which they grow has 
the greatest influence on tree health.  When poor soil quality limits growth it increases maintenance 
requirements and tree failure.  The quality and quantity of soil are equally important criteria for improving 
control over soil specifications and testing.  The quality and integrity of the subsoil is equally as important 
as the organic layer of topsoil.  

An ideal medium for tree growth can be modelled after forest soils.  Ideal soils are comprised of 45% 
mineral materials (sand, silt and clay), 50% open pore space, and 5% organic matter and organisms.   
The soil profile is normally made up of five major horizons developed as a result of rainfall, heating and 
cooling, chemical reactions and biological activity.  

Typical unaltered soil profile
O – thin layer of decomposing organic material
A – contains most absorbing roots
B – fine textured material from A horizon and particles from parent material
C – subsoil composed of rocky parent material 

Roots grow where soil conditions are favourable.  Absorbing roots are most frequently in the upper 15-
25cm of soil and tree roots are not usually found deeper than 1-1.5m.  Soil texture (sand, silt, clay) affects 
the soils ability to hold water and provide oxygen to the roots.  Bulk density measures the soil’s porosity, 
or airspace between particles.  Reduced bulk density resulting in compaction, restricts root growth, 
reduces water infiltration and availability and limits the movement of oxygen and carbon dioxide in the 
root zone.   Soil pH affects which tree species will grow based on the availability of minerals.  Soil pH is 
difficult to alter and therefore species should be selected based on existing soil.  Soil is an ecosystem 
containing billions of organisms that live with tree roots.  As trees grow, they absorb essential mineral 
elements from the soil.

TABLE 1 GENERAL ROOT GROWTH RESOURCE REQUIREMENTS	(Dr. Kim Coder, 2000)
    
Root Resource Minimum Maximum
oxygen in soil atmosphere (for root survival) 3% 21%
air pore space in soil (for root growth) 12% 60%
soil bulk density restricting root growth (g/cc) 1.4clay

1.8 sand
penetration strength (water content dependent) 0.01kPa 3mPa
water content in soil 12% 40%
root initiation (02 in soil atmosphere) 12% 21%
root growth (02 in soil atmosphere) 5% 21%
progressive loss of element absorption in roots (O2 in soil atmosphere) 10% 21%
temperature limits to root growth 4°C 34°C
pH of soil (wet test) pH 3.5 pH 8.2

The quality of organic soil throughout the Town of Markham varies and in development areas the consistency 
and quality of topsoil can be considered marginal to poor.  Quality and compaction outside of the planting 
pit also limits root establishment and tree development.  In the future, increased topsoil depth and quality 
will help in establishing suitable rooting zones in development areas.   
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Land Use
Different land use types provide both opportunities and constraints for street tree planting.  The following 
table outlines some of those opportunities and constraints.   Various tools can be used to implement 
successful planting as part of the development process.  
TABLE 2  LAND USE
Land Use Opportunities Constraints Tools
Industrial
Commercial
Institutional
Business Park 

• median planting
• windbreaks and shading
• green roofs
• reduce stormwater runoff  
  using bioretention and  
  bioinfiltration, tree check 
  dams, and linear 
  stormwater tree pits
• establishment of larger 
  trees on generous 
  setbacks/ landscape      
  areas
• establish consent 
  conditions to include  
  additional rows of trees  
  within private frontages

• overshadowing
• wind tunnel effects
• wind exposure
• radian heat from 
  pavement
• high pollution levels 
  from vehicle      
  emissions
• sign visibility 
  (removals)
• soil variability and 
  construction 
  contamination
• limited soil volume
• underground utilities
• lack of irrigation
• salt spray from roads

• Site Plan Application
• Developer donations
• Business Initiatives

Neighbourhood/ 
Commercial Centre

• bicycle racks to 
  discourage use of trees
• consolidated planting 
  areas

• soil compaction due to  
  foot traffic
• soil volume
• underground utilities
• lack of maintenance

• Subdivision Plan
• Site Plan Application

High Density 
Residential-Urban

• median and roundabout 
  planting 
• corner lots
• condominium 
  maintenance

• tight setbacks
• encroaching on house/
  building façade
• soil volume
• underground utilities*
• driveway widths

