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Transmittal Letter  

Don Murray  
City of Fredericton  
Parks and Trees Division  
100 Two Nations Crossing  
Fredericton, NB E3A 0H2 

  
Dear Mr. Murray:  

 
The University of New Brunswick’s Forest Management Practicum class of 2016 is proud to 

present the City of Fredericton with Phase 2 Fredericton Street Tree Management Plan. The 

purpose of the management plan is to accomplish the following: (1) determine the current 

condition of Fredericton’s street tree population, (2) estimate the value of the population, (3) 

identify potential or imminent threats to the population, and (4) provide recommendations to 

improve future health, stability, and longevity of the street tree population. 

Results of an inventory conducted on 100% of the Northside street tree population revealed 

the four most commonly found tree genera on the Northside as: maple (Acer spp.), ash (Fraxinus 

spp.), oak (Quercus spp.), and linden (Tilia spp.) at 46%, 12%, 7%, and 7%, respectively. The 

current tree diameter distribution resembles an inverse-J trend, with fewer individuals in each 

subsequently-larger size class. Inventory results were further utilized in the development of a tree 

health condition rating system that incorporates tree crown and wound data; 96% of Northside 

street trees are considered healthy based on this rating system. Through comparisons of generated 

site harshness and tree tolerance values, 25% of Northside street trees were determined to be 

growing on sites where localized harshness exceeds tree tolerance.  

A trunk replacement method of tree appraisal was employed to estimate the asset value of 

Fredericton’s street tree population at $195 million ($77 million from Northside and $117 million 

for Southside). Furthermore, Fredericton’s street trees were estimated to contribute an annual sum 

of $2.3 million, or $112/tree/year, in ecosystem services (i.e. precipitation interception, carbon 

sequestration, air temperature regulation).  

Dutch elm disease and emerald ash borer are considered the most significant threats to 

Fredericton’s street tree population. A proactive, annual DutchTrig® vaccination program is 

recommended for controlling Dutch elm disease; this approach is estimated to protect 99% of 

vaccinated elms and incur lower costs than removing and replacing infected trees. Presently, the 

asset value of Fredericton’s Northside ash component is $38.9 million. In order to estimate the 
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potential severity of an emerald ash borer outbreak, a sensitivity analysis was conducted across 45 

scenarios, each one varying in intensity, time before insect establishment, and available budget for 

preventative treatments. From the results generated, a decision support system was developed in 

the form of an equation used to determine the minimum diameter of ash trees to treat with 

TreeAzin®, based primarily on budget availability.  

A site suitability index was developed to assess the fitness of the present street tree 

population, and to ensure newly planted trees are not planted on sites too harsh for their tolerance 

potential. By planting species with a tolerance value equal to, or greater than, the site harshness 

value, newly-planted trees are given the best chances to thrive, and those trees growing on 

unsuitable sites can be identified and monitored for signs of decline.  

This document is presented with the confidence that it will be of benefit to the City of 

Fredericton. The recommendations and tools herein were developed with the aim of improving the 

health, stability, and longevity of the street tree population. The University of New Brunswick’s 

Faculty of Forestry & Environmental Management’s graduating class of 2016 would like to thank 

the City of Fredericton’s Parks & Trees Division, as well as the faculty’s professors, for their 

provision of assistance, guidance, expertise, and constructive input that aided considerably in the 

timely completion of this management plan. 

 

Sincerely,  
    
      
__________________________________  
Professor Jasen Golding, RPF 
Senior Teaching Associate/Advisor 
University of New Brunswick 
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Preface: The Urban Forest  

Currently more than half of the world’s population lives in urban areas (World Bank, 2015). 

The move from rural to urban areas can have negative implications for human health (Moore et al., 

2003). Illnesses such as diabetes, heart disease, depression, asthma and obesity are on the rise 

throughout the world and urbanization is a contributing factor (Jackson, 2003). The social impacts 

related to human health are but one facet of the negative effects of urbanization. There are 

economic impacts when rapid growth in urban areas puts strain on municipal budgets, because 

services such as schools, public transportation and hospitals must expand to meet the needs of 

growing populations (Wong, 2012).  The growth of urban areas also leads to deforestation, 

deterioration of water quality and has been cited as a major contributor to global climate change 

(Mahmood et al., 2013). In the midst of the global phenomenon of urbanization, a solution has 

emerged which effectively mitigates many of the negative social, economic and environmental 

issues created by urban areas; this solution is a healthy urban forest.  

The urban forest can be described as the collective sum of all trees planted or naturally 

growing within an urban environment. It is a complex system involving many different 

components, including trees in parks, along streets or trails, and in patches of forest within the city. 

Collectively, these trees reduce the negative effects of urban areas; for example: air pollution 

removal by urban forests in the United States is estimated to prevent 670,000 cases of respiratory 

illness and 870 deaths every year (Nowak et al., 2014). Urban forests also contribute to the removal 

of carbon dioxide from the atmosphere, which may mitigate effects of global climate change 

(McPherson et al., 2013). Furthermore, Nowak and Dwyer (2007) found urban forests to reduce 

volumes of stormwater runoff, summer air temperatures, and urban noise. 

While some of this urban forest is the remnant of natural growth, much of it is established 

by municipalities on public land at great expense. This management is undertaken because the 
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benefits garnered by the establishment and conservation of the urban forest far outweigh the 

associated expenses.    

To maximize benefits and eliminate unnecessary costs associated with an urban forest, 

proper management planning is necessary.  A good plan includes an inventory, projections, 

recommendations, and implementations. It should account for threats to the urban forest, identify 

areas of improvement in current management, and meet the goals and objectives of all 

stakeholders. It should also promote the involvement of the public in decisions regarding 

management of the urban forest.  

A plan that encompasses all components of the urban forest, including parks, street trees, 

and other forested areas, is necessary if these goals are to be realized across the entire urban forest. 

Frequently, there is insufficient funding, resources, or time to create such a plan. As a result of these 

limitations, it is often more feasible to create a plan that focuses on only one component.    

 Street trees provide many of the same services as other trees within the urban forest, but 

their location makes them one of the most important components. Street trees are those planted on 

front lawns, along sidewalks, or in other areas within a municipal road right of way. Together, these 

trees can be described as the street tree population. Street trees inject natural character into 

otherwise barren urban landscapes and improve the quality of outdoor spaces. 

  The street tree population is the most widespread component of the urban forest, and the 

one with which the public interacts most frequently during their daily lives; therefore, the street 

tree population is associated with some of the most significant management challenges. Due to their 

location within a public right of way, management of these trees mainly falls under the jurisdiction 

of the municipality, and the municipality is generally responsible for any and all liability associated 

with them.   
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 Trees themselves can be significantly impacted by elements of the same urban landscape 

they do so much to soften; lack of water, mechanical damage, poor soil conditions, and vandalism 

are common dynamics affecting street trees. Exposure to these elements often make street trees 

more susceptible to insect and disease attack as a result of elevated stress, and street tree longevity 

is reduced substantially compared to park or forest trees (Konijnendijk et al., 2005).  

To reduce the impact of these additional stresses, proper management of street trees is 

necessary. Dead limbs that fall onto property, or a tree that uproots and falls onto a busy street, are 

often the consequences of compounding negative factors leading to tree structural failure. Failure 

to ensure the diversity of species and ages can result in additional weaknesses within the street 

tree population, such as high vulnerability to a given pest due to a population largely comprised of 

host species.   

A well-managed street tree population can bring large dividends for a municipality. For 

every dollar a municipality invests into its street tree population, annual benefits returned range 

from $1.37 to $4.48 per tree (McPherson et al., 2005; Maco and McPherson, 2003; Soares et al., 

2011). These benefits come from savings in storm water management, reductions in energy 

consumption, improvements in air quality, and increased real property values.  
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Preface: The Effect of the Urban Environment on Street Trees  

 Street trees are exposed to a large number of stressors not present in natural forest 

conditions; urban areas are hotter and drier than rural areas, and available air is more densely 

concentrated with pollutants such as ozone (O3), sulfur and nitrogen oxides (SO2, NOx), and carbon 

dioxide (CO2) (Konijnendijk et al., 2005). Moreover, street trees typically lack sufficient rooting 

space due to soil compaction, and urban soils are often of low fertility (low in nutrients, high in 

toxins, structurally adverse to root growth) (Hazelton and Murphy, 2010). 

 Surfaces such as roofs, asphalt, and concrete are the primary causal agents of the urban heat 

island (UHI) effect; these surfaces absorb and release more heat than natural vegetation does, 

which increases temperatures in urban areas, resulting in UHIs (Kleerekoper et al., 2012). This 

increase in temperature is generally around 2-4°C, but can be as high as 10°C (Rizwan et al., 2008). 

UHIs can have detrimental effects on street trees (Cregg and Dix, 2001); street tree canopies can be 

upwards of 5°C hotter than trees in parks (Leuzinger et al., 2010), and high temperatures can 

damage foliage and cause conditions such as leaf scorch. This stress is often exacerbated by a lack of 

available water, as trees require a nearly constant supply of water to facilitate transpiration 

(Kjelgren and Montague, 1998). Transpiration is the movement of water, through vascular tissue, 

from the roots to the leaf surface, and is an important physiological process for trees (Catovsky et 

al., 2002). Transpiration mainly serves to transport water and nutrients throughout the tree, but 

also aids in the maintenance of leaf temperature. When adequate water is not available for 

transpiration, trees experience inhibited cell growth and decreased stomatal conductance and 

metabolic activity, which affects photosynthetic capabilities and carbohydrate availability 

(Ditmarová et al., 2009); in other words, tree growth all but ceases. Eventually, trees succumb to 

death from prolonged water stress.  
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The installation of urban infrastructure such as roads, sidewalks, and building foundations 

creates severe soil compaction that contributes to the lack of water by restricting root growth. Tree 

roots are unable to penetrate this compacted soil and are therefore confined to the shallow layer of 

topsoil in the site where they were planted (Day and Bussak, 1994). This limits the water available 

to roots, but also impedes the ability of roots to provide structural support for the tree; urban 

activity can be expected to alter root architecture, and this alteration can compromise the ability of 

roots to anchor the tree in the soil (Day et al., 2010). Without adequate support from their root 

systems, trees are likely to uproot during severe wind events. Tree roots are further subject to 

damage by construction activities such as trenching and excavating.   

The Effect of Street Trees on the Urban Environment  

The ever-increasing human population has recently motivated research into the abundance 

of natural resources, resulting in a novel system of viewing and appraising the benefits of natural 

resources enjoyed by humans. This system is called ecosystem services, and is divided into four 

categories of services rendered; supporting, regulating, provisioning, and cultural. Supporting and 

provisioning services refer to such things as primary production or nutrient cycling, and food yield 

or forest products, respectively (Liu et al., 2010). Regulating services can be defined as those 

obtained through the regulation of ecosystem process, such as: climate, water, and pest regulation; 

cultural services are those that are accompanied by a significant element of non-use value, such as: 

spiritual, aesthetic, inspirational, recreational, educational, or cultural heritage (Hester and 

Harrison, 2010). Considering that services such as nutrient cycling and the harvest of material 

products are not often the focus of urban forest management, regulating and cultural are the two 

categories of ecosystem services of special interest to the urban forest. For further information, 

with more in-depth examples of each service, see Ecosystem Services (Hester and Harrison, 2010).  
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Regulating Services 

The negative effects of the urban environment are not limited to street trees; the quality of 

life of people living in urban areas is affected by many of the same factors (Donovan et al., 2013). 

Street trees help to mitigate these adverse effects by providing a host of regulating services, among 

which are: the provision of shade, climate cooling, stormwater interception, sunlight interception, 

and air purification. 

Street trees play an important role in mitigating the same UHI effects that are a detriment to 

them; shade from tree canopies helps to cool the underlying streets and sidewalks. Trees also 

provide cooling through evaporation of water used in transpiration; upwards of 30% of incoming 

solar radiation can be converted to latent heat flux by transpiration (Konarska et al., 2016). When 

combined, these two factors reduce the need for air conditioning in urban areas, and increase the 

comfort of outdoor spaces.  

The management of storm water run-off is a large annual expense for many municipalities 

(Weiss et al., 2005). Much of this run-off is created by rain landing on impervious surfaces such as 

asphalt, concrete and rooftops. Street trees can reduce the total volume and velocity of storm water, 

which reduces associated costs; tree canopies directly intercept and store some of the rain water 

that falls onto them (Stovin et al., 2008). This water is either evaporated from the canopy or drips 

from the canopy slowly over time (Xiao and McPherson, 2002). Trees also transpire huge volumes 

of water every day, water that does not need to be redirected by storm sewers. 

The ability of tree crowns to block rainfall and sunlight extend beyond storm water and 

energy savings. By blocking wind and rain, tree canopies can greatly increase the service life of 

roads and sidewalk, reducing the costs associated with maintaining these surfaces (McPherson and 

Muchknick, 2005). 
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Trees are natural air filters; through the absorption of carbon dioxide, they create the 

building blocks of their own tissues and release oxygen as a byproduct (Nowak and Crane, 2002). 

This can help to offset emissions generated by the burning of fossil fuels, which is the primary 

source of greenhouse gas emissions. Street trees also remove other pollutants, including O3 (the 

main component of smog), carbon monoxide (CO), SO2, and NOx in significant quantities (Nowak, 

1994); therefore, the management of urban trees has been recognized as a viable strategy to 

improve air quality in urban areas (Nowak et al., 2006). 

Cultural Services 

Services provided by street trees are not limited to the physical and chemical, residents of 

urban areas further benefit from the presence of street trees through such cultural services as: 

aesthetic beauty, community safety and sense of wellbeing, increased human health and expedited 

healing, and spiritual value (Peckham et al., 2013; Kuo and Sullivan, 2001; Herzog and Strevey, 

2008).   

People value trees simply for their aesthetic attractiveness. For many an urbanite, the 

concept of trees as objects of beauty is probably self-evident; to behold a tree is often to be calmed 

into a state of inspired reverence. Results of research by Dr. Katherine Wolfe supports the 

hypothesis that introducing greenery enhances the perceived aesthetic qualities of urban 

environments. Furthermore, Smardon (1988) attributed a broad spectrum of aesthetic attributes to 

urban trees, including the colours of leaves, the phenotype of boles, the texture of bark, and even 

the sounds of rustling leaves. 

A number of findings (Kuo et al., 1998; Kuo, 2003; Elmendorf, 2008) suggest that trees do in 

fact strengthen neighbourhood social bonds. The presence of trees can turn a sterile, urban 

environment into a welcoming, well-used space. Frequented neighbourhood common spaces both 

strengthen ties among residents and deter crime, thereby creating healthier, safer neighborhoods 
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(Dandy, 2010). Cities that have street trees are perceived as safer than cities that do not; Kuo and 

Sullivan (2001) found that residents of greener urban environments had lower reported levels of 

fear, and fewer reported episodes of aggressive and violent behaviour. Street trees also create 

vertical walls that frame streets and provide a definite edge that aids drivers in assessing their 

speed. This wall also creates safer walking environments for residents by providing distinct edges 

to sidewalks; therefore, street trees can aid in preventing vehicular accidents (Velarde et al., 2007). 

Furthermore, trees improve community security through increased homeowner pride, which 

results in greater street surveillance by residents (Burden, 2016).  

Research has found that exposure to nature, especially forest-like settings, result in multiple 

benefits to human health, some of which include: exposure to cleaner air, increased physical 

activity, reduced stress and increased social connections within a community (Dixon, 2007). One of 

the most well-known and understood values of urban trees are their contribution to recreational 

activity; parks and trails are examples of places for urban recreation. Some common activities that 

promote physical health in these areas are: walking, running, cycling, and hiking. Even light 

exercise, such as walking, has positive physical and psychological impacts that improve human 

health (Takano et al., 2002). Moreover, trees create pleasing visual contrast to city infrastructure; 

simply being in the presence of trees has been shown to reduce stress, improve emotional health, 

and enhance general quality of life (Velarde et al., 2007). An interesting study by Ulrich (1984) 

found that post-surgery patients who had a view of trees recovered faster than those that did not, 

and 17 years later he found that trees have the ability to reduce workplace stress and mental 

fatigue (Ulrich, 2001). Clearly, trees have a positive effect on human health. 

Although rare in Eurocentric cultures, spiritual connections to nature have been evidenced 

in cultures around the world. One example of this is in the culture of Maliseet First Nations people 

of New Brunswick. Historically, priests likely misinterpreted the relationship between Maliseet 
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people and trees as that of people worshiping gods; however, the Maliseet were not mono nor 

polytheistic. They understood that all things in nature are connected, and believed that all living 

things contained spirit (Bear Nicholas, 2016). To Maliseet speakers, anything with spirit is 

considered sacred. This is affirmed in the Maliseet language itself, where trees are addressed in the 

same way a man or a woman is addressed. Furthermore, a Maliseet gatherer would give thanks for 

the taking of tree bark in the same way that a Maliseet hunter would give thanks for taking of an 

animal’s life.  

Trees also possess the capacity to connect human generations through their longevity; 

although many street trees have lives greatly reduced in length compared to their rural 

counterparts, many still live long enough to provide a tangible link between the past and present, or 

present and future (Mynors, 2002). 
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Part 1: Project Description 

 The city of Fredericton has enlisted the University of New Brunswick’s faculty of Forestry & 

Environmental Management Class of 2016 to develop a comprehensive plan that addresses issues 

concerning the management of its street tree population. This plan provides recommendations to 

maintain and enhance the value, diversity, and health of Fredericton’s street tree population.  

This report is the culmination of a two year effort which began in 2015 with the completion 

of a street tree management plan for the city’s Southside (Phase1), which was entitled the 2015 

Fredericton Urban Street Tree Management Plan (FUSTMP). A detailed inventory of 100% of 

Fredericton’s Southside urban street tree (FSUST) population was collected, and their subsequent 

analyses yielded much information, the key findings of which warrant a brief summary here. 

 The FSUST population was determined to be 89% healthy at the time of analysis through a 

process that integrated four parameters: (1) the establishment of native species, (2) an ideal size 

class distribution, (3) the abundance of damaged trees present in the inventory at the time of 

analysis, and (4) the evidence of insect/disease infestation. The composition of the FSUST 

population was found to be comprised of 67% native and 33% non-native tree species. The FSUST 

population was found to closely reflect their stated ideal diameter distribution of an inverse-J (ideal 

for its provision of a structurally diverse street tree infrastructure and even-flow of functional 

benefits). While Dutch elm disease (DED), caused by the fungus Ophiostoma novo-ulmi Buism., 

beech bark disease (Neonectria faginata Castlebury et al.), and gypsy moth (Lymantria dispar L.) 

are known to inhabit the FSUST population, however, they are currently maintained at low levels, 

and therefore, did not negatively impact the health determination.  

 A trunk replacement formula and iTree software were used to estimate the total value of 

the benefits afforded by the FSUST population incorporating social ($362,600), environmental 

($824,400), and economic ($106,423,200) benefits) at nearly $108 million. A total of five scenarios 
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were developed and forecast over a 25 year planning horizon, these were: (1) Fredericton’s status 

quo management strategy, (2) the occurrence of a storm similar in magnitude to post-tropical 

storm Arthur, (3) an outbreak of emerald ash borer (EAB) (Agrilus planipennis Fairmaire) without 

pest management actions, (4) an outbreak of EAB with pest management actions, and (5) 

Fredericton’s future street tree population under the predicted changing climate.  

