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Abstract  

 

This current study reviews urban forest management planning in Ontario through a sustainability 

lens. After clarifying key terms and concepts in the field of urban forestry, the paper moves 

towards an analysis of two urban forest management plans from municipalities in Ontario. This 

analysis was accomplished using a qualitative content analysis approach, where the content from 

two urban forest management plans was assessed against a framework that defines core 

principles of sustainable urban forest management. Key insights from this analysis are then 

identified and used to present a framework the Town of Lincoln can follow to develop an UFMP 

for their urban forest. The findings from this study found that municipalities have a strong desire 

to achieve sustainable urban forest management, but external challenges and internal limitations 

present barriers to achieve this.  

 

Keywords: urban tree canopy (UTC), urban forest management plan (UFMP), criteria and 

indicators, strategies, implementation 
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1. Introduction  
 

1.1 What is the urban forest? 
 

The urban forest can be understood as the system of trees, including individual trees and 

those in forested patches, and other woody vegetation, found on both public and private lands, in 

an urban area (McGee et al., 2012; Roman et al., 2020). According to Gibbons & Ryan (2015) 

greenspaces, urban parks, street trees, residential trees and vegetated lands in a populated area 

are typically referred to as ‘the urban forest’. These two definition’s highlight the two main 

components of the urban forest, trees that grow in highly urbanized areas (e.g., street trees) and 

the naturally forested areas of the urban forest. Several cities across southern Ontario have 

similar definitions of their urban forests. For example, the City of Cambridge describes their 

urban forest as “all trees within the city’s boundaries, whether they are on public or private lands, 

and includes their growing environments” (Urban Forest Innovations et al., 2015, p.iii) and the 

City of St. Catharines defines the urban forest as “the collection of trees in and around our 

community” (City of St. Catharines, 2019, p.7). Therefore, the urban forest, at its most basic 

definition, refers to the entire collection of trees located within the boundaries of a municipality.  

Work conducted by Randrup et al. (2005) aimed to standardize the varying definitions of 

the urban forest. In their work, the authors define the urban forest by identifying three key 

components of it: the structure of vegetation elements embedded in the urban forest; the location 

of vegetation within the urban landscape including urban, suburban, peri-urban, and rural 

locations; and the beneficial services produced by the urban forest (Randrup et al., 2005). The 

first component of this definition can be described by the term urban tree canopy (UTC), which 

is the composition or structure of the urban forest, including its biophysical and geographical 

attributes, such as the variety of tree species (i.e., native vs. invasive), age of species, height of 

canopy, and health of the trees (Ordonez & Duinker, 2012). The next component of this 

definition addresses the complexity of urban forests as it highlights that trees growing in an 

urban forest are often growing under different conditions and in different locations. In addition, it 

indicates that the urban forest includes highly urbanized areas, as well as varying rural 

landscapes within urban boundaries. Further, defining the urban forest based on location 

provides some distinction in tree ownership between public and private entities. The final 

component of this definition can be described by the term ‘ecosystem services’, which refers to 

the positive benefits humans receive from their urban forest.  

 

1.2 Defining the urban tree canopy  
 

The urban tree canopy (UTC) can be defined as the structure of the urban forest, including 

both biophysical and geographical attributes of the urban forest. Biophysical attributes refer to 

species composition, diversity, age of species, and health status, and geographical attributes refer 

to the proximity of forest elements to each other and to human built infrastructure (Ordonez & 

Duinker, 2012). The biophysical attributes of an urban forest will directly influence the 

biophysical processes that take place in the urban forest, such as water uptake and 

evapotranspiration, nutrient uptake, and carbon sequestration. The type of biophysical processes 

that take place in an urban forest will determine how the urban forest provides benefits and 

services to human population living in an urban environment (Pataki et al., 2021). 
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The UTC is often defined as the percentage of urban land area that has natural canopy 

cover, including trees on both public and private lands. The UTC is a core component of the 

urban forest, as it represents the sum of tree features embedded in an urban forest, with these 

trees serving as indicators for how the urban forest will function. The UTC is also the 

combination of “leafy, green overhead cover from trees that community groups, residents and 

local governments maintain in the landscape for beauty, shade, fruit production, wildlife habitat, 

energy conservation, stormwater mitigation, and a host of public health and educational values” 

(USDA, Forest Service, 2019, p.1).  

Protecting, enhancing, and expanding the UTC has been a core focus of municipalities 

across Canada in the last two decades (Almas & Conway, 2016). This is the result of researchers, 

policy developers, and municipal planners identifying and quantifying the value urban tree 

canopies can provide to communities. For example, a popular method for identifying the value 

an urban forest can provide a community is by calculating a dollar value of the services provided 

by the urban forest. Software programs such as i-Tree Canopy have the capacity to aggregate tree 

data and calculate an approximate dollar figure for the services the urban forest provides in the 

form of stormwater retention and energy savings (Atasoy, 2020). The first step towards 

developing plans for the protection, enhancement, and expansion of the urban forest is to gather 

the appropriate data on the UTC (Pregitzer et al., 2019). These data can be collected using an 

UTC assessment, and various methods for conducting these assessments will be discussed later 

in this paper. UTC data is crucial for the management of the urban forest, since before plans are 

developed to manage the urban forest, planners must have knowledge of the current state of their 

urban forest, as this will guide the direction of management strategies.  

 

1.3 Ecosystem functions and services  
 

The structure of an urban forest determines its ecosystems functions (Ordonez & Duinker, 

2012), or how the abiotic and biotic factors interact in the natural environment (Nowak & 

Dwyer, 2007; Escobedo et al., 2011). Many of these naturally occurring ecosystem functions 

provide benefits to people living in urban areas. These benefits can be described as ecosystem 

services and they can be defined as “the benefits that human populations obtain directly or 

indirectly from natural ecosystems” (Li et al., 2019, p.1). There have been numerous studies that 

provide evidence of the ecosystem services that urban forests provide. These services can be 

divided into four different categories: (1) provisioning services – providing benefits in the form 

of goods, such as food and timber, (2) regulating services – referring to benefits derived from 

ecosystem functions like carbon sequestration, stormwater mitigation, and shading, (3) cultural 

services – benefits in the form of public amenity and access to space for recreational activity, and 

(4) supporting services – which are benefits such as soil formation and habitat for wildlife that 

can support biodiversity (Davies et al., 2017).  
Escobedo et al. (2011) note that ecosystem services have been defined in a variety of ways 

by different authors, but all definitions focus on the relationship between humans and the natural 

environment. These researchers note that ecosystem services provided by an urban forest will be 

different on a case-to-case basis, so “the most useful definition of ecosystem services in a 

specific case depends on the goals of the analysis” (Escobedo et al., 2011, p. 2079). This 

definition highlights that ecosystem services manifest themselves in a variety of forms and are 

very context dependent.  
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1.4 Urban forest management planning  
 

Urban environments are generally harsh growing environments for trees. Three of the 

greatest challenges trees face when growing in urban environments include increased urban 

intensification, impacts of climate changes, and historical degradation of the environment (van 

Wessenaer et al., 2012). Urban intensification poses a challenge for tree establishment as 

municipalities exist within finite space. Trees must compete for space that is often prioritized for 

other land uses. The impacts of climate change also continue to put pressure on the urban forest 

in a variety of ways. There are a few major challenges presented by climate change that are 

important to address. For example, the expansion of invasive species into new regions as the 

climate gradually warms, such as deer ticks carrying Lyme disease spreading throughout the 

Niagara Region (Public Health Ontario, 2021), or the increased intensity and frequency of 

extreme weather events, such as drought, floods, and heat eaves, that have devastating impacts 

on municipalities (van Wessenaer et al., 2012).  

Historically, urban forest management activities typically focused on aesthetic and 

environmental benefits of trees, and problems associated with growing trees in urban areas 

(Ordonez & Duinker, 2013). However, over the last few decades, there has been an increase in 

academic research on the urban forest, which has resulted in management of the urban forest 

shifting from the traditional focus to include a broader set of benefits provided by the urban 

forest (Ordonez & Duinker, 2013). A recent trend seen in the management of urban forests 

within different municipalities in Canada has been the adoption of urban forest management 

plans or UFMP (Almas & Conway, 2016). An UFMP has been defined as “a community 

document that creates a plan for the management of the urban forest and provides strategic 

direction and operational guidelines” (Gibbons & Ryan, 2015, p. 615). These plans provide a 

valuable tool that municipal governments can use to guide urban forest management. UFMPs 

assign management responsibility to various stakeholders of the urban forest and translate urban-

forest theory into practice (Ordonez & Duinker, 2013). In addition to this, greenspace planners 

and urban forest managers often compete for resources with other interest groups for a limited 

pool of resources (Konijnendijk et al., 2006; van Wessenaer et al., 2012), which has resulted in a 

need to develop UFMPs to justify allocation of resources. Effective management of the urban 

forest focuses on balancing the need for immediate action with strategies that focus on long-term 

goals and objectives (van Wessenaer et al., 2012). For instance, there have been a number of 

municipalities in southern Ontario that have established a 20-year timeline for their UFMPs (van 

Wessenaer et al., 2012; Almas & Conway, 2016). However, some smaller municipalities in 

southern Ontario lack the financial and human resources to develop UFMPs, especially when a 

UTC assessment is typically conducted before a plan can be developed. Within this context, this 

current project was undertaken as part of the Brock-Lincoln Living Lab partnership between 

Brock University (Environmental Sustainable Research Centre) and the Town of Lincoln (ToL). 

This University partnership provided the resources to conduct an UTC assessment (Razaghirad, 

2022) that was used to inform this current research project. Urban forest management planning 

activities are paramount to small municipalities, such as the ToL, as many are currently facing 

unprecedent challenges related to the impacts of a changing climate.  
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1.5 Problem context 
 

Urban environments are constantly subjected to a variety of stressors that impact both the 

quality of life for its residents and the integrity of natural and human-made infrastructure 

(Steenberg et al., 2016; Ellis & Matthews, 2019). For example, urban areas typically have a 

higher concentrations of air pollutants than non-urban areas and the impacts associated with 

climate change continue to unpredictably destabilize urban infrastructure and its inhabitants in 

the form of flooding, extreme heat and unprecedent drought (Ordonez & Duinker, 2012). Urban 

forests have been proven to mitigate impacts of a variety of urban stressors, a process previously 

defined as ecosystem services. The specific ecosystem services an urban forest will provide is a 

function of the unique composition and structure of that urban forest. Therefore, ecosystem 

services are context dependent and can be conceptualized as the beneficial outcomes from 

natural processes that occur in an urban forest (Escobedo et al., 2011). Thus, it is evident that 

proactive management of the urban forest to maintain or enhance ecosystem services is rooted in 

identifying and understanding the composition of the UTC. Equipped with this knowledge, city 

planners and environmental managers can identify 1) deficiencies in the UTC, 2) risk prone areas 

of the urban forest; and 3) identify how the urban forest is functioning to provide benefits to 

people living in urban areas. This information can then be used to develop strategies, goals and 

objectives, for the management of an urban forest.  

The new Niagara Official Plan, approved and implemented on November 4, 2022, outlines 

goals and objectives that relate to developing a ‘Sustainable Region’ (Chapter 3). To protect 

greenspace in the Region, the Niagara Official Plan contains policies and guidelines that relate to 

protecting natural landscape features such as woodlots, wetlands, and other significant 

greenspaces. This is evident from section 3.1 of the plan, titled ‘the Natural Environment’, that 

has the following objectives: “protect woodlands and their biodiversity, restore ecological 

functions, and enhance woodland cover through reforestation and restoration,” “screen for and 

evaluate enhancement areas as well as supporting features and areas to support the long-term 

ecological integrity and maintain natural cover” and “maintain protection for woodlands that 

have been distributed to help support the maintaining of tree cover in the region” (Niagara 

Region, 2022). Therefore, it can be understood that components of the Niagara Official Plan are 

intended to monitor, protect, and strengthen the urban forests within the 12 municipalities that 

comprise the Niagara Region. However, the Niagara Official Plan fails to present a 

comprehensive strategy regarding the process’s municipalities should undertake to guide them 

towards achieving environmental goals and objectives. In addition, municipal governments in the 

Niagara Region typically do not have management plans that define processes and strategies for 

achieving and monitoring progress towards environmental goals and objectives. 

Municipal government decision-makers may lack knowledge regarding the 

structure/composition of their urban forest, leading to a lack of understanding regarding the 

specific benefits their urban forest provides to community members and the natural environment. 

This ultimately makes it challenging to assess the value the urban forest provides to the urban 

area. Without knowledge of the value the urban forest provides to an urban area, with value 

referring to ecosystem services, it will be difficult to develop the appropriate management plan. 

These problems are a product of inventories (Ordonez & Duinker, 2013). Further, municipal 

governments may lack the resources required to develop comprehensive management plans for 

their natural environments (McGee et al., 2012), fail to engage with community stakeholders 

when developing plans, or prioritize other areas of urban planning such as grey infrastructure 

https://www.niagararegion.ca/official-plan/pdf/proposed-plan2/chapter-3.pdf
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development (Roman et al., 2020). This leads to community members being unclear about the 

roles and responsibilities they play in urban forest management, a lack of understanding 

regarding the importance of urban forest management, and voices being left out of decision 

making. This gap in knowledge, management, and planning leads to the question: How will 

municipalities in the Niagara Region meet the goals and objectives articulated in the Niagara 

Official plan if they are not developing strategies for reaching goals, monitoring the progress 

towards goals, and developing the appropriate management plans?  

 

1.6 Research goal and objectives  
 

The growing recognition of the benefits provided from the urban forest has led to 

researchers finding novel approaches to evaluating, monitoring, and managing urban forests. 

Specifically, urban forest researchers have developed theoretical frameworks that establish and 

define criteria of sustainable urban forest management practices. The goal of this current study is 

to identify the existence of sustainable urban forest management principles in UFMP from 

Ontario. The first section of this research paper consists of a literature review that presents key 

concepts in urban forest management and best practices for conducting an UTC assessment, in 

terms of cost and accuracy, and how these data can be incorporated into the development of an 

UFMP. The next section of the paper provides an analysis of two UFMPs from municipalities in 

southern Ontario, those being the Town of Collingwood and the City of Hamilton, to identify 

key policies included in these plans that lead to achieving sustainable urban forests. The text 

embedded in the two UFMPs will be categorized as sustainable urban management principles 

using a qualitative content analysis (QCA) that incorporates a framework developed by Gibbons 

& Ryan (2015). This framework was developed by synthesizing key elements of urban forest 

management planning from previous research conducted by Clark et al., (1997) and further 

revised by Kenney et al., (2011), a framework developed by Ordonez & Duinker (2013) and an 

extensive literature review. The framework used for the QCA in this study represents what 

academic theory defines as sustainable urban forest management principles. Therefore, the QCA 

will provide insights into the level of sustainable urban forest management principles, as defined 

by academic theory, found in Ontario municipalities UFMPs. Finally, the findings from this 

analysis will be used to guide the development of an UFMP for the Town of Lincoln (ToL).  

This study will highlight the core features of an UFMP for small communities, reveal best 

practices for developing an UFMP, assess strategies for implementing an UFMP, and use this 

information to present a case study for how the ToL can develop an effective, sustainable, 

UFMP. These objectives will be accomplished by answering the following research questions:  

 

• What is the best method for conducting an UTC assessment to gather data that will 

positively influence the development of an UFMP?  

• What processes should be included in the development an UFMP to ensure the plan is 

comprehensive?  

• What are the most important factors that should be present in an UFMP to ensure it is 

effective in reaching goals and objectives articulated by municipalities in Official Plans?  

• What are best strategies for implementing an UFMP, in the context of measuring success 

and reaching the goals of an UFMP and more broadly, the goals of Official Plans? 
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2. Literature review  
 

2.1 Conceptualizing the urban forest  
 

The term urban forestry was popularized in the mid 1960’s. A Danish-Canadian forest 

pathologist, Erik Jorgensen, is widely credited with coining and popularizing this term 

(Konijnendijk et al, 2006). He defined urban forestry was as “a specialized branch of forestry 

and has as its objectives in the cultivation and management of trees for their present and potential 

contribution to the physiological, sociological, and economic well-being of urban society. These 

contributions include the overall ameliorating effect of tress on their environment, as well as 

their recreational and general amenity value” (Jorgensen, 1986, p. 178). Jorgensen’s concept of 

the urban forest was partly developed in response to what he saw as unsustainable forestry 

practices in Canada as a whole, such as focusing exclusively on pulp and paper production 

without considering reforestation policies and neglecting the environmental and community 

benefits of forests (Dean et al., 2008).  

Jorgensen’s research is some of the first to be transitioned from theory to management of 

the urban forest. Specifically, his research led to major contributions towards the regulatory body 

that oversaw protection of American elm trees (ulmus Americana). Beginning in the mid-1940’s, 

Dutch elm disease began to spread through Canada and the U.S.A. By the late 1950’s, Dutch elm 

disease had reached southern Ontario and was beginning to infect trees on the University of 

Toronto campus. Recognizing the potentially devastating impact of this disease, due to the high 

proportion of American elm trees found in urban forests throughout North America, Jorgenson 

and his research assistant lobbied the municipalities of metropolitan Toronto to create a steering 

committee to help manage the spread of the pest (Dean et al., 2008). This committee was 

transdisciplinary in focus, and included forestry professionals, academics and municipal 

employees working in collaboration with each other. Throughout the 1960’s, this committee 

planned for the management of Dutch elm disease, showcasing some of the earliest work of 

urban forest management in post-colonial North America (Dean et al., 2008). 