• Subdivision Plan
• Site Plan Application

Low Density 
Residential - Rural

• homeowner maintenance
• large boulevards
• stormwater boulevard   
  planters
• planting on lot frontages
• private plantings

• existing vegetation 
• homeowner 
  preferences
• limited alignment to 
  doorways, windows 
  and lot drainage 
  channels
• lack of maintenance

• Tree Preservation
  By-Law
• Site Plan Application
• Trees for Tomorrow 
  program
• L.E.A.F. program

Infill – Older 
retail and  
underdeveloped 
areas

• transplanting 
  opportunities
• native plant sources
• preserving parent soils

• tree preservation 
• soil conditions
• soil volume
• unknown underground 
  utilities

• Natural heritage
• Site Plan Application
• Town and community   
  initiated plantings

Open Space & 
Walkways

• naturalization
• open areas for planting

• limited budget
• lack of maintenance
• vandalism
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Streetscape Framework
Engineering standards for road cross sections set a specific framework for tree planting in the context of 
property lines, paved surfaces, utilities, site furniture and building frontage.  These specific road types are 
determined by and determine the social context and pedestrian and motorist use patterns.  

Traffic Roads (Major Collectors and Collectors) – Large scale, multiple-lane thoroughfares make up the 
skeleton of the roadway system.  Travel streets provide critical transportation connections, major mass-
transit links, and local truck routes; they also accommodate substantial pedestrian activity and contain 
commercial, cultural, institutional and occasionally residential building types.  Travel streets should 
enhance connectivity between different neighbourhoods, destinations and other major streets.  
Community Roads (Collectors and Local Roads) – Medium to large scale streets serve as ‘town centres’ 
for neighbourhoods and business districts, and are usually fronted by mixed commercial, institutional 
and residential uses.  Community roads often link travel roads since they offer a range of destinations 
including shopping, entertainment, dining, services, cultural centre, mass-transit connections, parks and 
public spaces.  Private vehicle travel is substantial, but truck travel should be minimal.  
Living Roads (Local Roads and Laneways) – Narrow roads are primarily residential and are not intended 
as major transit routes.  Quality of life and safety for pedestrians and residents is the major concern, and 
impact of motor vehicles should be kept to a minimum.  

Increased traffic volume and pedestrian use results in an increase of negative impacts on all tree parts 
essential to growth and survival.  In order to realize the many benefits of trees that are essential to human 
life, we must find ways to support tree growth and survival in dense urban streetscape environments 
where the majority of Markham’s population resides.  

DRAFT ROAD CROSS SECTION EXAMPLES
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Infrastructure
Illustrating infrastructure requirements in the context of tree planting in the streetscape environment, 
illustrates the challenges for adequate root and canopy space.  

INFRASTRUCTURE LAYOUT PLAN
(Developed from Markham Engineering Standard Drawings - 2008 Draft)

Underground spaces in developed areas are commonly crowded with the infrastructure needed to 
connect homes, offices, and other buildings to utility networks.  Numerous pipes and cables for supply 
of water, gas, electricity and telecommunications may be buried beneath the boulevard and green areas 
along a right of way.  The space occupied by these installations may severely reduce the space available 
for tree growth or prevent any tree planting at all. 

Specific setback requirements between street trees and right of way infrastructure have been determined 
based on trial and experience to allow barrier free access, prevent hazards, conflicts and damage to both 
trees and infrastructure and to allow for access and service to infrastructure for maintenance and repair. 

The table on the following page summarizes tree planting space requirements and right of way 
infrastructure.
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TABLE 3 SPATIAL CONTEXT – TREE PLANTING

Tree Type Crown 
Height

Crown 
Spread

Trunk 
Diameter

Average
Rooting 
Depth

Soil Volume Requirements
(Urban 1992)

large stature tree in
park (sugar maple

25 - 
35m

15m up to 90cm 1-2m minimum 6m(+) 
tree pit diameter

large stature tree in bou-
levard (hackberry)

20m 18m up to 40cm 
(for avail. 
soil volume)

