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The purpose of this document is to guide the monitoring efforts of HRM with respect to the urban forest 

and the Urban Forest Master Plan. This document was written shortly after the UFMP was approved by 

city council and is intended to guide monitoring efforts for the next 10 years after which the Plan will be 

up for review. 
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Introduction 

1.1 Purpose of document 

The purpose of this document is to guide the monitoring efforts of Halifax Regional Municipality (HRM) 

and Dalhousie University for HRM’s urban forest. The impetus for this guide is the HRM Urban Forest 

Master Plan (UFMP or the Plan), which was passed in principle by the HRM Council on Tuesday, 

September 25th, 2012.  

1.2 What does ‘monitoring’ mean and why is it important? 

Most of the variables established by this guide are environmental; as such the literature used to 

formulate the definition of monitoring used in this guide is literature on environmental monitoring. Put 

simply, monitoring consists of taking a series of measurements over time (Duinker, 1985). According to 

Duinker (1989), the definition can be extended to mean “collection (including quality control and basic 

analysis/summation) of quantitative data on the condition (or status) of a variable of interest over time 

for a defined purpose” (p. 798). The overall objective of monitoring is the detection of changes in these 

variables (Sanders, 1980).  As such, urban forest monitoring can be defined as the measurement of 

urban forest variables over time for the purpose of detecting changes in said variables. Urban forests are 

complex systems and require the measurement of numerous environmental, social, and economical 

variables. 

It is important to note that the monitoring process consists of the collection and organization of raw 

data, which should not be used to inform management actions. The data must first be analyzed properly 

and interpreted, changing them into information, which can then be used to make assessments and 

predictions.  Management actions depend on the results of the analysis of the collected data, and not on 

the raw data themselves (Buffington, 1980; Duinker, 1985; Duinker, 1989,). 

The connection between monitoring and management is important because if the information gained 

from monitoring is not used to inform management decisions, then not only will management decisions 

lack a basis in potentially critical information but the information has little value (Duinker, 1985; 

Duinker, 1989). After the data are collected through the monitoring program and analyzed to provide 

information, the information can be used to evaluate the effectiveness of the urban forest management 

actions. It is vital that the monitoring program be established before the management actions have 

been implemented in order to establish the baseline state of the indicators to allow proper comparisons 

in the future (Duinker, 1985; Duinker, 1989).  

Monitoring is mentioned several times in the UFMP and is clearly an important component. It is alluded 

to in the text of Guiding Principle 1 – Adaptive management (p. 34), part of which states “Generally, an 

effective adaptive management framework performs three tasks: making impact predictions in the form 

of testable hypotheses, measuring outcomes during and after implementation, and rigorously 

comparing predictions and measurements.” It is mentioned in Operation Principle 6 – Integrated 

Planning (p. 37), part of which states “Integrated planning also recognizes the imperative of 



6 

 

incorporating efficient implementation, monitoring, and reporting of projects.” The first paragraph of 

section 5.1 Values, Objectives, Indicators, and Targets (p. 42) states that the “values have been extended 

into objectives, indicators, and targets where possible, so that they can be translated into actions that 

can be monitored for effectiveness.” Action 18 (p. 47) also makes specific mention of monitoring as it 

states “Conduct urban forest research and project monitoring required to ensure the effectiveness of 

UFMP adaptive management process.” Lastly, the topic of monitoring is discussed in depth in section 5.3 

Monitoring and Research (p. 49-51). 

 

1.3 Background 

 1.3.1 HRM’s urban forest 

The UFMP defines the HRM urban forest as every tree in the city, both on public and private property 

(HRM Urban Forest Planning Team, 2012). Rather than the entirety of HRM, the UFMP is designed to be 

implemented only in the serviced core of HRM. This equates to a geographic area extending 

approximately 15 km outwards from the Halifax Harbour (HRM Urban Forest Planning Team, 2012).  

Nova Scotia (and thus Halifax) is situated within the Acadian Forest Region (Loo & Ives, 2003). HRM’s 

urban forest is a mix of natural Acadian tree species, alien and invasive species, ornamentals, and 

cultivars (Turner et al., 2005). The Acadian forest is a transitional forest and accordingly it is composed 

of a diverse mix of deciduous and coniferous trees (Loo & Ives, 2003). Species that are characteristic of 

the Acadian Forest Region include red spruce, yellow birch, red oak, sugar maple, white pine, red pine, 

American beech, eastern hemlock, black spruce, larch, red maple, white spruce, white elm, white ash, 

white birch, grey birch, eastern white cedar, and poplars (Turner et al., 2005).  HRM is a large 

municipality and encompasses many urban and rural areas. As such there are hinterland stands of 

Acadian forest which are part of HRM’s urban forest – they are called the peri-urban forest (Konijnendijk 

et al., 2006; HRM Urban Forest Planning Team, 2012). While many of these Acadian forest species have 

been planted in the urban areas of HRM, the streets and parks are dominated by introduced species 

such as Norway maple and linden (HRM Urban Forest Planning Team, 2012). 

1.3.2 UFMP 

The origin of the UFMP goes back to 2001, when HRM Regional Council passed a motion to develop a 

management plan for urban forests. After more than a decade of research, public consultations, writing, 

and editing, the document was finally presented to HRM Regional Council in October 2012 and accepted 

in principle. Funding for the Plan will be put forward in the draft budget for the 2013/14 fiscal year. The 

overall goal of the Plan is to “ensure a sustainable future for our urban forest” (HRM Urban Forest 

Planning Team, 2012, p.6). The plan contains many subsidiary goals and takes an integrated approach 

considering social, ecological, and economic factors. 

The Plan was designed to be implemented on a continuous basis, with some aspects to be reviewed 

annually and the entire plan to be reviewed after 5 years and again after 10 years. The Plan’s 

management principles have been set in perpetuity as part of the long-term vision, but it is noted that 
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flexibility will be needed to deal with unforeseen environmental changes, development changes, and 

budget constraints (HRM Urban Forest Planning Team, 2012).  