Whereas urban forestry encapsulates the strategic management activities associated with 

the urban forest, the term ‘urban forest’ can be described in much more broad terms. 

Specifically, recent definitions of the urban forest typically describe it as all trees and woody 

vegetation located within an urban boundary, on both private and public property, including 

individual trees and stands of forested patches (McGee et al., 2012; Steenberg et al., 2016). 

These recent definitions establish that the urban forest is the collection of trees and woody 

vegetation contained within a municipality’s boundaries. It helps to clarify that the geographic 

extent of the urban forest ranges throughout a municipality, its ownership is shared by both 

public and private interests, and it contains different categories of features including individual 

tress and forested patches. Whereas the urban forest can simply be defined as woody vegetation 

on both public and private lands, including street trees, forest fragments, parks, residential 

property, and other land uses, located within a municipal boundary, the concept of urban forestry 

encapsulates the complex interactions between trees and humans in urban society.  

Work conducted by Randrup et al. (2005) identified three core characteristics of the urban 

forest. First the unique structure of vegetation elements that make up the UTC. Second, the 

geographic dispersion of the urban forest across varying urban landscapes including urban, 

suburban, peri-urban, and rural locations. This characteristic of geographic dispersion is 

important, as land-use type greatly influences the distribution of trees (Town of Collinwood et 
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al., 2020), resulting in the different types of urban landscape containing fundamentally different 

components of the urban forest. And finally, the benefits or value produced by the urban forest 

for human populations, or its ecosystem services. Figure 1 provides an overview of the three 

core characterises of the urban forest.  

 

 
 

Figure 1: Three core characteristics of the urban forest (Randrup et al., 2005) 

 

2.2 Ecosystem services 
 
At its most basic definition, ecosystem services can be described as “the benefits that 

human populations obtain directly or indirectly from natural ecosystems” (Li et al., 2019, p.1). 

Davies et al. (2017) expand on this definition by explaining that these benefits fall into four main 

categories: (1) provisioning services – providing benefits in the form of goods, such as food and 

timber, (2) regulating services – referring to benefits derived from ecosystem functions like 

carbon sequestration, stormwater mitigation, and shading, (3) cultural services – benefits in the 

form of public amenity and access to space for recreational activity, and (4) supporting services – 

which are benefits such as soil formation and habitat for wildlife that can support biodiversity 

(Davies et al., 2017). Table 1 summarizes the four main categories of ecosystem services and 

provides examples for some different ecosystem services the urban forest provides. 

 

 

 

 

 

 

 

the urban forest 

UTC: 

structure or compositon of 
the urban forest, including 
the variety of tree species, 
age of species, height if 

canopy and health of trees 
(Ordonez & Dunker, 2012)

Geographic range: 

spatially heterogenous 
(individual trees & patches 

of forest), 

Reflects division of private 
and public owership of 

trees Ecosystem services: 
“components of the urban 

forest that are directly 
enjoyed, consumed, or used 

to produce specific, 
measurable human 

benefits ” (Escobedo et al., 
2011, p. 2080).
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Table 1: Four main categories of ecosystem services and examples of ecosystem services that 

occur in the urban forest  

 
Ecosystem services: “the benefits that human populations obtain directly or indirectly from natural ecosystems” 

(Li et al., 2019p,.1) 

Category of ecosystem service Ecosystem services in the urban forest 

 

Provisioning services: tangible benefits such as 

food and timber 

The urban forest will not provide timber for fuel or 

construction activities in highly urbanized areas as there are 

not enough trees to support these activities. Urban forests 

typically provide services, rather than goods (Clarke et al., 

1997) 
 

 

 

 

 

 

Regulation services: benefits such as carbon 

sequestration and flood protection 

Forested areas absorbing rain and storm water, taking away 

pressure from municipal water infrastructure. High 

concentrations of impervious surface areas in urban 

environments impact the ability of water to naturally 

infiltrate into soil, ultimately increasing the speed it moves 

over the surface. This can lead to water infrastructure being 

overwhelmed (Davies et al., 2017) 

 

Shade from the UTC regulating surface temperatures. Tree 

canopies reflect short-wave radiation from sunlight while 

simultaneously protecting surface areas that would absorb 

short-wave radiation, providing a cooling effect (Davies et 

al., 2017) 

 
 

 

Cultural services: how natural spaces and human 

activity interact to provide benefits that range 

from material to non-material 

Physical health: a place for exercise and activity, 

recreational space for people to enjoy activities  

 

Mental well-being:  a place to connect with nature, get 

involved in community initiatives. Can provide important 

life experiences for people 

 

 

 

Supporting activities: benefits such as habitat 

for wildlife, biodiversity, and soil formation 

These ecosystem services are typically more applicable to 

large, continuous forests. However, elements of this 

category of ecosystem services are still important. For 

example, squirrels plant millions of trees every year 

themselves, so a strategy aimed at expanding naturally 

occurring patches of the urban forest would focus on 

establishing habitat for these animals so they can continue to 

plant trees 
 

In the context of ecosystem services provided by the urban forest, some of these categories 

of ecosystem services may not be as important for human populations living in urban areas. For 

example, highly concentrated urban areas would be unlikely to support urban forest features 

capable of sustaining timber production. In addition to this, if an urban area had a surface area 

that was 90% impervious, it would be highly improbably that the imposition of natural features 

would have any significant impact on stormwater mitigation (Pataki et al., 2021). However, there 

have been studies that have revealed key relationships between the urban forest, ecosystem 

services and human populations. For example, improving thermal comfort locally through 

shading, or the interception of radiation via large tree canopies (Pataki et al., 2021). Wang et al. 

(2018) conducted an analysis on urban areas across the U.S.A to compare the difference between 

urban areas with the presence of trees and areas with no trees and assess how shade from canopy 
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cover impacted surface temperatures. They found that urban areas with a tree canopy had a daily 

average reduction of 3.06 C in near-surface air temperature, although greater difference were 

found depending on the subregion (Wang et al., 2018). Further evidence of canopy cover 

functioning to provide temperature regulation via shade can be seen in Jung et al. (2021). Their 

work aimed to identify how urban trees impact land surface temperature, while accounting for 

the spatial heterogeneity of urban development. They found that an urban forests capacity to 

regulate land surface temperatures is dependent on the land cover type surrounding it (i.e., 

impervious or greenspace) and the level of development surrounding it (Jung et al., 2021). The 

ecosystem service of trees regulating land surface temperature can be described as the process of 

mitigating the urban heat island. The urban heat island is defined as the increase in a city’s 

surface temperature in their urban centres compared to their rural centres (Mills et al., 2022) that 

is a result of a reduction of natural vegetation in cities, an increase in impervious, dark surfaces 

that absorb heat, and an increase in anthropogenic heat production (Mohajerani et al., 2017). 

Examining the urban forest’s ability to mitigate this effect has been a popular research focus for 

urban forest planners over the last two decades, as city’s search for strategies that will mitigate 

impacts of an increasingly warmer climate (Mills et al., 2022). 

To measure and quantify the ecosystem services provided by a particular urban forest it is 

important to consider contextual factors, since depending on the structure of the urban forest, the 

ecosystem services realized may differ. Escobedo et al. (2011) summarizes this when they note 

that the term ecosystem services should be used with the appropriate context and scale, to 

account for the uniqueness of each urban forest, and should focus on what factors are most 

relevant to quality of life in cities, and not just broad goals identified by researchers, city 

planners, and environmental advisors.  

For example, a common ecosystem service identified by research is the ability of urban 

trees to sequester carbon from urban environments to help assist in climate change mitigation 

(Nowak et al., 2013). Nowak et al. (2013) conducted a study where one objective was to 

determine the capacity of the entire U.S.A. urban forest to sequester carbon. This was done based 

on a calculation of total tree mass through data sampling. However, Pataki et al. (2021) highlight 

the fact that greenhouse gas (GHG) emissions in modern cities are disproportionately large in 

comparison to the extent of their urban forest. To exemplify this, a simple comparison can be 

made between the conclusion found in Nowak et al. (2013) and the GHG emissions from a 

modern city. Their research found that the annual carbon sequestration from trees in U.S. urban 

areas was approximately 25.6 million tonnes in 2005 (Nowak et al., 2013), and in 2019, the city 

of Toronto, with a population of approximately 2.7 million people (T.O. Health check, 2019), 

had community wide GHG emissions of 15.6 million tonnes (City of Toronto, 2021). Following 

these numbers, it can be concluded urban forests may not play as significant role as once 

previously thought in mitigating the impacts of climate change in the form of carbon 

sequestration, particularly in dense urban areas. Therefore, although forests play a key role in the 

carbon cycle globally, with urban forests making up but a percentage of the world’s total forests, 

urban forest are most effective at providing ecosystem services that “operate at local scales, such 

as parcels or urban forest/neighbourhood patches” (Pataki et al., 2021, p.2). Therefore, 

ecosystem services, in the context of the urban forest, can be defined as “components of the 

urban forest that are directly enjoyed, consumed, or used to produce specific, measurable human 

benefits” (Escobedo et al., 2011, p. 2080). 

Overall, it is clear that ecosystem services provided by the urban forest are different than 

those provided by large, continuous forests, as they traditionally function at a local scale. This is 
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not to say that urban forests do not contribute to the provisioning of ecosystem services on a 

global scale (O’Neil-Dunne et al., 2014), but rather that the ecosystem services provided by the 

urban forests are typically more significant at a local scale. Therefore, the management of an 

urban forest must focus on strategies that ensure the constant supply of a particular ecosystem 

service that is important for a specific municipality. 

 

2.3 UTC assessments 
 
This section aims to highlight best practices for conducting UTC assessments by 

identifying key methods, tools, and protocols researchers use for UTC assessments. It will begin 

with an introduction into what UTC assessments are and a description of what these assessments 

are used for. Next, common UTC assessment methods used in urban forestry will be discussed, 

along with the general protocol involved in conducting these assessments. Finally, a concluding 

paragraph will summarize key insights and challenges in conducting UTC assessments, 

especially for smaller communities.  

 

2.3.1 Defining the UTC assessment  

 
At its most fundamental level, the urban tree canopy (UTC) can be understood as “the 

layer of leaves, branches, and stems of trees that cover the ground when viewed from above” 

(Watershed Forestry Resource Guide USDA, 2008). UTC assessments do not fall under one 

definition, but they include the methods and protocol used to measure and identify the structure 

of the UTC to help guide decision-making. For example, a popular objective of an UTC 

assessment is measuring a community’s tree canopy cover as a percentage of the total surface 

area (USDA, Forest Service, 2019). UTC assessments calculate the percentage of canopy cover 

in an urban area using standardized protocol that follows specific steps. A core feature of UTC 

assessments is their use of geospatial technologies. Geospatial technologies can be described as 

“mechanisms that are used to obtain, stock, and operate geographic data that is positioned to the 

earth. The data is used to analyse, model, simulate and visualize locations which are immensely 

supportive of community and industry applications” (Nuhu et al., 2021, p. 2) and typically 

include geographic information systems (GIS), global positioning systems (GPS), and remote 

sensing tools (McGee et al., 2012). While UTC assessments involve collecting field data, they 

rely on a variety of geospatial technologies to gather, analyze, and interpret tree canopy data. The 

combination of increasingly effective technological tools in the field of geospatial technologies 

and powerful data management programs that can standardize, and store canopy data has resulted 

in UTC assessments becoming more accurate over the last two decades (McGee et al., 2012). 

Specifically, there has been a dynamic shift from conducting UTC assessments with the single 

focus of measuring the percentage of canopy cover in an urban area to analysing the UTC with 

other data layers such as impervious surfaces and different categories of land cover (USDA 

Forest Service, 2019). The combination of UTC data and other types of land cover results in the 

production of land-use and land-cover (LULC) maps; maps that delineate the various categories 

of land-cover in a defined area. Recognizing that the tree canopy in an urban forest can provide 

value to residents, and its potential ability to regulate environmental conditions in the form of 

ecosystem services, has resulted in an increasing interest in protecting and expanding urban 

forests (McGee et al., 2012), but first the structure or composition of the urban forest must be 

assessed (Town of Collingwood et al., 2020). The outcome of an UTC assessment can be used 
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by planners, environmental managers, and policy makers to guide strategic decision-making 

about the urban forest.  

 

2.3.2 UTC assessment protocol  

 
Step 1: Needs assessment  

 

The first step in an UTC assessment is to establish goals and objectives for the assessment 

(USDA Forest Service, 2019), and clearly define what it is the assessment is trying to achieve 

(McGee et al., 2012). The earliest UTC assessments usually had the objective of measuring total 

surface area covered by tree canopy, with the goal of identifying areas to prioritize tree planting 

and creating a plan that facilitates tree planting (Kenney et al., 2011; USDA Forest Service, 

2019). Goals are important as they work to guide the UTC assessment in terms of data 

requirements, address the stakeholders involved, and articulate expected outcomes for the project 

(USDA Forest Service, 2019).  

Recent studies (Kenney et al., 2011; Ordonez & Duinker, 2013) have emphasized the 

important role community stakeholder consultation plays in ensuring UTC assessments are 

conducted in an effective manner. As Locke et al. (2013) state “independent action is inadequate: 

no agency, organization, single landowner, or business has sufficient funds or land to achieve an 

UTC goal. Coordination and collaboration are needed and depend upon identifying common or 

complementary interest, categories of programs or areas for action” (p.4). This statement 

highlights the complex management requirements of the urban forest, as it summarizes various 

relationships amongst stakeholders in the urban forest. Further, this statement speaks to one of 

the main challenges in managing the urban forest: the high concentration of trees found on 

private lands. The concentration of trees found on private lands in municipal boundaries has been 

found to be as high as 90% (Clarke et al., 1997). Additionally, recent studies have found that 

private ownership of land in urban areas is often greater than publicly owned land (Klobucar et 

al., 2021). This represents a challenge in establishing consistent management strategies for the 

urban forest if private stakeholders are not consulted on management strategies for trees. 

Following this, it is clear that an important factor in achieving a successful UTC assessment is 

ensuring relevant stakeholders are consulted on their opinions.  

As noted earlier, a traditional objective of an UTC assessment was to calculate a 

percentage of surface area covered by tree canopy (Kenney et al., 2011). However, researchers 

have highlighted some limitations with focusing exclusively on this objective. For instance, 

Ordonez & Duinker (2013) present two challenges that may arise from an over-reliance on this 

approach. First, a one-size-fits-all approach to canopy cover may fail to address ecological 

considerations, such as the importance of connectivity and native tree species. Second, these 

broad goals typically represent a reliance of steering committees or top-down government 

decision making, which can lead to stakeholders feeling isolated in the decision-making process 

which ultimately impacts the legitimacy of the urban forest program. In response to the problem 

of having too broad of a focus when establishing goals and objectives for UTC assessments, 

researchers and planners have devised a new subset of goals. These emerging goals can be seen 

in criteria and indicators research conducted by Kenney et al. (2011), where they advance the 

definition of canopy cover to include a calculation of relative canopy cover. Relative canopy 

cover is calculated by dividing the entire canopy cover by the potential canopy cover (or the 

entire possible land surface that could be covered in trees). The outcome of this calculation 
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represents the percentage of potential canopy area available in a defined area. This calculation 

can provide insights into surface areas that have potential to serve as tree establishment areas 

(Kenney et al., 2011). 

In conclusion, a needs assessment is a crucial first step in ensuring the effectiveness of an 

UTC assessment. These assessments establish what the priorities of the assessment are, articulate 

why the assessment is to be conducted, and assist in bringing together relevant stakeholders in 

the urban forest.  

 

Step 2: Method selection  

 

UTC assessments can be categorized into two types: field and non-field assessments. Field 

assessments typically involve creating an inventory of the UTC based on manually collected 

field data. These processes are labour-intensive and often fail to categorize other land-cover 

types (Fazio, 2016).  Non-field assessment can be undertaken by either random point sampling or 

remote-sensing methods (Richardson & Moskal, 2014; Parmehr et al., 2016). Random point 

sample can also be referred to as a ‘photo interpretation’ method, and remote-sensing methods as 

‘image classification’ methods (Hwang & Wiseman, 2020). Depending on the method selected 

for a non-field UTC assessment, the data gathering process and software choice for conducting 

the UTC assessment will differ.  

Overall, when selecting a method to use for an UTC assessment, it is not only important to 

take into consideration the goals and objectives of the assessment, but to also recognize resource 

constraints. Availability of time and capital (including human capital) may all impact the ability 

of the UTC to be accurate and serve as a beneficial tool for the management of the urban forest. 

For example, remote sensing UTC assessment methods are often technically complex and 

require knowledge and access to specialized software programs. As a result of this, small 

municipalities may lack the resources required to assess their urban forest using geospatial 

methods, ultimately “limiting their ability to effectively monitor, plan and manage their urban 

forests” (Hwang & Wiseman, 2020, p.52). The following two paragraphs provide a summary of 

the two main non-field UTC assessments.   

