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EXECUTIVE SUMMARY

Today, the majority of the world’s population lives in urbanized areas, with a trend toward increasing
urbanization and density in cities. As pressure on finite urban forest resources intensifies, appreciation of the
benefits that they provide to residents and visitors is growing.

In Canada, the urban forest includes a variety of vegetation and landscape types such as public parks,
streetscapes, natural areas and yards, which together form a complex system of urban greenery. Canada’s
urban forests provide its citizens with a range of benefits, which can be expressed using metrics such as
monetary values and well-being indices that capture aspects such as human health outcomes and social
cohesion. Balancing the costs of managing urban forests with the benefits they generate is essential in order
for decision makers to sustain liveable urban spaces and quality of life for Canadians. A number of recent
Canadian studies and projects have reported on key ecosystem services provided by urban forests, using
metrics to assign monetary and other values, to support a business case for investment in urban forest
management.

This report summarizes the contributions of urban forests to society, with a focus on Canadian and North
American studies, as available, and has not focused on the peri-urban setting. It begins with a review and
synthesis of relevant and accessible research that focuses on existing tools (e.g. i-Tree) to quantify the benefits
of urban forests, including data-gathering, decision-support and communication tools. The report then outlines
the various ecological, economic and human health and well being benefits of urban forests using both
economic valuation methods and indicators of well being (e.g. mental health, social cohesion). It identifies
opportunities for future research and analysis of urban forest benefits, costs and trade-offs and implications
that could enhance policy making on urban forest management in Canada.

Based on the literature reviewed, it is reasonable to draw the following conclusions:

e Thereis considerable literature available that documents and/or estimates the value of urban forests
and urban forestry. However, the literature is widely dispersed across kinds of value, metrics of value,
geographic context and type of urban forest. There is a need for more synthetic and aggregated
studies, with consistent evaluation across a standard range of dimensions and metrics (i.e. both
economic metrics and other quantitative studies).

* There are many values considered in the literature that go beyond those evaluated in the few
comprehensive assessments conducted for Canadian cities (notably, those prepared by Alexander and
McDonald for Toronto Dominion Bank). This suggests that the economic benefits of urban forests may
be significantly higher than those estimated to date.

¢ Atthe same time, many evaluations do not fully reflect the economic cost of urban forests or the
negative impacts of urban trees. Available literature suggests that the benefits of urban forests
typically outweigh the costs of their management and care, leading to overall net benefits; however, a
comparison of costs across studies is difficult due to inconsistencies among calculations and
assumptions and lack of full cost accounting.
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* There is a strong need for systematic research and data collection at the local and national scales to
support inventories, baseline studies and planning for urban forest management, particularly in the
space between management and empirical research.

* There are some dimensions of urban forests for which economic data are already available, in more
mature areas of research (e.g. property values, energy use, stormwater management, certain
recreation and tourism revenues, savings in certain hospital stays). There are also other rapidly
emerging fields (e.g. well-being, cultural ecosystem services) where economic data are scarce,
highlighting a considerable need for further economic analyses.

* There are relatively few robust studies of future projected values beyond i-Tree modelled estimates,
which require various caveats in their interpretation. This is particularly true of projections that
consider climate change impacts and responses, which are likely to be critical drivers of change in
urban forest health, productivity and maintenance costs. This represents a major deficiency in light of
existing trends (e.g. declining forest health due to pests, increasing urban density in Canada and
elsewhere). Reversing these trends and establishing an expanded and healthy canopy in cities could
mitigate worsening heat impacts of climate change on vulnerable urban populations.

* Relatively few studies have assessed the effectiveness of monitoring programs, incentive schemes and
policies and governance structures for urban forestry at the municipal scale.

Urban forest evaluation tools tend to focus on forest structure and “regulating” ecosystem services (such as
microclimate modification), which are more clearly measureable. These services are largely determined by
urban forest structure and function, as in the widely-used i-Tree suite of tools, which are easily accessible to
various users. There is, however, a need for more consistent evaluation of the utility of i-Tree in practice,
particularly as applied to Canada’s forests and climatic conditions. A number of valuation methodologies and
other tools are available and cost and benefit estimates generated using such tools appear to be heavily
influenced by local economic conditions and factors such as infrastructure investment. Both high-tech tools
(e.g. LIDAR) and low-cost, accessible data platforms (e.g. Google Earth, smart phone applications) are currently
being tested, suggesting that accurate data acquisition to support robust urban forest management will
increase in Canada.

In terms of emerging needs and future directions relevant to Canadian government agencies such as the
Canadian Forest Service (CFS), we identify five key drivers of change that are expected to shape the future of
Canada’s urban forests: urbanization, rising rates of chronic disease, shifting cultural identity, climate change
and changing demands for community engagement. These present a range of growing needs and
opportunities for urban forestry, such as offsetting temperature rise in cities, promoting social cohesion and
supporting prosperity and equity for all Canadians. However, urban forests are also confronted by major
threats, barriers and challenges. These include external challenges (e.g. impact of climate change on tree
selection and survival; declining health and stock of urban trees due to poor development practices and
regulations) and internal challenges (e.g. governance and administration of urban forestry, fragmented
management of urban forests, shrinking municipal government budgets).

Key implications for strengthening planning and management of Canada’s’ urban forests include:
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* Developing a strong business case for urban forests in order to compete with other land uses such as

property development for residential, commercial, institutional and infrastructure purposes.

* Developing a strategy for more comprehensive research on benefits and costs of urban forests as well
as evaluation of management strategies by practitioners and local governments to maximize benefits
generated by urban forests in Canada.

* Developing urban forest planning and management guidelines to address the needs of Canada’s
changing urban landscapes.

* Supporting development of improved urban forest evaluation tools and databases at local and regional
scales, with regular aggregation into resources such as the “State of Canada’s urban forests” report.

* Investment and actions to promote collaboration between all levels of government. For example,
responsibility and management costs for urban green spaces typically lie with the municipal authority,
while health spending is under provincial and federal authority. Evidence for and clarification of
relationships between agencies may be crucial for shifting policies to enhance fiscal responsibility and
equitable cost sharing.

* Conducting research to improve methods for eliciting the public’s values on urban forestry in order to
improve understanding of Canadians’ perspectives and awareness of urban forests. This information
could be used to develop guidance practices for informing and engaging communities in citizen science
(e.g. urban forest monitoring) and management of urban greenery on public and private lands.

There is considerable potential for higher levels of regional, provincial and even federal government
involvement in providing services and support for integrated planning and management and creating
opportunities for knowledge exchange, policy leadership and programming in the field of urban forestry. There
is also the need for provision and enhancement of new skills, education and awareness of urban forestry at
various levels (e.g. high school through adult education) and retooling of practitioners in the broadening field
of urban forestry.

As the practice of urban forestry develops in Canada, CFS could play a key role in helping to shape the future of
Canada’s future urban forests, in order to maximize benefits and ensure their equitable distribution among
urban residents. CFS could provide leadership by developing an urban forestry research program that
addresses the widening range of issues affecting a crucial resource to Canadians that is sometimes taken for
granted.
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1 INTRODUCTION

Today, the majority of the world’s population lives in urbanized areas. The United Nations Population Division
estimates that over half of the global population currently lives in cities and urban populations are growing by
about 2 percent annually (Population Division of the Department of Economic and Social Affairs of the United
Nations Secretariat 2008). In North America, this trend towards urbanization is even stronger, especially in
Canada and the United States (US), where approximately 80 percent of the population lives in urban
environments (McPhearsonet al. 2013). As urbanization continues, urban greenery and the benefits it provides
are playing an increasingly important role in creating liveable urban spaces and maintaining the well-being of
the majority of Canadian and US residents (Thompson 2002; Hansmann et al. 2007; Giovanniet al. 2011b).

1.1 What s “urban forestry”?

“Urban forestry is the management of trees for their contribution to the physiological, sociological and
economic well-being of urban society. Urban forestry deals with woodlands, groups of trees and
individual trees, where people live - it is multifaceted, for urban areas include a great variety of
habitats (streets, parks, derelict corners, etc.) where trees bestow a great variety of benefits and
problems.” (Carter 1993, adapted from Grey and Deneke 1986)

In this report, we use the terms “urban greenery” and “urban forest” to describe components such as parks,
woodlands, street trees, greenways, private trees and shrubs, green walls and urban orchards. “Urban
forestry” is the study and management of this urban greenery (Helms 1998). These components and their

relationships to one another are illustrated in Figure 1.

Recreational parks/sports fields
Woodlands
Parks Pocket parks
Rooftop parks
Urban orchards
Street trees and landscaping

Streets Greenways
Urban Forests / Urban orchards
Urban Greenery Trees/shrubs
Private gardens Urban agriculture

Urban orchards

. Green roofs
Green architecture
Green walls

Golf courses
Other Cemeteries
Community gardens
Figure 1. Urban forests/urban greenery and their component parts.




1.2 Urban forestry in Canada

Trees and green spaces are fundamentally important to human well-being and offer a wide range of services in
urban environments (Canadian Urban Forest Network 2004). The fact that urban trees and green spaces
provide environmental, physical, psychological, social and economic benefits is well established (Ulrich et al.
1991; Kuchelmeister 2000; Thompson, 2002; Konijnendijk et al. 2005; Heidt and Neef 2008; Poudyal et al.
2009; Kenney et al. 2011). Trees and green spaces reduce the “urban heat island effect” ( McPherson et al.
1999), improve air quality (Heidt and Neef 2008), reduce surface water runoff (Konijnendijk et al. 2005) and
support urban biodiversity ( Rudd et al. 2002; Goddard et al. 2010). They help us recover from stress (Ulrich et
al. 1991), increase property values (Poudyal et al. 2009), improve social cohesion (Kweon et al. 1998; Sullivan
2004), improve public health outcomes (Vries et al. 2003; Maas et al. 2006; Mitchell and Popham 2008) and
may reduce violent crime (Kuo and Sullivan 2001). As more people make cities their home, we need to consider
how best to maximize and maintain the benefits of urban greenery and ensure that urban residents are all able
to experience these benefits.

Urban forests and the benefits they provide are receiving increasing attention in North America from the public
and various levels of government. In recent years, municipalities have become increasingly aware of the
benefits provided by urban forests and the public’s appreciation of them, leading to renewed investment in
urban forestry in some municipalities such as Phoenix (City of Phoenix 2009; Harnik 2010), Toronto ( The Parks,
Forestry and Recreation Division, City of Toronto 2013) and Vancouver (Poudyal et al. 2009; City of Vancouver,
Greenest City 2020 and Vancouver Board of Parks and Recreation 2014; Vancouver Board of Parks and
Recreation 2014). As populations grow and urban density increases, shared open green spaces will become
more heavily used and the public will likely require increased access to green space (Kline 2006).

The Toronto Dominion (TD) Bank recently released two reports quantifying the value of urban forests in
Toronto (Alexander and McDonald 2014) and in three other cities across Canada (Vancouver, Halifax and
Montreal) (Alexander and DePratto 2014). The reports focused on quantifying the economic value of
ecosystem services such as reduced flooding, improved air quality, energy savings from reduced urban
temperature, carbon sequestration and reduced fossil fuel emissions from lower energy use. The value of these
services was estimated in dollar values, providing one of the first tangible assessments of the value of Canada’s
urban forests.

While these reports are an important tool for understanding and communicating the value of Canada’s urban
forests, the benefits provided by urban forests are in fact much more complex and wide-ranging. This report
goes beyond the TD Bank assessments to evaluate urban forest benefits much more broadly, in the hope that
the full range of urban forest values and benefits can be included in urban forest planning and management in
Canada, potentially positioning Canada as an urban forestry leader.



2 PURPOSE AND SCOPE

The purpose of this report is to summarize the contribution of urban forests to the Canadian economy and
society. It presents a review and synthesis of relevant and accessible research on valuing the various benefits of

urban forests. This review goes beyond traditional economic valuations to include:

* Ecosystem services, including aesthetic and cultural values
* Health/well-being/quality of life

*  Property values

* Economic development

* Tourism and recreation

The review is focused on Canadian and North American studies, where possible, but also includes key examples
of valuations and metrics from international studies. We have focused out attention primarily on urban
environments and not on peri-urban issues such as large-scale water filtration and wildfire management. Our
review does consider a range of community sizes in our discussion of urban forest values. Within this scope,

the review identifies gaps and opportunities for future research.

Reflecting the importance of tools to support urban forest valuations, we present a review of the i-Tree suite of
tools, their applications, limitations and areas for additional development. While i-Tree is currently one of the
most widely-used urban forest valuation tools, the report reviews additional valuation tools that are currently

being used by North American governments and private organizations, either in support of or instead of i-Tree.

Finally, we identify key opportunities for future research and collaboration at the national level in Canada and
key messages and implications that could enhance policy making on urban forest management. We hope that
this information will be useful to agencies such as the Canadian Forest Service and its partners in considering
the case for further research, collaboration and knowledge transfer to support healthy and productive urban

forests, integrated with prosperous and resilient communities.



2.1 Keyterms

Several key terms are used throughout this report. The authors adopt the following definitions based on the
work of The Economics of Ecosystems and Biodiversity (TEEB website)' and the Millennium Ecosystem
Assessment (Millennium Ecosystem Assessment (MA) 2005):

Ecosystem services (also “ecosystem goods and services”): The direct and indirect contributions of
ecosystems to human well-being (Costanza et al. 1997; TEEB website n.d.). Authors such as Ango et al.
(2014) extend this definition to reflect an anthropocentric perspective of ecosystem services

IU

(“beneficial”) and disservices (“problematic”).

Well-being (human): A context-and situation-dependent state, comprising basic material for a good
life, freedom and choice, health and bodily well-being, good social relations, security, peace of mind
and spiritual experience (MA 2005; TEEB website n.d.).

Ecosystem function: a subset of the interactions between ecosystem structure and processes that
underpin the capacity of an ecosystem to provide goods and services.

Impact (on ecosystem services): Positive or negative changes in the quantity, quality, timing or location
of one or more ecosystem services that result from a change in ecosystem function.?

Value: The contribution of an action or object to user-specified goals, objectives, or conditions (MA
2005; TEEB website n.d.). Throughout this report, we adopt a Total Economic Value approach, which
defines value as "the sum of the values of all service flows that natural capital generates both now and
in the future — appropriately discounted. TEV encompasses all components of (dis)utility derived from
ecosystem services using a common unit of account: money or any market-based unit of measurement
that allows comparisons of the benefits of various goods" (Pascual et al. 2010).

Valuation: The process of expressing a value for a particular good or service in a certain context (e.g., of
decision-making) usually in terms of something that can be counted, often money (i.e. “economic
valuation”), but also through methods and measures from other disciplines (sociology, ecology and so
on) (MA 2005; TEEB website n.d.).

Cost-benefit analysis: A technique designed to determine the feasibility of a project or plan by
guantifying its costs and benefits (MA 2005; TEEB website n.d.). A cost-benefit ratio (CBR) may be
developed to summarize the overall value of a project or proposal.

' TEEB website: http://www.teebweb.org/resources/glossary-of-terms/
> Adapted from WRI (2010).




3 URBAN FOREST EVALUATION TOOLS

An urban forest is comprised of a number of elements and relationships that are intricately linked with each
other and these can be modelled for evaluation purposes. Existing models generally take the form shown
below:

) Y

Measure Forest + Identify Key = Determine Value
Structure Ecological Functions

Figure 2. Steps when valuing urban forests

Urban forest structure is the spatial arrangement of vegetation in relation to built infrastructure across all land
types within an urban or suburban landscape. Forest structure is represented by metrics such as leaf area
index, canopy cover, species composition, age and diameter distribution, growth and mortality rates, density
and spatial extent. Leaf area and canopy cover are directly related to forest ecological processes and have the
greatest influence on air quality, energy use, hydrology and microclimate modification. Once the relationship
between forest structure and function is understood, changes in forest structure and resulting ecological
processes can be measured or predicted and a benefit valuation can begin (McPherson et al. 1997).

The evaluation of the monetary value of urban forests includes both forest functional characteristics and
amenity benefits. These require due consideration from managers and decision makers during the land use
planning and city-building process (Vandermeulen et al. 2011). Ultimately, robust urban forest protection and
management is promoted when the costs and benefits of urban forests can be compared directly to other city
infrastructure during budget analysis and priority setting. Various tools for urban forest assessments can be
used to understand forest structure and function and to quantify and value of the benefits they confer.

From urban forest function, the key services they provide which can be monetized include carbon storage and
sequestration, air quality improvement through pollution removal, moderation of the urban heat island effect
which is translated into reduced building energy use and stormwater regulation through transpiration and
canopy interception. There are many other services such as health and well-being, recreation and cultural not
investigated here as metrics associated with monetary value have not been clearly established. These services
require other methods of quantification. There are multiple methods for measuring urban forest attributes, the
effects they have on the environment and the benefits they provide (Brown et al. 2012). From this information,
various methods for comparative cost analysis for urban forest management have been developed.



A review of arboriculture literature shows that individual tree appraisal is the most standard method for
valuing trees, yet location, site index and tree condition produced a wide range of monetary values among
cities (Gémez-Baggethun et al. 2013). Because of the altered character and heterogeneity of land within
cityscapes, urban areas are stratified by land use (urban core, residential, industrial or park), by land ownership
(private, public, utility ROW, transportation corridors, provincial) and by land cover (vegetation, building,
water, agriculture and pavement). Urban forest assessment tools can be divided into data acquisition tools and
decision support tools. This section provides an overview and analysis of key urban forest assessment tools in
both categories; as well as a review of information gaps and highlights areas for future research.

3.1 Approaches to evaluating ecosystem services

Trees have various ameliorative effects in the urban environment that can be termed “ecosystem services”. For
example, trees moderate temperature fluctuations, modify air and water flows and sequester and store CO,
(McPherson et al. 1997). The Millennium Ecosystem Assessment of 2005 defined four categories of ecosystem
services: provisioning, regulating, supporting and cultural (see Table 1). Each category contains a unique set of
characteristics conferring specific benefits (Millennium Ecosystem Assessment 2005).

Table 1. Categories of ecosystem services.

Categories Ecosystem services

Provisioning Tangible products such as timber or fuel

Regulating Functions such as carbon sequestration and climate modification through transpiration
Supporting Preservation of terrestrial and aquatic habitats

Cultural Aesthetics and liveability

Within the context of urban forests, the term “ecosystem services”, applies specifically to the benefits provided
to humans through functional processes and interactions with the surrounding environment and local ecology.
In order to better manage, plan, understand and advocate for urban forests, it is necessary to quantify the
ecosystem services they provide. The term “green infrastructure” is defined as the network of green places and
water systems which deliver multiple environmental, social and economic values to urban communities. When
considered as green infrastructure (Ely et al. 2013), urban forests are comparable to grey infrastructure,
because both assets perform similar functions through the transmission of energy, nutrients and water
between locations. Urban forests can also help mitigate the negative environmental effects of grey
infrastructure, such as air pollution. Although both green and grey infrastructures have maintenance costs
associated with them, grey infrastructure depreciates and loses value over time. In contrast, green
infrastructure, such as an urban forest, is a dynamic living system that encompasses the full life cycle from
initiation, establishment and growth, to eventual decline and death. If managed and planned effectively, an
urban forest can grow and increase in value over time, although it will need replacement at some point in its
life cycle.



3.2 i-Tree

The i-Tree method for the analysis of natural resources in cities began in the United States through vegetation
mapping and site descriptions (Rogers et al. 1988). In the 1990s, an investigation by the USDA Forest Service
Research Stations into urban forest research produced a series of prototype modelling programs. The UFORE
(Urban Forest Effects) and STRATUM models were the first prototypes (Nowak et al. 2008). Subsequent
collaboration between the USDA Forest Service, the horticulture and arboriculture industry, professional
associations and not for profit societies lead to the suite of i-Tree tools, released in 2006 (www.itreetools.org).

This modelling platform provides analysis and benefits assessment by quantitatively valuing ecosystem services
provided by trees in urban situations. i-Tree’s strength lies in its ability to quantify and measure the Regulating
category of Ecosystem Services, but it has limited capabilities for assessing the other categories (Table 2). At
first intended for larger organizations such as counties and municipalities, i-Tree’s audience is now much wider
and includes stewardship groups, homeowners, educators and volunteer and community organizations.

Table 2. The category of ecosystem services assessed by urban forest evaluation tools.?

Ecosystem Services

Provisioning Regulating Supporting Cultural
i.e. Biomass, fuel and i.e Carbon storage and i.e. Biodiversity i.e Aesthetics and
food sequestration recreation

3.2.1 Applications

i-Tree was designed to quantify the structure of an urban forest to promote understanding of tree and forest
function and the ecosystem services they provide. It can be used at a wide range of spatial scales from the
individual tree or tree grouping level to the stand level or city level. It includes various tools that support urban
forest management, such as by helping to select the best tree planting locations and understanding how trees
will respond to disturbance events or deteriorating conditions in the urban environment. Ultimately, i-Tree’s
goal is to articulate the significance of urban and community trees for more informed forest management
decisions, at a range of temporal scales, by setting priorities and demonstrating value. i-Tree’s primary goal is
documentation and analysis of urban forest structure and function. However, the i-Tree suite of tools is also a
forum for sharing research and information, exchanging ideas and ultimately planning for future growth by
providing a decision-support framework. i-Tree uses methods and algorithms developed by forestry and
arboricultural researchers and is thus science based. i-Tree uses inputs of baseline data from several sources
including remote sensing, Google Maps and field observations. Climatic and meteorological data are used in
measurements of air pollution, stormwater peak flows, air temperature and carbon sequestration rates, which
can be used to assess homeowner values and energy savings. Because it was produced with public funds, i-Tree
is freely accessible through the internet and does not require complicated or expensive software to operate. It
is continually being updated with feedback from users, new scientific research and technological advancement.
Ongoing technical support is also provided to users of the software. The i-Tree tools and their applications are

3 .
Source: www.itreetools.org




summarized in Table 3. Urban forest valuation is based on single tree valuation methods developed by the
Council of Tree and Landscape Appraisers (CTLA). Compensatory or replacement value represents
compensation for tree losses to owners and can be viewed as the value of the tree as a structural asset. It is
narrowly defined because it focuses on individual tree value, yet is the baseline from which the value of an
urban forest is extrapolated (Nowak 2002).



Table 3. Summary of i-Tree tools and their functions, requirements and limitations.

Purpose

Ecosystem
Services
valuated:

Carbon storage

Pollution
removal

Microclimate
moderation

Stormwater
regulation

Canopy
interception

Aesthetics

Compensatory
value

Spatial Scale

Outputs

Inputs

Capabilities

Software

Intended users

Limitations

i-Tree Eco

Estimates benefits by
analyzing forest
structure

Single tree, stand and
city level

Summary report
including monetary
valuation of urban
forest benefits

Inventory or plot
sampling by land use

class with meterological

and pollution data

Calculates structural
and functional
information with
algorithms

Web-based

Municipalities,
stewardship groups,
general public,
educators

Dependent on quality

of meterological and air

pollution data

i-Tree Design

Estimates single and
multiple tree benefits

Single tree and tree
grouping

Summary Report of
Tree Benefits

Aerial map data

Simulation of
scenarios to forecast
future benefits

Web based with
Google Map interface

Arboriculture and
design professions

i-Tree Canopy

Estimates canopy
cover

Local scale to stand
level

Summary Report of
percent cover plus
estimate of benefits

Survey data by cover
class. Uses EPA's
BenMap program to
assess pollution

Evaluate effects of
disturbance, growth
and mortality rates

Web based limited to
Google Map
interface.

