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A Critical Analysis of Indicators in the Halifax Urban Forest Master Plan 

1. Introduction 
 
Halifax Regional Municipality has an extensive and diverse urban forest that provides many benefits to 

the community. The Halifax Urban Forest Master Plan (UFMP) is a document created to guide the 

sustainable management of the city’s urban trees so that the community can continue to benefit from 

the urban forest in future years (HRM Urban Forest Planning Team, 2013). The document was produced 

through extensive public consultation efforts to create an approach to management that was largely 

based on sustaining urban forest values held by Halifax citizens. Urban forest values identified through 

these consultations were categorized as ecological, social, and economic.  

 

To ensure that urban forest values and benefits expressed by the public were reflected in management 

actions, a VOITs table (values, objectives, indicators, and targets) was crafted by the plan’s authors. The 

VOITs table is a tool that allows managers to trace the links between values and actions that can be 

monitored for effectiveness (HRM Urban Forest Planning Team, 2013). Indicators presented in the VOITs 

table allow urban forest management to be monitored and can be used to determine if the current 

management programs are indeed producing the desired effects. 

 

The purpose of this report is to evaluate the appropriateness of the indicators used in the UFMP VOITs 

table in terms of their value to urban forest monitoring programs. The report will examine indicators of 

ecological values, and more specifically, of biodiversity (ecosystem diversity, species diversity, and 

genetic diversity) and ecosystem condition (ecosystem condition, tree condition, and aquatic system 
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condition). To begin, the report will introduce the concept of sustainable urban forest management, and 

provide an overview of how ecological indicators have been used in this context. Subsequently, 

ecological value indicators listed in the UFMP will be analysed based on information found in scientific 

literature. The scientific literature examined pertains to the six values in question and ways in which 

they can be monitored, including indicators that have been used to measure these values in previous 

studies. Finally, new indicators and adjustments to other components of the VOITs table will be 

proposed where necessary. 

2. The Role of Indicators in Sustainable Urban Forest Management (SUFM) 

2.1 What is SUFM? 
The UFMP operates under the idea of SUFM. The UFMP uses Clark et al.’s (1997) definition that a 

sustainable urban forest is “the naturally occurring and planted trees in cities which are managed to 

provide the inhabitants with a continuing level of economic, social, environmental and ecological 

benefits today and into the future.” This definition is based on three ideas: that communities 

acknowledge the wide range of benefits of the urban forest; that the goal of maintaining urban forest 

benefits requires human intervention and management; and that urban forests exist within defined 

geographic and political boundaries of cities (Clark et al., 1997). The UFMP fulfills these ideas using the 

guiding principles of adaptive management, precaution, public participation, and sustainable 

development. The guiding and operational principles in the UFMP are based on values identified by the 

public.  Objectives and targets were further developed by HRM staff to ensure that management actions 

align with public input and are tracked using indicators (HRM Urban Forest Planning Team, 2013). 
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2.2 What are indicators in the context of SUFM? 
Indicators are decision-making tools for resource managers. They are objective, empirically measureable 

components or variables of a system that are related to predefined goals or criteria (Steenberg et al., 

2011). In the context of sustainable forest management, Natural Resources Canada (2014) defines 

indicators as “science-based measures that give government, industry, researchers and the public a way 

to consistently define, assess, monitor and report progress on sustainable forest management.” It is 

important to note that indicators do not convey causality behind trends or values; causality needs to be 

determined by the forest manager so that they can perform adaptive management. Indicators must be 

selected to address specific management questions so that they can later be linked to informed 

management decisions (Failing & Gregory, 2003). In other words, indicators should be linked to 

attributes that managers can influence in order to make effective management decisions. To 

summarize: indicators used in SUFM should be objective, empirically measurable, relate to predefined 

goals and criteria, and inform management decisions. 

2.3 Why are indicators important to SUFM? 
Indicators are an important part of SUFM because they allow managers to identify changes in the urban 

forest over time. The information provided by indicators is used to track trends so that problems may be 

identified early on. Additionally, indicators are used to monitor management actions and determine if 

they have led to progress toward the targets, goals and objectives set out in the management plan. 

