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Executive Summary 
Urban forests provide a plethora of benefits to the environment and to human health (Peckham, 

Duinker, & Ordóñez, 2013), and their management is essential for maintaining these benefits (Ordóñez 

& Duinker, 2013). However, it is evident that municipal governments in Canada may not have the 

financial resources, technical resources, or the time to do so effectively. This report presents the use of 

online mapping applications enabling Volunteered Geographic Information (VGI) (Goodchild, 2007) to 

address some of these limitations and assist with building larger tree inventories for management 

purposes. It outlines VGI concepts as well as the opportunities and benefits associated with VGI for 

urban forest management. A review of existing online mapping applications is presented. Six 

applications enabling VGI are compared against 14 criteria. It was found that most programs are using 

OpenTreeMap; therefore, a brief analysis of this program is provided. An example of how to implement 

an online mapping application is presented for Halifax, Nova Scotia using tree inventory data-sets 

available to the School for Resource and Environmental Management. Finally, the report returns to the 

three main challenges (the digital divide, environmental justice issues, data integrity) to discuss how to 

address these issues. There is very little research on VGI online mapping applications for tree inventories 

in Canada. This report is meant to provide a review of the opportunities for implementation, while also 

acknowledging and making recommendations for some of the main limitations.  
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1. Introduction 
Each individual tree in an urban environment contributes to the myriad of values provided by 

urban forests. Broadleaf trees remove particulate matter from the air (Nowak, Crane & Stevens, 2006). 

All trees serve value for storm-water management purposes (Stovin, Jorgensen, & Clayden, 2012). By 

providing shade, and absorbing carbon and water they reduce the urban heat island effect and lengthen 

the life time of grey infrastructure (Duinker, Ordóñez, Steenberg, Miller, Toni, & Nitoslawski, 2015; 

Heslier, 1986). Connection with trees has been proven to provide mental health services by reducing 

stress (Peckham, Duinker, & Ordóñez, 2013; Ulrich, Simons, Losito, Fiorito, Miles, & Zelson, 1991). They 

also allow for community development through shared green space and shared management 

opportunities. There are many more benefits to the urban forest and the list continues to develop. 

As the global population grows and cities expand, the need to manage urban forests and 

maintain these values continues to become more important. In Canadian cities, this responsibility falls 

largely on the municipality. Decisions for tree planting and tree care on public property are made by 

municipal governmental officials. For detailed, effective management of the urban forest, a 

management plan is essential (Ordóñez & Duinker, 2013). Urban forest master plans (UFMPs) allow for 

long-term planning related to tree maintenance and planting. Very detailed UFMPs will outline the steps 

needed to reach their specific goals. For example, urban forest managers might conduct tree inventories 

using GIS technology to assist with maintenance planning (Ordóñez & Duinker, 2013).  

 Tree inventories can provide information on species distribution, tree health, tree size, overall 

canopy coverage, as well as many other indicators to assist with actionable management planning 

(Alvey, 2006). As a result, many cities have programs to conduct them. However, this can also be very 

costly and time consuming. Government authorities do not have access to trees on private property and 

therefore urban forest datasets are incomplete, making it difficult to understand the density and 

diversity of trees across a city (Steenberg et al., 2017) It is necessary to engage other stakeholders to get 

a more comprehensive picture of the urban forest for management purposes (Peckham, Duinker, & 

Ordóñez, 2013). Academics, practitioners, and technology companies have conducted research and 

tested pilot projects to try to fill this knowledge gap by allowing for volunteers to assist with data 

collection (Foster & Dunham, 2015). With the use of mapping technology, many cities across North 

America are now looking beyond government to collect data about the urban forest. This crowd-sourced 

data in the academic literature is known as Volunteered Geographic Information (VGI) (Goodchild, 

2007). This paper will provide an overview of VGI and why and how it can be most effective for 

sustainable urban forest management. It will conduct a jurisdictional scan looking at Canadian cities that 
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have taken this approach for urban forest management. An example will then be provided to show how 

Geographic Information Systems (GIS) technology can be used for Halifax, Nova Scotia, to collect VGI. It 

will then conclude with a look at the limitations and potential opportunities that this method brings.  

2. Volunteered Geographic Information (VGI) 
2.1 What is VGI? 

Dr. Michael Goodchild coined the term Volunteered Geographic Information (VGI) in 2007 in 

“Citizens as sensors: the world of volunteered geography”. This term refers to user-generated content 

with a spatial element. He describes how advances in technology have allowed for creating and sharing 

geographic content, which is a revolutionary approach to data management (Goodchild, 2007). This 

goes beyond departmental sharing of information within government to sharing with non-governmental 

organizations (NGOs) and the general public. It breaks down the authoritative top-down approach to 

urban forest management and allows for data contribution from any member of the community. He 

examines the values of VGI including the possibility of building more robust datasets and reducing data 

collection costs for government (Goodchild, 2007). He also provides a number of examples illustrating 

participation methods and the purpose of VGI (Goodchild, 2007). VGI is a concept without a catch-all 

definition or set of rules. It is dependent upon the intended use of the data and the project at hand. For 

example, hurricane response teams might use VGI as a way of creating a dataset with location 

information for fresh water, food, or access to electricity for storm victims. In the context of urban 

forest management, there is great potential for the use of VGI, though there are many benefits and 

limitations to discuss.  

 

2.2 Opportunities  
VGI has the potential to offer a wide range of opportunities. The key is to harness technology 

and to determine the appropriate roles for municipal governments, the technology sector, and 

community members. Table 1 illustrates the opportunities for each group to become effectively 

involved in VGI online mapping applications. It also details the incentives or benefits associated with 

getting involved in this way.   

Because municipal governments are responsible for urban forest management, it is important to 

understand how they have the potential to harness VGI and provide benefits to the community. They 

have the opportunity to play a leadership role in the development and management of a VGI online 

mapping application. By allowing for multiple stakeholders to participate, urban forest datasets will 
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become more robust. Campbell, Svendsen, & Roman (2016) refer to this as the co-production of 

knowledge. This could provide additional data on how many trees there are in the municipality, what 

species, age, their diameter at breast height (DBH), tree height, and which diseases or pest issues might 

be prevalent. By building larger and more detailed datasets, urban foresters and managers have the 

ability to analyze more data and fill knowledge gaps based on their analysis. Municipal governments 

might help to facilitate this process by hosting the data, providing funding for the program, supporting 

active community members, and assigning a government representative to ensure the continuation of 

the program. Depending on the skills and available resources within the government, this role may be a 

liaison position for communicating with the primary leaders of the program (i.e., an NGO or community 

group).  

The incentives for municipal governments to promote VGI programming for urban forest 

management are plentiful. It would be cost-effective in that the government can rely on volunteers to 

complete data collection and on community experts in technology or tree management for application 

creation and management. It is also administratively easier to manage as more individuals and groups 

become involved. For example, a program with a strong NGO presence or individuals with experience in 

technology or management, would require less attention from the government in regards to program 

implementation. Finally, this type of program would be a positive political tool in that it provides many 

benefits to the community. These benefits are identified in Table 1.  

The technology industry also has a role to play in the implementation of VGI for urban forest 

management. GIS software companies are private companies, led by experienced professionals in the 

field. These companies should be providing educational opportunities for urban forest managers on how 

to use their software. Other groups that should have educational opportunities include marginalized 

communities or segments of society and higher education institutions for research purposes. Many 

companies do have specific programs or partnerships in place. For example, Esri Inc. is working with the 

USDA Forest Service for its Forest Inventory and Analysis (FIA) Program (“Engagement Portfolio”, n.d.). 

Esri Inc. also provides many educational options for higher education institutions to learn about the 

technology and conduct research (“Higher Education”, 2017). Both education and the software itself 

should be available for government and higher-education institutions at a low-cost. Finally, the 

technology industry has the unique opportunity to link research and theory with practice. Research and 

practice can both shed light on missed opportunities or opportunities for improvement in software 

programs. Through constant feedback, research and practice can inform development decisions within 

software companies. For example, they might consider developing out-of-the-box technology which can 
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implement data quality checks for VGI. Out of the box technology refers to software which can be 

installed and configured without the need to use a programming language. Urban foresters have many 

roles and responsibilities. They likely do not have the time or the technical expertise to customize online 

mapping applications. For this reason, out of the box technology would allow for simple and quick 

implementation of a VGI program.  

