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1. Executive Summary

100 samples of the four most common Maple species from the town of Oakville inventory were randomly selected so that information such as tree height, dbh, crown width, crown height and age could be obtained. These dimensions could be used to determine logarithmic equations that could be used to predict tree growth in the town of Oakville. Three different regression analyses were run as follows; all maples combined, then all maples excluding Silver and finally silver maple on its own. In all three cases, age was the independent variable against dbh; and dbh was the independent variable for height, crown height and crown width. Once regression analyses were run, it was determined that silver maple alone had the strongest correlations (R^2>0.67) for all measurements except dbh vs crown height whilst all maples excluding silver had the weakest correlations. 
These are not final results since this project is still in progress with Dr Peper assisting us by testing the equations and running models in SAS to determine the best model for predicting growth dimensions for Maples in the Town of Oakville. Dr Peper will also assist in helping us determine one equation for all Maples as well as an equation for each Maple species.
2. Introduction

Urban trees are becoming increasingly important with more and more people moving to urban areas. A report released in 2003 by the City of Toronto after the 2001 census was conducted, revealed that the current population of the GTA is just over 5 million and is expected to reach 7.45 million by 2031 (City of Toronto, 2003). Most global and regional environmental problems originate in cities as cities concentrate increasing numbers of people and human activities, exporting emissions and wastes into the environment (Alberti and Susskind, 1996). 

 Other than the obvious aesthetic enhancement, urban trees add a lot of value and benefits to the environment and human populations. With increasing concern for global warming and ever increasing pollution and population rates, urban trees play an essential role in these densely populated cities. According to a report released by the United Nations in 2001, almost half of the world’s population lives in urban areas.  Some examples of the benefits that these trees add to the environment in urban areas are; uptake of air pollutants (Tong and Farrell, 1991) thus increasing the quality of the air. A study conducted by the Town of Oakville in 2008 revealed that 172 tons of pollutants are removed from the air by the urban forest every year. Other benefits include amelioration of urban microclimates (Brown and Gillespie,1995), carbon sequestration (Nowak and McPherson, 1993), as shown in the report released by the Town of Oakville in 2008, 22,000 tonnes of CO2 is sequestered in the urban trees in Oakville alone. Other benefits include assistance in the stabilization of soils, reduction of erosion, improvement of groundwater recharge, control of rainfall runoff and flooding (Sanders, 1996), reduction of urban noise levels and providing habitat for many species including birds, small mammals and arthropods. 
Due to limited growing space in many towns and cities, urban planners need to be able to predict tree growth, tree form and structure to maximize the benefits that trees can offer and minimize the costs of planting and maintaining them. The equations used to predict tree dimensions such as tree height, dbh (diameter at breast height), crown width and crown height of common municipal species; enables urban forest managers to model costs and benefits, analyze alternative management scenarios, and determine the best management practices for sustainable urban forests (McPherson et al, 2000). Many of the benefits such as carbon sequestration, rainfall interception, air pollutant uptake and energy-use reduction that urban trees add to the environment; can be modelled by researchers and urban planners if the data relating to dbh, height, crown height and crown width can be forecasted using predictive equations (Xiao et al, 1998).
Previous studies have demonstrated that there can be significant differences in growth, structure and survival of tree populations in various urban settings and growing environments (Schwets & Brown, 1999). The objective of this study was to determine an equation specific to the growing conditions of Oakville that could be used to predict growth rate of maples in order to keep the town’s tree inventory database up to date and well maintained. A well maintained inventory database will enable urban planners and foresters in Oakville to respond with policy and management strategies to create an urban forest that functions as productively as possible.
3. Study Area