Indicators may also help identify whether management practices and policies are working and support 

the framework of adaptive management. Adaptive management is a key part of SUFM because it allows 

for the flexibility needed to sustain and improve forest resources in changing urban environments 

(Dwyer et al., 2003). In sum, indicators are the means to monitor changes in the urban forest and the 

effectiveness of management actions. Monitoring change is important to SUFM to uphold its definition 

of ensuring continuous benefits of the urban forest now and in the future. 
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3. Biodiversity Values 

3.1 What is biodiversity? 
The widespread United Nations definition of biodiversity states: “Biological diversity means the 

variability among living organisms from all sources including, inter alia, terrestrial, marine and other 

aquatic ecosystems and the ecological complexes of which they are part: this includes diversity within 

species, between species and of ecosystems” (United Nations, 1993, p. 146). This definition reflects the 

complexity of biodiversity, and the fact that it can be characterized at multiple scales. Ecosystem 

diversity, species diversity, and genetic diversity are three, nested components of biodiversity (OTA, 

1987; Noss, 1990). To assess the overall status of biodiversity in a given area, it is useful to identify 

appropriate indicators for all three components. This produces a more complete picture of biodiversity 

issues that helps to increase the specificity of management actions (Noss, 1990).   

 

A definition for biodiversity is not explicitly stated in the UFMP. However, certain benefits of biodiversity 

are identified. For instance, the UFMP states that enhancing native tree diversity provides habitat for 

other native plants and animals. A biologically diverse environment is also seen as therapeutic for city-

dwellers (Louv, 2011; Urban Forest Planning Team, 2013). The VOITs table (Table 1) follows the 

biodiversity characterization scheme presented above, by dividing the general concept into ecosystem 

diversity, species diversity, and genetic diversity values (HRM Urban Forest Planning Team, 2013). 

 

 

 

 

 

 



5 
 

Table 1. Biodiversity values, objectives, indicators, and targets (Source: HRM Urban Forest Planning 

Team, 2013) 

Values Objectives Indicators Targets 

Ecosystem 
Diversity 

Increase area of 
naturalized ecosystems 

Percent of area in forest 
stands 

35% of the UFMP Study Area 
is in forest stands 

Species 
Diversity 

Even out age-class 
diversity of urban trees 

Percent of trees planted 
within the last ten years 

Equal or greater than 10% 

Raise representation of 
native trees in the urban 
forest 

Percent of street trees that 
are native 

50% of all street trees are 
native 

Genera that comprise more 
than 10% of all street trees 

No genus comprises more 
than 10% of all street trees 

Acadian old-growth species 
that represent at least 1% 
of all street trees 

All six Acadian old-growth 
species represent at least 1% 
of all street trees 

Genetic 
Diversity 

Expand the gene pool of 
native species 

Range of cultivars of tree 
species 

Increase number of cultivars 
per species planted 

 

3.2 Ecosystem Diversity Indicators 
An ecosystem is an assemblage of living organisms and the abiotic environmental components with 

which they interact in a delimited spatial and temporal extent (Zipperer, 2008). The diversity of 

ecosystems refers to how many types of assemblages of biotic and abiotic factors occur in a given study 

area. Since ecosystems are the broadest scale of biodiversity characterization, within which species- and 

genetic-diversity are nested, ecosystem diversity is typically measured at a broad scales that often go 

beyond boundaries of a city (OTA, 1987). In the urban forest context, the structural diversity of urban 

forests has been used as a more applicable definition of ecosystem diversity (Binelli, 2000). For instance, 

multiple canopy layers, standing deadwood, and downed woody debris are structural components of 

natural forests stands that increase their habitat diversity, which translates to increased species 

diversity (Binelli, 2000).  

 

The configuration of the forested landscape is another structural aspect that is known to drive the 

diversity of ecosystems and habitats (Walz and Syrbe, 2013). In an urban area, increasing the 
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connectivity of forest stands, or simply of canopy cover, will have a positive effect on biodiversity 

(Farinha-Marques, Lameiras, Fernandes, Silva and Guilherme, 2011). Connectivity in the forested 

landscape allows for species migration, propagule dispersal, and nutrient flow to occur over larger areas.  