 An operations plan was developed that involved immediate tree and stump removal targets, 

a five-year pruning cycle, and a five-year planting objective that was modified from Fredericton’s 

current three-year planting objective to increase native species abundance and the city’s resilience 

to potential EAB damage. In addition, a one-year, immediate action plan was also developed and 

recommended for implementation. At an estimated investment cost of $323,450, the immediate 

action plan was expected to accomplish the pruning of one fifth of the current inventory, remove 

169 high risk trees, and remove 500 stumps, and plant 390 trees in 2016. 

The second iteration of this project, or Phase 2, began in September 2015 and focused on 

the City’s Northside. While being primarily focused on Fredericton’s Northside, Phase 2 will 

incorporate aspects of the Phase 1 plan in some of the management recommendations.  
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1.1 Project Goal and Strategic Objectives 

 The principal goal of this project was identified as the following:  

 Present the city of Fredericton with a management plan designed to promote the health, resistance, 
diversity, and value of the Fredericton urban street tree population through the provision of 
management recommendations.  

The satisfaction of the principal goal necessitated the development of strategic objectives, 

each with their own targets and/or indicators (Table 1).  

Objective 1. In order to promote the health, resistance, and diversity of the Fredericton street 

tree population, a clear definition as to what each term entails, and how each term relates to 

Fredericton’s current street tree population, was required.  

Objective 2. To determine a total dollar value, consideration had to be given to all characteristics 

of street trees that contribute value to the Fredericton environment. Since the benefits afforded by 

street trees are numerous and diverse (see Preface), an estimation of the total value of the street 

tree population had to incorporate a variety of perspectives.  

Objective 3. Before recommendations for management options could be proposed, an idea of 

how Fredericton’s street tree population would change through time, with and without 

intervention, was required. To accomplish this, a forecasting model was built and incorporated 

(Part 5), which could explore future population condition under various scenarios could be 

explored.  

Objective 4. Through careful consideration of the potential outcomes of this project, it was 

decided that the most practically useful contributions that this project could make to the city of 

Fredericton were recommendations to ease difficulties associated with managerial decisions.  
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Table 1. The various methods used to provide measurable values for each objective, as well as desired 
outcomes of each method that were developed to best satisfy each objective. 

Objective Method Desired Outcome 

1. Determine the current 
health, resistance, and 
diversity of the 
Fredericton street tree 
population 

•   Assemble an inventory of 100% of 
Fredericton's Northside street tree 
population 

Healthy individuals to make up 
>95% of the street tree population 

No single species to contribute more 
than 10% of the species composition 
of each electoral ward 

•   Determine current species 
composition of the population 

•   Define and determine current 
health of the population 

Limit the number of individuals in 
each electoral ward vulnerable to 
imminent damaging agents to <10% 
of the ward's street tree population 

•   Determine the susceptibility of the 
population to suffer damage or 
mortality from imminent damaging 
agents 

2. Estimate asset value as 
well as value of 
ecosystem services 
provided by 
Fredericton’s street tree 
population 

Generate results through a public 
perception survey and hedonic 
pricing methods 

Estimate the value placed on cultural 
services provided by the Fredericton 
street tree population 

Identify & employ methods of valuing 
carbon storage, rainwater 
interception, and energy savings 

Estimate the current value of 
regulating services that Fredericton's 
street trees provide 

Apply trunk replacement formulae to 
each tree in Fredericton's street tree 
population 

Estimate the asset value of the 
Fredericton street tree population 

3. Model the future 
impacts of imminent 
damaging agents, as well 
as Fredericton’s status 
quo management 
strategy, over the next 25 
years 

Model the future condition of the 
street tree population under 
Fredericton’s status quo management 
strategy Estimate loss in value of Fredericton's 

street tree population resulting from 
imminent damaging agents  Model the future condition of the 

street tree population under different 
scenarios involving the most 
imminent damaging agents 

4. Provide management 
recommendations  to 
mitigate the negative 
effects associated with 
damaging agents most 
relevant to the City of 
Fredericton 

Develop a planting site classification 
system to be used in future planting 
decisions 

Maximize the health, stability, and 
longevity of Fredericton's street tree 
population 

Explore methods of managing the 
most imminent pest threats 

Minimize the loss of trees to pest-
related mortality 
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1.2 Study Area  

 Fredericton is the capital city of the Canadian province of New Brunswick. It is the home of 

the provincial legislature and many other provincial government offices. The city is bisected by the 

Saint John River, which delineates the north from the south side of the city. Fredericton is 

surrounded by a naturally Acadian forest landscape. The forest is dominated by a mixture of 

softwood and hardwood species; dominant species include: red spruce (Picea rubens Sarg.), balsam 

fir (Abies balsamea L.), eastern white pine (Pinus strobus L.), eastern hemlock (Tsuga canadensis 

L.), sugar maple (Acer saccharum Marsh.), red maple (Acer rubrum L.), and red oak (Quercus rubra 

L.). Species such as ironwood (Ostrya virginiana [Mill.] K. Koch.), butternut (Juglans cinerea L.), 

basswood (Tilia americana L.), and silver maple (Acer saccharinum L.) are also common along the 

floodplains of the Saint John River.  

The Southside of the city encompasses the downtown area, city hall and the provincial 

legislature. It is also home to the historic garrison district and a newly constructed convention 

center. The campuses of both the University of New Brunswick and Saint Thomas University are 

located on the City’s Southside. The Northside of the city is made up of several smaller communities 

that were amalgamated into the city of Fredericton throughout the 1900s; these communities are: 

Douglas, Nashwaaksis, Marysville, Fulton Heights, Barker’s Point, and Devon. The municipal limits 

of Fredericton’s Northside bounded the Phase 2 study area of this project. The Northside covers an 

area of 132 km2, which is divided into six electoral management wards. Average winter low and 

summer high temperatures are -15°C and 25°C, respectively, and average annual precipitation is 

1,143 mm/m2 (Statistics Canada, 2007). Annual flooding along the Saint John River is common in 

the downtown and throughout other low-lying areas of the city. The most significant flooding 

occurred in 1973; however, a flood in 2008 nearly broke those records. The annual sediment 
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depositions of these floods were fundamental in increasing the agricultural productivity of 

farmland within the floodplain.  

 Trees and forests comprise a large component of the city; Odell Park, a 180 ha parcel of 

forest, is located on the City’s Southside. It is home to several old growth hemlock and tolerant 

hardwood stands. Along the Saint John River there are many greenspaces featuring stands of silver 

maple and red ash (Fraxinus pennsylvanica Marsh.). There are also numerous other smaller parks 

throughout the city.  

 The most famous element of Fredericton’s urban forest is the magnificent elms that grace 

the downtown streets. It is these street trees that gave Fredericton its reputation as “The City of 

Stately Elms” (Magasi et al., 1993). The planting of white elms on city streets began following the 

great Miramichi fire of 1825, which destroyed a large part of the city (Fredericton Firefighters 

Museum, 2015); even though these trees have been threatened by DED since the 1960s, 

concentrated management efforts by the City resulted in the protection of approximately 70% of 

the original elm population (Magasi et al., 1993). The urban forest suffered severe damage from 

post tropical storm Arthur in the summer of 2014. The storm caused severe wind and rain episodes 

on July 5th, 2014, and it’s estimated that over 1,000 trees within the Fredericton street tree 

population were lost to windthrow and subsequent removals (CTV Atlantic, 2014).
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Figure 1. Map portraying City of Fredericton, New Brunswick, and 12 electoral wards. 
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Part 2: Assessment and Current State of Street Tree Population 

2.0 Summary of Street Tree Population 

This section provides an overview of the methods employed to assess the current status and 

value of Fredericton’s street tree population. This includes field data collection procedures, 

appraisal of ecosystem services, and asset valuation methods. A brief description of the methods 

used are provided here; for more detailed information on any of these methods, refer to appendices 

A-E. 

An assessment of street tree population condition is a necessary step in developing a 

management plan. Such information is used to determine many characteristics of the population, 

such as health and composition. Information collected on physical attributes, such as height or 

diameter, is the main component used in determining and forecasting street tree values. Accurate 

and meaningful data are necessary to gain insight into current, and future, status of the street tree 

population. 

Results generated through assessing current status of the Northside street tree population 

are also presented in this section, including tree size distribution and species composition of the six 

Northside electoral wards. Furthermore, results of asset valuation and ecosystem service appraisal 

are presented, which incorporate Southside inventory data from Phase I, making them city-wide 

results. 

2.1 Inventory 

The primary focus of September-November, 2015 was assembling a detailed inventory of 

Fredericton’s Northside street tree population, which is defined as all trees growing within six 

metres of a curb or roadside. It was decided that a 100% census of street trees should be 

conducted, thus eliminating sampling error from the inventory data set. During data collection, the 
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following nine attributes were recorded at each tree: (1) tree species, (2) tree diameter at breast 

height (DBH), (3) tree height, (4) percent live crown, (5) presence of trunk wound, (6) presence of 

trunk crack, (7) tree crown proximity to power lines, (8) whether the tree required immediate 

removal, and (9) GPS coordinates. Trimble® GPS units were used for field data collection due to 

their accuracy and reliability (Hyyppä et al., 2012).   

Tree species was recorded to determine Northside species composition; if a tree could not be 

identified in-field, it was recorded in the data logger as unidentified, and was either revisited later 

or identified from a collected leaf and twig sample. Tree diameter was measured at breast height 

(1.3 m above ground) with diameter tapes rather than calipers to better capture irregularities in 

shape, such as oblong trunks. Electronic hypsometers were used to measure tree height because 

they are less subject to user error than manual clinometers. In assessing percent live crown, trees 

were examined for crown dieback (an early indicator of stress, commonly seen on the upper and 

outer edges of crowns), and canopy transparency. Percent live crown classes were: ≥90%, ~75%, 

~50%, ~25%, and dead. Such broad categories were chosen during inventory design to reduce 

assessor bias/subjectivity. A wound was defined as a disruption in vascular cambium ≥50% of the 

tree’s circumference, because a decline in tree growth is generally exhibited when 50% of the 

cambium around the circumference of a tree is jeopardized, and dieback/decline is to be expected 

when 75% of the cambium is interrupted (Ministry of Forest Lands and Natural Resource 

Operations, 2007). A tree’s proximity to power lines was classed as: lines touching crown, lines 

overhead (meaning they would likely touch the crown in the future), or no lines overhead. See 

Appendix B for details on inventory database management, such as data processing and quality 

control. 
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2.2 Data Verification, Correction, and Species Audit 

 The diameter measurements recorded in the inventory influenced many of the calculations 

in this management plan; therefore, a data correction procedure was developed to identify outlying, 

and potentially incorrect, data points that were revisited, verified, and updated in the inventory 

data set. The revisited trees were determined by a height-to-diameter ratio that was applied to 

every tree in the inventory data set. Resulting ratio values were analyzed to conclude the 

probability of finding a tree with height x and diameter y ; a tree with a height >125 times the size 

of its diameter cannot structurally support itself, and trees <15 times as tall as their diameters are 

atypical (Kershaw, 2015). The resulting number of unlikely trees (128) were revisited and re-

measured. 

To determine the accuracy of inventory tree identification, an identification audit was 

conducted that included any species whose final tallies in the data set included more than ten 

individuals, since these were considered common species. Three percent of each of these common 

species were randomly selected for auditing; any more than three percent was considered 

temporally infeasible. Confidence intervals for genus-level and species-level identification were 

calculated using equations 1-3. Once %SE  was determined, it was multiplied by 2 to represent a 

95% confidence level. 

𝑆𝐷 =  √(𝑎 ∙ 𝑏)      (Eq. 1) 

where 
SD = Standard deviation 
a = Number of audit trees correctly identified to genus in original inventory, expressed as a percent 
of audit sample size (0.9167) 
b = Number of audit trees incorrectly identified to genus in original inventory, expressed as a 
percent of audit sample size (0.0833) 
 

𝑆𝐸 =  √(𝑛 ∙ 𝑆𝐷)     (Eq. 2) 

%𝑆𝐸 =  (
𝑆𝐸

𝑛
) ∙ 100      (Eq. 3) 
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where 
SE = Standard error (found to be 4.8497 through equation 2) 
n = Audit sample size (308) 
SD = Standard deviation (found to be 0.2763 through equation 1) 
 
 

Audit Results 

From the audit analysis for genus-level tree identification, results conclude a confidence 

interval of 99%, with a confidence limit of ±3.1%, that all trees in the Northside inventory data set 

are correctly identified to genus (at the 95% confidence level). Of the 308 trees revisited during the 

audit, only two (0.7%) were found to be incorrectly identified to genus in the original inventory 

data set. Of these two trees, one was correctly identified to family (originally recorded as a Prunus 

spp., it was found to be a Malus spp.; both are members of the Rosaceae family), and one was not 

(originally recorded as a Populus spp. [Salicaceae family], it was found to be a Tilia spp. [Tiliaceae 

family]). This suggests that >99% of tree identification in the Northside inventory data set is likely 

correct to genus. 

 From the audit analysis for species-level tree identification, results conclude a confidence 

interval of 94%, with a confidence limit of ±2.7%, that all trees in the Northside inventory data set 

are correctly identified to species (at the 95% confidence level). Of the 308 revisited trees, 18 were 

incorrectly identified to species; the majority of the species-level error is associated with the Acer 

and Fraxinus genera. While no clear pattern of misidentification is observed within Acer, Fraxinus 

americana L. was incorrectly, and consistently, recorded as Fraxinus nigra Marsh. Complete 

identification audit results are presented in Appendix B. 

 

 

 

 



Fredericton’s Street Tree Management Plan – Phase II 

Part 2: Assessment and Current State of Street Tree Population 21 

 

 

 

2.3 Species Composition  

Fredericton’s species composition can be described as the percentage of each species in 

relation to the sum of inventoried street trees. Fredericton’s citywide composition is 45% maple 

spp., 11% ash spp., 8% for both linden oak spp., with an additional “other” classification containing 

genera comprising <3% of the inventory (Figure 2). Northside species composition is more diverse 

due to a higher percentage of the “other” category (Figure 2). The Northside inventory is also 

comprised of 1% more maple and ash than citywide, but loses 1% within the linden, oak and elm 

genera. The species distribution was further broken down into the Northside wards showing Fulton 

Heights with the least diverse composition (62% maples) and Barker’s Point with the most diverse 

distribution (35% other) (Figure 3).  

Maple, 
45%

Birch, 3%Oak, 8%

Ash, 11%

Elm, 5%

Linden, 
8%

Other, 
19% (56 

sp.)

City-wide Inventory

Maple, 
46%

Birch, 3%Oak, 7%

Ash, 12%

Elm, 4%

Linden, 
7%

Other, 
22% (79 

sp.)

Northside Inventory

Figure 2. Fredericton’s (left) and Fredericton Northside’s (right) top six street tree genera. 
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Figure 3. Species distribution of electoral wards on Fredericton’s Northside 
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2.3 Diameter Distribution 

As urban trees increase in size, so do the social, environmental, and economic benefits that 

they provide. On this premise, one may surmise that having a forest dominated by large diameter 

trees is best; however, before reaching this conclusion, one must determine implications this would 

have on the sustainability of street trees through time. In uneven-aged forest stands, an inverse J-

shaped distribution of tree size is indicative of sustained canopy cover over time (Richards, 1983). 

While new recruits in natural forests are often established by natural regeneration, in urban 

environments, these younger, small diameter trees must be manually added by way of planting. 

More specifically, this distribution suggests that 40% of the forest be 1-20 cm, 30% be 21-40 cm, 

20% be 41-60 cm, and 10% be 61 cm+ DBH (Richards, 1983). This size structure is also being 

utilized by other municipalities, such as Toronto and Cambridge (City of Toronto, Parks, Forestry 

and Recreation, 2013) (City of Cambridge, 2015). Diameter at breast height is an important 

measure, because age and stem diameter are correlated, so age can be estimated by stem size 

(Leak, 1985). However, there is variation in diameter growth with age amongst tree species, 

meaning that diameter is not a completely accurate depiction of tree age, and, therefore, age 

distribution. The inverse-J curve may give an estimate on age distribution of street trees; however, 

trees in lower diameter classes may in fact be older than some in larger diameter classes, resulting 

in earlier mortality than expected.  The inverse-J distribution was chosen as the ideal distribution 

due to the natural resilience this size distribution has relative to disturbance events; maintaining 

high proportions of the street tree population in the smaller diameter classes (a result of planting) 

provides a perpetual supply of trees into the large diameter classes. 

Analysis of Fredericton’s Northside street tree inventory data found the current street tree 

diameter distribution to follow a general inverse-J trend; however, there was slightly more small 

diameter (1-20 cm (+~5%), and 21-40 cm (+~18%)), and slightly fewer large diameter (41-60 cm 
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( - ~6%), and 61+ cm  ( - ~ 5%) trees than ideal (Figure 4). The large amount of small diameter 

trees (1-20 cm), is evidence of Fredericton’s investment in new plantings, especially in the newer 

subdivisions. 

 

Figure 4. Current diameter distribution for Fredericton’s Northside urban street trees with ideal inverse J-curve 
distribution for reference. 

Fredericton’s Northside is comprised of six electoral wards, which is how the city was 

assessed for this report. The wards of Douglas and Marysville showed a similar pattern in their tree 

diameter distributions and variance from the ideal distribution; however, both wards still display 

the inverse-J distribution. The most notable difference from the ideal size distribution in Douglas 

and Marysville is within the diameter class containing trees over 60 cm DBH, where there are 148 

fewer trees than would be considered ideal in Douglas and 91 fewer in Marysville (Figure 5). The 

second largest diameter class of trees 41-60 cm DBH was also less than the ideal distribution in 

both wards by 87 trees in Douglas and 108 trees in Marysville. Both Douglas and Marysville 

inventory also contained 108 and 86 trees too many, respectively, in the smallest diameter class (1-

20 cm), 127 and 113 too many trees, respectively, in the 21-40 cm diameter classes when 

compared to the ideal distribution. This shows that Douglas and Marysville had fewer large 
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diameter trees than the inverse-J distribution, with numerous smaller diameter trees that may 

enter the larger diameter classes over time depending on the tree species. 

 Nashwaaksis is another ward that has fewer large diameter trees, 128 too few trees in 

diameter class 41 – 60 cm and 259 too few in the over 60 cm DBH class (Figure 5). Again, numerous 

small diameter trees under 20 cm DBH were inventoried, with 303 more trees than ideal. 

Nashwaaksis has maintained an inverse-J curve with regards to size distribution; however, the very 

few 61+ cm diameter trees could be a problem in the near future. Figure 5 illustrates the size 

distribution in the Fulton ward, where it is most notable that there are 137 fewer trees 60+ cm in 

diameter. To create an inverse-J distribution in Fulton, smaller diameter trees need to be planted.  