The research was conducted in the town of Oakville, situated west of Toronto in southern Ontario, Canada. The town of Oakville is part of the Greater Toronto Area and has a population of 165,600 people (Statistics Canada census, 2006) and covers an area of 138.51 sq/km.  It has an elevation of 173m above sea level with an average of 808mm of total precipitation per annum, with mean temperatures ranging from -4.9 degrees Celsius in January to 20.7 degrees in July (Environment Canada 2011).
The urban forest in the town of Oakville is managed by the Forestry section of the Parks and Open Space department. The urban forest is defined by the municipality as the following “the sum of all woody and associated vegetation in and around dense human settlements”. A study conducted in 2005 by the forestry section of the town of Oakville in conjunction with the USDA and the University of Toronto revealed that the town has almost 1.9 million trees, of which 820,000 (43%) are owned by the municipality. There are two soil types that characterize the town, the southern part (south of the QEW) consisting of sandy loam and the northern part consisting of clay. The study also revealed that the current canopy cover of the town of Oakville is 29.1% with the objective of increasing the canopy cover to 40% by 2046.
The town tree inventory which does not include woodlots has approximately 138,000 trees with Thuja occidentalis (white cedar), Acer platanoides (Norway maple) and Fraxinus pennsylvanica (green Ash) respectively as being the most common species by number (presentation by Jalil Hashemi May 2011). However when taking leaf area into account, then the three top species are sugar maple (Acer saccharum), Norway Maple (Acer platanoides) and silver maple (Acer saccharinum).
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Fig 1: Most common tree species by number in the Town of Oakville tree inventory
Although there are more than 30,840 Maple trees and 10 Maple species growing in the Town of Oakville, we selected the four most common in terms of number and percent canopy cover. As shown in the graph below these four species were Norway maple (Acer platanoides), silver maple (Acer saccharinum), sugar maple, (Acer saccharum) and red maple (Acer rubrum) with total numbers being 13934,  4165, 3796 and 3286 respectively representing 82% of all maples in the town’s inventory.
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Fig 2: Graph showing percent of canopy cover for maple trees in the Town of Oakville
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Fig 3: Distribution of maple trees by number in the Town of Oakville tree inventory
4.1 Methodology

4.2 Field Data Collection Method

The purpose of this study was to determine regression equations to predict dbh, tree height, crown height and crown width from the most common maple (Acer) species in the town inventory. Using the town inventory database, which consists of all the trees owned by the town except those growing in woodlots; we randomly selected 86 maple (Acer) trees to sample for the research project. Although the sample was randomly selected, there was a systematic process of ensuring trees in different growing environments were selected. The following criteria were used in selecting the samples; trees growing in restricted environments (boulevards and medians), unrestricted environments (front yards, parks and side yards) and trees growing in different soil types (sandy loam and clay). For the purpose of the study, boulevards are defined as  trees growing in a location between the road and the sidewalk with limited root growing space and medians are defined as trees growing in locations that are situated on an island between roads in a dual carriage way. 
Of the 100 maple trees selected for sampling, 25 were Norway maples, 25 were silver maple, 25 sugar maples and 25 red maples (Acer rubrum). These four maple species were selected due to the large size of the population of these species in the town of Oakville with Norway maple contributing more canopy cover than any other species. Only trees that were considered to have good wood and crown condition were included in the sampling group. Please see Appendix 2 for sample map.
Since the town does not have information on tree ages, coring was necessary to determine the age of the trees sampled. Based on the length of the increment borer and the ability to extract quality cores, the maximum size tree that was cored was up to 58cm in dbh with the smallest trees being sampled at 20cm dbh. This was recommended by Dr Jalil Hashemi since any tree smaller than 20cm dbh can be significantly damaged by coring and younger trees cannot provide as much tree growth information as older trees.
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Fig 4: Graph showing sampled maples divided into different age class categories
Four cores from each tree were collected at breast height (approx. 1.3m) for a period of two months during June and July 2011. This method of coring a tree four times spaced evenly at breast height around the bark was recommended by Dr J. Hashemi as it would ensure that we would have the best possible chance of collecting at least 1 core that did not contain missing rings due to pockets of rot and in cases where the pith was not in the centre of the tree. Once on site at each tree, a quick visual inspection was conducted to ensure no obvious signs of poor wood condition, included bark, disease or obvious signs of rot, as any of these conditions would eliminate the tree from the sampling group due to the difficulty of coring a tree that is in bad health. A field datasheet was then completed (see example in appendix 1), which contained the following information for every tree: dbh (cm), tree height (m), crown width (m), crown height (m), planted location (i.e. median, boulevard or front yard), address where tree is located, species of tree, collection date, tree condition (poor, fair and good) and additional comments relating to significant pruning or interference with infrastructure where necessary. The dbh of the tree was measured using a diameter tape and the height, crown width and crown height were measured using a Trupulse 200 model laser rangefinder. Once the dbh of the tree was established, we could measure on the increment borer using a measuring tape and then marking the drill with masking tape to the depth where required, to drill to ensure obtaining a good sample. The depth of the drilling was half of the dbh (i.e. radius) with an additional 3 cm to account for the end of the core breaking off and in order to ensure that the pith was collected. As soon as the cores were removed from the tree, they were placed into ordinary drinking straws and every straw was labeled using a piece of masking tape to ensure all cores were carefully tracked and accounted for by labelling with the tree ID, address and dbh on every straw. We kept the straws containing the cores in the fridge to prevent moisture build up until they could be processed for measurement. 
4.3 Laboratory Data Collection method