Often municipalities will first create a management plan, which sets the goals and objectives and 

identifies the overall direction of the plan. After this is complete, they must then create an 

implementation plan, which describes how these objectives and goals will be achieved. The UFMP is a 

master plan which incorporates both the management and implementation into the same document.  

1.3.3 UFORE 

The Urban Forest Effects (UFORE) model was developed by the United States Department of Agriculture 

(USDA) Forest Service (Nowak and Crane 2000). It is a digital modelling tool that can be used to calculate 

the structure, environmental effects, and economic value of an urban forest (Nowak and Crane, 2000). 

 The UFORE model was designed on the premise that urban forest structure affects forest function and 

values, and from an assessment of the urban forest structure, estimates of functions and values of the 

urban forest can be made. The UFORE model uses a standardized sampling procedure to collect data on 

structural attributes of an urban forest (such as canopy cover, species composition, diameter 

distribution, number and density of trees, and species diversity) and from these data estimates can be 

made on other structural attributes that are not easily directly measured (Nowak and Crane 2000). The 

model also incorporates local environmental data to estimate functional attributes such as the amount 

of air pollution removed, carbon sequestered, or building energy saved by the urban forest (Nowak and 

Crane 2000). Lastly, the data can be combined with economic data in order to estimate the monetary 

values of some of the functions. 

Another approach used by HRM was the Street Tree Resource Analysis Tool for Urban Forests 

(STRATUM). This tool uses tree inventory data to quantify the annual monetary value that street trees 

provide through the following environmental and aesthetic benefits: property value, stormwater 

control, air quality improvement, energy conservation, and aesthetic benefits (USDA Forest Service, 

2013). 

1.3.4 i-Tree 

i-Tree is the new software suite developed by the USDA Forest Service. This improved version of UFORE 

will be used for future studies on HRM’s urban forest. The UFORE method equates to the new i-Tree Eco 

and i-Tree Canopy and STRATUM equates to the new i-Tree Streets. Additionally there is i-Tree Hydro 

which is designed to simulate the effects of changes in tree and impervious cover characteristics within 

a watershed on stream flow and water quality, and i-Tree Design which is an online tool which works 

with Google Maps to digitally place various species and numbers of trees into the landscape and see 

how they impact home and business energy usage, greenhouse gas mitigation, air quality, and storm 

water interception (Davey Resource Group, National Arbor Day Foundation, USDA Forest Service, 2005). 
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2. Data collection 

 2.1 Baseline data 

In 2007, the baseline data for HRM’s urban forest were collected through a comprehensive study 

undertaken by HRM and Dalhousie University. Data were collected from 191 field plots located 

throughout the UFMP Study Area, and the results were analyzed using the UFORE model. This provided 

the citizens of HRM, the members of HRM Council, and researchers at Dalhousie University with a better 

understanding of HRM’s urban forest. Included in these data was quantitative information on tree 

populations, age distributions, tree-species diversity, tree condition, and economic benefits and costs. 

Data on how HRM citizens value their urban forest was collected as part of the public consultation that 

guided the writing of the UFMP, and is available for comparisons with future studies (HRM Urban Forest 

Planning Team, 2012; Ordóñez et al., 2011; Peckham et al., 2013). 

 

2.2 Digital tree inventory 

HRM already has a digital tree inventory, which was used during creation of the UFMP to develop the 

neighbourhood-based street tree stocking targets. However, it could be improved upon by making it an 

online digital tree inventory of city-owned trees similar to that of Oakville’s Explore Oakville Street and 

Park Trees map (Town of Oakville, 2013). Not only will this allow the public to interact with the map but 

it will also allow HRM to update the map regularly with new plantings and tree removals. It could also be 

used to organize tree maintenance in the seven-year pruning cycle and collaboratively with Nova Scotia 

Power Inc. (NSPI). The property owners (both citizens and businesses) could also be tapped as a 

resource to upload data from trees on their own property through the collaborative and open source 

technology called OpenTreeMap (Azavea, 2013). 

    2.3 Volunteers and community-based research 

The literature is full of examples where volunteers have successfully aided in data collection, as well as 

education and outreach programs. This is referred to in the literature as community-based monitoring 

(CBM) and is defined by Whitelaw et al. 2003 (p. 410) as “a process where concerned citizens, 

government agencies, industry, academia, community groups, and local institutions collaborate to 

monitor, track, and respond to issues of common community concern.” CBM can be a great benefit to 

HRM as through CBM effective monitoring can be done while saving on costs and simultaneously 

promoting public participation (Sharpe & Conrad, 2006). Community-based research projects usually link 

citizens with university researchers which increases the quality of data that can be collected (Savan et 

al., 2003). Universities and university researchers have a variety of resources at their disposal which they 

can contribute to community-based research projects such as training and field equipment (Savan et al., 

2003). Along with all these potential benefits, CBM can also come with problems such as volunteer 

burnout, lack of participant objectivity, inconsistent funding causing data fragmentation, and inaccurate 

or low-quality data (Whitelaw et al., 2003). The benefits and risks should always be assessed for each 

specific case and weighed before proceeding with CBM. 
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3. Monitoring Guide Preface 

 3.1 Example Table 

 

Variable name: The name of the variable discussed in this table 

Relates to an action, value or 

principle: 

The action(s), value(s), and/or principle(s) this variable relates 

to. 

Action or system-condition/outcome: The label that best describes the variable: action, system-

condition, or system outcome.  

 

Action: The variable measures an action to be taken by HRM  

System-condition: The variable measures a condition of the 

‘system’ which is the urban forest. 

System outcome: The variable measures a result or outcome 

of the urban forest system. 

Units of measurement: Units in which the variable is to be measured. 

Monitoring method: A description of the method used to monitor the variable. 

Timing specifics: Frequency of data collection and, when applicable, the time of 

year the data are to be captured or reviewed. 

Spatial specifics: Where the data will be captured. 

Additional notes: Any additional information that may be useful. 