 Differing from the other wards evaluated thus far, is the number of large diameter trees 

over 60 cm DBH in South Devon; 68 more trees than the ideal distribution outlines (Figure 5). The 

area where South Devon falls short is the smallest diameter trees with 111 fewer trees than 

desired. These variances from the ideal distribution have created a distribution that is much flatter 

due to a more equal number of trees in each diameter class. Not having enough small diameter 

trees in the inventory could result in reduced crown cover as the largest diameter trees begin to 

succumb to mortality in the future. Barker’s Point also suffers from the problem of not having 

enough of the smallest diameter trees, however, there are 113 more 21-40 cm DBH trees than 

outlined by the desired inverse-J curve (Figure 5). While there are 25 fewer trees in the 41-60 cm 

diameter class than the ideal, there are enough trees over 60 cm DBH. Barker’s Point is nearing an 

inverse-J distribution, which could be achieved by increasing planting of young trees in this ward.  

 These differences between current diameter distributions and the ideal inverse-J 

distribution may be due to the age of neighbourhoods; street trees are planted several years after 

construction is complete on a property/neighbourhood, resulting in neighbourhood trees being 
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approximately even-aged. Having large proportions of young neighbourhoods in an electoral ward 

would result in the skewing of the street tree diameter distribution of that ward. Because of this, 

the inverse-J distribution should only be utilized as a future target for neighbourhoods as they age, 

and not as justification to remove trees to obtain that distribution.  
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Figure 5. Diameter distribution for the City of Fredericton, six Northside electoral wards, urban street trees in relation to 
ideal distribution for 1-20, 21-40, 41-60, and 61+ DBH classes.  
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2.4 Street Tree Condition 

Live crown percent classes and the presence of wounds were used to develop a tree health 

condition rating system. The crown is one of the main structures driving net primary production, 

and its condition is reflective of tree health (Schomaker, 2003). Large, full crowns are indicative 

that a tree is in good health, while small, sparse crowns suggest poor health (associated with such 

factors as moisture stress, competition from neighboring trees, insect defoliation, disease, or 

anthropogenic influences) (Schomaker, 2003). Trees were allocated to one of six tree condition 

sub-categories by combining crown and wound data, and then further classified as healthy or 

unhealthy (Table 2). 

Table 2. Description of the tree health condition classification scheme. Trees classified as healthy or unhealthy and 
subdivided to one of six condition sub-categories. 

Tree Condition 
Healthy Unhealthy 

Vigourous 
Light 

Decline 
Moderate 

Decline 
Severe 
Decline 

Moribund Dead 

Tree 
Characteristics 

>90% L.C. 
AND No 
Wound 

~75% 
L.C. AND 

No 
Wound 

~50% L.C. 
AND No 
Wound 

~75-
100% L.C. 

AND 
Wound 

~25% L.C. or 
~50% L.C. 

AND Wound 

0% L.C. OR 
Immediate 

Removal 

# of Trees 9,227 812 175 86 84 64 

Total 10,039 409 

*L.C. refers to live crown 

Upon assessment, it was found that 96% of Fredericton’s Northside street trees are 

currently healthy, with only 4% classified as unhealthy (Table 2). Given the objective of achieving a 

street tree population that is a minimum of 95% healthy, the street tree population is narrowly 

within the target level for the Northside of Fredericton. The state of street tree health was assessed 

by each of the six electoral wards to discern future potential maintenance requirements of each 

ward (Table 3). Every ward reaches the minimum 95% healthy objective except for Barker’s Point, 

while Nashwaaksis and Douglas are just over 95%. It is interesting to note that South Devon has the 

greatest number of elm trees, but has maintained very high street tree health. It is important to 
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know which trees are unhealthy, as large trees pose a greater risk to people and property. This may 

be because more attention has been paid to this ward to remove diseased elms, which in turn, has 

increased the overall health of street trees in this ward.  

Table 3. Street tree health condition summary for the six electoral wards for the Northside of Fredericton, New 
Brunswick. 

Ward Street Tree Health (%) 

Barker’s Point 91.6 

South Devon  97.6 

Nashwaaksis 95.7 

Douglas 95.6 

Marysville 96.4 

Fulton 97.9 

 

2.5 Planting site Classification 

Rooting Area 

Rooting area is perhaps the most important factor in tree growth, and conditions in the 

urban environment are rarely optimal for root development (Day and Bassuk, 1994). The area for 

root growth is restricted in areas of impermeable surfaces such as concrete and asphalt. Urban soils 

are often compacted, poorly drained, or lack nutrients (Pauleit, 2003). Rooting area is a limiting 

factor for many large-statured trees planted in the urban environment and contributes to the 

development of hazards. 

Normalized Difference Vegetation Index (NDVI) maps of Fredericton were used to 

determine rooting area. These were derived from 15 cm resolution colour infrared (CIR) aerial 

photography of New Brunswick. NDVI maps were created using the image analysis tools in the 

ArcMap platform. CIR photography captures the difference in reflectance of near infrared radiation 

by living plant tissue. 
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This data was used to classify sites as either boulevard or lawn; boulevard sites were those 

where the planting location is between the street and a sidewalk. This space was generally 2-2.5 m 

wide. Soils underneath sidewalks and road surfaces are generally too compacted for tree roots to 

penetrate. 

Temperature 

Temperatures in urban areas are on average 2-3 °C warmer than rural areas, with some 

areas as much as 12 °C warmer (Eliasson, 2000). Higher temperatures are the result of the urban 

heat island effect created by impervious surfaces such as sidewalks, roads, and buildings, which 

absorb and radiate large amounts of heat (Kleerekoper et al., 2012). While street trees are often 

planted to negate the effects of urban heat islands, they can also be negatively affected by them. 

The study area was divided into 10 by 10 m grids on ArcMap 10™. The impervious surface 

area within each grid was calculated from NDVI maps and expressed as a percentage. These 

percentages were applied to regressions derived by Yuan and Bauer (2007) to calculate land 

surface temperature (LST). Different equations exist for spring and summer temperatures. These 

regressions calculate LST relative to an area with a percent ISA of 0. The relative change from a 

forested site to an entirely impervious site was 2.81 °C in the spring and 10 °C in the summer. 

The spring temperature was used to classify sites into temperature classes. This value is the 

most accurate because the vegetation conditions on the CIR photos closely resemble what would be 

typical during the spring (prior to leaf out). Sites within one standard deviation of the mean were 

classed as Moderate. Sites less than or greater than one standard deviation away from the mean 

were classed as Cold and Hot sites, respectively. 

This classification has several important implications with regards to tree health and 

longevity, as well as maintenance operations. For example, trees located on hot sites will show 
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greater moisture stress during periods of severe drought. If the City has any intention of watering 

trees during severe droughts, the focus should be on those sites first. 

Colder sites have the potential to provide refuge for species that will be negatively affected 

by increasing temperatures. This increase in temperature from climate change is predicted to be 

more noticeable in urban centres than in rural areas (Corburn, 2008). As the climate warms, the 

presently cold sites will approach temperatures closer to the present day moderate rating. These 

sites will be the best locations to maintain any species that will be negatively affected by warmer 

temperatures. 

Soil Moisture 

Soil moisture is often a limiting factor for street tree growth during the summer months. 

Water is removed from the soils both by evapotranspiration and from drainage through the soil. 

Impervious surfaces found in urban environments also reduce available water. Drainage is largely 

determined by soil and terrain characteristics. 

Wet Area Mapping (WAM) derived from a digital elevation model was used to classify site 

drainage. WAM uses depth to water table and terrain characteristics to represent water flow and 

delineate wet areas. These maps are derived from LiDAR data allowing for a very fine spatial 

resolution. 

Stature Restrictions 

A modifier value was assigned to sites that were either located on a boulevard, or located 

under power lines. Both of these require the planting of small statured trees to reduce risk. Large 

statured trees have a greater chance of being felled by severe weather when they are planted on 

areas with restricted rooting space. They also have the potential to damage infrastructure when 

planted underneath overhead utility lines. 
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Any site with a modifier of “H” (Height) or “R” (Rooting) should only be planted with small 

statured trees. This will reduce potential hazards in the future, increase the lifespan of the tree, and 

reduce costs from maintenance/removals. Species with an expected mature height of 12 m or less 

have been classed as small statured (Appendix C). These species will likely not interfere with 

overhead utility lines and will be less affected by restricted rooting space. 

2.6 Planting Site Classification Results 
 

Planting site characteristics affect tree health and will influence management decisions 

regarding pruning and species selection. The number of planting sites in each harshness class 

derived, from temperature and moisture data, are shown in Table 6. There was no significant 

variation between wards in the number of planting sites in each harshness class. The majority of 

sites are rated as moderate (Class 3) but close to 20% of sites are very harsh or extreme (Class 4 

and 5). The least harsh sites are equally distributed among the wards.  

 Sites where overhead utility lines are present (Height) and sites located on a boulevards 

(Rooting) represent about half of the total sites in Northside inventory. Over a quarter of all height 

restricted sites are located in South Devon (Table 6). Naskwaaksis and Douglas have the largest 

proportion of rooting restricted sites of any of the wards. Site condition was not used when 

assessing tree health, it was created for use as a tool for future tree planting and estimating the 

suitability of trees already planted.  
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Table 6. Summary of the number of street tree planting sites in each harshness class on the Northside of the Fredericton, 
New Brunswick, 2015. 

Planting 
Site And 

Restriction 

Barker's 
Point 

Douglas 

Fulton 
Heights 
/ North 
Devon 

Marysville Nashwaaksis South Devon Total 

1 41 57 72 31 33 45 279 

2 103 111 182 166 154 112 828 

3 654 1432 1326 970 1252 1023 6657 

4 215 337 284 282 368 226 1712 

5 60 143 208 154 285 122 972 

Rooting  547 843 693 675 812 499 4069 

Height 200 335 185 253 232 416 1621 

 

 

Site Harshness Rating 
 

Each site was given a site harshness rating between 1 and 5. This rating takes into account 

the following factors affecting tree growth: temperature, rooting space, and water availability. A 

higher harshness rating indicates a site that has restricted rooting space, low water availability and 

high temperature. Every species can tolerate only a certain level of site harshness. Species that have 

high water requirements, or are intolerant of drought, should be planted in sites with a lower 

harshness rating. A site tolerance value has been assigned to each of the commonly planted street 

tree species (Appendix C). This determines the highest site harshness that a species should be 

planted on (for example if a species has a site tolerance of 3 it should not be planted on a site with a 

harshness value of 4 or 5). 

Under normal circumstances, and with proper maintenance, a species will likely survive on 

a site in excess of its tolerance, although its growth rate and vigour will likely suffer substantially. In 

the event of a stochastic event, such as drought or windstorm, these trees are more likely to 

succumb to injury or mortality. 
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Species Tolerance Values 

Individual species’ silvic characteristics were used to assign a site tolerance value to each 

species in the inventory (Appendix C). Drought tolerance, water demands, and leaf size were used 

to determine each individual tolerance value. In times of moisture stress or high temperatures, 

trees often stop transpiring in order to prevent water loss. Leaf temperature increases due to the 

lack of evaporative cooling, and trees often suffer damage if leaf temperatures remain high for 

extended periods of time. Trees with smaller leaves dissipate heat better, and therefore, maintain a 

lower leaf temperature. There are some exceptions to this rule; Leuzinger et al., (2009) found that 

honey locust and European linden maintained relatively high and low temperatures, respectively, 

despite the fact that honey locust has small leaves and linden has very large leaves. 

Current Inventory 

Tree health is largely determined by the type of site a tree is planted on. If a species is 

planted on a site in excess of its tolerance ability, tree growth and survival may be negatively 

affected. Approximately 25% of the currently planted trees in the inventory are on sites in excess of 

their tolerance value (Table 7). The species planted in these locations are not suited to the site 

characteristics. This value does not include large statured trees planted on boulevards or under 

utility lines which are also in improper sites. The percentage of trees planted in proper sites did not 

vary significantly among the wards.  

Tree species that were found occupying improper sites were most commonly those that 

have a low site harshness rating (e.g. Site Harshness Rating of 1 or 2); however, there were also 

many individual trees of species that were classified higher on the site harshness rating system and 

were still found to be planted on improper sites. The number of individuals planted on improper 

sites seemed to be more or less proportional to the percentage of the inventory that the species 

accounted for. 
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Table 7. Percentage of current street trees found in appropriate planting sites within Fredericton’s Northside electoral 
wards. 

Ward Trees in Ward % in Proper Site 

Barker's Point 1085 71 

Douglas 2102 76 
Fulton Heights / North 
Devon 2112 78 

Marysville 1636 71 

Nashwaaksis 2117 74 

South Devon 1556 77 

Northside Total 10608 74 
 

2.7 Asset Valuation  

Trunk replacement methods were used to estimate a dollar value of each tree (asset value). 

Base tree values were calculated using equation 4.  To determine values of appraised trees, base 

values (BV ) were multiplied by cross-sectional areas of the appraised trees. Trunk replacement 

methods further include three discount factor multipliers to account for possible depreciation in a 

tree’s value; these factors pertain to: tree species, tree condition, and tree location.  

𝐵𝑉 =  
(𝐶1+𝐶2+𝐶3)

𝐴
     (Eq. 4) 

where 
BV = Base value ($/cm2) 
C1 = Cost of tree purchase 
C2 = Cost of transportation 
C3 = Cost of planting 
A = Cross-sectional area of planted tree 

An example of asset value calculation using trunk replacement methods follows; costs used are 

what Fredericton lists as their associated expenses (Murray, 2016), diameter of replacement tree is 

5 cm, making its cross-sectional area 19.63 cm2 (19.63 = π x (
5

2
)

2
) (Example 1). BV  is then 

multiplied by the following: (1) cross-sectional area of 30 cm appraised tree (706.5 cm2), (2) 

species rating (0.8 for sugar maple), (3) condition rating (1.0 for healthy tree), and (4) location 

rating (0.6 for boulevard site beneath power lines) (example 2). Therefore, the tree used in 

examples 1-2 has an asset value of $6,900. 
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20.38 =  
400

19.63
      (Ex. 1) 

 6911.27 = (20.38 × 706.5 × 0.8 × 1.0 × 0.6)   (Ex. 2) 

The city of Fredericton provided discount factors for species (Table 21), location (Table 

25), and gave an estimated replacement value of $400/tree (Murray, 2016). Species values were 

determined by their: desirability, longevity, pathogen susceptibility, invasiveness, and whether it 

was native or exotic. Replacement trees were assumed to be 5 cm in DBH. Tree condition 

discount factors ranging from 0% - 100% were assigned to the tree health condition classes (Part 

2.4), where 0% corresponded to a dead tree and 100% corresponded to a healthy tree. The City 

also provided location discount values for street and boulevard trees (ranging from 60% - 80%), 

which were modified to incorporate the boulevard, roadside, and lawn sites from the planting site 

classification system (Part 2.6), as well as sites beneath power lines. Boulevard trees were 

discounted at 60%, trees beneath power lines were discounted at 70%, and trees neither on 

boulevards nor beneath power lines were discounted at 80%.   

Table 4 illustrates the amount of trees used in calculating each ward’s asset value.  

Nashwaaksis, the largest residential area on Fredericton’s Northside, has the lowest asset value 

($9.9 million), but the highest number of trees per electoral ward (2,092 trees). This can be 

attributed to the species composition and the size of trees present in this area. Trees within the 

Nashwaaksis electoral ward are composed primarily of ash species, and the majority of diameters 

fall between 5 and 10 cm DBH. Ash is given a low species rating due to its susceptibility to EAB 

(Part 4). South Devon is the ward of greatest value ($16.7 million) which is greatly influenced by a 

species composition that is predominantly maple (a highly rated species, see Appendix D) and a 

forest condition that is 98% healthy. The $6.4 million value difference between South Devon and 

Nashwaaksis is not only related to species compositions, but is also directly related to the diameter 

size class distribution (Figure 3); tree value exhibits a positive correlation with increasing tree size 
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but is constrained by the tree health, species and location discount ratings. The recalculation of the 

Southside totals $117 million and the total of the Northside is $77.5 million. The total asset value 

for Fredericton is approximately $195 million.  

Table 4. Listing of street tree economic values, tree counts, and average value per tree by the six wards as well as the total 
for the Northside, total Southside and city-wide total for the city of Fredericton, NB. 

Ward Asset Value ($) Tree Count Avg. $/Tree 
Nashwaaksis 9,943,000 2092 4,753 

Marysville 10,781,000 1603 6,725 

Barker's Point 10,558,000 1073 9,840 

Douglas 13,156,000 2080 6,325 

Fulton Heights / North Devon 16,365,000 2072 7,900 

South Devon 16,730,000 1528 10,950 

Northside Total 77,533,000 10448 7,400 

Southside Total 117,350,000 11757 9,980 

City-wide Total 194,883,000 22205 8,777 

 

2.8 Valuing Services Provided by Street Trees 

Stored Carbon Equivalent 

The procedure used to determine an estimate of the amount of CO2 equivalent currently 

stored in the street tree population was: (1) estimate the total live biomass of the street tree 

population, (2) estimate the amount of carbon in live street tree biomass, and (3) determine the 

CO2 equivalent of the stored carbon. Regression equations from Ter-Mikaelian and Korzukhin 

(1997) were employed to derive above ground biomass, including stems, branches, and bark 

(Equation 5; example 3). 

M = aDb      (Eq. 5) 

where 
M = above ground biomass of the tree (tonnes)  
D = DBH (cm)  
a and b = species-specific parameters derived from regression   
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Total biomass (above and below ground) was then determined by dividing the above 

ground biomass by 0.8 (example 4), because 80% of a tree’s biomass is attributed to its above 

ground portions (Yaklasimlar and Guncel, 2012). For the majority of tree species, 40-50% of their 

oven-dry weights can be attributed to carbon (Matthews and Thompson, 1989; Leavitt, 1998); 

therefore, the amount of carbon in live street tree biomass was estimated by multiplying total live 

biomass of the street tree population by 0.45 (example 5). Finally, the CO2 equivalent of the stored 

carbon was determined by multiplying the stored carbon content by 3.7 (example 6), because one 

tonne of carbon is equivalent to 3.666 tonnes of CO2 (United States Environmental Protection 

Agency, 2014). The resulting value was further divided by 1,000 to convert into the desired units of 

metric tonnes (example 7). 

232.6 =  0.0825 × (25)2.468     (Ex. 3) 

370.3 =  
232.6

0.8
      (Ex. 4) 

166.6 =  (370.3 × 0.45)     (Ex. 5) 

616.6 =  (166.6 × 3.7)      (Ex. 6) 

0.61 =  
616.6

1000
      (Ex. 7) 

It is cautioned that estimates of stored carbon equivalent of street trees is accompanied by a 

degree of uncertainty, because the regression equations used to determine the above ground 

biomass (Ter-Mikaelian and Korzukhin, 1997) were developed for forest grown trees, rather than 

those grown in an urban setting. 

