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Abstract 

Global sustainable development endeavours necessitate achievements from local and 

regional sustainable development approaches in order to adequately inform meaningful, context-

specific, decision-making for mitigating global unsustainability. State of the Environment (SOE) 

Reporting is a method used in adaptive management strategies for sustainable development 

whereby a series of social, environmental, cultural and economic variables are selected and 

analyzed and act as indicators of the state of a particular region. The reports are utilized to 

educate stakeholders, organizations, and government about the various trends occurring in a 

region in order to inform decision-making processes and inspire action towards sustainability. 

SOE Reporting takes place on many different spatial and temporal scales, but an emphasis has 

been placed on the importance of multi-level approaches to sustainability as a means to achieve 

smaller successes that contribute to the global circumstance. This research employed a case study 

of the Frontenac Arch Biosphere Reserve (FAB), located in eastern Ontario, to extend a practical 

application of SOE Reporting methodology in the context of Biosphere Reserves. This research 

took advantage of a University-Biosphere Reserve collaboration to develop a SOE Report for the 

FAB using an adaptive management lens, the pressure-state-response framework for classifying 

indicators, student-based indicator analysis, and community-based participatory approaches to 

assess, compile, and communicate a set of indicators for the region. The findings contribute to the 

current practical knowledge of SOE Reporting in the context of Biosphere Reserves, and 

discussions center on the use and limitations of the pressure-state-response framework, the 

importance of community-based consultative processes, the notions of scoring indicator results, 

the use of partnering with educational institutions, and the potential implications of the SOE 

Report in the region. We propose an extension of the theory of adaptive management to adaptive 

facilitation for application of indicator reporting initiatives in BRs, given the lack of jurisdiction 

that is held by BR practitioners, and the role of indicators as a tool for knowledge empowerment. 
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Chapter 1 

Introduction 

1.1 Framing the Issues 

1.1.1 Unsustainability as a Complex Problem 

In response to the increased presence of widespread interdisciplinary and inherently 

interconnected global issues, including climate change, social and economic inequality, 

population growth, over exploitation of natural resources, and land use change, sustainable 

development initiatives have become a primary concern for many decision-making authorities 

around the world (Redclift, 2005). The conceptualization and emergence of sustainability has 

stemmed from the realization that the current degradation of the biosphere and the danger of 

continued unsustainable human behaviours are not practical for the long-term maintenance of the 

Earth’s social, economic and environmental systems (Gibson, 2006; Folke, 2011).  

Suggestions of environmental unsustainability had been indicated prior to the 1900’s; 

however, the notion evolved around this time as a result of rapid increases in environmental 

pollutants due in part to breakthroughs in technology and productivity throughout the industrial 

revolution (Mebratu, 1998). The 1970 United Nations Conference on the Environment in 

Stockholm resulted in one of the first major turning points for the global recognition of 

unsustainability as a growing problem (Friend & Rapport, 1991). The United Nations (UN) and 

its sister organizations, including the United Nations Environment Program (UNEP), the United 

Nations Development Program (UNDP), the United Nations Educational Social and Cultural 
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Organization (UNESCO), and the Intergovernmental Panel on Climate Change (IPCC) were 

among the first influential international players in the unfolding of environmental and 

sustainability awareness initiatives throughout the 1970’s and 1980’s, and remain forerunners on 

developing strategies to attempt to mitigate the problem (Hodge, 1997).  

The Brundtland Commission’s 1987 report entitled Our Common Future contains one of 

the most commonly cited definitions of sustainable development to date, describing it as, 

“development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs” (WCED, 1987). This document helped to set the stage for 

the incorporation of sustainability into policy frameworks around the world (Redclift, 2005; 

Mebratu, 1998), and thus the definition remains a prominent reference point. Shortly after this, in 

1992, The United Nations Conference on Environment and Development in Rio de Janeiro 

resulted in the development of Local Agenda 21 (United Nations, 1992). This document 

encouraged the implementation of local sustainability initiatives as a means to back up broad- 

scale global and national UN targets, whereby: 

Local authorities construct, operate and maintain economic, 
social and environmental infrastructure, oversee planning 
processes, establish local environmental policies and regulations, 
and assist in implementing national and subnational 
environmental policies. As the level of governance closest to the 
people, they play a vital role in educating, mobilizing and 
responding to the public to promote sustainable development 
(UNEP, 2012, section 28.1) 

Despite advancements that have been made towards alleviating unsustainable human 

behaviour at all scales around the world, sustainability remains a subjective term and faces 

controversy in its application. The often anthropocentric, oxymoronic, and ambiguous nature of 
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‘sustainable growth’ (Daly & Cobb, 1989; Meppem & Gill, 1998) and the complexity of the 

issues that it encompasses have contributed to this controversy among different disciplines 

(Blühdorn & Welsh, 2007). It has therefore been accompanied by numerous definitions following 

the Brundtland Commission’s aforementioned coining of the term. The general lack of 

understanding around the definition is thought to contribute to a diminished sense of direction and 

lack of consensus making towards establishing meaningful sustainability initiatives (Meppem & 

Gill, 1998), and a resulting lack of tangible progress towards sustainable development. 

As efforts towards understanding and defining sustainability progressed, conceptual 

models and frameworks were formulated to help communicate the complex subject more easily to 

the public, raise general awareness about sustainability, and help policy-makers make informed 

decisions and devise management strategies. The now common ‘three-pillar’ approach to 

sustainability emerged whereby social, economic and environmental factors are proposed to be 

dependent on one another when making decision for management of towards sustainable 

development. In this model (Figure 1), a strong economy is not achievable without a healthy 

environment and a prosperous society, and consequently sustainability may not be achieved 

unless all three lenses are considered (Sadler, 1988 as cited in Hodge, 1997). 
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Figure 1. Three-pillar approach to sustainability (adapted from Sadler, 1988 as cited in Hodge, 

1997). 

Following a series of events at the turn of the millennium that placed emphasis on the 

preservation of culture in sustainable development initiatives, including the UNESCO 

Declaration on Cultural Diversity and the World Public Meeting on Culture, ‘culture’ was 

adopted by many organizations as a fourth pillar into some iterations of the original framework 

(Burford et al., 2013). Both frameworks are still utilized preferentially to help communicate the 

complexity of sustainability; however, given the obstacles that arise with isolating subjects that 

are inherently connected to one another (Lozano, 2008), these visual aids are not without critique. 

While the original focus of sustainability stemmed from the need for environmental conservation 

to preserve ecological system services, the evolution of the concept in societies influenced by 

capitalism has naturally resulted in a greater focus on the economic pillar, noting the flexibility of 

the framework to be adapted for different contextual needs, weakening its intent to provide an 
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outlet for all pillars to be considered equally in the pursuit of sustainability. Nevertheless, the 

conceptual models reinstate the relationships and interdependency of the interacting components 

in socio-economic systems, and showcase the individual importance of each component. 