If GIS companies play a stronger role in the facilitation of implementing VGI online mapping 

applications, they will benefit directly. GIS education acts as a marketing tool which has the potential to 

expand the client base for technology companies. By supporting governments, but also more 

marginalized and vulnerable groups, technology companies are also enabling the creation of stronger 

and greener communities. This should be intrinsically important to company values, but it also acts as a 

selling point for company branding. 

Finally, communities can and must play a role in implementing and managing VGI online 

mapping applications. In this context, this role could be applied to individuals or to groups such as 

environmental NGOs. They can promote VGI to their municipal governments or, if a program has already 

begun, they may advocate for support from their municipal governments. Responsibilities include 

becoming involved, encouraging participation, and providing feedback to the program leaders.  

Regarding community benefits, VGI allows for more hands-on democratic management of the 

urban forest, allowing for community members to take part in data collection. Indirectly, this allows for 

self-determination and the development of a sense of place. For example, a neighbourhood becomes 

involved in mapping their urban forest which illustrates that the community has a low percentage of 

canopy cover. This information is now available to the municipal government and the community may 

lobby for new tree plantings as a result of this research. Community members have now connected with 

their neighourhood and identified the need for additional trees. Indirectly, they have been involved in 

the decision-making process for their community, an excellent example of self-determination in 

practice. Research shows that urban forests already provide a sense of place for communities (Manzo & 

Perkins, 2006; Peckham, Duinker, & Ordóñez, 2013). By allowing for involvement in its management, 

this connection can only strengthen. The implementation of VGI programs can also educate the public if 

these programs are successful in engaging the community and encouraging participation. Urban 

foresters in the municipal government can provide educational tools to accompany online mapping 

applications to teach the community about species identification, measuring DBH, height, and disease or 

pest recognition.  
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Table 1: The opportunities and benefits associated with specific roles in VGI programming for municipal 
governments, the technology sector, and communities.  
 

Opportunities  Detail Incentives/ Benefits 

Role of government • Act as program 

leader/manager 

• Host data 

• Provide funding for 

programming where 

applicable 

• Assign VGI program 

leader(s) within government 

to ensure continuation of 

program (may only be a 

liaison position if program is 

being run by an NGO or 

academic institution) 

• Support community leaders 

of VGI program 

• Allow for co-production of 

data 

- Multi-stakeholder 

approach 

- More robust datasets  

• Potential to fill knowledge 

gaps 

• Cost-effective 

- Potential for technology 

and community experts 

to run app 

- Data collection is done by 

volunteers 

• Easier to manage 

- More individuals 

involved in managing 

(depending on program) 

• Positive political tool 

• Provides many benefits to 

the community by allowing 

for their input (see benefits 

to the communities) 

Role of technology 

sector 
• Provide education for how 

to use software 

• Provide low-cost options 

• Provide opportunities to 

bridge the research practice 

divide 

• Education acts as a marketing 

tool 

• Potential for expanding client 

base  

• Positive leadership role in 

building stronger, greener 

communities 

Role of communities  • Promote VGI to municipal 

governments, or 

• Initiate a VGI program and 

look for support afterwards  

• Get involved, encourage 

volunteer participation 

• Provide feedback to 

program leaders 

• Democratic management of 

urban forests 

• Potential for self-

determination 

• Opportunity to become more 

educated about urban forest 

values, health, and 

management 

• Continued development of a 

sense of place 
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2.3 Limitations 
VGI carries a lot of potential for the future of urban forest management but there are many 

limitations as well. The three major limitations identified in this report are detailed in Table 2. These 

include; issues with data integrity, the digital divide, and the potential for the continuation of the 

research-practice divide.  

 Both researchers and practitioners express concern for data integrity with VGI (Ali & Schmid, 

2014; Grira, Bédard, & Roche, 2009). If data collection becomes available to the general public and open 

source on the internet, how will urban foresters know that the data being entered is accurate? 

Community members may have an interest in the urban forest but may not have the knowledge to 

record accurate observations and measurements. An example of this might be difficulty identifying tree 

species. In addition, Coleman points out that the motivations of individuals contributing information are 

unknown (2009). There is an assumption that community members are altruistic and want to contribute 

simply for the greater good but other motivations may hinder the integrity of entered data (Goodchild, 

2007). Coleman argues that motivations for participating can be categorized into eleven sub-groups, 

three of which are considered negative or harmful to a VGI dataset. Individuals may be motivated by 

mischief, advancing their own personal agenda, or getting involved in criminal activity also for personal 

gains (Coleman, 2009). For example, mischief might include the addition or deletion of trees. Other 

individuals might falsely record a tree as dead simply to get the city to remove it. Coleman’s arguments 

around criminal intent are unlikely to have significant for VGI and urban forest management (2009). 

Evidently, more research is needed to determine why individuals participate in VGI online mapping 

applications. Because data accuracy is unknown, there must be a way of checking or verifying the data 

entered by participants. This step requires additional resources which municipalities may not have. 

Depending upon the software being used, it could require additional funding to build data security 

checks. This also requires additional technical expertise, requiring urban foresters or municipal 

employees to have more specific skills in coding and/or building security measures for an online 

mapping application. Data integrity continues to be one of the most challenging limitations for online 

mapping applications with VGI, and many municipalities may hesitate to implement these programs as a 

result (Sui, Elwood & Goodchild, 2013).   

From a social justice point of view, the digital divide is also a very challenging limitation to VGI 

(Goodchild, 2007; Foster & Dunham, 2014). In this context, VGI is collected through an online mapping 

application. Across Canada, these applications are becoming open to the public; however, not all 

Canadians have easy access to the internet. Based on the Canadian Internet Use Survey conducted in 
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2012 by Statistics Canada, roughly 83% of Canadians have access to the internet at home (Statistics 

Canada, 2012). An online mapping application would be inaccessible to marginalized groups or specific 

socio-economic groups in Canada. Applications require access to a computer or personal mobile device 

that can connect to a wireless network or use cellular data. In addition to this, certain members of the 

community may not have the knowledge that these applications exist nor how to use them. Seniors are 

a notable example of this (McMurtrey, Zeltmann, Downey, & McGaughey, 2011). It is also important to 

note that citizens, and marginalized groups in particular, may not have the time to participate in VGI 

programs. Single parents or individuals working many jobs may not have the ability to do so (James 

Steenberg, personal communication, Nov. 23, 2017). Research on VGI for urban forest management is 

limited, but the research that has been done shows that more work is required to close the digital divide 

and provide access to VGI opportunities. Foster and Dunham (2014), for example, used PhillyTreeMap 

which is an online web mapping application to present these issues. They compared tree coverage from 

remote sensing data to the PhillyTreeMap dataset to determine the extent of the VGI dataset. They 

overlay this information with census data to determine if there were any patterns related to socio-

economic status and level of participation. Results showed a positive relationship, concluding that the 

digital divide does stand as a limitation for VGI use for urban forest management. Foster, Dunham and 

Kaylor published a follow-up article in 2017. They determined there is potential to become trapped in a 

feedback loop which further marginalizes socio-demographic groups. The digital divide leads to 

incomplete data in lower socio-economic communities. If this data is then used for policymaking, the 

decisions made are based on skewed datasets and therefore, will not address the needs of these 

marginalized communities. Issues of environmental justice are only further entrenched (Foster, Dunham 

& Kaylor, 2017).  

The last limitation this paper will identify is the possibility for the research-practice divide to 

prevent online mapping applications from being improved upon. Generally, the research-practice divide 

refers to conclusions deduced from research not being implemented in practice. This risk is relevant for 

research on VGI and urban forest management. For example, the CityTrees application in Toronto was 

developed by Masters’ students in Ryerson University’s Masters of Spatial Analysis program (Nature in 

the City: An Arts Eco Action Initiative, n.d.; Bowie, Millward, & Bhagat, 2014). The program did partner 

with local organizations, but it will be important to also partner with the City of Toronto in the future, to 

ensure that city-led urban forest management makes use of this information. The research-practice 

divide may also be true in the inverse; many municipal governments are implementing VGI online 

mapping applications for urban forest management and yet, there is very little academic research in this 
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area. In Canada, CityTrees is the only application led by a higher-education institution (Nature in the 

City: An Arts Eco Action Initiative, n.d.; Bowie, Millward, & Bhagat, 2014). It is necessary to examine 

current technologies and social science to overcome some of the challenges faced by municipalities. 