Municipalities urban
foresters,researchers

GIS may be needed
for complex projects.

i-Tree
Streets

Assessment of
street tree
populations

Stand level

Report with age
distribution,
growth models,
replacement
value

Street tree
inventory data

Compares
benefits
between
locations. Pest
detection

Software
requirement -
not desktop

Urban foresters,
stewardship
groups

Estimates
present benefits
of street trees
only

i-Tree Vue

Land cover
assessment

Stand and
landscape level

Summary report of
benefits. Growth
curves

Satellite imagery
derived from
Landsat

Models future
effects of
silviculture
scenarios

National Land
Cover Database
(NLCD)
Municipalities,
landowners,
stewardship
groups



Purpose

Ecosystem Services

valuated:

Carbon storage

Pollution removal

Microclimate
moderation

Stormwater
regulation

Canopy
interception

Aesthetics

Compensatory
value

Spatial Scale
Outputs

Inputs

Capabilities

Software

Intended users

Limitations

Appropriate species
selection

Single tree level

Produces a ranked list
of appropriate species

USDA hardiness zones

Relative rating of
benefits at tree
maturity

Web-based

Property owners,
neighbourhood
organizations

Dependent primarily
on hardiness zone
criteria alone

Quantify impacts of
changes in tree and
impervious cover

Watershed scale
Summary report and DEM
visualization

Hourly stream flow data

Simulates changes in
water quality and quantity

Stand alone application

Urban planners and
resource managers

Requires management of
complex data sets

Provide reliable numbers
for risk management

Mitigation of storm
damage through
estimation of clean up
efforts

Community and region
level

summary report and
spreadsheet

Sample street segments

Quantify damage from
storm events

Web based

Disaster prevention
organizations

Requires management of
complex data sets

Pest detection and
monitoring program

Past pest disturbance
events and pest
population trends

Single tree to city

Summary report

Inventory or plot sample
data

Integration of pest
detection procedures

With i-Tree Eco + i-Tree
Streets

Municipalities,
stewardship groups

Knowledge in pest
detection required
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i-Tree tools are categorized into three subgroups: Core, Secondary and Utility. Refer to Table 3 for a summary
description of the complete suite of tools.

Core tools: i-Tree Eco, i-Tree Design, i-Tree Canopy and i-Tree Streets

i-Tree Eco is a core tool that uses field data from simple random plots or inventory data to obtain overall urban
forest structure information, analyze function and determine some benefits. It is used with pollution and
meteorological data to estimate CO, emissions, carbon sequestration, air pollution removal and canopy
interception of rainfall. If adequate inventory data are collected, it has the capability to calculate information
for each tree. If plot data are used, information is estimated at the population level. It can be used at multiple
scales and has been used extensively for city scale projects in the USA, as well as in Canada and Australia. It
requires precise data collection and can produce report summaries with dollar values attached to each
ecosystem service. It is an adaptation of the UFORE (Urban Forest Effects) model.

i-Tree Design measures individual tree or tree grouping attributes for analysis of benefits at the site level and
uses Google Maps imagery as the interface. i-Tree Design can be used to estimate the effect of existing or
proposed trees on energy use, greenhouse gas mitigation, air quality and stormwater interception over time
and compare the benefits of alternative species, locations or sizes.

i-Tree Canopy determines land cover types and percent tree cover based on Google Maps imagery. Users
define a project area and context-specific land cover classes such as pavement, buildings, agriculture, lawn,
water, etc., which i-Tree can then assign to each location using stratified sampling. It estimates values for air
pollution reduction and the potential for capturing atmospheric carbon and then uses background technical
information and calculations for determining methodologies for assigning monetary value to ecosystem
services. The US Environmental Protection Agency’s BenMAP or Environmental Benefits and Analysis Program
provides the technical rationale for assigning monetary value to urban forest benefits (Table 4). It estimates the
health impacts and economic value of changes in air quality and calculates the number and economic value of
pollution-related deaths and illnesses. Accuracy and standard error improves with the selection of more points
and reduces the incidence of incorrectly assigning the wrong cover class based on limitations of the resolution
and shadow in the Google imagery. A summary report of percent cover in table and graph format along with an
estimation of tree benefits is produced.

i-Tree Streets uses inventory data to estimate the value of municipal street trees. It analyzes structure,
management needs, costs and benefits of a municipality’s street trees based on either a complete or sampled
inventory. It can be used by urban forest managers to set priorities, define goals and objectives, plan for tree
replacements and identify sites for future planting programs. The cost-benefit analysis is particularly useful for
staff managing a large and spread out population of street trees. This tool is an adaptation of STRATUM (Street
Tree Resource Assessment Tool) modelling software by USDA Forest Service.
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Secondary tools: i-Tree Vue, i-Tree Hydro, i-Tree Species

i-Tree Vue uses the remotely sensed National Land Cover Database (NLCD) imagery to assess current land
coverage and tree canopy, as well as modelling future planting scenarios. It produces multi-spectral data from
Landsat sensors which measure the electromagnetic energy reflected and emitted from the Earth’s surface.
This data and resultant imagery is at a spatial resolution of 30m and organized into 29 Land Cover
classifications measuring percentages of selected attributes such as impervious cover, tree cover and salt and
freshwater cover.

i-Tree Hydro (beta) uses existing datasets to simulate changes to tree/impervious cover and effects on
watersheds for watershed scale analyses. It was designed for urban planners to assess development effects on
trees/vegetation and hydrology. It has two modules: one to simulate changes in hourly stream flow and
another to simulate changes in water quality. The software produces visuals, reports and graphs which
illustrate changes from an existing base case scenario. It has the ability to assess the influence green
infrastructure exerts on peak flow intensities and microclimate moderation through plant processes, such as
evapotranspiration as opposed to grey infrastructure. The software was developed at the State University of
New York College of Environmental Science and Forestry (SUNY-ESF) in collaboration with the USDA Forest
Service.

i-Tree Species is a species selection tool. It rates and ranks environmental benefits by species with input data of
hardiness zones, tree height constraints and desired tree functions at maturity. It was developed by the USDA
Forest Service in collaboration with SUNY-ESF.

Utillity tools: i-Tree Pest Detection, i-Tree Storm

i-Tree Pest Detection simulates pest disturbance event scenarios and their negative impacts on the urban
forest’s ability to provide ecosystem services.

i-Tree Storm is an assessment method for forecasting storm scenarios and quantifying the associated damage
after a storm event. It is adaptable to various community sizes and types and provides information on the time
and funds needed to mitigate storm damage.

The development of the i-Tree suite of tools has transformed software based on urban, wildland and industrial
forestry into an accessible format for use by government organizations, communities and professionals
(McPherson et al. 2011). Technological advancements have made these tools accessible to a wide range of
users. The rapid development and adoption of these tools in the urban forestry community highlights the
dynamism of this sector.
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3.2.2 Limitations

Although i-Tree is the most comprehensive urban assessment tool available, combining data-acquisition
techniques with a methodology for decision support, i-Tree does have limitations and areas where future
improvements could be made. With the exception of i-Tree Streets, which provides methods for assessing and
evaluating aesthetics, i-Tree primarily captures the valuation of the regulating category of ecosystem services.
The developers clearly state that it is not useful for valuing other ecosystem services, although research into
methods for measuring wildlife biodiversity (supporting services) is in the formative stages. The calculations
and algorithms use United States climate, geographic, tree growth and economic data. Therefore only
approximate quantifications and valuations for other areas can be obtained. For a more precise analysis,
location specific weather and pollution data are required as in a study (Findlay 2013) of the applicability of i-
Tree Eco in New Zealand. Other local factors include the calibration of tree growth data and economic data
(Soares et al. 2011). Although the suite of programs is free and easy to use, the required data acquisition and
sampling may preclude its widespread use except for defined capital projects or volunteer/stewardship
initiatives with access to existing tree inventory data.

i-Tree’s reliance on the compensatory or tree-replacement value approach does not reflect the full range of
urban forest management costs and values. The Council of Tree and Landscape Appraisers method is the
benchmark pricing system i-Tree uses to incorporate the monetary value of a tree or ‘private good’ from the
perspective of individual tree owners. This precludes the inclusion of collective ‘public goods’ associated with
tree and forest assets and therefore is somewhat restrictive in scope (Nowak et al. 2002).

Although i-Tree Design and i-Tree Canopy use a Google Map interface to define tree attributes and determine
land cover types, the summary report information produced after analysis is a set of aspatial, graphs and
tables. Linking this output data to a GIS, Google Earth or Street Vue visualization platform would improve
communication of forest growth and decline over time, as well as identify key relationships with other land use
components within the larger landscape.

Research into the methods i-Tree Streets adopts for the evaluation of aesthetics requires further investigation.
Aesthetics is the critical study of culturally determined valuations of beauty. An aesthetic can only be
described; it cannot be defined (Seamon 2000). Statements which attempt to define beauty or aesthetics in
positive or negative terms should not be supported unless the spatial, temporal and cultural context is explicit
(Ohta 2001). With an understanding of the value-laden judgements usually attached to notions of what
constitutes beauty (i.e. beautiful is good, ugly is bad) developing a framework for the evaluation of the
aesthetic benefits an urban forest provides may be possible.

Simulation of the complete life cycle of an urban forest or tree grouping from tree establishment through to
decline and mortality demonstrates the age class at which benefits to ecosystem services are maximized. By
determining site index, or the potential for trees to grow at a particular location or site, species-specific target
age classes would provide useful information for planting and regeneration decisions. The rate of height
growth is the most practical and consistent indicator of site quality. Understanding a site’s quality and the
productivity it is capable of supporting and sustaining in terms of tree growth is the first step in determining
long range planning objectives for urban forests. Conversely, determination of a disturbance index rating
system to classify various sites would communicate the inherent character of a city as an ecosystem in a
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constant state of disturbance and provide parameters understanding urban ecology for planting and
maintenance activities.

To facilitate urban forest management and long-term planning, the organization of an urban forest into
discrete units or stands based on ecological science (a concept taken from forestry), may be a useful strategy to
ascertain current urban forest structural and functional conditions. This method would provide a more holistic
interpretation of the urban forest and forego a reliance based solely on land use or cover class. For example, a
municipality could delineate stand groups by land-use zoning areas (residential, industrial, commercial) with
each park or neighbourhood comprising one stand. The urban / rural interface, waterfront and intertidal zones
and natural areas such as stream corridors and ravines, etc could also each form the individual stands. Basing
decisions on existing ecological realities will aid in projecting desired future conditions which could become the
spatial blueprint for the definition and clarification of realization of management goals and objectives.
Comparing the growth curves of these stands with trends in operational and maintenance costs over the stand
life cycle could provide valuable information to decision makers for the estimation and allocation of budgets
over time. i-Tree’s sophisticated analysis of forest attributes and function focuses on the trees primarily but
leaves exploration of the ecological context and site conditions undetermined. For example, the question of
existing soil and water resources to support robust tree growth is not assessed. Without an analysis of local
ecosystem dynamics and processes, it is difficult to examine the assumptions implicit within the model
(Rowntree 1984). Although i-Tree Storm is capable of assessing the impacts from storm events, useful
assessments of other disturbance regimes and return events applicable to urban forests and urban regions
could include snow, wind and fire.

Finally, the suitability of data sources, conversion equations and algorithms used to fit the growth / biomass
equations to drive the valuation process for the Canadian context are difficult to source despite investigation
(refer to Table 7 for a summary of i-Tree model descriptions). When criteria such as hardiness zone ratings,
region, species, sample sizes and local climatic data are not transparent it becomes difficult for users, especially
non-experts, to judge the applicability of the tool for a specific purpose or project. A wide gap exists between
web site-level information and highly detailed scientific literature. i-Tree Technical Support Service staff inform
that adapting the i-Tree Eco model to function in a country outside of the U.S. involves modifying existing
databases and preprocessing required pollution and weather datasets to allow the model to automatically
process submitted project data. The i-Tree Eco International Input Manual provides instructions for populating

the international Input Form used only for Eco model development abroad (Al Zelaya, email communication
2015). The i-Tree website (http://www.itreetools.org/resources/archives.php) provides the best

comprehensive listing of the literature and model descriptions for supporting the different tools (primarily i-
Tree Eco). Findlay (2013) discovered that adopting i-Tree Eco to New Zealand required the involvement of the

USDA Forest Service to upgrade the software before it could be used with accuracy.

3.2.3 Case studies: how is i-Tree being used?

Pothier et al. (2013) posit that i-Tree and other ecosystem services evaluation tools have the capability to
refocus institutional and citizen awareness on the importance of urban forests and urban greenspaces and
advocate for their continued investment. A number of high-profile studies explore the effectiveness of i-Tree in
the valuation of different land types including institutional land (Pothier et al. 2013), urban parks (Millward et

14



al. 2011), canopy cover (McPherson et al. 2011), street trees (McPherson et al. 2007) and comprehensive
municipal and regional studies such as those conducted in the City of Chicago (Nowak et al. 2013), City of
Oakville (Nowak 2006) and City of Toronto (Nowak et al. 2013).

Cost-benefit analyses conducted for urban trees in US cities have estimated overall cost-benefit ratios ranging
from 1.31 to 3.25 (McPherson et al. 1997, 2005; Soares et al. 2011). Net present value per tree was estimated
at USDS402 in Chicago, compared to USD$5-113 in New York City, depending on location (e.g. yard, public
park) and size (e.g. small, large) (McPherson 2007). In Los Angeles, the total annual value of benefits was
USDS38 per tree for high mortality trees and USDS56 per tree for low mortality trees (McPherson et al. 2011).
This brief review illustrated in Table 4 demonstrates that urban tree researchers do not have a uniformly-
accepted or standardized way to determine the absolute benefits and costs of the urban forest (Roy et al.
2012).

Table 4. Urban Forest Economic Valuation Costs

NPV / tree
City Year Cost-Benefit Ratio UsD$

Chicago 1997 2.83 $402
New York City 2007 n/a $5-13
Albuquerque 2011 1.31 n/a
Berkeley 2011 1.37 $24
Bismarck 2011 3.09 $37
Charlotte 2011 3.25 S48
Cheyenne 2011 2.09 S21
Ft. Collins 2011 2.18 $38
Glendale 2011 2.41 $18
Los Angeles 2011 n/a $38-56
Santa Monica 2011 1.53 28
Lisbon, Portugal 2011 4.18 159

3.3 Other tools

There are multiple methods for measuring urban forest attributes, the effects they have on the environment
and the benefits they provide. From this information, various methods for comparative cost analysis for urban
forest management have been developed (Cullen 2002). A review of the arboriculture literature shows that
individual tree appraisal is the most commonly-used method for valuing trees, yet location, site index and tree
condition produced a wide range of monetary values among cities (Watson 2002).

As previously noted, urban forest assessment tools generally fall into two categories: Data Acquisition and
Decision Support and an intermediary category of Data Compilation or Synthesis is a useful addition (Table 5).
These categories are not mutually exclusive and in practice there are a number of case studies which
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demonstrate that multiple tools have been used in combination or at different project phases to meet specific

project or research goals (McGee et al. 2012). This section provides only a brief overview of tools as a more
definitive evaluation of the advantages and disadvantages of these tools is beyond the scope of this report.

Table 5. Other urban forest assessment tools that provide data acquisition and decision support.

Data Data Decision
Tool Category and Type Acquisition Compilation Support

Remote Sensing Software

LiDAR °
Multi-spectral imagery °
Biome - BCG L4
GeoBia (Object-based imagery) °
Hemispherical photos with Gap Light Analyzer o
(GLA)

Ground-based techniques

Citizen Science °
Plot sampling/surveys °
Spatial Analysis

GIS

Google Earth

Google Maps/ Street Vue

Aerial / ortho photographs

Data Analysis / Modelling

i-Tree °

Allometric Equations / Regression Analysis
Urban Site Index

Community Viz

INVEST

CityGREEN

Environmental Protection Agency BenMAP
Park Calculator

Carbon Calculator

Green Values Stormwater Calculator

Pest Vulnerability Matrix

Urban Forestry Modeling & Prioritization Toolkit
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3.3.1

Applications

Data acquisition

The use of aerial photography in land use planning is a technology widely embraced by municipal and
other land holding organization as a way to capture the totality of an area in one image and assess and
inventory their land base. Aerial photographs also form the basis of geometrically-corrected ortho
photographs to account for distortion and scaling irregularities.

The Normalized Difference Vegetation Index (NDVI) is an index which measures the ratio between the
visible (red) and near-infrared regions of multi-spectral imagery. It identifies and classifies land-cover
and vegetation types and conditions based on reflectance levels. It uses data collected from high
spatial resolution remote-sensing imagery and is used to detect live green plant canopies (Alonzo et al.
2014; Richardson et al. 2014).

Google Earth and Google Maps are integrated into many computer software programs and act as user-
friendly interfaces with complex software to generate reproducible maps for baseline information
(McGee et al. 2012).

Light Detection and Ranging (LiDAR) is a remote sensing technology that measures distance by
illuminating a target with a laser. The resulting point scatter is then analyzed to produce high resolution
3-D maps. Airborne LiDAR is expensive but is increasingly used by municipalities for mapping urban
forest canopy cover (Alonzo et al. 2014; Ye 2014). The resulting LiDAR point data allows for the analysis
of many possible tree and stand attributes such as biomass, volume and percent canopy cover but has
limited capabilities for the determination of species.

GEOBIA or geographic object-based image analysis was developed to automate methods to partition
remote sensing imagery into meaningful geographically based image-objects and then has the
capability to assess image characteristics through spatial, spectral and temporal scales. Its applications
range from agriculture and natural resource management and is used in combination with high-
resolution remote-sensing data, can accommodate a variety of data types, including LiDAR cloud point
data, LiDAR, multispectral imagery and thematic GIS files. It provides a data-fusion capability that
maximizes the value of existing geospatial data investments while minimizing or eliminating the need
to acquire new datasets (O’Neil-Dunne et al. 2014).

The highly sophisticated Biome-BGC ecosystem process model, capable of analyzing nitrogen, carbon
and water fluxes, becomes particularly useful for urban forest management when combined with i-
Tree Eco. More detailed carbon allocation information can be accessed because it quantifies nitrogen
uptake, often the limiting nutrient determining carbon storage in temperate areas and has simulation
capabilities for long periods of time. i-Tree Eco can only quantify carbon and can simulate up to 1 year
only (Brown et al. 2012).
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* The Geographic Information Systems (GIS) compile and display information from remote sensing and
hyper spectral datasets. They are a powerful tool capable of analyzing spatial patterns in the landscape
(Locke et al. 2010).

* Hemispherical photographs using Gap Light Analyzer software have proven to be a unique method of
understanding the relationship between tree and building-area cover and distinguishing between them
(King et al. 2013).

* Plot- and ground-based survey techniques are detailed and information rich and can be performed by
experts or trained volunteers depending on the accuracy required. Plots can be located via stratified,
systematic or simple random sampling on public or private land to estimate forest or tree population
attributes. Tree inventories are conducted on public lands and typically account for street, ornamental
or heritage tree populations.

Decision support

* Regression analysis can be used to model the growth of trees and canopy cover to create species-
specific growth curves, which can be used by urban forest managers to estimate biomass or carbon
accumulation, life cycle expectations of urban trees, tree replacement programs, maintenance
schedules and therefore, by extension, maintenance costs (Wood 2014). Pre-existing data from
municipal tree inventories or plots can be used to create the dataset to assess forest structure
attributes such as diameter at breast height (DBH), height, Leaf Area Index (LAl) and tree canopy (Peper
et al. 2003).

* The Urban Site Index, developed by foresters at Indiana State University, is a microsite assessment tool
to assess the relative fitness of a site to support tree growth. The Urban Site Index (USI) scores a
potential street tree planting site on four soil parameters and four street parameters, which represent
the relative suitability of the site for tree planting (Miller 2012). Soil observations include vegetation
characteristics, surface compaction, soil penetration and soil development. Street parameters include
speed limit, number of lanes, presence of parking and length between stop signs or lights. Site
information is combined with observations of actual tree growth on sites with different USI scores and
the general knowledge of tree hardiness and ultimate size for various cultivars to optimize tree
selection decisions. USI is one of the few tools capable of assessing ecological site conditions for urban
tree growth (Widney et al. 2013).

* American Forests, a non-profit United States conservation organization, hosts a multiplicity of tools and
initiated the Community Tree Releaf program in 2013, a program dedicated to the assessment,
restoration and monitoring of urban forests.

* CityGREEN (engineered as an extension to ESRI’s ArcGIS software) uses derived land cover data from
sources such as aerial photography or satellite imagery provided by the user to model the effect of
urban forests on air pollution removal, stormwater runoff and carbon storage and sequestration. It can
also be used to perform alternate scenario modeling for presentation use in the planning process and
as a decision- aid tool for communities.

18



Community Viz is a geographic information system (GIS)-based modeling software program that allows
users to envision changes to their current landscape (such as new trees, shrubs, etc.) and understand
the ecosystem service impacts associated with those alternatives. Users create their own rules for
procedural modelling of potential scenarios using spatial data and are able to analyze impacts in a

realistic 3-D setting.

The Urban Forestry Modeling and Prioritization Tookit by Azavea is a suite of tools that allows users to
model and create maps of trees in urban area. It adjusts for heat-island, stormwater and air-quality
effects. Through digital tree planting, users can calculate the environmental impacts of trees and create
alternative ‘what if’ scenarios.

The Integrated Valuation of Ecosystem Services Tool (INVEST) uses GIS maps, graphs and tables to help
educate local and regional decision makers about the underlying values of ecosystem services
associated with green infrastructure (Isely et al. 2010).

The Green Values Stormwater Calculator aims to achieve a full understanding of the role that green
infrastructure (trees and vegetation) can play as an alternative infrastructure provider (Center for
Neighbourhood Technology 2007) by studying the engineering qualities of tree effects in urban
watersheds. The hydrological conditions of a site are assessed to determine stormwater benefits and
their economic valuation for communities. The calculations used are based on the USDA’s Technical
Report 55 ‘Urban Hydrology for Small Watersheds’ (USDA Forest Service 1986).

The Park Value Calculator from the USDA Forest Service quantifies the multi-dimensional values of
parks to increase awareness of attributes and benefits that go beyond relaxation and recreation. Itis a
decision-support tool to quantify park benefits such as clean water and air, tourism, property values,
health and community cohesion in monetary terms for improved support, funding and maintenance
(McPherson 2010).

The Carbon Calculator developed by Tree Canada uses forest carbon modeling created by Natural
Resources Canada’s Carbon Budget Model of the Canadian Forest Sector (CBM-CFS3) software. It uses
emission factors from the Government of Canada and the UK Government to form the basis of the
calculations to quantify rates of carbon storage and sequestration. Available to citizens, professionals
and organizations alike, input data on transportation and energy use are used to calculate emissions in
number of tonnes of CO2 (tCO2). Emission offsets by tree planting are calculated according to location
(by province) and choice of desired tree species to plant. The updated calculator released in March
2015 is able to estimate urban forest attributes such as canopy area (Tree Canada 2015).