1-2m 30m3 (0.8-1.2m depth)
15m3 (shared root space)

medium stature tree in 
boulevard (linden)

15m 8m up to 30cm 
(for avail. 
soil volume)

1-1.5m 23m3 (0.8-1m depth)

small stature tree (ser-
viceberry standard)

3m 3m up to 20cm 1m 15m3 (0.6 – 1m depth)

TABLE 4 SPATIAL CONTEXT – R.O.W. INFRASTRUCTURE
R.O.W. Infrastructure Depth Height Setback/Offset 

Requirement
Restrictions/ Notes

house services (water, 
storm, sanitary)

1.75 
- 2.75m

2m from trunk maintenance access

watermain 1.75m 2m from trunk maintenance access
street light 
(and utility base)

5-8m 4.6m from edge of canopy maintenance access
illumination safety

hydro/joint use trench 1.4m 1m from trunk maintenance access
telecom. trench 1.4m 1m from trunk maintenance access
transformer 1.2m trunk 1.2m from sides

trunk 3m from door
maintenance access

telecom. box 1.2m 1m from trunk maintenance access
hydrant 1m 3m from trunk maintenance access
gas main 1.2m 2m from trunk maintenance access
property boundary 1m from trunk maintenance disputes
pavement and sidewalk 1m from trunk heaving, root conflict
curb 1.5m from trunk snow storage 

vehicle overhang
driveway trunk 1.2m residential

trunk 3m commercial/ind.
visibility

structures (buildings) 4-6m from trunk pruning (canopy specific)
signs 5m from trunk visibility (canopy specific)
ditch (cl) 1m from trunk maintenance
stop sign & intersection 9-15m from trunk adhere to sight triangle
hydro pole 9-15m 3m from edge of canopy maintenance access 

fire and power outages
overhead wires canopy 3m below and 

adjacent crossarms
pruning harmful to trees
fire and power outages
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3.1 Preservation and Protection of Existing Trees and Soil 
Protection of our existing resources is critical to the success of our urban forest.  Large, healthy trees are 
a valuable asset to the community.  Most mature trees grow slowly over time and are not easily replaced.  
Damage to trees occurs as a result of development and construction from curbs and sidewalks, various 
types of paving, excavation of underground utilities, and road widening.  The damage to trees includes 
root damage, trunk breakage, bark removal, branch scrapes and breakage, and total tree destruction.  
Such trees become public hazards which increase municipal liability.  

Construction practices such as cutting and filling, installation of underground utilities, and backfilling 
against foundations can create great diversity in soil structure. This variability can change drastically with 
depth and between planting locations on the same property.  Typically, construction techniques remove or 
stock-pile useful existing topsoil.  However, the resulting compaction and construction vehicle traffic can 
reduce soil structure, with negative hydrologic and biodiversity impact.  Consequences of soil compaction 
and loss of organic matter include reduced infiltration capacity, increased runoff, increased erosion, 
scouring and sediment load, reduced rate of groundwater recharge, reduced surface water availability for 
plants and increased runoff volume carries pollutants including pesticides, fertilizers, animal wastes and 
chemicals.  

3.2 Design Principles
All landscape designs shall consider fundamental Design Elements and Design Principles such as:
Colour, Line, Form, Texture and Scale; Unity, Balance, Transition, Proportion, Rhythm, Focalization, 
Repetition and Simplicity 

The use of Plant Attributes such as form, texture and colour should be used to reinforce the landscape 
design vision. 

Tree Form should be considered in site context for framing, accenting, screening, buffering, site design 
features, etc.   

3.2 Design Considerations
Planting sites must be carefully and fully evaluated before the decision is made to plant a tree.  Planting 
the “right tree in the right place” is essential to tree health and survivability and reduced conflicts with 
streetscape utilities and amenities.  Prior to making the tree selection, the Landscape Architect must 
determine the overall design intention in partnership with the project Engineer.  In order for the design 
to be successful, some key questions must be answered.  The following checklist includes principal 
considerations for all designs:  