 

In the UFMP, the objective associated with ecosystem diversity is to “increase the area of naturalized 

ecosystems” (HRM Urban Forest Planning Team, p. 46). The indicator chosen to assess whether this 

objective is being reached is the percentage of the urban area that consists of forest stands. Thirty-five 

(35) percent of the urban area in forest stands is the target state of the indicator. Presenting increased 

naturalness as an objective for ecosystem diversity is consistent with the scientific literature, since, as 

mentioned above, naturally occurring structural diversity enhances forest stand biodiversity. However, 

using forest cover as an indicator of naturalized ecosystems can be misleading, as in doing so, it is 

assumed that any type of forest is natural. In reality, urban forest stands have varying levels of 

naturalness. An urban forest stand may have natural characteristics, such as the presence of the 

multiple canopy layers or deadwood at various stages of decay. On the other hand, even-aged, single-

species stands may also be present in a city (Young, Jarvis, Hooper and Trueman, 2009), which are not 

natural characteristics of the Acadian Forest Region. Using the percentage of forested area as an 

indicator of naturalized ecosystems is therefore not ideal, as it does not differentiate between natural 

and highly modified forest stands. To effectively assess progress towards this objective, a finer-scale 

investigation of naturalization in the field is needed to complement the forest-cover indicator.  

 

Furthermore, the relative amount of forest area in the landscape is a compositional indicator, which 

ignores the structure or shape of the landscape (Feld et al., 2009). A more suited indicator of ecosystem 

diversity would take into account the configuration of the urban forest, since landscape connectivity is 

vital to biodiversity (Young et al., 2009). Spatial metrics assessing connectivity and fragmentation are 
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easily calculated using geographic information systems (GIS), and are commonplace in the discipline of 

landscape ecology (Walz, 2011). Since the percentage of forested area is derived from GIS analyses, 

calculating spatial metrics would be an efficient way to enhance Halifax’s understanding of the 

ecological connectivity of its forested landscape, and thus allow for more sound and effective urban 

planning decisions.  

3.3 Species Diversity Indicators 
The diversity of tree species and genera is widely recognized as beneficial for urban forests in the face of 

changing environmental conditions, such as those brought about by climate change (Kendal, Dobbs and 

Lohr, 2014). Having a variety of tree species planted in a city provides insurance against widespread pest 

and disease outbreaks, as these tend to only attack certain genera, species, or cultivars (Lacan and 

McBride, 2008). In sum, high tree diversity makes the urban forest more resilient in its ability to provide 

ecosystem services. To help managers with tree species selection, the 10/20/30 rule of thumb was 

developed (Santamour, 1990), and it states that “municipal forests should comprise no more than 10% 

of any particular species, 20% of any one genus or 30% of any single family” (Kendal et al., 2014, p. 411).  

 

The UFMP has two objectives for species diversity. The first is to “even out age-class diversity of urban 

trees” (HRM Urban Forest Planning Team, 2013, p. 46). The indicator for this objective is the amount of 

trees planted over the past ten years, and the target is that at least 10% of the total trees should be in 

this category. This is a structural indicator of species diversity (Feld et al. 2009). According to Feld et al. 

2009, compositional indicators such as species richness are most commonly used in biodiversity 

assessments, while structural indicators are often underrepresented. Compositional, functional and 

structural aspects of diversity are equally important attributes (Feld et. 2009; Noss, 1990). The age-class 

diversity indicator chosen is cost-effective and simple to measure using planted-tree inventory data, and 

thus will require the city to maintain an up-to-date tree inventory.  
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The second species diversity objective is to “raise representation of native trees in the urban forest” 

(HRM Urban Forest Planning Team, 2013, p. 46). This objective falls in line with Operational Principle 8, 

of the UFMP, which states that natural conditions will be favored in the urban forest, unless this 

compromises sustainability due to a shift in environmental conditions where native species are no 

longer the best adapted (HRM Urban Forest Planning Team, 2013). Three indicators were identified to 

monitor progress towards increased representation of native trees. Percentage of native street trees is 

the first, and the target is for 50% of street trees to be native. A second indicator adds a level of 

specificity to the first, as it looks at the number of Acadian old-growth species that compose at least 1% 

of street trees, the target being for all six of them to be in this category. Both of these indicators 

contribute to our knowledge of native tree diversity in the city. However, data collection for these 

indicators might be time-consuming and expensive to obtain, as they require knowledge of the species 

composition of the entire urban forest. There is a large amount of data to collect in comparison to the 

age-class diversity indicator, which only requires knowledge of trees planted within the last ten years. 