The Pest Vulnerability Matrix (PVM) is a computer program to quantify the extent and severity of insect
pest outbreaks for defined tree populations used in coordination with i-Tree Streets, which monetizes
the value of street trees and indicates the potential financial impact of pests borne by municipalities
(McPherson et al. 2013). Report card ratings of indicators of species dominance, age structure, pest
threat and potential asset loss can be used to highlight the green infrastructure benefits provided by
urban forests.
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3.3.2 Case studies

An assessment of the City of Vancouver’s tree canopy through LiDAR technology identified a decline in tree
canopy cover from 22.5 percent in 1994 to 18 percent in 2014. In an effort to reverse the declining trend,
Vancouver City Council formally endorsed a new Tree Protection Bylaw. The amendment ends the provision
allowing private property owners to remove one healthy, mature tree per year without cause. With the new
bylaw in place, only trees that are hazardous or interfere with drainage systems, sewage systems or utilities
and accompanied by an arborist’s report, are eligible for removal. The ability of LiDAR to capture a snapshot of
the state of Vancouver’s existing tree canopy cover was instrumental in providing key information to policy
makers (City of Vancouver 2014).Through CityGREEN software, the Metropolitan Atlanta Region conducted a
tree canopy analysis to report the measureable benefits accrued to the city through the urban forest and to
highlight the environmental values the community holds in relation to its treed resources. It analyzed three
sites that exist in most urban regions: a parking lot, a multi-use trail and a multi-family housing project. Existing
conditions were recorded and effects of future effects of tree planting were modeled. The study used LandSat
imagery, American Forests’ Urban Ecosystem Analysis techniques and CityGREEN planning software for
calculation of the economic benefits provided by trees. Canopy-cover decline and economic impacts from tree
loss, in the form of stormwater runoff, increased energy costs to homeowners and reduced air quality, were
the significant findings of this project. CityGREEN software also provided a forum for engaging the public and
stakeholders throughout the process (American Forests 2002).

3.3.3 Limitations

Given the multiplicity of tools available to communities, policy makers and land managers, their use in the
management of urban forest resources will be determined by cost, data accessibility, available expertise, the
goals and objectives of an organization and the particularities of a specific project. Remote sensing technology
can be extremely powerful but may be expensive and require specialized expertise and infrastructure, although
highly accessible interfaces such as Google Earth now have the capabilities to measure canopy dimensions.
Remote sensing technology such as LiDAR, which is expensive, needs broad acceptance and relevance to other
departments before its use can be justified for a municipal urban forest department (Young 2010). The
engagement of citizens and stakeholders in the urban forest management process requires that their
involvement is incorporated through processes such as the Urban Site Index and Urban Ecosystems Analysis
tools. These processes would be a valuable addition to established civic consultation procedures and new tools
such as the use of visualization techniques could engage the general public and stakeholders in the
development of open space and green equity policies. Many of the tools need to be combined with other tools
for data acquisition and data management. GIS, remotely-sensed imagery and guidelines for map/data
interpretation usually need to be combined for an overall picture of the urban forest to be useful for decision
makers (King et al. 2013). To-date, although is has its own limitations, i-Tree is the most comprehensive set of
tools that combines data acquisition, description of urban forest structure and ecosystem services and
economic valuation. With the release of version 5.0 in 2012, i-Tree Design and i-Tree Eco are capable of
assessing urban forest conditions for Canadian and Australian users and provide valuable information for urban
forest management decisions (Black 2012).
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Table 6. Summary of i-Tree Model Descriptions

Ecosystem

Service
Purpose

Attribute
Measured

Considerations

Economic
Valuation

Conversion
Factors and
Equations

Other data
required

Limitations

Literature
Source

Relevance to
Canada

Urban Forest

Structure
Measure forest structure attributes

Leaf Area (LA)

Leaf Area Index (LAI)

Canopy Area

Sampling design/plot size
Deciduous or coniferous

Shading coefficient

Condition class (0 - 100%)

Land use class index

Species diversity Index

Insect pest effects

(CLE = 0-5); closed -0, open -5,
Crown light exposure
Compensatory Value - is based on
trunk area, species, condition and

location
Leaf Area (m2) to Biomass (g/m3),

LA = [In(1-x)/-k * mr2
LAl = In(l/10)-k,

Crown parameters:
Y=bo+b1H+b2D+b3S+b4

Dbh: Y = bo+b1X+b2S
Compensatory Values from ISA and
Council of Landscape and Tree
Appraisers (CTLA) publications,

Update structural values
Dieback as proxy for condition

Uses land class as a proxy for
location

Only 3 insect pests in model
Nowak (2008) A Ground Based
Method for Assessing Forest
Structure and Ecosystem Services

Inclusion of additional insect pests
into model

Structural value of trees required

Air Quality Improvement

Pollution removal

Hourly amount of pollution removal,
monetary value and per cent (%) improved
air quality

Dry deposition of air pollution to trees of
ozone (03), sulfur dioxide (SO2), nitrogen
dixide (NO2), carbon monoxide (CO) and
particulate matter <10pum

Air pollutant flux (F)

Pollutant concentration in g/m3 (C)
Aerodynamic resistance (Ra)
Friction velocity

Quasi-laminar boundary layer (Rb)
Canopy resistance (Rc)

Stomatal resistance

Dry deposition velocity (Vd) from LAI.
Median Vd is 0.0128 m/s

Monetary value (metric ton) - 2007
Producer Price Index (PP1): CO-$1 407, NO,-
$9 906, SO,-$2 425, PM10-$6 614

for percent (%) improved air quality
estimate: use local boundary layer height
data (ht of pollutant mixing)

F=Vd*C: Pollutant flux (g/m2/s):

Vd = 1/ (Ra+Rb+Rc) : Deposition velocity
(m/s):

I=F/F+M: Air quality Improvement in %
(where M is total air pollutant mass)

Tree cover, hourly NCDC weather data, and
US Environmental Protection Agency (EPA)
pollution [] monitoring data.

Monetary value - median externality values
for each pollutant in the US in metric tons
Update median externality values

Nowak (2006) Air Pollution Removal by
Trees and Shrubs in the United States.
Hirabayshi (2014) i-Tree Eco Dry Deposition
Model Descriptions

Pollutant dollar value information required

Biogenic VOC Emissions

Estimates hourly Biogenic Volatile
Organic Compound (VOC) emissions
from vegetation

Species, leaf dry weight biomass, air
and leaf temperatures changes
through transpiration

Isoprenes, monoterpenes
Average VOC emissions annually
Land use type

Genus or species type

Deciduous leaf-on estimates only
Coniferous - year round estimates
Transpiration rate

Inventory project

Sample project

Genus-specific emission factors for 30
degrees C + PAR flux of 1000

Air temperature from National
Climatic Data Center (NCDC). Total
solar radiaion from the National Solar
Radiation Model

Inventory System from the National
Oceanic and Atmospheric section EPA
Update Biogenic Emissions model

Hirabayshi (2012) i-Tree Eco Biogenic
Emissions Model Descriptions

Canadian Biogenic VOC emissions
inventory
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Ecosystem

Service

Purpose

Attribute
Measured

Considerations

Economic
Valuation

Conversion
Factors and
Equations

Other data
required

Limitations

Literature
Source

Relevance to
Canada

Carbon Storage and
Sequestration

Calculates total stored carbon
and gross and net carbon
sequestered annually

Estimation of tree biomass using
forest derived allometric
equations

Species average diameter (dbh)
Tree condition
Season = 153 frost free days/yr

Standardized growth rates per
tree

(CLE = 0-5); closed -0, open -5,
Crown light exposure

Monetary value: $22.8t CO
based on marginal social cost of
CO emissions for 2001-2010

Above ground biomass to whole
tree biomass uses a root to shoot
ratio of 0.26

Open grown trees multiplier 0.8,
closed canopy trees - 1.0
Species/genus conversion: 0.48
conifers, 0.56 hardwoods

Total tree weight biomass to
total stored carbon: multiply by
0.5

Standard estimation error is
difficult to derive
effect of regional variability

Biomass equations for urban and
ornamental tree species
magnitued of urban tree decay

Nowak (2002) Carbon Storage
and Sequestration by urban trees
in the United States

Canadian carbon storage and
sequestration data

Calculates total stored carbon
and gross and net carbon
sequestered annually

Energy Use

Estimates effects of trees on
building energy use and
consequent emissions from power
plants
Distance/direction to buildings.
Trees< 6.1m ht. or > 18.3m
distance to buildings are not
considered
Tree energy effects
Shading, windbreak and local
climate

Percent cover (%) buildings vs trees
Climate region
Deciduous vs coniferous (leaf type)
Tree size class

Building type (vintage)

Heating source type: electricity,
natural gas, fuel oil, heat pump

Estimated economic impact of
change in building use: state
average price per KWh

Amount of carbon avoided
calculated in MWh (cooling),
Mbtus+MWh (heating)

0.5 + (0.5 * tree condition):Tree
condition adjustment
Tree condition = 1 - % dieback

Convert plot and tree heating and
cooling effects to the state specific
equivalent

Climate region's electricity
emissions factors

Energy Information Administration
(2003)
Consumer Price Index (2003)

Updated energy tables of energy
use in buildings
No national database

Simpson (1998) Urban Forest
Impacts on regional cooling and
heating energy use:Sacramento
Case Study

Canadian building types and
conversion factors
Canadian climate regions needed

Estimates effects of trees on building
energy use and consequent
emissions from power plants

Stormwater Regulation

Estimates precipitation intercepted by
vegetation reduction in stormwater

Effect of vegetation in reducing surface runoff as
net avoided runoff

Hourly ppt
Total annual surface runoff

Ttree species / Land Use Type
Pervious vs impervious cover
Canopy ppt storage capacity
Through canopy ppt

Evaporation
Infiltration time / Overland runoff
Depression storage

Assumes precipitation (ppt) is uniformly
distributed

Value of ppt interception = net avoided runoff
($0.008963/gal.)

S (m3) = Rh - Ra :Annual avoided surface runoff /
yr Difference btwn hypothetical and actual

S* LA /3 LA for all trees = Ppt interception
volume (m3)

Monetary value based on US Forest Service Tree
Guide series

Reliance on hypothetical and actual scenarios

Hirabayshi (2014) i-Tree Eco Precipitation
Interception Model Descriptions

Value of ppt interception needed

Estimates precipitation intercepted by
vegetation reduction in stormwater
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4 URBAN FOREST BENEFITS

4.1 Ecosystem services

In the urban environment, ecosystem services, including ecosystem products, are functions and goods that
urban ecosystems produce. These ecosystem services can provide a range of environmental benefits to
Canada’s urban residents, such as improved air quality, microclimatic and hydrologic moderation, reduced
noise pollution, carbon sequestration and storage, biodiversity maintenance, aesthetic and cultural values and
products such as wood and food. For a comprehensive and practical review of ecosystem services and the
benefits of urban nature, including practical applications and several Canadian examples, see Mooney and
Brown (2013).

This section describes a range of ecosystem services that urban forest ecosystems can provide. Where possible,
this section describes research on valuing ecosystem services, sometimes using economic evaluation.

4.1.1 Microclimate

Urban environments are fundamentally different from those found in nearby rural areas. For example, urban
areas experience distinctive solar radiation, air quality, rainfall patterns, wind speeds, humidity and
temperatures (Heidt and Neef 2008). These microclimatic elements are influenced by the built environment,
the local topography and the surrounding natural environment (e.g. regional climate, soils and geology,
hydrology, vegetation patterns). Cities are generally characterized by higher temperatures (“the urban heat-
island effect”) (Oke 1973), higher levels of precipitation due to higher particulate concentrations (Bonan 2002)
and increased flooding due to loss of canopy cover and abundant impermeable surfaces. The urban
microclimate is also influenced on a smaller scale by specific features of the built environment, such as urban
density, shade from buildings and the type and abundance of urban vegetation (Heidt and Neef 2008).

Current status
Temperature and energy use

Urban trees and green spaces can improve the urban environment for city residents. Urban vegetation reduces
the urban heat-island effect by providing shade (McPherson et al. 1997). Even single trees provide shade and
cool their immediate environment (McPherson et al. 1999). Evapotranspiration reduces air temperature
through the conversion of sensible to latent heat and by adding water vapour to the air (Heidt and Neef 2008).
In cooler seasons, trees can reduce space-heating needs by decreasing wind speeds and thus cold air
infiltration into buildings (McPherson et al. 1997).

23



Using computer simulations of microclimates and building energy performance, McPherson et al. (1997)
estimated that on average, trees in Chicago reduce annual cooling energy by about 7 percent or USDS$15 per
tree and reduce heating energy by about 1.3 percent or USDS10 per tree. The location of trees influences their
effect on heating or cooling — trees located to the west and south of buildings reduce summertime energy use
and peak cooling demand by shading buildings during the warmest times of day, although trees located to the
south of buildings can block winter sunlight at midday when it is warmest, thereby increasing heating costs in
cities that experience cold winter temperatures (McPherson et al. 1997). Trees located to the east of buildings
have a cooling effect in summer but have limited impact on peak cooling demand as the warmest times of day
occur when the summer sun is in the west. These results are supported by a more recent study of actual
energy billing data in warmer climates in California — trees to the west and south of buildings reduced
summertime electricity use by casting shadows at warm times of day whereas trees to the north of houses
increased electricity use, possibly by decreasing air flow and thus the cooling effects of summer wind (Donovan
and Butry 2009). This translated into annual average savings of USD$25.16 per household due to western and
southern tree cover and annual costs of USDS$7.48 for northern tree cover. These results and prices are context
specific in that they reflect both the local climate and the local energy pricing system but there appears to be a
consensus that trees located to the west of buildings are particularly valuable for reducing urban energy use in
various environments as they are able to shade houses when the sun’s heat is most intense.

Surface Runoff and Flooding

When compared to natural forested environments, urban environments have decreased interception of
precipitation via canopies and abundant impermeable surfaces, leading to higher flooding risk in urban
environments. During peak precipitation events, water flows over the surface of the ground instead of
infiltrating into it, creating high levels of surface runoff and flow through stormwater systems. Stormwater
flooding can be exacerbated if tree leaves are allowed to block storm drain, leading to localized flooding
(District of Columbia Department of Public Works 2015). Treating stormwater is expensive and untreated
stormwater can pollute waterways and result in fines. Trees and the permeable soil in which they grow, can
help regulate surface runoff by intercepting rainfall, evapotranspiring and increasing soil infiltration rates
(Asadian 2010; Konijnendijk 2013). Trees can also be planted under permeable pavement to allow for increased
infiltration and reduced flooding. The contribution of trees and green spaces to flooding reduction depends on
tree species and condition, local precipitation rates and the design of associated infrastructure (e.g. park size
and design, permeability of soils where trees are planted) (Asadian 2010; Konijnendijk 2013).

A study of five US cities attempted to quantify the benefit of stormwater runoff reductions and attach a dollar
value to those reductions (McPherson 2005). Surface runoff reduction accounted for 51 percent of annual
urban forest benefits in the case of one city and ranged from 8-19 percent in the other study cities, with a
maximum annual economic benefit of USD$28 per tree. Economic benefits in the study cities varied according
to interception rates and the local cost of runoff reductions using other methods, such a storm sewers.
Although economic evaluations of the benefits and costs of urban trees tend to be highly context-specific, tools
such as i-Tree, discussed above, allow individual municipalities to quantify urban forest benefits and costs for
their cities and neighbourhoods.
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Air quality

Trees and shrubs can improve air quality by intercepting and absorbing particulate pollution at street level
(Nowak 1994; Heidt and Neef 2008), reducing urban ozone levels by lowering air temperatures through
transpiration, removing air pollutants through surface deposition and reducing building temperatures and
associated power plant emissions (Nowak et al. 2000, 2006), thereby improving air quality. Urban air quality is
an important concern in Canadian cities, where traffic pollution causes annual premature deaths (Ligeti 2014).
Urban trees remove various types of pollutants including: ozone (Os), particulate matter less than 10 um
(PMyg), nitrogen dioxide (NO,), sulphur dioxide (SO,) and carbon monoxide (CO). The pollutants most
commonly removed by urban trees in US cities are ozone and particulate matter (Nowak et al. 2006). Pollutant
removal values vary among cities according to tree cover, pollution concentration, length of in-leaf season,
precipitation levels and factors that affect tree transpiration and deposition velocities, such as wind speed.

Nowak et al. (2006) studied pollution concentration in 55 US cities and for the US as a whole and estimated
that urban trees in the US remove about 711,000 metric tons of pollution annually, a benefit valued at USD$3.8
billion. Cities with large land area and high tree cover had the highest total pollution removal values, although
per-tree values were lower than average. High per-tree values were associated with long in-leaf seasons, low
levels of precipitation and high concentrations of pollutants. Low pollution removal values per unit of tree
cover were associated with short in-leaf seasons. The annual value of pollution removal per city ranged from
USDS$60.7 million to USD$116,000. These results demonstrate that urban trees can be a significant source of air
quality improvements, particularly if cities increase their urban tree canopy cover.

Urban forests are not uniformly distributed across cities, due to biophysical and socioeconomic factors.
Escobedo and Nowak (2009) evaluated the effects of this uneven distribution on air pollution removal among
varied socioeconomic subregions in Santiago, Chile. Pollution removal was generally the result of ambient
pollution concentrations and urban forest cover type. Lower socioeconomic subregions with lower levels of
tree cover and higher levels of PM;o concentration experienced the highest levels of per-tree PMy, removal,
whereas higher socioeconomic subregions with high amounts of leaf area and tree and shrub cover
experienced the highest removal rates for other pollutants. These differences suggest that urban forest
managers could target urban forest management interventions to reflect local neighbourhood conditions and
optimize benefits.

Gaps and future research

Taken together, the range of microclimatic benefits that trees provide make the urban environment more
liveable and can help address environmental challenges faced by growing cities (McPherson et al. 1997;
McPherson et al. 1999; Konijnendijk 2005; Heidt and Neef 2008; Konijnendijk et al. 2013). As municipalities
seek to improve their urban environments through urban forest management, additional research is needed on
how to plan and manage urban forests in concert with other urban infrastructure to increase local
microclimatic benefits.
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While we understand how tree placement affects energy conservation (McPherson et al. 1997; Donovan and
Butry 2009), more research on species selection and interactions with local architecture would help
municipalities target urban forest management to improve energy conservation and take a more holistic
approach to urban design and development, integrating urban forest management with other urban
management processes. Research in the arboriculture and landscape architecture disciplines may provide
guidance in this area. Similarly, as we plan plantings, green space design and tree maintenance, research on the
effects of green space size and structure, tree condition and seasonal variability in weather and leaf area index
would facilitate more targeted urban forest management to reduce surface runoff and flooding (Asadian 2010;
Konijnendijk et al. 2013). Finally, cities will need guidance on how to create policies and management practices
that reflect the spatiotemporal heterogeneity of cities and urban forests (Escobedo and Nowak 2009). Cities
are diverse and variable environments and urban forests will be able to provide microclimatic benefits most
efficiently when they are managed to reflect fine-scale conditions in urban environments.

Inputs: Existing Conditions Outputs: Ecosystem Services / Benefits
_ By 4 Quantified Outcomes
Data Acquisition Decision -
Support Tools =~ > Economic Valuations

|
| Outputs:
Canopy Cover

DBH, Biomass
etc.

Communication / Visualization

Tools

Figure 3: The Role of Tools in the Ecosystem Services Valuation Process

4.1.2 Habitat provision and urban biodiversity

Current status

The contribution of urban greenery to biodiversity conservation is well established (Gilbert 1989; Fernandez-
Juricic 2000; G. Sanesi et al. 2011). Urban greenery provides important habitat for urban species and well-
developed urban greenery helps maintain connectivity between habitat patches in the surrounding region (
Savard et al. 2000; Tjallingii 2000; Sanesi et al. 2011). This biodiversity conservation role is particularly
important given that human settlements are often established in areas of higher biodiversity that have higher
levels of resources to support human societies. An important benefit of urban biodiversity to human society is
the role played by urban forests in maintaining pollinator habitat critical to urban food production (Gémez-
Baggethun and Barton 2013; Mooney and Brown 2013).
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The contribution of urban greenery to biodiversity conservation depends on the elements of biodiversity under
examination and several other factors, such as connectivity, vegetation diversity, maturity of urban vegetation
and urban density (Sanesi et al. 2009; Sanesi et al. 2011; Zhang and Jim 2014). Urban forests with lower levels
of fragmentation are able to support higher levels of biodiversity, as are more mature forests with a higher
diversity of vegetation species. When human settlements densify, the urban biodiversity of the area generally
decreases. This is because the quality and connectivity of urban habitat often degrade as a result of
densification (Sanesi et al. 2011). However, these general rules vary by individual species and the scale at which
those species operate: woody species generally show the strongest positive response to increased habitat
patch size and connectivity, while avian species’ habitat needs vary according to species and prey type and
some insect species respond more strongly to microhabitat diversity than patch size (Morimoto 2011).

Gaps and future research

Urban densification is often promoted to increase the sustainability of urban areas, limiting urban sprawl and
reducing urban residents’ energy use (Taylor 2012). However, increased urbanization and densification tend to
reduce the abundance, quality and connectivity of greenspace. The effects of these changes on urban
biodiversity can be expected to vary from region to region, warranting further investigation. In addition to
planned greenspaces, vacant land in inner cities and older suburbs may be an important and relatively
unstudied source of urban habitat (McPhearson et al. 2013). In the US, vacant land generally comprises
between 12.5 percent and 25 percent of total land area, depending on population size and is often
rehabilitated and used as space for community gardens, pocket parks, or sports fields (Kremer et al. 2013).
While it is not clear how much vacant land exists in Canadian inner cities, similar suburbanization trends during
the 20" century suggest that such vacant areas may exist in some Canadian cities and could be further
investigated as areas for rehabilitation to increase urban green connectivity (Mieszkowski and Mills 1993).
Urban biodiversity and ecological services could benefit greatly from further research that examines the role
vacant land may play in biodiversity maintenance and how to integrate these areas into urban planning.

Biodiversity conservation in Canadian cities would benefit from increased information on land cover in
Canadian cities. Land cover data would provide the necessary information to support targeted planning to
support urban biodiversity. A centralized location for such information, such as a National Forest Inventory for
urban forests would allow for baseline comparisons among Canadian cities and would support more robust
urban forest planning and management.

4.1.3 Noise pollution control

Current status

Unwanted or excessive noise is common in many urban environments and is considered a type of
environmental pollution, raising stress levels, disturbing sleep and potentially leading to hearing loss (Khilman
2004; Zannin et al. 2006). In response, many cities around the world have established noise emission limits in
an attempt to maintain a healthy urban environment for residents. Noise traveling over terrain, vegetation, or
other barriers, is attenuated by air and surface absorption, reflection, refraction, diffraction and scattering of
the sound waves (Herrington 1974). Trees and other vegetation may reduce the amount of reverberation in
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hard urban environments. Trees have been shown to be particularly effective at reducing urban noise when
combined with walls or berms and in densely forested patches (Herrington 1974). Stands of mixed species are
most useful for reducing urban noise pollution, as compared to single-species stands (Maleki and Hosseini
2011). While such plantings may not be possible in highly-dense urban environments, suburban environments
present opportunities for noise reduction using trees and other vegetation. Wide bands of trees may be
particularly useful for reducing noise pollution from travel corridors or industrial operations (Herrington 1974).

Gaps and future research

While lower levels of urban noise are often desirable (Zannin et al. 2006) and urban trees can help reduce
urban noise, more recent research on urban noise is starting to focus on urban soundscapes rather than noise
levels. When describing urban soundscapes, factors such as sound sources, temporality, seasonality and the
background and preferences of the listener must be considered (Yang and Kang 2005; Botteldooren et al. 2006;
Kang and Zhang 2010). For example, it appears that designers may have stronger preferences for natural
sounds such as those produced by urban trees (Kang and Zhang 2010). In this context, there appears to be
some scope for research on the contribution that urban trees can make to urban soundscapes, both positive
and negative. Such a focus would go beyond an analysis of how urban trees can reduce noise to examine how
this contribution may change temporally and seasonally and how this contribution might be perceived by city
residents.

4.1.4 Climate change mitigation and adaptation

Current status

Urban forests offer two types of services related to climate change: mitigation and adaptation. The first refers
to reducing the amount of greenhouse gases in the atmosphere and slowing the progression of climate change.
The second refers to helping cities adapt to the environmental and social changes that climate change causes
now and in the future.