 

Random point sampling methods  

 

An analyst using this method first gathers the relevant aerial or satellite imagery for their 

area of study. The analyst then determines several sample points on the imagery that will be used 

to manually classify land features. Next, the analyst visually examines each of the sampled 

points and classifies the land cover using pre-determined categories, such as impervious surface 

or tree canopy (Hwang & Wiseman, 2020). It is important to note that random point sampling 

methods for UTC assessments use components of remote-sensing methods, i.e., the use of 

aerial/satellite imagery. The two methods start to diverge in protocol to a greater extent during 

data analyses. This method is beneficial to use if the objective of the assessment is to estimate 

the percentage of UTC and other land cover types in a specific area (Hwang & Wiseman, 2020). 

These methods have been found to be economically efficient and less time-consuming than 

remote-sensing methods (Atasoy, 2020).  
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Remote-sensing methods 

 

A main difference between UTC assessments that use remote-sensing methods over 

random point sampling methods is their use of specialized computer software that can 

accommodate a variety of data forms. Remote sensing UTC assessment methods typically 

involve unsupervised classification, or performance of classification “based on computer 

algorithms, instead of via visual inspection by an analyst” (McGee et al., 2012, p. 277). How 

unsupervised classification is involved in the UTC assessment process will differ from 

assessment to assessment. Parmehr et al. (2016) note another key difference between random 

sampling and remote sensing-methods is that the latter has the ability to develop continuous UTC 

maps – maps that contain tree data, are stored on databases, and are accessible for 

editing/improving – that can be used for a variety of applications including measuring trees 

impact on “urban heat islands, storm water, air quality as well as detection of changes in green 

space” (p.163). Remote-sensing methods can create these kinds of map data as they incorporate a 

variety of GIS, GPS, and contextual data, and once they are created, they can be stored and 

adjusted as new data is gathered and integrated into the classified image. Remote sensing 

methods are best used when a municipal government or organization has the resources to hire out 

a professional analyst to use these specialized tools. 

 

Step 3: Data gathering  

 

Remote-sensing data can be gathered in three ways, from the ground, the air or space. 

Gathering remote-sensing data on the ground can be done using a variety of hand-held devices 

that measure vegetation properties in a defined geographic area and by manual inspection. 

Imagery captured from aircraft, such as planes or remotely piloted aircraft systems (RPAS) are 

considered remote sensing data that is gathered from the air, and remote-sensing data gathered 

from space is performed via earth-observing satellites. 

With the introduction of satellites in 1972, imagery of land surfaces became more widely 

available for use in scientific analyses (Kucharczyk et al., 2020). By the early 2000’s, satellites 

had exponentially increased in power and focus, and this resulted in the ability of satellites to 

capture high-resolution images. For example, where the earliest satellite, Landsat-1 had a 

resolution of 80-m, the WorldView-3 satellite launched in 2014, has a multispectral resolution of 

1.24 m (European Space Agency, 2020). A simple calculation highlights how far satellites have 

advanced. Specifically, for imagery captured with 80-m spatial resolution, each pixel on the 

image would represent 6400 m2 (80 m x 80 m). whereas a pixel embedded in imagery captured 

with 1-m spatial resolution would represent a surface area 1.54 m2 (1.24 m x 1.24 m) (Hwang & 

Wiseman, 2020). High-resolution imagery has contributed to the ability of researchers to 

calculate the UTC and other land-cover types more accurately during UTC assessments 

(Schwarz et al., 2015).  

The most recent development in data gathering for UTC assessments has been the 

introduction of RPAS to capture remote-sensing data. RPAS are beneficial as they can focus on a 

small area of land, produce images in a variety of data forms, and are easy to use for those with 

the skills and knowledge (Raparelli & Bajocco, 2019). 

If a researcher is interested in studying a particular area, there are publicly available 

databases that store satellite imagery of vast areas of North America, such as the United States 

Department of Agriculture (USDA) National Agriculture Imagery Program (NAIP). The NAIP is 
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a program that was developed by the USDA in 2003 that provides public access to 1-metre 

resolution imagery of remote-sensing land-use data. This imagery is gathered a yearly basis 

during ‘leaf-on’ growing season (Kolosna & Spurlock, 2019). When conducting an UTC 

assessment, an analyst can use a publicly accessible database to gather imagery or acquire the 

necessary imagery using the technique that best suits their needs, such as contracting out a 

service provider if it is feasible.  

Satellites gather data using one of two methods: cameras and sensors. The following 

paragraphs will summarize the different types of data that can be collected using remote-sensing 

technologies.  

LiDAR: these data are obtained by a specific type of active sensor. They work by pulses of 

light being directed at the earth surface. The time and location of the signals that return to the 

sensor are then measured and used to interpret the elevation of features on the earth surface 

(McGee et al., 2012). 

Multispectral imagery: These types of data is imagery that contains multiple wavelength 

bands of the electromagnetic spectrum (McGee et al., 2012). For example, the satellite IKONOS, 

has a sensor capable of capturing multispectral imagery. Spectral sensitivity refers to the ranges 

of wavelengths that a sensor can detect (DiBiase et al., 2020) on the electromagnetic spectrum. 

In the case of the IKONOS its spectral sensitivity includes the ability to capture the visible blue, 

green, red, and near infrared bands (DiBiase et al., 2020). This type of data is important, as each 

of these wavelengths can be used to assess attributes of natural features. For example, visible 

blue bands can be used to measure shorelines, water depths and overall presence of water; the 

visible green band can be used to identify plant types and presence of vegetation; red 

wavelengths reveal photosynthetic activity, as plants absorb these wavelengths during 

photosynthesis; and near infrared bands measure plant vigour as healthy plant tissue strongly 

reflects these wavelengths (DiBiase et al., 2020). 

Hyperspectral imagery: imagery with numerous bands of spectral data that can be used for 

a variety of data analyses. However, using these images in classification techniques requires a 

professional skill set. These types of data are used in emerging image classification methods, 

which will be discussed later in this section. 

The following paragraphs will highlight differences in data gathering between the two 

different non-field UTC assessment methods.  

 

Random point sampling methods  

 

Data gathering techniques will differ depending on the random point sampling method 

used, but these methods typically involve an analyst’s manual interpretation of remotely sensed 

imagery (Richardson & Moskal, 2014). Depending on the area of interest, the analyst can use 

resources such as NAIP or Google Images. For example, Hwang & Wiseman (2020) use a 

random point sampling method to conduct an UTC assessment for the campus of the Virginia 

Tech, located in Blacksburg, Virginia. Their data gathering method included three steps: (1) 

defining the assessment area using aerial imagery, (2) defining the land cover classes to be 

assigned to the imagery, and (3) selected a number of random points to be visually interpreted on 

the aerial imagery (Hwang & Wiseman, 2020).  
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Remote-sensing methods 

 

McGee et al. (2012) describe the process of data collection used in an UTC assessment 

protocol titled the Virginia ‘UTC Project’. The ‘UTC project’ is a collaborative program that 

involved major stakeholders in Virginia’s forestry industry, forestry experts, and educational 

institutions, that aimed to establish a program that supports community efforts in protecting the 

urban forest. The goal of ‘UTC Project’ was to develop a program that local communities can 

use to assist them establishing tree canopy baseline data and pathways to develop strategic 

management plans of the urban forest. The ‘UTC Project’ protocol presented by McGee et al. 

(2012) is a framework that can be manipulated and used in a way that fits a municipality needs 

and resource availability. The authors articulate that an analyst using this method should acquire 

1-m resolution imagery using the USDAs NAIP. This imagery is multispectral, consisting of four 

bands of data: three visible bands and one near infrared band. The researchers indicate that these 

data are more accessible than higher-resolution data for communities with limited resources 

(McGee et al., 2012). 

 

Step 4: Data analysis  

 

The type of data analysis that is undertaken during an UTC assessment should be directly 

related to the goals and objectives established during the needs assessment stage of the UTC 

assessment. Further, the ability to conduct data analyses on UTC data requires that the analyst 

can gather the appropriate data during the data gathering stage (Kolosna & Spurlock, 2019). 

 

Random point sampling methods  

 

A popular computer software program to conduct UTC assessments with using a random 

point sampling method is the web-application i-Tree Canopy. i-Tree Canopy was developed by 

the USDA and is a web browser application that can be used by an analyst to determine land 

cover types in a defined area of interest (Atasoy, 2020). Hwang & Wiseman (2020) describe the 

protocol they used to conduct an UTC assessment for the campus of Virginia Tech using i-Tree 

Canopy. The data analysis begins by an analyst assigning one of four land-cover classes – water, 

impervious surface, nontree vegetation, and tree canopy – to each of the randomly identified 

points from the aerial imagery. Points that could not be categorized into one of these cover 

classes were later independently reviewed by two additional analysts. If these analysists did not 

agree, the final decision went to the primary analyst. In their research study, the authors 

conducted eight different point sample sizes, ranging from 10 – 1000 sample points. The web-

application i-Tree Canopy has the capacity to keep a running total number of the sample points 

used, and the percent of land cover for each cover class (Hwang & Wiseman, 2020). Note, the 

ability of i-Tree Canopy to track sample size and percent of land-cover class highlights the 

software’s ability to aggregate data that has be input by an analyst. This process differs from 

unsupervised classification, the process where algorithms classify land-cover independently from 

manual classification. Unsupervised classification techniques are used for remote-sensing 

methods. Conducting multiple UTC assessments using different sample sizes was done to assess 

the influence of sample size on the accuracy of the assessment. They found the optimal number 

of sample points to select should be determined by the amount of UTC in the area of interest, 

rather than the size of the area of interest, as they found that there is likely to be less accuracy 
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when a lower number of sample points is used for an area with a high percentage of tree canopy 

(Hwang & Wiseman, 2020). This conclusion about sample sizes and accuracy was also 

determined by Parmehr et al. (2016).  

 

Remote-sensing methods 

 

A goal of the previously mentioned ‘UTC Project’ was to provide a technical bridge that 

links community stakeholders with the technical expertise required to quantify their UTC 

(McGee et al., 2012). The ‘UTC Project’ used a pixel-based classification method to analyze 

their data. Pixel-based classification methods classify imagery based on differences between 

individual pixels embedded in the imagery. The first step in the data analysis, using the ‘UTC 

Project’ protocol, is to delineate imagery to the boundaries of the area of interest. After this, 

imagery is uploaded into remote sensing analysis software and the process of classifying the 

imagery begins. The image is classified based on the wavelengths captured in the imagery or 

based on its spectral properties. The software used to classify the imagery for this assessment 

was ERDAS Imagine 2010 (GIM International, 2009) and used a ISODATA method, which is an 

Iterative Self-Organizing Data Analysis Technique, an unsupervised classification technique that 

uses the spectral properties from the pixels found in imagery to classify them into various 

categories (Gisrsstudy, 2022). The outcome of this process was the clustering of the imagery into 

200 spectral classes. These spectral classes are then delineated by the researchers into one of 

seven classes: tree canopy, other vegetation (scrub, grass), buildings/structures, water, 

impervious surfaces, shadow and mixed (McGee et al., 2012). An important distinction can be 

made here: This initial classification presented in the ‘UTC Project’ was done using computer 

software that had the ability to classify pixels from imagery based on spectral properties. The 

next step, following this initial classification, is to re-classify any mixed and shadow 

classifications. This is done by using the remote-sensing software to create new spectral clusters 

for the mixed and shadow classifications, manually interpreting these classifications, and 

assigning them to one of the desired land classifications. (McGee et al., 2012). Finally, post-

classification smoothing removes patches smaller than 9m2 and manual edits are performed using 

a raster toolset that classifies the land into different classes of land cover (McGee et al., 2012). 

After image classification is complete, the analyst must perform an accuracy assessment to 

ensure the classified map is appropriate to use for management decisions. The accuracy 

assessment used in this assessment method is as follows. First, 100 random points are selected 

from the classified image. The land-use classification is then identified by the analyst. This 

information is then cross-referenced against high-resolution imagery to verify its accuracy. An 

accuracy assessment that results in eight misclassified results would have a 92% overall accuracy 

(McGee et al., 2012). Here, another relationship between sampling methods and remote-sensing 

methods is seen, exemplifying the close relationship between the two methods. 

Remote-sensing software can accommodate UTC assessments based on both pixel-based 

classification, as seen in the ‘UTC Project’, and geographic object-based image analysis 

(GEOBIA). As remote-sensing data have improved in accuracy and availability, the techniques 

and software that analysts used to classify these data have also improved (McFaden et al., 2012; 

Schwarz et al., 2015). GEOBIA is one method that capitalizes on advances in image-

classification. Where pixel-based approaches classify every individual pixel in an image, 

GEBOIA approaches group pixels with similar characteristics, such as texture and shape into 

different segments, then classifies the different segments of the image into various categories. 
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Therefore, this approach delineates geographic features by analyzing image objects, rather than 

individual pixels (O’Neil-Dunne et al., 2014). Chen et al. (2018) defines image-objects as 

“visually perceptible objects within the images, typically represented by clusters of similar 

neighbouring pixels that share a common referent or meaning – such as the pixels composing a 

tree crown” (p. 159). The ability of GEOBIA methods to delineate an image into segments based 

on characteristics other than pixels is a product of these methods capacity to accommodate new 

data forms for analysis, such as multispectral, hyperspectral imagery and LiDAR data 

(MacFaden et al., 2012). In conclusion, GEOBIA methods provide a LULC map that is 

developed using more data than traditional pixel-based image classification methods, however, 

requirements in technical expertise and accessibility to data limit the application of these 

methods for smaller communities.  

Work conducted by O’Neil-Dunne et al. (2014) presents how to use a GEOBIA method for 

an UTC assessment. The objective of their work was to conduct UTC assessments for 24 

different cities in the USA, with the goal of producing LULC maps that municipalities can use to 

guide urban forest decision-making. The first step in the GEBOIA method was to gather 

remotely sensed data. The researchers in this study used a combination of LiDAR, multispectral, 

and thematic GIS layers for classification. Here, it must be noted that conducting and UTC 

assessment using GEOBIA methods does not require both LiDAR and multispectral data, it can 

still be completed with only one form of data, but this may impact the overall accuracy of the 

assessment (O’Neil-Dunne et al., 2014). After data acquisition, the data was uploaded into a 

remoting sensing software program. The program used for this assessment was eCognition, 

which is a program that uses a segmentation algorithm to classify homogenous land features by 

delineating different image-objects. eCognition works by establishing rule sets that segment and 

classify input LiDAR and multispectral datasets (O’Neil-Dunne et al., 2014). This process can be 

described as a bottom-up approach, where iterative rule sets develop small image objects from 

single pixels and continue to loop these smaller-image objects into larger image-objects until no 

further changes can be made (Kurcharczyk et al., 2020; Jumbo et al., 2021). This initial 

segmentation step created various image-objects from the input data that then needed to be 

classified. A thematic GIS layer was used to classify the various image-objects found in the 

imagery to develop a LULC map. The authors identified seven different classifications for land 

cover that were used in their GEOIBA: tree canopy, grass/shrubs, bare soil, water, buildings, 

road/railroads, and other paved surfaces (O’Neil-Dunne et al., 2014).  

 

Step 5: Data interpretation  

 

McGee et al. (2012) highlight that the outcome of an UTC assessment, or the classified 

land-use/land-cover image, can be used to guide a variety of managerial decisions. For example, 

a classified image can help determine land areas that are ideal for expanding the urban forest in 

various zoning districts within the municipality. Identifying canopy gaps in specific zoning 

districts enables planners to cultivate partnerships and relationships with the appropriate 

individuals and organizations within that zoning district. In addition to this, the classified image 

can identify low canopy cover areas throughout the municipality and identify priority planting 

areas. This is important if a municipality is focused on reducing city temperatures through 

natural shading. Many cities are using natural shading to combat the urban heat island effect, and 

a classified image is one tool that can help in this process. The product of an UTC assessments 

can be used by urban forest planners to detect canopy change over time by comparing past a 
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UTC assessment with a current one. Canopy cover change can help decision-makers determine 

the health of the urban forest and can also be used to project future changes in canopy cover. In 

addition to the final product of an UTC assessment being used to guide managerial decisions, the 

outcome out an UTC assessment can be used to establish goals for the UTC. A popular use of 

UTC assessment data is calculating a baseline percentage of canopy cover present in a city and 

then establishing a percentage of canopy cover to aim for based on this calculation A common 

goal associated with this is to establish 25-35% canopy cover through a city (Locke et al., 2013), 

and calculating a baseline UTC percentage can highlight progress towards this goal.  

A common use of UTC data compiled using random-point sampling and the i-Tree Canopy 

software involves estimating the annual economic benefits provided by the urban forest. i-Tree 

Canopy’s ability to aggregate tree data allows for the program to provide an estimated economic 

value of a community’s UTC. Economic value comes in the form shading (electricity savings) 

and air pollutant removal estimates (Atasoy, 2020). 

 

Step 6: Develop contingency plans  

 

The final step in the UTC assessment protocol involves developing a plan that establishes a 

consistent management strategy for UTC data. This stage involves determining when the next 

UTC assessment will take place, what the objectives of future assessments are, and what future 

UTC assessments aim to accomplish. This is an important step in the UTC assessment protocol, 

as it establishes a plan for the continual monitoring of the urban forest, enabling urban forest 

managers to track progress towards management strategies and identify threats to the urban 

forest on a regular basis.  