Valuing Carbon 

 A 2016 carbon price of $17.45 CAD/t of CO2 equivalent was taken from the California 

Carbon Dashboard, a project of the Climate Policy Initiative (calcarbondash.org, retrieved March, 
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2016). A value of the amount of CO2 equivalent currently stored in the street tree population was 

determined by multiplying the carbon price by the amount of CO2 equivalent (in tonnes). To value 

the annual sequestration rate per tree, the carbon price was multiplied by the CO2 equivalent 

sequestration rate determined through a simulated exploration of future street tree population 

conditions in the Remsoft model (described in Part 5), and then divided by the 22,205 trees in the 

Fredericton inventory. The annual per tree carbon sequestration value was then added to the other 

regulatory services provided by street trees to create a single, per tree dollar value of all the 

regulatory services. 

Stormwater Management  

Impervious surfaces such as asphalt, concrete, and rooftops create surface runoff during 

rain events; these impervious surfaces generate upwards of 75% of a city’s total runoff (Lee and 

Hearney, 2003), and this runoff must be collected and processed by municipal infrastructure. The 

cost of establishing and operating this infrastructure is related to the total volume of stormwater 

that needs to be redirected.  

Street trees play an important role in helping municipalities reduce the volume of 

stormwater that needs to be managed, which reduces associated costs (Hoang and Fenner, 2015). 

Tree canopies intercept and store large volumes of water during rain events, and tree roots absorb 

water and improve urban soil permeability (Bartens et al., 2008).  

 The city of Fredericton spends approximately $1.3 million per year on storm water 

management (City of Fredericton Annual Budget, 2016); this sum is what Fredericton allocates 

towards the management of stormwater volume, and therefore, is what the City is willing to pay for 

its management. An equation from Maco and McPherson (2003) was used to estimate Fredericton’s 

total volume of annual stormwater runoff (Equation 6).  

RD  = (A x Eis  x P )      (Eq. 6) 
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where 
RD = Total stormwater runoff (m3) 
A = Total land area (13,200 ha) 
Eis = Total effective impervious surface (0.3) 
P = Average annual precipitation (1,143 mm/m2) 

Fredericton’s willingness to pay (WTP) for stormwater interception is estimated as 

$0.28/m3 (Equation 7). The average street tree intercepts between 3.2 and 11.3 m3 of 

stormwater per year (McPherson et al., 1999; McPherson et al., 2005); therefore, 

Fredericton’s estimated stormwater interception benefit is $0.9-2.5/tree/year.  

WTPsi = 
𝐵

𝑅𝐷
      (Eq. 7) 

where 
WTPsi = Willingness to pay for stormwater interception ($/m3) 
B = Fredericton’s annual stormwater management budget ($1.3 million) 
RD  = Total stormwater runoff (found to be 4,526,280 m3 through equation 6) 

 

Temperature Regulation 

Street trees cool their environments through two different means: (1) their canopies block 

sunlight and cast shade on buildings and sidewalks, which reduces the temperature of those 

surfaces, and (2) they provide evaporative cooling through the process of evapotranspiration. This 

process takes sensible heat and turns it into latent heat through the evaporation of water. This 

transition reduces the air temperature because the water vapour released by the tree leaves has 

high energy (temperature); leaving the lower energy (temperature) water vapour molecules 

behind. This results in a decrease of the air temperature and cooling benefits providing to us and 

other living organisms. 

One benefit of these cooling features is a reduction in the use of air conditioning during the 

summer months. Natural resources Canada (2015) reports that to run an average 20,000 BTU 

(British Thermal Unit) air conditioner for an entire cooling season (June-September) in the City of 

Fredericton will consume 815 kWh, at the current price of $0.10/kWh. McPherson and Rowntree 
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(1993) found that, on average, a strategically located street tree has the potential to reduce this 

demand by 126-187 kWh.   

Strategically located street trees are defined as those located to the southwest and 

southeast of a building (Kuhns, 2000). By multiplying the current price per kWh ($0.10) by 

expected reductions in demand (126-187 kWhs), an estimated energy savings of $12.6 - $18.7 per 

strategically placed tree per cooling season was calculated. The average tree from McPherson and 

Rowntree’s 1993 study was 7.6 m tall, while the average tree in Fredericton is approximately 10 m 

tall; therefore, energy saving estimates are considered conservative. Moreover, this value does not 

account for evaporative cooling or additional savings for winter time heating costs, nor does it 

account for the increased comfort of residents outside during the summer months. 

Tax Revenue  

 Street trees improve the appeal of single family homes and public greenspaces. This 

increased appeal often translates into an increase in property values; people are willing to pay 

more for a home with a large tree in front of it. This can be attributed to the ability of trees to 

increase aesthetic appeal, which is considered a cultural service (Preface). A single tree (when 

mature) can add 3-5% to a home’s value (Nowak and Dwyer, 2007); this increase in value also 

translates into an increased tax assessment for those properties.  

 The average assessed home price in Fredericton is $211,500 (City of Fredericton, 2013). 

The municipal tax rate for Fredericton is $1.42/$100 of assessed value. Using a conservative 

estimate of 3% increase in property value added by a street tree, the city will collect an additional 

$91 in tax revenue per street tree. It is therefore assumed that the value of a property where a 

street tree is present will increase by an estimated minimum of $6,000 (again, when the tree is 

mature). 

 Not all of Fredericton’s street trees are located adjacent to a home; therefore, not all trees 

will increase property values. Moreover, some trees are located on commercial properties, which 
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are not subject to the same perceived value; therefore, property value benefits in this report should 

not be applied to commercial properties without further development and research. 

Total Value of Regulating and Cultural Services 

 The total per tree value of all regulating services (carbon sequestration, stormwater 

interception, and temperature regulation), and the single cultural service that has a dollar value 

attached to it (tax revenue), was estimated at $112/tree/year (Table 5), or $2.3 million/year when 

extrapolated to the entire Fredericton street tree population. Given that Fredericton’s annual 

arboriculture budget is approximately $1.3 million (City of Fredericton Annual Budget, 2016), the 

benefit/cost ratio associated with Fredericton’s street tree population is positive; for every dollar 

invested in the street tree population, $1.81 in ecosystem services are provided to Fredericton 

residents. 

Table 5. Estimated value of regulating and cultural services provided by Fredericton’s street tree population.  

Ecosystem Service Benefit ($/tree/year) 

Carbon Sequestration 0.53 
Stormwater Interception 2.50 
Temperature Regulation 18.00 
Tax Revenue 91.00 
Total 112.03 

  

The methods employed in the derivation of the above values focus solely on dollar value. 

Value, by definition, is reflected in market prices and is justified by the use of goods or services (i.e. 

the consumer benefits from its consumption) (Giergiczny and Kronenberg, 2014). According to this 

definition, anything that does not serve to satisfy human demand, directly or indirectly, has no 

value. Services provided by street trees are often intangible and experiential, but are no less 

important to the function of society than other services, such as employment opportunity. The 

cultural services described in the Preface clearly demonstrate the non-use, or existence value, that 

street trees contribute to the quality of urban life. The cultural services from street trees are 
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centered in the experiences and opportunities that they provide for mental and spiritual 

engagement with nature through: recreation, education, artistic, and religious experiences 

(Mooney, 2013). Unfortunately, due to their intangible nature, cultural services are especially 

difficult to quantify, even though urban residents undoubtedly benefit from the many services they 

furnish (Mooney, 2013). When making managerial decisions, managers should not fail to recognize 

the plethora of cultural services afforded by Fredericton’s street tree population, even though these 

services will not result in directly observable financial gains.   

2.9 Public Opinion Pilot Survey  

Methods 

A pilot survey was chosen rather than a statistically legitimate and representative survey 

due to time constraints. A proper survey that represents the public’s opinion would consist of a 

slightly edited version of our questionnaire and more participants. Survey questions were written 

in accordance with the expressed desires of the client, and to bridge the gaps in available data from 

the relevant literature. Questions delivered were phrased so they could be easily understood by the 

general public and also generate results suitable for data analysis and processing. The questions 

were asked in order of increased complexity to reduce the amount of participants 

misunderstanding the first questions and feeling discouraged to continue.  

The survey was administered at Fredericton’s Regent Mall. In accordance with Regent Mall 

policy, interviewers were prohibited from soliciting interviewees;  therefore, survey respondents 

were those who approached the interviewers at the survey location. Respondents completed the 

questionnaire (Appendix E) without the assistance of the interviewer when possible; however, 

clarification was provided if necessary. Final survey results were entered into Microsoft Excel for 

analysis and summarization.  



Fredericton’s Street Tree Management Plan – Phase II 

Part 2: Assessment and Current State of Street Tree Population 44 

Results 

The Fredericton public perception pilot survey had 71 respondents; the population 

demographic data is presented in Table 6. Due to the low number of respondents, it is cautioned 

that the following results may not be representative of the Fredericton population. Results are 

presented here to provide an idea of what perceptions Fredericton residents hold pertaining to the 

street tree population; the data is accompanied by a degree of uncertainty.  

Table 6.  Population demographics of respondents to the Fredericton public perception pilot survey. 

Fredericton 

Homeowner 

65% Yes   
Gender 

59% Male     

35% No   41% Female     

Age Class (yrs) ≤ 24 25-34 35-44 45-54 55-64 65-74 ≥ 75 

Respondents 28% 21% 8% 23% 14% 4% 1% 

 

Of the 71 pilot survey respondents, 53% ranked regulating services as the most important 

benefits afforded by street trees, and ranked cultural services as the least important. The majority 

of respondents (56%) were not opposed to the planting of non-native species in order to promote a 

healthier and more resilient future street tree population. Poor roadside visibility was considered 

an issue of street trees by 31% of respondents, and 29% considered branches to be problematic in 

some regard. Nearly half of all respondents (42%) identified minimizing pest and disease outbreak 

as the greatest concern for management, followed by resistance to climate change. Since post 

tropical storm Arthur in 2014, 27% of respondents indicated that their perceptions toward the 

values of street trees have improved.  

The results of the pilot survey suggest that Fredericton residents will be receptive to pest 

and disease management strategies proposed by the city, as well as attempts made to mitigate the 

potentially damaging effects of climate change through the planting of non-native species. These 

results also suggest that Fredericton residents would prefer the planting of tree species that will 

develop tall and large canopies, and are pleased with the high current planting rate of maples. The 

survey results indicate that Fredericton residents are aware of the potential benefits afforded by 
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street trees in terms of regulating services, and would potentially support programs and operations 

aimed at increasing the amount of regulating services that street trees furnish to the city.  
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Part 3: Current and Potential Threats 

3.0 Summary of Current and Potential Threats  

 This section details current and potential threats that are relevant to Fredericton’s 

Northside street tree population. The current status of Fredericton’s street tree population has 

revealed a number of vulnerabilities from factors such as disease, insects, climate change and 

severe weather events.  

 DED is currently the pathogen with the greatest impact on the street tree population. For 

almost 40 years the elm population of Fredericton has been threatened by the introduced fungus 

(Magasi et al., 1993). The city has a long history of managing for the disease, which has allowed a 

large number of elms to survive.  

 An imminent threat to the future of Fredericton’s street tree population will be the arrival of 

EAB. This invasive insect was first found in Michigan and has spread from there. It has killed nearly 

every ash tree in its wake and has the potential to decimate the ash tree component of Fredericton’s 

street tree population (11%).  

 A gradually warming climate will change growing conditions and has the potential to 

influence which species will persist in Fredericton’s future street tree population. A greater number 

of substantial weather events such as windstorms and significant rain episodes are also likely to 

occur. Periods with little to no precipitation and high temperatures during the summer months may 

also be more frequent (Riley and Dalton, 2008). Problems in the rooting medium can be a result of a 

culmination of different issues in an urban landscape, and roots are quintessential in the provision 

of nutrients and water to trees (Day et al., 2010); therefore, root health is an important component 

of street tree management.  
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 This assessment of current and potential threats will be useful in guiding management 

decisions; there exist many alternative strategies to deal with the effects of DED, EAB and climate 

change, and knowledge about how these threats will directly impact Fredericton’s street tree 

population will determine what strategy to employ.   

3.1 Dutch Elm Disease 

Fredericton has a long history of managing DED, a fungus which has resulted in vast amount 

of white elms (Ulmus Americana L.) removed from city streets, beginning in the 1960’s (Magasi et 

al., 1993). Elm trees have always played an important role in Fredericton’s history. Upon settlement 

in 1783, the surrounding forested area was predominately white elm (Magasi et al., 1993). Elms 

were commonly planted as street trees due to their suitability to urban environments; elms have a 

high tolerance to salt as well as a variety of soil conditions (Dept. of Transportation, 2016). 

Moreover, elms are long-lived and fast growing (Haugen, 1998); however, DED has caused 

devastating effects on the elm population. DED was first detected in New Brunswick in 1957 (Smith 

and Forbes, 1973), and was first recorded in Fredericton in 1961 (Magasi et al., 1993). Some of the 

original elm trees planted in Fredericton are still present today, in historically significant sites. 

DED is caused by the fungi Ophiostoma novo-ulmi, which affects the vascular tissues in the 

tree. The fungus inhibits the transport of water and nutrients from roots to foliage, eventually 

killing the tree (Plichta et al., 2015). Allowing the remaining elm trees to succumb to DED would 

have significant negative impacts, not only because elms constitute 5.3% of the street tree 

population, but because of strong cultural and historical significance associated with Fredericton’s 

numerous large, prominent elm trees. The loss of Fredericton’s elm trees would also require a 

strenuous and expensive clean-up operation, in order to effectively contain and sanitize infested 

trees. 
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Although DED has been established in Fredericton for several decades, many elm trees 

located along streets still survive today (approximately 1,187), due mainly to the Parks and Trees 

Division’s vigilance in protecting against the disease. There are, however, many trees still 

vulnerable to DED unless proper treatment is conducted. Fredericton’s elm trees currently provide 

$8.2 million in total benefits, with the Ulmus genus comprising 5% of the street tree inventory.  

 Currently, there is no method of eradicating the disease once established; however, 

preventative and sanitation pruning (removal of individual branches infected with DED) have 

demonstrated success in slowing disease spread within a tree,  if conducted early enough (Magasi 

et al., 1993). When extreme infection occurs, the entire tree is removed and the connected roots 

should be severed to prevent travel of the disease to neighbouring trees by means of root grafting. 

3.2 Emerald Ash Borer 

 EAB is a beetle native to Asia (NRCAN, 2015 a, b; Bioforest Technologies Inc.). In the adult 

stage, it is a small emerald-green beetle approximately 7.5 – 15 mm long in size (NRCAN, 2015 b) 

(Figure 6.). Adults may be observed from late June through September as they emerge through D-

shaped exits holes that they excavate through the bark. Females lay their eggs in the bark crevices, 

or cracks, of host trees so that when the larvae hatch, their food source is immediately available. 

Larvae are the cause of mortality in ash trees, as they feed on the vascular tissue, which provides 

the tree with the necessary water and nutrients for survival (NRCAN, 2015 b). The larvae 

essentially girdle the affected trees through excavation of S-shaped tunnels within the cambium 

layer of the wood (just beneath the bark), cutting off these vital resources. The larvae overwinter 

under bark as prepupa, become pupae in the spring, and eventually emerge as adults, who then 

repeat the cycle (NRCAN, 2015 b). Some larvae, especially in cold, northern climates, require two 

winters to become mature; this can slow reproduction and rates of natural spread. The 

overwintering prepupa are able to survive winter temperatures that dip to –30°C (NRCAN, 2015 b). 
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The temperature under tree bark is often warmer than the surrounding air, offering increased 

protection for overwintering larvae, increasing their survival rate.     

 

 

EAB targets all ash species native to North America, regardless of size or tree health; 

however, it has been observed that EAB will attack larger trees before smaller trees, when both are 

available in a forest setting (Duan et al., 2015). Siegert et al., (2014) noted that stressed trees are at 

additional risk for infestation, and due to the harsh settings of the urban environment, street trees 

are often more stressed than those in naturalized environments. 

3.3 Climate Change 

Atmospheric warming caused by an increase in greenhouse gases has taken place on earth 

since the mid-19th century. This is due largely in part to the burning of fossil fuels, extensive land 

clearing, and other human related activities (British Columbia, 2010). Many predictions are 

forecasting global temperature increase over the next 50-100 years, and with it, expected 

fluctuations in precipitation, evaporation, extreme weather events, and sea-level changes (Ordonez 

et al., 2014). Some adaptations must take place in society to minimize the detrimental changes, 

while maximizing any opportunities, including the way in which street tree management occurs. 

Figure 6. Emerald ash borer (Agrilus planipennis) in adult (left) (Government of Wisconsin 2016) and larval form 
(right) (University of Wisconsin 2016) to scale. 
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The future challenges of climate change that the street trees of Fredericton face are 

uncertain because of the complexity of the issue. It has been observed in Fredericton that some 

species previously thought of as good candidates for planting are no longer doing well in a street 

tree environment (Murray, 2015). This coincides with studies predicting species distribution to 

shift northward (i.e. sugar maple) (Brown et al., 2015). This leads to the need for the identification 

of some of the compounding abiotic factors that may, along with climate change, contribute to the 

decline of street trees in Fredericton. 

Drought Risk 

Drought, as described by McKee et al., (1993) is considered to be a condition of insufficient 

usable water sources which would be caused by a period of net water loss, which is a form of 

stochastic risk to the urban street trees. Although it was infrequently an issue in Fredericton’s past 

due to its continental climate (Canadian Encyclopedia, 2016), future predictions reveal a decrease 

in precipitation during the summer months. This decrease could result in lower water levels which 

is a contributor to drought conditions (Riley and Dalton, 2008). Because drought is hard to predict, 

especially in a continental climate such as Fredericton’s, modeling the risk can also be difficult as 

best estimates are needed to predict the impact a drought would have on street tree asset value, 

species diversity and size distribution.  

The physiological processes induced by drought conditions are largely misunderstood 

(Zeppel et al., 2011), although Waring (1987) has shown that after a period of time with extended 

drought conditions, photosynthesis ceases, carbohydrate reserves become depleted, and the live 

canopy percent is reduced. This led Waring (1987) to believe that the trees most susceptible to the 

effects of drought were: newly planted trees and trees in either moderate, severe, or moribund 

conditions because they would have the hardest time dealing with the effects of drought. Street tree 

microsite conditions may already be hampered by low moisture levels within the soil. Prolonged 
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future drought conditions could compound these effects and make soil moisture levels intolerable 

for some street trees (Hanson, 1991). 

 Wind Events 

Due to the close proximity of street trees to buildings and infrastructure (i.e. fences, roads, 

cars), there is a very high threat of damage to the tree and to the surroundings if a wind event were 

to occur. The factors affecting windthrow susceptibility of individual trees are (Stathers et al., 

1994): (1) height and diameter of tree, (2) shape of bole, (3) elasticity and strength of bole, 

branches, and foliage, (4) root health, and (5) rooting medium. 