Mitigation

Trees sequester carbon by fixing it during photosynthesis and storing it as biomass as they grow. Trees also
produce litter and have fine root turnover, with seasonal cycles of production and loss. Some of this shed
organic matter decomposes rapidly and some enters long-lived soil carbon pools. The long-term source/sink
dynamics of forests change as trees grow and die and these dynamics are influenced by forest management
(anthropogenic) actions and natural disturbances. Despite these fluxes, trees are generally assumed to provide
a net storage benefit and thus increasing the number of trees reduces levels of atmospheric carbon (Richards
and Stokes 2004). Urban trees can also play a role in reducing emissions of atmospheric CO,, through reduced
building energy use, as discussed above.

Nowak and Crane (2002) have estimated the contribution of urban trees to carbon sequestration and storage
for various US cities and at national, regional and state levels. Based on field data from ten US cities and data
on national urban trees cover, the authors estimated that urban trees in the contiguous USA sequester 22.8
million tonnes of carbon per year (tC/yr) and stored (as of 2002) a total of 700 million tonnes of carbon. The
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economic value of annual carbon sequestration was estimated at USD$460 million/year and the total value of
carbon storage was estimated at USDS$14,300 million.

More recently, the Normalized Difference Vegetation Index (NDVI), a measure of live green vegetation using
reflectance values for different land covers obtained from multispectral remote sensing technology, was used
to predict urban forest carbon storage in Syracuse, NY (Myeong et al. 2006). The carbon storage estimates
based on the NDVI data were very similar to those estimated using field-based models. This method thus

allows us to detect change in urban forest carbon storage over large areas using cost effective sources of data.

Another way that urban forests can store carbon is in urban soils. As organic matter decays and forms soils,
carbon is stored in those soils. Soil organic carbon storage is affected by various factors such as organic matter
inputs, temperature, precipitation, topography, urban microclimate and human disturbance and inputs (such
as fertilizer), creating high levels of variability in soil organic carbon storage among soil patches (Pouyat et al.
2003). Research in US cities has shown that urban soils have the potential to store large amounts of carbon
(Pouyat et al. 2006). While urban development in moist temperate regions tends to reduce soil organic carbon
compared to natural ecosystems in these regions, urban development in more arid areas appears to increase
soil organic carbon (Pouyat et al. 2006). Urban wetlands appear to be particularly effective at storing carbon.

Adaptation

As climate change progresses and increases in intensity, urban environments will experience a range of
changes and pressures such as rising sea levels and increased storm surges, heat stress, extreme precipitation
events, flooding caused by increased precipitation and snow melt, landslides, drought, increased aridity, water
scarcity and air pollution (Revi et al. 2014). Although the specific impacts of climate change will vary by
location, urban forests can play a key role in moderating the impacts of climate change and helping urban
communities adapt to its effects. Urban forests can do this by providing microclimatic benefits and habitat
provision and urban forest management can work in concert with other types of infrastructure and adaptation
programming in comprehensive climate change adaptation strategies.

As discussed, above, urban greenery can improve urban air quality, reduce the urban heat island effect, reduce
surface water runoff and flooding and maintain humidity in arid environments ( McPherson et al. 1999;
Konijnendijk et al. 2005; Heidt and Neef 2008; Mathey et al. 2011). It can also help prevent flooding by
providing permeable surfaces and by creating barriers to storm surges (Fields 2009; Tyler and Moench 2012;
Revi et al. 2014). Urban forest design and management affect the ability of urban trees and green spaces to
contribute to climate change adaptation. For example, large, connected green spaces with high-density
vegetation have stronger cooling effects in urban areas and plant condition affects its ability to contribute to
climate change adaptation (Mathey et al. 2011). Thus, urban forest managers will have to consider future
climatic conditions and choose appropriate trees and shrub species for those future climates, while considering
additional climate change impacts such as changes in the prevalence of urban forest insect pests and diseases
as a result of changing climatic conditions.

Climate change may also have negative impacts on local populations of flora and fauna, particularly if
populations are already stressed due to habitat fragmentation and degradation. Urban greenery, when
managed to create connected green systems and corridors, can help maintain critically-important habitat for
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local species, reducing the impacts of climate change on local populations and potentially facilitating the
movement of species into new home ranges in response to changing climatic conditions (Morimoto 2011; Revi
et al. 2014). Species selection and environmental design will affect how well urban forests fulfill this role.

As cities prepare for increasing climate change impacts, they are developing multi-disciplinary climate change
adaptation frameworks and strategies (Revi et al. 2014). These strategies incorporate urban greenery in ways
that address local climate change challenges and are appropriate to the local context (Fields 2009). Effective
climate change planning should take place within a framework that integrates ecological, infrastructure, social
and institutional factors in comprehensive planning processes. Adaptation frameworks such as that designed
by Tyler and Moench (2012), promote multi-system integration and should provide guidance to local
practitioners and planners. The Federation of Canadian Municipalities provides some guidance to Canadian
municipalities in comprehensive climate change adaptation planning and it appears that several cities across
Canada have undergone comprehensive climate change adaptation planning processes, including Calgary,
Vancouver and Toronto (Federation of Canadian Municipalities 2009). Some cities and regions, such as the
Metro Vancouver Region, are investigating how to strengthen urban green infrastructure networks to support
climate change adaptation (Diamond Head Consulting 2014). This review does not investigate the details of
these planning processes or how these plans incorporate urban greenery in climate change adaptation
planning.

Gaps and future research
Mitigation

Urban forests are important for modifying present and future climates. However, to fully understand and
evaluate their contribution, additional research is needed on tools to assess changes to urban forest carbon
storage over time and over large areas and in a variety of urban environments (Myeong et al. 2006). In
addition, research on urban forest carbon accounting should be extended to include potential atmospheric
carbon inputs through urban forest management.

Similarly, research on carbon storage in urban forest soils would benefits from increased field testing in a
variety of environments, in order to provide us with a more complete understanding of how urban soils can be
managed to promote carbon storage in a range of contexts and how this storage can be valued in economic
terms (Pouyat et al. 2006). Urban forest managers need guidance on management strategies to maximize
urban forest carbon sequestration and storage.

Adaptation

The theoretical concepts and principles involved in urban forest planning and management for climate change
adaptation are relatively clear. However, the practice of implementing these concepts in communities across
North America and around the world, is more complex. Evidence from the practice of climate change
adaptation planning would help verify whether proposed adaptation planning frameworks are working and
how they could be improved to better meet local needs (Tyler and Moench 2012). Guidance on reconciling
seemingly-opposing adaptation goals (such as increased densification and increased urban greenery) would be
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particularly useful (Mathey et al. 2011; Revi et al. 2014), as would information on experiences in building public
support for adaptation initiatives (Fields 2009).

4.1.5 Cultural services

Current status

Cultural ecosystem services, such as recreation, education and aesthetics, are important to urban communities
but are somewhat different from the other services discussed above. These services are often intangible and
experiential but are no less important for it. Perhaps due to their intangible nature, they are also difficult to
define and measure. Mooney and Brown (2013) provide a useful definition of cultural services as “experiences
and opportunities for mental or spiritual engagement with nature, such as recreation, education, artistic and
religious experiences” (p.232). Fisher et al. (2009) describe cultural services as valuable benefits derived from
ecosystems. Chan et al. (2012) specifically include “non-use” values in cultural services and argue that their
inclusion in discussions of ecosystem services can help improve the cultural sensitivity and relevance of
ecosystem services approaches to natural resource management.

Experiences of urban forest cultural services and perceptions of the benefits they provide, appear to be
influenced by cultural background (Fraser and Kenney 2000; Buijs et al. 2009). This is particularly important in
Canada, a country with large immigrant populations and which prides itself on its multicultural identity. If we
are to successfully plan and manage our urban forests, we must consider the cultural services they can provide
to various segments of the population. Divergent cultural experiences are also important because many urban
trees grow on private property and the property owners will thus largely determine their management.
Research in Toronto suggests that urban forest preferences of different cultural populations tend to align with
traditional uses of trees in the culture of origin (Fraser and Kenney 2000). For example, members of
communities of British origin had positive associations with shade trees, preferred higher-density plantings of
trees on their properties and liked naturalized parks, including hiking trails. Members of communities of
Chinese origin preferred landscapes without trees and did not want the additional yard maintenance
associated with more trees. Italian and Portuguese communities preferred fruit-bearing trees and gardens and
did not like shade trees that could conflict with gardens. These preferences appear to persist to some degree
for generations in the new home country (Fraser and Kenney 2000). Related research in Europe showed similar
outcomes, with native Dutch populations exhibiting strong preferences for wilderness landscape whereas
immigrant populations from Islamic countries showed stronger support for “functional” landscapes and lower
preferences for wilderness landscapes (Buijs et al. 2009). Despite these cultural differences, multi-cultural
urban populations have also been shown to have preferences in common in their experiences of green spaces.
Common preferences among all cultural backgrounds included green spaces as quiet spaces and well-
maintained public green spaces (i.e. no litter or vandalism) (Rishbeth 2004).

Attitudes towards urban trees and urban forestry programs and willingness to contribute to these programs
either with time or financially, appear to be influenced by age and socioeconomic status (Zhang et al. 2007).
Public attitudes towards urban forests are of clear importance given their influence on budgeting and
allocation of funds. Research in the US suggests that members of the public who are most likely to be willing to
donate time and money to urban forestry programs are already aware of forestry programs, are employed full
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time, are under 56 years of age and have an annual income greater than USD$75,000. Race and gender did not
appear to affect willingness to donate time and money.

Given the importance of cultural ecosystem services, it is clear that good urban forest management should
include cultural values in the decision-making process. However, it is somewhat unclear how we should
evaluate cultural services and how to include them in decision-making processes. Peckham et al. (2013) used a
gualitative approach to assess citizens’ cultural or non-use urban forest values in two Canadian cities (Halifax
and Calgary) and found that citizens experience a wide range of such values from urban forests, including
multiple aesthetic, educational and psychological values. Sinclair et al. (2014) undertook an innovative
gualitative investigation of urban forest values in Winnipeg, uncovering a range of cultural or non-use values
that were of primary importance to residents, including aesthetics and naturalness. Chan et al. (2012) present a
system for valuing non-use and cultural values in which services may produce multiple benefits and the value
of the service depends on the marginal value of the changes in the benefits it provides. This helps us manage
the interdependency of benefits and the possibility for “double counting” that is so often a problem when
valuing intangible cultural ecosystem services (Chan et al. 2012).

Hernandez-Morcillo et al. (2013) discuss the use of cultural ecosystem service indicators in planning and
decision making and conclude that 1) valuations and assessments should draw on a wide variety of cultural
service indicators to reach a more holistic understanding of the factors affecting cultural services and benefits
and 2) stakeholder involvement can greatly improve the quality of cultural ecosystem services indicators and
that mapping can make the intangible more visible. Cultural ecosystem services are culture- and context-
specific and thus inclusive planning processes can provide a more accurate and nuanced view of the nature and
benefits of cultural services in local contexts.

Gaps and future research

There appears to be much scope for further research in the area of cultural ecosystem services, particularly on
how to value cultural services and include them in decision-making processes. As cities grow and develop, we will
also need to consider how changing demographics may influence future cultural values and residents’
experiences of Canada’s urban forests. The existing body of research suffers from a focus on economic methods
of valuing ecosystem services (Chan et al. 2012). While this facilitates ecosystem services management,
alternative methods of valuing cultural services will likely be necessary if we are to accurately represent their
value. The fact that such methods may be “messy” is not adequate justification for avoiding their development
and use. Research on humans “sense of place” in urban environments (e.g. Hayden 1997) may provide some
guidance on non-economic methods for evaluating cultural ecosystem services in the urban forest context.

As such methods are developed, we should be careful to ensure that there is communication among disciplines to
avoid heterogeneous approaches to assessing and valuing cultural ecosystem services (Hernandez-Morcillo et al.
2013). While a diversity of approaches may be necessary to yield high-quality results, collaboration among
disciplines and a common understanding of definitions and frameworks for understanding cultural services will
facilitate the development of the field and more coherent approaches to measuring and applying cultural values.
Such an approach may also help raise the profile of cultural services in planning processes, an important goal
given the central role that such services play in our experience of and appreciation for, urban forests.
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4.1.6 Products

Urban forests can produce products as well as services. Many of these products are useful to humans and thus
provide benefits to urban populations. We discuss two urban forest products: waste wood and urban
agriculture.

Current status
Waste wood

Waste wood from urban forests and treed landscapes can comprise significant volumes but usually fluctuates
depending on the season, storm frequency and proximity to lakes, rivers and oceans in the form of driftwood
(MacFarlane 2009). Tree decline and mortality through natural processes as well as standard tree removal
within Tree Bylaw regulations and waste from the construction industry also contribute to wood waste. This
resource has the potential to contribute biomass to local economies that could be used to produce local wood
products and biologically-based power and heat.

An analysis of the region of Michigan, USA concluded that useable biomass from urban trees and wood waste is
a currently underused and possibly substantial source of products that could contribute to local economies and
reduce fossil fuel production (MacFarlane 2009). These products include biomass for energy production but
also high-quality wood produced by tree removal, suggesting that urban trees can also be a source of high-
quality timber. Construction, renovation and demolition also produce substantial waste streams that could
provide biomass for local energy production (Macleod 2011).

This resource has the potential to be accessed and recycled through citizen participation if sufficient
institutional structures are in place, which allow small amounts of wood to be milled with mobile units from
specimen trees such as Quercus and Juglans spp. in the manufacture of high quality, artisan products. Areas
where residual waste wood is stockpiled could allow for salvage operations where chainsaw use is permitted
and free wood can be collected and gathered for home use.

Service et al. (2012) conclude that the role of gathering as an urban activity promotes the development of
plant-human relationships and deserves a greater recognition in urban management. The study focuses on
food gathering but there are other forest and tree by-products provided by urban vegetation, which are either
not utilized or undervalued. These include seasonal products such as leaf litter that have the potential to
contribute to soil and nutrient pools through composting and mulching. Prunings and green waste from care
and maintenance operations and can also be recycled directly back into the urban forest through chipping and
stumping processes. This avoids, at least partially, reliance on fossil fuels used in the transport of imported soil
amendments, exported waste products and the cost of the materials themselves promoting environmental
sustainability and responsible stewardship. Organizational acceptance, capital investment into operational
requirements and the restructuring of schedules allocated for labour and equipment pools become a necessary
pre-condition to capture the value of these existing resources.
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Urban agriculture

Urban agriculture offers an alternative land use in urban areas and has been growing in popularity in cities
across North America. This trend appears to be motivated by food security concerns, a desire to reconnect with
nature in the city and growing urban sustainability movements (Lovell 2010). Urban agriculture provides urban
populations with food and the opportunity to participate in its production. Research on urban agriculture, as it
relates to urban forestry, is focused on agricultural design that supports urban biodiversity and urban forest

planning to support food production.

The importance of urban agriculture for biodiversity conservation stems from the reality that much of the
urban forest is located on private land and some of that private land is used to produce food for the
landowner. These are not necessarily large urban farms, but private gardens managed by individuals or families
(Goddard et al. 2010). Thus, networks of urban habitat to support biodiversity will have to include private
gardens. This green connectivity is also important for pollinator movement and habitat, an essential part of
successful urban food production. In this context, Goddard et al. (2010) suggest encouraging wildlife-friendly

garden management for collections of gardens at scales beyond individual gardens.

In recognition of the important role that urban gardens can play in maintaining pollinator habitat and providing
urban food, the Vancouver Park Board recently passed an urban agriculture policy to support urban food
production. The policy focuses on edible landscaping, fruit and nut orchards, beekeeping and habitat provision
for urban pollinators (Shore 2015).

As urban residents demand more opportunities for urban food production, including gardening, gathering,
gleaning and livestock production, cities will need to adjust urban policies and planning practices and their
conceptualization of urban forests and urban forest management. An interesting case study of this process is
the Hidden Harvest Ottawa program in the City of Ottawa (Hidden Harvest Ottawa 2012). This project was
developed through collaboration between community organizations such as Just Food and the Ottawa
Foodbank, the City of Ottawa’s Sustainability Department and Ottawa’s Forestry Departments. Hidden Harvest
harvests local food from local trees in Ottawa and sells edible trees to support ongoing urban food production.
An important part of developing this project was high-quality data on the urban forest provided by the City of
Ottawa. This data allowed interested non-governmental groups to identify urban agriculture resources in the
city and work with relevant municipal organizations to develop an urban food harvesting program.

Another case study of collaboration in developing urban food production is the City of Seattle. Grassroots fruit
gleaning groups have been able to work with the Seattle municipality to include fruit and nut orchards in parks
and other public spaces in the city (McLain et al. 2012). These changes included a variety of commissions and
departments responsible for managing Seattle’s trees, including the Urban Forestry Commission, the
Department of Planning and Development, Seattle Parks and Recreation, Seattle Department of Transportation
and the Department of Neighbourhoods. Grassroots organizations played an important part in changing how
these departments work together to manage Seattle’s urban forest and were thus an essential element in
establishing programs to produce edible products in Seattle’s urban forest (McLain et al. 2012).
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Gaps and future research
Waste wood

Urban waste wood recycling is an emerging field, offering many opportunities for future research. While we
understand the benefits of re-using waste wood to produce a variety of products, while potentially reducing
fossil fuel consumption, it is unclear how benefits can be operationalized locally. Experiences using waste wood
pellets to generate heat and electricity in European cities may provide some guidance to Canadian
communities in this area (Lawrence 2013). Additional research on innovative case studies and the creation of
local wood recycling economies would provide guidance to municipalities and regions seeking to exploit this

resource.
Urban agriculture

Although we understand the importance of urban biodiversity and the role that individual gardens can play in
its maintenance, maintaining urban biodiversity will require a landscape-level approach to managing urban
gardens (Goddard et al. 2010). Future research could draw on landscape ecology tools to answer questions
around optimal garden patch size and configuration for various urban species. In addition, we will need to
investigate the policy and social tools available to facilitate the management of gardens at both neighbourhood
and city scales.

The recent shift in interest towards producing and managing edible urban landscapes presents an excellent
opportunity to learn from cities as they begin to implement new policies to promote urban food production
(McLain et al. 2012). If urban agriculture, including food production in urban public spaces, is to be successful,
cities and urban societies will need to create policies and incentives to manage the use of these spaces.
Information sharing among practitioners will likely facilitate the sustainability of urban agriculture and
gathering programs. The potential for pest impacts on commercial fruit production should be evaluated.

4.2 Human health and well-being

As our cities grow, academia, all levels of governments and private citizens are becoming increasingly
interested in the human health benefits of urban trees and green space. Research has found that exposure to
nature, especially forest-like settings, brings a myriad of human health benefits. Having natural, forested areas
and trees close to homes promotes health and well-being because it gives people the opportunity to access
trees in their everyday life. Urban green space is particularly important because of the large number of people
it benefits. As Gdmez-Baggethun and Barton (2013) argue, the “high density of beneficiaries relative to existing
green infrastructure implies that the social and economic value of services provided locally by urban
ecosystems can be surprisingly high” (p.243). With the global population moving to urban areas, it is becoming
increasingly apparent that we must plan and provide urban forests for the health and well-being of urban
residents.

Trees provide health benefits in a number of ways. Four mechanisms are most frequently mentioned in the
literature: trees’ role in filtering air, increasing physical activity, reducing stress and increasing social cohesion
within a community (Vries et al. 2003; Groenewegen et al. 2006; Maas et al. 2006; Mitchell and Popham 2007;
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Mitchell and Popham 2008; Hartig et al. 2011; Groenwald et al. 2012). This review divides the various
mechanisms into three categories, physical, mental and social health and concludes with a discussion of the
equitable distribution of the benefits of urban forests.

4.2.1 Physical health

Air quality

Urban air quality is a serious health issue. A recent article in the New York Times cites a study by researchers
from the University of Chicago, Yale and Harvard, that found that polluted air cuts 3.2 years off the life of
people living in cities in India. When added together, this means “660 million Indians could lose 2.1 billion years
as a result of air pollution at enormous cost to the country’s economy” (Harris 2015). Urban forests can play an
important role in filtering urban air.

Mitigation of air quality by urban trees is the result of several complex processes, some of which operate in
opposition. On the positive side, trees can uptake pollutants such as particulate matter, sequester carbon (see
section 3.1.1) and reduce energy demand from buildings (see section 3.1.1). On the negative side, trees
produce pollen and emit pollutants such as volatile organic compounds. Research has shown that the net
balance is positive for human health (Hu et al. 2008; Bowler et al. 2010; Tallis et al. 2011; Nowak et al. 2013).

Many different types of pollutants affect human health. One of these is urban particulate matter (PM). Two
types of particulate matter are studied: fine PM, s and course PM, dust particles. Researchers used the
opportunity of the Beijing Olympics to study the effects of air pollution on mortality. During the games,
pollution-causing traffic was reduced, which reduced particulate matter pollution (PMg) by ten percent. The
researchers found an associated 6.6 percent reduction in mortality. The results were extrapolated to all urban
areas in China, resulting in an estimated CADS76 billion to CADS1.2 trillion in economic benefits of averted pre-
mature deaths if PMo concentrations were brought to the WHO guidelines (He et al. 2015).

So how well do urban forests filter particulate matter? A study in New York (Nowak 2013) found that PM, s
removal by urban trees had a relatively small impact, preventing about one death per year in New York City. A
study in London by Tallis et al. (2011) looked at larger particulate matter (PMy,) and found greater potential for
urban trees to filter the air. In this study, PMy, removal in London could be increased by ten percent if the tree
canopy was increased by 4-17 percent. PM;q pollution is estimated to account for 1.9 percent of urban deaths
in the UK. In the year 2002, this equalled approximately 6500 deaths and 6400 hospital admissions (Tallis et al.
2011). Other recent studies (Morani et al. 2011; Tallis et al. 2011; Nowak 2013) show the effect of trees
mitigating other specific air pollutants, all with similar results — urban trees remove small percentages of each
of a range of air pollutants.

Urban trees can also reduce air quality for those suffering from pollen allergy. Pollen allergy is a major health
concern internationally. It is estimated that 30-40 percent of the world population has an allergic response to
tree pollen. Some researchers have proposed that the direct costs of allergic rhinitis range from USDS$2-5 billion
per year (Carifianos et al. 2014, p.135). Carifianos et al. (2014) have developed a quantitative tool to help
estimate allergenic potential to guide design and management of urban green spaces. In a test of the tool in
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Grenada, Spain, they found that allergenicity of urban green spaces could be mitigated through planting a
diversity of plant species and undertaking adequate management and maintenance (Carifianos et al. 2014).

Increased recreation opportunities and physical activity

One of the most commonly understood uses of urban green spaces is for recreation. Urban parks, woodlands
and greenways are examples of public or semi-private recreational areas. The list of possible recreational
activities that may be undertaken in an urban park is almost infinite, but some of the most common are:
walking, running, cycling, sitting, standing, lying down, reading, interacting with friends and playing sports. The
health benefits of recreation in urban green spaces are clear. Even light exercise has positive physical and
psychological impacts that improve human health, such as reduced body mass index, increased longevity and
reduced stress (Takano et al. 2002; Hansmann et al. 2007; Bell et al. 2008; Bowler et al. 2010; Lovasi et al.
2011; Martens et al. 2011).

One study specifically related increased physical activity of urban seniors in green spaces to increased
longevity. Takano et al. (2002) found that “living in areas with walkable green spaces positively influenced the
longevity of urban senior citizens independent of their age, sex, marital status, baseline functional status and
socioeconomic status” (p.913). Increased physical activity is also significant because increased walking and
cycling could improve air quality by decreasing driving and its associated air pollution.