□ Is there sufficient soil volume and area to support a healthy tree to maturity?
□ Is the soil suitable/capable of supporting a healthy tree or can it be modified sufficiently?
□ Are there underground utilities in place which restrict or prevent a tree being planted? 
□ Is there sufficient horizontal and vertical space to allow the canopy to develop unimpeded and 

without extensive pruning requirements? 
□ What site lines must be maintained?
□ What level of maintenance is required and can be expected? 
□ Is there potential for conflict with street maintenance or use? (snow loading, grass cutting, 

pedestrian access)

3.0 Design Process
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Utilities and Infrastructure
Design of right of way infrastructure to consider tree placement from the outset of development design will 
help to mitigate damage and reduce maintenance and replacement costs.  In order to maximize space 
for successful tree planting, infrastructure should be consolidated wherever possible.  Tree roots and 
underground lines can initially coexist without problems; however the installation, maintenance or renewal 
of underground services in existing streets usually necessitates digging a trench through the root zone 
resulting in significant root loss.    The location and depth of existing utilities is often difficult to verify from 
a plan.  When the wrong tree is planted in proximity to utilities, the ultimate result is damage and removal.  

Provisions for underground root space must be considered in the community design stage.  Coordinating 
the placement of utilities using common trenching and utility ducts can minimize the impact of installation 
and maintenance.  This technique enables easy location and identification of utilities and enables utility 
entities to synchronize work and share expenses.  Some ‘dry’ utilities such as telephone, electric and 
gas may be stacked in a trench to optimize space.  Utility ducts are another technique that provide a 
below ground supporting structure that contain several adjacent utility systems and allows easy access 
for regular maintenance.  The use of trenchless technology in areas with existing trees, allows for less 
invasive inspection, repair and installation of utility infrastructure to minimize cutting through root zones.  

Utilities may also be shifted out of soft landscaping areas available for tree planting and into the street or 
under the paved pedestrian area.  Maintenance costs can be a limiting factor in this alternative.  Utilities 
can be located along the curb or in the bike lane to reduce traffic disruption and removable sidewalk 
panels ease utility access for maintenance and construction.  

           Tree Roots in the Built Environment, 2006       GreenLeaf www.greenleaf.org 
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Stormwater Management
Trees and vegetation provide benefits to stormwater management through rainfall interception, 
evapotranspiration, and infiltration.  As part of stormwater management design, preservation of existing 
trees and should be a priority.

The road right-of-way has a number of opportunities to achieve Stormwater Management objectives in 
addition to its primarily circulation objectives of transportation, transit and utility servicing.  

Alternative planting designs can reduce surface runoff and slow runoff water to the Municipal stormwater 
system.  Water cycle management initiatives can be designed into the urban landscape in all scales of 
development from individual lots, streets, and neighbourhoods.  Impervious areas directly connected to 
receiving water environments have a major detrimental impact on the ecosystem health.  Bio-retention 
systems have been designed to treat parking lot runoff using sand filters and root-zone environments as 
stormwater treatment and conveyance systems.  The re-design of street-tree root-zone environments 
as stormwater treatment systems is a further development of the bio-retention concept.  Street trees 
can be grown in suitable permeable media with sub-surface drainage.  Stormwater runoff is treated as 
it percolates through the root zone.  Treatment is a combination of physical, chemical and biological 
processes.

Design to ensure successful stormwater management in the urban landscape context must be an 
integrated process involving developers, engineers, landscape architects, and others.  The following 
design criteria should be considered in corridor tree planting:
 Design bio-retention areas in the right-of-way to store excess runoff for extended detention time 
 (24 to 48 hours) with ponding depth up to 0.25m. Specific design requirements for permeable 
 soils and subsurface drainage are required. 

 Select plant material for bioretention areas which are drought and salt tolerant as well as tolerant 
 of prolonged moisture.  

 Select plant material that will not damage drainage pipes. 

 Utilize curb extensions and bump-outs designed for traffic calming for stormwater 
 management opportunities.  

Refer to the following design standards:

Town of Markham’s Engineering Department SWM Guidelines 

Toronto Region Conservation Authority’s “Low Impact Development (LID) Stormwater Management 
Manual (draft - November 2008) http://www.sustainabletechnologies.ca/
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Groundcover
Groundcover involves replacing turfgrass with mulch, stone, ground covers, naturalized vegetation or low-
maintenance grass.