Universities and technical colleges have the resources and skills to contribute to this research. Higher-

education institutions can also cut down on the administrative costs and burdens associated with 

managing VGI urban forest programs.       

The importance of the different limitations may vary depending on the intended use for an urban 

forest dataset. If concerned mostly with collecting data and building an urban forest dataset, managers 

might be most concerned with data integrity. Should managers be more concerned with urban forest 

education, they might be more concerned with the digital divide and potential barriers to accessing this 

technology. For both issues, collaboration with higher-education institutions and community 

organizations could allow for more research in these areas for tackling challenges.  

 
Table 2: The limitations associated with VGI in the context of urban forest management and tree 
inventories.  
 

Limitations Detail 

Digital divide 

(inaccessible to some 

socio-economic groups) 

(Goodchild, 2007) 

• Requires access to internet 

• Requires access to computer, tablet, or personal mobile device 

• Requires access to educational tools for how to use application 

and how to accurately collect data (i.e., identify tree species) 

Data integrity • Participants may lack knowledge or expertise to contribute 

accurate, completed data entries (Goodchild, 2007) 

• Motivations of participants is unknown (Coleman, 2009) 

• Requires that app owners have technical knowledge to create 

data quality checks (i.e., coding and programming knowledge 

required for most stringent data quality checks) 

• Without technical knowledge, app owners must have financial 

resources to hire a programmer to implement data quality 

checks 

Potential for research-

practice divide  

• Several interactive online apps in Canada but not enough 

research to inform the design and implementation of these 

apps 

• Risk that research will not inform practice  

-  too many risks for environmental managers to feel 

comfortable implementing (Sui, Elwood & Goodchild, 2013) 
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3. Existing Initiatives in Canada 
To better understand what programming is available and currently running across Canada for 

open source urban forest inventories, a jurisdictional scan was conducted. This analysis focused on 

online web mapping applications in Canada. To evaluate and compare the programs, thirteen evaluative 

criteria were selected, as shown in Table 3. The location and the institutional setting help provide 

context for the size of the area being mapped and the leaders of the initiative. Cost is important for 

understanding accessibility in terms of developing the program but also for participants. Identifying 

contributors can reveal the accessibility and transparency associated with the application. The absolute 

and relative number of contributors can provide information on how effective the application is and its 

reach to the community. Recording the metrics going in to the application provides an overview of what 

is asked of contributors and what can be used for further analysis. The metrics out then illustrates what 

information is produced. The total number of trees provides an understanding of the extent of the tree 

canopy being covered in the inventory. The type of interface may reveal patterns in the approach to 

open source tree inventories. Type of trees is important to understand the purpose of the inventory and 

which trees are being inventoried. Data quality, being one of the larger concerns for VGI, is tracked by 

recording any controls in place to monitor the quality. Having open data may be important for more 

democratic management of urban trees; however, it may also lead to liability issues for municipal 

governments. This information is recorded to understand what these applications have in place, if 

anything, to control for this. Finally, it was noted whether the leading organization provided any 

additional educational materials for users of the application. This might include details on how to use 

the app or details on how to identify tree species or DBH, for example.  
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Table 3: List of criteria used to compare open source online mapping applications in Canada.  

Criteria Detail 

Application name Name as shown on website 

Location City, Province, population 

Institutional setting Hosted by, Led by 

Cost Cost to program leader, cost to participants 

Contributors Who can participate 

Number of contributors Absolute number of participants, percentage of population 

participating 

Metrics in What data is retrieved from participants 

Metrics out Calculations using metrics in 

Number of trees Absolute number of trees and trees per hectare 

Type of interface What method was used  

Type of trees Trees based on ownership 

Data quality controls Any checks in place to control for inaccurate data entry 

Liability measures Any checks in place to avoid liability risks 

Additional educational materials Any resources provided to participants  

 
 

3.1 Comparing Open Source Urban Tree Mapping Applications 
 In Canada, there are very few open source online mapping applications for urban forestry. There 

are four programs using OpenTreeMap and only one was developed and led by individuals in an 

academic institution. CityTrees in Toronto, as detailed in Table 4, is a custom web application that was 

collaboratively developed (Bowie, Millward & Bhagat, 2014; Nature in the City: An Arts Eco Action 

Initiative, n.d). It uses i-Tree software to calculate ecosystem services. Other pieces of development 

came together as a collaborative project between Ryerson’s students in the Masters of Spatial Analysis 

program, Ryerson’s Urban Forest Research & Ecological Disturbance (UFRED) Group, and Toronto Trees 

and Parks Foundation (Nature in the City: An Arts Eco Action Initiative, n.d). This project was presented 

as a pilot project and it is currently undergoing an upgrading phase. The project presents an opportunity 

for collaboration with academia and shows great potential although it is difficult to provide a deeper 

analysis at this time. Because all of the on-going projects make use of OpenTreeMap, it is useful to do a 

full analysis of what this software is and how it is being used in Canada.  
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Table 4: Evaluation of Toronto’s CityTrees application.  

Criteria Results 

Application name CityTreesApp 

Location Toronto, Ontario 
Population of 2,731,571  
Capital city  

Institutional setting Hosted by academia 
Led by Ryerson’s Urban Forest Research & Ecological Disturbance (UFRED) Group, 

Toronto Parks and Trees Foundation and Codetuitive (developed from work of 

MSA students at Ryerson University) 

Cost To host: Free  
Developed by graduate students. Maintenance could require costs in future. 
To participants: Free 

Contributors Academia, government, community organizations, businesses, general public 

Number of 

contributors 

NA 

Metrics in location, species, DBH, height, crown radius, canopy leaf area, canopy condition, 

canopy dieback, missing canopy 

Metrics out total stored carbon (kg), annual sequestered CO2 (kg), annual air pollution 

removed (g), annual storm water runoff mitigation (m3) 

Number of trees Pilot project has 568 trees on Ryerson campus 

Type of interface Developed specifically for project. Use of i-Tree Eco to determine ecosystem 

services 

Type of trees Street trees and private trees 

Data quality controls NA (unable to verify because application is currently offline and undergoing 

upgrades) 

Liability measures NA (unable to verify because application is currently offline and undergoing 

upgrades) 

Additional 

educational materials 

There is a website but very little information to assist users with the tree 

inventory: http://ryersonnc.ca/ 
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3.2 OpenTreeMap 
 In 2010, the City of San Francisco and San Francisco’s Friends of the Urban Forest released an 

online web map providing open tree data for San Francisco but also offered the option for the public to 

add their own trees to the map (Madrigal, 2010). In the spring of 2011, the software company Azavea 

based out of Philadelphia received a grant from the United States Department of Agriculture (USDA) to 

conduct work on mapping applications for urban forest inventories (Marritz, 2015; Marritz, 2011). They 

partnered with Philadelphia’s municipal and regional governments as well as the Pennsylvania 

Horticultural Society to create what is now known as PhillyTreeMap (Marritz, 2011). Azavea was able to 

use some of the coding from the “Urban Forest Map” in San Francisco because it was open source 

(Marritz, 2011). The project received such tremendous feedback that it attracted the interest of other 

municipal governments and environmental NGOs. Azavea now has OpenTreeMap in version 2.0 and 

provides it as a software subscription (Marritz, 2015). The open source coding is being used across the 

world, with five programs running in Canada.  

 It is valuable to compare these five OpenTreeMap programs in Canada to get a better 

understanding of how they get started and how they are working. It is interesting to note that this 

software is attracting a wide range of environmental managers in very different places. YegTreeMap is in 

Edmonton, the capital city of Alberta with a population close to 1 million. The program is led by the city. 

In contrast, the City of Kawartha Lakes is in a very rural part of central Ontario with a population of just 

75,423. This program is also led by the city. OpenTreeMap is priced at $2552/ year (in American dollars) 

based on 35, 000 trees inventoried (“Pricing”, 2017).  This allows for organizations or municipalities to 

start small and only pay for what is needed. The price increases as the inventory grows. 