While there remains to be a globally accepted definition of sustainability, there is a strong 

understanding of it’s underlying fundamental elements that allow people to move forward 

(Briassoulis, 2001; Gibson, 2006; Sathaye et al., 2007). As such, despite the many disparities 

between definitions, the ultimate need to ensure adequate quality of life for current and future 

living things through preserving environmental services, maintaining social and cultural 

necessities, and accommodating forms of economic growth to reduce income disparities emerge 

as some fundamental elements that are common between many definitions. As worldwide interest 

in achieving sustainability and minimizing dependence on unsustainable practices is greater than 

ever, there is no encompassing solution. Mitigating complex problems, such as unsustainability, 

requires unique management strategies that can adequately account for unknown outcomes and 

scientific uncertainties (Holling, 1978; Argent, 2009; Balint et al., 2011).  

 

1.1.2 Adaptive Management for Sustainable Development 

Adaptive management, often employed for the mitigation of ‘wicked problems’ (Balint et 

al., 2011) such as complex environmental degradation, may be used to approach and identify 

appropriate management strategies for sustainable development. Adaptive management is a 

targeted, intentional, and information driven (Argent, 2009) management approach, often 

employed when a complicated problem exists that has no known solution or protocol. The 
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management involves the application of a cyclical process of “learning, describing, predicting and 

doing” (Argent, 2009), allowing for the re-evaluation of applied protocols based on the outcomes 

from previous monitoring and action. Adaptive management differs from more traditional 

precautionary approaches (Balint et al., 2011) whereby management protocols require solid 

scientific evidence for predicted outcomes prior to their implementation, in order to reduce risk of 

adverse social or environmental effects (Kriebel et al., 2001). The adaptive management approach 

acknowledges the risk for the potential of adverse outcomes of management strategies, given the 

focus on implementing and reviewing protocols along the way, rather than on predicting future 

outcomes to ensure zero risk. 

Adaptive management depends on the contributions of multiple parties through both top-

down processes involving managers and experts, and bottom-up processes involving community 

members and business owners and other relevant stakeholders (Holling, 1978 as cited in McLain 

& Lee, 1996; Folke et al., 2005). Adaptive management should play a role in increasing the 

overall knowledge base of both the people by expanding the breadth of information available, 

encouraging mutual understanding between stakeholders, and increasing active participation thus 

strengthening the ability of decision-makers and community members to delineate the best steps 

forward towards sustainable development (McLain & Lee, 1996).  

At present there are few cases in which the application of adaptive management has 

solved the problem for which it was proposed (McLain & Lee, 1996; Balint et al., 2011). Many 

factors contribute to the effectiveness of management outcomes (Shultz et al., 2011), including 

limited resource availability and lack of transparent community processes (Argent, 2009; Balint 
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et al., 2011). Many of the studies that have reported success with the adaptive management 

approach have defined the favourable outcomes using ambiguous criteria, perhaps due to the lack 

of clarity that surrounds the term adaptive management (Rist et al., 2013). The success of 

adaptive management may also be hard to define given the difficulty associated with defining 

‘success’ (Argent, 2009), and the reality that the management process is difficult to undergo and 

put into practice (Balint et al., 2011). Despite the possible shortcomings with the applications of 

adaptive management, it is still used broadly at many different scales. Technological 

advancements in recent decades have further enabled the ability of people to uncover 

uncertainties about the world (Esty, 2004), changing the way that information is circulated 

(Bludhorn & Welsh, 2007) and furthering the ability for adaptive management. As such, 

sustainable development strategies in the form of information reporting initiatives have 

permeated their way into policy and decision-making processes at all scales around the world 

(Meppem & Gill, 1998; Dahl, 2012). 

 

1.1.3 State of the Environment Reporting and Indicators of Sustainability 

State of the Environment (SOE) Reports provide an outlook on the state of the current 

environment (Healy, 1987), changes that have occurred over time, and future projections of 

change (Stem et al., 2005) for a particular geographic region. Before decision-makers can adapt 

policy procedures, the region and the interacting factors within it must be understood to the best 

capacity of the management body (Argent, 2009). This acquisition of information for SOE 

Reporting may also act as a beneficial way keep track of knowledge learned and establish 
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baselines of data. While State of the Environment Reporting emerged as broad scale, national 

level initiatives (Friend & Rapport, 1991), they now take many different forms and occur on 

many different scales, depending on their purposes, goals, and target audiences. The reports are 

often composed of an aggregated series of carefully selected indicators. The notion of indicators 

is aligned with that of an ecosystem’s “vital signs” (Brown et al., 1995 as cited in Mebratu, 

1998), but they are used in all disciplines (Bell & Morse, 2001; Moldan et al., 2012). Indicators 

facilitate the process of monitoring and reporting initiatives because it is virtually impossible to 

measure every social, economic, cultural and environmental parameter that contributes to the 

state of a region. Rather, it is important to select a set of indicators that can effectively and 

accurately infer on the state of a region, and speak to the larger processes at play. State of the 

Environment Reports are often concerned with elements of the biophysical environment, 

including topics like air quality, water quality, and biodiversity. Indicators of sustainability 

necessitate monitoring efforts that expand beyond this to include indicators beyond those 

biophysical agents (Meadows, 1998), such as social indicators, economic indicators, and cultural 

indicators to encompass the four pillars of sustainability and develop a more cohesive 

understanding of the region. 

The process of indicator analysis involves the integration of information by means of 

collecting new data, as well as synthesizing, manipulating and interpreting existing available data 

in a meaningful way. Indicators may be further broken down into multiple metrics, or measures 

that account for the discrete parameters being measured to assess a single indicator. Thus, SOE 

Reports act as a synthesis of measures and indicators that can inform on the critical components 

contributing to the sustainability, or the unsustainability of a region in the hopes of 
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communicating and inferring on significant phenomenon beyond the parameters directly being 

measured (OECD, 2003). Because sustainability is often difficult to conceptualize, indicators are 

an excellent way to mobilize action towards sustainability through attempting to simplify 

components of the complex problem and to understand the consequences of their activities, the 

contributors to their circumstance, and prevent them from getting fixated on the complexity of the 

issue (Corbiere-Nicollier et al., 2003).  

The selection of indicators and the processes undertaken during the development of 

indicator reports inevitably affect the output, impact, and influence of the report. Literature 

pertaining to the development and assessment of indicators, sustainability reporting, and adaptive 

management suggests key steps in the process that include: defining the report boundaries, 

context, or scope (Holt et al., 2004; Reed et al., 2006), defining the goals and reporting purposes 

(Schreiber, 2004; Gibson, 2006; Burch, 2010), selecting an appropriate framework for indicator 

selection, identifying the audience for the report (Holt et al., 2004), conducting meaningful 

community consultation (Fraser et al., 2006; Mendis-Millard & Reed, 2007; Stoll-Kleemann & 

Welp, 2008; Magis, 2010; Burford et al., 2013), selecting and analyzing indicators (Holt, 2004; 

Reed, 2006), validating indicators (Bockstaller & Girardin, 2003; Gibson, 2006), establishing 

appropriate report formatting and communication of findings (Crilly et al., 1999; Holt et al., 

2004), assessing alternative scenarios and methods (McCool & Stankey, 2004; Sheate, 2010); 

implementing follow-up activities to undergo following the report publishing (Gahin et al., 2003); 

monitoring changes over time (Reed et al., 2006), setting future goals (Holt et al., 2004), and 

evaluating progress towards goals (Burch, 2010). 
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Literature suggests that the selection process of indicator sets to be included in a State of 

the Environment Report should be fundamentally rooted to a conceptual or theoretical framework 