Rooting Issues 

Rooting space poses a problem for street trees as a large wind event could completely uproot a 

large tree if the subterranean structure is not well established. In order to mitigate the effect 

rooting area and soil material has on the health of the tree, species should be selected based on root 

growth characteristics (depth, annual increment, fine roots) and canopy size. Although many 

species change their rooting structure over time to defend against wind stress (Nicoll, 1995), if the 

soil and rooting area do not allow for further growth, then the future health of the tree may be 

compromised. Soils in which roots grow must provide adequate conditions for growth and 

establishment (Rahjardo et al., 2009). These growing conditions can be hampered in urban areas 

by: restricted aeration and water drainage, disturbed nutrient cycling, altered soil organism 

activity, and anthropogenic materials and other contaminants (Day et al., 2010). Rahjardo et al., 

(2009) also found an 80:20 ratio of soil to granite chips, which emulates a structural soil, to 

enhance resistance to uprooting in urban soils, which may make it a desirable option if a planting 

location is deemed susceptible to windthrow.  A strategy that the city may want to adopt, if not 

already in practice, is to determine the critical root zone (CRZ) of their street trees when 

conducting any construction or street work. This determines the minimum radius around a tree 
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that should be protected from any damage (North Carolina Urban Forest Council, 2016).  The CRZ is 

measured at DBH where 1.2 m of linear ground is protected for every 10 cm of trunk diameter. The 

CRZ is only a minimal measurement however, as paving, trenching and a drainage pattern 

alteration can still significantly impact the health of a tree outside the CRZ (College of Natural 

Resources, 2016).
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Part 4: Projections of Future Street Tree Condition 

4.0 Summary of Future Forest Condition 

 This section forecasts how the street tree population will be impacted by current and 

potential threats, and outlines recommendations to reduce these impacts. Implementation of these 

recommendations will reduce the impacts of pest and disease outbreaks, reduce the potential to 

create hazards and make the population more resilient to climate change.  

 Strategies for proactive management of DED using Dutchtrig® and management of EAB 

using the TreeAzin® insecticide are presented. Neither of these products are currently used in 

Fredericton and both represent an alternative to removing large numbers of ash and elm trees.  

 Final recommendations detail improvements in assessment, planting and pruning 

protocols. Routine reassessment and updating of the current inventory needs to continue to 

maintain up to date information. A proper species selection methodology needs to be employed to 

ensure suitable trees are planted in suitable locations. Finally, increasing the amount of regular 

pruning will increase the longevity and value of the street tree population by increasing tree health 

and reducing hazards.  

4.1 Scenario Forecasting 

 WoodstockTM, within the framework of Remsoft Spatial Planning System v.2015.8.0 (RSPS), 

was applied as the modeling software for projections made of the street tree population. Population 

growth under various scenarios was forecasted over a 25 year planning horizon. Both Phase 1 and 

2 inventory data was utilized in the modeling analyses conducted. Original development and 

application of the growth and yield model was undertaken by Forsythe et al. (2015) as part of a 

directed studies project. Thirteen growth and yield curve groups were identified and developed 

based on abundance in the inventory and general growth characteristics such as longevity, size 
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potential, growth rates, and tree form (Appendix F) (Forsythe et al., 2015). This process allowed 

predictive formulas to be developed which would estimate age based on DBH; therefore, growth 

could be modeled and calculated from the associated DBH at each age increment. 

 Linear programming (LP) was applied as the analytical technique for scenarios assessed 

within the model.  Gurobi Optimization software was utilized as the solver for LP formulations as it 

was considered a superior software for efficiently solving integer problems (Virgin, 2016; Forsythe 

et al., 2015). LP requires the definition of an objective function, which, for the scenarios, was 

determined as maximizing the replacement value of the city’s street trees. Replacement value is the 

total non-discounted asset value of the urban street tree population, subtract operating costs (e.g. 

tree removals and plantings) (Appendix F). A status quo management scenario was analyzed to 

forecast the future value and diameter-class distribution of the street tree population under the 

current management practices. 

 Although the model forecasts provide very useful insights into the outcome of current 

management practices and imminent threats to the urban street tree population, it should be 

known that these were only projections of the forest over time, and therefore, there were many 

assumptions in the modeling process (Appendix F). Certain aspects, of which are very important in 

urban street tree dynamics could not be projected with any certainty; including health and 

condition of trees over time, growth variations between and within yield groups, site quality, and 

other tree silvicultural aspects such as lifespan. There were attempts to make the model very 

realistic by including, for example, constraints to limit how much of each species was planted to 

meet diversity targets.  However, the fact that this model must find solutions with an integer 

approach, made the model extremely slow to solve and therefore, constraints were simplified so as 

to provide efficient answers to the problems being addressed.  
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All budget and management information was derived from personal communication 

(Murray, 2015), Phase 1 management plan (BScF Class of 2015), and the publicly available city 

budget (City of Fredericton, 2016).  The amount of budget for removal was developed from the 

city’s budget for arboriculture, non-personnel cost. However, $38,000 was removed to account for 

the annual pruning schedule.  This was to allocate funds for a schedule where all trees would be 

pruned on a 5-7 year rotation. The planting budget was derived from the horticulture, non-

personnel cost which constrained the planting below this point.  There were also other constraints 

within the model, primarily in relation to action eligibility either by powerline sites for planting or 

ages for removals which can be noted in Appendix F. 

Table 7. Base objective function and constraints applied within Remsoft Spatial Planning System for LP formulation. 
Urban street tree management planning process showing the management strategy applied to the status quo 
management scenario. Operating costs include tree removal and planting costs. 

Main Function 
Time Period 
(Years) 

Description 

Net value 2016-2041 Maximize Net Value (Tree Replacement Value - Operating Costs) 

Constraints  

Planting 2016-2017 Plant 1000 trees or greater first year 

Planting 2018-2019 Plant 788 trees or greater second year 

Planting 2020-2041 Plant 500 trees or greater for remainder of planning horizon 

Tree Removals 2016-2041 Remove 500 trees or greater entire planning horizon 

Removal 
budget 

2016-2041 Removal budget $410,000 or less entire planning horizon 

Plant budget 2016-2041 Planting budget $370,000 or less entire planning horizon 

 

4.2 Status Quo Management Scenario 

 Status-Quo management scenario was developed to visualize the future forest conditions 

under the current management practices. The projections associated with this scenario do not 

include any stochastic events such as wind storms, insect infestations, or droughts for example. 

Therefore, the future forest condition shows the implications of the current planting and removal 

regime on forest value and condition.  There would be variations from these expected outcomes 
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due to stochastic events which would not be modeled easily such as trees being damaged or the 

health decline of street trees.  

City-wide Diameter Distribution 

  Forecasts of the city-wide diameter distribution under the Status Quo management 

scenario project the average diameter in the forest to increase over time – gradually shifting the 

diameter distribution away from the ideal diameter distribution (Figure 7). By the end of the 25 

year planning horizon, 38 % of the City’s street trees were projected to be in the 21-40 cm DBH 

class, while 30, 27, and 4.5 % of the inventory would be in 1-20, 41-60 and 61 + cm DBH classes 

respectively.  This change in diameter distribution over the planning horizon would be a function of 

the removing of the trees from the largest DBH classes and the subsequent planting rate.  The 

projected future projection, under status quo management, although not ideal, it would still show a 

forest in good condition with less than trees in each of the smallest and largest DBH classes. 

 

Figure 7.  Projected diameter distribution for the entire Fredericton street tree population in the year 2041 under status 
quo management scenario in relation to an inverse J-curve with a greater number of small diameter than large diameter 
trees. 

 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

1-20 21-40 41-60 61+

N
u

m
b

er
 o

f 
T

re
es

Diameter Classes (cm)

Ideal Distribution Distribution 2041



Fredericton’s Street Tree Management Plan – Phase II 

Part 4: Projections of Future Street Tree Condition 57 

Northside Ward-level Diameter Distribution 

Forecasts of the ward-level diameter distributions for Fredericton’s Northside under the 

Status Quo management scenario show a gradual trend away from the ideal diameter distribution 

(Figure 8).  At the end of the 25-year planning horizon, all wards have the highest proportion of 

their street trees within the 21-40 cm DBH classes.  The ward least skewed toward this DBH class 

was Marysville at 45% while the ward with the highest proportion was Nashwaaksis at 52%.  Along 

with the city-wide distribution, all wards were below the desired level in both the 1-20 and 61+ cm 

DBH classes.  Douglas was projected to follow closely to the trend of having 10% of its inventory in 

the 61 + DBH class. Barkers Point and South Devon both were projected to follow the general trend 

of the ideal distribution by the end of the planning horizon. 
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Figure 8.  Projected diameter distribution for the six Northside electoral wards in the year 2041 under status quo management 
scenario. 
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Future City-level Replacement Value 

 Replacement value was forecasted to remain relatively constant over the 25 year planning 

horizon under the Status-Quo management scenario. The replacement value was projected to grow 

from the current value of $420 million to $444 million over the planning horizon (Figure 9). The 

replacement value is comparable to the non-discounted asset value of the tree population, which 

was used as an indicator of the TFM value, as it was not feasible to model all factors, such as tree 

health, which would be needed to discount the TFM calculation into Asset value. The initial decline 

of value in the year 2017 was due to assumptions made for street tree lifespan, where many trees 

were at the end of their lifespan within the model due to their large DBH. This resulted in a loss of 

the largest DBH classes of trees (most valuable), therefore, explaining the immediate value loss. 

Dead trees were required to be removed within the first two years post mortem.  Following the 

initial value loss from $420 to $401 million in 2017 due to removals of near lifespan trees, the value 

was projected to grow on average by $2.1 million until the year 2030.  It was projected that the 

replacement value would begin decreasing in 2031 due to the increased amount of the inventory 

being in lower DBH classes and thus contributing less to value. 

 

Figure 9.  Replacement value of the Fredericton urban street population forecasted over the 25 year planning horizon 
under status quo management scenario. 
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4.3 Proactive Management of DED 

The recommended management strategy to protect against DED is to proactively use 

DutchTrig® on a yearly injection schedule. DutchTrig® is a biological vaccine for the prevention of 

DED, where the elm tree is injected when it is at 25% leaf expansion (Schraven, 2016), which 

stimulates the tree’s natural resistance, allowing it to fight off a potential DED infection. The 

injection must be implemented annually, because DED only affects the current year’s growth, thus 

requiring a yearly vaccination to prevent the infection of DED. The vaccine contains a fungus that 

triggers an immune response in a healthy elm tree, which stimulates natural resistance to DED 

infection (DutchTrig®, 2016).  The vaccine is not harmful to humans and was approved for use by 

health Canada in 2009 (Health Canada, 2009). The vaccine becomes less effective if DED is able to 

spread by root grafts between infected and uninfected trees (Schraven, 2016).  

Results of pilot studies suggest 99% of treated elms are immunized to DED with annual 

application (Schraven, 2016). Treatment via DutchTrig® requires an injection every 10 cm of DBH 

(DutchTrig®, 2016), at a product cost of $0.60 per cm of DBH. If the City contracted the inoculation 

to an outside source, the City can see a markup of 50% ($1.19 per cm of DBH) to cover the 

contractors costs (Czerwinski, 2016). DutchTrig® must be administered by a licensed pesticide 

applicator in compliance with the Pesticides Control Act (Pesticides Control Act, 2011). 

Three wards in Fredericton have a significant elm component; Sunshine Gardens/East end, 

UNB/West end, and South Devon contain 71% (511 trees) of the significant-sized elms worth an 

estimated $6.8 million in asset value. The cost to protect every significant elm (>20cm DBH) in 

these wards is $35,000/year (Table 8). 
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Table 8. Annual treatment cost associated with DutchTrig® inoculation and asset value of elm trees (>20cm DBH) in 
wards 4, 10, and 11. 

Ward Trees >20 cm DBH 
DutchTrig® 

Treatment (1 Year) 
Asset Value 

South Devon 116 $7,900 $1,400,000 

Sunshine Gardens / 
West End 

175 $12,700 $2,600,000 

UNB / East End 222 $14,500 $2,800,000 

 

4.4 Emerald Ash Borer Infestation Sensitivity Analysis  

 Three rates of mortality were tested as progression rates of EAB infestation following insect 

establishment and discovery (Table 9).  All scenarios maintained a minimum of 5% of ash 

replacement value, as this generally could be expected during an insect infestation due to more 

vigorous or non-susceptible trees surviving EAB infestation (Czerwinski, 2016). The normal 

progression rate scenario of EAB infestation exhibited a gradual loss in value over six years 

following establishment. The slow EAB infestation rate would take a total of eight years to cause 

enough mortality to bring the value down by 95%. While the accelerated progression rate was the 

most extreme and would exhibit a value loss of 95% within four years of insect establishment. 

Table 9.  Normal, slow, and accelerated progression rate scenarios for emerald ash borer (Agrilus planipennis) showing 
the percent loss of ash (Fraxinus spp.) non-discounted asset value for the years following establishment and discovery. 

Scenario 
Percent Value Loss (%) 

1 2 3 4 5 6 7 8 

Normal 1 10 30 50 90 95    

Slow 0 0 1 10 30 50 90 95 

Accelerated 1 25 50 95     

 

 Variations in infestation progression rate were developed to account for different possible 

climatic conditions during the time of infestation.  The normal infestation rate was developed to 

simulate an attack outbreak under average climatic conditions experienced in Fredericton.  The 

slow infestation rate was developed to account for high rainfall during the establishment period 
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(which promotes tree vigor) and thus the ash street trees were able to overcome insect larval 

boring completely for the first two years, while the accelerated scenario was developed to 

represent a drought situation causing further stress to trees during infestation.  These scenarios 

were developed based on recommendations from Czerwinski (2016) as well as research stating 

that drought conditions would cause further stress to trees during wood boring infestation and that 

rain would allow for improved resistance due to improved growth rates (Chakraborty, et al., 2004; 

Larsson, 1989; Koricheva et al., 1998; Raupp et al., 2010; Muilenburg and Herms, 2012). 

 The timing (year) of EAB attack was modeled for potential outbreaks occurring 5, 10, and 

15 years from today (2016). The closest detection of EAB to New Brunswick is ~550 km away 

(Concord New Hampshire – to the South, and Granby, Quebec – to the West) (NBDNR, 2014), and 

based on EAB spread rates observed by Straw et al., 2013, it is believed there is a definite risk of an 

EAB outbreak occurring in Fredericton over the next 5-15. 

The ash component ranged from 2.2-9.7% of the total street tree replacement value of the 

city over the 25 year planning horizon (Figure 10). Today’s asset value of ash street trees is 

approximately $38.9 million and was forecasted to decrease over time to approximately $9.7 

million by the year 2041. The asset value of ash was projected decrease on average by $1.2 million 

per year over the 25 year planning horizon – a result of no longer planting ash under status quo 

management, which the city does not plant any longer (Murray, 2016). 
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Figure 10.  Non-discounted asset value of the Fredericton street tree population as well as the subset of ash (Fraxinus sp.) 

value over the 25 year planning horizon under status quo management scenario. 
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implement TreeAzin® for the entire planning horizon following establishment.  The variations on 

the average costs per year was due to the time of EAB establishment, and therefore, earlier 

establishment begins inoculation of smaller trees which would lower the average cost to treat trees 

per year until the year 2041.  

Minimum DBH thresholds for TreeAzin® implementation were identified for each of the 45 

scenarios (Table 10). The minimum DBH threshold is the smallest diameter tree that the model 

schedules for TreeAzin® treatment under a given scenario – all trees above this threshold are 

scheduled for treatment. It was shown that as the budget availability increased, the minimum DBH 

threshold would decrease for ash trees to be treated.  This was due to the fact that larger trees 

would be worth more to the value; and therefore, these were prioritized and as more budget 

became available smaller DBH classes would also be treated.  Under increasingly accelerated EAB 

progression rates through the city, it was shown that in general, it was more feasible to prioritize 

down to smaller DBH thresholds.  Increasing DBH thresholds under late establishment times were 

projected due to the DBH growth forecasted for the inventory.  Therefore, fewer trees would be 

able to be treated with TreeAzin® at a given budget as trees treated were larger so the cost would 

increase per tree. 
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Table 10. 2021, 2026, and 2031 time of establishment scenarios with varying progression rates and budget availabilities 
following EAB infestation, showing the minimum DBH threshold for TreeAzin® implementation.  DBH thresholds indicate 
the smallest diameter tree that the model schedules for TreeAzin® treatment under a given scenario over a 25 year 
planning horizon for City of Fredericton street tree inventory. 

2021 SCENARIO 

Budget (K $) Slow Normal Accelerated 

50 53 52 51 

100 46 45 41 

150 43 38 38 

200 34 34 35 

250 32 34 32 

2026 SCENARIO 

50 56 58 49 

100 52 43 42 

150 46 38 39 

200 43 35 36 

250 32 33 33 

2031 SCENARIO 

50 58 57 52 

100 52 48 44 

150 50 42 40 

200 44 36 36 

250 37 34 34 

 

Presently, 1% of the ash population (31 trees) are classified as unhealthy, and it should be 

noted that while the decision support system may recommend treating all trees above a certain 

diameter, it does not account for their condition status. As such, it should be realized that unhealthy 

specimens may exist among the trees suggested for treatment – suggesting tree condition should be 

assessed on-site prior to TreeAzin® treatment. 

Maximum tree inoculation thresholds were identified for the 45 scenarios (Table 11). In 

contrast to the decreasing DBH threshold, maximum numbers of ash trees possible to be treated 

with TreeAzin increased with the budget. Under scenarios where EAB establishment would occur 

later in the planning horizon, it was shown that fewer trees could be inoculated with a given budget 

under all progression severities. Similar to the DBH threshold, this trend occurs as a result of 
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increasing diameter growth of the trees over time.  The trend between progression severity rates 

for both DBH threshold and tree quantity thresholds were less apparent than that of time of 

establishment and budget availability. 

Table 11. 2021, 2026, and 2031 time of establishment scenarios with varying progression rates and budget availabilities 
following EAB infestation, showing the maximum number of trees to save with TreeAzin inoculant.  Maximum tree values 
indicate the optimal solution found utilizing linear programming within the framework of Remsoft Spatial Planning 
System v.2015.8.0 over a 25 year planning horizon for the City of Fredericton street tree inventory. 

2021 SCENARIO 

Budget (K $) Slow Normal Accelerated 

50 178 180 180 

100 406 413 409 

150 659 664 666 

200 945 940 934 

250 1233 1212 1186 

2026 SCENARIO 

50 171 172 172 

100 379 387 390 

150 608 627 635 

200 860 894 881 

250 1144 1156 1134 

2031 SCENARIO 

50 166 165 167 

100 366 367 372 

150 579 589 603 

200 811 841 849 

250 1066 1099 1083 

 

4.5 Proactive Management: Emerald Ash Borer Decision Support System 

A multiple regression analysis was conducted with StatView v.5.0 statistical software on the 

DBH threshold results of 45 modeled EAB scenarios. A multiple regression analysis is valuable 

because it enables an unknown variable to be predicted given the knowledge of two or more 

contributors.  This allows the determination of the significance that each variable contributes to the 

end result. The regression analysis was conducted to create a predictive formula for minimum DBH 

thresholds to be treated under given budget availabilities and times of insect establishment 
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(Equation 8). Progression severity data were not integrated into the analysis as their impact was 

not shown to be statistically significant (Appendix F). To produce values that only implemented 

budget and years from now (see Appendix F for statistical viability) the average DBH threshold was 

taken between the three progression severities. The standard error between averages resulted in a 

7% deviation from the mean, which was assessed using a 95% confidence interval. 