So why are there not more OpenTreeMap programs in Canada? VGI and open source online 

mapping applications for urban forest management are still relatively new concepts. The possibility of 

having these kinds of projects might rely on the leaders in the community and their interests. The City of 

Kawartha Lakes has a strong GIS and mapping program run by municipal GIS analysts (“Maps”, 2017). 

Not many rural municipalities with smaller populations would have such a strong mapping program with 

leaders looking for new technology for environmental management purposes. For the accessibility of 

the software and reliance on community leaders, NGOs, such as the Hamilton Naturalists (“Trees 

Please”, n.d.), are also making use of OpenTreeMap. 
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Table 5: Evaluation of Hamilton’s TreesPlease application.  

Criteria Results 

Application name Trees Please 

Location Hamilton, Ontario 
Population of  
693,645   

Institutional setting Hosted by an NGO 
Led by Hamilton Naturalists 

Cost To host: $2552/ year based on 35,000 trees ("Pricing", 2017) 
To participants: free  
Funded by Ontario Trillium Foundation 
To participants: free 

Contributors General public and local tree organizations 

Number of 

contributors 

NA 

Metrics in location, common name, scientific name, DBH, circumference, tree height, 

canopy height, date planted, date removed, dead or broken branch, trunk 

scars, weak or yellow foliage, tree stewardship, planting site width, planting 

site length, address, block, house number, inventory date, location, 

ownership, percent hard surface, status, street code, planting site 

stewardship 

Metrics out Carbon dioxide stored to date (lb), energy conserved (kWh/year), carbon 

dioxide removed (lb/year), air quality improved (lbs/year), stormwater 

filtered (gal/year), savings in dollars for each ecosystem service above 

Number of trees 4,870 trees, 1 empty planting spot (as of 10/23/2017) 

Type of interface OpenTreeMap 

Type of trees Street trees and private trees 

Data quality controls Option for uploading a photo 

Liability measures NA 

Additional 

educational materials 

Very brief mention of the map on Trees Please website 
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Table 6: Evaluation of Kawartha Lakes’ Tree Map. 

Criteria Results 

Application name Kawartha Lakes Tree Map 

Location Kawartha Lakes, Ontario 
Population of 75,423  

Institutional setting Hosted by government 
Led by City of Kawartha Lakes 

Cost To host: $2552/ year based on 35,000 trees ("Pricing", 2017) 
To participants: free 

Contributors General public and citizen science approach 

Number of 

contributors 

NA 

Metrics in location, common name, scientific name, DBH, circumference, tree height, 

canopy height, date planted, date removed, condition, dieback, growing 

space, tree stewardship, planting site width, planting site length, planting site 

stewardship 

Metrics out Carbon dioxide stored to date (kg), energy conserved (kWh/year), carbon 

dioxide removed (kg/year), air quality improved (kg/year), storm water 

filtered (L/year) 

Number of trees 1,595 trees, 31 plantable spots (as of 10/23/2017) 

Type of interface OpenTreeMap 

Type of trees Street trees, private trees, trees on public land 

Data quality controls User may only add a photo to their own data point 

Liability measures NA 

Additional 

educational materials 

No resources provided online 
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The metrics in and metrics out are controlled by the OpenTreeMap software. All of the 

programs in Canada require some of the most basic pieces of information to be able to calculate (in 

units and dollars) the ecosystem services that each tree provides. This calculation is done using the i-

Tree software (Bowie, Millward, & Bhagat, 2014; Marritz, 2015). For example, carbon dioxide stored in 

kg may be provided or the amount of storm-water filtered in L/year. i-Tree is a software package 

provided by the USDA Forest Service. It is meant to be a tool for urban forest management but also a 

tool for advocating the importance of managing these forests. As detailed earlier in this report, trees 

bring many benefits to our daily lives indirectly or directly. By providing numbers in the form of units or 

dollars, communities and municipal governments, in particular, can get a better sense of just how 

beneficial they are. The OpenTreeMap software also allows for groups to record additional information 

which may be beneficial to know for their community. For example, the Trees Please program in 

Hamilton records weak or yellowing foliage while the Ecology Ottawa program records whether a tree is 

part of a local program.  

Measuring the success of these programs by number of contributors is not possible due to the 

structure of OpenTreeMap. Contributors must make an account and login but there is no open source 

information to track how many individuals have contributed versus the number of recorded tree 

locations. However, program development, communication with the public, and the availability of 

educational materials may give an indication of how successful one of these programs may be. The City 

of Edmonton has information on the city’s website about how to use the app although information 

about the importance of tree inventories and the urban forest more generally is absent. The city has 

roughly 267,695 trees recorded; however, most of these trees appear to have been record by the city of 

Edmonton. It is difficult to track the number of individuals who have contributed to the map. 
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Table 7: Evaluation of Edmonton’s yegTreeMap. 

Criteria Results 

Application name yegTreeMap 

Location Edmonton, Alberta 
Population of  
932,546   
Capital city 

Institutional setting Hosted by government 
Led by the City of Edmonton 

Cost To host: $2552/ year based on 35,000 trees ("Pricing", 2017) 
To participants: free 

Contributors Government, general public, community organizations 

Number of 

contributors 

NA 

Metrics in location, common name, scientific name, DBH, circumference, tree height, 

date planted, owner, tree stewardship, identify planting site 

Metrics out total annual benefits ($), energy conserved (kwh/year), stormwater filtered 

(gal/year saved $), air quality improved (lb/year saved $), carbon dioxide 

(lb/year), carbon dioxide stored to date (lb/year), savings in dollars for each 

ecosystem service above 

Number of trees 267,695 (as of 10/20/2017) 

Type of interface OpenTreeMap 

Type of trees Street trees, trees in stands on public land, private trees 

Data quality controls Option for uploading a photo 

Liability measures Personal information protected under section 33 of FOIP (Freedom of 

Information and Protection of Privacy Act) 

Additional 

educational materials 

Information on how to use the app on the City of Edmonton’s website  
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A very different approach is taken in the program called TreeOCode in Niagara, Ontario. It is run 

by Geospatial Niagara which is a non-profit organization in the Niagara Region which has strong ties to 

municipal governments, the academic community, and the community more broadly (“Get to Know Us”, 

2017). The TreeOCode program was developed as a community initiative to build awareness around 

urban forest values while also crowd-sourcing to develop a database of trees and their attributes in the 

region (Lucas, n.d.). The website for the program is extremely detailed. It has information on urban 

forest values in a changing climate, the importance of crowdsourcing urban forest data, the interactive 

map, the program sponsors and an active blog about urban forest topics in the region (“treeOcode 

Niagara – The Essence of Practical Open Data”, n.d.). In addition to this, the website provides 

information about urban forest work being conducted by each of the municipalities in the Niagara 

region (“Niagara Region Municipalities”, 2017). There is an option to report tree issues through an 

application (hereafter called app) developed by PSR (Public Service Request) (“Report Tree Issues”, n.d.). 

The process is simple, user-friendly, and the report is delivered directly to the appropriate municipality. 

Users can also track the outcome of their requests through this app. The very detailed information on 

this website has the potential to draw attention from the community. TreeOCode is run by a non-profit 

geospatial organization but the program would not be possible without communication with municipal 

governments, members of the academic community who are interested in conducting research with this 

data, and individuals with an interest to get involved and learn more about urban forests. The 

educational communication component of this project appears to have been extremely important for 

engaging the community which is evident in the number of trees logged in the app and the number of 

blog posts on the website.  
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Table 8: Evaluation of Niagara’s TreeoCode application. 