Choosing an indicator of nativeness based on newly planted trees might be a more effective monitoring 

method in the short term. 

 

The third indicator of native species representation identified in the UFMP is the number of “genera that 

comprise more than 10% of all street trees” (HRM Urban Forest Planning Team, p. 46). The target is that 

no genus should be reflected in this category. This is an ambitious tree-diversity aim, as it goes beyond 

the 10/20/30 rule of thumb which allows for 20% representation of a single genus (Santamour, 1990). 

Although this indicator communicates information about tree species diversity in general, it does not 

shed light on native species diversity, which is the objective it is meant to assess. For consistency in the 

VOITs scheme, a separate objective looking at overall tree species diversity should be considered. 
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Reaching the target of 10% representation per genus could take decades, given current species 

composition of Halifax’s urban forest (HRM Urban Forest Planning Team, 2013). Researchers have 

suggested that planting programs should begin the diversification process by focusing on varieties that 

do not have the same pest vulnerabilities as current dominant species (Lacan and McBride, 2008). 

According to this view, such a tree-planting program in Halifax would increase the rate at which Halifax’s 

urban forest becomes more resilient to pests.  

 

The common characteristic of the species diversity objectives and indicators chosen is that they all 

relate to tree species diversity, excluding indicators for other plant and animal species in Halifax. To 

evaluate whether this is appropriate, it is important to have a clear definition of what we are monitoring 

(Noss, 1990; Failing and Gregory, 2003). In this case, ‘species diversity’ would need to be defined. 

Although urban forest management is concerned with trees, it is essential to know whether tree-

planting decisions effectively translate into biodiversity values (Failing and Gregory, 2003). As 

mentioned earlier, in the UFMP, biodiversity as a whole is recognized as having a positive impact on city-

dwellers. In addition to the current tree-species diversity indicators presented in the Plan, a second suite 

of indicators should be added to monitor whether urban forest management is influencing overall 

species diversity in the city. An example of such an indicator would be bird species diversity, which has 

been shown to correlate with the diversity of a disproportionate number of other taxa, in comparison to 

other species groups (Farinha-Marques et al., 2011, Hermy and Cornelis, 2000). It is important to 

acknowledge that this adds a level of complexity and resource allocation to the UFMP monitoring 

program. Conducting these biodiversity assessments in localized areas, such as a selection of urban 

parks, could be an informative first step (Hermy and Cornelis, 2000; Cornelis and Hermy, 2004). 
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3.4 Genetic Diversity Indicators 
Genetic diversity typically refers to the range of genotypes present within a species (Lohr, 2013). As with 

species diversity, having a wide range of genetic material within any given population increases fitness 

and resilience to environmental stressors such as pest outbreaks, and a changing climate (Lohr, 2013; 

Reed and Frankham, 2003). Indicators of genetic diversity measure morphological and physiological 

characteristics of organisms as a proxy to describe the underlying genome (Last, Lüscher, Widmer, Boller 

and Kölliker, 2014). Despite the large number of existing genetic variation indicators, a meta-analysis of 

biodiversity assessments revealed that genetic-diversity indicators were the least commonly used, in 

comparison to ecosystem- and species-diversity indicators (Feld et al., 2009). In urban forest biodiversity 

assessments, habitat (or ecosystem) and species diversity indicators are often the focus (Hermy and 

Cornelis, 2000). 

  

In terms of street-tree genetic diversity, it has been argued that planting trees from native seed stocks is 

beneficial from a conservation standpoint. In the context of rapidly increasing urban densification and 

sprawl, the streetscape is becoming crucial to conserving native genetic material. Thus, specific cultivars 

chosen in planting programs should originate from native gene pools (Frank, Waters, Beer and May, 

2006). 

 

In the UFMP, the objective for genetic diversity is to increase the gene pool of native tree species. The 

indicator is the number of cultivars per tree species, and the target is to “increase number of cultivars 

per species planted, proportional to the number of trees planted” (Urban Forest Planning Team, 2013). 

Knowing the amount of cultivars present in a city’s urban forest is a valuable indicator of genetic 

diversity in that, by definition, every cultivar possesses its own genetic makeup (Santamour, 1990). The 

plan provides no specifications as to whether the cultivars to be chosen should originate from native 
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populations. An indicator of genetic diversity which is consistent with the UFMP’s ‘naturalness’ 

operational principle would take the origin of genetic material into account.  