                                                                𝐷𝐵𝐻𝑇 = (0.366 ∙ 𝑌) − (0.1 ∙ 𝐵) + 53.93                                       (Eq. 8) 

where          

DBHT = DBH threshold 
Y = years from now 
B = Budget constraints (K $) 

As the years from now in which EAB establishes occurs later in the planning horizon, the 

DBH threshold that could be treated would increase, therefore less trees could be treated under the 

given budget.  As budget increases the DBH threshold that can be treated would decrease, therefore 

more trees could be treated.  This equation was found to not be applicable for a budget less than 

$10,000.  This was because at those DBH thresholds, the equation modified the results by less than 

10%.   The formula was verified by comparing the modeled values and showed a discrepancy of less 

than 3%. 

While the aforementioned method is more accurate, it relies on the assumption that the 

time of EAB arrival would be known.  In the instance that EAB arrival cannot be predicted the 

following reconstruct of the formula can be used (Equation 9): 

                                                                     𝐷𝐵𝐻𝑇 =  57.59 − (0.1 ∙ 𝐵)                                                          (Eq. 9) 

 The formulas developed are only applicable to Fredericton’s street tree inventory current 

state and projections.  The formula developed could have many applications for management 

decisions and risk analysis regarding prioritizing tree maintenance under given EAB establishment 

assumptions.  The formula could be applied in a proactive management strategy to minimize the 
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impact of an EAB infestation, which would maximize the value for any money spent on saving ash 

street trees.   

An estimate of time of arrival could be applied, and estimates for budget availability to treat 

ash trees with TreeAzin® could be made.  Given these decisions, and under a proactive 

management scenario, only ash trees greater than the DBH threshold found with the decided inputs 

would be saved and proactive removals could take place.  There would be a risk in estimating when 

EAB would reach Fredericton, and how much budget would be available.  However, it would help to 

alleviate very high expenses for ash tree removals given an attack where no proactive management 

was done.  TreeAzin® must be implemented annually and therefore, this would be a long term 

annual investment and would be required as long as the ash trees were to be maintained or until 

the insect infestation ceases.  This decision support system provides management options to 

maximize the value of the current ash trees within the city of Fredericton, while allowing areas with 

high ash density to be diversified prior to infestation. 

4.6 Assessment and Monitoring Guidelines 

Resampling of the current inventory is necessary as the street tree population changes over 

time. It is recommended that the city develop and implement a strategy to continually update their 

inventory to reflect trees that have been removed, pruned or newly planted. Additionally every tree 

should be re-evaluated once every 5 years. This re-evaluation should coincide with a regular 

pruning schedule which should visit each tree every 5-7 years. 

 Based on results from the inventory of the Northside street tree population, a 2 person crew 

can inventory an average of 30 trees per hour. To re visit every tree in the Northside inventory 

within a 5-year time period would take an estimated 140 person hours per year, not including 

travel time. Additional work is required to update the data base with new inventory data.  The cost 
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to conduct this assessment will vary. The city of North Victoria reports a cost of 15$ per tree and 

includes this in their pruning cost.   

 Routine monitoring should include an assessment of insect or disease presence and 

potential failure points within the tree. This allows trees in need of removal to be detected early. 

Ongoing evaluations through time enable the city to gauge performance of different tree species. 

This information can be used to further guide the species selection process.  

 There are alternatives to traditional inventory methods that may prove more cost effective. 

Airborne Light detection and Ranging (LiDAR) technology can provide a wealth of inventory 

information about street trees as well as trail and park trees (Shrestha and Wynne, 2012). LiDAR 

data can be combined with hyperspectral imagery to determine tree species (Alonzo et al., 2014).  

Although these methods provide a considerable amount of useful data, significant expertise is 

required to collect and process this type of data.  

4.7 Species Selection Recommendations  

A balance needs to be found between planting of suitable introduced species and 

maintaining native species within Fredericton’s street tree population. While many native species 

such as sugar maple, red oak and white elm are desirable street trees it is important to consider 

how a changing climate may affect performance of native species.  

Following these guidelines will improve species diversity within the street tree population, 

reduce the number of trees susceptible to insect and disease outbreak, and ensure that any planted 

trees are adaptable to a changing climate.  

The City of Fredericton has already stopped planting certain undesirable species. With the 

impending arrival of EAB the city has not planted ash for several years. Norway maple (Acer 

platanoides L.) has also been removed from the planting list due to its over representation in the 
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street tree population. This species is also considered by many to be invasive (Nowak and 

Rowntree, 1990). Conifer species often have low crowns that create visibility issues for motorists 

and are not planted as street trees.  

Street tree species selection for the City of Fredericton should shift towards those that are 

better suited for the urban environment and will likely be able to tolerate changes in climate. To 

meet diversity objectives, a minimum of 10 different species need to be planted (10% of inventory) 

in equal proportions. Species such as swamp white oak (Quercus bicolor  Willd.), pin oak (Quercus 

palustris Muenchh.), honey locust (Gleditsia triacanthos L.), black locust (Robinia pseudoacacia L.), 

pears (Pyrus spp.), serviceberries (Amelanchier spp.), japanese lilac (Syringa reticulata [Blume] H. 

Hara), hawthorns (Crataegus spp.), white mulberry (Morus alba L.), kentucky coffee tree 

(Gymnocladus dioicus [L.] K. Koch.), and hackberry (Celtis occidentalis L.) are all introduced 

species that are likely to perform well.  Nowak (1990) found that honey locust, red oak (Quercus 

rubra L.), and white oak (Quercus alba L.) performed better than white elm, norway maple and 

sugar maple as street trees. Mid and early successional tree species, such as white oak and honey 

locust, also tend to perform better in the urban environment (Quigley, 2004). Many of these 

introduced species are predicted to be better adapted to climate change than many native species 

(Rostami, 2011). While all of these species are susceptible to specific pathogens, maintaining 

diversity within the street tree population can reduce the impact of these pathogens (Lacan and 

McBride, 2015).  

In addition to other listed species, DED resistant forms of Elm are already planted by the 

city and this practice should continue. While not totally immune to the fungus, these varieties offer 

an alternative to native elms that require frequent maintenance and monitoring (Townsend et al., 

2005).  
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To address issues with overhead utility lines, it is recommended that small statured trees be 

planted in these locations whenever possible. Small statured trees that are suitable for 

Fredericton’s environment include hackberry, hawthorn, japanese lilac, and serviceberry. Small 

statured trees do not grow to a height that will cause severe conflicts with utility lines. While this 

strategy has the benefit of reducing pruning needs around power lines, additional elevation pruning 

may be required to improve visibility.  

Although it is a desirable street tree, sugar maple is over represented across the entire city. 

Red maple is also over represented across most wards. The proportion of maples planted should be 

reduced substantially. If the over representation of maple is perpetuated through its continued 

planting, a large proportion of the Fredericton street tree population could be lost to a single 

disease or pest outbreak.  The potential implications of this need not be discounted. One need only 

look at the past events of DED and the current outbreak of EAB in other cities to see the 

consequences of homogeneity in an urban tree population. 

Ward Specific Planting Guidelines  

 The Northside wards vary considerably in their species distributions. The following are 

recommendations to guide planting decisions at the ward level (Table 12). Reducing the number of 

certain species has been recommended when that species is over represented, susceptible to 

disease or is an undesirable street tree (e.g. a conifer species).  Actively removing trees that are 

over represented in the inventory is not recommended as this would also eliminate the ecosystem 

services provided by that tree and in turn, reduce values of an urban forest.  

 In developing these guidelines both the current inventory and the availability of certain 

types of planting sites has been considered. This is in addition to the goals and objectives outlined 

herein. Ward specific considerations with regards to sites and other values have also been made 

where appropriate.  
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Nashwaaksis  

Nashwaaksis has the highest proportion of ash in the inventory all of which will need to be 

replaced as EAB arrives (Except for ash saved by TreeAzin®).  This ward also has a high proportion 

of maples. Many of the planting sites in this ward, especially in the newer subdivisions, have a high 

harshness rating. These sites are suitable to small statured, highly tolerant trees such as hawthorn 

and serviceberry.  

Fulton Heights 

Fulton Heights will not see as severe of a loss from EAB management but has a significant 

proportion of maple species. Planting of maples should cease entirely in this ward. Oaks are also 

highly represented in this ward. Many high quality planting sites exist in Fulton Heights and these 

are the best sites to plant large statured elms. These are also some of the only sites that support 

birches. The proportion of honey locust could also be increased in this ward on some of the harsher 

sites.  

South Devon  

South Devon has the highest proportion of large white elms on the Northside and was the 

only ward on the Northside where elms were originally planted as street trees. Maintaining these 

elms is a high priority for the city of Fredericton despite the expense associated with managing 

DED. The history of elms in this ward warrants the planting of resistant forms such as princeton 

white elm (a cultivar of Ulmus americana), and other hybrids. Over time these new plantings will 

replace any large elms lost to DED and restore the character of this ward. Large statured native 

trees such as red oak would also fit well with the historic properties in South Devon. In addition, 

South Devon will see a significant loss to EAB. Small leaved lindens are also over represented in this 

ward.  
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Douglas 

Douglas has the second highest proportion of ashes on the Northside and one of the largest 

proportions of softwood and maples. There is an opportunity to increase the proportion of honey 

locust and a small increase in oaks would not impact species diversity in this ward. Many of the 

yellow and white birches (Betula alleghaniensis Britt. and Betula papyrifera Marsh., respectively) 

are planted on suitable sites and should be maintained. 

Barker’s Point  

Barker’s Point has the lowest proportion of maples of all wards, although it is still at an 

unacceptable level. The only other issue in this ward is a high proportion of softwood and a large 

ash component. An increased proportion of oaks should be planted in this ward to reduce the maple 

dominance. Birches can be maintained or increased. There are also a fair number of elm that should 

be maintained in this ward. 

Marysville  

  Marysville has the second highest proportion of ashes and like other wards an over 

representation of maple. There are opportunities for a modest increase in the number of oaks, but 

most planting efforts should focus on honey locust in favor of maples. Resistant forms of elm are 

also under represented in this ward.  
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Table 12.  Ward specific species selection recommendations for Fredericton’s Northside Street tree population based on 
current diversity, planting site availability and species characteristics. Species that are over represented in each ward are 
listed as do not plant. 

Ward  Increase Number Planted Maintain Number 
Planted 

Do not Plant 

Nashwaaksis 

Honey Locust 
Serviceberry 
Hawthorn 

Swamp White Oak 
Maple 
Ash 

Fulton Heights 
DED Resistant elm 
Honey Locust 

Red Oak 
 

Maple 
Ash 

South Devon 
DED Resistant Elm 
Swamp white oak 
Serviceberry 

Red Oak 
Maple 
Ash 
Linden 

Douglas 
Honey Locust 
Oaks 

Birches 
 

Maple 
Softwood (spruce & pine) 
Ash 

Barker’s Point 
Oaks 
Honey Locust 

Birches 
Elms 
 

Maple 
Softwood (spruce & pine) 

Marysville 
Honey Locust 
DED Resistant Elms 

Oaks 
 

Maple 
Ash 

 

Site Suitability Guidelines  

Hazard reduction begins with selecting the proper tree species for a given site. This ensures 

tree vigour is maximized and longevity is increased. Small statured trees have higher survival rates 

when planted on boulevards and have less pruning needs if planted under overhead utility lines. 

The following table provides a guide to select a replacement tree for a specific planting site. While 

this is a useful tool for narrowing down a specific species, good judgement and a proper assessment 

of all planting site characteristics is important.  

 Classifying a site is a first step. This indicates which species tolerance values are suitable for 

a given site. Refer to the species tolerance values in Appendix C for a list of species and their 

tolerance values. If the site has restricted rooting space (located on a boulevard) or is underneath 
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overhead utility lines then a tree from the small statured tree list (Appendix C) should be selected. 

The ward specific planting recommendations must also be considered when selecting a species (see 

previous section for recommendations). 

Table 13.  Species selection guidelines based on site harshness and stature restriction values. Refer to Species harshness 
rating list and small statured trees list.  

Step Site Harshness Stature Ward Level Diversity 

Protocol 
Eliminate all species with a 
tolerance value below site 
harshness value 

If site is on a boulevard 
or under utility lines 
select only a small 
statured tree 

Select a species that is in 
line with the ward specific 
species diversity 
guidelines 

 

4.8 Pruning and Maintenance Guidelines 

 A proper pruning protocol and procedure will eliminate hazards before they develop. 

Regular pruning improves the structural form of street trees, removes dead limbs and allows for a 

regular inspection of the tree. Efforts should focus on pruning smaller young trees which 

encourages good form early on. It is less expensive to prune younger trees than to correct 

structural defects that develop on older trees (Ryder and Moore, 2013). There is also the 

opportunity to “train” young trees to grow away from overhead utility lines if the decision is made 

to not plant small statured trees in these locations.  

 Different species have different pruning needs. Norway maple and white elm tend to 

require more pruning than white oak and honey locust (Nowak, 1990). Although the needs vary by 

species, trees should be assessed for pruning needs, and accordingly pruned, every 5-7 years. 

Pruning costs can range from $91 to $128 for a mature tree and is influenced by tree diameter 

(Vogt et al., 2015).  

 Not every tree in the inventory needs to be pruned, and nor should be. Most of the pruning 

efforts should focus on smaller, recently established trees up to 15cm in DBH (3,600 trees in 
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current inventory). Large mature trees should only be pruned if this operation is likely to increase 

their health, longevity or in cases of high value trees. Except to address specific hazards, pruning of 

old declining or unhealthy trees, especially those with trunk wounds or cracks, should be avoided.  

 A regular and well developed pruning program will reduce the number of annual removals 

conducted by the city. Luley et al., (2002) found that pruning of street trees effectively reduced the 

number of removals and requests for service.  This will reduce removal costs and in turn reduce 

planting costs, as tree longevity will be increased. 
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Part 5: Conclusion 

The principal goal of the Fredericton Street Tree Management Plan (Phase II) was defined 

as: Present the city of Fredericton with a management plan designed to promote the health, 

resistance, diversity, and asset value of the Fredericton street tree population through management 

recommendations and the provision of decision-making tools. The satisfaction of this goal was 

accomplished through analysis of current conditions (as determined from an inventory of 100% of 

the street tree population), exploration of imminent damaging threats, and forecast modeling of 

population changes through time. Several objectives were set as specific and achievable targets to 

provide direction and monitor progress over the course of the 8-month period during which this 

management plan was completed (Table 14). Furthermore, desired outcomes of each objective 

were identified either to assess current street tree conditions, or to provide future targets to work 

towards. Each desired outcome is assigned a final status (Table 15) that reflects the state of the 

outcome as of the completion date of this management plan. 

Table 14.  Descriptions of the 4 objectives developed to satisfy the principal goal of this management plan. 

Objective Description 

1 
Determine the current health, resistance, and diversity of the Fredericton street tree 
population 

2 
Estimate population asset value, as well as the value of ecosystem services provided 
by Fredericton's street tree population 

3 
Model future impacts of imminent damaging agents, as well as Fredericton's status 
quo management strategy, over the next 25 years 

4 
Provide management recommendations to mitigate negative effects associated with 
the damaging agents most relevant to Fredericton's street trees 
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Table 15.  The various methods used to provide measurable values for each objective, as well as desired outcomes of each 
method. Also presented is the final status of desired outcomes developed to best satisfy each objective. 

 

Objective Method Desired Outcome 
Outcome 

Status 

1 

•   Assemble an inventory of 100% of 
Fredericton's Northside street tree 
population 

Healthy individuals to make up 
>95% of the street tree population 

Achieved 

No single species to contribute more 
than 10% of the species composition 
of each electoral ward 

Achieved 
•   Determine current species 
composition of the population 

•   Define and determine current 
health of the population Limit the number of individuals in 

each electoral ward vulnerable to 
imminent damaging agents to less 
than 10% of the ward's street tree 
population 

Ongoing 
•   Determine the susceptibility of the 
population to suffer damage or 
mortality from imminent damaging 
agents 

2 

Generate results through a public 
perception survey and hedonic 
pricing methods 

Estimate the value placed on cultural 
services provided by the Fredericton 
street tree population 

Achieved 

Identify & employ methods of 
valuing carbon storage, rainwater 
interception, and energy savings 

Estimate the current value of 
regulating services that Fredericton's 
street trees provide 

Achieved 

Apply trunk replacement formulae to 
each tree in Fredericton's street tree 
population 

Estimate the asset value of the 
Fredericton street tree population 

Achieved 

3 

Model the future condition of the 
street tree population under 
Fredericton’s status quo 
management strategy 

Estimate loss in value of 
Fredericton's street tree population 
resulting from imminent damaging 
agents  

Achieved 
Model the future condition of the 
street tree population under 
different scenarios involving the 
most imminent damaging agents 

4 

Develop a planting site classification 
system to be used in future planting 
decisions 

Maximize the health, stability, and 
longevity of Fredericton's street tree 
population 

 Ongoing 

Explore methods of managing the 
most imminent pest threats 

Minimize the loss of trees to pest-
related mortality 

 Ongoing 
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 The first objective was assessed on species composition, individual tree health, and general 

susceptibility to damaging agents. Analyses indicated that Fredericton’s street tree population is 

96% healthy, and that ward-level species diversity is not a concern. As of the completion of this 

plan, the outcome to limit vulnerable individuals to <10% of ward populations is not met; however, 

with the implementation of this management plan and the recommendations herein, that desired 

outcome is achievable. 

 The second objective was assessed on the provision of value estimates. Through the dollar 

estimates of asset value and ecosystem services ($195 million and $2.3 million/year, respectively), 

all desired objectives were achieved. The third objective was assessed on results generated from 

model scenarios. Through the exploration of future population conditions and observations of 

value, the desired outcome was achieved.  

 The fourth objective deals with recommendations to assist Fredericton in the management 

of the street tree population, and therefore, its desired outcomes pertain to improved future 

population conditions. The desired outcomes of objective 4 did not receive a final status of 

achieved, and nor should they have; managers of valued resources, especially resources with such 

broad spectrums of benefits as street tree populations, should perpetually endeavor towards the 

continued improvement of their resources. It is believed that the recommendations of this 

management plan, a list of which follows, can aid Fredericton in the betterment of its street tree 

population.      

1. To ensure resiliency to climate change, it is recommended that species selection for 

Fredericton’s street tree population shift to more introduced species that are well suited to 

the urban environment. Species selection needs to account for a warming climate as well. 

The planting of any maple species should cease entirely for the time being, as these species 

are over represented in the inventory.  
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2. New plantings should follow the procedure outlined herein for site and species selection. 

These guidelines will increase tree longevity, reduce conflicts with utility lines, and reduce 

losses of newly planted trees.  

3. The current inventory needs to be updated with new information as the street tree 

population changes. This is a vital step in making well informed management decisions. It is 

recommended that each tree be visited at least once every 5-7 years.  

4. Regular pruning of young trees in the inventory should be conducted along with some 

pruning of healthy, older, high value trees. Young, healthy trees are likely to have the 

greatest longevity and offer the best return on any investment in pruning. Old, large, 

declining or injured trees should only be pruned if they present a specific hazard.  