Criteria Results 

Application name TreeOCode Niagara 

Location St. Catharines, Ontario 
Population of  
133,113  

Institutional setting Hosted by NGO 
Led by Geospatial Niagara (runs community engagement initiative treeOcode 

Niagara) 

Cost To host: $2552/ year based on 35,000 trees ("Pricing", 2017) 
To participants: free 

Contributors Government, general public, community organizations 

Number of 

contributors 

NA 

Metrics in location, common name, scientific name, trunk diameter, tree height, canopy 

height, date planted, date removed, project tree, tree size category, tree 

stewardship, planting site width, planting site length, donor/ in memoriam, 

overhead powerlines, sidewalk damage, planting site stewardship 

Metrics out Carbon dioxide stored to date (kg), energy conserved (kWh/year), carbon 

dioxide removed (kg/year), air quality improved (kg/year), stormwater 

filtered (L/year) 

Number of trees 23,665 trees, 269 planting sites (as of 10/23/2017) 

Type of interface OpenTreeMap 

Type of trees Street trees and private trees 

Data quality controls Option for uploading a photo 

Liability measures NA 

Additional 

educational materials 

Many materials on TreeOcode Niagara’s website and social media 
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One of the major issues with VGI, as identified in the literature, is the inability to provide data 

quality checks. These programs are no different. However, OpenTreeMap does have features which may 

aid in providing better data quality. For example, all apps require you to login with a userID. This allows 

the application owner to see who entered information about each tree. A tree logged as part of a city 

dataset can be trusted to have more accurate information than an unknown user who has only logged 

information on one tree (Coleman, 2009). There are options to add photos of trees recorded. This may 

help administrators of the app to see whether the data collected appears to be accurate. There is also  

Google Street View TM to aid in this. There are very few checks in place to restrict users from entering 

inaccurate data. However, the urban tree map for the City of Kawartha Lakes will not allow a user to add 

a photo to a tree that they did not record themselves (“Kawartha Lakes”, n.d.). This is where additional 

educational materials may also be useful. A more educated community is better able to correctly 

identify and measure urban trees.  

The liability issue with recording this data is not addressed in most of these apps. The 

yegTreeMap does provide a statement about personal information being protected under section 33 of 

the FOIP (Freedom of Information and Protection of Privacy Act) (YEGTreeMap: FAQ, 2017). However, 

there is nothing that addresses potential liability issues for municipalities. If a user records a hazardous 

tree in an online map, the date is recorded, and the information is available to the general public. This 

brings liability risk for the municipal government responsible for maintaining urban trees for the safety 

of the citizens. Future tree mapping applications should include disclaimers, at the least, and at best, 

they should include advanced mechanisms for managing liability risks. More research and collaboration 

between technology companies and municipalities has the potential to address these issues.  
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Table 9: Evaluation of Ottawa’s Ecology Ottawa Tree Map. 

Criteria Results 

Application name Ecology Ottawa Tree Map 

Location Ottawa, Ontario 
Population of  
934,243  

Institutional setting Hosted by NGO 
Led by Tree Ottawa 

Cost To host: $2552/ year based on 35,000 trees ("Pricing", 2017) 
To participants: free 

Contributors General public and citizen science approach 

Number of 

contributors 

NA 

Metrics in location, common name, scientific name, DBH, circumference, tree height, 

canopy height, date planted, date removed, adopted, local projects, tree 

stewardship, plating site width, planting site length, planting site stewardship  

Metrics out Carbon dioxide stored to date (kg), energy conserved (kwh/year), carbon 

dioxide removed (kg/year), air quality improved (kg/year), storm-water 

filtered L/year) 

Number of trees 4,502 trees (as of 10/23/2017) 

Type of interface OpenTreeMap 

Type of trees Street trees, trees in stands on public land, private trees 

Data quality controls Option for uploading a photo 

Liability measures NA 

Additional 

educational materials 

Tree Ottawa website has information on the importance of urban trees and 

introduces the app  
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3.3 Neighbourwoods 
 There is another tool which is worth mentioning in the context of urban forest mapping and 

volunteer tree inventories. Neighbourwoods is a protocol developed by Dr. Andy Kenney and Dr. 

Danijela Puric-Mladenovic (“About”, n.d.). They created a framework for communities to conduct urban 

tree inventories. There is a mapping component as well. The difference between this approach and 

OpenTreeMap is that the data is not necessarily open source and individuals may not be able to access 

this information online and add tree points. The program is organized ahead of time and participants are 

trained in how to conduct the inventory. This is useful for obtaining more accurate data; however, it is 

also restrictive. This approach has been used in Elora and Fergus, the City of Coburg, Town of Mitchell, 

Peteborough, Windsor, the City of Kingston, and the City of Thunder Bay. In Elora, it is clear that Esri 

products were used in creating the online map (“Tree Inventory”, n.d). It is displayed on the website for 

Elora Environment Centre although there is no option for adding data points. This approach may be 

useful for communities, but it lacks in transparency and perhaps, consequently, it lacks in its reach.  

 

3.4 Esri’s ArcGIS Online Platform 
It is interesting to note that very few VGI mapping applications for urban forest management 

are making use of Esri technology. Esri is the leading software company in the world for GIS technology. 

In Canada, Esri clients include NGOs, municipal governments, and academic institutions, all of which can 

play a role in implementing and managing VGI online mapping applications for urban forest 

management. With so many environmental managers with access to Esri software, this opportunity is 

not being taken advantage of. The ArcGIS Online platform allows for organizations to host data online, 

share data publicly, analyze data, and, more recently, retrieve data from the public. For example, an 

online map has settings which can enable sharing to the public and allow the public to add their own 

trees and associated attributes to the map. These online maps can be embedded in websites, Esri Story 

Maps, and a number of other Esri enabled online mapping applications. This platform is accessible 

through a browser on a desktop computer or a mobile device such as a cell phone or tablet. 

Organizations may also grant users access to the map through ArcGIS Online and they may access the 

platform through the mobile application Collector for ArcGIS. The platform allows for open source data 

but also enables organizations to set restrictions to prevent data quality issues. To illustrate this 

functionality, an online editable map and an Esri Story Map Journal were created for Halifax Nova, 

Scotia, and is described in Section 4. 
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4. Online Mapping Enabling VGI  

4.1 Purpose 
To illustrate how VGI might be utilized for urban forest management, an online mapping 

application and an editable map were created for Halifax Regional Municipality (HRM). The purpose was 

to show the capabilities of GIS software and understand some of the opportunities but also limitations 

as described above. The online mapping application is meant to be an educational tool, introducing 

users to the project, urban forest values, and how to participate. The editable map provides the 

interactive opportunity for users to learn about trees in their city and contribute their own knowledge 

by adding data points. Both the application and the map were created by MREM candidate, Melissa 

Ristow, using Esri technology as part of her MREM internship and Project. This section will provide a 

step-by-step guide to its creation and explain some of the reasons for taking certain steps.  

 

4.2 Online Web Mapping Application: Esri’s Story Map Journal 
In the ArcGIS Online platform, Esri provides many different ways to display data. The Story Map 

Journal is a template which allows for text, images, and maps to tell the larger story. In this case, the 

goal is to express the importance of urban forest values, educate users about tree species in HRM, and 

explain how to use the editable map to build a larger urban forest dataset. Similar to the treeOcode 

website, this application serves as an eye-catching visual meant to provide users with easy access to 

information. The online mapping application is titled “Connect and Collect: Halifax’s Urban Forest” and 

the opening screen of the application is shown in Figure 1. The second slide introduces users to urban 

forest values and why it is so important to manage our urban forest (Figure 2).  

 
Figure 1: Opening screen of the online mapping application. 
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Figure 2: First slide introduces users to the importance of the urban forest and eco-system services. 
 

By educating the community about the importance of the urban forest, the anticipation is to 

receive higher levels of participation as a result. Higher participation rates will lead to a larger urban 

forest dataset; however, it is also important to recognize the potential for data integrity issues as 

previously noted. To address potential error with species identification, this application provides 

information and pictures about the most common street tree species in HRM. Figure 3 provides an 

example with the American Elm (Ulmus americana). The left side panel provides a picture of the leaf 

while the right-side panel provides the common name, scientific name, and some other identifying 

features associated with the leaves, buds, bark or disease. 

 

Figure 3: A species identification slide for the American Elm (Ulmus americana). 
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Figure 4 illustrates a second example which is meant to educate users about some the issues around the 

Norway Maple (Acer platanoides). It is often confused for a Sugar Maple (Acer saccharum) or even a Red 

Maple (Acer rubrum) if it is the Crimson King variety. This slide also provides a link to additional 

resources and an interview with HRM’s Supervisor of Urban Forestry, Kevin Osmond.  

 

 

Figure 4: A species identification slide for the Norway Maple (Acer platanoides).  
 