 

2.3.3 UTC assessment: limitations  

 
Required expertise:  

 

One major challenge in conducting an UTC assessment is the need for technical expertise. 

As McGee et al (2012) note, municipalities do not yet have access to software programs that 

provide a standardized framework and protocol for conducting UTC assessments, making them 

reliant on technical experts for conducting UTC assessments. In addition to this, municipalities 

often lack the financial capacity to hire technical experts to conduct UTC assessments using 

high-resolution imagery (Hwang & Wiseman, 2020). These two challenges will influence the 

method a municipality selects to conduct an UTC assessment. 

 

Assessment accuracy: 

 

Land-cover classifications assigned to imagery features during UTC assessments can be 

misclassified by both human analysts and unsupervised classification software programs. Any 

misclassification will impact the accuracy of assessment and ultimately the strategies formulated 

from them. A factor contributing to misclassifications during UTC assessments is the use of 

inappropriate source data, or data not compatible with the classification method (Hwang & 

Wiseman, 2020). For example, if an analyst used a GEOBIA protocol, but their source data was 

low-resolution imagery, classification accuracy will be impacted due to the presence of 

indistinguishable mixed pixels embedded in the imagery. (Hwang & Wiseman, 2020). In 
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addition to this, GEOBIA methods have been found to provide inconsistent results when the 

method is used on a specific area by two different researchers. This is a result of technical remote 

sensing experts having different backgrounds and experience (Chen et al., 2018).  

 

Availability of data: 

 

Acquiring remote sensed data at the appropriate scale is a challenge that urban forest 

managers face when gathering data for UTC assessments. It is difficult to consistency monitor 

the UTC using assessment methods if remote sensed data at regular temporal and spatial 

intervals is not available (Kolosna & Spurlock, 2019). If urban forest managers want to conduct 

an UTC assessment every year at the same interval with the objective of detecting canopy 

change on a yearly basis, they will need to have imagery that is captured on a yearly basis, and at 

the same spatial scale. If this data is not publicly available, the municipality may have to contract 

out these services to technical experts. If the municipality does not have the funding for this, it 

will be difficult to consistently detect canopy cover change.  

 

2.4 Sustainable urban forest management principles  
 

 Early research on sustainable urban forest management principles aimed to develop 

frameworks that defined criteria to evaluate sustainability, as well as indicators that enabled 

assessment of those criteria. Clark et al. (1997) propose a model of sustainability for urban 

forests that can be used as a tool to assist in the management of the urban forest. The first step in 

developing this model was to define what the core principles of urban forest sustainability were. 

This step worked to bridge keys concepts between sustainable systems research and the specific 

nature of the urban forest. The authors identify four principles that define urban forest 

sustainability: (1) sustainability is a broad general goal. This characteristic relates to the idea 

that although it is understood that the urban forest provides benefits for human populations, the 

exact services, and the optimal way to design the urban forest to maximize its function remain 

largely unknown, therefore, a sustainable urban forest is one that provides net benefits overtime 

and at varying scales. (2) urban forests primarily provide services rather than goods. This 

characteristic relates to the idea that although forests provide a variety of goods such as timber or 

fuel, the urban forest is typically limited in this respect and it functions more to provide services 

to human populations, such as providing recreational space or regulating surface temperature. (3) 

sustainable urban forests require human intervention. This characteristic acknowledges that 

areas of the urban forest, such as the establishment of individual trees, require human 

intervention for them to be successful. This characteristic is also important since it establishes 

the crucial role of management in a sustainable urban forest. Specifically, human intervention is 

required to ensure the urban forest is protected against competing interests for its resources. (4) 

Trees growing on private lands compose a majority of urban forests. This characteristic 

highlights that a sustainable urban forest is one where all stakeholders are consulted and involved 

in the management of it. The large portion of urban forests typically located on private land 

equates to private owners sharing a large responsibility in the management of the urban forest. 

Therefore, considerations into how these private owners will adopt and react to management 

strategies must be considered (Clark et al., 1997). Guided by these four principles, the authors 

define a sustainable urban forest as: “the naturally occurring and planted trees in cities which are 

managed to provide the inhabitants with a continuing level or economic, social, environmental, 
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and ecological benefits today and into the future” (Clark et al., 1997, p. 21). Their model of 

urban forest sustainability was developed to function as a tool that researchers can use to assess 

the capacity of a municipality to sustainably manage their urban forest. The model includes 

criterion that define sustainable urban forest management principles. The model includes three 

components, (1) the vegetation resource. This can be described as the structure of the urban 

forest, including canopy cover, age distributions, and species mix. (2) Community framework. 

This component of the model addresses the needed for a shared community vison when 

establishing objectives and goals, and the important role private landowners play in achieving a 

sustainable urban forest. (3) Resource management. This component of the model addresses the 

need for a comprehensive management plan to achieve a sustainable urban forest (Clarke et al., 

1997). The model includes criterion that define sustainable urban forest management principles 

for each component of the model, as well as indicators that allow for an assessment of each 

criterion. These criteria and indicators can then be used to assess a municipalities capacity to 

sustainably manage their urban forest. Table 2a provides an overview of the model developed by 

Clark et al. (1997), with three of the proposed criteria that can be used to assess a municipalities 

capacity to achieve a sustainable urban forest at each level of the model. Table 2b provides the 

performance indicators used to assess each criterion. Performance indicators existing on a scale 

that measures the criterion based on four levels: low, moderate, good, and optimal. If a 

municipality has many optimal performance indicators, they would be well-positioned to 

sustainably manage their urban forest. 

Clark et al. (1997) model of urban forest sustainability assists in defining terms and 

concepts in urban forestry and articulates what a ‘sustainable urban forest’ looks like in theory. 

Their work laid the foundation for future work on the ‘sustainable urban forest’ and is a 

foundational component in frameworks recently been developed in the field of urban forestry 

(Ordonez & Duinker, 2013; Gibbons & Ryan, 2015). 

 
Table 2a: Model components from the model of urban forest sustainability (Clark et al., 1997) 

 
Model component Criteria of urban forest sustainability 

 

 

 

 

1. Vegetation resource 

Canopy cover: establish appropriate tree cover based on contextual factors 

(climate, region) 

 

Age distribution: ensure that the proportion of young to mature trees is at a level 

where canopy cover can stay consistent overtime  

 

Species diversity: high species diversity mitigates the risk of a pest destroying a 

large portion of the urban forest 

 

 

 

2. Community framework 

Public agency cooperation: establish common objective and goals across city 

departments 

 

Involvement of large private and institutional landholders: private landowners 

embrace goals and objectives through resource management plans  

 

Citizen-government-business interaction: develop relationships between these 

groups to benefit the urban forest 

 

 

 

Citywide plan: develop and implement a management plan for trees on public 

property  
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3. Resource management 

Assessment tools: establish methods for collecting data about the urban forest on 

a regular basis  

 

Staffing: the employment and training of staff that can carry out tasks articulated 

in the management plan  

 

 
 

Table 2b: Indicators that assess the presence of the criteria from each model component  

 
Model 

component 

 

Criteria 

Performance indicators 

Low Moderate Good Optimal 

 

 

 

 

 

 

1. Vegetation 

resource 

 

 

Canopy Cover 

 

 

No assessment 

 

Visual 

assessment 

Sampling of 

trees using 

aerial 

photographs 

Information 

about urban 

forest included 

in a city-wide 

GIS 

 

Age 

distribution 

 

 

No assessment 

 

Street tree 

inventory (sample 

or complete) 

 

Public & 

Private 

sampling 

Information 

about urban 

forest included 

in a city-wide 

GIS 

 

Species 

diversity 

 

 

No assessment 

 

Street tree 

inventory (sample 

or complete) 

 

City-wide 

estimate of 

species mix 

Information 

about urban 

forest included 

in a city-wide 

GIS 

 

 

 

 

 

2. Community 

framework 

 

Public agency 

cooperation 

 

Conflicting 

goals among 

departments  

 

 

No cooperation  

 

Informal 

working teams  

 

Formal working 

teams with staff 

coordination  

Involvement of 

large private 

and 

institutional 

landholders: 

 

 

Ignorance of 

issues  

 

Education 

material and 

advice available 

to landowners 

Clear goals of 

privately owned 

tree resources; 

incentives for 

preservation of 

green space  

Comprehensive 

tree management 

plan developed 

by private 

landowners  

Citizen-

government-

business 

interaction: 

 

Conflicting 

goals among 

constituencies  

 

No interaction 

among 

constituencies  

Informal/ 

general 

cooperation 

among 

constituencies  

Formal 

interaction 

between all 

stakeholders  

 

 

 

 

3. Resource 

Management 

 

City-wide 

management 

plan  

 

 

No plan  

 

Existing plan is 

limited in scope 

and 

implementation  

 

Government 

wide plan, 

developed and 

implemented  

Citizen-

government- 

Government 

wide plan, 

developed and 

implemented 

 

Assessment 

tools 

 

No on-going 

progress of 

assessment 

 

 

Partial inventory  

 

Complete 

inventory  

 

Data on urban 

forests included 

in city-wide GIS  
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The model of urban forest sustainability developed by Clark et al. (1997) has been 

reworked and expanded by urban forest researchers over the past decade. A main goal of this 

was to increase the applicability of the model for use by municipalities. Kenney et al. (2011) 

built off the work completed by Clark et al. (1997) to develop a model for sustainable urban 

forests that is more comprehensive. The goal of their research was to develop a model of urban 

forest sustainability that could be used by municipalities and stakeholder groups of any size to 

assess capacity to achieve sustainable urban forest management. In their paper, the authors 

identify several criteria at each level of the model that should be incorporated to ensure the 

model is comprehensive. For the vegetation resource, they recommend adding two new criteria 

of ‘the condition of publicly owned trees’, and ‘publicly owned natural areas’, to better reflect 

management strategies for different components of the urban forest. For the community 

framework component of the model, the authors recommend a greater focus on articulating the 

social benefits a community receives from the UTC. They believe this would broaden support for 

UTC initiatives and foster long-term support for urban forest management and health. For the 

resource management component of the model, the authors propose a few changes to be made to 

strengthen the model’s application. Their first recommendation is to ensure that any city-wide 

management plan focuses on the different components of the urban forest and makes a clear 

distinction between goals, objectives, and management strategies for privately owned and 

publicly owned components of the urban forest. The other recommended change in criterion for 

the resource management component of the model involves reweighting the value municipal 

staff has on sustainable urban forest management. They note that the personnel required to 

manage an urban forest will depend on a variety of factors, such as size of the urban forest and 

the level of municipal government involvement in management. Further, they highlight that the 

management of the urban forest is not a top-down approach where only professional foresters are 

involved, but rather a process of community engagement and involvement. Therefore, a better 

way to assess staffing in the context of urban forest sustainability would be to assess a 

community’s ability to develop strong multidisciplinary teams to develop and implement 

management strategies (Kenney et al, 2011). Overall, the research paper written by Kenney et al. 

(2011) aimed to enhance the application of the model of urban forest sustainability developed by 

Clark et al. (1997) by expanding and modifying criteria, and the associated indicators used to 

assess these criteria, to ensure the model captured a more comprehensive assessment of the urban 

forest.  

 

2.5 Planning for sustainable urban forest management 
 

The management of the urban forest is complex and involves various stakeholders and 

interest groups actively participating to ensure it is appropriately managed. This concept of urban 

forest management is described by Ordonez & Duinker (2013) when they define what 

characterizes modern urban forest management. First, its purpose must concentrate on the 

benefits a community receives from the urban forest over the long-term. Second, principles that 

articulate the philosophical, administrative, and technical approaches to management, such as 

 

 

Staffing  

 

 

No staff  

 

 

Staff, with no 

training  

 

Certified 

arborist on staff  

 

Professional tree 

care staff  
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objectives, strategies, and resource allocation, must be present. Third, public participation must 

be worked into management strategies to reflect that all stakeholders play a role in managing the 

urban forest. Finally, the appropriate documentation, or an UFMP, must be developed and 

implemented, where an UFMP is an official municipal document that outlines goals and 

objectives for the urban forest, articulates how these goals and objective will put into action and 

provides accountability for various actors in the urban forest (Ordonez & Duinker, 2013). There 

is a growing number of municipalities using UFMPs to guide urban forestry, with these plans 

typically outlining management goals and objectives of the urban forest (Almas & Conway, 

2016). One reason for this to protect the supply of ecosystem services provided by the urban 

forest (Steenberg et al., 2016).  

There exists a literature gap for research studies that have analyzed the success of UFMPs 

implemented by municipalities. However, there have been a few important studies that have 

analyzed the text content of UFMPs from municipalities throughout North America. An example 

of this can be seen in work conducted by Ordonez & Duinker (2013). Their work aimed to 

analyze the text from 14 UFMPs developed by Canadian municipalities, with the goal of 

identifying the level of sustainable urban forest management principles found in them. The first 

step of their research study was to develop a framework that established key elements that should 

be included in an effective UFMP. The framework served as a reference guide for the social 

processes and content that should be included in urban forest management planning to ensure it 

is effective. Following this, a standardized list of sustainable urban forest management criteria, 

and indicators to measure the presence of these criteria, was developed based off the framework, 

with these criteria representing principles of sustainable urban forest management. This enabled 

a qualitative method of comparative analysis to take place (Ordonez & Duinker, 2013) between 

the text found in each of the 14 UFMPs and the standardized list of sustainable urban forest 

management criteria developed by the authors. Using a rudimentary analyses method, the authors 

assigned colour scores to each of the plans. The colour assigned to each plan was determined 

based on the level of sustainable urban forest management principles found in the UFMP text. If 

the text from an UFMP was found to have a high number of the sustainable urban forest 

management principles established in the standardized list of criteria, they were assigned a dark 

tone as a score. If the plan had a low number of principles from the standardized list developed 

by the authors, it was assigned a lighter tone as a score. The outcome of this assessment was the 

authors ability to draw conclusions about the level of sustainable urban forest management 

principles present in UFMPs developed by different Canadian municipalities. Figure 2 presents a 

flowchart of the protocol used by Ordonez & Duinker (2013). 
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Figure 2: Flowchart of the protocol used by Ordonez & Duinker (2013) to analyze UFMPs from 

Canadian municipalities. 

 

Ryan & Gibbons (2015) conducted a research study that followed a methodology similar to 

the one developed by Ordonez & Duinker (2013). In their research, the authors aimed to analyze 

39 UFMPs from counties in Washington State. The goal of their research study was to determine 

the comprehensiveness of each plan, where plan comprehensiveness is defined through a 

framework that outlines a list of positive urban forest management criteria (Ryan & Gibbons, 

2015). To measure plan comprehensiveness, the authors used the following protocol. First, a 

framework was developed to establish what the key elements of comprehensive urban forest 

management were. This framework includes themes of planning (background research and 

establishing goals) for urban forest management, strategies for the management of the urban 

forest (tree establishment and community partnerships), and implementation plans for 

management strategies. The framework developed by Gibbons & Ryan (2015) synthesises key 

themes from sustainable urban forest management theory and defines principles of sustainable 

urban forest management. Following this, criteria that describes management activities at each 

level of the framework was developed by the researchers. These criteria are what the authors 

were looking to find in the UFMPs during their analyses. The final step involved developing a 

scoring index that enabled a comprehensiveness score to be assigned to each plan. The scoring 

index was developed based on the key elements included in their framework and associated 

criteria that defined management activities at each level of the framework. The scoring index is 

straight forward, it identifies 31 different criterion of comprehensive urban forest management 

that the authors feel should be present in UFMPs. Assigning a score to each plan was done using 

a qualitative comparative analysis. Here, the authors read the text data from an UFMP and 

identified the presence or absence of plan comprehensiveness criteria articulated in the scoring 

index they developed. Scores were assigned to criteria from the scoring index on a binary scale: 

If a criterion from the scoring index was identified in the text of an UFMP, the plan would 

receive a score of 1 for that criterion. If the text of an UFMP did not have a specific criterion 

from the scoring index, the plan was assigned a score of 0 for that criterion. The total possible 

score an UFMP could receive on the scoring index was 31 points. A plan that receives a high 

total of points would be understood to a comprehensive plan. This process was repeated for 39 

Step 1: Develop framework that outlines the key elements that 
should be included in urban forest management 

Step 2: Develop a standardized list of criteria that represent urban 
forest management principles. These principles are what the authors 
will be looking for when they analyze the UFMP 

Step 3: Analyze UFMPs, identify the level of urban forest 
management principles present in them. 

Step 4: Assign score colour coded score to each plan that reflects the 
number of urban forest management principles found in them 
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different UFMPs developed by counties in Washington State. The results of this study enabled 

the researcher to draw conclusions about the current state of urban forest management planning 

in Washington State and highlight management areas where municipalities are excelling, and 

areas where management could be improved.  

3. Data and methods  
 

3.1 Introduction 
 
The goal of this study is to identify the presence of sustainable urban forest management 

principles, as defined in academic theory, from UFMPs developed by municipalities in southern 

Ontario. This will be accomplished using a QCA approach, where the content from two UFMPs 

will be assessed against a framework that defines core principles of sustainable urban forest 

management. 

Using the ToL as a case study, an objective of this paper is to identify best practices when 

designing an UFMP. Insights into best practice for developing and implementing an UFMP will 

be accomplished by analyzing two UFMPs from municipalities in southern Ontario, including 

the Town of Collingwood and the City of Hamilton. These two cities were selected in this study 

as they share similarities in economic, environmental, political, and social climate with the ToL. 