References: References specific to this variable and its monitoring. 

 

This example table was shown in orange. The real tables are colour coded according to the variable. 

Ecologically based variables are coloured green, economic ones yellow, and social variables blue. The 

variables are measurable quantities that have been selected out of three sections of the UFMP: the 

Actions, the Principles, and the Values, Objectives, Indicators and Targets (VOITs).   
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5. Monitoring Guide 

Variable name: Canopy cover 
Relates to an action, value or 

principle: 

A1 - Establish an average of 40% canopy cover in HRM parks in 

the UFMP Study Area. 

V4 – Ecosystem Condition 

Action or system-condition/outcome: System-condition 

Units of measurement: Canopy cover, which is defined by the USDA (2013) as the 

“proportion of ground or water covered by a vertical 

projection of the outermost perimeter of the natural spread of 

foliage or plants, including small openings within the canopy.”  

Monitoring method: A combination of monitoring methods will be required: LiDAR, 

aerial photography, and satellite imagery. 

Timing specifics: The Plan recommends a canopy cover assessment 5 years after 

approval and again after 10 years. The data should be available 

before the scheduled reviews of the Plan. 

Spatial specifics: The new assessment should at minimum cover the same area 

as the previous survey and at best should also include new 

areas of development that would be considered part of the 

serviced core of HRM and areas slated for such development 

within the next 5 years. 

Additional notes: If any drastic events occur, for example another hurricane that 

deals damage of magnitude similar to Hurricane Juan, it may 

be necessary to perform a canopy cover survey at an earlier 

date. 

References: Sullivan, J. (2013). Glossary. USDA Forest Service. Retrieved 

from www.fs.fed.us/rm/ecopartner/bemrp_glossary.shtml 
 

Walton, J. T., Nowak, D. J., & Greenfield, E. J. (2008). Assessing 

urban forest canopy cover using airborne or satellite 

imagery. Arboriculture and Urban Forestry, 34(6), 334-340. 
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Variable name: Species diversity 
Relates to an action, value or 

principle: 

V1. Ecosystem diversity and naturalized ecosystems 

V2. Species diversity, native species representation, and age-

class diversity 

V3. Genetic diversity 

A2. Apply neighbourhood planting treatments for street trees. 

A3. Employ neighbourhood native species treatments. 

A4. Utilize neighbourhood species control treatments. 

A5. Deploy neighbourhood Acadian old-growth species 

treatments. 

A6. Diversify cultivars of tree species. 

A7*. Apply neighbourhood treatments to meet canopy targets 

for neighbourhoods, communities, and the UFMP Study Area. 

Action or system-condition/outcome: System-condition 

Units of measurement/calculation 

method: 

Species diversity will be shown through a histogram of number 

of specimens per species. 

Monitoring method: UFORE/i-Tree data collection protocols.  

Timing specifics: The Plan recommends a UFORE/i-Tree assessment 5 years 

after approval and again after 10 years. The data should be 

available before the scheduled reviews of the Plan. 

Spatial specifics: Data should be collected on multiple levels: HRM, 

communities, neighbourhoods. 

Additional notes:  

References: Nowak, D. J., Crane, D. E., Stevens, J. C., Hoehn, R. E., Walton, 

J. T., & Bond, J. (2008). A ground-based method of assessing 

urban forest structure and ecosystem services. Arboriculture 

and Urban Forestry, 34(6), 347-358. 
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Variable name: Age class diversity 
Relates to an action, value or 

principle: 

A2. Apply neighbourhood planting treatments for street trees. 

V2. Species diversity and age-class diversity 

Action or system-condition/outcome: System-condition 

Units of measurement: Diversity to be determined through a comparison of the 

percentage of trees in each age class.  

 

Age of individual trees in years – calculated through 

approximation based on tree size characteristics (dbh, height, 

and crown diameter)  

Monitoring method: Tree height, dbh, and crown diameter can be determined 

through field sampling, LiDAR, aerial photography, and/or 

satellite imagery. UFORE/i-Tree data collection protocols. 

 

In the previous tree inventory diameter at breast height (dbh) 

was measured and used in the UFMP as a surrogate for age. 

However, true ages for trees planted by HRM will be known 

from the planting records.  

Timing specifics: The Plan recommends a UFORE/i-Tree assessment 5 years 

after approval and again after 10 years. The data should be 

available before the scheduled reviews of the Plan. 

Spatial specifics: The new assessment should at minimum cover the same area 

as the previous survey and at best should also include new 

areas of development that would be considered part of the 

serviced core of HRM and areas slated for development within 

the next 5 years. 

Additional notes:  

References: Powell, D. (2005). How to measure a big tree. USDA. Retrieved 

from 

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5

202838.pdf 

 

Imai, Y., Setojima, M., Yamagishi, Y., & Fujiwara, N. (2004). 

Tree-height measuring characteristics of urban forests by lidar 

data different in resolution. International Archives of 

Photogrammetry Remote Sensing and Spatial Information 

Sciences, 35, 513-5. 

 

Koukoulas, S., & Blackburn, G. A. (2005). Mapping individual 

tree location, height and species in broadleaved deciduous 

forest using airborne LIDAR and multi-spectral remotely 

sensed data. International Journal of Remote Sensing, 26(3), 

431-455. 

 

 

 



15 

 

Variable name: Carbon sequestration 
Relates to an action, value or principle: V8. Carbon uptake 

Action or system-condition/outcome: System outcome 

Units of measurement: Tons of carbon sequestered annually 

Monitoring/calculation method: Use field data from previous UFORE study to determine 

estimates on species composition, DBH distribution, tree and 

crown height, crown width, age structure, population density, 

and total population. 

 

Determine total tree dry-weight biomass through species-

specific biomass equations and then convert it to total stored 

carbon by multiplying it by 0.5. 

 

Determine the total carbon storage (at the geographic spatial 

levels of HRM, Communities, Neighbourhoods) each UFORE/i-

tree survey i.e. every 5 years, and compare it to previous 

years to determine the change in carbon sequestration. 