(Niemeijer & de Groot, 2008; Singh et al., 2012) that enables justification for the chosen 

indicators and their relationship to one another, as well as to the context specific nature of 

sustainability assessment (Gahin et al., 2003). While there is no standard framework used for 

developing a set of indicators (Innes & Booher, 2000; Reed et al., 2006; Da Silva & Shear, 2010), 

the pressure-state-response (PSR) framework (Figure 2) is one of the most commonly used 

approaches (McCool & Stankey, 2004; Tapio & Willamo, 2008; Singh et al., 2012). This 

interdisciplinary environmental framework is useful for identifying, classifying, and explaining 

the relationships between indicators because it is intuitive and easy to understand. The 

framework, named SRESS framework prior to its adaptation (Rapport & Singh, 2006), was first 

proposed by Statistics Canada in the early 1970’s, and was shortly thereafter adopted and 

modified for use by the Organization for Economic Co-Operation and Development (OECD) 

(Rapport & Singh, 2006; Da Silva & Shear, 2010). While the framework was originally focused 

on use with environmental indicators, its application can be expanded more broadly to identify 

with all aspects of system dynamics including the four pillars of sustainable systems. The causal 

chain identifies indicators of pressures on a system, indicators of the current state of a system, and 

indicators of political and societal responses to those pressures and states (OECD, N.D.; Rapport 

& Singh, 2006) in an attempt to alleviate those pressures and improve the states (Levrel et al., 

2008).  
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Figure 2. The Pressure-State-Response framework for classifying indicators (Adapted from 

OECD, N.D & Singh et al., 2011). 

The PSR framework has been used globally in the production of SOE Reports, and other 

frameworks have been derived that build off of the PSR framework, including the Driver-

Pressure-State-Impact-Response (DPSIR), developed by the European Environment Agency 

(Gabrielsen & Bosch, 2003), the Driving Force-State-Response (DSR) by the Commission on 

Sustainable Development in 2001, and the Pressure-State-Use-Response-Capacity (PSURC) 

developed by the Convention on Biological Diversity in 2003 (Levrel et al., 2008). All of the 

frameworks materialize similarly as causal chains, but are designed to elaborate the PSR 

substructure into finer categories. The emergence of these modified frameworks demonstrates the 

importance of the PSR framework in the realm of indicators of sustainability, but may also reflect 

particular shortcomings of the framework. Isolating the pressures, states, and responses of system 

dynamics is limiting because all the components of the system are simultaneously interacting and 

are not static in nature (Rapport & Singh, 2006). Furthermore, the PSR framework may not as 

intuitively allow for the inclusion of causes of human actions or pressures on the system, a 

consideration that may aid in the identification of the root of the problems within the 
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unsustainability (Tapio & Willamo, 2008). The framework may also not account for stakeholder’s 

perceptions about why the environment is the way it is, or impressions on the effectiveness of 

current responses (Hughey et al., 2004). While there are potential downfalls associated with the 

PSR framework, it remains an easy to understand and prominently used typology in State of the 

Environment Reporting that can help to construct a model of the relationships between pressures, 

states, and responses occurring in a system. Utilizing an appropriate indicator framework in the 

development of SOE Reports is thought to be important for identifying different dimensions of 

indicators and the relationships between them; however, more research is needed on the 

usefulness of the PSR framework and whether or not it aligns with the other processes involved in 

successful indicator selection. 

Beyond the application of the conceptual framework for classifying indicators, discrete 

selection and validation of indicators to be used within the framework is another important 

consideration in the development of indicator reports. Not all indicator metrics are equally 

successful at inferring on the state of the region under examination. As such, the validation of 

indicators being considered for analysis should occur at multiple stages of the reporting process to 

ensure the viability of the indicators (Bockstaller & Girardin, 2003; Cloquell-Ballester et al., 

2006). One way to undergo indicator validation is through the consideration of criteria delineating 

what makes an effective indicator, a topic that has been covered extensively in academic 

literature (e.g. Niemeijer & de Groot, 2008). Indicators are often described as being most 

efficacious if they are easy to measure, demand low resources, are analytically sound, are 

sensitive to changes over short periods of time (Niemeijer & de Groot, 2008), are relevant to the 

system under examination (Hart, 1999), are timely (Rydin et al., 2003; Rosenstrom & Lyytimaki, 
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2006) and are easily comparable to other regions (Burford et al., 2013). These technical criteria 

are used to establish the potential validity and effectiveness indicators and can be applied in the 

indicator selection process when attempting to select the most valuable measures. The validation 

of indicators in the reporting process may further alleviate the known lack of impact or tangible 

progress that indicators have demonstrated up until this point (Dahl, 2012). By ensuring that the 

indicators present meaningful, timely, and robust information about a region, it may be feasible to 

pinpoint the presence of other limitations in the reporting process that may inhibit the 

effectiveness of the reporting process. 

Further, the process of selecting indicators and developing indicator reports has 

conventionally been a top-down process whereby organizations hire experts or consulting 

agencies to complete the undertaking (Fraser et al., 2006). More recently; however, the 

importance of local knowledge has been recognized and is considered an essential component of 

the development of these reports (Nygren, 1999) in order to ensure that the indicators are 

relevant, representative, and meaningful to stakeholders (Rydin et al., 2003). Bottom-up input 

approaches help to identify socially-constructed (Rydin et al. 2003) and values-based indicators 

that pinpoint local stakeholder concerns (Burford et al., 2013), which are regarded as important 

components to the outcome of the reporting processes (e.g. Reed et al., 2005). People are 

inevitably more likely to take action when issues they care about have been addressed, and when 

they have had a meaningful opportunity to provide their input in, as well as to become familiar 

with the indicator selection process (McCool & Stankey, 2004). Alternatively, strictly top-down, 

engineered processes may have counteractive effects on the outcomes and implications of the 
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reporting process by way of establishing that the solution to the problem may also be a top-down 

process, potentially discouraging stakeholder involvement.  

Many authors recommend a balance between the employment of top-down and bottom-

up processes in the selection of indicators (Crilly et al., 1999; Riley, 2001; Rydin et al., 2003; 

Reed et al., 2006; Schliep & Stoll-Kleeman, 2010). Expert opinions are often helpful to ground 

the indicator selection process, provide a “sound methodology to accompany [community 

members’] good intentions” (Gahin et al., 2003), and help to mitigate the differences between 

‘good’ intentions and sustainable actions, which are not always one in the same (Reed et al., 

2006). SOE Reports are meant to “function inside governance processes” (Rydin et al., 2003), but 

should be accessible to not only decision-makers but to all relevant stakeholders including: 

scientists, local stewards, resource-based businesses, policy makers, disadvantaged groups, 

students, and citizens and consumers in general (Schultz & Lundholm, 2010). It is important for 

the approaches used within the indicator analysis process to produce results that are relevant to 

the communities, accessible to all stakeholders, and jargon-free (Riley, 2001; Da Silva & Shear, 

2010), so that they can be inspiring to community members, but also relevant to policy makers to 

aid in the derivation, implementation, and monitoring of useful strategies for sustainable 

development.  