Providing users with extra resources and links to additional media can help educate users and result in 

more accurate data added to the online map. This application could also include slides with visuals for 

measuring the diameter at breast height (DBH) and the tree height if determined to be valuable. The last 

slide on the application shows the web map itself which is titled “Ready, Set, Collect!” (Figure 6). The 

map is updated automatically as users add tree points. There is a short description of the map and users 

can click on tree points to see what information has been submitted by users. There is also a link at the 

bottom of this page to connect users with the interactive map. 
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Figure 5: The last slide of the online web mapping application. Users can explore the map and access the 
link to the interactive map where they can add their own tree points.  
 

4.3 Online Editable Web Map 
The interactive online map provides many different benefits to the community. It is an educational 

tool for users to learn more about the urban forest in HRM, but it is also a geospatial learning 

opportunity. It allows for hands-on learning about how GIS technology can be useful for environmental 

management. It is simple and easy to use; therefore, it is accessible to a wide audience. This map could 

be brought into schools to teach children and high-school students about the value of urban forests, for 

example. In addition to being an educational tool, it provides an avenue for a more democratic process 

for urban forest management. As described earlier, by building complete data sets, neighbourhoods 

with lower canopy coverage will be identified. This provides an opportunity for communities to use this 

information to push for tree plantings in their neighbourhoods. To address the issue of the digital divide, 

it would be extremely beneficial to offer training in the Halifax Public Library. It should be free to anyone 

in the community to attend. The app and the editable map can be accessed on a mobile device through 

ArcGIS Collector while out in the city. This mobile app is free. This urban forest interactive map and 

accompanying Story Map Journal are also accessible by desktop computer. This would allow all 

members of the community to participate through the library services. 

Finally, this map has the potential to be extremely useful in building a larger urban forest dataset. 

HRM currently partners with Dalhousie University to inventory newly planted trees every summer. The 
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dataset is growing but it represents a small percentage of the overall canopy. Not only that but there is 

no mechanism in place to check trees previously measured to see that they are still there. By enabling 

VGI, this editable map would provide an opportunity to crowd-source for urban forest data and build a 

larger, more robust urban forest dataset. Figure 6 below shows the editable map as it would be 

displayed in a browser. The map has a number of layers provided for context. The UFMP communities 

and neighbourhoods for HRM each have their own layer. These communities and neighbourhoods were 

identified in the UFMP for HRM to assist with applied management strategies based on segments of the 

city (HRM Urban Forest Planning Team, 2013). This will aid participants when entering information 

about the location of their tree. There are also many layers related to past urban forest inventories. This 

can provide the public with information about the trees throughout HRM and allow them to go visit 

specific species for learning opportunities.  

 

 
 

Figure 6: The interactive map titled “Ready, Set, Collect!”. 
 
To add a tree, users select the ‘Edit’ button with the pencil icon (Figure 7). The user will click on the tree 

icon titled ‘urban trees’, navigate to the location where they would like to add a point, and click.  
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Figure 7: The option for users to edit the map and add their own tree points.  
 

A pop-up window will appear with many data fields to fill out (Figure 8). The only field that is mandatory 

is the ‘Observer’ field. This is to track who is entering the data which can allow for follow-up with that 

particular group or individual. It may also indicate data quality based on the expertise and background 

of the group or individual. The fields chosen for this application are meant to be simple and easy to 

record. Table 10 provides information about each field in the dataset. Many fields contain drop-down 

lists to assist users in filling in the data. This also eliminates data irregularities.  

 

 
Figure 8: When a user adds a point, they are instructed to fill out some information about the tree.  
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Table 10: The details of each field in the ArcGIS Online editable layer.  

Field Name Description 

Inventory The drop-down provides an option to select from 
a list of inventories that have been conducted. If 
an individual is entering a tree on their own, this 
field is left blank.  

Observer A mandatory field. Should include the observer’s 
name or the group name if point is part of a 
scheduled group event.  

Community The Urban Forest Master Plan (UFMP) for HRM 
divided the study area into 10 communities. They 
are provided here in a drop down. These 
communities are also shown in a separate layer 
for the user’s reference.  

Neighbourhood The UFMP for HRM divided each community into 
neighbourhoods. This list is also provided in a 
drop-down list and shown in a separate layer for 
the user’s reference.  

Common name The common name for the tree species. No drop-
down list was provided because the list would be 
too long and cumbersome for the online map.  

Scientific name The scientific name for the tree species.  

Overhead wires The type of overhead wires. The options are 
provided in a drop-down list.  

Trunk damage The options are either yes or no. 

DBH The diameter at breast height. 

Height The height of the tree. 

Tree condition The tree condition at either good, fair, or poor. 

Record date The map will allow the user to select the date and 
the exact time they recorded their point.  

Comments Any additional comments which might be useful 

Attachment Below all of the fields, there is an option to add a 
photo.  

 
 

4.4 Desktop versus Mobile use of the Online Map 
This editable map was created using Esri’s ArcGIS Online platform. It can be accessed through a 

web browser on a desktop or laptop computer, or mobile device such as a cell phone or tablet. The 

alternative is to access this map through ArcGIS Collector, a mobile application designed by Esri Inc. To 

access the map in ArcGIS Collector, users must have a login and be granted permissions to access the 

map (Figure 9a and 9b).  
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Permissions are granted by the administrator of the ArcGIS Online account. The administrator 

would usually be the person responsible for the project. This is usually a GIS analyst or urban forester in 

the municipal government, NGO, or higher-education institution. Each ArcGIS Online subscription 

includes a limited number of users per account and therefore, if running an online mapping application 

involving VGI, it is more likely that the public will use a browser rather than ArcGIS Collector. The benefit 

of using ArcGIS Collector is that it can recognize GNSS receivers to reach location accuracy under 1m. 

The GNSS receivers designed and manufactured by EOS Positioning Systems are an example of how this 

technology can be most effective (“Tools and Apps”, 2017). Once logged in to ArcGIS Collector, the user 

with permissions can access the editable map as shown in Figure 9b. If using a GNSS device, it must first 

be paired through the settings in ArcGIS Collector for more accurate location placement of the tree. 

When adding a point, the user simply selects the “+” and a pop-up appears to enter all relevant 

information as shown in Figure 10a.  

 

 

Figure 9a: The ArcGIS Collector app 

used for accessing the editable 

online map while out in the field.  

 

Figure 9b: The editable map as 

displayed in Esri’s ArcGIS Collector 

app. 
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Many of the fields include drop-down options to make data entry easier for the user but also 

more accurate and standardized. Figure 10b shows the drop-down choices for the ‘Community’ field. 

HRM’s UFMP divides the city into 10 communities. Not all users may be aware of their community. The 

map contains layers which allow users to identify the community where their tree is location. They will 

then have the option of selecting that community from the drop-down list. The same is available for 

HRM’s UFMP neighbourhoods. More information on these fields is available in Table 10.  

4.5 Conclusions 
The application and the interactive map are just a starting point for introducing VGI into urban 

forest education and management in HRM. It would be beneficial to have a website with many different 

resources for the public to learn about the project. Resources providing additional detail about each 

field and how to measure trees would also be useful. Using treeOCode as an example, the website could 

contain a blog, offering on-going updates on programs in the community and promoting involvement 

from the community. For younger children, the website could highlight an urban forest ambassador of 

Figure 10a: The attribute fields to 

be filled out by the user when 

adding a point. 

 

Figure 10b: The attribute fields to 

be filled out by the user when 

adding a point. 
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the month based on their participation and enthusiasm. By building awareness and educational 

materials, the dataset for urban forest managers will be larger and more reliable. The only issue these 

tools have not addressed is liability. More research in this area is required to determine how heavy a 

burden this could be for municipal governments and how it might be better addressed.  

5. Addressing the Challenges to Create Opportunities  
 This paper began by outlining some of the limitations and barriers to implementing programs 

which draw on VGI. The concerns are social, scientific, and technological. Online VGI has the potential to 

further exasperate inequality through the digital divide. VGI brings with it concerns about the reliability 

of data. There is potential for inaccurate data due to lack of knowledge or individual motivations which 

do not align with the project goals. Finally, the success of VGI is reliant on the technology currently 

available, how accessible it is, and how it can be used for effective and accurate data collection.  

 

5.1 Environmental Justice 
 The social concerns with VGI underline the importance of including educational opportunities 

and materials with these types of programs. These educational opportunities should be available 

beyond the internet. As mentioned earlier, this could come in the form of community events at a public 

space. VGI can also connect the community to their green spaces and provide a sense of place. By 

allowing for public input in urban forest management, it allows for self-determination and a more 

collaborative approach. Communities should be leading in the management of their spaces rather than 

having municipal governments take a top-down approach. To reach more marginalized groups, 

municipalities must target their efforts to reach under-serviced neighbourhoods.   