Once the cores were taken from the tree and stored in the straws to protect them from breaking or crumbling, we then took the cores to the lab and removed them from the straws. As the cores were removed from the straws, they were carefully glued into a mounting board, which had been specially designed with grooves so that the cores fitted relatively tightly into the grooves. Every core in the mounting board was also labeled with address, tree ID and dbh using masking tape to ensure that we had accurate records. Each core was glued into a groove on the mounting board using ordinary wood glue and then the mounting boards and cores were placed into an oven for 1-2 days to ensure the cores dried out completely. Once the cores were dried, they were sanded down using a small orbital sander in order to create a flat side so that the rings would be more distinguishable.
Due to the difficulty of counting rings from maple trees, we coated all the flat, sanded sides of the cores with Fehling’s solution. Fehling’s solution is commonly used as a stainer and helped to enhance the darker rings for easier identification. In order to ensure more accuracy, we used two people to count the rings on every core and took the average of the two people’s ring numbers to be the age of the tree. For the most part, a magnifying glass was used for counting the rings except in cases where the rings were extremely difficult to identify; in which case a stereo microscope was used to enhance the cores in greater detail. All four cores for every tree were counted and then once an age for every core was established, we took an average of the four cores to be the final age of the tree sampled. This method was recommended by Dr J Hashemi as four cores from each tree would ensure more accuracy. 
4.4 Statistical Analysis

The sample consisted of 86 trees in total. The logarithmic regression model was used to predict all parameters as this provided the best fit. The samples were divided into three different groups for testing, first we tested all the maples sampled together, then we tested Silver maples separately and finally we tested all the maples excluding Silver Maples in order to get regression coefficients for all the groups. In all three cases, age was the independent variable for dbh, and dbh the independent variable for modeling tree height, crown width and crown height.
5. Results of Regression Analysis

The regression coefficients for predicting dbh by age and height, crown height and crown width by dbh are shown below. The regression analysis for all four measurements was run three times: firstly with all maples together, then without silver maple and lastly with silver maple on its own. Please see Appendix 3 for regression analyses graphs.
All Maples
	Measurement
	Equation
	R^2

	Age vs dbh
	Y=24.255Ln(x)-51.221
	R^2 = 0.5

	Dbh vs Height
	Y=8.6725Ln(x)-18.832
	R^2 = 0.55

	Dbh vs Crown Width
	Y=7.296Ln(x)-16.491
	R^2 = 0.48

	Dbh vs Crown Height
	Y = 6.7897Ln(x)-14.646
	R^2 = 0.47


Table 1: Results of regression analysis for all maples combined

The coefficient determinations are lower when you remove silver maple from the analysis as silver maple on it’s own displays models with a good fit (R^2>0.66) for all measurements except crown height. Crown height vs dbh might not be a good correlation in silver maples due to pruning activities, especially with silver maple growing near any infrastructure such as power lines or buildings with tree branches potentially interfering.
All maples excluding Silver maples

	Measurement
	Equation
	R^2

	Age vs Dbh
	Y=21.634Ln(x)-42.036
	R^2 = 0.45

	Dbh vs Height
	Y=8.1625Ln(x)-17.046
	R^2 = 0.51

	Dbh vs Crown Width
	Y=6.6225Ln(x)-13.735
	R^2 = 0.45

	Dbh vs Crown Height
	Y=6.9422Ln(x)-15.065
	R^2 = 0.45


Table 2: Results of regression analysis for all maples excluding silver maples

Silver Maples 

	Measurement
	Equation
	R^2

	Age vs Dbh
	Y=32.12Ln(x)-79.934
	R^2 = 0.7

	Dbh vs Height
	Y=10.053Ln(x)-23.747
	R^2 = 0.67

	Dbh vs Crown Width
	Y=9.5239Ln(x)-23.485
	R^2 = 0.77

	Dbh vs Crown Height
	Y=6.9848Ln(x)-15.76
	R^2 = 0.55


Table 3: Results of regression analysis for silver maples

6. Conclusion
Predicting tree growth can have many advantages as it provides various decision makers with tree dimensions at various tree ages.  Other than being able to update the tree inventory with these equations, this information on tree dimensions also enables the calculation of the growth of tree height and tree crown dimensions and their inter-relationships, which permit urban foresters to calculate the cost and benefits of the urban forest s(Stoffberg et al, 2008).  These dimensions also allow for urban foresters and planners to manage and maintain trees more sustainably as they would be able to plant suitable trees in suitable locations ensuring a longer lifespan for the trees and lower costs of maintaining and replanting them.
7. Recommendations

7.1 Recommendations for sampling

Given a larger budget, it would be necessary to sample a minimum of 200 maples – advised by Statistics department (University of Toronto) as recommended sample size instead of the 86 sampled in this project. This would be necessary in order to test any models developed on a portion of the data not used in the development of the model.