The inclusion of stakeholder consultation is necessary beyond sparking interest in 

community members. Input may also contribute to a greater diversity in the incorporation of 

context specific indicators into the reporting process, and therefore contribute to particular 

outcomes for policy that are localized and relevant (Hezri & Dovers, 2006). Within local, or 
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landscape-scale approaches to sustainable development, as mentioned previously, context-

specific indicators are needed to fully understand local system interactions and contributions to 

the state of the environment, but fine-scale measures and considerations also enable the potential 

to aggregate findings into more broad-scale considerations and ground such results with regional 

and national considerations, furthering the potential for policy implications (Fraser et al., 2006) at 

a variety of scales. Therefore, the inclusion of both context-specific indicators, and standardized 

indicators may allow for greater implications of the report within the region under examination 

and to the global initiative, and also for comparing indicator results between different regions to 

add a means of assessment, and allow for the sharing of resources and successful practices 

between organizations undergoing similar reporting processes.  

Additionally, a potential area of concern for indicator selection lies in the notion that 

indicators are often selected based on what information is most readily available to be collected, 

rather than what information should be collected in order to develop the most accurate 

understanding of a region (McCool & Stankey, 2004). Problems may arise with selecting 

indicators in a meaningful way, interpreting their findings, and rendering outcomes on their value 

and practical use following their assessment and publication (Moldan et al., 2012). Indicators 

have been called a “deceptively simple” tool for sustainability assessments (Rydin et al., 2003), 

and thus reflexivity, or a meaningful reflection on the processes undergone and methods used, is 

necessary in the management process (Jacobson et al., 2009) to ensure the value of the indicators 

in the particular context they are being applied to and the objectivity of the an ad hoc 

establishment of clear, discrete goals regarding the purpose of the SOE Report must precede the 

indicator selection process to delineate desired outcomes, management or otherwise, through the 
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development of the SOE Report, and to avoid reporting that acts as a form empty compliance or 

‘benchmarking’ (Magee & Scerri, 2012). Organizational or regional goals must also be reiterated 

throughout the indicator selection process in order to develop measurements and reporting goals 

that substantiate the goals or mandate of the management body undergoing the reporting. Goal 

setting may also aid in defining cause and effect relationships between the indicators that have 

been assessed, the results of these indicators or environmental conditions that have been reported 

on, and what must be done to improve or maintain conditions (Da Silva & Shear, 2010).  

Finally, the logistics of indicator report development including the presentation, 

interpretation, and communication of indicator results are also fundamental components of the 

reporting process. Many different varieties of indicators exist, depending on data available for 

assessment, and the nature of subject that is being measured. Indicators may be depicted 

temporally to illustrate changes that have occurred over time, or spatially to decipher trends in a 

given area, and compared to other regions. Illustrating such trends in different regions or over 

time enables a means for readers to interpret the indicator results and will help to inform future 

management by pinpointing where action is needed, as per the adaptive management 

considerations of monitoring changes over time to meaningfully adapt management implications. 

Qualitative indicators may lack a means of comparison, but can still provide useful information 

about a region, especially when interpreted with other indicators to form what are often called 

composite indicators (Bockstaller & Girardin, 2003). Indicator results can also be tied to 

threshold or baseline values to help determine the significance of the data (Riley, 2001), typical 

of traditional SOE Reporting initiatives undergone by municipalities (Brugmann, 1996). If 

indicator outcomes are clear and demonstrate explicit findings about a region, results may also be 
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scored using a grading scheme to add further means of interpretation to the measures. This may 

be undertaken using nationally or internationally set guidelines (such as ones mentioned in Stem 

et al., 2005), or by comparing the results to such threshold values and accepted standards and 

regulations. This process of grading; however, can be viewed as subjective (Stem et al., 2005), 

and may inhibit unbiased individual interpretation of the results.  

Inevitably, different types of reports will ultimately have different goals, and will employ 

different means of indicator validation, assessment, and interpretation. When developed as a part 

of an adaptive management strategy, sustainability reporting may act a means to help to 

understanding the current complex problem or system under examination. Inferring on the state of 

the region may therefore inform management strategies, in an attempt to instigate change and 

manage human behaviour within the system (Rydin et al., 2003). Although indicators have been 

used extensively in many different disciplines, their tangible impact within local sustainability 

assessment is still not well known, and may not be as extensive as they are intended (Sharp, 1998; 

Innes & Booher, 2000; Rydin et al., 2003; Gahin et al., 2003; Da Silva & Shear, 2010). Indicator 

reports face some of the same uncertainties over their value as a tool of sustainable development 

and how they can impact and influence management and awareness of unsustainability. 

Sustainability indicator reports may help to measure progress towards sustainability, promote 

public discussion about sustainability, and foster community partnerships for sustainability if 

proper follow-up actions are taken to promote the awareness of these issues (Sharp, 1998).  

Undoubtedly there are many different ways in which sustainability reporting is executed. 

This often means that while many institutions and organizations share similar intentions, product 
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outcomes may be disparate from one another and lack the ability to be compared between regions 

around the world. A congruent network of local organizations that have the potential to align 

sustainability initiatives may offer a step forward by way of State of the Environment Reporting 

for adaptive management. Sharing of resources, knowledge, and experience may alleviate 

resource demand and reduce uncertainty associated with the indicator selection process, 

stakeholder involvement methods, the proper implementation of the reports, the interpretation of 

the meaning of indicators, and may also offer the profound ability to compare indicator outcomes 

between different geographic regions to add to the significance of the report outcomes.  

 

1.1.4 Biosphere Reserves 

Biosphere Reserves (BRs) are United Nations Educational, Scientific and Cultural 

Organization (UNESCO) designated regions that are considered to be culturally and ecological 

significant, and form a World Network of Biosphere Reserves established by the Man and the 

Biosphere Programme (MAB) (UNESCO, 2014a). The programme’s establishment in 1971 

aligned with the global rise in interest in sustainability. With this growing concern of the 

escalating deterioration of environmental systems (Batisse, 1971), the UN Conference in 

Stockholm promoted the idea of developing sustainability strategies at all scales, a notion that the 

goals of Biosphere Reserves attempt to fulfill in consideration of the Local Agenda 21 (United 

Nations, 1992).  

Biosphere Reserves form a network of over 600 in more than 115 countries around the 

world (UNESCO, 2014a), 16 of which are in Canada. These regions are significant to sustainable 
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development practices for many reasons, including their unique governance structure, their 

ecological and biological significance, the presence of strong community leaders, and the 

participatory action within them. Moreover, Biosphere Reserves throughout the world share in 

common a three-pronged mandate established by the Man and the Biosphere Programme that 

includes: 1) establishing and facilitating research and education through logistical support, 2) 

implementing ecological conservation efforts, and 3) encouraging sustainable economic growth 

(UNESCO, 2014c). Within these mandated functions, many Biosphere Reserves accept the four-

pillar approach whereby economic, social, cultural and ecological prosperity are considered to be 

of equal importance in attaining sustainable development. 