Further, both plans selected for this study were developed within the last five years. The idea 

behind selecting plans that are recent was to capture the most current thinking in urban forest 

management planning in southern Ontario.  

 

Collingwood:  

 

The Town of Collingwood is in southwestern Ontario, along the southern shore of 

Nottawasaga Bay on Lake Huron. The Town’s unique geographic location – on the northern side 

of the Niagara escarpment and along the southern shoreline of Lake Huron – results in the Town 

having a mild climate and moderately severe winters. The Town’s proximity to Georgian Bay 

results in the moderation of air temperatures which decreases the chances of harmful frost during 

spring and fall. Further, the Niagara escarpment provides a protective barrier to the south of the 

Town (Gardner et al., 2004). Given these unique geographical characteristics, the Collingwood 

area is the most productive apple producing region in Canada (Ontario Apple Growers, 2022). 

The land area of the Town is 3,378 hectares and the population is 21,793 (Town of Collingwood 

et al., 2020). The Town’s population is predicted to grow by 50% over the next 15 years (Town 

of Collingwood et al., 2020), highlighting that competing land interests will continue to increase 

over the next decade. 

In June of 2020, Town Council approved, signed, and implemented a community-based 

strategic plan that outlines goals the community wants to achieve over the next decade. One of 

these goals is to enhance community well-being and sustainability. Objectives of this goal 

include the preservation of land to be used as greenspace and connectivity corridors, as well as 

the establishment of a natural heritage system (Town of Collingwood, 2020). An UFMP is a 

great way to develop a strategy for achieving these objectives, and the content in Collingwood’s 

UFMP should reflect this. 
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Hamilton: 

 

The City of Hamilton is located along the northern side of the Niagara escarpment, as well 

as extending on top of it, and along the southwestern shoreline of Lake Ontario. The pocket of 

land between the Niagara escarpment and Lake Ontario is where a majority of Hamilton’s urban 

zoning districts are (City of Hamilton, 2020). However, the city encompasses a much wider 

geographical area of approximately 110, 000 hectares that extends southwest of Lake Ontario. 

The population of Hamilton is approximately 570, 000 people (City of Hamilton, 2022), with 

large portion of this population, nearly 79% (City of Hamilton, 2017) residing in heavily 

urbanized areas of the city. Hamilton’s population is expected to continue growing over the next 

decade, with a forecasted population of 864,000 by 2035 (Marcotrends LLC, 2022). This will 

result in the city having to balance expanding urban centres with the protection of natural spaces. 

Agricultural production is a significant economic provider in Hamilton and accounted for 1.7% 

of the provincial GDP in 2016 (City of Hamilton, 2017). Hamilton is also home to important 

conservation areas along the Niagara escarpment, including Coot’s Paradise Sanctuary and 

Dundas Valley Conservation area.  

 

Urban forest & urban forest management plans: 

 

The current study defines urban forests as all trees and woody vegetation located within an 

urban boundary, on both private and public property, including individual trees and stands of 

forested patches (McGee et al., 2012; Steenberg et al., 2016). This study delineated the urban 

forest as all trees and woody vegetation inside the municipal boundary of a city. Further, this 

study defines an UFMP as a “community document that creates a plan for the management of the 

urban forest and provides strategic direction and operational guidelines” (Gibbons & Ryan, 2015, 

p. 615).   

 

3.2 Methods: qualitative content analysis  
 
A goal of this current study was to identify the presence of sustainable urban forest 

management principles, as defined in academic theory, from UFMPs developed by 

municipalities in southern Ontario. A qualitative content analysis (QCA) method was selected 

for this study, as it is a favourable method for drawing conclusions from text data. Specifically, 

QCA enables a “subjective interpretation of the context of text data through the systematic 

classification process of coding and identifying themes or patterns” (Hsieh & Shannon, 2005, p. 

1278) and allows large text data to be delineated into several content-related categories (Elo & 

Kyngäs, 2008). Therefore, this method provided an opportunity to categorize, and subsequently 

analyze, text data from the UFMPs of both the Town of Collingwood and the City of Hamilton. 

Analyzing these UFMPs enables a direct comparison between what academic research defines as 

sustainable urban forest management principles (theory) and the actual content included in the 

plans (action). Additionally, this analysis enabled the two UFMPs being analyzed to be directly 

compared, allowing for identification of similarities and differences in the content found in the 

plans. This step was important as it revealed whether there were any management strategies that 

were prioritized in both plans, and if the two municipalities took fundamentally different 

approaches to the development of their UFMP.   
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QCA methods do not have a singular approach for design. There are two main approaches 

to conducting a QCA: inductive and deductive (or directive) content analysis. Inductive content 

analysis is typically selected as a research method when there is limited literature or existing 

theory on a particular topic or phenomenon and involves constructing new categories on a topic 

based on the data being analyzed (Hsieh & Shannon, 2005; Elo & Kyngäs, 2008). Deductive 

content analysis is designed to “validate or extend conceptually a theoretical framework or 

theory” (Hsieh & Shannon, 2005, p. 1281) in a particular field of study. This method has also 

been defined as a directive content analysis, a method to be used when “the structure of analysis 

is operationalized on the basis of previous knowledge and the purpose of the study” (Elo & 

Kyngäs, 2008, p. 109). Therefore, this method was the most appropriate for use in this current 

study as principles of sustainable urban forest management planning had already been 

established through previous research. The QCA method used in this study will be described in 

the following section.   

 

3.3 Research design 
 

3.3.1 Introduction  

 

When using content analysis methods, researchers must take into consideration the 

objectives of their research and identify the appropriate technique to achieve these, while 

simultaneously integrating other methods, contextual considerations, and relevant theories 

(Weber, 1990). To identify the presence of sustainable urban forest management principles from 

the UFMPs of the Town of Collingwood and the City of Hamilton, criteria to assess the plans 

and a mechanism to assign a numerical score to the plans had to first be established. This was 

completed as follows: First, a framework that defines sustainable urban forest management 

principles was required. Next, a set of criteria that describe these sustainable principles, and 

indicators that identify the presence of these criteria needed to be established. Finally, a scoring 

index that can be used to provide a numerical plan score for the two UFMPs was necessary, as 

this numerical score will represent the presence of sustainable urban forest management 

principles found in Collingwood and Hamilton’s UFMP during the QCA.   

This current research study used a framework developed Gibbons & Ryan (2015) to guide 

the QCA in this study. Their framework was developed by synthesising key literature from the 

field of urban forest management and can be found in Figure 3. This framework can be defined 

as the sustainable urban forest management framework. Specifically, their framework 

synthesises previous frameworks that were a developed by urban forest management researchers, 

with their framework incorporating research from the previously mentioned Clark et al. (1997), 

Kenney et al. (2011) and Ordonez & Duinker (2013). The framework developed by Gibbons & 

Ryan (2015) is comprised of four different levels. Each level represents a different management 

cluster (or theme) of the urban forest, which increases in specificity as the framework levels 

increase from level one to four. Each level includes criteria that defines activities or tasks that 

make up that management cluster. For example, level 1 asks: ‘what do you have?’ and the 

criterion for measuring this is ‘tree & community’ and ‘assess current state of urban forest’. The 

idea behind this framework is that it describes the characteristics of what a comprehensive, 

sustainable UFMP should contain, as it was developed by the authors following an extensive 

literature review. Therefore, it can be used to assess the level of comprehensiveness in urban 

forest management plans in Ontario.  
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Figure 3: Framework developed by Gibbons & Ryan (2015). This framework was used by the 

author of the current study to guide the QCA and is defined in this paper as the sustainable 

urban forest management framework. 

 

After the framework was selected, criteria by which to describe components of the 

framework was required, as this would be used for the QCA. In their work, Gibbons & Ryan 

(2015) define these criteria as coding criteria, or the values that can be assigned to text data from 

the UFMPs. The coding criteria developed by Gibbons & Ryan (2015) was based on the content 

embedded in their four-level framework. For this current study, the author used the coding 

criteria developed by Gibbons & Ryan (2015). The coding criteria developed by Gibbons & 

Ryan (2015) was intentionally developed to be broad to accommodate differences in phrasing 

and wording throughout their analysis of UFMPs. The coding criteria used in this study are 

accompanied by indicators that describe examples of how the coding criteria would appear in the 

text of an UFMP. The indicators used in this current study were developed by work conducted 

by Ordonez & Duinker (2013). See Table 3 for the list of coding criteria and associated 

indicators. The author of this current study used these indicators to help identify sustainable 

urban forest management principles in the text data from Collingwood and Hamilton’s UFMPs. 

The inclusion of additional indicators from Ordonez & Duinker (2013) was done as the author of 

this current study felt that the coding criteria developed by Gibbons & Ryan (2015) was too 

broad in focus and would lead to confusion during the coding stage of the study.  
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Table 3: Coding criteria, and their associated indicator, that were used to assess the presence of 

sustainable urban forest management principles in UFMP from municipalities in Ontario 

 

3.3.2 Coding guidelines 

 

The first step in the coding process was to establish coding criteria for each level of the 

framework (Table 3). It is common practice to establish operational definitions for coding 

criteria using previously established theory (Heish & Shannon, 2005). The entire collection of 

Framework 

level 

Coding criteria (Gibbons & Ryan, 2015) Indicators (Ordonez & Duinker, 2013) 

1 Inventory undertaken before writing the plan  GIS based inventory  

 

1 Includes the results of assessment/inventory  Includes canopy cover, size of trees, or key 

findings  

1 Mentions the use of community input in the 

writing process  

Communications plan  

Information work shops  

Private stewardship 

1 Evaluates the current state of the urban forest 

using Clark or Kenney Criteria and Indicators  

Criteria, and indicators used to assess criteria, 

clearly articulated  

1 Addresses public, private, parks, or street trees Guidelines for tree protection in new 

developments  

Heritage tree programs  

Natural regenerations  

 

2 Includes a vision statement  Y/N 

2 Stated purpose for writing the plan  Purpose of creation of the document is clearly 

articulated 

2 Addresses the following substantive themes with 

a goal or objective  

a) Urban forest/ tree inventory  

b) Tree establishment  

c) Tree maintenance  

d) Tree protection 

e) Tree risk management  

f) Communication strategy  

g) Community partnerships  

h) Stewardship initiatives  

i) Budget  

j) Municipal coordination and 

management  

a)  enhance database; convert database to GIS 

b) increase percent of canopy cover, planting 

programmes  

c) removal and replacement; tree sourcing; 

pruning strategy 

d) protecting trees in new developments; 

prioritizing heritage trees  

e) priority zones for monitoring or planting; 

threats to urban forest identified  

f) creation of communication plan  

g) creation of volunteer coordinator or volunteer 

programme 

h) seed/tree giveaway; incentives for private 

stewardship 

i) implementation costs; further finances  

j) urban forest working groups; multi-actor 

partnerships 

3 If the plan addresses a substantive theme with a 

goal or objective, does it include an associated 

action step or set or BMP’s?  

Y/N for each substantive theme 

3 includes an implementation plan. If so, does it 

assign responsibility, address the budget, and 

include a timeline? 

Y/N for each substantive theme 

4 Addresses monitoring or adaptive management Quantity and quality of plantings; 

reporting/monitoring time frames  

Multi-scale treatments  
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coding criteria for the criteria at each level can be described as the coding frame, or the values 

that can be assigned to text data from UFMPs. After the coding frame was developed for this 

study, a scoring index that enabled a numerical score to be assigned to each UFMP was required. 

This scoring index was identified by the author of this current study following a literature 

review. The scoring index used in this current study can be found in Table 4 and was developed 

by synthesizing a scoring index developed by Gibbons & Ryan (2015) and the rudimentary 

colour-coding method developed by Ordonez & Duinker (2013). In their research design, 

Gibbons & Ryan (2015) assign a numerical value of either 0 or 1 to all criterion embedded in 

their scoring index. To enhance the level of analysis conducted in this paper, the methodology 

deployed in this present study combines the procedure designed by Gibbons & Ryan (2015) and 

elements from Ordonez & Duinker (2013). In their study, Ordonez & Duinker (2013) conducted 

an analysis to compare 14 UFMP from municipalities across Ontario. Their analysis involved 

assigning a colour code to each criterion in their framework, where the darker tone of colour 

indicated criterion that was seen as more articulate, specific, and actionable in the context of the 

UFMP. For example, if indicators of a criterion were identified in the text of an UFMP, the 

colour grey would be assigned to this criterion. If evidence of a criterion was found and, in 

addition to this, an inclusion of objectives and targets assigned is articulated, then the colour 

black was assigned to the criterion. Ordonez & Duinker (2013) note that this process 

discriminates between plans with text data that is vague and plans that have defined objectives 

and measurable metrics. The present study included the additional analysis from Ordonez and 

Duinker (2013) to enhance the comparison of the two UFMP being analyzed. Specifically, 

criterion from Level 3: action steps and implementation plan were assigned either a level of 

either zero, one or two on the scoring index. The inclusion of this step was necessary for this 

study as it worked to highlight the strength and weakness regarding implementation processes 

and contingency plans found in the two UFMPs being analyzed in this study. The total possible 

score an UFMP could receive during the QCA conducted for this study was 45 points. 

 

Table 4: The scoring index first developed by Gibbons & Ryan (2015). This index was used to 

calculate a numerical score for each of the UFMP analyzed in this current study. The numerical 

score will represent the presence of sustainable urban forest management principles found in the 

UFMPs. 

 

Plan Scoring Index 

Level 1: Background/inventory  

(assigned score of 0 or 1) 

Included review of existing policies & programs  

Conducted evaluation of current state of urban forest  

Community involvement: plan mentioned involving community in plan creation  

Conducted tree inventory/canopy assessment before writing plan (and included results) 

Level 2: Vision and goals  

(assigned a score of 0 or 1) 

Presence of a vision statement  

Budget 

Communication and education  

Community partnership 

Stewardship initiatives  
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3.3.3 Procedure  

  

The first step in the QCA was for the author of this study to read through Collingwood’s 

UFMP. Text that could be coded following the coding criteria (Table 3) was highlighted during 

the first reading of the UFMP. Following this, the UFMP was reviewed again by the author, and, 

using the coding criteria (Table 3), the author determined which criteria from the sustainable 

urban forest management framework (Gibbons & Ryan, 2015) could be found in Collingwood’s 

UFMP. A numerical score was then assigned to the plan, based on the number of criteria from 

the scoring index that was found in the UFMP. The same process was then followed to analyze 

the City of Hamilton’s UFMP. Following this, the author of this study compared the results of 

the QCA for each UFMP and extracted the main ideas and findings. Figure 4 provides a 

summary of the steps undertaken during the QCA that was conducted in this current study. 

 

 

Municipal coordination  

Tree establishment 

Tree maintenance  

Tree risk management  

Tree inventory  

Tree protection  

Level 3: Action steps and implementation plan  

(assigned score of 0,1, or 2) 

Budget 

Communication and education  

Community partnership 

Stewardship initiatives  

Municipal coordination  

Tree establishment  

Tree maintenance  

Tree risk management  

Tree inventory  

Tree protection  

Includes an implementation plan  

Implementation plan w/ assigned responsibility  

Implementation plan w/ budgetary consideration  

Implementation plan w/ timeline 

Level 4: Monitoring and evaluation  

(assigned score of 0 or 1) 

Address monitoring or addresses adaptive management  

Includes specific time to update plan  

Total possible score: 45 points  
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Figure 4: Summary of steps taken to complete the QCA of the UFMPs from the Town of 

Collingwood and the City of Hamilton.  

 

3.3.4 Research design limitations  

 
A major limitation to using QCA methods is the subjectivity of the researcher. Elo & 

Kyngäs (2008) note that the QCA “method is as easy or as difficult as the researcher determines 

it to be” (p.108). This statement reflects the idea that there is not one single design process for 

conducting an QCA, but rather the research analyst determines the scope of the assessment. This 

can lead to inconsistencies in results if the study was replicated by another researcher, limiting 

the credibility of it.  

In addition to this, QCA methods allow for the analyst to use the context of passages to 

help determine the if a given coding criteria is present for a specific level of the framework 

(Hsieh & Shannon, 2005). QCA methods allow for this type of interpretation due to the 

fundamentally broad approach of the analysis method. This component of the method can help 

ensure that the analysis is comprehensive and does not miss any coding criteria embedded in the 

text data, but it also threatens the analysis as a researcher could easily misinterpret the context of 

in which the text data appears.  