Timing specifics: As part of the UFORE/i-Tree assessment 5 years after Plan 

approval and again after 10 years. 

Spatial specifics: Data should be collected on multiple levels: HRM, 

communities, and neighbourhoods. 

Additional notes:  

References: Duinker, P.N. (1981). Biomass prediction equations for ten 

tree species in central Nova Scotia. (Unpublished master’s 

thesis). Dalhousie University, Canada. 

 

Jenkins, J.C., Chojnacky, D.C., Heath, L.S., & Birdsey, R.A. 

(2003). National-scale biomass estimators for United States 

tree species. Forest Science, 49(1), 12–35. 

 

Jenkins, J.C., Chojnacky, D.C., Heath, L.S., Birdsey, R.A., & 

Richard, A. (2004). Comprehensive database of diameter-

based biomass regressions for North American tree species 

(General Technical Report NE-319). Retrieved from United 

States Forest Service: 

http://www.uvm.edu/~jcjenkin/jenkins%20et%20al.%202004

.pdf 

 

Nowak, D.J. (1994b). Atmospheric carbon dioxide reduction 

by Chicago’s urban forest. In E.G. McPherson, D.J. Nowak, & 

R.A. Rowntree (Eds.), Chicago’s urban forest ecosystem: 

Results of the Chicago urban forest climate project 

(pp. 83-94) (General Technical Report NE-186). Retrieved 

from United States Forest Service: 

http://www.treesearch.fs.fed.us/pubs/4285 
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Variable name: Air pollution removal (O3, SO2, NO2, CO, and PM10) 
Relates to an action, value or principle: V9. Particulate control 

V10. Chemical control 

Action or system-condition/outcome: System outcome 

Units of measurement: Grams of pollutant per m2 of canopy cover. The data could 

also be represented in terms of estimated dollars   

Monitoring method: To be done in conjunction with the next UFORE/i-tree study 

according to UFORE/i-Tree protocols. Pollution data will be 

combined with canopy cover data. More specifically, hourly 

pollution removal can be determined by combining canopy 

cover data and transpiration estimates with the downward 

pollutant flux in g/m2s, which is calculated by multiplying 

deposition velocity of the pollutants by the pollutant 

concentration.  

Timing specifics: As part of the UFORE/i-Tree assessment 5 years after Plan 

approval and again after 10 years. 

Spatial specifics: Data should be collected on multiple levels: HRM, 

communities, and neighbourhoods. If limited resources do 

not allow for data collection in all of HRM, then at the 

minimum data should be collected across a range of urban 

and rural neighbourhoods. 

Additional notes: Additional work should be undertaken to determine the 

amount of pollution that was prevented by tree functions 

such as the reduction of energy use in temperature regulation 

inside buildings due to shading and protection from wind. 

References: Nowak, D. J., Crane, D. E., & Stevens, J. C. (2006). Air pollution 

removal by urban trees and shrubs in the United States. 

Urban forestry & urban greening, 4(3), 115-123. 

 

Nowak, D. J., McHale, P. J., Ibarra, M., Crane, D., Stevens, J. C., 

& Luley, C. J. (1998). Modeling the effects of urban vegetation 

on air pollution. NATO CHALLENGES OF MODERN SOCIETY, 

22, 399-408. 

 

Nowak, D. J. (2006). Institutionalizing urban forestry as a 

“biotechnology” to improve environmental quality. Urban 

Forestry & Urban Greening, 5(2), 93-100. 

 

Baldocchi, D. (1988). A multi-layer model for estimating sulfur 

dioxide deposition to a deciduous oak forest canopy. 

Atmospheric Environment (1967), 22(5), 869-884. 

 

Brack, C. L. (2002). Pollution mitigation and carbon 

sequestration by an urban forest. Environmental Pollution, 

116, S195-S200. 
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Variable name: Riparian ecosystem conditions 
Relates to an action, value or 

principle: 

A9. Establish an average of 80% canopy cover in HRM–owned 

riparian buffers. 

A10. Educate landowners on the benefits of trees in riparian 

zones. 

V6. Improve aquatic system condition – natural temperatures, 

sedimentation rates, stable groundwater. 

Action or system-condition/outcome: System-condition 

Units of measurement: There are numerous units of measurement depending on the 

methodology selected.  

 

The Nova Scotia Riparian Assessment User’s Guide uses a 

scoring system to assess various aspects of the riparian zone 

including: % of area covered by vegetation, % covered by 

invasive plant species, distribution of invasive plant species,% 

covered by disturbance caused vegetation , % of use or 

suppression of woody vegetation, % of stream banks held 

together with deep rooted vegetation, % of stream banks 

altered by human activity, etc. 

 

The Stream Visual Assessment Protocol also uses a scoring 

system to describe Channel condition, hydrologic alteration, 

riparian zone, bank stability, water appearance, nutrient 

enrichment, barriers to fish movement, in stream fish cover, 

pools, insect/invertebrate habitat, canopy cover, fisheries, 

manure presence, salinity, riffle embededness, and 

macroinvertebrates. 

 

The Field Supplement to Evaluating the Condition of Streams 

and Riparian Management Areas requires the measurement of 

a number of indicators: moss cover, fines, benthic 

invertebrates, shade, noxious weeds, mid-channel bars, lateral 

bars, multiple channels, moss along channel bed, non-erodible 

banks, recently disturbed banks, stable undercut banks, deep 

rooted banks, upturned bank rootwads, pool length, recent 

windthrow, old windthrow, standing trees, bare soil in the first 

10 m of the riparian area, bare soil exposed to rain in the first 

10 m of the riparian area, bare soil hydrologically connected to 

the first 10 m of the riparian area, disturbed ground in the first 

10 m of the riparian area, disturbed ground hydrologically 

connected to the first 10 m of the riparian area, boulder 

line/step pool characteristics, sediment and LWD storage, 

wood characteristics, surface sediment characteristics, deep 

pools, connectivity, fish cover, fine inorganic sediments, bank 

microclimate soils, riparian structure, riparian form, vigor, 

recruitment, and browsing/grazing. 
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The guide to effective monitoring of aquatic and riparian 

resources uses the following parameters to asses riparian 

zones: alkalinity, conductivity, pool length and depth, percent 

surface fines in pool tails, streambed particle size distribution, 

pebble counts, entrenchment, general transect 

measurements, bank angle, bank stability, large woody debris, 

sinuosity ,valley length., vegetation cross-sections, effective 

ground cover, wood species regeneration, and plant 

communities at stream transects. 