Biosphere Reserves typically contain many different types of land use, each of which 

help to facilitate the needs of their different mandated functions.  The regions must contain at 

least one ‘core area’ (Price, 1996; Schultz & Lundholm, 2010) that generally consists of protected 

land or parks in which ecological conservation is encouraged (UNESCO, 1996). These critical 

core areas are surrounded by ‘buffer zones;’ areas that are considered mixed land-use or rural 

areas, conducive to both ecological conservation and sustainable economic development 

(UNESCO, 1996; Schultz & Lundholm, 2010). These buffer zones then lead into the outer edge 

of the Biosphere Reserve called the ‘transition zone;’ generally areas consisting of cities or urban 

landscapes that are advantageous to economic activities (UNESCO, 1996). The land and water 

within each Biosphere Reserve is uniquely owned and managed by many private, public and 

other decision-making authorities (Batisse, 1986; Price, 1995) that cross municipal boundaries 

and ideally all work in collaboration with one another (Pollock, 2009). 
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Biosphere Reserves are nominated by national governments, designated by UNESCO, 

and rely primarily on input and participation from community members and volunteer steering 

groups. Biosphere Reserves face many challenges as they work towards their mandated functions, 

including: lack of governing authority, limited manpower, absence of government support and 

funding (Francis, 2004; Whitelaw et al., 2004), and difficulties with community engagement 

caused in part by identity issues regarding the role of the organization and (Price, 1996; Fraser & 

Jamieson, 2003). In Canada, government support by way of funding for Biosphere Reserves was 

removed in 2012; but was a noted limitation in the functioning of Biosphere Reserves prior to this 

(Whitelaw et al., 2004). Further, in terms of implementing progress towards sustainable 

development, the individuals who work for Biosphere Reserves in Canada are challenged with 

very limited decision-making power, and therefore act more so as facilitators of sustainable 

development initiatives (Francis, 2004) rather than implementers of policies and change.  

Despite these shortcomings, the organizations must be able to demonstrate substantive 

progress towards their mandated functions through periodic reviews that take place 

approximately every five years. The challenges that Biosphere Reserve organizations face means 

they must utilize progressive approaches to work towards sustainable development. To combat 

these shortcomings, collaboration with other governing bodies and organizations inside and 

outside the Biosphere Reserve boundaries (municipalities, conservation authorities, protected 

areas, counties, townships, NGOs) is needed to fund projects, facilitate decision-making and 

provide logistical support for proactive sustainable development. “Sustainability of the whole 

depends on mutual assistance and reciprocity among the parts” (Moldan et al., 2012), and thus 

sustainability strategies should occur not only at many different scales: local, regional, national 
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and global, but also as collaborative efforts within and between organizations in individuals 

Biosphere Reserves (Francis & Whitelaw, 2004).  

The Biosphere Reserve network is an ‘untapped resource’ whereby dynamic processes 

are taking place on many different scales to facilitate learning for sustainable development, and 

this network concept is significant to bridge connections and thus has the potential to facilitate 

learning for resilience (Shultz & Lundholm, 2010) and networking for sustainability in Canadian 

Biosphere Reserves (Lerner, 2004; Schultz & Lundholm, 2010). More specifically, sharing of 

successful SOE Reporting practices may help to alleviate resource demand, as well as to develop 

direct indicator comparisons between regions to help inform on their meaning. The potential that 

exists to form congruent local and regional sustainability initiatives within the Canadian 

Biosphere Reserve Association, and the World Network of Biosphere Reserves is profound to the 

‘think global, act local’ ideology. Sharing of knowledge, frameworks, and tools between 

Biosphere Reserves worldwide may alleviate resource demand, make sustainability assessments a 

more feasible undertaking, and work towards aligning the disjointed sustainability reporting. 

Conceptualizing international sustainability targets at the scale of Biosphere Reserves using State 

of the Environment Reporting for adaptive management may allow for small, local, impactful 

changes that can be communicated and translated more broadly into regional and global 

initiatives. As noted by Batisse, 

There is a need to monitor and study the subtle changes that are 
taking place around us and that may affect the quality of our 
environment. […] Such scientific work requires a long-term 
effort of an interdisciplinary character coordinated on a world-
wide basis. […] This is precisely the purpose of the Man and the 
Biosphere Programme (1971, p.2) 
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Furthermore, the development of indicator reporting initiatives within Biosphere 

Reserves may help the organizations fulfill components of their mandate, such as the logistics 

function, of which both “research and monitoring” play critical roles in (Whitelaw et al., 2004). 

In Canada, the 16 Biosphere Reserves form a network of like-minded individuals who strive to 

understand and implement sustainable development initiatives. Canadian Biosphere Reserves 

may have an important role in the future of inspiring the sustainability of communities within 

Canada through their ability to blend conservation with societal and economic functions 

(Dempster, 2004) whilst adapting to this lack of government involvement and funding (Ruttan, 

2004). At present, despite the profound opportunities that Biosphere Reserves have to form a 

congruent network of resource sharing for sustainable development, only two Biosphere Reserves 

in Canada have undergone processes to develop reports purporting to be State of the Environment 

Reports: Clayoquot Sound Biosphere Reserve, and Georgian Bay Biosphere Reserve. While 

Biosphere Reserves are mandated to facilitate sustainable development, if adequate knowledge on 

this subject is not circulating in the region, and the organization does not have the jurisdiction to 

implement change and apply to knowledge appropriately, the role of sustainability reporting as a 

mechanism of change for sustainability development warrants further exploration. “The ability of 

institutions to respond to knowledge depends on whether they have access to new information 

and whether they have the will and capacity to act on that information” (McLain & Lee, 1996). 

Thus reporting information in the form of a SOE Report may be a tool for community 

empowerment through knowledge sharing. However, a greater understanding of the tangible 

ability of Biosphere Reserves to undergo and use SOE Reporting is also needed, and the lack of 
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authority given to Biosphere Reserve directors may impede the organizations ability to govern the 

communities within the regions in a sustainable way.  

 

1.2 Research Objectives 

This research emerged from the evident lack of knowledge surrounding the development 

and use of State of the Environment Reporting for sustainable development in the context of 

Biosphere Reserves. The limited State of the Environment Reporting that has occurred within 

Biosphere Reserves in Canada demonstrated the need to work towards developing practices for 

identifying, selecting and classifying indicators in order to alleviate resource intensive elements 

of developing the reports, and simultaneously strengthen the ability of Biosphere Reserve to 

undergo adaptive management. The overall goal of this research was to broaden the 

understanding of State of the Environment Reporting and the methods used within the reporting 

process in the context of Biosphere Reserves through the use of a single case study of the 

Frontenac Arch Biosphere (FAB) in eastern Ontario, Canada. The two objectives of the research 

were (1) to develop a State of the Environment Report for the FAB through a University-

Biosphere collaboration, using a multi-method, adaptive-management approach with both 

bottom-up and top-down processes, and (2) to draw on the overall experience for the purpose of 

identifying a set of lessons applicable to Biosphere Reserves in Canada. Within the second 

objective, the research intended to (a) reflect upon the potential strengths and weaknesses of 

methods, frameworks, and approaches used in sustainability reporting; (b) infer on the role that 

reporting important information in the form of a SOE Report may have in place based 



 

 

 

 

 

24 

organizations such as Biosphere Reserves; and (c) expand on concepts and theories related to 

SOE Reporting in the context of Biosphere Reserves.  

 

1.3 Case Study Area 

In order to adequately assess the use of sustainability assessment methodology and its 

potential impact on the sustainable development of Biosphere Reserves, this research utilized a 

case study of the Frontenac Arch Biosphere (FAB), located in southeastern Ontario (Figure 3). 