 

 

 

 
 

Step 5 – Calculate how each plan scored on the index: This will determine the total number of sustainable 
urban forest management principles present in the two UFMPs 

Step 4 – Begin coding: Here, each UFMP was manually read and coded using the coding criteria 

Step 3 – Establish scoring index that enables a numerical score to be provided to each plan: this numerical 
score will represent the level of sustainable urban forest management principles present in the two UFMPs

Step 2 – Establish coding criteria: Coding criteria used for this current study was developed by Ordonez & 
Duinker (2013) and Gibbons & Ryan (2015) 

Step 1 – Data Gathering: This step involved gathering the appropriate UFMPs to be analyzed in the study. The 
Town of Collingwood and the City of Hamilton were selected for this study. 
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4. Results 
 

4.1 Town of Collingwood 
 

Introduction 

 
The UFMP for the Town of Collingwood was developed after a successful bid on a request 

for proposal from the Town. This plan was developed by a team led by Williams & Associates, 

Forest Consulting Ltd., which is a consulting service that specializes in woodlot management 

and is comprised of professionals from a variety of forestry related fields (Williams & 

Associates, 2022). The level of professionals working on this project resulted in a comprehensive 

UFMP that includes an analysis on the UTC and strategic recommendations for enhancing 

current urban forest programs, as well as recommendations for establishing new policies and 

programs. In addition to the team lead on this project, the project team also consisted of Town 

staff from various departments that had a vested interest in the urban forest. The following 

paragraphs summarizes the content from Collingwood’s UFMP at each level of the sustainable 

urban forest management framework. Table 5 provides the result of the QCA which represents 

Collingwood’s UFMP total score on plan scoring index. Out of a total possible score of 45, 

Collingwood scored 39. This indicates that the Town has a strong capacity to achieve sustainable 

urban forest management.  

 

Level 1: Background/inventory  

 

The UFMP reviewed a variety of legislation, policy, community plans and governance 

structures that were relevant to the management of the urban forest. Specifically, a thorough 

review of the Town’s by-laws that related to tree protection was conducted. Additionally, the 

Town’s Official Plan Community Based Strategic Plan, and Urban Design Manual, a manual 

designed to encourage a sustainable built environment in Collingwood, were reviewed. Finally, 

the UFMP reviewed conservation authority policies and upper-tier municipality policies (i.e., the 

county of Simcoe). These reviews were done to identify any challenges and/or opportunities that 

were important to the project team when they were developing recommendations. An in-depth 

strengths, weakness, opportunities, and threats (SWOT) analysis was also conducted to identify 

the Town’s position in the context of internal strength and weakness and external opportunities 

and threats towards urban forest management strategies. 

The UFMP also included gathering tree data using different UTC assessments. In 2018 a 

windshield survey – where a researcher drove around Collingwood to gain general information 

about municipal street trees – was conducted. The purpose of this survey was to enhance the 

project team’s knowledge about potential roadside planting sites for trees and establish a baseline 

for the urgency of maintenance required on street trees. 

The project team conducted two additional tree inventory assessments in 2019. The first 

tree inventory assessment expanded on a previously conducted tree inventory assessment from 

2014 and focused on trees located in public parks and along streets. Data collected for this 

inventory included diameter at breast height, species type, structural risks, and diseases. The 

second inventory assessment gathered data on trees located in municipal woodlands.  

The UFMP made reference to UTC assessments conducted by the Town in 2008 and 2012 

that were done to determine whether canopy cover in Collingwood was increasing or decreasing 

https://www.collingwood.ca/building-business/land-use-planning-services/official-plan


 

40  

over this 4-year period. This assessment used low resolution imagery and found canopy cover to 

be around 28%, which signified a canopy change of approximately 1%. The project team 

embarked on conducting a revised UTC assessment in 2019. This assessment was completed 

using the i-Tree Canopy software, where sample points where selected from high-resolution 

aerial imagery and then assigned one of five categories of land-cover. These inventory 

assessments and canopy cover analyses resulted in tree data that could be stored in the Town’s 

GIS and used as baseline data for further UTC assessments. Further, the results of this 

assessment were included in the UFMP.  

In addition to enhancing tree inventories and conducting an updated UTC assessment, the 

authors assessed Collingwood’s capacity to achieve sustainable urban forest management during 

the development of the UFMP. The project team used the Kenney et al., (2011) criteria and 

indicators of sustainable urban forest management framework previously presented in this paper. 

Specifically, the project team assessed Collingwood’s capacity to achieve sustainable urban 

forest management based on 25 criteria and associated performance indicators. The results of the 

analysis found that Collingwood is well positioned to manage their urban forest following 

sustainable urban forest management principles.  

Finally, there are sections in Collingwood’s UFMP that clarify what the urban forest is, 

summarize what ecosystem services are, and clarify concepts relating to urban forest 

management. These sections of the paper were included to provide context to readers and 

community members for why the plan was being developed.  

 

Level 2: Vision and goals  

 

An indication that the development of this plan attempted to engage in-depth with the 

community can be found in the opening lines of the plan: “the purpose, vision, guiding principles 

and goals were developed by the project team with input from stakeholders and the public while 

at the same time reflecting Collingwood’s biophysical and land use context” (p. 1). Additionally, 

this statement highlights the importance of understanding the structure and distribution of the 

urban forest when cultivating management strategies. Community engagement began with a 

media announcement regarding the beginning of the UFMP project. After this, the project team 

determined which community members would be the target for their communications. They 

decided to separate the community into two groups: external stakeholders and the general public. 

External stakeholders included conservation authorities, utility companies, development groups, 

and other organizations with a vested interested in the urban forest. The general public included 

unaffiliated individuals interested in the urban forest. To engage with external stakeholders, a 

meeting/ community open house was held. To communicate with the general public, an online 

questionnaire was uploaded to the Town’s website.  

The UFMP includes a vision statement that outlines the how the Town values the urban 

forest and its willingness to protect this resource for its community members. Following this, the 

plan outlines a set of guiding principles that were developed by the project team and community 

stakeholders. These guiding principles were established to influence how the plan was 

developed. Finally, ten goals the Town will work towards for the management of their urban 

forest are presented.   

Collingwood’s UFMP presents a comprehensive analysis at the vision and goals level of 

the sustainable urban forest management framework. For example, the plan describes that their 

strategy for tree maintenance is to establish a Pruning Cycle program. The pruning cycle is the 

https://www.collingwood.ca/sites/default/files/uploads/documents/ufmp_collingwood_final_2_019_020.pdf
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number of years it will take to prune and maintenance all street trees. Further, the plan provides 

an approximate budget for this program. This is very important, because a high portion of 

Collingwood’s trees are found in public parks and street trees. 

 

Level 3: Action steps and implementation plan  

 

Collingwood’s UFMP presents numerous recommendations for strategies the Town can 

use to guide urban forest management. The plan is designed as follows: A section begins with a 

summary that describes a specific management concept (i.e., tree maintenance). Collingwood’s 

capacity to work towards this management concept, by addressing challenges and opportunities, 

is then assessed. Finally, a recommendation is provided for the best way the Town should 

approach the management of the given concept. Some examples are provided below: 

 

Tree maintenance:  

• The UTC assessment conducted for this project identified two high risk neighbourhoods 

where tree maintenance should be prioritized. This reflects an organized approach to 

managing different features of the urban forest and highlights the value of UTC data. The 

UFMP notes that land zoned either ‘industrial’ or ‘commercial’ will have very low tree 

maintenance, due to relatively low number of trees in these urban zones.   

 

Tree inventory: 

• The Town does not currently have an extensive inventory of its municipally owned 

woodlots, although they do have one for street and park trees. The development of this 

inventory, a process for achieving this inventory, and a timeline for completing this 

inventory is presented by the project team. 

 

Tree protection: 

• A recommendation to increase species diversity is present in this UFMP. This 

recommendation highlights the importance of assessing UTC composition. Collingwood 

has too many Norway and Silver Maples and the project team notes that this must be 

addressed. Having a high percentage of a single species can devastate the UTC if an 

invasive species or disease targets a specific tree species. 

 

Tree establishment: 

• Collingwood’s UFMP provides an appendix that details suitable sites for planting and 

tree species that would be appropriate for the Town. These sites were established by 

synthesising information from the tree UTC assessments, knowledge of municipal policy, 

and background research into what types of trees are best suited for Collingwood’s 

geography and climate.  

 

Further, a master list of all recommendations is provided towards the end of Collingwood’s 

UFMP. This table provides great value to the reader of the UFMP, as not only does it summarize 

all recommendations, but it also provides contextual information for each recommendation 

regarding its priority, appropriate start and end dates, estimated costs, connection to UFMP 

goals, and the department/ community group responsible for implementing the recommendation. 

Collingwood’s UFMP also contains a financial plan for each one of the recommendations 
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articulated in the document. The financial plan presents an approximate budget the Town will 

need to allocate to the urban forest program over the next 10 years.  

 

Level 4: Monitoring and evaluation  

 

The authors of the UFMP used a Gantt chart to monitor the implementation of their 

recommendations. A Gantt chart is a type of chart commonly used it project management. It is 

comprised of a list of activities along the left side of the chart and along the top of the chart there 

is a time scale that outlines milestones and completion dates for each activity (Duke, 2022). The 

authors created their Gantt using the master list of recommendations. The monitoring plan is 

divided in two 5-year plans (2020-2024 and 2025-2029). Both monitoring plans have every 

recommendation included in the Gantt chart and use a colour coded system to track the progress 

of each recommendation along the time scale. Developing a monitoring strategy in such a way 

enables a simplistic way to track the progress of implanting strategies, even if there are many 

strategies to track. However, actual evaluation of the strategies presented in the plan is quite 

limited. This is due to the fact that the Town has just many of these strategies have just begun 

implementation.  

 

 

Table 5: The results of the QCA conducted for this study, Collingwood’s total on the plan 

scoring index. Out of 45 possible points, Collingwood’s UFMP scored 39 points. Plan scoring 

index developed by Gibbons & Ryan (2015).  

Plan scoring index Plan score 

Level 1: Background/inventory 

(assigned a score of 0 or 1) 

- 

Included review of existing policies & programs  1 

Conducted evaluation of current state of urban forest  1 

Community involvement: plan mentioned involving community in plan creation  1 

Conducted tree inventory/canopy assessment before writing plan (and included results) 1 

Score at level 1 of the framework 4/4 

Level 2: Vision and goals  

(assigned a score of 0 or 1) 

- 

Presence of a vision statement  1 

Budget 1 

Communication and education  1 

Community partnership 1 

Stewardship initiatives  1 

Municipal coordination  1 

Tree establishment 0 

Tree maintenance  1 

Tree risk management  1 
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Summary of the Collingwood’s results on the scoring index (Table 5):  

 
Collingwood’s UFMP scored high at every level of the sustainable urban forest 

management framework, with a final score of 39/45. This indicates that the Town has a strong 

capacity to achieve sustainable urban forest management. Only one of the 11 urban forest 

management goals embedded in the framework, ‘tree establishment’, was not found in 

Collingwood’s UFMP during the QCA that took place for this study. 

 

4.2 City of Hamilton 
 

Introduction 

 

The city of Hamilton refers to the management of their urban forest as ‘Hamilton’s urban 

forest strategy’ (UFS). The development of this strategy included the production of two different 

documents. One of these is titled ‘urban forest strategy technical report’ and the other 

‘Hamilton’s urban forest strategy’. The technical report is a comprehensive assessment of the 

current state of Hamilton’s urban forest and the UFS is a summary report that includes a variety 

of graphics, tables, and important information that summarize key findings from the technical 

report. Since the technical report provides a more in-depth analysis regarding the current state of 

Hamilton’s urban forest, this document was selected for analysis for this current study.  

It is also important to note that these two documents are currently in draft form. The 

technical report used for the QCA analysis in this current study was completed in June of 2020. 

Tree inventory  1 

Tree protection  1 

Score at level 2 of the framework 10/11 

Level 3: Action steps and implementation plan  

(assigned score of 0,1, or 2) 

- 

Budget 2 

Communication and education  2 

Community partnership 1 

Stewardship initiatives  1 

Municipal coordination  1 

Tree establishment  1 

Tree maintenance  2 

Tree risk management  2 

Tree inventory  2 

Tree protection  1 

Includes an implementation plan  2 

Implementation plan w/ assigned responsibility  2 

Implementation plan w/ budgetary consideration  2 

Implementation plan w/ timeline 2 

Score at level 3 of the framework 23/28 

Level 4: Monitoring and evaluation  

(assigned a score of 0 or 1) 

- 

Address monitoring or addresses adaptive management  1 

Includes specific time to update plan  1 

Score at level 4 of the framework  2/2 

Total possible score: 45 points  Score: 39/45 
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The City of Hamilton’s website indicates that their UFS was to be implemented during winter of 

2021. However, there is currently (as of December 2022) no indication of where the city is on 

their proposed timeline for the implementation of their UFS. Further, although the report used for 

this analysis is not titled an UFMP, but rather an urban forest strategy technical report, the 

document still fits the characteristics of an UFMP, so it was appropriate to use for analysis in this 

study. The following paragraphs summarizes the content from Hamilton’s UFS at each level of 

the sustainable urban forest management framework. Table 6 provides the result of the QCA 

which represents Hamilton’s total score on plan scoring index. Out of a total possible score of 45 

points, Hamilton scored 25. This indicates that the City’s capacity to achieve sustainable urban 

forest management is relatively low when measured against the sustainable urban forest 

management framework. 

 

Level 1: Background/inventory  

 

The technical report begins with a brief summary of what the urban forest is, a description 

of Hamilton’s urban forest, the scope of the plan, and vision and purpose statements. The authors 

of this plan decided to scope it in such a way that mainly focused on areas within the City’s 

urban centres. The technical report states that this was done to prioritize areas that are most 

vulnerable to urbanization. Yet, scoping the project in such a way fails to encapsulate the entire 

urban forest of Hamilton and all relevant stakeholders. However, acknowledging the idea that the 

management of the urban forest should centre around protecting ecosystem services that are 

valuable to a specific community, if Hamilton’s background research has concluded that these 

urban centres are the priority to protect to ensure provisioning of ecosystem services, this plan 

will still work to guide important management decisions.  

The purpose statement of this document highlights the immediate need to prioritize the 

protection of Hamilton’s urban forest from a variety of stressors using strategic human 

intervention. Additionally, it directly addresses that the UFS is aimed at protecting trees on both 

public and private properties. Further, it addressed historical complications they have had when 

trying to work with private tree owners. From this, the technical report establishes two priorities 

for their UFS: increasing awareness and appreciation of the urban forest. The UFS vision 

statement identified the need to establish a resilient urban forest that will continue to provide 

value to the community.  

The plan reviewed relevant by-laws, specifically those that relate to trees, as well as 

provincial policy that pertained to conservation and sustainable development (i.e., Greenbelt Plan 

and the Niagara Escarpment Plan). Further, the report reviewed the current management 

structure Hamilton has in place for its urban forest. This analysis highlighted the complexity of 

this management structure, as various departments in the city are responsible for different 

components of the urban forest. For example, the Forestry and Horticulture department oversees 

the management of street and park trees but has no jurisdiction over natural areas. The 

jurisdiction over these areas typically falls under conservation authorities. This results in a lack 

of coordination and present challenges for consistent management. Other challenges this 

background analysis revealed include City staff lacking the tools and resources required to 

adequately monitor the UTC, by-laws that are ineffective at deterring damage to trees, and 

minimal policy mechanisms that enable protection of trees from development.  

It is important to note that the authors of the technical report did not use the boundary of 

Hamilton’s municipal borders to conduct the tree inventory surveys and UTC assessments. 
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Figure 5 presents the study area that was used to scope Hamilton’s urban forest strategy 

technical report. The technical report explains that the city chose to direct its attention to areas of 

the urban forest that would be impacted the greatest by on-going urbanization. Three variations 

of UTC assessments that took place during the development of Hamilton’s UFS. The following 

provides a summary of each of these assessments.  

 

• I-Tree eco study  

o The first UTC assessment was done using a field survey method. This assessment 

began with the selection of 220 random plots (0.04 Ha) located in Hamilton’s 

urban centres. For each of these plots, data about the vegetation structure, 

presence of tree canopy, and land cover types, was collected using manual field 

work. This sample data points were then extrapolated to estimate the entire 

inventory of trees located in Hamilton’s urban centres. Finally, this data was 

stored in the i-tree eco software as baseline data for future assessments.  

• I-Tree streets study  

o The protocol used for this study followed a similar process to the i-tree echo 

study. The analyst in this study decided to sample 3% of Hamilton’s total street 

tree segments (i.e., roads where street trees can be planted). This amounted to 408 

street segments. Each of these segments was manually surveyed by field crews to 

collect an inventory of street trees. This data was then extrapolated to estimate the 

total number of street trees in Hamilton. 

• I-Tree canopy study 

o The final UTC assessment was conducted using the i-Tree Canopy tool and was 

done to establish the approximate percentage of canopy cover in Hamilton’s 

urban centres. There was need for this assessment because the last canopy cover 

analysis took place in 2009. This assessment involved selection 1,301 random 

points from satellite imagery acquired using Google Maps and having one analyst 

categorize each point within a predetermine land-cover class.  
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Figure 5: Hamilton UFS study area. Note that the study area was contained to the urban centres 

of Hamilton. It did not assess the urban forest from Hamilton’s lower-tier municipalities. (City of 

Hamilton, 2020).  

 

 

The technical report goes into detail about the findings from the UTC assessments 

conducted on the urban centres within the city of Hamilton. These findings include exhaustive 

lists of species type, diversity of species, and tree size found in Hamilton’s urban forest. In 

addition to this, findings from these assessments include an approximate monetary value that 

assessed trees provide to the city of Hamilton in the form of ecosystem services, as well as the 

approximate canopy cover of Hamilton’s urban centres. The findings of the UTC assessments 

presented in the UFS comprise most of the technical report.  