Although 100 trees were actually sampled, only 86 samples could be used since some cores disintegrated after sanding and processing. You should make provision that approximately 15% of samples could be deemed unusable.

It was also recommended by Professor Josee-Marie from the Ecology Department at the University of Toronto that trees should be divided into different dbh classes when running a regression analysis since many trees have their fastest growing phases when they are younger and this growth rate reaches a maximum and starts to decline as the tree gets older. By dividing dbh classes there would be less bias in the data and the growth equations would be more accurate. Using this method would also require a larger sample size than the 100 samples used in this study.

Given the difficulty of counting rings on the Maple core samples, it is recommended that cross sectional (cookies) pieces should be used in addition to the cores. By using cross sectional pieces, one can get a more accurate reading of the tree’s age as well as being able to use larger, older trees that an increment corer cannot sample.

In research conducted by P. Peper in 2001, she suggested that pruning can have direct effects on crown dimension. It would be recommended that in future studies, pruning categories should be developed so that the growth equations are not biased due to inaccurate data on crown dimensions.

7.2 Recommendations for database additions

Although it may be costly, recording leaf area density as opposed to just canopy cover would be very beneficial. It is recommended that information on leaf area could be used to develop regression equations in order to predict leaf area density from dbh. According to a study conducted by N.M Duffy in 1999, the mechanisms involved with most of the benefits provided by the urban forest relate to leaf area density. Canopy cover only gives us a two dimensional recording whereas leaf area density is three dimensional and measures all layers of leaves in a tree. Duffy also suggested that considering leaf area density is a more holistic way to look at urban forest because the dimension of height is added as opposed to just looking at canopy cover.

Classifying stresses according to different stress categories such as:

Physical stresses – soil compaction, lack of water and disease

Social stresses- vandalism and damage to trees by direct human contact

Condition categories should be developed to evaluate health of the urban forest as opposed to the poor, fair and good categories currently used since trees are not distinguished by young and mature trees. This would assist urban planners and foresters to select species that are tolerant. It is recommended that you use the United States Department of Agriculture (USDA) Forest Service method to evaluate condition of urban forest as follows:

Each tree assessed and placed into 5 different condition classes:

Vigorous good (condition class 1)

Vigorous poor (condition class 2)

Stable good (condition class 3)

Stable poor (condition class 4)

Dead or dying (condition class 5)

Trees in vigorous condition are young and trees in stable condition are mature (J. Welch, 1994)
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9. Appendices

Appendix 1

Field Data Form (Coring)
Address where sample taken_______________________________________________
Tree ID no:_______________

Collection Date:​​​​​​​​_______________

Tree Species______________

Collected by:__________________

Current DBH:_____________

Tree Height:__________

Crown Height:_____________

Crown Width:_________

General Condition


Good □
Fair □

Poor □

Location

Boulevard/Median □

Front yard/Open Space/Park □

Root Growing Space

Restricted □

Unrestricted □

Root growing space in metres:_________

Comments on pruning: ________________________________________________________________________________________________________________________________________________

General Comments:

________________________________________________________________________________________________________________________________________________



Appendix 3
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[image: image7.emf]Dbh (cm) vs Crown Width (m) for all Maples Combined
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[image: image8.emf]Dbh (cm) vs Crown Height (m) for all Maples Combined
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[image: image9.emf]Dbh (cm) vs Height (m)
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[image: image10.emf]Age (years) vs Dbh (cm) for all Maples excluding Silver 
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[image: image11.emf]Dbh (cm) vs Crown Width (m) for all Maples excluding 

Silver Maples
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[image: image12.emf]Dbh (cm) vs Crown Height (m) for all Maples excluding 

Silver Maple

y = 6.9422Ln(x) - 15.065

R

2

 = 0.4512

0

2

4

6

8

10

12

14

16

0 10 20 30 40 50 60

Dbh (cm)

Crown Height (m)

Series1

Log. (Series1)


[image: image13.emf]Dbh (cm) vs Height (m) in all Maples excluding Silver 
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[image: image14.emf]Dbh (cm) vs Crown Height (m) for Silver Maples
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[image: image15.emf]Dbh (cm) vs Crown Width (m) for Silver Maple
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[image: image16.emf]Age (years) vs Dbh (cm) for Silver Maples
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[image: image17.emf]Dbh (cm) vs Height (m) for Silver Maples
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