Monitoring method: Canopy cover can be assessed through LiDAR, satellite or fly-

over photographs according to UFORE/i-Tree data collection 

protocols. 

 

There are many different methods for assessing the condition 

of riparian zones. HRM needs one that is simple, effective, 

inexpensive, and repeatable since it will need to be conducted 

at many locations.  

 

One such model is the Stream Visual Assessment Protocol, 

through which assessment scores are given to the following 

categories: channel condition, hydrologic alteration, extent of 

natural vegetation, bank stability, water appearance, nutrient 

enrichment, barriers to fish movement, in-stream fish cover, 

pools, invertebrate habitat, canopy cover, manure presence, 

salinity, riffle embeddedness, macroinvertebrates observed. 

 

There is also the Nova Scotia Riparian Health Assessment and 

the User’s Guide (MacCulloch et al., 2008) which recommends 

the collection of a combination of overhead images (satellite, 

LiDAR, or flyover photograph) and field data and has a series of 

questions which guide the data collection and analysis.   

 

An alternative method is the Guide to Effective Monitoring of 

Aquatic and Riparian Resources written by the USDA. This is a 

more in-depth study which looks at land use history and 

current management, current condition of the habitat 

(fragmentation, structural complexity, connectivity, ground 

cover) and in-channel/community integrity (invertebrate 

community structure, water quality, water temperature, 

distribution of large woody debris, cross section mapping, 

width-to-depth ratio, frequency of large pools, longitudinal 

profiles, residual pool depth, bank angles, percent undercut 

bank, substrate composition, bank stability.) 

 

Another alternative is the Field Supplement to Evaluating the 

Condition of Streams and Riparian Management Areas (Tripp 

et al., 2009) 
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Timing specifics: As part of or in conjunction with the UFORE/i-Tree assessment 

5 years after Plan approval and again after 10 years. 

Spatial specifics: Streams, lakes and rivers should be identified from satellite 

images. For small bodies of water the entire length/area can 

be assessed but for larger ones a field visit may be necessary 

to identify ‘critical’ sites and ‘representative’ sites. ‘Critical’ 

sites are those that are either sensitive or already have a 

known specific issue. ‘Representative’ sites are those that are 

typical of large sections of the body of water and will provide 

an overall impression of water body health. 

Additional notes:  

References: Newton, B., Pringle, C., Bjorkland, R.  (1998). National Water 

and Climate Center Technical Note 99–1, Stream Visual 

Assessment Protocol.  Retrieved from 

http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprd

b1044776.pdf 

 

MacCulloch, B., Parsons, G., Newell, R., Metcalf, R., Godlien, L., 

Phillips, C. (2008). Nova Scotia Riparian Assessment User’s 

Guide. Retrieved from 

http://www.extensioncentral.com/eng/images/stories/web/ns

%20riparian%20assessment%20manual%202008.pdf 

 

Tripp, D. B., Tschaplinski P. J., Bird, S. A., & Hogan, D.L. (2009). 

Field Supplement to Evaluating the Condition of Streams and 

Riparian Management Areas (Riparian Management Routine 

Effectiveness Evaluation). Forest and Range Evaluation 

Program, B.C. Min. For. Range, Victoria, B.C. Retrieved from 

http://www.for.gov.bc.ca/ftp/hfp/external/!publish/frep/indic

ators/Indicators-Riparian-FieldGuide-March-2009-v2.pdf 

 

Kershner, J. L., Archer, E. K., Coles-Ritchie, M., Cowley, E. R., 

Henderson, R. C., Kratz, K., Quimby, C. M., Turner, D. L., Ulmer, 

L. C., Vinson, M. R. (2004). Guide to effective monitoring of 

aquatic and riparian resources. General Technical Report 

RMRS-GTR-121, United States Department of Agriculture: 57 p. 

Retrieved from 

http://oregonstate.edu/dept/range/sites/default/files/RNG45

5-555PDFLinks/Kershner_channel_riparian_monitoring.pdf 

 

 

 

Variable name: Tree health 
Relates to an action, value or A8. Employ seven-year pruning cycles for all street trees and 
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principle: establish cooperative pruning programs with utility companies. 

V5. Improve tree health and condition 

Action or system-condition/outcome: System-condition  

Units of measurement: Crown description and damage description 

Monitoring method: In previous studies the USDA Forest Service’s National Forest 

Health Monitoring (FHM) program has been modified in order 

to be used on urban forests rather than forests in the normal 

sense. These modifications have proven successful and make 

the resulting Urban Forest Health Monitoring protocols usable 

for HRM. A variety of plots spread throughout HRM need to be 

studied and the variables investigated will be plot 

characteristics, tree description (species, dbh, height, etc), 

crown description (width, height , etc.), and damage (pest, 

disease, abiotic stress, physical damage, fungus, etc.) 

Timing specifics: Baseline data on tree health for HRM were not taken as part of 

the previous UFORE study; therefore this study should be 

undertaken in the 2013 leaf-on period. Future studies should 

be done in conjunction with the next UFORE/i-tree study. 

Spatial specifics: Several plots spread throughout HRM – some that are critical 

areas of concern and others that are representative of 

prevalent conditions in HRM. Can be done in conjunction with 

the UFORE/i-Tree data collection. 

Additional notes:  

References: Cumming, A. B., Twardus, D. B., & Nowak, D. J. (2008). Urban 

forest health monitoring: Large scale assessments in the 

United States. Arboriculture and Urban Forestry, 34(6), 341-

346. 