 

5.2 Data Integrity 
 The issue of data integrity continues to be emphasized by urban forest managers. However, 

there was a study conducted and published in 2017 which proves that the range of error for VGI might 

be smaller than expected (Roman et al., 2017). Research conducted by Roman et al. (2017) in three 

American cities and one in Sweden, indicated that additional educational resources and perhaps 

photographs can help participants to make more accurate observations. That being said, when 

compared to data collected by experts, VGI data collected by the public had the correct species 90.7% of 

the time (Roman et al., 2017). Data became less accurate with more complicated measurements such as 

measuring multi-stemmed trees or determining canopy closure (Roman et al., 2017). Researchers do 
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recommend that data quality measures be put in place to continue to track this information (Roman et 

al., 2017). 

In urban forest research, there is very little open information about validation procedures in 

place. For this reason, it is beneficial to look to other citizen science online mapping applications and 

their validation protocols. eBird is an application developed by the Cornell Lab of Ornithology (Sullivan, 

Wood, Iliff, Bonney, Fink, & Kelling, 2009; “Welcome to eBird: Birding in the 21st Century”, 2017; Wood, 

Sullivan, Iliff, Fink, & Kelling, 2011). It is an application which collects VGI for the purpose of bird 

conservation research. The program has extensive data quality checks in place. When entering a bird 

checklist, the app has preset filters which control for data quality (“Welcome to eBird: Birding in the 21st 

Century”, 2017). For example, it will show local species and if a user claims to have seen a rare bird, the 

system is flagged. This prompts the user to reconsider whether they entered their data correctly or if 

they could have misidentified the bird species. In addition, the program has over 500 volunteer experts 

across the world who check the data. When a bird checklist is submitted, it is sent directly to an expert 

for validation. If, in reviewing a checklist, the reviewer does not believe that the data submitted is 

accurate, they may send an email directly to the contributor to ask questions or ask for a photo. Only 

when data is approved will it show on eBird maps and graphs. This framework could be applied to data 

validation for urban forest apps as well. There are rare tree species in the city; however, urban forest 

managers would have a list of the rarities present in their communities. This would allow for the 

creation of preset filters for species identification. The app could also set a limit on tree height and DBH 

to prevent any extreme outliers in the data. There are also many environmentalists and tree experts in 

communities across Canada. To build a volunteer base similar to eBird would be extremely valuable for 

data quality checks.  

 

5.3 Multi-stakeholder approach 
 VGI-based tree inventories are a collaborative approach that allow for educating communities 

on urban forests and values, and in addition, it fills knowledge gaps by building larger data sets. The 

challenge now will be getting many different groups and sectors to work together on VGI projects. 

Identifying skill sets and roles in these projects will be key to making them more efficient and successful. 

For academia, there are many opportunities for students to orient their research around a local 

management issue. For professional and technical programs in particular, this would provide an 

excellent opportunity for students while also offering services to the community. It would be important 

for students to provide enough education so that the community could continue with an online mapping 
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application once the student’s project or term is complete. For tech companies, their role is to facilitate 

learning by offering many different opportunities for access to software and education regarding the 

software. It will also be necessary that the tech sector work closely with urban forest managers and 

communities to understand how the software could be improved to better fit their needs. Because 

municipal governments are responsible for managing the urban forest, many of these apps are run by 

the government. This is beneficial for having a group responsible for housing the data and perhaps 

contributing to funding. However, it is essential that data be open source and the development, 

implementation, and on-going support for the project include all stakeholders. NGOs can often provide 

a link between government and the community, academia, and the technology sector.  

6. Conclusion 
 Although the literature does identify limitations associated with VGI, it also provides many 

arguments for how it can provide opportunities for urban forest management. From both the research 

and the jurisdictional scan, it appears that educational opportunities and collaboration are essential in 

creating a successful program. A successful program in this case is defined as one which creates an 

engaged community, as illustrated in the data. Unfortunately, urban tree mapping applications in 

Canada do not currently have data validation checks in place to determine the accuracy of the data. The 

assumption, based on research by Roman, L. et al. (2017), is that an educated community will contribute 

more accurate data. The program treeOcode in St. Catherines, Ontario is an excellent example of this. It 

also demonstrates how collaboration can lead to successful community engagement. The program is led 

by a tech company working closely with local universities, NGOs, and the municipal government. For the 

tech sector more broadly, it is evident that Canadian programs are mostly using OpenTreeMap for urban 

forest applications. This is likely due to its low cost, user-friendly out-of-the-box technology, and its 

integration of i-Tree calculations to determine ecosystem services. Overall, it is clear that urban forest 

online mapping applications are an emerging trend in Canada. As technology improves and our urban 

forests continue to be threatened by development and climate change, it is estimated that this 

approach will become ever more common, as it has the potential to address many different issues 

surrounding urban forest management.   

  
 
 
 
 
 



38 | P a g e  
 

7. References  
 
About. (n.d.). Neighbourwoods. Retrieved from http://neighbourwoods.org/index.html 
 
Ali, L.A. & Schmid, F. (2014). Data quality assurance for Volunteered Geographic Information. In: 

Duckham M., Pebesma E., Stewart K., Frank A.U. (eds) Geographic Information Science. 
GIScience 2014. Lecture Notes in Computer Science, vol 8728. Springer, Cham 

 
Alvey, A. (2006). Promoting and preserving biodiversity in the urban forest. Urban Forestry & Urban 

Greening. 5(4): 195-201. doi.org/10.1016/j.ufug.2006.09.003 
 
Beverly, J., Uto, K., Wilkes, J. & Bothwell, P. (2008). Assessing spatial attributes of forest landscape 

values: an internet-based participatory mapping approach. Canadian Journal of Forest Research, 
38(2): 289-303. doi.org/10.1139/X07-149. 

 
Bowie, G., Millward, A. A., & Bhagat, N.N. (2014). Interactive mapping of urban tree benefits using 

Google Fusion Tables and API technologies. Urban Forestry & Urban Greening. 13(4), 742-755. 
doi.org/10.1016/j.ufug.2014.06.002 

 
Campbell, L.K., Svendsen, E.S., & Roman, L.A. (2016). Knowledge Co-production at the Research-Practice 

Interface: Embedded Case Studies from Urban Forestry. Environmental Management. 57, 6, 
1262 – 1280. 10.1007/s00267-016-0680-8 

 
Duinker, P., Ordóñez, C., Steenberg, J., Miller, K., Toni, S. & Nitoslawski, S. (2015). Sustainability. 7(6), 

7379-7396. doi:10.3390/su7067379 
 
Engagement Portfolio. (n.d.) United States Department of Agriculture Forest Service. Retrieved from 

https://usfs.maps.arcgis.com/apps/PublicGallery/index.html?appid=e67afb7be2c8443ca64a2e8
a8e473532 

 
Foster, A. & Dunham, I. (2014). Volunteered Geographic Information, Urban Forests & Environmental 

Justice. Computers, Environment and Urban Systems. 53, 65 – 75. 
10.1016/j.compenvurbsys.2014.08.001 

 
Foster, A. et al. (2017). Citizen Science for Urban Forest Management? Predicting the Data Density and 

Richness of Urban Forest Volunteered Geographic Information. Urban Science. 1, 3 , 30. 
10.3390/urbansci1030030 

 
Get to Know Us. (2017). Geospatial Niagara. Retrieved from http://www.geospatialniagara.com/about-

us/ 
 
Grira, J., Bédard, Y., & Roche, S. (2009). Spatial data uncertainty in the VGI world: Going from consumer 

to producer. Geomatica. 64(1), 61-71.  
 
Hawthorne, T. et al. (2015). Mapping non-native invasive species and accessibility in an urban forest: A 

case study of participatory mapping and citizen science in Atlanta, Georgia. Applied Geography, 
56: 187-198. doi.org/10.1016/j.apgeog.2014.10.005  

https://doi.org/10.1016/j.ufug.2006.09.003


39 | P a g e  
 

 
Heslier, G.M. (1986). Effects of individual trees on the solar radiation climate of small buildings. Urban 

Ecology. 9, 337-359. doi.org/10.1016/0304-4009(86)90008-2 
 
Higher Education. (2017). Esri. Retrieved from http://www.esri.com/industries/education/higher-

education# 
 
HRM Urban Forest Planning Team. (2013, July). Halifax Regional Municipality urban forest master plan. 