The Frontenac Arch Biosphere was designated part of the World Network of Biosphere Reserves 

in 2002 (UNESCO, 2002), becoming Canada’s 12th of the present 16 Biosphere Reserves 

(Frontenac Arch Biosphere, 2013).  
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Figure 3. Frontenac Arch Biosphere Reserve location and boundaries 

 

The borders of the FAB are defined by the boundaries of the municipalities that 

encompass it: Frontenac County and The United Counties of Leeds and Grenville; however, the 

social, economic, and ecological systems that comprise the region extend beyond these political 

boundaries and are more broadly incorporated into this research. The region further includes 

protected areas that make up the ‘core’ of the Biosphere Reserve including Frontenac Provincial 

Park, Charleston Lake Provincial Park, and St. Lawrence Islands National Park. Buffer surrounds 

these essential core areas and transition zones comprised of various rural and urban landscapes of 

varying land use types. The regions’ unique geography accounts for much of the ecological 

significance that exists there. The 2,700km2 Biosphere Reserve is comprised of a granitic ridge 
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that the Canadian Shield and the Adirondack Mountains with the St. Lawrence River (Frontenac 

Arch Biosphere, 2013), and simultaneously acts as a migration route for flora and fauna between 

these areas (UNESCO, 2002). Further, a large range of species in the FAB can be found at their 

uppermost, and lowermost spatial limits given the convergence of several different forest types in 

the region, labeling the area as an ecological “tension zone” (UNESCO, 2002). The significance 

of the FAB lies not only in the ecological significance of the core zones, but extends to the 

cultural, social, and economic capital that is present within the buffer and transition zones. The 

FAB has adopted the four-pillar approach to sustainability, modifying the original four pillars 

into: livelihood, culture, wellbeing, and nature, and summarize their ultimate goal of 

sustainability as, “enough for all, for all time” (Frontenac Arch Biosphere, 2013).  

 

1.4 Methodological Overview 

A state of the Environment Report was developed for the Frontenac Arch Biosphere as 

part of a five-year collaboration between the BR and Queen’s University in which undergraduate 

students assessed a variety of indicators of sustainability for the region. The indicator assessment 

culminated in the assessment of over 400 different measures for the region, and employed the use 

of the pressure-state-response indicator framework. Indicator metrics were narrowed down to a 

representative 56 measures within 34 different indicators pertaining to 14 different broad themes 

for use in the State of the Biosphere Report through the cataloguing of the undergraduate 

indicator work, a literature review encompassing technical criteria for effective, robust indicators 

and critical processes in the development of indicators, a document analysis of indicator reporting 
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in Canada, as well as participatory approaches that took the form of in-person questionnaires, 

stakeholder workshops, and online surveys. Triangulation of these mixed methods used for 

indicator selection, report formatting, and report implementation ensured thorough consideration 

of community values, as well as a robust indicator selection process. Following the development 

of the State of the Biosphere Report, five key discussion points were drawn out to develop 

lessons about indicator reporting in the context of Biosphere Reserves. Discussion themes 

include: the significance of the University-Biosphere partnership at the foundation of the 

research, the considerations of employing indicator evaluations and grading schemes, the use of 

the PSR framework, the value of community-based input processes throughout the development 

of the SOE Report, and the overall value, implications, and impacts of reporting important 

information in Biosphere Reserves. Contributions of the research to both theory and practice were 

reflected upon as a means to understand the value of reporting important information as a tool for 

sustainable development in the context of Biosphere Reserves.  

 

1.5 Justification for Research 

While literature on adaptive management, sustainability reporting and indicator initiatives 

is far reaching, this research is novel in that is applies a practical application State of the 

Environment Reporting to further understand their development within Biosphere Reserves – 

place-based, cross-jurisdictional organizations that are dedicated to sustainability, but have 

limited resource availability, and limited decision-making power to implement tangible protocols 

for sustainable development.  
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This research addresses the practice of State of the Environment Reporting from start to 

finish: from the selection and analysis of sustainability indicators using the pressure-state-

response framework and five years of undergraduate research completed through a University-

Biosphere Reserve collaboration, to inferring on impact of the collection of information towards 

aiding adaptive management and sustainability initiatives within the Frontenac Arch Biosphere. 

In a practical sense, the applied approaches provide meaningful insight into processes and 

concepts used in developing State of the Environment Reports. Shared with the network of 

Biosphere Reserves and paired with continuous follow-up activities and initiatives such as 

continued community engagement processes and subsequent indicator work, this research may 

facilitate mandate fulfillment in these designated areas, constitute a strengthening of the 

Biosphere Reserve network, and aid in policy making for the municipalities that encompass 

Biosphere Reserves. This research may also expand possibilities for the partnerships between 

Biosphere Reserves and educational institutions as a means to alleviate resource demand for BR’s 

and simultaneously provide researchers with practical research opportunities, and provide new 

insight into sustainability reporting. 

 

1.6 Structure of Thesis 

This thesis contains two independent documents: a State of the Environment Report for 

the Frontenac Arch Biosphere (Appendix a), and a manuscript for a journal paper, which are 

preceded by an overarching literature review and introduction to concepts and research 

objectives, and followed by an overarching conclusion that tie together the two components and 
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draws out major research findings. Following Chapter 1: Introduction, Chapter 2 consists of a 

manuscript that further develops the methods used in the development of the State of the 

Environment Report for the FAB, the results of these methods, and a discussion that draws out 

five main themes identified throughout the research process. The thesis concludes with Chapter 3: 

Conclusion, which includes a brief summary of the research, discussion points, and draws out key 

contributions to both the theories and concepts used within the development of the State of the 

Environment Report, and the contributions that the research has for the practice of State of the 

Environment Reporting to Biosphere Reserves in Canada. 
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Chapter 2 

Extending Concepts and Practice of State of the Environment Reporting 

to Biosphere Reserves 

 

2.1 Introduction 

2.1.1 Sustainability and Adaptive Management 

Sustainable development strategies and policy frameworks have emerged in recent 

decades due to the realization that the current degradation of the biosphere and continued 

unsustainable human behaviour is not possible if the long term maintenance of the Earth’s 

systems is a goal (Gibson, 2006; Folke et al., 2011). Solutions to the complex problem of 

unsustainability are uncertain and exceed the capabilities of any single institution (Dale, 2001 as 

cited by Ling et al., 2009), and thus require unique management strategies that can adequately 

account for these scientific uncertainties (Holling, 1978; Argent, 2009; Jacobson et al., 2009; 

Balint et al., 2011). Adaptive management is a procedure for the governance of complex 

problems that have no tested solution or accepted management protocol, and incorporates a 

cyclic, ongoing process of “learning, describing, predicting and doing” (Argent, 2009) that allows 

for the frequent reevaluation of the implications of management directions. Sustainable 

development strategies in the form of information reporting initiatives have permeated their way 



 

 

 

 

 

31 

into policy and decision-making processes at all scales around the world (Meppem & Gill, 1998; 

Da Silva & Shear, 2010; Dahl, 2012), and an emphasis has been placed on the importance of local 

and regional actions that contribute to the sustainable development (Bajracharya & Khan, 2004) 

by way of the critical ‘think global, act local’ ideology drawn out by Agenda 21 in 1992 (UNEP, 

2012). Sustainability reporting can help to develop an initial understanding of the system by 

which to adequately inform management protocols, as well as establish a baseline of information 

to use to monitor changes over time, and assess impacts of management inputs (Niemi & 

McDonald, 2004) 

 

2.1.2 State of the Environment Reporting and Indicators of Sustainability 

There are many different tools used for environmental monitoring and assessment 

(Sheate, 2010), and State of the Environment (SOE) Reporting is one output of these 

sustainability-monitoring efforts (Friend & Rapport, 1991; van Staalduinen, 1997; Sharp, 1998; 

Holt et al., 2004). The first SOE Reports developed by the Organization for Economic Co-

Operation and Development (OECD) were framed around the presentation of environmental 

statistical data, and completed primarily at national levels, as promoted by the United Nation’s 

Statistical Office (Friend & Rapport, 1991). Some have regarded these national-scale indicators 

as insufficient (Dahl, 2012), and therefore local-scale and place-based sustainability reporting 

have received attention in recent decades.  