 

Cumming, A. B., Galvin, M. F., Rabaglia, R. J., Cumming, J. R., & 

Twardus, D. B. (2001). Forest health monitoring protocol 

applied to roadside trees in Maryland. Journal of Arboriculture, 

27(3), 126-138. 

 

 

 

 

 

 

 

Variable name: Tree maintenance 
Relates to an action, value or A8. Employ seven-year pruning cycles for all street trees and 
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principle: establish cooperative pruning programs with utility companies. 

 V5. Improve tree health and condition 

Action or system-condition/outcome: Action  

Units of measurement: First few years - percentage of neighbourhoods in which a 7-

year pruning cycle has begun. 

Once the pruning cycle has begun in a neighbourhood, the 

next unit of measurement is for the return prunings to start 

the next cycle – complete/incomplete. 

Monitoring method: To effectively monitor the completion and effectiveness of the 

tree maintenance pruning cycle, a study needs to be 

conducted where the individuals doing the pruning work do 

not know which trees will be evaluated. There is no precedent 

for monitoring a pruning cycle in the scientific literature but it 

would make sense if the trees to be monitored were those on 

city property within the boundaries of the plots used for the 

Urban Forest Health Monitoring study. This way, other 

compounding factors can be identified through the tree health 

assessment, the trees can be monitored for health and pruning 

at the same time, the workers doing the pruning can be kept 

blind to the locations, and the locations will be sufficiently 

spread throughout HRM. 

Timing specifics: To be done in conjunction with the Urban Forest Health 

Monitoring study. 

Spatial specifics: The trees to be monitored will be those within the plots of the 

UFHM study and on city property that are pruned by HRM 

staff. 

Additional notes:  

References:  

 

 

 

 

 

 

 

 

 

Variable name: Shade  
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Relates to an action, value or 

principle: 

A11. Give priority to neighbourhood tree-planting treatments 

in HRM parks and on school grounds without shade trees. 

V12. Summer shade and UV control provided by the urban 

forest, especially in parks. 

V13. Asphalt longevity 

Action or system-condition/outcome: System outcome 

Units of measurement: Percent canopy cover increase in parks and over asphalt 

Monitoring method: Identification of areas where shade increase is needed (parks 

and over asphalt/paved surfaces) using GIS software and 

UFORE data. Comparison of the canopy cover in those areas 

from baseline data to future UFORE/i-tree data. 

Timing specifics: As part of the UFORE/i-Tree assessment 5 years after Plan 

approval and again after 10 years. 

Spatial specifics: Data collection (plot size, number, and placement) will be in 

accordance with the UFORE/i-Tree data collection protocols. 

The UFMP neighbourhood should also be recorded for each 

data point. 

Additional notes:  

References: McPherson, E. G., & Muchnick, J. (2005). Effect of street tree 

shade on asphalt concrete pavement performance. Journal of 

Arboriculture, 31(6), 303. 

 

Tucker, P., Gilliland, J., & Irwin, J. D. (2007). Splashpads, 

swings, and shade: parents' preferences for neighbourhood 

parks. Canadian Journal of Public Health, 98(3), 198. 
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Variable name: Energy savings 
Relates to an action, value or 

principle: 

V11. Home energy savings 

Action or system-condition/outcome: System outcome 

Units of measurement: Saved energy represented in Kw/h and CAD ($) 

Monitoring method: Estimations on energy savings can be made using GIS data for 

locations of trees near homes and businesses, size and effect 

estimates of the trees, climate data, and regional energy use 

and price, in conjunction with either the CITYgreen energy 

conservation module or the standard UFORE approach which is 

based on a report by McPherson and Simpson (1999). 

Timing specifics: As part of the UFORE/i-Tree assessment 5 years after Plan 

approval and again after 10 years. 

Spatial specifics: Data should be collected on multiple levels: HRM, 

communities, and neighbourhoods. 

 

With the CITYgreen module, only trees located 10.7 m or less 

from a building will be considered for direct shade benefits. 

 

With the UFORE approach, only trees of more than 6 m in 

height and located within 18.3 m or less of a building are 

considered. 

Additional notes: The trees aiding in energy savings now can be compared with 

size/number of trees doing so in the future after the next 

UFORE/i-tree data is collected. 

References: Akbari, H. (2002). Shade trees reduce building energy use and CO2 

emissions from power plants. Environmental Pollution, 116, S119-

S126. 

 

Carver, A. D., Unger, D. R., & Parks, C. L. (2004). Modeling energy 

savings from urban shade trees: An assessment of the CITYgreen® 

energy conservation module. Environmental management, 34(5), 

650-655. 

 

McPherson, E. G. (1994). Energy-saving potential of trees in Chicago. 

Chicago’s urban forest ecosystem: results of the Chicago Urban 

Forest Climate Project. Gen. Tech. Rep. NE-186. Radnor [Newtown 

Square], PA: US Department of Agriculture, Forest Service, 

Northeastern Research Station, 95-113. 

 

McPherson, E. G., & Simpson, J. R. (1999). Carbon Dioxide Reduction 

Through Urban Forestry. Gen. Tech. Rep. PSW-171, USDA For. Serv., 

Pacific Southwest Research Station, Albany, CA. 

 

Petit, J. (1994). Looking at urban forests with GIS technology. Journal 

of forestry, 92(10), 45. 
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Variable name: Stormwater retention 
Relates to an action, value or 

principle: 

A23. Use trees to decrease stormwater in highly impervious 

areas, with priority given to conifers where conditions permit. 

V7. Stormwater control 

Action or system-condition/outcome: System outcome 

Units of measurement: Litres of water diverted away from stormwater systems and % 

impervious surfaces.  

Monitoring method: Data collected as part of the UFORE/i-Tree study can be 

analyzed using i-Tree Hydro. 

Timing specifics: As part of the UFORE/i-Tree assessment 5 years after Plan 

approval and again after 10 years. 

Spatial specifics: Group neighbourhoods by watersheds in the study area.  