Childhood obesity is a growing concern in Canada. Some studies have looked into links between obesity and
residential greenness. In a study of preschool aged children from low-income families in New York City, Lovasi
et al. (2011) found a positive association between urban forests attributes and physical activity. Presence of
street trees increased physical activity, while park access was associated with smaller skinfolds. Another study
of children and youth in Indiana found a significant association between higher greenness and lower Body
Mass Index (BMI) scores (Bell et al. 2008). Interestingly, the lower BMI scores were not associated with
residential density characteristics. However, there is the question of scale. In a review of the health effects of
the “greenness” of cities, Richardson et al. (2012) found no association between green space and health. In
fact, mortality was higher in greener cities. The authors suggest that at the scale of the city, high green space is
often associated with sprawling development, which tends to encourage a lifestyle centered on the automobile
(Richardson et al. 2012).
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Psychological impacts and physical activity

The positive psychological impact of physical activity in natural environments is the subject of a number of
studies (Hansmann et al. 2007; Bowler et al. 2010; Annerstedt et al. 2012). In a review of studies that
compared the effects on health and well-being of natural versus synthetic environments, Bowler et al. (2010)
found evidence that a walk or run in a natural environment had a positive effect on health and well-being.
Most of the measures were self-reported emotions. In a study of the association between park visit and well-
being, researchers found a self-reported 87 percent reduction in stress and 52 percent reduction in headaches
after a park visit (Hansmann et al. 2007). In a study in southern Sweden, Annerstedt et al. (2012) found little
direct support for a link between access to green space and improved mental health, but they did find an
additive effect between nature exposure and physical activity that contributed to better mental health.

Shinrin-yoku

A specific activity, the practice of forest bathing, or shinrin-yoku, has been studied in Japan (Yamaguchi et al.
2006; Morita et al. 2007; Park et al. 2010; Tsunetsugo et al. 2010; Lee et al. 2014). Much of the recent research
has used new technologies to measure physiological symptoms of stress in subjects exposed to forested and
non-forested settings. Yamaguchi et al. (2006) used salivary amylase activity, which is an indicator of
sympathetic nervous activity in healthy subjects, to determine if shinrin-yoku decreased stress. Comparing
exercise in forest environments versus urban environments with little to no vegetation, they found those who
exercised in the forest had a salivary amylase activity 18.8 percent lower compared with that observed in
subjects who exercised in the urban environment (Yamaguchi et al. 2006). Similarly, Lee et al. (2014) found
significant differences in heart rate values, lower mean systolic blood pressure, increased parasympathetic
nervous activity and significantly decreased sympathetic nervous activity when subjects walked in a forest
environment compared with walking in an urban environment. The authors note “these trends in [heart rate
variability] response are often detected in meditation or yoga therapies” (p.4). The concept is gaining ground in
North America —the June 2014 issue of O Magazine (Oprah’s magazine) featured an article on shinrin-yoku
(Frehsée 2014).

Pregnancy outcomes

There has been recent interest in the link between neighbourhood greenness and positive birth outcomes
(Donovan et al. 2011; Dadvand et al. 2012a, 2012b; Hystad et al. 2014). Preventing adverse birth outcomes not
only impacts infant health, it is also associated with the subsequent health of the individual throughout their
life course. This represents a large potential burden on the healthcare system.

A study by Donovan et al. (2010) in Portland, Oregon found a positive correlation between tree canopy cover
and pregnancy outcomes. The study found that a ten percent increase in canopy cover within 50 meters of a
house was correlated with fewer small for gestational age births (1.42 per 1,000 births). An independent
parallel study in Spain (Davadand et al. 2012) found that low-income mothers living in greener neighbourhoods
experienced more positive birth outcomes. The researchers argue that this effect is due to lower income
mothers spending more time close to home than other income brackets. Therefore, they speculate that tree
canopy close to home has a greater impact on their lives.
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A subsequent study in Vancouver, BC also found an association between residential greenness and better
pregnancy outcomes. Women living in areas with higher green space had babies with higher term birth weight
and a decreased likelihood for small for gestational age, preterm and moderately preterm births. When
adjusting for other built environmental factors, such as air pollution and noise exposures, neighborhood
walkability and park proximity these associations did not change (Hystad et al. 2014). The researchers suggest
alternative pathways such as psychosocial and psychological mechanisms “may underlie associations between
residential greenness and birth outcomes” (Hystad et al. 2014).

4.2.2 Mental health

Mental health is a growing concern across Canada. In 2012, the Mental Health Commission of Canada released
the country’s first Mental Health Strategy (Mental Health Commission of Canada 2012). The commission
estimates that mental health costs the Canadian economy about CADS50 billion per year, or about 2.8 percent
of gross national product. They estimate that the cost in support services over the next 30 years will cost more
than CADS2.5 trillion dollars (Mental Health Commission of Canada 2010). There is a growing body of evidence
linking improvements in mental health and the presence of urban green space. Maller et al. (2006) suggest that
“contact with nature may provide an effective population-wide strategy in prevention of mental ill health”
(p.45).

A survey of recent literature on the mental health impacts of tree canopy includes a range of studies
connecting access to nature and positive psychological impacts. Trees create pleasing visual contrast in highly
built-up environments, reducing environmental fatigue (Pitt et al. 1979). Simply seeing and being in the
presence of trees has been shown to reduce stress, improve emotional health and enhance general quality of
life (Kaplan 1993; Velarde et al. 2007). A number of theories have been developed to explain this relationship.
These include psycho-evolutionary theory, biophilia and attention restoration theory.

Psycho-evolutionary theory/biophilia and stress levels

Perhaps the most well-known study of the beneficial effects of viewing nature was Ulrich’s 1984 hospital study.
The study found that patients in a hospital room overlooking a green, natural view recovered faster than
patients whose hospital room looked at a brick wall (Ulrich 1986). The recovery rate was 8.5 percent faster and
patients used fewer painkillers while in hospital. Since in-patient hospital time is expensive, the results show
large potential cost savings. The authors of The Economics of Biophilia calculated that the 8.5 percent faster
recovery time, when multiplied by comparable operational procedures across the United States, resulted in
over USDS$93 million in savings annually.

Ulrich attributes his results to psycho-evolutionary theory, arguing that humans have a pre-cognitive
psychological reaction to non-threatening nature that can reduce stress. In a 1991 study, Ulrich tested physical
stress reactions such as heart rate when subjects watched a nature video after a stressful workplace injury
video. Within ten minutes, subjects who watched the nature video had heart rates at lower stress levels than
before they entered the study (Ulrich 1991).

Edward O. Wilson, coined the term biophilia to describe humans’ emotional affiliation with other living
organisms and warned about our increasing departure from engagement with the natural world. This can
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include both passive and active engagement with the natural world. Recreation experiences that take place in
urban forests connect people with nature. These opportunities for interactions with nature are important to
foster an understanding and appreciation for the natural environment and the benefits and services that it can
provide (see Section 4.2.1).

Passive engagement with the natural world includes viewing nature through a window. Examples of this
connection can be seen in the growing evidence of workplace satisfaction and green space. Many studies find a
connection between workplace satisfaction and job performance and access to a natural view (Kaplan 1988;
Kaplan 2007; Lottrup 2013, 2015). In a review of research supporting biophilia-based design in workspaces, the
authors found that architectural elements, particularly the quality of a worker’s view, explained ten percent of
the variation in sick days taken (Elzeyadi 2011). Lottrup et al. (2013) found that access to greenery in the
workplace lowered stress and increased positive attitudes. Kaplan et al. (1988) found that workers who had
views to nature reported an average of 2.42 ailments in six months versus those without nature views who
reported and average of 3.02 ailments. A study in 2007 found that less manicured views were preferred and
that a few large trees enhanced the preference (Kaplan 2007). In The Economics of Biophilia, the authors
calculate that employee absenteeism and presenteeism (workers who are present at work, but mentally not
engaged), account for about four percent of a company’s bottom line. This equates to about USD$2,000 per
employee per year in office costs (Terrapin 2012).

The idea of cost savings of creating happier, engaged employees by giving them access to nature at work is
gaining ground. In New York City, the Bank of America Tower “was designed to ensure that 90 percent of all
employees had views to parks, green roofs and/or rivers, specifically to create an iconic building with the
explicit purpose of attracting and retaining the best employees” (Terrapin 2012).

Attention restoration theory

Rachael and Stephen Kaplan have documented similar effects of stress reduction and nature exposure. They
theorize that nature restores one’s mental state by creating involuntary attention. Their attention restoration
theory argues that if people have too much focused or directed attention, they will become mentally fatigued.
Allowing time for involuntary attention, such as viewing nature, will restore one’s mental focus. Rachael Kaplan
(2001) studied views from home and related stress reduction with the ability to view natural settings outside of
one’s window. She suggests such views allow for many micro-restorative experiences throughout the day. As
Frederick Law Olmstead famously said “the attention is aroused and the mind occupied without purpose”
(Olmstead 1865) when viewing nature. Application of these theories could have wide implications for
neighbourhood design and the health of residents.

Hartig et al. (2003) used a mixed methods approach to test both attention restoration and stress reduction
theories. They found positive outcomes for both, suggesting “that the physiological and attentional restoration
processes may complement one another, manifesting in different kinds of outcomes that emerge at different
rates and persist to differing degrees” (p.121). They argue that like sleep, regular exposure to nature can
interrupt processes that negatively affect health.
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Mental well-being

A number of studies connect urban green space and mental well-being (Guite et al. 2006; Annerstedt et al.
2012; Groenewegen et al. 2012; White et al. 2013). Recent studies have linked increased exposure to nature
with physiological characteristics of reduced stress (Ward Thompson et al. 2012; Roe et al. 2013; Jiang et al.
2014; Tyrvdinen et al. 2014) and increased mental wellness, such as healthier cortisol levels (Roe and Ward-
Thompson 2013), urine adrenaline and improved attention-deficit and hyper-activity disorder in children
(Madren 2011).

Many studies on the connection of mental health and green space come from Europe. A national study in the
Netherlands found “depression rates were 1.33 times higher in areas with little green space than in areas with
very much green space” (Groenewegen et al. 2012). Taylor et al. (2015) found decrease of 1.18 anti-depressant
prescriptions per thousand people for every additional tree per kilometer of street in London. A longitudinal
study in the UK found that those living in areas with eighty one percent green space reported a 0.14 increase in
General Health Quality and a 0.07 increase in life satisfaction versus those living in areas with forty-eight
percent green space. While these numbers seem low, they are roughly 35 percent (GHQ) and 28 percent (life
satisfaction) as large as the effect of being married (White et al. 2013), which is a well-known contributor to
well-being. The authors suggest “that significant aggregate gains can be made from increasing the amount of
green space in urban settings. Even small benefits to individuals can have large impacts if, like green space,
they touch many people” (p.927).

Mental health and neighbourhood design

A study by Guite et al. (2006) confirms an association between the physical environment and mental well-being
across a range of domains. The most important factors that operate independently are neighbour noise, sense
of over-crowding in the home, escape facilities such as green spaces and community facilities and fear of crime.
This study highlights the need to intervene on both design and social features of residential areas to promote
mental well-being. While there is no conclusive evidence on amounts of green space that promote well-being,
many studies have begun to approach the “dose of nature” necessary to foster positive mental health in a
population. Grahn and Stigsdot (2003) found that the distance to green space reduces stress and that being
within 300m of green space equalled about 3 visits to the space per week. Gidl6f-Gunnarsson (2007) looked at
the associations between noisy environments, green space and mental health. Their study found that “for both
those with and without access to a quiet side, the results show that “better” availability to nearby green areas
is important for their well-being” (p.115). Another study found that use of these green spaces does not explain
the positive effects seen and suggest that the general neighbourhood character plays an important role in
supporting outdoor recreation and physical activity (Neilson and Hansen 2007). Dillen et al. (2012) found that
“streetscape greenery is at least as strongly related to self-reported health as green areas (p.1). Finally, two
studies (Mitchell and Popham 2007; De Vries et al. 2013) found that quality of the green space provided was as
important as quantity.
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Biodiversity

A few studies looked at the relationship between biodiversity of urban nature and well-being (Fuller et al.
2007; Carrus et al. 2015). In a study in Sheffield, UK, Fuller et al. found positive associations between the
reported well-being of green space visitors and the species richness of the spaces they visited. In four Italian
cities, Carrus et al. (2015) also found positive associations between the level of biodiversity and self-reported
restorative benefits of visits to restorative environments. They suggest that “providing high-quality green
spaces within the dense urban context will likely promote individuals’ appreciation of nature and foster more
positive attitudes and behaviours towards nature itself, contributing to the overarching goal of creating more
environmentally aware citizens” (p.227).

ADHD in children and exposure to nature.

Taylor and Kuo (2009) found a significant increase in concentration for children with ADHD who went for a 20-
minute walk in the park compared to a similar group who walked downtown or within a neighbourhood. They
suggest that “doses of nature” might serve as a safe, inexpensive, widely accessible new tool in the tool kit for
managing ADHD symptoms (p.402). In The Economics of Biophilia, the authors calculate an annual savings of
USDS$228 million on ADHD medications in the US if children were able to walk in a park during the day (Terrapin
2012). Access to natural environments at school can offer positive benefits for all children. A recent study at
the University of Colorado Boulder watched children in a variety of play settings at school. They found that
natural-terrain schoolyards “foster supportive relationships and feelings of competence” (Chowla and Lock
2014). The natural areas were important for reducing the children’s stress levels.

4.2.3 Social health

Research shows that green spaces may help residents develop a sense of community and attachment to
neighbourhoods, increase social contacts and decrease feelings of social isolation (Chenoweth and Gobster
1990; Hull et al. 1994; Kuo et al. 1998; Kuo 2003; Maas et al. 2009; Escobedo et al. 2011; Arnberger and Eder
2012). Most of this health research has been quantitative in nature, using surveys or health statistics to
determine links between health and forests. Social health has been the least studied of the mechanisms
between green space and human health. Studies by Sugiyama et al. (2008), Maas et al. (2009) and De Vries et
al. (2013) found a strong correlation between social health, mental health and green space. Maas et al. (2009)
studied the association between feelings of loneliness and perceived shortage of social support and percentage
of green space surrounding residences. They found that greenness within one km had a positive effect on social
well-being. The mechanisms for this effect are not fully understood. Urban forests provide recreation
opportunities, gathering spaces, and aesthetic benefits which can all contribute to a greater sense of social well
being.

Recreation is a socially significant pursuit: people often participate in recreation in groups, and recreation
experiences provide for opportunities for socialization (Stokowski, 1990). Blackshaw & Long (1998) elaborate
on this idea and note that leisure is not separate from other aspects of people’s lives; rather it is an intrinsic
part of many different aspects of people’s lives. Through the creation of opportunities for socialization among
like-minded people, leisure creates social capital (Hemingway, 1999). Social capital “refers to features of social
organization such as networks, norms and social trust that facilitate coordination and cooperation for mutual
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benefit” (Putnam, 1995a, p. 67). Further, these features of social life “enable participants to act together more
effectively to pursue shared objectives” (Putnam, 1995b, p. 664-665). Social capital can be considered social
goods, such as information and social influence, which are produced and dissipated through social relations.
The basis of social capital is that an investment in social relationships can result in beneficial outcomes (Glover,
2004); in particular, “social capital is the consequence of investments in and cultivation of social relationships
allowing an individual access to resources that would otherwise be unavailable to him or her” (Glover, Shinew
& Parry, 2005, p. 87). Hemingway (1999) has suggested that leisure plays a role in the creation and fostering of
associational memberships (both formal associations like club membership, or informal associations like a
group of like- minded friends), which in turn can lead to increases in social capital through the encouragement
of the development of acquaintance relationships: “The forms, content, and distribution of leisure activities
represents a major potential factor in the development of democratic social capital and thus in the stability of
democratic society” (p. 157).

Francis Kuo (2003) undertook a long-term study in a Chicago community, using qualitative methods such as
interviews, participant observation and document analysis of police records. He found a marked decrease in
crime in social housing projects with green space versus those without. The green spaces observed provided a
place for local residents to gather. Within the projects that had green space, researchers observed more
interaction between residents, more adult supervision of children and a decrease in crime as revealed by
analysis of police records. The authors of The Economics of Biophilia calculate that the lllinois State Department
of Corrections would save USD$162,000 per year from reduced crime if the public housing units in Kuo’s study
were designed with access to nature.

Urban forests can also provide aesthetic benefits, such as a unique sense of place for a particular community.
Community attachment is an indicator of the social health of a community. Following hurricane Hugo, Hull et
al. (2004) asked residents of Charleston, South Carolina which elements of special significance were lost. Thirty
percent of residents identified the urban forest, more than for any other feature. Churches were second in
significance with 27 percent of people recognizing them as significant losses.

A discussion of the benefits of urban forests for human health and well-being would be remiss in excluding the
negative effects of trees on residents’ quality of life (Nowak and Dwyer 2007). In a review of ecosystem
services and disservices, Escobedo et al. (2011) present a wide-ranging list of potential social nuisances
associated with urban forests:

Allergenic pollen and urushiol, refugia for vector-spread diseases: lyme disease, West Nile encephalitis,
dengue fever, rabies, attraction of wild animals, damage to structures and ornamental plants,
droppings, attacks on pets, annoyance to humans, wild animal bites, obscured views, decreased
aesthetics, fear of crime, safety hazards from tree fall. (p. 2081)

Research to date has been limited on these negative effects. In a review of the relationship between urban
design and human health, Laura Jackson (2003) found issues with the spread of low density development into
previously forested or farmed areas. This spread has been linked to increases in Lyme disease, Hanta virus and
exposure to farm nuisances such as pesticides and noise. While the forest interface was not specifically
addressed in this study, it is an important consideration for many Canadian towns and cities.
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4.2.4 Equitable access to urban greenery: green equity

The positive relationship between urban greenery public health and societal well-being raises questions about
green equity in the urban environment (Maas et al. 2006; Mitchell and Popham 2008; Landry and Chakraborty
2009; Station 2010; Greene et al. 2011). Given the many benefits provided by urban greenery, urban residents
who live in ethical, democratic and sustainable societies should all have more or less equal access to urban
greenery, under similar geographic and ecological conditions. Equitable greenery access helps ensure that all
residents have equitable access to the environmental services and the health and psychological benefits
provided by urban greenery that may be associated with higher levels of societal well-being (Maas et al. 2006;
Mitchell and Popham 2008; Sanesi et al. 2011a). However, various measures of the availability and the quality
of urban greenery indicate that urban greenery access varies according to a series of factors including property
values, socioeconomic status, level of education and age of housing stock. Five examples of measures that
show this relationship include: (1) canopy cover (Heynen and Lindsey 2003); (2) distance to a public green
space (Barbosa et al. 2007); (3) street tree abundance (Landry and Chakraborty 2009); (4) abundance of green
as represented by the Normalized Difference Vegetation Index (NDVI) (Lafary et al. 2008); and (5) impervious
land cover (Ogneva-Himmelberger et al. 2009). In general, it appears that higher levels of greenery are
positively associated with higher incomes and education and older neighbourhoods.

It is not clear whether the above mentioned relationships exist to the same extent between different
geographical areas, different cultures and cities with different development histories (Lafary et al. 2008).
Research to date has focused on individual cities or regions and as a result appears to be contradictory in some
cases (Barbosa et al. 2007; Lafary et al. 2008). For example, Heynen and Lindsey (2003) found that canopy
cover is positively associated with higher levels of education and older housing stock but found no correlation
with median household income. In contrast, Landry and Chakraborty (2009) found that tree cover on public
land was lower in neighbourhoods with low-income residents. In Sheffield, UK, public greenery access was
found to be slightly higher among more deprived groups (Barbosa et al. 2007). In South Africa, the availability
of urban greenery is highly influenced by racial history (McConnachie and Shackleton 2010). Residential
neighbourhoods with primarily white inhabitants and with a history of white habitation have the highest level
of greenery access, while the primarily black population living in low-cost housing suburbs experiences the
lowest levels of greenery access.

There is growing evidence of the positive impacts of urban greenery on health and mortality. Various studies
have shown positive relationships between good health and abundant urban greenery (Groenewegen and
Verheij 2006; Maas et al. 2006; Mitchell and Popham 2007, 2008; Vries et al. 2003). However, this relationship
is not the same for all health indicators and all socioeconomic groups. The positive effects of urban greenery on
health seem to be strongest among lower income groups (Mitchell and Popham 2007, 2008; Vries et al. 2003)
and for mortality of all causes and circulatory disease (Mitchell and Popham 2008). The availability of urban
greenery also appears to have a positive effect on residents’ perceived general health, once again with a
stronger relationship observed in lower income groups (Maas et al. 2006).

Urban greenery has the strongest positive influence on the health of lower socioeconomic groups: those
groups that are more likely to suffer poor health outcomes and higher levels of mortality (Mitchell and Popham
2008). This relationship and the apparent negative relationship between poverty and the availability of urban
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greenery suggest that urban green inequity is a fundamentally important issue that should be addressed in
urban planning.

Gaps and future research

The survey of recent urban forest literature above demonstrates a growing interest in connecting human
health and access to urban nature. As Maas et al. (2006) argue “green space seems to be more than just a
luxury and consequently the development of green space should be allocated a more central position in spatial
planning policy” (p. 587).

Physical, mental and social health

The above studies all link various aspects of the urban forest, such as residential greenness, park spaces, street
trees, etc. to a variety of physical, mental and social health benefits, yet few show the cumulative benefits of
the variety of ways trees contribute to human health. The above research summary shows that research
interest is accelerating in connecting green spaces with human health, but that most studies to date look at
only a single health outcome and few demonstrate causal relationships. No studies were found that could
demonstrate long-term health benefits of nature exposure.

Longitudinal research is needed to study the effects of nature across different age ranges and between
different cultures. The studies on senior population mortality (Takano et al. 2002) and childhood ADHD
symptoms (Taylor and Kuo 2009) show promise at both ends of the human lifespan for the positive effects
urban green space can have on the human population. Ward Thompson and Aspinall (2009) argue that access
to nature in childhood is important if we are to expect future adults to perceive natural environments as places
for physical activity (p.252). Longitudinal studies can help us answer at which points in human life spans access
to nature is more important (Astel-Burt et al. 2014).

The literature reviewed in this paper is primarily international; only one study from Canada was cited. In their
review of the research on the connection between nature and health, Hartig et al. (2011) find that “the
research on nature and health has not yet seen a sustained effort to address the possibility that there are
systematic differences across individuals in responses to nature” (p. 159). In Canada’s multi-cultural urban
environment, special attention must be paid to cultural differences in nature experience and appreciation.
Urban forest values of a multi-cultural population are an important research area in our country. Canada’s
cities are not just culturally diverse, they also all have unique urban design characteristics. Further research at
the city-wide scale could yield important findings about impacts of density and urban design on green space
and residents’ health.

Further research is needed about the effects of a variety of urban forest design parameters such as tree
location and size, canopy stratification, tree density and species-specific effects. The “dose of nature”
necessary for the positive benefits discussed is an area of ongoing and important inquiry. As Dr. John Innes,
Dean of Forestry at UBC, believes “considerable areas of woodland should be managed specifically to improve
the physical and mental health of local populations” (Merivale 2015). In a study in the Netherlands, Maas et al.
(2009) found a relationship between morbidity and green space. Using morbidity data and percentage green
space within a one and a three-kilometre radius of peoples’ homes, they found a relationship very similar to
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the relationship between age and morbidity: “an increase in 1 percentage point of green space on physician
assessed morbidity equals the effect of 1-year lower age” (p. 970). The effects were strongest for depression
and anxiety disorders and for people with lower socio-economic status and children under 12. A similar study
in Canada could yield important strategies for using urban green spaces to promote national health.