Using groundcovers in place of turf can provide benefits such as reduced water consumption, reduced 
erosion, minimized need for chemical amendments, reduced need for supplemental irrigation, eliminating 
the need for regular mowing, reducing maintenance costs and emissions and damage to trees from 
mowing.  Groundcover areas can also provide a buffer for protection around tree planting to preserve soil 
and reduce compaction.  

Implementing groundcover planting into a streetscape environment requires adaption to landscape 
aesthetic expectations and can be used as a tool to promote education and public awareness.  Installation 
costs are often higher than conventional turfgrass, but the long term maintenance costs are lower.  

Design of groundcover areas can focus on areas which are shaded, steeply sloped, or hard to maintain.  
Groundcover areas can also be coordinated with drainage patterns to optimize stormwater filtration.  

Rooftops and Structures
Planting over buildings and structures such as parking garages creates opportunities for green space 
and associated benefits.  Landscaped areas on roof slabs and in contained planters are subject to more 
severe drying conditions, extreme elements and potential drainage issues.   To address these issues, 
growing medium depth and type, drainage system, membrane layers, plant selection, amount of direct 
and reflected sunlight, watering/irrigation, water storage and maintenance all require special attention.

Weight is the primary limiting factor for planting on most roof structures. The weight of landscaped areas 
over structures must not be in excess of the design loading for the structure.  Both the intended landscape 
design loading and loading during construction must be reviewed, approved and documented by a 
structural engineer.  The minimum recommended depth for growing trees over structures is 450-900mm 
for small to medium trees and 900-1200mm for large trees (CMHC Roof Deck Design Guidelines). 
Designs should take into account the effect of on soil moisture-holding capacity of small depths and 
volumes through the selection of plant material, growing medium, drainage, irrigation and maintenance.  
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All trees should fit the microclimate, soils, sun, moisture, budget, maintenance environment and design 
intentions for which they are planted.  Specific site conditions must be fully analyzed and understood prior 
to plant selection.  

The following considerations are critical for appropriate tree selection:
• Site assessment including microclimate and soil assessment. 
• Understanding the physiological requirements of tree species to ensure health and longevity.
• Anticipation of potential conflicts with power lines, sidewalks, underground utilities to reduce 

future maintenance costs.
• Selection of large shade trees where space is available to provide the most long term benefits.
• Diversity of species for built in susceptibility to disease and insect infestation.  This may also help 

to mitigate potential widespread mortality related to climate change.  
• Native species that are best adapted to the local climate and provide natural wildlife habitats.  
• Low maintenance species that require less pruning and are more adaptable to local climate and 

site conditions.
• Drought resistant species to reduce water consumption requirements.  Use efficient irrigation 

systems and water recycling where appropriate. 
• Location within polluted areas or heavily populated areas to maximize tree air quality benefits.  
• Making use of evergreen trees for particulate matter reduction year round.  
• Encourage ecological connectivity and habitat
• Biogenic VOC emissions of certain tree species should be considered near schools and 

hospitals.

4.1 Species Diversity 
Diversity is an important element in the long term health of the urban forest.  Proactive management of 
species and age composition will develop a built in tolerance for pests and disease.  Diversity should also 
consider the species and age of existing trees in the community.  In general there should be no more than 
25% of any one genus for the Town as a whole.  

TABLE 5 PREFERRED SPECIES DIVERSITY 

Residential Sites (Subdivision Plan)
Number of Trees on Site Maximum Percentage of Any one Genus
1 - 15 100%
16 - 50 75%
51 - 100 50%
100 + 25%
Parks and Open Space (Site Plan)
Number of Trees on Site Maximum Percentage of Any one Genus
1 - 15 75%
16 - 50 50%
51 - 100 25%
100 + 20%

Note: Diversity Guidelines do not require each species to be evenly distributed throughout.  Strong design 
using groupings and clusters at intersections and key mid-block locations should be implemented.  