Additional notes: It may be possible to represent the data as money saved. 

References: Sanders, R. A. (1986). Urban vegetation impacts on the 

hydrology of Dayton, Ohio. Urban Ecology, 9(3), 361-376. 

 

Matteo, M., Randhir, T., & Bloniarz, D. (2006). Watershed-scale 

impacts of forest buffers on water quality and runoff in 

urbanizing environment. Journal of water resources planning 

and management, 132(3), 144-152. 

 

Variable name: Urban Forest Employment 
Relates to an action, value or 

principle: 

A21. Invest in human capital with urban forest staff training 

and development. 

V15. Urban forest employment 

Action or system-condition/outcome: Action 

Units of measurement: Number of employees working on urban forestry initiatives. 

Number of training programs for current staff. Number of CAD 

spent on urban forest staff. Quality of staff and resources. 

Monitoring method: Review of staff numbers, budget, and training expenditures. 

Timing specifics: Yearly review. 

Spatial specifics: N/A 

Additional notes:  

References:  
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Variable name: Private investment/partnerships 
Relates to an action, value or principle: A13. Educate landowners, realtors, and developers on the 

benefits of trees 

A20. Establish fundraising partnerships with private sector, 

institutional and non-governmental sector organizations to 

support urban forest stewardship projects 

V19. Private investment 

Action or system-condition/outcome: Action 

Units of measurement: The focus should be on the quality of the partnership and the 

results it produced - making this a qualitative measurement. 

However, consideration should also be given to the 

quantitative values such as number of partnerships and the 

number of CAD$ that has been accrued from them. 

Monitoring method: Usually, reports on how money was spent are required by 

private investors and partner organizations that have donated 

money. These reports will contain all the information 

necessary for a yearly review of all urban forest private 

investments and partnerships.  

Timing specifics: Yearly review. 

Spatial specifics: N/A 

Additional notes: A list should be written cataloguing the existing funds and 

grants available to which HRM could apply for. This list could 

be prioritized based on ease of application, working 

relationships, and amount of possible funds. Then in the future 

the success of the action could be judged based on how many 

of these partnerships were formed and how fruitful they were. 

 

References:  
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Variable name: Value trees 
Relates to an action, value or principle: A13. Educate landowners, realtors, and developers on the 

benefits of trees. 

V18. Property values 

V11. Home energy savings 

Action or system-condition/outcome: Action, system outcome and system-condition 

 

The action is education of landowners, realtors, and 

developers on the benefits of trees – in particular, value trees. 

The system outcomes are the increased property values and 

home energy savings. The system-condition is the number of 

value trees on private property in HRM. 

Units of measurement: Energy savings and education monitoring programs are 

explained elsewhere in this document and do not need to be 

restated. This section will focus on value trees and their impact 

on property value. 

 

Number of value trees on private property in HRM and the 

increase in property value from them in CAD$. 

Monitoring method: Satellite images, LiDAR, and/or aerial photographic data from 

the previous UFORE study to identify value trees on private 

property.  

Timing specifics: As part of the UFORE/i-Tree assessment 5 years after Plan 

approval and again after 10 years. 

Spatial specifics: Should be conducted for at least several neighbourhoods in 

each community.  

Additional notes:  

References: Anderson, L. M., & Cordell, H. K. (1985). Residential property 

values improved by landscaping with trees. Southern Journal of 

Applied Forestry, 9(3), 162-166. 

 

Anderson, L. M., & Cordell, H. K. (1988). Influence of trees on 

residential property values in Athens, Georgia (USA): a survey 

based on actual sales prices. Landscape and Urban 

Planning, 15(1), 153-164. 

 

Tyrväinen, L. (1997). The amenity value of the urban forest: an 

application of the hedonic pricing method. Landscape and 

Urban planning, 37(3), 211-222. 
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Variable name: Aesthetics 
Relates to an action, value or 

principle: 

V20. Forest appeal to the senses of sight, sound, and smell. 

V21. Sense of well being 

Action or system-condition/outcome: System-condition 

Units of measurement: Public approval 

Monitoring method: Methods similar to those which were used to gauge public 

opinion during the drafting phase of the UFMP can be used to 

gauge public opinion on the quality of HRMs forest aesthetics. 

These methods include online surveys, interception surveys, 

and public consultations. Also photographs of specific areas 

during the leaf-on phase of the urban forest can be taken at 

specific locations throughout HRM that are representative of 

various levels of aesthetic quality.  

Timing specifics: As part of the UFORE/i-Tree assessment 5 years after Plan 

approval and again after 10 years.  

Spatial specifics: Study should be conducted such that areas of high, medium, 

and low forest aesthetic appeal for each sense are identified, 

used for baseline data, and comparisons between locations in 

the same year and between the same locations across 5 year 

periods.  

Additional notes: Visually it has been shown that most people prefer urban trees 

that have greater dbh, basal area per stem, crown closure, and 

total vegetation (up to a certain point). In the UK the Helliwell 

system is commonly used for valuation of trees in order to 

settle a legal dispute. It is an expert judgement system that 

uses the following attributes: size of tree, useful life 

expectancy, importance of position in landscape, presence of 

other trees, relation to setting, form, and special factors. 

References: Buhyoff, G. J., Gauthier, L. J., & Wellman, J. D. (1984). 

Predicting scenic quality for urban forests using vegetation 

measurements. Forest Science, 30(1), 71-82. 

 

Helliwell, D. R. (1967). The amenity value of trees and 

woodlands. Arboricultural Association Journal, 1(5), 128-131.  

 

Price, C. (2003). Quantifying the aesthetic benefits of urban 

forestry. Urban Forestry & Urban Greening, 1(3), 123-133. 
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Variable name: Traffic calming 
Relates to an action, value or 

principle: 

A19. Characterize and prioritize target areas for strategic 

planting in HRM rights of way. 

V20. Traffic calming 

Action or system-condition/outcome: System outcome 

Units of measurement: Traffic speeds 

Monitoring method: Radar traffic speed measuring technology to determine an 

average speed for an area.  