The following research highlight demonstrates the potential impact of future research connecting human
health and urban forests:

The devastation caused by the Emerald Ash borer has provided researchers with a chance to study the
cumulative health benefits of trees through a natural experiment. The loss of 100 million trees in the
United States to the emerald ash borer within a relatively short time frame gave researchers the
opportunity to compare before and after health data in affected towns. The research found that within
the 15 states affected, “the borer was associated with an additional 6,113 deaths related to illness of
the lower respiratory system and 15,080 cardiovascular-related deaths” (Donovan et al. 2013) that
could not be attributed to any other covariates known to influence mortality from these diseases.

These numbers are significant. While causality could not be explained within the study parameters, the
researchers speculate that it could be a combination of benefits, such as loss of air quality combined with
decreased recreation and increased stress caused by loss of large areas of tree canopy in the urban areas
studied. More research is needed to begin understanding these causal factors.

Equitable access to urban greenery

A diversity of study sites and measures of green cover and green access (or equity) has demonstrated general
relationships between measures of privilege and urban green access but has yet to clarify the relative roles that
these factors play. The underlying causes of urban green inequity remain unclear. For example, do low-income
neighbourhoods experience lower access to urban greenery because there is low public investment in those
neighbourhoods or because private properties tend to be smaller and have smaller private green spaces? Are
levels of green equity comparable between street trees and urban parks? Are these patterns consistent among
regions or are they influenced by local culture, political structures and public preference? There are many ways
to define and measure urban green equity, which will affect the outcome of any analysis of the issue.
Furthermore, in areas where urban green inequity is observed, it is not clear that factors are driving this
inequity. If we hope to improve urban green equity, we must first have a better understanding of why green
inequity exists.

The uncertainty surrounding this issue may in part be caused by variation in the way we understand and
measure urban greenery and the standards we use to establish equitable access. Urban greenery is a diverse
system made up of various distinct parts that are often managed separately. Street trees, recreational parks,
natural woodlands, private gardens, boulevards and greenways are all important elements of urban greenery
but are often managed by various different municipal bodies, private residents, or private foundations in
public-private partnerships. An accurate assessment of urban green equity must include a variety of types of
urban greenery and urban settings, yet the majority of the existing research uses one metric and one region
only (Heynen and Lindsey 2003; Barbosa et al. 2007; Lafary et al. 2008; Ogneva-Himmelberger et al. 2009).
Urban green equity analysis also suffers from inconsistent and arbitrary accessibility standards (Harnik 2010).
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Standards that prescribe maximum distances to a park or green space from residents homes vary from
municipality to municipality (e.g. Barbosa et al. 2007; Harnik 2010) and have little rationale to support their
establishment.

4.3 Economic benefits

4.3.1 Property values

Forest cover in urban environments can occur in the form of public parks, protected forests, unprotected (or
undeveloped) forest areas and trees growing in yards and along streets (Mansfield et al. 2005). Each type of
forest cover provides different types of amenities on both public properties (e.g. parks, streetscapes) and
private properties (e.g. residential, commercial, industrial). This has important implications for the costs and
benefits of urban trees: on public lands, these are shared among taxpayers; on private lands, they accrue to
individuals or companies (Zhu and Zhang 2008). Developers and city planners consider the expectations of
urban citizens in regard to trees when choosing landscape and lot sizes. While public trees and private trees
can serve as substitutes, Escobedo et al. (2006) observed that public urban forest structure is related to the
socioeconomic strata in different municipalities: where property taxes were higher (i.e. neighbourhoods with
higher socioeconomic status), the total public budget allocated to urban forest management was greater.

Current status

Urban trees can increase the aesthetic quality of neighbourhoods and boost the value of residential property
(Payne and Strom 1975; Morales 1980; Anderson and Cordell, 1985; Anderson and Cordell 1988; Schroeder
1989). Researchers have been studying the economic contribution of urban trees to property values since the
early 1970s. Peters (1971) conducted one of the earliest studies on the topic and concluded that shade trees
contributed approximately 19 percent to the total appraised value of a 2.8-hectare urban property. His study
was followed soon after by Payne (1973), who found that a single-family home surrounded by trees received a
seven percent price premium over a home without trees.

A comprehensive study by Anderson and Cordell (1988) found that each large front-yard tree was associated
with a 0.88 percent increase in sales price. Across several studies that have been conducted within the past 20
years, it appears that the presence of trees increases residential or commercial property value by
approximately seven percent (Wolf 2012; TD Economics 2014). The costs (e.g. pruning) and benefits (e.g. lower
energy use) associated with yard trees vary widely by size and between tree species: a study conducted in
California found that plane trees carried the highest net benefits; pear trees carried the lowest net benefits
(Maco and McPherson 2003; McPherson 2003).

Homes that are adjacent to parks and open spaces are typically appraised 8-20 percent higher than comparable
homes elsewhere (Crompton 2001; Crompton 2005). Crompton (2001) demonstrated that a quality forest or
green space has a positive economic ripple effect on nearby properties, i.e. beyond immediately adjacent
properties; however, the relationship between proximity to forest and property values has been the subject of
debate (Luttik 2000; Tyrvdinen and Miettinen 2000; Thorsnes 2002). Mansfield et al. (2005) concluded that the
relationship between proximity to an urban forest and property values is non-linear, which may provide some

47



clarification and resolution and that the presence of yard or street trees could serve as substitutes for
proximity to a forest. Poudyal et al. (2009) also found that property values were positively related to the size
and proximity of an urban park and that urban residents prefer larger parks to smaller ones, but exhibit a
diminishing marginal willingness to pay for extra acreage.

Demand for urban park amenities associated with a property varies across demographics. Surprisingly,
residents that had a college degree (as reported in US Census Bureau data for the year 2000) demonstrate less
demand for larger park areas (Poudyal et al. 2009). Researchers have hypothesized that this could be due to
higher opportunity cost of time for these individuals (i.e. less time spent in nearby parks) and a greater ability
to afford alternative natural amenities (Poudyal et al. 2009). The percentage of African-American residents was
also found to be negatively related to measured park size (Poudyal et al. 2009).

The type of forest, ownership (i.e. private or public) and level of protection (e.g. short-term, permanent)
appears to influence the value of price premiums on property values (Kim and Johnson 2002; Mansfield et al.
2005). The presence of street trees adjacent to a property also decreases the time a house spends on the
market prior to sale (Donovan and Butry 2010), while yard trees (i.e. on the property) have been linked to both
higher property values and rental rates (Morales 1980; Anderson and Cordell 1988; Des Rosiers et al. 2002;
Wolf 2012). The presence of trees can even ameliorate the negative impacts of the presence of an undesirable
amenity, such as a chemical plant, on residential property values (Lee et al. 2008).

The effect on rental rates holds true for both residential and commercial properties (Morales 1980; Laverne
and Winson-Geideman 2003). Crompton (2001) found that rental rates of commercial office properties located
on a “high-quality landscape” which was defined as including trees, were about seven percent higher than
those on lower-quality landscapes.

Zhu and Zhang (2008) also observed the reverse effect: namely, that demand for urban forest areas is elastic
with respect to price and highly sensitive to changes in income. This relationship is explained by the fact that
higher income populations can afford the expense of alternative land use (e.g. treed space that is unoccupied
by buildings) and the planting and maintaining of urban trees. A similar relationship has been observed
between income and demand for public parks and recreation services (Borcherding and Deacon 1972;
Bergstrom and Goodman 1973; Perkins 1977; Santerre 1985) and environmental quality (Bender et al. 1980;
Palmquist 1982; Zabel and Ziel 2000; Brasington and Hite 2005). Thus, it appears that the relationship between
property values and urban forest is self-reinforcing: property values are higher in urban areas with trees;
individuals with high socioeconomic status can afford to purchase these properties; these individuals demand
access and proximity to urban forest areas.

Hedonic price analysis has been widely used to estimate the impact of proximity to trees and forests on urban
property values since the mid-1970s (Payne and Strom 1975; Morales 1980; Anderson and Cordell 1988;
Anderson and Cordell 1985; Anthon and Thorsen 2002; Anthon et al. 2005). Hedonic pricing involves estimating
the value of a good or service (e.g. urban forest) by comparing observed market data in the presence and
absence of that good or service (e.g. house prices or rents in areas with and without urban forests) (Palmquist
1991). The underlying assumption of hedonic pricing is that the price of a marketed good is related to its
characteristics. Information about the implicit demand for urban forests is used to estimate a demand function
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for property that either has trees or is near an urban forest (TEEB 2010). The value of a change in the
availability of urban forest is then used to identify the value of urban forest areas. Price (2003) and Poudyal et
al. (2009) have pointed out some critical errors that can occur in studies that use hedonic price analysis,
including omission of key variables (e.g. whether the forest lies south or north of the house, variation in
aesthetic quality of trees with age), failure to segment and account for differences at the sub-market level,
selection of incorrect variables (e.g. substitution of estimates of old trees for young trees, landscape design),
mischaracterization of linearity in functional relationships (e.g. relationship between aesthetic quality and
density of tree cover) and failure to account to interaction between variables (e.g. size of urban forest, distance
from a house, blocking of direct sunlight).

Alternatively, econometric analysis can be used to identify the strength and direction (e.g. positive, negative) of
the relationship between variables such as income and demand for urban trees (Zhu and Zhang 2008).
Regression analysis has been performed to compare the sales price of homes with a substantial amount of tree
cover to those with no tree cover and identify the price premium for properties with trees (Morales 1980;
Anderson and Cordell 1988; Thériault et al. 2002; Laverne and Winson-Geideman 2003).

Gaps and future research

Research has largely focused on the effect of urban trees on residential property values (Wolf 2012). The
impact on commercial or institutional properties has received relatively little attention (Crompton 2005).
Laverne and Winson-Geideman (2003) is one exception.

While there are several studies that document the benefits of urban forests, the negative effects of urban
forest lands and potential strategies to mitigate those impacts, are far less commonly explored (Tyrvdinen
2001). For example, urban trees can generate disadvantages to property owners by generating litter, falling
fruit and pollen, which can accumulate on yards and vehicles and aggravate allergies (Escobedo et al. 2009).
Trees also provide habitat for species of wildlife (e.g. rats) and insects (e.g. aphids) that may generate
annoyance for property owners; they can damage buildings and infrastructure in windstorms and through
natural growth (Wyman et al. 2012); and they can be time consuming and costly in terms of maintenance and
removal (Escobedo et al. 2009). Tyrvainen (2001) also provides the hypothetical example of residents of a
home located next to a public park that may receive benefits from the park but may also experience noise and
congestion, shading or maintenance problems. Irwin (2002) observed a negative impact of increasing tree
cover in a residential neighbourhood on property values, indicating that homeowners preferred open space.
Laverne and Winson-Geideman (2003) report a negative impact of 7.5 percent on the rental value of office
buildings from landscaping that provided a visual screen, suggesting that visibility takes priority over privacy in
an office setting. Hardie and Nickerson (2004) observed a six percent decrease in residential property values
where new legislation required retention or planting of trees on developed land. It is unclear whether this is
related to property owners’ aversion to regulatory restrictions or to what degree the effect would persist over
time. At present, there is little explanation as to the rationale for these differences in impact on property
values, including variables to explain why some residents value trees and others prefer open space.

Researchers have also largely ignored the potential negative implications of increased property values, such as
higher property tax rates and socioeconomic inequality. Crompton (2005) notes that appreciation of property
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values may be unwelcome to those whose taxes increase or who, over time, become unable to afford to buy or
rent property within certain neighbourhoods. Perkins et al. (2002) observe that trees are an important
resource in the context of urbanization and quality of life and that unequal distribution of trees by urban
forestry programs (e.g. planting on owner-occupied properties through the Greening Milwaukee program) can
reinforce existing inequalities. Further research is required to identify equity-related issues and solutions.

Previous research provides a measure of the value of parks; recently, researchers have begun to employ cost-
benefit analysis approaches (e.g. Peper et al. 2007) to build a case for investment in urban forests and parks by
municipal officials who have traditionally focused on the costs of such amenities, rather than their multitude of
benefits (Crompton 2005). According to Crompton (2005), future research is needed to strengthen existing
cost-benefit analysis approaches for urban trees and forests to capture sensitivities to levels of maintenance,
age and maturation of the trees or forest, influence of supply and demand, and type of use. The National
Research Plan for Urban Forestry 2005-2015 echoes this call for better understanding of the benefits provided
by urban forests, including their associated economic impact, cost/benefit ratios and other factors (Clark et al.
2007). Level of maintenance may influence the value generated by a forest, with higher levels of maintenance
required in some areas or for some species. The benefit of a park may not accrue for several years after trees
are planted, before they reach a stage of growth that offers adequate shade or aesthetic quality. In
municipalities where the supply of urban trees and forest areas is greater, price premiums for properties may
not be as great; more modest premiums may also occur for properties next to intensively used recreational
forests.

Zhu and Zhang (2008) state that no data are currently available on the relative shares of public and private
trees within US cities. This was identified as a potential area of future research to identify the effect of
substitution and the effect on demand for urban forests. This type of research may be of interest to
municipalities that are considering investing in urban forestry policies and strategies in order to identify the
relative costs and benefits of investment, the potential effect of urban forests on their respective tax bases,
and the potential implications of such investments on socioeconomic status of local residents.

4.3.2 Community economic development

Attractiveness, design and other aesthetic elements of the urban environment have become the focus of
branding and marketing in many urban areas (Philo and Kearnes 1993; Holcomb 1994). The report of the Urban
Task Force (Rogers 1999) suggested that an attractive, well-designed urban environment can serve as a catalyst
for the pre-conditions for economic growth. Swedish economist Nils Lundgren was once quoted as claiming
that a good urban environment is an important argument for regions when trying to attract a highly qualified
workforce (Boland and Hunhammar 1999).

Current status

Central business districts have historically formed centres of economic activity in urban neighbourhoods and
smaller cities; however, these areas now face stiff competition from big-box stores, power centres, mega-malls,
and online shopping. Industry Canada (2005) reports that Canadian-based retailers are responding by
transforming themselves, but that in some sectors, locally-based independent retailers have closed up shop.
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Local business associations are seeking ways to revitalize central business districts and compete for customers
based on the quality of the shopping experience, rather than on the price or accessibility of products (Wolf
2003; Wolf 2005; Gasca 2013). However, tree programs tend to be a low priority for merchants that are
struggling to keep business afloat (Wolf 2003). Trees provide few, if any, direct financial returns on investment
but instead generate indirect benefits that are important but difficult to assess (Wolf 2003). Wolf (2009)
highlights the importance of educating retailers, who can be very influential over local government decision
makers, about the indirect and long-term benefits of a quality urban forest.

Whitehead (2002) has explored the ways in which improvements in the quality of an urban environment (e.g.
public transit accessibility, aesthetic image) can influence the location of local businesses, but only a handful of
studies have looked specifically at the role of treed urban landscapes in a business context. Customer surveys
have demonstrated higher ratings of visual quality, amenity and maintenance where trees are present (Wolf
2009). Products and merchants were judged more positively in forested places in terms of product value,
product quality and merchant responsiveness (Wolf 2005, 2009). Studies conducted in retail areas have found
that consumers are willing to pay approximately 11 percent more, on average, for products in downtown
shopping areas with trees, compared to areas without trees, and are willing pay more for parking on streets
with trees (Wolf 2005, 2009). Average willingness to pay for equivalent goods and services differed between
small cities (+9 percent) and large cities (+12 percent) (Wolf 2005).

Customers in places with trees also report perceptions of better service, greater merchant helpfulness and
higher product quality (Crompton 2001). Thus, consumers’ experiences begin to be shaped before even
entering a store. They also reported greater expectation of patronage to stores in places with trees and are
willing to travel more frequently, for longer durations and over greater distances to spend more time in a retail
district that has trees (Wolf 2009). More time spent in a retail location could translate into greater total
spending. Interestingly, Wolf (2004) uncovered a discrepancy between the perspectives of customers and
merchants in terms of their preference for trees: while trees were highly preferred by both groups, business
people expressed slightly lower liking for images containing trees. Business people rated their perceived
benefits of trees significantly lower than shoppers.

Preference for treed streetscapes appears to be relatively consistent across demographic traits, proximity to
home and levels of familiarity with the district; however, people in their 30s rated the least vegetated category
as less appealing than both younger and older people (Wolf 2004). Survey participants who worked in the
district rated images with no trees lower than other people, suggesting that employee satisfaction may be
sensitive to the presence of trees (Wolf 2004). Consumers who self-identified as having minimalist shopping
tendencies rated the visual quality of treed streetscapes lower than other people, indicating that their
decisions are shaped by other factors (e.g. cost) (Wolf 2004).

Researchers recommend a district-wide urban forestry improvement program, rather than a piecemeal
approach based on voluntary adoption by individual property owners, to attain an attractive visual aesthetic
for consumers (Wolf 2005). A district or municipal approach is recommended to address issues associated with
urban growing conditions (e.g. limited root and canopy volumes, compacted and low nutrient soils, water
stress, interactions with utilities) that present challenges to urban forest management (Wolf 2005).
Furthermore, this approach can produce a contiguous canopy and contribute to a sense of place for shoppers
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using plant selections that create a “brand” for the district using a blend of texture, color and plant massing
(Wolf 2009).

Cost presents a barrier to municipalities that wish to explore urban forest management for the purpose of
economic development. Urban trees demand ongoing municipal investment in personnel, equipment and fuel
to support maintenance, necessitating a strong business case for such investments (Escobedo and Seitz 2015).
Across the US, maintenance of urban trees is estimated to cost municipalities between USD$12.87 and USDS65
per tree (McPherson et al. 2005). Municipalities may be convinced to invest in urban forests based on
prospective increases in property tax revenue or reduced infrastructure costs. TD Economics (2014) reported
results of a study from New York City, in which it was reported that having trees on, or near, a property could
generate an additional US$90 in annual property taxes.” The City of Toronto (2013) reports that properly-
maintained trees in urban environments can help support and extend the life of grey infrastructure (e.g.
sidewalks and roads), with implications for the cost of municipal infrastructure investments.

Many studies in this area tend to use qualitative, preference-based surveys that assess aspects such as
perceptions of visual quality and place, patronage behaviour, product pricing and demographics (e.g. Wolf
2003, 2004, 2005, 2009). Descriptive statistics are collected and subject to factor analysis. Multivariate analysis
(Wolf 2004) and models such as DELTA (Simmonds 1999, 2001; Whitehead et al. 2006) have been used to
relate psychological notions of urban quality and decisions of actors within a system (e.g. regarding business
location). Only a few studies (e.g. Wolf 2005) have used contingent valuation to identify consumers’ willingness
to pay for goods and services sold in urban retail locations that feature trees.

Gaps and future research

Anecdotal evidence suggests that quality of urban life and recreational amenities, such as parks, can influence
business investment decisions. For example, it is reported that a May 2001 decision by Boeing Co. to locate its
new corporate headquarters in Chicago, Illinois was shaped, in part, by the city’s relatively higher quality of life
(Cox 2001; Michaels 2002; Sherer 2006). The decision prompted officials from the City of Dallas, Texas, one of
the competitors in the Boeing deal, to revitalize its downtown core; a plan which included expanding
availability of parks and open spaces. However, preferences are shaped by social and cultural norms,
suggesting a gap in the research: in an increasingly globalized economy, foreign companies may be attracted or
repelled by the presence of urban forests. Furthermore, some characteristics of urban forests may be more or
less desirable to high-ranking corporate representatives who are responsible for decisions regarding location or
re-location of offices.

While several authors have made similar descriptive and anecdotal claims about the importance of urban
quality (Urban Design Alliance and Institution of Civil Engineers 2001; Joseph Rowntree Foundation 2001),
there is little published, quantitative information about the economic value of urban trees in the context of
retail, commercial or institutional properties or business performance (e.g. prices, revenue and customer and
employee satisfaction). Whitehead et al. (2006) attributes this lack of data to two factors: the difficulty of
gathering reliable information on property attributes, market responses and willingness to pay and the

* It is worth noting that the laws of supply and demand could be expected to influence the absolute value of any increase
in property taxes, with more modest increases in areas where urban forest supply is already moderate or high.
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confidential nature of such information where it has been collected. Any such studies are likely completed
privately for real estate management corporations (e.g. hedonic studies on retail rents for the Eaton
Corporation in North America that were described, but not reported, by Des Rosiers 2002). This type of
research could help to characterize the relationship between urban forests (and urban forest characteristics)
and economic development. A comparison of “Livability” Index rankings and urban forest cover could provide a
first step in this research direction.

Retail research about “atmospherics” (e.g. interior qualities of retail spaces such as light, sound, colour and
product placement) and their influence on reactions and behaviours is largely limited to store interiors (Turley
and Milliman 2000). Wolf (2009) asserts that outdoor conditions deserve greater attention because they can
create initial consumer impressions (favourable or negative) that influence shopping behaviour and spending
patterns.

McLean et al. (2007) assert that the field of urban forestry could benefit from further qualitative research to
deepen the current focus on economic and ecological costs and benefits. They propose further research to
examine what factors cause people to be more (or less) willing to pay to rent buildings that have good quality
landscaping and what types of landscaping are most valued by prospective tenants.

Florida (2005) describes sweeping changes that are transforming the way we think of cities. He describes a new
economy that is based on desired human capital that includes highly educated and creative occupations,
referred to as the “Creative Class” (Florida 2002; Gabe 2006). These creative people are at a premium because
they drive the economy: their ideas create wealth (Florida 2002). Findings from Gabe (2007) at the county level
corroborate this claim: a 10 percent increase in the creativity score lead to 12 percent higher average
earnings.” The Creative Class has doubled in size since 1980 and now makes up an estimated thirty percent of
the United States workforce. Creativity is claimed to be a highly prized commodity that “is now the decisive
source of competitive advantage” for local economies (Florida 2002; Lovett and Beesley 2014).

Sociologists are examining the role of cities as centres for experience, lifestyle, amenities, entertainment and
creativity. Florida (2005) points to examples of San Francisco, Seattle, Boston and Chicago. Based on this trend,
he suggests that further research is needed to identify the factors that attract and motivate creative people in
cities and urban workplaces. While previous research has demonstrated a relationship between urban leaf area
and urban quality of life, median income, and median housing value (Jensen et al. 2004), further research is
required to characterize the direction of causality and evaluate the potential relationship with variables that
attract the Creative Class. Building on recent studies that explore the influence of office design and flexible
schedules on organizational behaviour and productivity, it may be valuable to investigate the role urban trees
and forests have in attracting, retaining and nurturing a creative workforce.

To date, the majority of the research conducted on the relationship between urban trees or forests and
economic development has been conducted by just one researcher: Dr. Katherine L. Wolf, from the University
of Washington. The lack of attention paid to this topic by other researchers presents an opportunity for
emerging scholars to carve out a niche in this area.

> Interestingly, the positive effect held only for metropolitan counties; in non-metropolitan counties, creativity showed a
negative effect on earnings. Since urban are the focus of this literature review, this effect is beyond the current scope.
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Interest in sustainability is growing among local governments across Canada (Wolf 2014). With several cities
are already implementing urban forest plans and strategies (e.g. Vancouver, Prince George, Kamloops, London,
Oakville, Brampton, St. John’s), there will be a need to demonstrate the business case for investment in such
policies over the long term. Quantitative research will be required to identify the economic benefits to
municipalities (e.g. branding, marketing), business associations (e.g. Chambers of Commerce, Business
Improvement Associations) and business owners in order to build support for urban forest investments and
justify the costs of ongoing planting and maintenance.

4.3.3 Recreation and tourism

Urban green spaces are an important source of recreational opportunities (Jim and Chen 2006) for both
residents and visitors from outside the region, i.e. tourists. While the recreational activities themselves may be
similar for residents and tourists, they bear different implications for the local economy: expenditure by
residents generates an induced effect on the tourism industry, while tourism expenditure can be considered an
export of goods and services resulting in direct economic impact (Hotte and Sumaila 2012). Of the two, only
tourism produces a net gain or loss in the local economy, while recreation by residents results in a transfer of
revenue within the city but no associated gain or loss. However, avoided losses may be considered an
economic benefit if residents choose to recreate within their own region rather than travelling elsewhere.