4. Ecosystem Condition Values 

4.1 What is Ecosystem Condition? 
Ecosystem condition is the ability of an ecosystem to provide services, relative to its potential capacity 

(Responses Working Group of the Millennium Ecosystem Assessment, 2005). There is no definition of 

ecosystem condition in the Halifax UFMP. However, the Plan states that biophysical conditions and land 

use are the major drivers of urban forest condition and many ecosystem services such as water storage, 

shade, and aesthetics were identified. The value of ecosystem condition is divided into three values with 

associated objectives, indicators and targets (Table 2).  

 

Table 2. Ecosystem condition values, objective, indicators, and targets (Source: HRM Urban Forest 

Planning Team, 2013) 

Values Objectives Indicators Targets 

Ecosystem 
condition 

Increase canopy 
cover 

Percent canopy 
cover 

53% canopy cover 
for the UFMP 
study area 

Tree condition Improve tree 
health 

Further research 
needed 

Further research 
needed 

Aquatic system 
condition 

Natural 
temperatures, 
sedimentation 
rates, stable 
groundwater 

Percent canopy 
cover of riparian 
zones 

100% canopy 
cover in riparian 
zones 

 

4.2 Ecosystem Condition Indicators 
One of the most commonly used ways of describing the extent of an urban forest is canopy cover 

(Kenney et al., 2011). Indeed, this is the indicator used in the UFMP to evaluate ecosystem condition 

where the objective is to increase canopy cover to the target amount of 53%. While percent canopy 
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cover is a simple and straightforward indicator of forest extent, it does not provide information about 

the condition of the ecosystem under the canopy along with other essential information needed for 

sustainable forest management such as species diversity, forest condition, or stand-age and size-class 

distributions (Kenney et al., 2011). A typical value assigned for urban forest canopy cover in American 

forests is 40%, and as Kenney et al. (2011) point out, this may be unattainable in many urban areas 

because of an area’s carrying capacity or proportion of hard surface cover. Using canopy cover as a goal 

may cause the management to focus on tree planting instead of other forest management activities 

(Kenney et al., 2011). Additionally, percentage of canopy cover is not an ideal indicator because 

uncertainty is difficult to calculate and often not reported in percent cover calculations in geospatial 

methods (Richardson & Moskal, 2014), and lack of information about other aspects of tree and 

ecosystem condition (e.g., invasive insects or diseases, size and age, species, condition of understory, 

tree ownership) (Kenney et al., 2011). 

 

To correct for some of these issues, Kenney et al. (2011) suggest using relative canopy cover which is the 

area of canopy cover divided by the potential of canopy cover. This method takes into account an area’s 

carrying capacity. Kenney et al. (2011) also suggest using a measure of relative diameter at breast height 

of trees (the ratio between a tree’s measured diameter and the maximum diameter for the species 

within its age class) because it enables managers to infer ecosystem condition since trees growing in 

preferable ecosystem conditions will reach their full diameter, and trees in poor ecosystem conditions 

or under stress will have a smaller ratio (Dobbertin, 2005). Literature suggests that diversity of bird 

species and presence of pteridophytes may be good alternative indicators for ecosystem condition, as 

increased diversity of bird species and presence of pteridophytes have been linked to urban forest 

ecosystem integrity and function (Sanesi et al., 2009; Bergeron & Pellerin, 2013).   
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Using percentage of canopy cover is not an adequate indicator of ecosystem condition because it cannot 

easily be used to make informed management decisions. Better indicators of ecosystem condition might 

be some combination of relative diameter at breast height, bird species diversity, and presence of 

pteridophytes. However, percent canopy cover is one of the simplest and most cost-effective methods 

to cover large areas of urban forest. If time and resources are limited, the best alternative to percent 

canopy cover may be relative canopy cover; nevertheless, this should not be the only parameter used to 

indicate ecosystem condition since attributes below the canopy are not considered.  