4.0 Tree Selection

Trees for Tomorrow :: Streetscape Manual DESIGN GUIDELINES



��

4.2 Spacing
Spacing between trees should reflect the species ultimate canopy size, the site conditions and design 
criteria.  Tree spacing will affect the form and development of the tree over years of growth.  Groups of 
trees can be mutually beneficial as a result of increased shading, reduced evapotranspiration, reduced soil 
compaction, shared soil volume and reduced reflective heat on single trees.  Trees spaced closely develop 
a dense canopy and upright form.  Trees spaced further develop an open canopy with lower branching.  

4.3 Top Performing Species
Markham’s unique climate and soils limit the variety of species which are recommended for street 
tree planting.  Species listed in Appendix A are preferred for their dependability, low maintenance and 
drought resistance.  Species attributes such as pollution tolerance, soil and moisture requirements, and 
growth characteristics must be considered together with spatial suitability.  An acceptable species is not 
necessarily appropriate for all planting sites.  Appendix A provides a detailed description of recommended 
species.  The following images are examples of top performing street trees in the Town of Markham.    

Hedge Maple (Acer campestre)         Autumn Blaze Maple (Acer x freemanii)

Serviceberry Tree (Amelanchier canadensis)

           Hackberry (Celtis occidentalis)

Honeylocust (Gleditsia triacanthos)
        Ivory Silk Lilac (Syringa reticulata 
          ‘Ivory Silk’)
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Tree planting in the right of way is a long term initiative.  Measures that are taken to ensure appropriate 
tree planting will have a lifetime impact on street tree maintenance.  

5.1 Technical Guidelines
Appendix B provides guidelines for tree planting relative to development applications.  The guidelines 
outline requirements for tree and soil preservation, layout and design, tree species selection, nursery 
stock selection, tree siting and location and inspection.  The guidelines also define specific requirements 
for tree installation, warranty and maintenance.  

Watering
Drought stress limits the growth of newly planted trees more than any other factor.  The root ball soil is the 
primary source of water for the tree until the root system develops outside of it.  During the first few years 
of establishment it is important to keep the root ball moist but not overwatered.  The root ball dries out 
very quickly.  A watering plan should be determined based on seasonal conditions detailing the frequency, 
quantity and method of watering.  Moisture in the root ball should be monitored to avoid underwatering or 
overwatering.  Organic mulches conserve soil moisture, buffer soil temperature extremes, control weeds 
and other competing vegetation and replenish organic matter and nutrients in the soil leading to improved 
root growth. 

Drainage
Poor drainage accounts for substantial loss of new trees.  When soil permeability is low, as is common 
in disturbed and compacted soils, the soil in the planting hole can remain saturated for long periods, 
driving out oxygen and effectively killing the tree roots.  Irrigation systems designed for lawns, often over-
irrigate trees.  Subsoil must be inspected after excavation of the planting area to determine need for 
supplemental drainage.  Improving drainage for individual trees can be done in several ways.  Selecting 
species that are more tolerant of poor drainage can also improve performance.  Perforated plastic pipe 
or products manufactured specifically to create drainage channels can be used to direct water from the 
bottom of the planting hole.  Water must be drained away from the planting area and may be connected 
to a storm sewer system.  Gravel at the bottom of the planting hole will not improve drainage.  

5.0 Methods and Materials
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5.2 Enhanced Planting Strategies
Research is consistently being done to improve tree planting methods and opportunities.  
All planting strategies should be individually researched and designed for use on specific sites.  

Water and Irrigation
Rainfall may not be sufficient to sustain tree growth, particularly in the urban area, where rainfall is not 
absorbed by the root zone soil.  Water availability should consider sustainable water harvesting for rain that 
falls in the area.  Porous pavement is a simplified and direct way to harvest rain water.  In place of porous 
pavement, porous piping systems can be designed below the paving to collect water from an inlet which 
collects rain supplied water, or another external supply.  Irrigation should be designed in accordance with 
soils, slope, plant material, microclimate, water source and local weather conditions. Water requirements of 
a tree will be reduced after establishment.  Adding properly designed irrigation systems in dry environments 
will increase the soil’s ability to support trees.  Irrigation systems are often expensive and maintenance 
intensive.  Drip irrigation systems reduce evaporation loss and to avoid applying unnecessary water on 
pavements.  Water conserving irrigation management methods can be used such as check valves, pressure 
regulators, and moisture/rain/wind sensors.  Sediment is a problem for water inlets and they must be 
designed with a method of clearing collected sediment.  Surface water in boulevard environments will carry 
winter de-icing salts.  In addition to planting salt tolerant trees in these environments, the soil must have 
adequate volume and drainage properties.  All planting soils must drain properly to avoid overwatering.  