While State of the Environment Reports often pertain to topics related to environmental 

sciences (Hezri & Dovers, 2006), monitoring sustainability requires the assessment of social, 
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ecological, economic and cultural contributors to the state of a region, beyond strictly biophysical 

elements (Meadows, 1998). This interdisciplinarity is important for making links between critical 

system components (Hodge, 1997; Gallopin, 2003), and for developing a necessary systems-

based approach to sustainable development (Bossel, 1999). Indicators are vital tools in the 

process of monitoring and reporting because it is not feasible to measure every parameter that 

contributes to the state of a region (Cairns et al., 1993). Rather, it is important to select a set of 

indicators that may infer on the state of a region and speak to the larger processes at play (OECD, 

2003). As such, SOE Reports often contain a synthesis of indicators that can be used to provide 

some indication of the current conditions in a particular region (Healy, 1987; Stem et al., 2005); 

however, indicator purposes, processes and outcomes are wide-ranging as different practitioners 

modify approaches to meet varying needs (Holt et al., 2004). The notion of indicators is aligned 

with that of an ecosystem’s “vital signs” (Brown et al., 1995 as cited in Mebratu, 1998), but they 

are used in all disciplines (Bell & Morse, 2001; Moldan et al., 2012) to show both negative and 

positive trends (Bockstaller & Girardin, 2003). Because sustainability is often difficult to 

conceptualize, indicators are an excellent way to mobilize actions towards sustainability by 

helping individuals to understand the consequences of their activities, the contributors to their 

circumstance, and prevent them from getting fixated on the complexity of the issue itself 

(Corbiere-Nicollier et al., 2003). Indicators may be further broken down into metrics, or 

measures, that are discrete parameters being measured to assess a single indicator. The analysis of 

these measures generally involves the integration of information through the collection of new 

data, as well as the synthesis, manipulation, and interpretation of existing data in a meaningful 

way.  
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The purposes and goals for sustainability reporting are wide ranging and they should 

ultimately be designed to fulfill multiple objectives (Cairns et al., 1993; Hezri & Dovers, 2006). 

One common reporting goal includes the depiction of current trends and conditions in a particular 

region or on a particular subject, to paint a picture of the present conditions and to help strengthen 

community awareness of these issues (Cairns et al., 1993; Dale & Beyeler, 2001, e.g. Da Silva & 

Shear, 2010). In alignment with this notion is the consideration that indicators can be used to help 

relay complex information in a simplified way (Kurtz et al., 2001; Dahl, 2012). Another goal of 

sustainability reporting may be to signal future changes by acting as a type of ‘early warning 

system’ to communities and policy-makers (OECD, 2003; Bockstaller & Girardin, 2003; Holt et 

al., 2004; Rosenstrom & Lyytimaki, 2006; Choi & Sirakaya, 2006). Many authors also agree that 

indicators help to enhance the legitimacy behind decision-making, and measure progress made 

towards targets by providing a baseline of information (Innes & Booher, 2000; Vaughn et al., 

2003; Niemi & McDonald, 2004; Rosenstrom & Lyytimaki, 2006; Hezri & Dovers, 2006; Levrel 

et al., 2008).  

A review of the literature in the area of sustainability reporting reveals a number of key 

steps in the process of developing indicator reports, including: defining the report boundaries, 

context, or scope (Holt et al., 2004; Reed et al., 2006), defining the goals and reporting purposes 

(Schreiber et al., 2004; Gibson, 2006; Burch, 2010), selecting an appropriate framework for 

indicator selection (Holt et al., 2004), identifying the audience for the report (Holt et al., 2004), 

conducting meaningful community consultation (Fraser et al., 2006; Mendis-Millard & Reed, 

2007; Stoll-Kleemann & Welp, 2008; Magis, 2010; Warren, 2012; Burford et al., 2013), selecting 
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and analyzing indicators (Holt et al., 2004; Reed et al., 2006), validating indicators (Bockstaller 

& Girardin, 2003; Gibson, 2006), establishing appropriate report formatting and communication 

of findings (Crilly et al., 1999; Holt et al., 2004), assessing alternative scenarios and methods 

(Sheate, 2010); implementing follow-up activities to undergo following the report publishing 

(Gahin et al., 2003); monitoring changes over time (Reed et al., 2006;), setting future goals (Holt 

et al., 2004), and evaluating progress towards goals (Burch, 2010). Three of the above mentioned 

steps: community consultation, framework selections, and indicator validation appear more 

commonly in the literature surrounding indicator development, and are drawn out in more detail 

in the following three subsections.  

 

2.1.2.1 Community Consultation and Context Specificity 

Sustainability report development and processes that are effective for one region or one 

management body may not be effective at other scales because “one size does not fit all” (Sheate, 

2010, p. 7). Adaptability is necessary in the selection of indicators (Sheate, 2010) to ensure that 

context-specific community needs are met (Innes & Booher, 1999; Mendis-Millard & Reed, 

2007). SOE Reports are meant to “function inside governance processes” (Rydin et al., 2003, 

p.588) but should be accessible not only to decision-makers to aid in the derivation, 

implementation, and monitoring of strategies for sustainable development, but should also be 

relevant and meaningful to communities, accessible to all stakeholders, and free of jargon (Riley, 

2001; Rydin et al., 2003; Da Silva & Shear, 2010). People are inevitably more likely to be 

accountable for their actions and for the outcome of the reporting process (Stem et al., 2005), and 
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take action when issues they care about have been addressed, and when they have had a 

meaningful opportunity to provide their input in, as well as become familiar with the indicator 

selection process (McCool & Stankey, 2004). Stakeholder involvement also helps to ensure 

transparency in the reporting process (Stem et al., 2005).  

Socially constructed (Rydin et al. 2003), values-based indicators (Dahl, 2012) brought 

about by community consultation that pinpoint local stakeholder concerns (Burford et al., 2013) 

play a key role in the indicator identification process (e.g. Reed et al., 2005; Mendis-Millard & 

Reed, 2007). Strictly top-down processes led by experts and scientists may inhibit positive 

outcomes and implications of the reporting process by way of establishing that the solution to the 

problem may also be a top-down process, potentially discouraging stakeholder involvement. 