5. DED will be effectively managed through use of the DutchTrig® vaccine and through 

planting of resistant elm varieties. The DutchTrig® vaccine will protect many of the older 

significant elms currently in the inventory. This treatment is recommended for wards 4, 10, 

and 11 which have most of the significant elms. Planting of resistant forms of elm will also 

maintain their presence in the street tree population.  

6. EAB presents an imminent threat to Fredericton’s ash trees. The best strategy to maintain 

ash trees within the street tree population is to use the insecticide TreeAzin®.  

7. The public perception survey should be implemented at full scale. A minimum of 400 

respondents would be necessary to have significant data. The survey could be distributed 

through mail, online or incorporated into the Fredericton citizen attitude survey.  This will 

gauge public opinion regarding management of the Fredericton Street tree population and 

may help guide management decisions. 
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The Fredericton Street Tree Management Plan (Phase II) was developed by the 

2016 graduating class of Foresters from the University of New Brunswick; therefore, its 

implementation, as a whole or in part, hinges on the approval of Fredericton’s City Forester. 

Furthermore, this plan requires the co-operation of private organizations, Fredericton 

residents, outlying communities, and associated government agencies in order to meet the 

objectives laid forth in this plan in a timely manner.
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Glossary 
Acadian Tree Species 

- The native tree species of the Acadian Forest Region; this region covers most of the 

Maritime Provinces as well as the northeast of the United States in New England. 

Predominant species include red spruce, balsam fir, and yellow birch. 

Canopy Cover 

- The proportion of the vertical projection of the outermost perimeter of foliage (canopy) to 
the forest floor. 

Carbon Sequestration 

- The removal and storage of carbon from the atmosphere through biological processes such 
as photosynthesis. The carbon storage accumulates through time as trees grow. 

Council of Tree & Landscape Appraisers 

- A group of volunteer representatives from seven national and international organizations 
with the goal of producing a guide for tree and landscape appraisal. These individuals 

include foresters, tree-care contractors, landscape architects, nursery growers and retailers, 

academia, arborists, and forest product and arboricultural appraisers. 

Geographic Information System (GIS) 

- A geospatial computer program designed to visualize, store, analyze, interpret, and manage 
spatial and geographical data. It can provide cost savings from greater efficiency, makes 

better decisions about location, organizes record keepings and improves communication in 

understanding spatial situations.   

Hazard Tree 

- A tree that has potential to fail due to a structural defect (within the trunk or branches) that 

can cause property damage or personal injury. A hazard tree classification system was 

created based off of the inventory data.  

Immediate Removal Tree 

- High hazard street trees that must be removed immediately due to its threatening 

characteristics including hollow trees, a large wound is present, and if the tree’s health was 

considered dead, moribund or severely declining.  

Integer 

- A whole number which cannot be subdivided into a fraction (ie. street tree = 1 always; 
Forest stand = 5.56 hectares and can be split for optimal solutions). 

Introduced Species 

Any tree species that is not native to the area. It could be accidentally or deliberately 

brought to the new area. Also known as exotic species. 
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LiDAR 

- A remote sensing method that measures variable distances to the Earth and other feature 
attributes using light in the form of pulsed lasers. Within an urban forest, it can provide 

accurate and precise attributes such as tree heights and volumes.  

Linear Programming 

- Mathematical technique for finding optimal solutions to problems that can be expressed 

using linear equations and inequalities. 

Moribund 

- A state of terminal decline; lacking vitality or vigour of a healthy tree. 

Native Species 

- Any tree species that occur naturally in an area that were not accidentally or deliberately 

introduced. They are adapted the local soil and weather conditions thus are hardier and 

more disease resistant. 

Normalized Difference Vegetation Index 

- This index is a graphical indicator that is used in analyzing remote sensing measurements 

which reveals live green vegetation or no vegetation. 

Phenotype 

- The tree’s physical traits expressed from its genes which include all visual attributes. 

P-Value 

 The probability that a tested parameter has no impact on a resulting outcome. 

Silvics 

- The study of the life history and characteristics of forest trees and stands to specific species. 

The basis for the practice of silviculture. 

Standard Error 

 The standard error quantifies the mean of the sample compared to the mean of the 

population. 

Status Quo 

- The existing state of affairs (eg. current management practices scenario). 

TreeAzin® 

- A systemic injectable insecticide owned by the Canadian Forest Service (CFS) and was 
developed in collaboration with BioForest. BioForest holds its license worldwide and 

distributes it within Canada. TreeAzin® provides up to 2 year control of emerald ash borer, 

Gypsy moth, red elm bark weevil, tent caterpillars, budworms, leafminers, and sawflies. 
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Appendix A: Detailed Inventory Collection Methodology 

Inventory  

A detailed inventory of Fredericton’s Northside street tree population was the primary focus of 

the 2015 fall semester. The first three weeks of September 2015 were used to define the 

parameters of the inventory. Decisions were made about what data was going to be collected in the 

field, how data was going to be collected, and how the data was going to be processed.  It was 

decided that this was to be a 100% inventory of Fredericton’s Northside street tree population, and 

not a sample. It was decided that eight different measures of each tree would be inventoried. These 

measures were: (1) tree species, (2) tree DBH, (3) tree height, (4) percent live crown, (5) presence 

of trunk wound ≥50% of the tree’s circumference, (6) presence of trunk crack, (7) tree crown 

proximity to power lines, and (8) whether the tree required immediate removal.  

In assessing the percent live crown, trees were examined for crown dieback (an early indicator 

of stress, commonly seen on the upper and outer edges of crowns), and foliage transparency.  

A wound can be defined as an injury in which the cambium is dead or fully detached from the 

tree, exposing the sapwood (Ministry of Forest Lands and Natural Resource Operations, 2007). A 

decline in tree growth is generally exhibited when 50% of the cambium around the circumference 

of a tree is jeopardized, and dieback/decline is to be expected when 75% of the cambium is 

disrupted (Ministry of Forest Lands and Natural Resource Operations, 2007). A decline in tree 

growth is generally exhibited when 50% of the cambium around the circumference of a tree is 

jeopardized, and dieback/decline is to be expected when 75% of the cambium is disrupted (Neely, 

1987); therefore, any wound ≥50% in circumference was recorded in the inventory to be later 

employed in tree health condition classification system (Part 2.3). 
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DBH was measured with a standard DBH tape taken at 1.3 m above ground level, on the side 

where ground level was highest. Height was primarily measured with an electronic hypsometer, 

but a manual clinometer was available as a secondary option. Live crown percent class was 

determined visually by one of the group members gathering inventory data. The live crown classes 

were: ≥90%, ~75%, ~50%, ~25%, and dead. Such broad categories were chosen during inventory 

design to reduce assessor bias/subjectivity. Overhead power line classes were also determined 

visually using the following classes: lines touching crown, lines overhead (meaning they would 

likely touch the crown in the future), or no lines overhead. To reduce human error in data collection 

due to subjectivity, all data collectors practiced assessing percent live crown and power line classes 

as a group prior to the commencement of data collection as a form of calibration. 

An informative pamphlet was created that was given to members of the public who showed an 

interest in our activities. The pamphlet outlined the goals of the project, introduced some benefits 

of a street tree management plan, provided some results from the Phase 1 analysis, and listed the 

attributes of each tree that was being collected during the inventory. Contact information was also 

provided so that the public could have any additional concerns addressed. 

Three Trimble® GPS units were used for field data collection, two of which were owned by the 

UNB Forestry faculty and the third was borrowed from the City of Fredericton. These units were 

used because they are an industry standard as a result of their accuracy and reliability (Hyyppä et 

al., 2012). 

 A large map of the city that displayed Fredericton’s Northside city boundaries, as well as the 

Maliseet reserve lands, was plotted. The Northside was divided into smaller, manageable sections 

that were also displayed on the map. Street trees within the Maliseet reserve were not inventoried 

because the land is federally owned and is managed separately from the municipal land. Smaller 
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maps of the road network were printed off to be taken into the field with the inventory groups for 

navigational purposes and to keep track of which streets had already been inventoried. 
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Appendix B: Detailed Data Management, Verification & Correction Methodology  

Field Data Processing 

Field data was transferred as individual files into the GPS Pathfinder environment for 

differential correction. Post code and carrier processing was performed. Base data from the 

University Navstar Consortum (UNAVCO) Fredericton (Sa56) tower were used. Only corrected 

positions were maintained after differential correction. Data was exported from the proprietary 

Trimble file format corrected standard storage file (.COR) to the shapefile format (.SHP).  

Database Management  

To assign civic addresses to the point features collected, an address locator was created 

using the GeoNB address point feature. Each point was assigned the nearest civic number and 

street name. To allow storage in a geodatabase, the shapefiles were exported to an Environmental 

Systems Research Institute (ESRI) feature class. Each individual feature class could then be 

assimilated into the main dataset.  

Data Quality Control  

 The database was routinely checked for duplicate records that were entered twice or for 

data points that were collected multiple times. Duplicate records were deleted. Once the data 

collection process was complete, the database was systematically evaluated for anomalous 

attribute values. Excessively high diameter or height values were flagged for re-evaluation during 

the data verification process (Part 2.2). Height and diameter values that were very high or very low 

were also flagged for verification. 

Data Verification & Correction 

 A data correction procedure was undertaken to verify or correct outlying data points, with 

the goal of presenting the city of Fredericton with as accurate an inventory as possible. In order to 

justify which trees were re-visited and re-measured, a height-to-diameter ratio was applied to 
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every tree in the inventory data set. The resulting ratio values were used to divide the data set into 

three classes:  ≤ 15, 16-124, and ≥ 125. This division was derived from the fact that a tree with a 

height >125 times the size of its diameter cannot structurally support itself (personal 

communication with Dr. J. Kershaw, November, 2015), and that trees <15 times as tall as their 

diameters were considered atypical. The >125 class included both newly planted trees and large 

mature trees. Newly planted trees were excluded from the class by removing all trees with 

diameters less than 5 cm; regardless of whether or not newly planted trees have a structurally 

viable height-to-diameter ratio, the city stakes them after planting, so they were of little concern. 

After removing newly planted trees from the >125 class, and including all <15 class trees, the total 

sum of trees that were re-visited and re-measured was 128.   

To minimize the potential for human error, a single team of three people re-visited all trees 

and heights and diameters were methodically measured a second time following the same 

procedures. The second measurements were assumed to be correct, and replaced the initial 

measurements in the inventory data set.  

 Any tree that had failed to be identified during the inventory process was re-visited and 

identified (43 trees). If identification could not be made in field, then a leaf and twig sample was 

brought to the university and identified with the aid of instructors or the UNB herbarium.  

The species in the inventory whose final tallies in the data set included less than 10 

individuals were considered rare in the inventory, and all rare individuals were re-visited for 

species verification (166 trees). Many of the rare species were only tallied once; therefore, the 

correct identification of these trees was even more critical than the common trees, because there 

existed high probability of listing a species in the inventory that does not currently exist in the 

Fredericton urban street tree population.  
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Identification Audit Results 

Table 16 presents the results of the identification audit. When read across the rows, the 

table depicts species identification as recorded in the original inventory data set. When read down 

the columns, the table depicts species identification as verified during the identification audit. If 

trees were verified during auditing as correctly identified in original data set, they fall along the 

green number line. Any variation from the green line represents a tree that was incorrectly 

identified in the original inventory data set. Numbers off of the green line, but still within the 

confines of a box, represent trees incorrectly identified to species, but correctly identified to genus 

(blue numbers). Numbers off of the green line, and also outside of a box, represent trees that were 

incorrectly identified to both species and genus (red numbers). 
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Table 16.  Results of identification audit. Numbers along borders correspond with species listed beneath. Green text are 
trees verified as correctly identified in original inventory data set, blue text are trees incorrectly identified to species, but 
correctly identified to genus in original data set, and red text are trees incorrectly identified to both species and genus in 

original data set. 
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Appendix C: Species Tolerance and Site Harshness 
 

Table 18. Distribution of trees within the fourteen different microsite classification types in each of the six Northside 
electoral wards for the Fredericton Northside street tree population. 

Microsite 
Classification 

Barker's 
Point 

Douglas 
Fulton 

Heights / 
North Devon 

Marysville Nashwaaksis 
South 
Devon 

Total 

1  29 33 66 22 26 21 197 

1H 12 24 6 9 7 24 82 

2  38 70 145 97 118 67 535 

2H 25 23 29 29 32 37 175 

2R 40 18 8 40 4 8 118 

3  255 793 972 551 898 523 3992 

3H 160 282 146 212 189 353 1342 

3R 239 357 208 207 165 147 1323 

4  2 5 6 3 2 1 19 

4H 3 5 2 1 2 1 14 

4R 210 327 276 278 364 224 1679 

5  2 1 5 2 4 1 15 

5H 0 1 2 2 2 1 8 

5R 58 141 201 150 279 120 949 

 

Table 17. Maximum acceptable site harness value for species found in the Fredericton street tree population. A species 
should not be plant on a site with a species site harness greater than its tolerance value. 

1 2 4 5

Eastern Hemlock American Beech American Basswood Katsura American Sycamore Black Locust

Eastern White Pine Gray Birch American Mountain Ash Lodgepole Pine Arborvitae Bur Oak

European White Birch Hybrid Poplar Amur Cork Tree Lombardy Poplar Austrian Pine Hackberry

White Birch Ironwood Amur Maple Northern Red Oak Black Ash Hawthorn

Willow Japanese Larch Apple Norway Spruce Black Cherry Hedge Maple

Yellow Birch Largetooth Aspen Balsam Fir Ohio Buckeye Chinese Elm Honey Locust

Pin Cherry Black Spruce Princeton White Elm Eastern White Cedar Japanese Lilac

Red Spruce Blue Spruce Red Maple Elm Hybrid Paperbark Maple

Scots Pine Butternut Red Pine Freeman Maple Pear

Silver Maple Catalpa Scotch Elm Green Ash Pin Oak

Tamarack Cherry Silver Poplar Horse Chestnut Swamp White Oak

Choke Cherry Slippery Elm Jack Pine Turkish Hazel

Cottonwood Hybrid Sugar Maple Juniper Weeping Mulberry

Eastern Cottonwood Trembling Aspen Kentucky Coffee Tree White Mulberry

European Beech White Ash Manitoba Maple

European Mountain Ash White Elm Norway Maple

Japanese Maple White Spruce Plum

Red Ash

Serviceberry

Shingle Oak

Siberian Elm

Small-leaved Linden

White Oak

Species Tolerance Values

3
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Table 19. List of tree species from the Northside street tree inventory that are under 12 metres in height. 

Tree Species 12m Height or Less 

American Mountain Ash Hedge Maple 

Amur Cork Tree Honey Locust 

Amur Maple Ironwood 

Apple Japanese Lilac 

Arborvitae Japanese Maple 

Balsam Fir Juniper 

Black Locust Katsura 

Black Spruce Lombardy Poplar 

Blue Spruce Norway Maple 

Butternut Paperbark Maple 

Chinese Elm Pear 

Choke Cherry Pin Cherry 

Eastern White Cedar Plum 

European Mountain Ash Scots Pine 

European White Birch Serviceberry 

Gray Birch Turkish Hazel 

Hackberry White Mulberry 

Hawthorn White Spruce 
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Table 20. Species ratings derived from the City of Fredericton’s Parks and Tree Division. These values are applied as 
discount ratings to calculate tree replacement costs. 

Species Rating 

Amabilis fir 0.6 European Beech 0.7 Plum 0.4 

American basswood 0.6 European larch 0.6 Princeton White Elm 0.7 

American beech 0.6 European mountain ash 0.5 Red alder 0.5 

American mountain ash 0.4 Flowering pear 0.8 Red ash (Green ash) 0.2 

American Sycamore 0.8 Fraser fir 0.6 Red maple 0.7 

Amur Cork Tree 0.6 Freeman maple 0.8 Red pine 0.6 

Amur maple 0.7 Ginkgo 0.6 Red spruce 0.7 

Apple 0.6 Glossy buckthorn 0.1 Red-osier dogwood 0.2 

Arborvitae 0.5 Grand fir 0.6 Scots pine 0.4 

Austrian pine 0.4 Gray birch 0.4 Scotch Elm 0.7 

Balsam fir 0.6 Hackberry 0.7 Service berry 0.6 

Balsam poplar 0.4 Hawthorn 0.6 Shagbark hickory 0.8 

Bigleaf maple 0.7 Hedge Maple 0.5 Shingle oak 0.7 

Bitternut hickory 0.8 Himalayan birch 0.4 Siberian elm 0.4 

Black ash 0.3 Honey locust 0.7 Silver birch 0.4 

Black cherry 0.5 Horse chestnut 0.6 Silver maple 0.5 

Black cottonwood 0.4 Hybrid poplar 0.4 Silver poplar 0.3 

Black locust 0.6 Ironwood 0.7 Slippery elm 0.3 

Black oak 0.8 Ivory lilac 0.7 Small-leaved linden 0.6 

Black spruce 0.6 Jack pine 0.4 Staghorn sumac 0.2 

Black walnut 0.8 Japanese cherry 0.4 Swamp White Oak 0.8 

Blue spruce 0.7 Japanese maple 0.6 Sugar maple 0.8 

Bur oak 0.9 Japenese larch 0.6 Tamarack 0.5 

Butternut 0.3 Japenese lilac 0.7 Trembling aspen 0.3 

Canada plum 0.4 Juniper 0.6 Turkish Hazel 0.6 

Canada yew 0.2 Katsura 0.7 Tulip tree 0.6 

Cherry 0.4 Kentucky Coffee Tree 0.3 Viburnum 0.4 

Chinese elm 0.3 Largetooth aspen 0.3 Weeping Mulberry 0.6 

Choke cherry 0.4 Lodgepole Pine 0.4 White ash 0.3 

Common  lilac 0.7 Lombardy poplar 0.2 White birch 0.7 

Cottonwood Hybrid 0.4 London planetree 0.6 White cedar 0.7 

Crimson spire oak 0.9 Manitoba maple 0.4 White elm 0.3 

Cucumber tree 0.8 Northern catalpa 0.4 White fir 0.6 

Douglas maple 0.7 Northern red oak 1.1 White Mulberry 0.6 

Eastern cottonwood 0.4 Norway maple 0.6 White oak 0.8 

Eastern hemlock 0.7 Norway spruce 0.7 White spruce 0.7 

Eastern white cedar 0.7 Ohio Buckeye 0.6 Willow 0.4 

Eastern white pine 0.7 Paperbark Maple 0.4 Yellow birch 0.7 

Elm Hybrid 0.5 Pear tree 0.8 yellow cedar 0.7 

Elm 0.3 Pin cherry 0.4   

English oak 0.8 Pin oak 0.7   



Fredericton’s Street Tree Management Plan – Phase II 

Appendix D: Asset Valuation Discount Ratings  102 

 

Table 21 . Health rating values determined by health condition classes derived from tree wounds and crown condition. 
These values are applied as discount ratings to calculate tree replacement costs. 