4.3 Tree Condition Indicators 
The UFMP lists only the objective of improving tree health in the VOITs table and suggests that further 

research will be performed to determine targets and indicators. By looking at the actions of the 

management plan, it appears that the way health will be maintained is through a seven-year pruning 

cycle since it is the only action listed as applicable to the value of tree condition. Literature suggests that 

several criteria may serve as indicators of tree health. The US Forest Service (2003) uses crown 

condition, ozone injury, tree damage, tree mortality, lichen communities, down woody debris, 

vegetation diversity and structure, and soil condition for their forest health indicators. Similarly, the 

Canadian Forest Service (2004) has a six-step process to evaluate tree health that includes taking 

measurements of stand age, tree diameter, and disturbances; selecting trees for assessment (a 

minimum of 15 trees required for an urban site); record tree status (living, recently dead, old dead, cut 

down or girdled); evaluate crown class; record stem damage; and determine crown rating. Conversely, 

the Council of Tree and Landscape Appraisers rates the condition of the roots, trunk, scaffold branches, 

small branches and twigs, and foliage from one to four and sums them for a final condition rating (Bond, 

2010).  
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Morin, Steinman and Randolph (2012) found that crown dieback is the most significant predictor of tree 

survival. Tree stress is often shown through loss of foliage and changes in foliage distribution, meaning 

that 2-dimensional absolute crown indicators (i.e., crown class, density, dieback) should be 

complemented with 3-dimensional composite indicators (i.e. crown volume, crown surface area, and 

production efficiency etc.) (Zarnich, Bechtold, and Stolte, 2004). These variables can inherently differ 

with tree species. Thus, indicators that involve crown measurements should be standardized to take into 

account interspecific variation (Zarnich et al., 2004). It is important to consider that many factors can 

cause crown degradation such as insects, disease, weather events, senescence and competition; 

therefore, dieback must be assessed over multiple years to accurately predict tree survival.  

 

A similar assessment used in the Regional Municipality of York (RMY), Ontario, could be used to 

determine tree health. The crown, stem, and roots of each tree were assessed and calculated to give 

each tree an overall health rating (Lane, 2013). Other information collected included species, size, year 

planted, and location in relation to adjacent land use and boulevard soil conditions. From this study, 

investigators were able to identify four major impacting factors on tree health: available water, 

boulevard soil quality and quantity, stock quality and planting practices, and environmental conditions 

(e.g., salt from winter road maintenance and exposure to wind). Ultimately, the investigators concluded 

that some species performed well despite harsh growing conditions, survival was much lower in open 

sites (particularly in rural areas), tree health was poorer where there was a greater force of prevailing 

wind, and newly planted trees have a three- to five-year period of establishment when care is critical to 

survival. Using these indicators of health, urban foresters in Halifax can use pruning and the additional 

techniques suggested in the RMY report (Lane, 2013) to improve tree health, such as increasing 

watering of newly planted trees during the critical establishment period (3-5 years), review species that 

have better survival rates, review specifications and guidelines for street-tree planting contracts to 
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ensure better planting techniques, and consider construction and infrastructure design when planting 

trees. 

4.4 Aquatic Condition Indicators 
The UFMP uses percent canopy cover in riparian zones as the indicator for the objective of natural 

temperatures, sedimentation rates, and stable groundwater for the value of aquatic condition. The 

target is to create 100% canopy cover in riparian zones. As mentioned previously, percentage of canopy 

cover is generally only a good indicator of the extent of the urban forest. Canopy cover of riparian areas 

in urban settings has been found to have little effect on aquatic habitat diversity, a commonly used 

measure for stream quality, compared with deforested riparian areas (Roy et al., 2005). Additionally, 

Roy et al. (2005) report no change in macro-invertebrate assemblage integrity or salamander catches 

between forested and deforested riparian areas in urban settings. However, Roy et al. (2005) note that 

riparian forest cover may be an important regulator of stream width, temperature, and food-base. In 

their review paper, Broadmeadow and Nisbet (2004) point out several studies suggesting that a fully 

covered canopy actually reduces stream quality by cutting off light that is essential for aquatic plants 

and other photosynthetic organisms. Although riparian cover and setbacks are generally good for 

stream health, there is no specific number or cut off point associated with forest cover, and it seems 

that forest cover and aquatic condition are not linearly correlated. 