Halifax Regional Municipality. Retrieved from 
http://www.halifax.ca/property/UFMP/documents/ADOPTEDUFMP.pdf 

 
Kawartha Lakes. (n.d.) OpenTreeMap. Retrieved from 

https://www.opentreemap.org/kawarthalakes/map/?z=10/44.4004/-78.7424 
 
Lucas, Ian. (n.d.). Introducing treeOcode Niagara. Public Service Request. Retrieved from 

https://publicservicerequest.com/geocode-treeocode-niagara/ 
 
Madrigal, Alexis. (2010). The Plan to Map Every Tree in San Francisco. WIRED. Retrieved from 

https://www.wired.com/2010/04/urban-forest-mapping/ 
 
Manzo, L., & Perkins, D. (2006). Finding Common Ground: The Importance of Place Attachment to 

Community Participation and Planning. Journal of Planning Literature, 20(4): 335-350. 
doi/10.1177/0885412205286160 

Mapedza, E., Wright J. & Fawcett, R. (2003). An investigation of land cover change in Mafungautsi 
Forest, Zimbabwe, using GIS and participatory mapping. Applied Geography, 23(1): 1-21. 
doi.org/10.1016/S0143-6228(02)00070-X 

 
Maps. (2017). Kawartha Lakes. Retrieved from https://www.kawarthalakes.ca/en/things-to-

do/maps.aspx 
 
Marritz, Leda. (2015). The Tree Inventory of the Future: Interview with an Open Tree Map project lead. 

Deeproot. Retrieved from http://www.deeproot.com/blog/blog-entries/what-could-a-tree-
inventory-look-like-interview-with-an-open-tree-map-project-lead 

 
Marritz, Leda. (2011). All About Philly’s Tree Map. Deeproot. Retrieved from 

http://www.deeproot.com/blog/blog-entries/all-about-phillys-tree-map 
 
McMurtrey, M.E., Zeltmann, S.M., Downey, J.P. & McGaughey R.E. (2011). Seniors and Technology: 

Results from a Field Study. Journal of Computer Information Systems. 51 (4): 22-30. 
 
Nature in the City: An Arts Eco Action Initiative. (n.d.). CityTrees Project. Retrieved from 

http://ryersonnc.ca/ 
 
Niagara Region Municipalities. (2017). TreeOCode Niagara. Retrieved from 

http://treeocodeniagara.com/niagara-municipalities-contacts/ 
 
Nowak, D., Crane, D., & Stevens, J. (2006). Air pollution removal by urban trees and shrubs in the United 

States. Urban Forestry & Urban Greening. 4 (3-4): 115-123. doi.org/10.1016/j.ufug.2006.01.007 



40 | P a g e  
 

 
Ordóñez, C.  & Duinker, P. (2013). An analysis of urban forest management plans in Canada: Implications 

for urban forest management. Landscape & Urban Planning. 116, 36-47. 
doi.org/10.1016/j.landurbplan.2013.04.007 

 
Peckham, S., Duinker, P. & Ordóñez, C. (2013). Urban forest values in Canada: Views of citizens in 

Calgary and Halifax. Urban Forestry & Urban Greening, Urban Forestry & Urban Greening. 12(2): 
154 – 162. doi.org/10.1016/j.ufug.2013.01.001 

 
Pricing. (2017). OpenTreeMap. Retrieved from https://www.opentreemap.org/pricing/ 
 
Report Tree Issues. (n.d.). treeOcode. Retrieved from http://treeocodeniagara.com/report-tree-issues/ 
 
Roman, L. et al. (2017). Data quality in citizen science urban tree inventories. Urban Forestry & Urban 

Greening. 22, 124 – 135. doi.org/10.1016/j.ufug.2017.02.001 
 
Roman, L. et al. (2013). Identifying Common Practices and Challenges for Local Urban Tree Monitoring 

Programs Across the United States. Aboriculture & Urban Forestry. 39(6): 292- 299. 
 
Statistics Canada. (2017). Highlight Tables – Population and dwelling counts, Census year 2016. 

Retrieved from http://www5.statcan.gc.ca/olc-cel/olc.action?ObjId=98-402-
X2016001&ObjType=46&lang=en&limit=0 

 
Statistics Canada. (2012). Canadian Internet Use Survey. Retrieved from http://www.statcan.gc.ca/daily-

quotidien/131126/dq131126d-eng.htm 
 
Steenberg, J.W.N., Ristow, M., & Duinker, P.N. (2017). Open data and urban forests: Engaging the public 

through interactive tree mapping. Presented at the Atlantic Urban Forestry Conference. 
Fredericton, NB. 

Stovin, V.R., Jorgensen, A., & Clayden, A. (2012). Street trees an stormwater management. Aboricultural 
Journal. The International Journal of Urban Forestry. 30(4): 297-310. 
doi.org/10.1080/03071375.2008.9747509 

 
Sui, D., Elwood, S., & Goodchild, M. (2013). Crowdsourcing Geographic Knowledge: Volunteered 

Geographic Information (VGI) in Theory and Practice. Springer.  
 
Sullivan, B., Wood, L., Iliff, M., Bonney, R., Fink, D., & Kelling, S. (2009). eBird: A citizen-based bird 

observation network in the biological sciences. Biological Conservation. 142(10): 2282-2292. 
doi.org/10.1016/j.biocon.2009.05.006 

 
Tools and Apps. (2017). EOS Positioning Systems. Retrieved from https://eos-gnss.com/download-eos-

app-soft/ 
 
Trees in the City: Learning about the Urban Forest. (2017). Dahousie University Blogs. Retrieved from 

https://blogs.dal.ca/sustainabilitynews/2017/10/17/trees-in-the-city-learning-about-the-urban-
forest-an-event-being-hosted-on-november-4-2017-from-930am-1230pm-at-the-halifax-central-
library/ 

 

https://doi.org/10.1016/j.ufug.2013.01.001


41 | P a g e  
 

Tree Inventory. (n.d.). Elora Environment Centre. Retrieved from 
http://eloraenvironmentcentre.ca/inventory/ 

 
treeOcode Niagara – The Essence of Practical Open Data. (n.d.). treeOcode. Retrieved from 

http://treeocodeniagara.com/about-treeocode-niagara/ 
 
Trees Please. (n.d.) OpenTreeMap. Retrieved from 

https://www.opentreemap.org/hamilton/map/?z=12/43.2523/-79.8382 
 
Tyrvainen, L., Makinen, K, & Schipperijn, J. (2007). Tools for mapping social values of urban woodlands 

and other green areas. Landscape and Urban Planning, 79(1): 5-19. 
doi.org/10.1016/j.landurbplan.2006.03.003 

 
Ulrich, R., Simons, R., Losito, B., Fiorito, E., Miles, M. & Zelson, M. (1991). Stress recovery during 

exposure to natural and urban environments. Journal of Environmental Psychology. 11(3): 201-
230. doi.org/10.1016/S0272-4944(05)80184-7 

 
Understanding the eBird review and data quality process. (n.d.). eBird. Retrieved from 

http://help.ebird.org/customer/portal/articles/1055676-understanding-the-ebird-review-and-
data-quality-process 

 
Van Herzele, A. et al. (2005). Involving People in Urban Forestry – A Discussion of Participatory Practices 

throughout Europe, Urban Forests and Trees. (pp. 207-228). The Netherlands: Springer-Verlag 
Berlin Heidelberg.   

 
Welcome to eBird: Birding in the 21st Century. (2017). eBird. Retrieved from 

http://ebird.org/content/ebird/ 
 
Wood, C., Sullivan, B., Iliff, M., Fink, D., & Kelling, S. (2011). eBird: Engaging Birders in Science and 

Conservation. PLoS Biol9(12): e1001220. doi.org/10.1371/journal.pbio.1001220 
 
YEGTreeMap: FAQ. (2017). OpenTreeMap. Retrieved from 

https://www.opentreemap.org/edmonton/page/FAQ/ 
 
 
 

 
 
 
 
 