Timing specifics: Before and 10 years after significant roadside tree plantings. 

Spatial specifics: Several sites throughout HRM 

Additional notes:  

References: Dixon, K. K., & Wolf, K. L. (2007). Benefits and Risks of Urban 

Roadside Landscape: finding a livable, balanced response. 

In 3rd Urban Street Symposium: Uptown, Downtown, or Small 

Town: Designing Urban Streets That Work. 

 

Naderi, J. R. (2003). Landscape design in clear zone: effect of 

landscape variables on pedestrian health and driver 

safety. Transportation Research Record: Journal of the 

Transportation Research Board, 1851(-1), 119-130. 

 

Rosenblatt Naderi, J., Kweon, B. S., & Maghelal, P. (2006). 

Simulating Impacts of Curb-side Trees on Driver Performance 

and Perceptions, Paper 06-1435. In Proceedings of the 85th 

Annual Meeting of the Transportation Research Board. 

Transportation Research Board of the National Academies of 

Science, Washington, DC. 
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Variable name: Public awareness/education 
Relates to an action, value or 

principle: 

A10. Educate landowners on the benefits of trees in riparian 

zones. 

A13. Educate landowners, realtors, and developers on the 

benefits of trees. 

A15. Establish innovative interpretive programs for the public. 

A16. Support citizen-led urban forest stewardship initiatives. 

A17. Promote the benefits of the urban forest. 

 

Action or system-condition/outcome: Action 

Units of measurement: Qualitative evaluation of education program(s) 

Qualitative assessment of public awareness of urban forest 

benefits 

Monitoring method: Data from all public education, awareness, and outreach 

programs should be collected and compiled into one 

document and reviewed annually. 

Timing specifics: Annual review of education program. Survey in a few years to 

assess public awareness of urban forest benefits. 

Spatial specifics: Should be evaluated on the three levels of urban forest 

organization set out in the UFMP – HRM serviced core, 

communities, neighbourhoods. 

Additional notes:  

References:  
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Variable name: Citizen involvement 
Relates to an action, value or 

principle: 

A14. Conduct regular public surveys. 

A15. Establish innovative interpretive programs for the public. 

A16. Support citizen-led urban forest stewardship initiatives. 

A22. Provide incentives to homeowners to plant trees on their 

properties. 

A27. Encourage citizens to plant food-producing trees on their 

properties. 

A28. Improve urban forest conditions around active 

transportation networks and use the urban forest to increase 

active transportation opportunities 

Action or system-condition/outcome: System outcome 

Units of measurement: HRM should first conduct a qualitative self analysis to 

determine their own opinion on the success or failure of their 

citizen involvement initiatives. Then they should also conduct a 

satisfaction survey to see how the citizens feel about the levels 

and types of involvement opportunities they have. 

Monitoring method: Citizen involvement in urban forest programs and initiatives 

created and run by HRM and/or urban forest neighbourhood 

organizations should be evaluated based on 4 elements:  

• Purposes (objectives and intended outcomes) 

• Activities (what, where, when, how) 

• Participation (numbers and demographics of 

participants) 

• Government involvement (level and aspects of 

government involved) 

 

Timing specifics: Yearly review 

Spatial specifics: Data reviewed on all three scales of the urban forest: Entire 

urban forest, communities, and neighbourhoods. 

Additional notes: ‘Purposes’ include concepts such as discovery, education, 

measurement, persuasion, and legitimization in the policy 

process. It also encompasses goal setting; determination of 

strategies, policies, and capacities; and monitoring and 

evaluation of government services.  

 

‘Activities’ include interpretive programs, and initiatives that 

require public participation. They can also refer to mechanisms 

such as public hearings, citizen advisory councils, citizen 

panels, neighborhood meetings, and citizen surveys.  

 

It is important to note whether it is the same group of people 

participating in all the events and whether the voice of all 

social groups is being heard. 

 

References: Irvin, R., & Stansbury, J. (2004). Citizen participation in decision 
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making: Is it worth the effort? Public Administration Review, 

64(1), 55–65. 

 

Langton, S. (1978). What is citizen participation? In S. Langton 

(Ed.), Citizen participation in America (pp. 13–24). Lexington, 

MA: Lexington Books. 

 

Walters, L.C., Aydelotte, J., & Miller, J. (2000). Putting more 

public in policy analysis. Public Administration Review, 60(4), 

349–359. 

 

Wang, X. (2001). Assessing public participation in U.S. cities. 

Public Performance & Management Review, 24(4), 322–336. 

 

Yang, K., & Callahan, K. (2005). Assessing citizen involvement 

efforts by local governments. Public Performance & 

Management Review, 29(2), 191-216. 
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Variable name: Public satisfaction 
Relates to an action, value or 

principle: 

A14. Conduct regular public surveys. 

Action or system-condition/outcome: System outcome 

Units of measurement: N/A 

Monitoring method: Public satisfaction can be determined through the standard 

methods of retrieving input from the public. These include but 

are not limited to: online surveys, street interception surveys, 

public consultation sessions, and mail-out questionnaires. This 

can be combined with geospatial information and GIS 

technology to capture, store, manage, share, communicate, 

stimulate discussion, and visualize spatial data and knowledge. 

A collaborative approach has been taken to study attitudes 

toward urban green spaces in Montreal and this strategy could 

be useful when attempting to study attitudes toward the 

urban forest of HRM. 

Timing specifics: For general satisfaction, public opinion should be surveyed 

every 5 years. For individual initiatives, feedback should be 

obtained as part of the initiative/event or shortly thereafter. 

Spatial specifics: The target audience for a survey should reflect the topic on 

which information is needed.  

Additional notes:  

References: Balram, S., & Dragićević, S. (2005). Attitudes toward urban 

green spaces: integrating questionnaire survey and 

collaborative GIS techniques to improve attitude 

measurements. Landscape and Urban Planning, 71(2), 147-

162. 

 

 