The technical report also includes a summary of a comparative study that was conducted 

during the development of the UFS. This comparative study analyzed UFMPs from five 

municipalities located in Canada. The purpose of this was to identify how municipalities that 

have already advanced their urban forestry have developed management strategies and to 

establish a baseline approach for developing an urban forest management strategy in Hamilton. 

Finally, the UFS contained a baseline assessment using a criteria and indicators approach to 

identify Hamilton’s current capacity to achieve urban forest sustainability. This assessment 

analyzed Hamilton’s capacity to achieve sustainable urban forest management by addressing 

three key themes: 1) trees and forest, 2) community framework, and 3) Resource management 

approach. These themes are the three original themes developed by Clark et al. (1997). Overall, 
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the technical report did a great job at incorporating principles of sustainable urban forest 

management from level 1 of the sustainable urban forest management framework. 

 

Level 2: Vision and goals  

 

The report defines Hamilton’s UFS vision statement as: “Hamilton’s urban forest is 

resilient, contributes to the well-being of all neighbourhoods, and is valued as a shared asset”. 

This vision statement was developed with input from community stakeholders and identifies that 

the City is prioritizing a resilient urban forest. The plan does well at connecting goals of urban 

forest management with goals of other municipal plans. The introduction to the plan makes a 

clear connection to Hamilton’s Strategic Plan and Hamilton’s Official Plan. The technical report 

summarizes the activities used to engage with the community and stakeholders. This was an 

ongoing process, over the course of two years, that includes information sessions, workshops, 

and collaborative meetings. These engagement activities ensured that community stakeholders 

played a role in establishing the vision and goals of the UFS. Overall, Hamilton did well at 

developing goals that aligned with the principles of sustainable urban forest management. 

Although Hamilton’s UFS failed to explicitly mention some of the goals found in the sustainable 

urban forest management framework (see Table 6), there are sections in the text of the report that 

clearly refer to these goals.   

 

Level 3: Action steps and implementation plan 

 

The technical report presents numerous recommended actions the city should undertake for 

the management of their urban forest. These are meant to advise the city how to move forward 

with the management of their urban forest. The recommended actions typically address a specific 

concern/ management gap that was identified during the background analysis. For example, the 

report references the challenge of increased invasive species mobility due to a warming climate. 

Recommended actions for addressing this include developing a management strategy specific to 

invasive species and procuring funding for managing and establishing natural areas to support 

native biodiversity.  

One goal from the background analysis conducted for Hamilton’s UFS was to assess 

challenges and opportunities for enhancing the city’s urban forest. Based on these challenges and 

opportunities, the technical report identifies five themes that will guide implementation of the 

UFS. Each of these themes is supported by actions steps the city should undertake to ensure the 

theme is present during the implementation of the UFS. Action steps are categorized into one of 

three timeframes: short-term (1-2 years), medium term (3-5 years), and long-term (5-10 years). 

For example, the first theme is ‘inspire’ and a short-term action step under this theme is “develop 

and implement an inspiring urban forest communications strategy” (p. 9). Paired with each of the 

action steps is a rational as to how the action will provide value to Hamilton’s urban forest 

management.  

However, there is no implementation plan present for any of the action steps presented in 

the technical report. This is different from Collingwood’s UFMP, as their plan used a Gantt chart 

to monitor implementation of management strategies and present recommended timelines for 

completion. The absence of any implementation plan is reflected in the low score Hamilton 

received on the plan scoring index (Table 6) at level 3: Action steps and implementation plan.  

 

https://www.hamilton.ca/build-invest-grow/planning-development/official-plan/urban-hamilton-official-plan
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Level 4: Monitoring and evaluation 

 

Hamilton’s UFS does not provide an outline for a monitoring and evaluation plan. This 

could be representative of the fact that this document is still in draft form and has yet to be 

officially signed off on by City council.  

 

Table 6: The results of the QCA from this study, Hamilton’s total on the plan scoring index. Out 

of 45 possible points, Hamilton’s UFS technical report scored 25 points. Plan scoring index 

developed by Gibbons & Ryan (2015).  

 

Plan scoring index  Plan score 
Level 1: Background/inventory  

(assigned a score of 0 or 1) 

- 

Included review of existing policies & programs  1 

Conducted evaluation of current state of urban forest  1 

Community involvement: plan mentioned involving community in plan creation  1 

Conducted tree inventory/canopy assessment before writing plan (and included results) 1 

Score at level 1 of the framework  4/4 

Level 2: Vision and goals  

(assigned a score of 0 or 1) 

- 

Presence of a vision statement  1 

Budget 1 

Communication and education  1 

Community partnership 1 

Stewardship initiatives  1 

Municipal coordination  1 

Tree establishment 1 

Tree maintenance  1 

Tree risk management  1 

Tree inventory  1 

Tree protection  1 

Score at level 2 of the framework (11/11) 

Level 3: Action steps and implementation plan  

(assigned score of 0,1, or 2) 

- 

Budget 1 

Communication and education  2 

Community partnership 1 

Stewardship initiatives  1 

Municipal coordination  1 

Tree establishment  1 

Tree maintenance  1 

Tree risk management  1 

Tree inventory  1 

Tree protection  1 

Includes an implementation plan  0 

Implementation plan w/ assigned responsibility  0 

Implementation plan w/ budgetary consideration  0 

Implementation plan w/ timeline 0 
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Summary of the Hamilton’s results on the plan scoring index (Table 6):  

 

Hamilton’s technical report for their UFS scored high at three levels of the sustainable 

urban forest management framework, with a final score of 26/45. However, the report failed to 

incorporate most of the criteria from ‘Level 3: Action steps and implementation plan’. This can 

be interpreted as the city having a moderate capacity to achieve sustainable urban forest 

management. The technical report clearly tries to incorporate sustainable urban forest 

management principles into its content, as evident from the reports high score at ‘Level 2: Vision 

and goals’ of the framework. However, failing to present an implementation plan the city will 

follow to achieve these goals results reveals gaps in their urban forest management strategy and 

suggests that further work is required. 

5. Discussion 
 

5.1 Comparing urban forest management plans  
 

The following section provides a comparison of how each of the two UFMPs analyzed in 

this current study incorporated sustainable urban forest management principles, as described in 

the sustainable urban forest management framework (Gibbons & Ryan, 2015), into the content of 

the plan. 

 

Level 1: Background/inventory  

 

Overall, both plans provide a thorough background analysis of relevant policy, legislation, 

by-laws, management priorities, governance structures and historical management activities of 

the urban forest. Additionally, background information about what the community values and 

their priorities for urban forest management are described in each plan, along with the methods 

that plan authors used to engage with community stakeholders. Both plans provide a great deal of 

information about the UTC assessment that took place during plan development. Hamilton’s 

UFS focuses on the results of these assessments to a greater extent than Collingwood, but it is 

clear from the information provided in these plans that both municipalities focused on 

conducting thorough assessments and inventories of their urban trees, and providing these 

results, along with the significance of them, in the management plans.  

However, even though Hamilton’s UFS provides an extensive summary of their UTC 

assessments, these assessments failed to capture the complete urban forest contained within 

Hamilton’s city boundaries. Following the definition of an urban forest, “where all trees within 

the municipal boundary” (McGee et al., 2012; Steenberg et al., 2016) are part of the urban forest, 

Hamilton’s UTC data can instantly be understood to be incomplete/ have gaps, as the tree 

Score at level 3 of the framework 11/28 

Level 4: Monitoring and evaluation  

(assigned a score of 0 or 1) 

- 

Address monitoring or addresses adaptive management  0 

Includes specific time to update plan  0 

Score at level 4 of the framework  2/2 

Total possible score: 45 points  Total: 26/45 
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inventory surveys, and UTC assessments only focused on the urban centres located within their 

municipal boundary. Both plans use a criteria and indicators approach during the development of 

the UFMPs, showcasing another example of the project teams involved in each document 

incorporating key concepts from sustainable urban forest management theory. 

 

Level 2: Vision and Goals  

 

Both plans engaged with community stakeholders and individuals with a vested interested 

in the urban forest when developing UFMP goals. Additionally, both plans established guiding 

principles and a vision statement that were designed to influence the development of these goals. 

Community engagement is understood to be a key principle of sustainable urban forest 

management and it was exemplified well in both plans. 

A major similarity between the two plans, with regards to management goals of the urban 

forest, was their approach to public and private trees. Hamilton and Collingwood’s plans both 

explicitly states that they wish to develop strategies for trees on both public and private land, and 

Collingwood’s UFMP goes a step further by devoting a significant portion of the budget to this 

initiative. However, the tree inventory survey conducted during the development of 

Collingwood’s UFMP focused exclusively on municipally owned land, whereas the inventory 

assessments conducted for Hamilton’s UFS technical report involved randomly selected plots on 

both public and private land. The benefit of this is that the authors of Hamilton’s UFS were able 

to calculate the approximate percentage of trees on both public and private land.  

 

Level 3: Action steps and implementation plan 

 

Collingwood’s UFMP did an incredible job structuring timeframes, addressing budgetary 

concerns, and assigning responsibility for each one of the action steps presented in the UFMP. 

Hamilton’s technical report provided recommended actions that were very broad (e.g., “partner 

with organizations that support the City’s urban forestry goals” (p.37), that did not include 

detailed information regarding how the specific action would be completed. At this level of the 

framework, the greatest differences in the plans were observed. This is reflected in the total 

points awarded to each plan at this level of the framework following the QCA, with Collingwood 

scoring 23 (Table 5) and Hamilton scoring 11 (Table 6) on the plan scoring index at ‘Level 3: 

Action steps and implementation plan’. 

 

Level 4: Monitoring and evaluation 

 

Collingwood’s UFMP provides an excellent strategy for monitoring the implementation of 

urban forest management strategies. The use of a Gantt chart not only tracks completion progress 

of each strategy – helping to identify strategies that are progressing well and those that require 

more attention – but it presents a table that can easily be understood by any stakeholder of the 

urban forest that is interested in monitoring the process of the plan. This Gantt chart can easily be 

uploaded to the Town’s webpage for any interested parties to view.  

However, both plans fail to provide an adequate plan to evaluate the success of their 

management strategies. Although both plans identify the need to review strategies developed in 

the current UFMPs at a regular interval over the next 5-10 years to evaluate the success of 
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strategies, the mechanisms that will be used to evaluate the success or failures of strategies is not 

present in either plan.  

 

5.2 Key insights  
 

Any municipality wishing to develop an UFMP for their urban forest must recognize that 

the process, when done effectively, requires an extensive commitment of time, financial 

resource, and the ability to work collaboratively with various stakeholders. This is seen in both 

Hamilton’s UFS and Collingwood’s UFMP. For example, the consultation with stakeholders 

took between 9-12 months for each of these plans, in addition to these consultations being 

ongoing during the entire plan development process.  

The QCA analysis revealed key similarities and a few major differences in the plans. The 

main similarities between the plans included extensive engagement with community 

stakeholders. Another similarity would be the comprehensive summary included in each plan for 

the inventory surveys and UTC assessments that took place during plan development. One major 

difference in these plans was Collingwood’s inclusion of an implementation plan that included 

timeframes, delegation of responsibilities, and budgetary requirements for strategies that the 

Town plans to execute. The greatest difference between the two plans was how the plans were 

scoped by the project teams. Hamilton chose to study only the urban centres of the city, whereas 

Collingwood aimed to address their entire urban forest. Keeping in mind that the City of 

Hamilton covers an approximate area of 110,000 ha and the Town of Collingwood only covering 

3,300 ha, and that these plans were developed in nearly identical timeframes, there is a strong 

possibility that the City of Hamilton did not think it would be worthwhile to include its rural 

areas in their analysis, as the plan states that there was a low-risk threat to the trees located in 

rural areas.   

 

5.3 Study limitations 
 

QCA methods rely on the subjectivity of the researcher to draw conclusion from text data 

(Hsieh & Shannon, 2005). This subjectivity can influence the outcome of the overall score 

awarded to a UFMP on the plan scoring index. Recognizing that the coding criteria and 

associated performance indicators used in this study were developed to be intentionally broad 

(Gibbons & Ryan, 2015), the replication of this study by another researcher could potentially 

result in a significantly different result. Regardless of these risks, this current study still enabled 

an analysis that reveled key strategies, policy, procedure, and best practice for the management 

of urban forests in southern Ontario.  

However, it is important to note that there will be times when sustainable urban forest 

management principles established in academic theory can be identified in UFMP, but in practice 

these characteristics have not manifested themselves. For example, although the City of 

Hamilton describes an implementation plan for the development and start date of their UFS in 

the technical report, the date identified as the approval date for the strategy has passed with no 

update on the anticipated approval provided by the city. Additionally, Collingwood’s high score 

on the plan scoring index does not equate to a guarantee that the Town is managing their urban 

forest sustainably, but, rather, it can be understood that Collingwood’s UFMP encapsulates a 

high percentage of the principles of sustainable urban forest management that have been defined, 

and accepted, as academic theory.  
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6. Town of Lincoln case study 
 

6.1 Introduction 

 

The Town of Lincoln (ToL) is a municipality located in the Niagara Region. The Town is 

uniquely situation between the south shore of Lake Ontario and the northern slope of the Niagara 

Escarpment, in addition to expanding on top of the escarpment. The ToL is the result of an 

amalgamation between four small agricultural communities that developed around the old Kings 

Highway 8 (now Regional Road 81), at the base of the Niagara Escarpment. Specifically, the 

communities of Beamsville, Jordan Station, and Vineland were amalgamated to create the ToL 

(see Figure 6). The ToLs unique geographic position, with northern protection from the 

escarpment and Lake Ontario moderating the local climate, makes the city one of the top 

locations for tender fruit production in all North America. The historical development of the ToL 

has important implications for management decisions made today. The current composition of 

the Town’s urban forest is a result of nearly 250 years of human-activity that focused on 

maximizing agricultural production. This has implications for the current management of the 

Town’s urban forest. Specifically, the historical prioritization of agricultural production over the 

provisioning of natural spaces has resulted in the current government of the ToL having limited 

space to work with to expand and enhance their urban forest and having to approach the problem 

from a reactive position rather than a proactive one. However, this has potential to benefit the 

ToL when they are developing management strategies, as they can focus on protecting the last 

remaining patches of urban forest found in the municipality. In addition to this, acknowledging 

that agricultural production is the backbone of the ToLs economy, it’s clear that these producers 

will make up a major of the privately held land in the Town. Therefore, it is important that the 

ToL recognize that an urban forest management plan will only be successfully implemented if 

the Town can engage productively with agricultural producers. The town will have to develop a 

strategy that establishes an open dialogue with producers to ensure that the wants and priorities 

from both municipal decision-makers and agricultural producers are discussed.  

 

Figure 6 (right): Satellite 

imagery of the ToL. The 

Old Highway 8 can be 

seen running diagonally 

across this image, 

identifiable by Regional 

Road 81. Notice the 

proximity of Beamsville, 

Vineland, and Jordan 

Station to this road 

(Image source: Apple 

Maps, 2022) 
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6.2 Niagara Official Plan and urban forest management 
 

The Niagara Region Official Plan was accepted and enacted on November 4, 2022. The 

Plan articulates a wide range of goals and objectives that the Region will aim to achieve over the 

next 30 years. The Official Plan is divided up into six chapters, with each chapter focusing on a 

major theme. Chapter three focuses on the theme of sustainability. The ToL released their 

Official Plan in December 2018, and similar to the Niagara Region Official Plan, there are 

numerous sections of the plan that focus on prioritizing the provisioning of greenspace. 

However, these two aforementioned plans, although rich with goals and objectives that relate to 

protecting and enhancing greenspace, fail to present a set of strategies to be used for the 

management of natural spaces.  

There has been an increasing use of UFMP by municipalities across Ontario (Almas & 

Conway, 2016) to help guide progress towards environmental goals. UFMPs are complex 

documents that are created through collaboration between municipal governments, community 

stakeholders and various interests’ groups. UFMPs articulate strategies a municipality can use to 

enhance their urban forest. Strategies presented in UFMP are most effective when they are 

developed following an extensive background search that identifies municipal capabilities 

(resource availability, current structure of management programs), policy mechanisms for 

implementation, limitations and challenges with implementing strategies, what a community’s 

desire for their urban forest is, and the current structure of the urban forest (Kenney et al., 2011).  

There is no singular protocol to follow when developing an UFMP. Rather, research studies 

conducted by urban forest researchers (Clark et al., 1997; Kenney et al., 2011; Ordonez & 

Duinker, 2013; Gibbons & Ryan, 2015) have established key ideas, concepts, and processes that 

the development and final UFMP document should contain. One goal of this paper was to 

identify the presence of sustainable urban forest management principles found in UFMPs 

adopted by municipalities in southern Ontario, and to use this information to present a 

framework the ToL can use to develop an UFMP. The following section (6.3) presents the 

framework the ToL can use to guide the development of an UFMP. 

 

6.3 Application of sustainable urban forest management framework 
 

Level 1: Background/inventory  

 

The development of the ToLs UFMP should begin with community and stakeholder 

engagement. This engagement should focus on establishing the values the various stakeholder 

groups of the community hold in the context of the urban forest. Additionally, the Town needs to 

identify the interest group with the most influence in the Town, as this is the group they should 

aim to target with communications. The engagement process should result in establishing values 

that will guide the development of the UFMP, as well as urban forest goals that the plan will aim 

to achieve. Throughout this engagement process, there must be room for compromise between 

different interest groups and an open dialogue that allows for concerns to be voiced and heard, 

while still recognizing the importance of establishing and maintaining ecological integrity within 

the urban forest. 