Health Rating 

Healthy 1.00 
Light Decline 0.75 
Moderate Decline 0.50 
Severe Decline 0.25 
Moribund 0.10 
Dead 0 

 

 

Table 22. Location factors retrieved from the City of Fredericton’s Park and Trees Division. 

Location Factor 

Location Percentage 

Feature or historical trees 90-100% 

Average residential, landscape trees 80-90% 

Malls or shopping center trees 75-85% 

Public and commercial area trees 70-80% 

Arboretum and park trees 60-80% 

Golf course trees, strategically located 60-80% 

Street and boulevard trees 60-80% 

Screen and windbreak trees 60-70% 

Recreational and picnic area trees 60-70% 

Industrial area trees 50-70% 

Out-of-city highway trees 40-60% 

Native, open woods trees 30-40% 

Trees in heavily wooded areas 10-20% 

 

 

Table 23.  Location ratings determined by the trees location to surrounding power lines, boulevards or neither around 
power lines or boulevards. These values are applied as discount ratings to calculate tree replacement costs. 

Location Rating 

Neither  0.8 

Beneath Power Lines 0.7 

Boulevard Trees 0.6 
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Appendix E: Public Opinion Pilot Study 

Survey 

By participating in this survey, you consent to the transfer of the information you submit to the University 
of New Brunswick’s 4th year Forestry Management Practicum class. The information collected is for 

internal research purposes only and will not be publicly associated with you individually. However, we 

may share the results of this survey with the public in anonymized forms.  

Name:____________________________ Date:__________________________________  

71 SURVEYS COMPLETED 
Your gender. Please circle. 

Male Female Other 

42 28 1 

Your age. 

24 & under 25-34 35-44 45-54 55-64 65-74 75 & Above 

20 15 6 16 10 3 1 

 

Are you a Fredericton home owner?  

Yes No 

46 25 

 

1. In terms of aesthetics, do you prefer small (young) trees or larger (more mature) 

trees? 

Small Large I don't care Both 

6 31 2 32 

 

2. Using a scale of 1= Not important to 4= Very important, please rank the values of 

street trees in order of importance:                        1         2        3         4 

Economic 

(ex: increased property value) 
20 20 14 17 

Environmental 

(ex: remove contaminants from water) 
7 5 21 38 

Aesthetic 

 (ex: beauty) 
5 15 28 23 

Spiritual 

(ex: promote sense of wellbeing) 
29 19 10 13 

 

3.  Are you opposed to the planting of non-native species (introduced species) in place of 
native species because of superior characteristics, such as: disease resistance, climate 

tolerance, or aesthetics?  
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Yes No Don't Care 

20 40 11 

 

4.  Do you consider any of the following characteristics of street trees to be a problem?  

Circle all that apply. 

Leaf 

Litter 
Branches 

Tree Sap 

(i.e. Linden 
tar) 

Visibility Seeds/Fruit Other 

      

9 19 13 20 3 1 – too high 

      

 

5.  Which of these species of tree would you like to see planted on urban streets? (Circle 

all that apply). 

Species 
Maple 

58 

Oak 

51 

Ash 

25 

Elm 

31 

Linden / 

Basswood 
15 

Locust 

11 

Birch 

33 

Other 
Hardwoods 

(Please Specify) 

5 
Willow, 

Tuliptree, 
Fruit trees. 

 

6.  What do you think should be the greatest concern for the management of the urban 

forest in the next 50 years? (Circle only one).  

Resilience to 

Climate Change 

Maintenance of 

Native Species 

Aesthetics/ 

Appearance 

Minimizing Pest and 

Disease Outbreak Other 

22 13 9 33 2 

 

 

7.  Has a city owned street tree ever damaged your property? 

Yes No I don't know 

4 62 4 

 

 If yes, did you contact the city? 

Yes No 

11 2 

 

How would you describe your experience with the City’s response? 

Very pleased Pleased Neutral Un-satisfied Very un-satisfied 

1 3 2 0 0 
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Comments:_____________________________________________________________ 

8. Since Tropical Storm Arthur in 2014, has your opinion on the value of street trees 

changed from what it was prior to the storm? 

 

Yes No No Opinion 

18 36 16 

 

If yes, please provide further details (ex: positive association with value X, negative 

association with value Y): 

_________________________________________________________________________ 

Any additional comments? 

_________________________________________________________________________

_________________________________________________________________________ 
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Appendix F: Detailed Model Development Methodology 

Files Required for Woodstock Model Development 

 Woodstock functions by utilizing different file types in order to build the state of an inventory.  

The file types are: (1) Landscape, (2) Lifespan, (3) Areas, (4) Yields, (5) Actions, (6) Transitions (8) 

Outputs, (9) Optimize  

The following is a general overview of the information required for each file to model the 

Fredericton urban street tree population.  

Control 
This section permits you to choose how the model will run.  Table 22 lists the controls used. 

A 25-year planning horizon was chosen because projecting too far into the future compounds the 

uncertainty, however having anything less than 25 has the potential to be projected without use of 

the model.  The optimize function was used instead of queue because the LP solver is able to find 

the optimal solution over time.  It does so by calculating a matrix of every solution possible until it 

finds the most optimal schedule to obtain a set objective under given constraints (see optimize 

section). Using the queue function results in perpetually constant treatments and targets in 

management schedule per period.    

Table 24. Control setup parameters within Remsoft Spatial Planning System for LP format. 

Parameter Setting Description 

Length 25  Planning Horizon (Years) 

Reports ON Detailed information from the Results 

Graphics ON Graphs of results (outputs) 

Queue OFF 
Simulation of forest growth given set targets, treatments, and 

priorities 

Optimize ON Optimizing of the schedule using LP given goals and constraints 

Schedule ON A detailed treatment schedule of events in each period 

Warnings ON Possible syntax errors of the coding within the model 
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Yields 
The yield section describes how your forest changes over time. The original development 

and application of the growth and yield curves was undertaken by Forsythe et al. (2015) as part of 

a directed studies project on the Fredericton Southside urban street tree population.  With 121 

species in the City of Fredericton’s inventory of urban street trees, tree coring in order to derive 

yield curves required placing species into thirteen species groups (Table 22). These groupings were 

based on abundance within the inventory and silvicultural characteristics such as longevity, size 

potential, growth rates, and tree form (Forsythe et al., 2015). Trees representative of each species 

group were cored. This process allowed predictive formulas to be developed to derive yield curves 

for each species group (Table 23) which would estimate age based on DBH, and therefore, growth 

could be modeled and calculated from the associated DBH at each age increment for all species 

within the inventory.  The predictive formulas become less accurate for trees of a larger DBH.  

Given the unrealistic numbers, maximum ages were developed (see life span section).  All trees 

above the maximum age were set to be equal to their maximum age.  This resulted in a high 

proportion of trees needing to be removed in the first two years of the planning horizon.  The 

values of interest that were incorporated in our model were change in DBH (yield curves) and 

replacement value ($20 per cm²) with respect to age per species group. 
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Table 25. Equations used to calculate age from DBH for each yield curve group as developed by Forsythe et al. (2015). 

Species Group Equation 

Norway Age = 0.0001(DBH)³ - 0.009(DBH)² + 1.0462(DBH) 

  

Ash Age = 0.0005(DBH)³ - 0.0378(DBH)² + 2.0728(DBH) 

Spruce Age = 0.0003(DBH)³ - 0.0134(DBH)² + 1.0633(DBH) 

Poplar Age = 0.00005(DBH)³ + 0.0028(DBH)² + 0.6826(DBH) 

Oak Age = 0.0003(DBH)³ - 0.0231(DBH)² + 1.3111(DBH) 

Fir Age = 0.0009(DBH)³ - 0.0412(DBH)² + 1.2935(DBH) 

Pine Age = 0.0002(DBH)³ - 0.0093(DBH)² + 0.9615(DBH) 

Locust Age = 0.0003(DBH)³ - 0.0053(DBH)² + 1.0891(DBH) 

Maple Age = 0.0004(DBH)³ - 0.0258(DBH)² + 1.1477(DBH) 

Birch Age = 0.0003(DBH)³ - 0.002(DBH)² + 1.1913(DBH) 

Elm Age = 0.0001(DBH)³ + 0.0035(DBH)² + 1.0413(DBH) 

Small Trees Age = 0.0016(DBH)³ - 0.0468(DBH)² + 1.5118(DBH) 

Basswood Age = 0.0002(DBH)³ - 0.0018(DBH)² + 0.8627(DBH) 
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Norway Maple Maple Basswood Oaks Elm Pine Birch

A. plantanoides A. freemanii Aesculus hippocastanum Q.  garryana U. americana  Princeton Cupressus nootkatensis Acer campestre

A. negundo Carya ovata Q. alba Ulmus americana P. banksiana Betula alleghaniensis

A. rubrum Catalpa speciosa Q. alba x Q. robur 'Crimschmidt' Ulmus glabra P. contorta Betula nigra

A. saccharinum Juglans cinerea Q. bicolor Ulmus parvifolia P. echinata  shortleaf Betula pendula

A. saccharum Liriodendron Q. imbricaria Ulmus pumila P. nigra Celtis occidentalis

P. occidentalis Tilia americana Q. macrocarpa Ulmus rubra P. resinosa Fagus grandifolia

Salix L. Tilia cordata Q. palustris Ulmus spp. P. strobus Fagus sylvatica

Q. robur Ulmus x spp. P. sylvestris Fagus sylvatica f. Purpurea

Q. rubra Zelkova serrata Thuja occidentalis Gymnocladus dioicus

Tsuga canadensis Ostrya virginiana

Prunus serotina

Spruce Poplar Fir Locust

Picea abies Populus alba Abies amabilis Robinia pseudoacacia Acer ginnala Cotinus coggygria Pyrus calleryana

Picea glauca Populus balsamifera Abies fraseri Gleditsia triacanthos Acer glabrum Crataegus spp. Pyrus spp.

Picea mariana Populus deltoides Abies balsamea Acer griseum Euonymus alatus Pyrus spp.

Picea pungens Populus grandidentata Larix laricina Acer macrophyllum Junipers spp. Rhamnus frangula

Picea rubens Populus nigra Abies concolor Acer palmatum Lonicera spp. Rhus typhina

Populus simonii Abies alba Acer pensylvanicum Magnolia × soulangeana Sorbus americana

Populus spp. Abies grandis Alnus incana Malus spp . Sorbus aucuparia

Populus tremuloides Larix kaempferi Alnus rubra Morus alba Syringa reticulata

Populus trichocarpa Amelanchier spp Pinus mugo Syringa vulgaris

Arborvitae Prunus domestica Taxus baccata

Betula populifolia Prunus nigra Taxus canadensis

Betula utilis Prunus pensylvanica Viburnum acerifolium

Caragana arborescens Prunus serrulata Viburnum spp

Cornus sericea Prunus spp. Viburnum trilobum

Corylus colurna Prunus virginiana

Small Trees

Table 26.  Allocation of species into yield curve groupings based on worked completed by Forsythe et al. (2015) and applied within Remsoft 
Spatial Planning System v.2015.8.0 for street tree management scenario analysis. 
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Figure 11. Norway maple, oak, ash, and fir grouping yield curves applied as growth trajectories within Remsoft Spatial 
Planning System for urban street tree modeling scenarios as developed by Forsythe et al. (2015). 
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Figure 12. Spruce, Pine, Poplar, and Locust grouping yield curves applied as growth trajectories within Remsoft Spatial 
Planning System for urban street tree modeling scenarios as developed by Forsythe et al. (2015) 
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Figure 13. Maple, Small Tree, Birch, Basswood, and Elm grouping yield curves applied as growth trajectories within Remsoft 
Spatial Planning System for urban street tree modeling scenarios as developed by Forsythe et al. (2015). 
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Time Dependent Yields 

Time dependent yields are how the EAB scenarios were implemented into the model.  They 

function by decreasing the replacement value yield of ash trees at the time of infestation and 

change over time based on severity (Scenario Table).   This method was used so Woodstock would 

not be able to predict infestation of EAB.  It is unrealistic to predict exactly when an EAB infestation 

would occur, therefore it was important to model how a reaction only when EAB infestation occurs.  

However, in using this method the model is under the assumption that ash trees do not die post 

attack.  An action (see actions) of EAB was attempted in order to account for this, however, due to 

Remsoft limitations, this was not feasible.  

Landscape section 

The purpose of the landscape section is to incorporate general inventory characteristics 

called themes (fields in GIS) into Woodstock. These data can be directly transferred from GIS.  The 

model utilized 6 themes; (1) Species (2) Genus (3) Family (4) Powerlines (5) Ward and (6) Health 

(7) Microsite. Each tree in the inventory has a value for each of these themes.  The following is an 

example of how representing how all ash under powerlines would be represented: ? Fraxinus ? Y ? 

?. Question marks represent any of the attributes found under that theme. Aggregates can also be 

created in the landscape section that represent any groupings that many not be represented by the 

themes. For instance an aggregate was created for all species other than ash in the inventory. While 

family and microsite were themes built into the model, it was not used in the final iteration.  

Initially, the goal was to implement biodiversity constraints, and plant according to microsite, 

however, due to Remsoft’s limitations, it was not feasible to do so (see constraints).   

Areas Section 

The areas section is where current inventory specifics are represented in Remsoft.  This is 

where every tree (or stand) is described in terms of the themes defined in the landscape section, as 
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well as the age, and area they represent.  Since this model dealt with trees, are areas were 

arbitrarily shown as having 1 m squared area.  Ages in the model are in years, not age classes. Any 

trees that had ages greater than their respective age category had their age adjusted to the 

maximum age.  This was required to input the inventory into the Woodstock model as trees could 

not be older than the maximum age for the yield curve group.    

Lifespan Section 

The lifespan section indicates the maximum age for which trees (or stands) can live.  

Determining an appropriate lifespan for trees in an urban setting can be difficult due to increase in 

exposure to pollution, risk of mechanical damage, poorer quality soils.  Therefore, Foresyth et al., 

determined maximum ages based on the removal by species (Table 25).   

Table 27. Maximum ages of the 13 tree species groups used to model Fredericton's urban street tree population.  Trees 
that reach their maximum ages die in the following year are to be removed within 2 years after death. 

Species Group Maximum Age 

Ash 114 

Basswood 171 

Birch 182 

Elm 150 

Fir 85 

Locust 85 

Maple 143 

Norway 88 

Oak 200 

Pine 100 

Poplar 50 

Small Trees 50 

Spruce 131 

Actions and transitions section 

The actions section are the treatments that are incorporated into the model.  Treatments 

included in the model were removal, plant, and treatment with TreeAzin®.  Each of the species 

groups were considered planting options, with the constraint that only small trees were eligible for 

planting under powerlines.  Varying the individual species would provide no use, because the 
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growth and yield for the species in each group were the same.  After trees were treated with 

TreeAzin®, they would transition from being EAB attacked (which would follow the EAB 

depreciated time dependent yield) to Treated (healthy yield).  If trees are treated, they had to be 

treated annually for the duration of the planning horizon.   

Table 28. Action eligibility for removals as applied within StatusQuo scenario. 

Type of 
Removal 

Age Eligible for Removal Transition 

Norway Yield 35 

To Empty 
Spot 

Oak Yield  80 

Ash Yield 50 

Fir Yield 30 

Spruce Yield 60 

Pine Yield 50 

Poplar Yield 20 

Locust Yield 70 

Maple Yield 70 

Small Tree Yield 20 

Birch Yield 60 

Basswood Yield 60 

Elm Yield 70 

Ash with EAB 5 

Dead Trees Within 2 years post mortem 

Output Section 

This section is where you configure information to be able to convey your results.  Cost of 

treatments, and indicators are defined (Table 27).  Our indicators were net asset value 

(Replacement value – Cost of removal – planting costs – costs to treat with TreeAzin®) 

Table 29. Costs of treatments utilized to model Fredericton’s urban street tree net value.  Planting and removal costs were 
given by the City of Fredericton’s Parks and Trees Department.  TreeAzin® costs include purchase and injection price per 
centimeter of diameter at breast height as given by Ed Czerwinski. 

Treatments Cost per Tree 

Planting $ 400.00 
Removal $ 588.00 

TreeAzin® $ 5.00/cm DBH 
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Optimize section  

The purpose of the optimize section is to set the main function (goal of the model) given a 

set of constraints to be used in linear programming formulation. 

Schedule section 

This presents the information derived from the LP solver in how to obtain the optimal 

solution.  Generally, for each scenario a large portion of trees would be removed in the first two 

periods due to many of the trees being at maximum age.  Anything that was removed was 

replanted.  As Trees were attacked by EAB, as many that could be treated given budget constraints 

were treated.   

Multiple Regression Analysis 

A multiple regression analysis was conducted with StatView v.5.0 statistical software on the 

DBH threshold results of 45 modeled EAB scenarios.  StatView is a graphical user interface for 

calculating statistics from spreadsheet data. A multiple regression analysis is valuable because it 

enables an unknown variable to be predicted given the knowledge of two or more contributors.  

This allows the determination of the significance that each variable contributes to the end result.  A 

regression analysis was conducted to create a predictive formula for minimum DBH thresholds to 

be treated under given budget availabilities, times of insect establishment, and severity of outbreak.  

Severity outbreak is represented by categorical data, and therefore in order to be implemented 

mock variables had to be included (Slow = 0, 0; Moderate = 0, 1; Severe = 1, 1). The inclusion of 

severity of outbreak resulted in having a p-value of >0.05, therefore it was taken out of the 

equation (Table 28).  P-values demonstrate significance by giving the probability that the 

parameter tested has no impact on the results.  P-values less than 5% are significant, meaning that 

there is less than a 5% chance that the results can be explained without the variable tested.  

Anything greater than that has minimal impact.  The significant variables (Table 29) years from 
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now in which the outbreak occurs, and budget availability were in the multiple regression.  To 

produce values that only implemented significant variables, the average DBH threshold was taken 

between the three progression severities.  The standard error between averages resulted in a 7 % 

discrepancy from the mean, therefore the 95 % confidence interval is ± 7 % of the mean. Utilizing 

the average DBH results from the severity analysis, the results for budget and year of establishment 

were analyzed to create a predictive equation for DBH.  

Table 30. Statistical outputs of multiple regression analysis with three independent variables. Found using StatView V.5.0, 
multiple regression analysis to find DBH threshold predictive formula. 

Independent Variable R Squared 0.9 

Budget 

Standard 
Error 0.006 

P-value 0.0001 

Year 

Standard 
Error 0.098 

P-value 0.0046 

Severity 

Standard 
Error 0.981 

P-value 0.2409 

 

Table 31. Statistical outputs of multiple regression analysis with two independent variables. Found using StatView V.5.0, 
multiple regression analysis to find DBH threshold predictive formula. 

Independent Variable R Squared 0.964 

Budget 

Standard 
Error 0.005 

P-value 0.0001 

Year 

Standard 
Error 0.091 

P-value 0.0017 

 

Table 32. Statistical outputs of multiple regression analysis with one independent variable. Found using StatView V.5.0, 
multiple regression analysis to find DBH threshold predictive formula. 

Independent Variable R Squared 0.923 

Budget 

Standard 
Error 1.285 

P-value 0.0001 

 