Cities can be stressful environments for citizens (Boland and Hunhammar 1999). The recreational, aesthetic
and cultural aspects of urban green spaces, which offer opportunities to play and rest, may well be the highest-
valued ecosystem service in cities (Boland and Hunhammar 1999). Botkin and Beveridge (1997) argue that
vegetation is essential to achieving the high quality of life of a great city. In Canada, evidence of this is provided
by the City of Vancouver. Ranked by The Economist as one of the world’s Most Livable Cities (Economist
Intelligence Unit 2012), Vancouver also has the world’s Best Urban Park (Tripadvisor 2014). In 2006, when a
wind storm transformed many of the park’s standing trees to large woody debris, the residents put forward
CADS10 million dollars in private donations to restore the park, despite the fact that the market value of the
damaged trees was only CAD$1 million (Robbins et al. 2009).

Many urban and non-urban tourism industries depend on the quality of the natural environment to attract
visitors. Tourism is one of the major drivers of urban economies (Majumdar et al. 2011). Urban forests attract
tourists by enhancing the beauty of cities and complementing other urban attractions (Ashworth 2004; Deng et
al. 2010). Consider the attraction of Central Park, an urban forest located in the heart of New York City, which
receives some 40 million visitors each year.® Vancouver’s Stanley Park attracts approximately eight million
visitors each year;’ a number nearly 14 times the city’s population of 603,502 (Statistics Canada 2012).

Current status

Jim and Chen (2006) found that residents and family members in Guangzhou city, south China, actively used
urban green spaces. Parks were the most popular locations, with visitation influenced by accessibility, amount
of green coverage and quality of the ambience. Small and low-quality sites, even if located near residences,

® See the Central Park visitors’ website: http://www.centralpark.com/guide/fag.html
’ Tourism Vancouver website: http://www.tourismvancouver.com/do/explore/stanley-park-complete-guide/
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were underutilized. Because residents of the densely-populated city are accustomed to paying entrance fees to
access green spaces, approximately 96 percent of survey respondents (i.e. notably more than other cities)
expressed willingness-to-pay to access these locations. Average willingness-to-pay was RMB17.40 (approx.
USDS2.10) per person per month, which was higher than the set entrance fee rate. Willingness-to-pay was
positively related to income and urban green spaces may be characterized as superior goods (i.e. share of
expenditure increases with rising income). The aggregate value of urban green spaces was estimated at
RMB547 million per year; six times the city’s annual expenditure on green spaces.

A study conducted in Savannah, Georgia estimated the mean and median values of visits by tourists to urban
forests at USD$11.25 and USDS2.10, respectively, per person per visit, resulting in a total annual value of urban
forests to tourists of USD$81 million (mean) or $11.55 million (median), assuming at that least 50 percent of
the tourists would pay the median amount (Majumdar et al. 2011). Individual willingness-to-pay for visits to
urban forests was found to increase with tourists’ level of graduate school education, income and destination
loyalty (i.e. number of previous visits) (Majumdar et al. 2011).

Urban forest-related festivals and events can also contribute to local economic activity. A study by Arano and
Deng (2012) found that the Cherry Blossom Festival in Washington, D.C. generated USD$98.5 million in direct
economic output. When indirect and induced economic effects of the event were also considered, the event

accounted for USD$135.81 million in output.

The direct and indirect economic benefits of urban forests can be assessed using direct market valuation
techniques (e.g. market price-based approaches, cost-based approaches, production function-based
approaches), revealed preference techniques (e.g. travel cost method, hedonic pricing method) or stated
preference techniques (e.g. contingent valuation methods, conjoint analysis methods such as contingent
ranking and choice experiments) (Konijnendijk 2007; TEEB 2010).

Market price-based approaches use the price of a good or service (e.g. entry or parking fee for an urban forest
area) multiplied by the marginal product of that good or service to estimate its value (TEEB 2010). Since price
data may be readily available for some tourism and recreational activities, this approach can be employed at
relatively low cost and may be less time-intensive than other valuation methods. Caution must be employed
where markets are distorted (e.g. by subsidies, policy, or lack of competition) because prices will not accurately
reflect preferences and marginal costs (TEEB 2010).

Revealed preference techniques utilize observations of individual choices in existing markets to infer
willingness to pay for a particular good or service (TEEB 2010). The travel cost method, which is frequently used
to estimate recreational value, is based on the rationale that recreational experiences carry an associated cost
(i.e. direct expenses, opportunity costs of time). The value of a change in the quality or quantity of a
recreational opportunity is inferred using the demand function for visiting the site (Bateman et al. 2002; Moons
2002; Kontoleon and Pascual 2007). Revealed preference methods offer the advantage of drawing results
based on actual and observed behaviour; however, estimated values are strongly influenced by the variables
(Moons 2002) and technical assumptions used by the researchers (Kontoleon and Pascual 2007). This type of
analysis is complex and requires large volumes of good quality data, making it expensive and time-consuming
(TEEB 2010).
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Contingent valuation is the most widely used stated preference method for valuing environmental assets
(Tyrvainen 2001) such as urban forests and green space. It is used to estimate the value of an environmental
asset by using questionnaires to collect information about people’s individual willingness-to-pay (WTP) for
some change in the provision of the asset or the minimum compensation that they would demand for its loss
(Carson, 1991; Mitchell and Carson 1993; Bolund and Hunhammar 1999; Tyrvainen and Miettinen 2000;
Tyrvdinen 2001; Jim and Chen 2006; Lo and Jim 2010). One pitfall of this approach is the need for careful survey
design and selection of variables (Carson 1991; Mitchell and Carson 1993; Arrow et al. 1993; Tyrvdinen 2001).
Different approaches may generate divergent results (Jim and Chen 2006).

Contingent valuation has not been applied as widely in China as it has in other countries, partly because public
opinion was not factored into decision making during the era of centralized government control (Xu et al. 2003;
Jim and Chen 2006). Chinese officials have tended to rely on benefit transfer methods for valuation (State
Forestry Administration, P. R. China 2005; Xie et al. 2010). Lo and Jim (2010) was reported to be the first
contingent valuation study completed on an environmental topic in Hong Kong.

Gaps and future research

In some countries where demand has grown for urban forests to provide recreation and tourism opportunities,
forests are now being re-created or enhanced (Simpson et al. 2008). Andrada and Deng (2012) reported that
tourists in Washington express preferences for plant and color variety, planting pattern and manner of growth
(Andrada and Deng 2010). However, there appears to be a gap in the literature regarding the characteristics of
urban forests that generate the highest valued recreation and tourism opportunities and the relative costs and
benefits of urban forests, by forest type. This type of information could be used to guide investments in urban
forests to maximize economic returns.

Jim and Chen (2006) report that cost-benefit analysis of recreation and tourism opportunities associated with
urban forests can help to justify allocation of more government resources for their development and
management and produce spinoff benefits in terms of urban sustainability. Simpson et al. (2008) also note
that, while some North American studies have been conducted regarding the use of forests for recreation, the
topic has received relatively little attention within Europe, despite growing interest on the part of the public in
health and quality of life. The lack of information regarding the costs and benefits of recreation and tourism
has reportedly presented challenges to implementing legislative and policy changes that support forest
conservation and enhancement. Additional research could help to meet this need for support.

Land use in urban areas is highly competitive (Deng et al. 2010). Population growth and urban development are
imposing ever-greater pressure on green and forested spaces in cities around the world (Majumdar et al.
2011). Conversion of forested areas to residential or commercial land use is occurring where the total
economic value of urban forests is not being captured in land-use planning and property development
(Tyrvainen 2001). Urban land use conversion contributes to the gradual degradation of the environment and
quality of life and results on the loss of non-market benefits (Ode and Fry 2002; Pauleit et al. 2005).

Wang (2013) postulates that, as the number of wealthy, urban dwellers in Canada increases, so too will their
demand for greater opportunities for forest recreational opportunities, resulting in higher values being placed
on urban and peri-urban forests. This belief appears to be supported by evidence from Hong Kong that found
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approximately 70 percent of those surveyed visited urban green spaces at least once per week (Lo and Jim
2010). Survey participants reported an average willingness to pay of HK$77.43 (approx. USD$9.90) per month
per household for five years to prevent a 20 percent reduction in green space (Lo and Jim 2010). China has
experienced rapid economic and social change in recent years and could provide evidence of socio-economic
influence on changes in perception of the value of urban forests.

A planning framework for urban municipalities could be developed to appropriately consider and weight the
relative costs and benefits of urban land use options (e.g. forest, commercial, residential). This framework
could be used to prioritize areas for re-zoning and ensure that the highest-valued urban forest areas are
conserved for recreation and tourism. Trees bear an associated opportunity cost in terms of land that they
occupy and the cost of public funds for planting and maintenance (Zhu and Zhang 2008). Therefore,
municipalities face trade offs in allocation of their fiscal budgets between planting trees and other alternative
investments. Municipalities could implement strategies to capture the tourism benefits of urban forests in
order to offset their maintenance costs (e.g. planting, pruning, mowing). Options could include collecting fees
through coin-operated gates in forest areas or conducting spot checks of tickets from self-service machines
(Majumdar et al. 2011). These options could help to capture some of the consumer surplus that is enjoyed by
residents and tourists; however, the political palatability of such schemes would be strongly influenced by
residents’ and tourists’ expectations about access to public lands. The City of Vancouver currently captures
economic rent generated in Stanley Park using year-round pay parking throughout the Park. Passes are sold by
the hour, day, season or year.? Rates increase from CAD$2.25 per hour and CADS6 per day in the off-season to
CADS3.25 per hour and CADS11 per day during peak season.

The influence of changing urban demographics and ethnic profiles in cities also merits further research in terms
of the implications for valued aspects of urban forests. Research has shown that outdoor recreational
preferences, motivation and use differs between cultural and ethnic groups (Walker 2001; Johnson et al. 2004;
Jay and Schraml 2009; Jay and Schraml 2014). Knowledge about the use, needs and values of urban forests for
outdoor recreation among different groups can help to shape the decisions of managers, planners and policy-
makers and meet the changing needs of the urban populous. In the absence of this information, managers may
tend to rely on their own preferences when identifying important characteristics of urban forests and neglect
the needs of other cultural groups. This field of research could be extended to identify ways to encourage the
use of urban forests for recreation and tourism (e.g. Eriksson and Nordlund 2013).

Fialova (2010) identified several silvicultural techniques that could be used to attract recreational users to an
urban forest (e.g. selection thinning and selection felling; leaving reserved or seed trees; creating shelterwood
elements, stand and forest margins; and gradual and irregular transitions between stands). Additional
guantitative research could be used to substantiate Fialova’s research by identifying willingness-to-pay for
recreational opportunities in forests under different silvicultural regimes.

Demographic characteristics and destination loyalty appear to significantly influence tourists’ perceived value
and WTP for urban forests. Results indicate a positive relationship between WTP among tourists and their level
of education (i.e. graduate school), income and previous number of visits to a location (Majumdar et al. 2011).

® For details, see: http://vancouver.ca/parks-recreation-culture/stanley-park-parking.aspx
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For example, loyal tourists appear willing to pay more for urban forests than first-time visitors; however, both
types of visitors are important contributors to a city’s tourism industry (Majumdar et al. 2011). Market
research is needed to identify strategies to retain repeat visitors and increase overall WTP for urban forests.

The income effect on WTP is corroborated by several studies (Zhu and Zang 2008).
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5 DISCUSSION: IMPLICATIONS FOR URBAN FORESTRY IN
CANADA

Canada’s urban forests provide its citizens with a range of benefits, as discussed above. This section identifies
key opportunities and priorities for future research and analysis of urban forest benefits and costs in Canada. In
order to maximize those benefits relative to costs, urban forest managers need to weigh them in urban forest
management planning and implementation. Valuing urban forest benefits is an important step in this process
and there is a range of tools and methods available for this purpose (summarized below). Finally, we draw out
key implications for policy making, collaboration and knowledge transfer on urban forest planning and
management.

5.1 Key findings and gaps

Based on the literature review documented in this report, a number of key conclusions emerge:

* There is a considerable literature available that documents and/or estimates the value of urban forests
and urban forestry (Table 5). However, the literature is widely dispersed across kinds of value, metrics
of value, geographic context, and type of urban forests being considered. There is a need for more
synthetic and aggregated studies, with consistent evaluation across a standard range of dimensions
and metrics (both economic metrics and other kinds of quantification)

* There are many values considered in the literature that go beyond those evaluated in the few
comprehensive assessments conducted for Canadian cities (notably the TD Bank reports); presumably
this means that the economic benefits of urban forests may be significantly higher than those
estimated to date.

* There is a strong need for systematic information at the local and national scales to support planning,
baselines and inventory in urban forest management, particularly in the space between management
and theoretical research.

* There are some dimensions of urban forests, in more mature areas of research, for which economic
data are already available (e.g. property values, energy use, stormwater management, certain
recreation and tourism revenues, savings in certain hospital stays). There are also other rapidly
emerging fields (e.g. wellbeing, cultural ecosystem services, encouraging green commuting, etc.) where
little economic data are available so far and a considerable need exists for further economic
evaluations.

* Many evaluations do not fully reflect the economic costs of urban forests or the negative impacts of
urban trees.

* There are relatively few robust findings on future projected values, beyond i-Tree modelled estimates,
which require various caveats in their interpretation. This is particularly true of projections that
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consider climate change impacts and responses, which are likely to be substantial influences on urban
forest health, productivity and costs in the future. This represents a major research deficiency, in light
of other trends such as the decline of forest health from pests and losses of trees to
densification/intensification of cities in Canada and elsewhere. Reversing these trends and establishing
an expanded and healthy canopy in cities will be key to offsetting worsening heat impacts of climate
change on vulnerable urban populations.

We found relatively few studies that assessed the effectiveness of monitoring programs, incentive
schemes, policies and governance structures for urban forestry at the municipal scale.
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Table 7. Summary of urban forest ecosystem services, metrics and key findings.

Ecosystem
services

(Costanza et
al. 1997) and
other benefits

Gas regulation

Decreased ozone,
particulate matter,
nitrogen dioxide,
sulphur dioxide and
carbon monoxide

Monetary
value?

v

Key findings
Air quality improvements from urban trees across the
US produced an estimated annual benefit of USDS$3.8
billion in 2006.

Climate
regulation

Lower energy
consumption

Trees to the south of buildings decrease summertime
energy use without increasing wintertime energy use.

Tonnes of carbon
sequestered
annually, total
carbon stored

Value of carbon sequestration estimated at USDS460
million/year; total value of carbon storage estimated at
USDS$14.3 billion in 2002.

Disturbance

Lower damage and

Climate change adaptation requires strengthening the

regulation healthcare costs, existing urban forest resources and taking targeted
following extreme actions to increase benefits, such as cooling effects. The
weather events local value of adaptation benefits will depend on local

climate change impacts and local economic context.

Water supply Lower infrastructure v Economic benefit of rainfall interception can be high,
costs depending on the local cost of runoff reductions using

other methods.

Refugia Greater species Urban forest connectivity is key to maintaining
diversity and habitat biodiversity and densification may provide connectivity
connectivity challenges.

Food Increased local food Benefits include increased food security, connection

production production with nature. Clear opportunities for economic and non-

economic evaluations of benefits and costs.

Raw materials

Lower energy costs
and reduced carbon
emissions

Potential uses include bio-based heat, timber/artisan
products. Clear opportunities for economic evaluations
of benefits and costs including avoided costs due to
their diversion away from the waste stream.

Recreation

Greater longevity
and lower BMI

Recreation in green spaces increases seniors' longevity
and reduces childhood obesity.

Tourist expenditure

v

Estimated annual values of visits by tourists to urban
forests in Georgia at USDS81 million (mean) or
USDS$11.55 million (median). Urban forest festivals can
also generate revenue, estimated at USD$135.81 million
in one case.
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Ecosystem
services

(Costanza et
al. 1997) and
other benefits

Greater longevity

Monetary
value?

Key findings
Air quality improvements from urban trees could extend
people’s lives, decrease mortality due to air pollution and
reduce the chances of allergic reactions to pollen;
estimated economic benefit of CADS$76 billion to
CADS1.2 trillion in China. Opportunities for future
research on contribution of trees to these benefits.

Culture and
Health

Lower noise levels
and improved
soundscape qualities

Wide bands of trees may reduce noise pollution and
trees can improve urban soundscape.

Lower stress levels
and fewer
headaches

87 percent reduction in stress and 52 percent reduction
in headaches after a park visit.

Lower measures of
stress markers

Exercising in a forest environment can reduce salivary
amylase by 18.8 percent and lower heart rates, blood
pressure and sympathetic nervous activity.

Positive birth
outcomes

Increased canopy cover correlated with positive birth
outcomes.

Faster hospital
recovery times,
fewer employee
ailments

Recovery times in hospitals were 8.5 percent faster
when patients had a view of nature: estimated annual
savings of USDS$93 million. Employees with a view of
nature at work reported fewer ailments and had lower
absenteeism: estimated annual savings of USDS$2,000
per employee.

Lower rates of
depression and
prescription drug
use; higher "life
satisfaction"

Depression rates and anti-depressant prescription use
are negatively correlated with green space availability.

Lower cost of
medication

Estimated annual savings of USD$228 million on ADHD
medication in the US if children can walk in a park
during the day.

Higher self-reported
well being

Green space visitors reported higher levels of
restorative benefits when visiting green spaces with
high species richness.

Improved health
outcomes among
low income groups

Urban greenery abundance is positively associated with
property values, socioeconomic status, education, age
of housing stock. Health benefits of urban greenery are
more pronounced in lower socioeconomic groups.
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Ecosystem

services

(Costanza et

al. 1997) and Monetary

other benefits value? Key findings
Increased v Social housing projects with green space have
community decreased crime rates. Estimated savings to corrections
cohesion, lower departments of USD$162,000 if housing projects
crime rates included an access to nature.

Local Economy Higher sale price for v Customers rate businesses in treed environments more
retail goods favourably. Consumers are willing to pay 11 percent

more for products in shopping areas with trees and
more for parking on streets with trees. Merchants don't
like treed environments.

Higher sale price for v Presence of trees on property increases property values

residential by about 7 percent and increases rental rates. Costs of

properties maintenance vary by context. Homes adjacent to parks
are appraised 8-20 percent higher.

Higher property tax ‘/ Trees on or near a property can generate an additional

revenue USDS90/year in property taxes. Well-maintained trees

can extend the life of grey infrastructure.

A comparison of various studies on the balance of benefits and costs of urban forests indicates that total
benefits generally outweigh total costs of their management and care, leading to overall net benefits.
However, a comparison of costs from different studies becomes difficult because standardized calculations and
assumptions do not exist. The concept of ecosystem disservices also affects cost-benefit analysis. Ecosystem
disservices are perceived as negative to human well-being, based on anthropogenic notions which place human
needs and values at the center of biodiversity management (McCauley 2006). Lyytimaki et al. (2009) cautions
that the full cost of nuisances, such as leaf litter, aphid honeydew and heaved sidewalks from tree roots,
require adequate attention during the cost and benefit comparisons.

There are a limited number of studies in Canada on eliciting the public’s values on urban forestry (Fraser and
Kenney 2000; McFarlane et al. 2011; Peckham et al. 2013; Sinclair et al. 2014). This means that we know
relatively little scientifically about how the mosaic of many different Canadian publics think about urban
forestry, or what they know. It does appear that citizens often primarily value urban forests for social values,
such as aesthetics and psychological benefits (Peckham et al. 2013), rather than the environmental or
economic values that are more commonly quantified in the existing literature and urban forest management
plans. Few studies have evaluated the extent and effectiveness of community engagement approaches
(Beckley et al. 2006); thus, there is little consistent guidance on how to best to engage and inform communities
on the care of urban forests, or on the emerging role of citizen science in monitoring and managing public and
private trees (Janse and Konijnendijk 2007; Neighbourwoods 2015).
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5.1.1 Urban forest evaluation tools

Urban forest evaluation tools tend to focus on forest structure and “regulating” ecosystem services: services
provided by urban forests that regulate the urban environment, such as microclimate modification. These
services are largely determined by urban forest structure and function. They are more clearly measureable and
are the focus of the i-Tree suite of tools. A review of the urban forestry literature on costs, benefits and cost-
benefit ratios reveals a number of valuation methodologies in use. These studies show that cost and benefits
data are regionally or locally specific and heavily influenced by factors such as local economic conditions and
infrastructure investment (Roy et al. 2012).

Research into the balance of the benefits and costs of urban forests indicates that the benefits urban forests
confer generally outweigh the costs of their management and care. Lyytimaki et al. (2009) states that this may
be an unbalanced way of approaching urban forest management and cautions that the full cost of nuisances,
such as leaf litter, aphid honeydew and heaved sidewalks from tree roots, to name a few require adequate
attention during the costs and benefit comparisons. Orddéfiez (2013) reviewed 14 Canadian Urban Forest
Management Plans within the last decade and discovered that current urban forest management practices and
policies focus on single tree maintenance and planting-oriented programmes, suggesting a lack of other
ecological, social and considerations. Room for the development of more inclusive best management practices
is needed.

i-Tree is the most comprehensive suite of urban forest assessment tools available. It is the most widely used,
because it combines data acquisition techniques with a methodology to apply these data to decision making
and is easily accessible to users of various backgrounds. It offers a wide range of free urban forest assessment
tools.

i-Tree is an evolving suite of tools that will likely develop in the coming years as more users share their
experiences and as our understanding of urban forest values, such as cultural values, grows. As the i-Tree tools
continue to be used and developed, some existing gaps and limitations will likely be minimized. Current
limitations include a modelling methodology that focuses on the US, difficulty acquiring the necessary data for
analysis and little to no coverage for urban forest benefits that fall outside of the regulating ecosystem
services. In addition, data sources, conversion equations and algorithms used to fit the growth/biomass
equations to drive the valuation process are often difficult to source. When criteria, such as hardiness zone
ratings, region, species, sample sizes and local climatic data, are not transparent, it becomes difficult for users,
especially non-experts, to judge the applicability of the tool for a specific purpose or project. A wide gap exists
between the ‘grey literature’ (e.g. website-level information) and highly detailed scientific literature. The i-Tree
website’ provides the best comprehensive listing of the literature supporting the different tools, although
ascertaining the applicability of the information for the Canadian context proved difficult despite investigation.
Findlay (2013) discovered that adopting i-Tree Eco to New Zealand required the involvement of the USDA
Forest Service to upgrade the software before it could be used with accuracy. i-Tree has been adapted in the
UK, for example, and is increasingly used there. There is however a need for more consistent evaluations of the
utility of i-Tree in practice, particularly as applied in Canada’s forests and climatic conditions.

% see: http://www.itreetools.org/resources/archives.php
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There is a range of alternative or additional urban forest assessment tools that can help address the limitations
of the i-Tree system. These range from high-quality, expensive data acquisition options such as LiDAR, to lower-
quality sources such as Google Earth, and include decision-support tools for a range of applications. A key
limitation to urban forest assessment is often data acquisition. The use of new innovative measurement and
visualization tools such as smart phones, smart hydro meters and interactive real time gamification platforms
may lead to advances in this area. As low-cost, easily accessible data sources develop and become more
accurate and available, the potential for robust urban forest management based on scientific evidence will
increase in Canada.