Root Paths
Root paths are manufactured channels filled with soil to allow roots to grow out of confined spaces to 
access adjacent areas with better soil quality and quantity.  Channels are laid radially from the root ball 
using trenches or pipes filled with good quality soil. Root paths are not intended to provide a significant soil 
volume within the paths.  Root paths are typically 10cm wide, 30cm deep and spaced at 1.2m to retain the 
structural integrity of the existing sub-base.  

       (www.caseytrees.org)
Continuous Soil Zones 
A continuous trench is a long, shared planting pit filled with quality soil to provide extra soil volume for root 
growth beneath paved surfaces.  Pedestrian areas may also be designed to accommodate continuous open 
soil zones that are protected from compaction.  A 1.5m wide trench could be spanned with an engineered 
reinforced structural concrete slab on footings either side of the trench.  Trenches can also be used to 
connect roots to other soil zones.  See Appendix C for detail.  Coordinate placement of utilities, light poles, 
bus stops, driveways and hydrants to maximize continuity of trenches.  
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Soil Vaults
Soil vaults are engineered underground containers that keep roots separated from other infrastructure.  
Soil filled vaults can be engineered from plastic or concrete with drainage installed.  The top of the vault 
is typically precast and the bottom of the vault is open.  A footing is generally required under the vault.  
Vaults can be designed for volumes as large as 30 cubic metres, designed for vehicle loading.  Drain 
boards are required along the edge of the vault similar to roof planters.  Large vaults have the potential 
to conflict with other infrastructure such as underground utilities and drainage, especially in an already 
confined environment.  

Aggregate Structural Soils
Structural soils provide a simplified pavement base and root medium to help support larger trees and 
pavement using a soil-earth mix that can be compacted.  It withstands compaction caused by foot traffic, 
vehicle loads and vibration and reduces damage to sidewalks and pavements by encouraging deeper root 
growth.  CU Structural Soil was developed by Cornell University with an approximate formula of 20% clay 
loam soil, 80% angular gravel with no fines and 0.03% polymer gel.   Structural soil should ideally be used 
as a supplemental rooting area or for paths beneath paved areas.  

Structural soil may be more costly than natural or manufactured topsoil as the uniform blending of soil 
components requires special equipment and careful monitoring.  Pre-mixed soil cannot remain stockpiled 
for long periods of time or transported over long distances because the component parts will separate.  

In order to implement this strategy, ensure adequate budget early in the project development process.  
Ensure that structural soils are used only at appropriate locations

Suspended Pavement and Structural Soil Cells
Soil cells are engineered frames installed below a pavement surface to provide a void for soil volume.  
DeepRoot have developed a modular, pre-engineered cell system to create large spaces under pavement.  
The cells are stacked to a designed depth with a deck secured on top of each stack.  The system has an 
aggregate foundation on a compacted subgrade and requires supplemental drainage.  Cells are designed 
for vehicular loading.  

      (www.deeproot.com)
Root Barriers     
Root barriers are physical obstructions installed between the roots and infrastructure to prevent or delay 
conflicts between the two while channelling roots downward towards suitable soil.  

Limitations of successful tree planting and maintenance often include time, cost, lack of knowledge 
regarding tree growth requirements, and lack of understanding of tree values.  The maintenance costs 
should be built in to the development plan.  Public tree education can help to promote community 
maintenance of newly planted trees.  This can be achieved through signage, tours, workshops and 
publications.   

5.3 Technical Details
Appendix C includes details for tree protection fencing, general deciduous tree planting, deciduous tree 
planting boulevard, deciduous tree planting in paved areas, deciduous tree planting in poor/confined soils, 
deciduous tree planting with ground covers, coniferous tree planting and trench in continuous soil zone.  
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