The background search conducted during the early stages of the UFMP should review 

policy that is relevant to the provisioning of greenspace and natural areas. Beamsville, Campden, 

Jordan Station, Prudhommes, and Vineland are five of the small communities that make up the 
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municipality of the ToL. Further, the ToL is one of the 12 municipalities located in the Niagara 

Region, and the Niagara Region is one of the largest upper-tier municipalities in the province of 

Ontario. Multi-tier governance structures are commonplace throughout Ontario, and they 

influence the ability of lower-tier municipalities to enact legislation, since upper-tier municipal 

policy often takes precedence over lower-tier municipal policy. For example, The Greenbelt Plan 

would supersede anything the ToL develops in their Official Plan. Understanding governance 

structures and the policy mechanisms available to the Town to enact urban forest legislation is 

therefore quite important. Identifying the capacity to which the Town can implement urban forest 

management strategies will help the Town scope the development of management strategies. 

Therefore, the town must establish the policies, by-laws, and other relevant legislation that will 

have the greatest influence on their UFMP. In addition to this, the Town should review internal 

documents such their community strategy and Official Plan. 

The development of an UFMP will require UTC data. The Town should conduct a tree 

inventory assessment that aims to catalogue a significant percentage of the trees found in the 

Town and present these findings in the UFMP. The ToL is well positioned to do this, as a recent 

research study conducted by Razaghirad (2022) presents a detailed UTC assessment conducted 

on the Town. This UTC data can be complied with other inventory lists of natural features to 

create a master lister of the Town’s green infrastructure. Green infrastructure can be described as 

the network of natural and semi-natural areas embedded in an urban area that is strategically 

managed to deliver ecosystem services to community members (European Commission, 2022). 

The Town of Collingwood’s UFMP notes that although the Collingwood has an asset 

management plan for their grey infrastructure, but there is no such plan in place for its green 

infrastructure. Using the data available from the UTC assessments, and additional inventory 

assessments, the ToL is well-positioned to catalogue their green infrastructure, create a master 

list of these assets, and then assess best management practices for managing their collection of 

green infrastructure. Having a complete inventory of the Town’s green infrastructure will 

establish a baseline dataset the town can refer to and assess progress towards the management of 

their green infrastructure. In addition to this, the findings from the UTC assessment can be used 

to establish targets for specific canopy goals. For example, from the tree data obtained from an 

UTC assessment, the ToL can identify risks associated with the lack of species diversity. An 

often-overlooked component of the urban forest, failing to proactively manage species diversity 

can have adverse impacts. The decimation of American ash trees throughout North American 

brought on by the emerald ash bore exemplifies this well. Other data that the ToL could use from 

the UTC assessment include identifying locations for potential planting spots. By identifying 

areas that can accommodate tree planting, the ToL can increase their relative canopy cover, or 

the total percentage of potential planting sites with tress planted on them. 

During the background search of the UFMP, the ToL should conduct a thorough 

investigation to identify any environmental grants available from the federal/provincial 

government that they are eligible to apply for. This should be part of the background check, and 

not come later in the development, because if the Town were to receive funding for an urban 

forest management project, it could drastically change the scope of the project. It is important to 

develop financing plans for budgets as it provides credibility to the UFMP, and it ensures that 

current municipal staff are not asked to take on numerous responsibilities in addition to the tasks 

they are currently responsible for. 
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Level 2: Vision and goals 

 

This section of the paper will not suggest any direct goals the ToL should include in their 

UFMP, but rather, key themes they should focus on during the development of their goals. The 

framework developed by Gibbons & Ryan (2015) that was used for the QCA in this study 

provides key themes that the goals of UFMPs should focus on. The ToL should try and 

incorporate as many of these themes as possible when they development goals for the 

management of their urban forest. In addition to this, the Town should establish the urban forest 

management goals that are top priority. Further, it is crucial that goals of urban forest 

management plans are developed in consideration with both stakeholder interests and ecological 

integrity concerns. Ecological integrity deals with themes such like connectivity, increased 

biodiversity levels of plant and animal species, and the protection of large, mature trees.  

Another major focus of the ToLs UFMP should be to ‘repositioning’ the value of trees in 

community members minds. The project team that worked on Collingwood’s UFMP found that 

community members from municipalities in Ontario typically value other municipal services 

more than those provided by trees in the form of ecosystem services (Town of Collingwood et 

al., 2020). The Town of Lincoln should recognize this and try to present a positive image of the 

urban forest, and its associated management strategies, from the on-set of the project. A 

recommended strategy for achieving the ‘repositioning’ of the urban forest can be found in work 

completed by Blythe et al. (2021). In their research study, the authors used virtual reality to 

present different future scenarios of the state of the ocean to research participants with the goal 

of identifying if empathy for the ocean increased after viewing future scenarios. The future 

scenario presented was either optimistic or pessimistic in nature, with each scenario being the 

outcome of different approaches to managing the ocean. Their study found that the presentation 

of future scenarios did significantly increase empathy, with the pessimistic scenario resulting in a 

greater increase than the optimistic scenario (Blythe et al., 2021). The Town could use a future 

scenario approach similar to the approach used Blythe et al. (2021) to reposition their urban 

forest. It could work as follows: one scenario could present flooding along the Lake Ontario 

shoreline without the presence of trees along the shoreline to prevent erosion, while another 

scenario presents how the shoreline of Lake Ontario can mitigate flooding when it has a strong 

presence of trees along the shoreline. Presentation of contrasting future scenarios would be a 

great strategy for the ToL to use to reposition the urban forest in the minds of their community 

members, although the feasibility of this approach may present barriers to its application.  

Although this current research study did not assess the ecosystem services that provide the 

greatest value to the residents of the ToL, the ToL should be sure to do this when they are 

establishing the vision and goals for their UFMP. Identifying the ecosystem services that provide 

value to the town, and then communicating this information to community stakeholders, can help 

foster a sense of understanding about why the management of the urban forest should be a top 

priority. The provisioning of the ecosystem services that are valuable to the town should then be 

included as a goal.  

Another goal the Town should focus on is tree establishment. Here, the UFMP could 

include a plan for the planting of trees on new developments, as well as new trees being planted 

along roads and city-owned parks. The municipal government, in conjunction with community 

stakeholders, should develop a standardized booklet that outlines acceptable planting methods, as 

well as trees that should not be planted. Included in this document should be a list that details a 

variety of different trees that are acceptable for planting on new developments. This booklet 
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should also contain plating recommendations, such as planting distance from infrastructure and 

spacing between the trees themselves, to provide trees that with the best chance at reaching 

maturity. Additionally, this booklet can be uploaded to the Town’s website for community 

members to access and use for their own personal planting.  

 

Level 3: Action steps and implementation plan  

 

For strategies that the Town wants to implement, they should first conduct an internal 

analysis to see if there is a budget available. If there is a limited amount of capital and human 

power, they should prioritize the strategies that will provide the most value to the Town. 

Assigning too much responsibility internally, such as how Collingwood did in their UFMP, will 

impact the ability of strategies to be completed.  

The Town should also establish different strategies for different zones of the urban forest: 

where forested patches are self-sustaining, individual trees need intensive management 

(arboriculture). For example, evaluating the effectiveness of past trees sourced by the city from 

nurseries will reveal species that have been successful, or that should not have been selected. 

Additionally, the town should closely monitor and keep track of the number of public trees 

removed and the number of trees planted by the municipality. The City of Hamilton did this 

during the development of their UFS and realized that the city was removing more trees than 

they were planting between 2016 and 2018 (City of Hamilton, 2020). Although this calculation 

would not account for trees planted/removed by private individuals/organizations, it will 

establish progress the municipality is making towards the management of publicly owned trees. 

Mitigating risk associated with injured, dead, or dying trees, can be accomplished through the 

creation of a schedule for the maintenance of street trees or the creation of a standardized 

pruning cycle. If resources are limited, an attempt should be made to establish partnerships with 

conservation authorities, or community members with an interest in contributing to the 

management of the urban forest. With the support of the local government, community 

stakeholders can help manage areas of the urban forest that the ToL cannot allocate the resources 

to. This is already happening to a certain extend in the ToL, exemplified by stewardship 

activities taking place along the corridor of the Bruce Trail that cuts through the Town. These 

stewardship activities are partly organized by the Bruce Trail Conservancy, which is a 

conservation organization made up of volunteers, a board of directors, and administrative 

officers that handle logistics and finances (Bruce Trail Conservancy, 2022). Cultivating a 

relationship with this organization would be an asset for the ToL. Establishing partnerships with 

recognized environmental organizations will allow the ToL to allocate available resources to 

management areas they deem to be priority. For example, Hamilton focused exclusively on the 

urban centres of the city in their UFMP, as city planners felt these areas are vulnerable to 

negative impacts associated with a changing urban environment. Trees planted in urbanized 

areas require more intensive care than naturally forested patches, since they require trees to be 

purchased from a nursery, require labour for the movement and planting of the tree, and require a 

lifetime of maintenance and pruning to ensure the health of the tree. Therefore, if the ToL 

prioritizes planting trees in their urban centres, they may need to delegate management 

responsibility of trees growing in natural spaces to conservation groups if the Town faces 

resource constraints. 

Strategies for enhancing species diversity could include the introduction of by-laws that 

ban the future planting of certain trees, ordering a different variety of tree species each year from 
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nurseries, and working towards establishing stands of native trees throughout the municipal 

boundary. This requires knowledge about the types of conditions different trees require to grow, 

as well as well as knowledge about the long-term implications of planting a tree. For example, 

black walnut trees and honey locus trees should not be used as street trees. They are slow 

growing hardwoods that overtime will either (1) become too big, potentially impacting municipal 

infrastructure or (2) fail to reach its potential in the environment it was planted and die.  

 

Level 4: Monitoring and Evaluation  
 

Monitoring the implementation of urban forest management strategies is best done using a 

Gantt chart. These charts provide a clear visualization of the implementation stage each 

management strategy is at, describe who is responsible for each individual task, provide an 

approximate timeframe for completion, and can be designed to fit the needs of a specific 

monitoring plan, as Gantt charts can be used in a variety of ways. If a Gantt chart is created by 

the ToLs municipal government to monitor the implementation of urban forest management 

strategies, it is suggested that it be made available on the Town’s websites so community 

members can monitor progress in real time.  

Evaluation of strategies implemented for urban forest management should have two levels 

of focus: (1) Evaluate if goals articulated in the UFMP are being reached (track progress) and (2) 

Evaluate the level to which community members are engaging with the project. To evaluate the 

progress of management strategies, the UFMP should set going goals that are either numerical or 

categorical and monitor progress toward these targets (Ordonez & Duinker, 2013). For example, 

a numerical goal would be to “increase species diversity to a point where one species does not 

make up more than 10% of the proportion of total species, with 10% being the numerical 

element. A categorical goal would be written along the lines of ‘create new stewardship 

initiatives that supplement the work being done by forestry professionals employed by the 

municipality’, with the term create being the categorical goal aspect of the goal. Tracking 

community engagement with urban forest management strategies will be important for the ToL. 

This is because the management of the urban forest requires contributions from all community 

stakeholders, not just the actions of municipal employees (Locke et al., 2013). Therefore, it is 

important for the ToL to identify if community stakeholders are buying in to the urban forest 

management plan. As noted by Kenney et al. (2011): “urban forest managers must be able to 

clearly identify where specific goals or targets have been met and when adaptations to 

management approaches appear to be necessary. Assessing successful urban forest management 

therefore also requires clearly defined targets, or criteria, and specific performance indicators of 

success. The performance indicators enable measurement of progress towards the achievement of 

the key objectives for each criterion, which in turn permits the ongoing evaluation of success in 

implementing the community’s urban forest strategy” (p. 109). This statement speaks to the need 

for active monitoring of strategies to achieve sustainable urban forest management. Once the 

ToL decides on what strategies they will be implementing for the management of their urban 

forest, a criteria and indicators assessment is an ideal approach that the ToL can use to track the 

progress these strategies.  
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6.4 Important considerations 
 
There were two contributing factors that influenced the recommendations formulated in 

section 6.3 of this study. First, inefficiencies/ unnecessary sections identified by the researcher 

following the analysis of the UFMPs from Collingwood and Hamilton were used to establish 

areas where the planning process could improve. For example, Collingwood’s plan present goals 

and objectives that align with the principles of sustainable urban forest management (i.e., 

substantive themes addressed, provided a timeframe for these goals, responsibility was assigned 

to a department), and they provide a budget for each strategy that will be implemented to achieve 

these goals. However, there is no information about how the Town is planning to finance their 

new urban forest management strategies. Collingwood’s UFMP directly states that the budget 

presented in the UFMP does not include activities the Town is already undertaking, and it does 

not elaborate on how the financing process for these new initiatives will proceed. To enhance the 

creditability of an UFMP, and the management strategies found in them, a commitment to 

funding said strategies should be present in the UFMP. Here, it must be noted that although 

financing information was not included in Collingwood’s UFMP, there is a chance that the 

allocation of funds was described and determined in the Town’s municipal budget plan. If this is 

the case, the UFMP should provide a description as to how one can access the Town budget. In 

addition to this, Collingwood’s plan seems to overestimate the capacity of the availability of 

internal staff. Many of the strategic actions the Town wishes to implement have been assigned to 

an ‘in-house’ team. Assigning to much internal responsibility may result in management 

strategies not being implemented due to time constraints of municipal staff.  

The second contributing factor that influenced the recommendations provided in section 

6.3 of this paper was acknowledging the historical development of the ToL and how it has 

shaped community members perceptions and value of the urban forest. Different communities 

will value different features of the urban forest (Locke et al., 2013), and it is important that the 

Town identifies what their community members value, as this will guide the development of 

management strategies.   

The recommendations provided in this section of the paper (6.3) reflect only a set of 

recommended actions the ToL can engage in to work towards the sustainable management of the 

urban forest. The increasing number of UFMP being adopted by municipalities across Ontario is 

something the ToL can capitalize on, since when the Town embarks on the development of an 

UFMP, they have the advantage of a variety of plans at their disposal to use as reference points 

for the development of their plan.  

Finally, it is important to note that a major barrier the ToL will face in achieving 

sustainable urban forest management is a lack of policy mechanisms available for use that enable 

binding urban forest legislation to be enacted. This can be exemplified by recent bill passed by 

the Province of Ontario Legislature on November 28, 2022. Bill 23, titled ‘the More Homes Built 

Faster’ is legislation that was tabled by the provincial government with the goal of increasing the 

pace of housing development in Ontario (City of Burlington, 2022). However, Bill 23 greatly 

reduces housing development regulations and limits the power conservation authorities and 

environmental regulatory bodies have over natural spaces in municipalities (Drescher & Khirfan, 

2022). Additionally, Bill 23 reduces revenue avenues for municipal governments, as the fees a 

municipality would normally receive from development were changed with the introduction of 

Bill 23. This will ultimately impact the bottom-line of municipal budgets, decreasing the 

allocation of resources for parkland development and money that can be allocated to 
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conservation authorities (City of Burlington, 2022). The introduction of this bill highlights the 

on-going competition of land-use priorities from different interests’ groups in the Province and 

the challenge in ensuring environmental policy stays on the political agenda.  

 

6.5 Future research directions  
 

A major research gap in urban forest management is the existence of studies that have 

measured the success of UFMPs developed and implemented throughout Ontario. There have 

been studies that have analyzed the content of these plans (Ordonez & Duinker, 2013; Gibbons 

& Ryan, 2015), but there are limited findings about the success of UFMPs in practice. UFMPs 

implemented by municipalities in Ontario are all relatively new. As municipalities across Ontario 

continue to develop and implement UFMPs, researchers will have the opportunity to track the 

progress of how successful these plans have been overtime, enhancing academic understanding 

about the strengths and limitations of trying to manage urban forests using UFMPs. 

7. Conclusion 
 

Achieving the sustainable management of the urban forest is a collaborative, continuous 

process. When decision-makers, stakeholders, and community members work together towards 

developing and implementing management strategies of the urban forest, it enhances support for 

the implementation of strategies. Urban forest decision-makers must continually monitor the 

implementation of management plans and make necessary changes to these plans as new 

information becomes available. With emerging tools to monitor the urban forest, novel research 

that identifies the ways in which urban forests benefit human populations, and a greater focus on 

urban forests throughout Ontario in general, urban forest decision-makers are well equipped to 

continually monitor, and adjust, when necessary, the implementation of urban forest 

management plans.  

This current study aimed to review urban forest management planning in Ontario through a 

sustainability lens. After clarifying key terms and concepts in the field of urban forestry, the 

paper moved towards an analysis of two UFMPs from municipalities in Ontario. This analysis 

found that although municipalities in Ontario have a strong desire to achieve sustainable urban 

forest management, external challenges and internal limitations present barriers to achieving 

sustainable urban forest management. Finally, key insights from the analyses of the two UFMPs 

were identified and used to present a framework the ToL can follow to develop an UFMP for 

their urban forest. The ToL should prioritize repositioning the urban forest in the minds of 

community stakeholders to ensure the community understands its value, focus its 

communications on interest groups with the greatest influence, and implement management 

strategies that protect the components of the urban forest that provide the greatest value to the 

community. 
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