5.1.2 Urban forest benefits

Over the past 50 years, researchers have come a long way in valuing urban forest benefits such as reduced
energy use, improved air quality and increased property values (Payne and Strom 1975; Morales 1980;
Anderson and Cordell 1985; Anderson and Cordell 1988; Schroeder 1989; McPherson et al. 1997; Nowak et al.
2006). In recent years, researchers have also begun to develop reliable estimates of the value of carbon
sequestration and storage by urban trees ( Nowak and Crane 2002; Myeong et al. 2006). Valuations to date
have shown that urban forests and the services they provide are extremely valuable to our societies locally,
regionally and nationally. However, the range of urban forest benefits is extensive and many benefits are
extremely difficult to measure, particularly in economic terms. Research on urban forests and climate change
adaptation; cultural services; urban forest products; physical, psychological and social health benefits;
equitable access to urban forests; and community economic development is growing. Researchers are
beginning to evaluate the value of these benefits, often in multiple ways. These topics are fundamentally
important to human and societal well being and represent major contributions of urban forests to our daily
lives. Valuation methods that help make these urban forest benefits more tangible and facilitate their inclusion
in urban forest planning and management would be of great value to urban forest managers in Canada. These
valuations, as shown by the TD Bank studies ( Alexander and DePratto 2014; Alexander and McDonald 2014),
can also help convince citizens, businesses and elected officials of the importance of urban forests to the
economic, social end ecological interests of Canadian communities. In the context of Canada’s existing
strengths in forest management and science, the country could become an international leader in the growing
field of urban forestry.

Key findings and highlights from the literature review are summarized in Table 5, which identifies values
monetized in some way. A review of our findings highlights key gaps in our understanding of urban forest
benefits. Our understanding of cultural values and social health appears to be particularly limited, as is our
understanding of green equity and its influence on societal well being. While we have a somewhat better
understanding of how urban forests contribute to climate change adaptation, urban forest products, physical
and mental health and community economic development, we have not yet established reliable, consistent
and easily-understandable metrics by which to evaluate urban forest contributions in these areas. Also absent
from the literature is a comprehensive understanding of the cost implications of urban forests and particularly
trade-offs between these costs and the benefits outlined in this report. Reviews have found that the benefits
outweigh the costs of urban forests, though none were found for Canadian cities.
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5.2 Future directions

Cities can be epicenters of economic and social development, creativity, innovation and political and cultural
change. They are also sensitive to transformation by drivers of change such as urbanization; globalization,
competition and trade; climate change; demographic shifts; technological advancement; government policies;
and rising levels of community engagement. Aging of the population, increased immigration, urban population
growth and new trade agreements such as the Trans-Pacific Partnership Agreement (TPPA) and Comprehensive
Economic and Trade Agreement (CETA) are expected to continue to influence the growth and development of
Canada’s urban centers, with implications for urban forest planning and management. This section explores the
implications of these current trends and emerging needs, from the standpoint of Canadian institutions and
government agencies. In particular, we focus on five key drivers of change acting upon Canada’s urban forests:
urbanization, rising rates of chronic disease, shifting cultural identity, climate change and changing forms of
community engagement.

5.2.1 Urbanization

Decreasing tax funding to Canadian municipalities (Federation of Canadian Municipalities (FCM) 2012) has
increased pressures on municipalities to seek new sources of revenue for operations and to cut operating
costs. Skyrocketing house prices in cities such as Toronto and Vancouver have heightened interest in property
development.

A strong business case for urban forests is essential in order to compete with other land uses such as property
development for residential, commercial, institutional and infrastructure purposes. Currently, there is a lack of
peer-reviewed research regarding the many values of urban forests in Canada, the impact of urban forests on
economic development and prosperity, and the social and cultural preferences of Canadians regarding urban
forest planning and management. In alignment with its vision to optimize forest value and advance
environmental leadership, CFS could adopt a broader approach that encompasses urban forest values and
benefits, and supports urban forest management. This would require CFS to develop a strategy to support
research about the value of urban forests in Canada that includes benefits and costs of urban forests as well as
management strategies. Such information could be generated at various scales, with the intent to support
planning and management at regional, municipal and possibly even neighbourhood levels.

A key component of this research will be the development of urban forest planning and management
guidelines to address the needs of Canada’s changing socioeconomic landscape, including the needs of a
diverse range of cultural groups. Abundant urban greenery is often associated with higher socioeconomic
status (Heynen and Lindsey 2003; Landry and Chakraborty 2009), although the public health benefits of urban
greenery appear to be greater in lower income groups (Vries et al. 2003; Mitchell and Popham 2007, 2008).
Canadian municipalities will need to understand the causes of urban green inequity and work to ensure that all
urban residents have sufficient and equitable access to urban greenery in their communities. Given that this is
a national issue, with links to community well being, municipalities should be helped to become more aware of
the importance of green equity and develop strategies for its promotion in their communities.

Refocusing the scale of urban landscape planning and management from individual trees (i.e. arboriculture) to
urban forest systems and their associated green networks will be important in delivering large scale benefits
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(e.g. downstream flood protection and offsetting urban heat islands) as well as providing useful information to
Canadian municipal and regional decision makers. In order to effectively use urban forest assessment tools
(e.g. i-Tree), users must have access to unique regional data regarding variables such as climate, physiography
and location as well as algorithmic calculations for the estimation of benefits. CFS’s continued participation in
research to generate these data can provide useful insights into the limitations, strengths and future direction
for Canadian urban forest management. By supporting development of urban forest evaluation tools, CFS could
help Canadian municipalities and regional districts to obtain science-based direction and ensure that urban
forest management plans (UFMPs) and stewardship practices remain relevant to the social values (Ordéfiez et
al. 2013). Ongoing research can help to improve urban forest managers’ understanding of forest structure and
function and the contribution of urban forests to ecosystem services such as carbon sequestration and storage,
air pollution removal and energy savings (Nowak et al. 2006). Estimation of ecosystem services and disservices
can include quantification of their monetary values for comparison to management costs in order to develop a
business case for funding urban forest management.

5.2.2 Rising rates of chronic illness

As the Canadian population becomes increasingly urban, there is a growing need to examine the environments
of cities to ensure that they support the health and well being of urban residents. As this document suggests,
research connecting urban forests and human health is a relatively new and growing field. Little research to
date has been specific to the Canadian context. Rates of chronic disease and deaths due to chronic disease, are
rising each year in our country. According to Dr. EImslie, Director General of the Centre for Chronic Disease
Prevention (CCDP), of the Public Health Agency of Canada, the treatment of chronic disease costs the
healthcare system CADS68 billion annually and a further CAD$120 billion can be attributed to lost productivity
(Elmslie 2010). At these levels, “health expenditures to treat chronic diseases are rising faster than our
economic growth” (CCDPC 2010, p.12). With costs escalating at these rates, Canadians must work to find
solutions that contribute to the prevention of chronic disease. Urban forests play a role in increasing the health
and well being of residents in a variety of ways. Most of these contributions are in the realm of chronic disease
reduction: increased physical activity of residents, improved mental health and better social health are all
linked to the quality and quantity of urban green spaces.

Further research connecting urban forests with mental, physical and social health of Canadian communities is
necessary. This research requires collaboration between various fields, including forestry, medicine and urban
planning; CFS could be a networking partner in such research. Investment and actions that promote healthy
urban forests that increase local residents’ well being require collaboration between all levels of government
that may not currently work together. Responsibility and management costs for urban green spaces typically lie
with the municipal authority, while health spending is under provincial and federal authority. Under the
current system, the authorities making the investments do not recoup any financial savings in the health sector
resulting from urban forestry investments. Evidence for and clarification of such relationships may be crucial in
shifting policies to enhance fiscal responsibility and fair sharing of cost burdens.
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5.2.3 Shifting cultural identity

As Canadian cities grow and change, Canada will need to ensure that our strong multicultural identity is
reflected in our urban forests. Different cultures perceive and use our urban forests in different ways and our
urban forests provide a range of cultural ecosystem services to urban residents (Fraser and Kenney 2000; Buijs
et al. 2009; Chan et al. 2012). Canadian cities will need to find ways to quantify cultural ecosystem services to
bring them into urban forest planning and management decisions and practice. CFS could help link researchers
with practitioners and urban communities to facilitate discussions on how to define and measure cultural
ecosystem services on the ground. Local communities should be a central part of defining and valuing cultural
ecosystem services in local contexts. CFS could have a role building relationships between organizations and
communities and developing tools to help residents document and communicate their experiences of cultural
ecosystem services.

5.2.4 Climate change

Approximately 80 percent of Canadians live in urban communities of various sizes (McPherson et al. 2013) and
many of these communities are increasingly vulnerable to the impacts of climate change (Revi et al. 2014).
Urban forests already make an important contribution to creating liveable environments for their increasing
urban populations and with future projections of climate change, healthy large-scale urban forests will be even
more vital and valuable in helping urban communities adapt to negative impacts such as increasing heat waves
and flooding. Much work needs to be done to develop regional guidelines for citizens and businesses to use
urban trees for energy conservation and reduction of air-conditioning needs, in order to mitigate climate
change and meet city greenhouse gas reduction targets. CFS could apply its expertise in climate change
adaptation to the urban forest context and contribute to research that will improve urban forest managers’
understanding of how to select tree species for future climatic conditions and how trees can best support low-
carbon, attractive and resilient communities (Sheppard et al. 2008).

5.2.5 Changing expectations for community engagement, governance and education

Cities are seeing an increasing demand for meaningful involvement and a public voice in decisions, as density
increases and populations rise. Cities could see major benefits from this if citizens can be encouraged to help
promote and maintain forest values, rather than ignoring or damaging them. The current trend towards
community and stewardship group participation in urban forest management is, however, in part a reflection
of dwindling government budgets (Satel 2005). The lack of available resources increases the difficulty that local
governments face in spearheading long-term urban forest planning initiatives beyond routine operational and
maintenance endeavors.

Other barriers and limitations in the practice and governance of urban forestry include the common
fragmentation of disciplines and responsibilities into siloes, within the local governments tasked with managing
most of Canada’s urban forests (Ordonez and Duinker 2013; Baumeister 2014). It is not uncommon for
municipalities to house urban forest planners, installation and maintenance staff in completely different units
and for those with private land enforcement and communications responsibilities to be separate from those
working in the adjoining public realm. There are also major jurisdictional barriers across broader land bases and
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urban forest systems (e.g. between regional parks, private land, municipal parks and rights of way, Crown
land). Peri-urban and urban forests can be viewed as an asset or a liability depending on the mandates of
different disciplines (e.g., engineers, risk managers, ecologists, recreation providers). There is a potential role
for higher levels of regional, provincial and even federal governments in providing services and integrated
planning and managed in some of these situations. Thus, there are considerable opportunities for knowledge
exchange, policy leadership and programming for agencies such as CFS in this arena. There is also a need (and it
seems, considerable demand) for provision and enhancement of new skills, education and awareness of urban
forestry at various levels, including high schools through to adult education, and retooling of practitioners in

the broadening field of urban forestry.

The Canadian Urban Forest Network (CUFN) is an umbrella organization representing professional associations,
businesses, educational institutions, community groups and the general public, in facilitating the exchange of
information on urban forestry issues in Canada. The provincial and federal governments are represented
through natural resource agencies (i.e. Natural Resources Canada - NRCAN). The municipal level of government
gains representation through individuals participating on the National Steering Committee. The function of the
Committee is to review and update the Canadian Urban Forest Strategy (CUFN 2014). The structure of the
CUFN aims to create an equal representation between members to foster dialogue and exchange of
information on urban forestry. A review of applied urban forest management projects though, is initiated
primarily at the municipal and community level. This reflects the ownership of land, control of zoning
regulations and accountability to residents which municipalities are responsible for. This situation leaves
opportunities for provincial and federal level of governments to contribute in other areas such as funding,
research and extension.

As the practice of urban forestry develops in Canada, CFS could have a key role in helping to shape the future
of Canada’s urban forests, in order to maximize the benefits and ensure their equitable distribution among
urban residents. CFS could provide a leadership by developing an urban forestry research program that
addresses the widening range of issues affecting a crucial resource to Canadians that is sometimes taken for
granted.
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6 CONCLUSIONS

Priority areas for development in urban forestry in Canada include:

* Developing an expanded economic analysis and solid business case for urban forestry. As reported
above, there is much scattered information, but no clear or consistent patterns of values assigned to
urban trees. It would be valuable for municipalities and home owners to know how much money these
trees will cost them and when they can realize the net benefits.

* Research to better understand the mechanisms by which urban forests provide cultural values and
increased social health, and how green equity can influence the provision of urban forestry benefits
and social well being.

* Research and feedback from practitioners on how to evaluate urban forests’ contributions to climate
change adaptation and mitigation, urban forest products, physical and mental health, and community
economic development.

* Development of aggregate valuation methods and results, such as by combining less tangible social and
cultural benefits with monetized values (e.g. planting and maintaining trees on your property can
reduce home heating costs by Sx per year and reduce residents’ stress levels).

* Tool development and refinement to expand or complement the i-Tree tools and facilitate assessment
of non-regulating urban forest services and benefits.

* Increased urban forest data sources and data sharing, from citizen science to national urban forest
databases.

As the priority areas listed above are addressed, a key ingredient for success will be increased collaboration
between all levels of government, academia, practitioners and citizen groups. As a national government agency
with both research and practical expertise, the Canadian Forest Service could play a central role in facilitating
this collaboration. The issues we are seeking to understand and integrate into urban forest policy, planning and
management are complex and require a multi-faceted, collaborative approach to solve. Academia can provide
theoretical guidance but will need to maintain strong relationships with practitioners and local communities to
ensure that research is meeting practitioners’ needs and that useful research is being communicated and
applied.

Government agencies such as the Canadian Forest Service could provide leadership in delivering urban forest
assessment resources to the public and in coordinating data acquisition and sharing. Good policy and
management is informed by high-quality data. The Canadian Forest Service could play a key role in gathering or
generating data from various sources across the country, funding data acquisition initiatives and making it
available to academia, practitioners and the public.

Finally, the Canadian Forest Service has an important role to play in educating and involving Canadian citizens
in urban forest management. A first step could be to develop a national urban forest policy that would
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facilitate engagement of CFS in urban forest research and engagement. If Canada is to successfully manage and
improve its urban forests, the public must become more engaged through activities such as citizen science and
data acquisition, tree management and urban forest education. Involving the public in urban forest
management will help municipalities care for a valuable resource and will have added community cohesion

benefits. Sustainable societies are about people, communities and governments working together to shape
their ideal future forests.
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8 APPENDIX

Table 3. Summary of i-Tree tools and their functions, requirements and limitations.

Summary of i-Tree Tools

i-Tree Eco

i-Tree Design

i-Tree Canopy

i-Tree Streets

i-Tree Vue

i-Tree Species

i-Tree Hydro

i-Tree Storm

i-Tree Pest
Detection

Purpose

Estimates benefits by analyzing
forest structure

Estimates single and multiple
tree benefits

Estimates canopy cover

Assessment of street tree
populations

Land cover assessment

Appropriate species
selection

Quantify impacts of
changes in tree and
impervious cover

Provide reliable
numbers for risk
management

Pest detection and
monitoring program

Ecosystem Services
valuated:

Mitigation of storm
damage through

Past pest disturbance
events and pest

Carbon storage L] ° (] o o ° estimation of clean up  |population trends

Pollution removal o o o o o . efiarts

Microclimate moderation o U J °

Stormwater regulation o ° ° °

Canopy interception o

Aesthetics °

Compensatory value .

Spatial Scale Single tree, stand and city level |Single tree and tree grouping|Local scale to stand level Stand level Stand and landscape level |Single tree level Watershed scale Community and region |Single tree to city

level

Outputs Summary report including Summary Report of Tree Summary Report of percent |Report with age distribution, |Summary report of benefits. |Produces a ranked list of |Summary report and DEM [summary report and Summary report
monetary valuation of urban Benefits cover plus estimate of growth models, replacement [Growth curves appropriate species visualization spreadsheet
forest benefits benefits value

Inputs Inventory or plot sampling by Aerial map data Survey data by cover class. Street tree inventory data Satellite imagery derived USDA hardiness zones Hourly stream flow data |Sample street segments |Inventory or plot
land use class with meterological Uses EPA's BenMap program from Landsat sample data
and pollution data to assess pollution

Capabilities Calculates structural and Simulation of scenarios to Evaluate effects of Compares benefits between |Models future effects of Relative rating of benefits |Simulates changes in Quantify damage from |Integration of pest
functional information with forecast future benefits disturbance, growth and locations. Pest detection silviculture scenarios at tree maturity water quality and quantity|storm events detection procedures
algorithms mortality rates

Software Web-based Web based with Google Map |Web based limited to Google |Software requirement - not National Land Cover Web-based Stand alone application |Web based With i-Tree Eco + i-

interface

Map interface.

desktop

Database (NLCD)

Tree Streets

Intended users

Municipalities, stewardship

groups, general public, educators

Arboriculture and design
professions

Municipalities urban
foresters,researchers

Urban foresters, stewardship
groups

Municipalities, landowners,
stewardship groups

Property owners,
neighbourhood
organizations

Urban planners and
resource managers

Disaster prevention
organizations

Municipalities,
stewardship groups

Limitations

Dependent on quality of
meterological and air pollution
data

GIS may be needed for
complex projects.

Estimates present benefits of
street trees only

Dependent primarily on
hardiness zone criteria
alone

Requires management of
complex data sets

Requires management
of complex data sets

Knowledge in pest
detection required

www.itreetools.org/resoures/archives.php
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Table 6. Summary of i-Tree Model Descriptions

Summary of i-Tree's Model Descriptions

Ecosystem Air Quality Improvement

Service Urban Forest Structure Pollution removal Biogenic VOC Emissions Carbon Storage and Sequestration Energy Use Stormwater Regulation

Purpose Measure forest structure attributes Hourly amount of pollution removal, monetary value and [Estimates hourly Biogenic Volatile Organic Compound |[Calculates total stored carbon and gross and net carbon [Estimates effects of trees on building energy use and |Estimates precipitation intercepted by vegetation
per cent (%) improved air quality (VOC) emissions from vegetation sequestered annually consequent emissions from power plants reduction in stormwater

Attribute Leaf Area (LA) Dry deposition of air pollution to trees of ozone (03), Species, leaf dry weight biomass, air and leaf Estimation of tree biomass using forest derived Distance/direction to buildings. Trees< 6.1m ht. or >  [Effect of vegetation in reducing surface runoff as net

Measured sulfur dioxide (SO2), nitrogen dixide (NOz), carbon temperatures changes through transpiration allometric equations 18.3m distance to buildings are not considered avoided runoff

Leaf Area Index (LAI)
Canopy Area

monoxide (CO) and particulate matter <10um

Isoprenes, monoterpenes

Average VOC emissions annually

Tree energy effects

Shading, windbreak and local climate

Hourly ppt

Total annual surface runoff

Considerations

Sampling design/plot size
Deciduous or coniferous
Shading coefficient
Condition class (0 - 100%)
Land use class index
Species diversity Index

Insect pest effects

(CLE = 0-5); closed - 0, open - 5, Crown light
exposure

Air pollutant flux (F)

Pollutant concentration in g/m3 (C)
Aerodynamic resistance (Ra)
Friction velocity

Quasi-laminar boundary layer (Rb)
Canopy resistance (Rc)

Stomatal resistance

Dry deposition velocity (Vd) from LAI. Median Vd is
0.0128 m/s

Land use type

Genus or species type

Deciduous leaf-on estimates only
Coniferous - year round estimates
Transpiration rate

Inventory project

Sample project

species average diameter (dbh)
Tree condition
Season = 153 frost free days/yr

Standardized growth rates per tree

(CLE = 0-5); closed - 0, open - 5, Crown light exposure

Percent cover (%) buildings vs trees
Climate region
Deciduous vs coniferous (leaf type)
Tree size class

Building type (vintage)

Heating source type: electricity, natural gas, fuel oil,
heat pump

Ttree species / Land Use Type
Pervious vs impervious cover
Canopy ppt storage capacity
Through canopy ppt

Evaporation

Infiltration time / Overland runoff
Depression storage

Assumes precipitation (ppt) is uniformly distributed

Economic
Valuation

Compensatory Value - is based on trunk area,
species, condition and location

Monetary value (metric ton) - 2007 Producer Price Index
(PPI): CO-$1 407, NO,-$9 906, SO,-$2 425, PM10-S6 614

Monetary value: $22.8t CO based on marginal social
cost of CO emissions for 2001-2010

Estimated economic impact of change in building use:
state average price per KWh

Value of ppt interception = net avoided runoff
(50.008963/gal.)

Conversion Factors
and Equations

Leaf Area (m2) to Biomass (g/m3),

LA = [In(1-x)/-k * Ttr2

LAl = In(1/10)-k,

Crown parameters: Y=bo+b1H+b2D+b3S+b4

Dbh: Y = bo+b1X+b2S

for percent (%) improved air quality estimate: use local
boundary layer height data (ht of pollutant mixing)

F=Vd*C: Pollutant flux (g/m2/s):

Vd = 1/ (Ra+Rb+Rc) : Deposition velocity (m/s):

I=F/F+M: Air quality Improvement in %
(where M is total air pollutant mass)

Genus-specific emission factors for 30 degrees C + PAR
flux of 1000

Above ground biomass to whole tree biomass uses a
root to shoot ratio of 0.26

Open grown trees multiplier 0.8, closed canopy trees -
1.0

Species/genus conversion: 0.48 conifers, 0.56
hardwoods

Total tree weight biomass to total stored carbon:
multiply by 0.5

Amount of carbon avoided calculated in MWh
(cooling), Mbtus+MWh (heating)

0.5 + (0.5 * tree condition):Tree condition adjustment

Tree condition = 1 - % dieback

Convert plot and tree heating and cooling effects to
the state specific equivalent

S (m3) = Rh - Ra :Annual avoided surface runoff / yr
Difference btwn hypothetical and actual

S * LA /3 LA for all trees = Ppt interception volume
(m3)

Other data Compensatory Values from ISA and Council of Tree cover, hourly NCDC weather data, and US Air temperature from National Climatic Data Center Climate region's electricity emissions factors Monetary value based on US Forest Service Tree Guide
required Landscape and Tree Appraisers (CTLA) Environmental Protection Agency (EPA) pollution [] (NCDC). Total solar radiaion from the National Solar series
publications, monitoring data. Radiation Model
Monetary value - median externality values for each Inventory System from the National Oceanic and Energy Information Administration (2003)
pollutant in the US in metric tons Atmospheric section EPA Consumer Price Index (2003)
Limitations Update structural values Update median externality values Update Biogenic Emissions model Standard estimation error is difficult to derive Updated energy tables of energy use in buildings Reliance on hypothetical and actual scenarios
Dieback as proxy for condition effect of regional variability No national database
Uses land class as a proxy for location Biomass equations for urban and ornamental tree
species
Only 3 insect pests in model magnitued of urban tree decay
Literature Nowak (2008) A Ground Based Method for Nowak (2006) Air Pollution Removal by Trees and Shrubs |Hirabayshi (2012) i-Tree Eco Biogenic Emissions Model |Nowak (2002) Carbon Storage and Sequestration by Simpson (1998) Urban Forest Impacts on regional Hirabayshi (2014) i-Tree Eco Precipitation Interception
Source Assessing Forest Structure and Ecosystem Services |in the United States. Hirabayshi Descriptions urban trees in the United States cooling and heating energy use:Sacramento Case Study|Model Descriptions

(2014) i-Tree Eco Dry Deposition Model Descriptions

Relevance to
Canada

Inclusion of additional insect pests into model

Structural value of trees required

Pollutant dollar value information required

Canadian Biogenic VOC emissions inventory

Canadian carbon storage and sequestration data

Canadian building types and conversion factors

Canadian climate regions needed

Value of ppt interception needed

www.itreetools.org/resources/archives.php
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