 

 It is also important to consider that not all riparian areas would naturally have 100% cover and not all 

species may enjoy a riparian buffer that is solely made up of trees. Indeed, grass/moorland surrounding 

streams supported the greatest abundance and diversity of grazing, foraging, and predator species 

(Broadmeadow & Nisbet, 2004). Reviewing the historical canopy cover in an area to determine what its 

natural percent cover is before assigning a percentage is a better approach than designating a 

percentage for all areas.  
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Riparian zone cover condition has been determined to be an effective indicator for nutrient runoff 

capture, sediment traps, and habitat quality (Rheinhardt et al., 2012). This study measured living and 

dead biomass, and related the measurements to cover type and condition. Additionally, species 

composition of the cover is known to affect the aquatic biodiversity in the riparian zone. Broadmeadow 

and Nisbet (2004) suggest that broadleaf trees and shrubs increase biodiversity in aquatic systems 

because aquatic invertebrates prefer feeding on broadleaves over needles and leaf litter from 

broadleaved trees becomes stuck in the aquatic zone in deadfall and rocks whereas needles are swept 

downstream.  

 

Broadmeadow and Nisbet (2004) suggest that the influence of the riparian zone on a stream depends on 

the width, structure, species composition, and vegetation management of the buffer. The width of the 

buffer within the UFMP is not defined, making it impossible to determine when the target is met. 

Considering the evidence presented above, urban forest cover condition, rather than percentage of 

canopy cover, may be a better indicator for the objectives of the aquatic system value.  Another 

suggested method of determining aquatic condition is regular monitoring of water quality using a 

portable water quality monitoring device such as a YSI that can measure temperature, pH, and total 

dissolved solids as well as benthic fauna inventories (Conservation of Arctic Flora and Fauna, 2012).  

5. Conclusion  
The Halifax Urban Forest Master Plan uses the principles of SUFM so that public urban forest values will 

be upheld for future generations. The plan uses a VOITs approach to ensure that management programs 

can be monitored to determine their effectiveness in sustaining desired values. The appropriateness of 

indicators used in the VOITs approach was evaluated in this paper for biodiversity and ecosystem 

condition values. This analysis suggests that many of the indicators do not align with the values put forth 

in the plan. For example, canopy cover is insufficient to indicate biodiversity, ecosystem condition or 
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aquatic system condition.  Further, some indicators were lacking crucial components. The ecosystem 

diversity indicators lacked components of connectivity. Species diversity lacked indicators for non-tree 

taxa. Genetic diversity indicators made no reference to the importance of local tree genetic material. 

Similarly, ecosystem condition indicators did not consider other crucial components of condition that 

exist below the canopy. No indicators for tree condition were yet defined, but caution should be 

exercised to take into account the condition of the entire tree, not just the condition of the canopy. 

Aquatic system condition likely does not linearly correlate with the indicator identified in the plan as 

percentage of canopy cover in the riparian zone. It appears that non-forest-related indicators of aquatic 

condition were overlooked when the VOITs table was constructed.  

 

The research presented in this report revealed opportunities to improve the VOITs table so as to ensure 

urban forest values are being adequately monitored. In terms of biodiversity monitoring, it is suggested 

that ecosystem diversity indicators go beyond calculating the percentage of forest cover and include 

metrics for assessing naturalness of forest stands, and metrics to assess the connectivity of the city’s 

forested landscape. Current indicators to measure the diversity of native tree species require a complete 

inventory of Halifax trees. It would be more efficient to focus monitoring on recently planted trees, or to 

create an indicator that measures native tree diversity through sampling of the total city-tree 

population. In addition, species diversity should not only be measured for trees, but also for other 

species inhabiting the urban environment. For genetic diversity, in addition to the current indicator of 

cultivars per species, knowing the proportion of cultivars originating from native seed stock would 

enhance our understanding of ecological integrity and naturalness at the finest scale of biodiversity 

assessment.  
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 Indicators of ecological condition must be revisited in the UFMP to include some that occur underneath 

the forest canopy. Ecological condition should be supplemented with other indicators of ecosystem 

condition such as bird species diversity or presence of pteridophytes. Future indicators of tree condition 

might include measures of tree health such as crown condition, soil condition and root condition. In 

addition to changing the indicator of aquatic system condition from percentage canopy cover to 

percentage canopy type, in-stream methods of determining aquatic condition are recommended. 

Finally, all values identified in the UFMP need to be clearly defined so that there is a stronger 

relationship between the values and the indicators, targets, and objectives. Doing so would allow for the 

construction of a more meaningful VOITs table, and a more sustainable urban forest.  
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