Therefore, it has been widely suggested that a balance must be achieved between top-down and 

bottom-up processes (Riley, 2001; Rydin et al., 2003; Reed et al., 2006; Schliep & Stoll-

Kleeman, 2010). Expert opinions are often helpful to ground the process of indicator selection, 

provide a “sound methodology to accompany [community members’] good intentions” (Gahin et 

al., 2003), and help to mitigate the differences between ‘good’ intentions and sustainable actions 

(Reed et al., 2006), which are not always one in the same.  

 

2.1.2.2 Framework Selections 

Many authors agree that the indicator selection process for reporting initiatives must be 

fundamentally rooted to a conceptual or theoretical framework (Niemeijer & de Groot, 2008; 

Singh et al., 2012) that enables justification for the chosen indicators and their relationship to one 
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another, as well as to the context specific nature of the sustainability assessment at hand (Gahin et 

al., 2003). While there is no standardized framework used for developing a set of indicators 

(Innes & Booher, 2000; Reed et al., 2006; Da Silva & Shear, 2010), the pressure-state-response 

(PSR) framework (OECD, N.D.) is one of the most commonly used (McCool & Stankey, 2004; 

Tapio & Willamo, 2008; Singh et al., 2012). The causal chain framework identifies indicators of 

pressures on a system, indicators of the current state of a system, and indicators of political and 

societal responses to those pressures and states (OECD, N.D.; Rapport & Singh, 2006).   

Limitations of the framework include the potential oversimplification of the different 

components of the causal chain (Levrel et al., 2008) given the isolation of the pressures, states, 

and responses, potentially limiting the ability of the framework to accurately describe interacting 

components that are not static in nature (Rapport & Singh, 2006). Furthermore, the framework 

may not account for the inclusion of the causes of human actions or pressures on the system, a 

factor that may help to identify the root of the problems within unsustainability (Tapio & 

Willamo, 2008). Similarly, the framework may not account for stakeholders ‘perceptions’ about 

why the environment is the way it is (Hughey et al., 2004). Despite these downfalls, the 

framework remains a commonly used typology in environmental and sustainability reporting. 

However, it appears as though there is still a need for additional research on the use of the 

framework within bottom-up, community-driven processes to determine whether or not it aligns 

with community needs and other processes involved in successful indicator selection, and aids in 

the comprehension and communication of indicator findings.  
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2.1.2.3 Indicator Validation 

Validation of indicators is necessary to verify that they are robust and useful as a tool for 

communication and spreading of knowledge. Validation should occur at more than one stage in 

the indicator development process (Bockstaller & Girardin, 2003). The validation of indicators 

involves the consideration of the ability of the indicator to carry out its purpose, and assess its 

value as a useful measurement to verify whether or not it should be utilized in the assessment 

(Bockstaller & Girardin, 2003; Cloquell-Ballester et al., 2006). While there are technical 

procedures and models for validation, by comparing to previously conducted similar indicator 

assessments, and through expert consultations (Bockstaller & Girardin, 2003), there is expansive 

literature that pertains to criteria for effective indicators that may be used to ensure that indicators 

under consideration for sustainability reporting are substantiated. Schomaker’s ‘SMART’ 

indicators are an excellent summation of characteristics of indicators, and states that indicators 

should be specific, measurable, achievable, relevant and time-bound (1997 as cited by Niemeijer 

& de Groot, 2008) but literature surrounding the subject suggests a variety of additional 

characteristics (Table 1). Although this validation process is very important, trade-offs in 

identifying multiple qualities exist when selecting indicators, as it may not be feasible for 

practitioners to achieve all the idyllic characteristics (Liverman, 1988). 
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Table 1. Technical criteria for effective indicators 

Technical Indicator Criteria Sources 

1. Assessed in a way that can be repeated Bell & Morse, 2001; Magee & Scerri, 2012 
2. Feasible, cost effective, and demand low 

resources to assess 
Bell & Morse, 2001; Dale & Beyeler, 2001; 
Rice, 2003; Holt et al., 2004 

3. Reflect local, context specific 
considerations 

Hart, 1999; Rydin et al., 2003; Sheate, 2010; 
Dahl, 2012 

4. Sensitive to changes in short periods of 
time 

Dale & Beyeler, 2001; Rice, 2003; Holt et al., 
2004 

5. Easy to understand, communicate, and 
interpret 

Hart, 1999 

6. Comparable across space and time Liverman, 1988; Kurtz et al., 2001; McCool & 
Stankey, 2004 

7. Meaningful Rice, 2003 
8. Scientifically robust Kurtz et al., 2001; Holt et al., 2004; McCool & 

Stankey, 2004 
9. Relevant to policy makers and linked to 

management actions 
Dale & Beyeler, 2001, Kurtz et al., 2001; 
Hughey et al., 2004; Holt et al., 2004; Niemi & 
McDonald, 2004 

10. Tied to threshold values or benchmarks Liverman, 1988; Kurtz et al., 2001; Holt et al., 
2004; Moldan et al., 2012 

11. Specific Rice, 2003 
12. Have known or predictable responses Dale & Beyeler, 2001 

 

 

2.1.3 Outcomes and Limitations of Sustainability Reporting  

The process of indicator reporting varies greatly, and is contingent on geographic 

dependencies, and community needs (Innes & Booher, 2000). The multitude of methods and 

frameworks proposed for the effective development of these reports is indicative of that fact. 

Although indicators have been used extensively in many different disciplines, their tangible 

impact within local sustainability assessment is still not well known, and may not be as extensive 

as they are intended (Sharp, 1998; Innes & Booher, 2000; Rydin et al., 2003; Gahin et al., 2003; 
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Da Silva & Shear, 2010). While reporting goals and purposes are often established by 

practitioners, assessing the effectiveness or ‘success’ of the reporting process is a difficult and 

potentially subjective or biased undertaking (Stem et al., 2005). Inferences can be made on the 

effectiveness of indicators by way of understanding whether or not the tools used, such as 

indicators, were able to satisfy the outlined reporting purpose and goals (Sheate, 2010). 

Sustainability reports may help to measure progress towards sustainability, they may promote 

public discussion about sustainability, and they may foster community partnerships for 

sustainability. More indirectly, indicator outcomes inform external bodies that will then possibly 

coerce internal management to make decisions (Rydin et al., 2003) that benefit the community 

and region. Outcomes of indicator reports are often ‘intangible’ in nature, meaning they bring 

people together and facilitate discussion, increase awareness, and potentially trigger shifts in 

community values, but may not immediately impose visible changes towards sustainability 

(Gahin et al., 2003). However, what are considered intangible outcomes to some practitioners 

may be the goals of others, and make up the building blocks for change in the future (Gahin et al., 

2003).  

Alternatively, a lack of tangible outcomes from the use of indicator and sustainability 

reports may originate from the lack of implementation strategies following the release of the 

information. Inevitably, indicators do not promise change, action, or success (Meadows, 1998), 

and thus sustainability reporting on it own may not achieve it’s goals or influence change, 

emphasizing the need for appropriate follow-up actions to continue the spectrum of change 

(Gahin et al., 2003). Linking indicators to specific threshold values and targets may also help 

indicators achieve their goals by linking them more discretely to policy and management 
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strategies (Moldan et al., 2012), and further employing a means of scoring indicators may help to 

pinpoint exactly where attention should be paid by report readers and management bodies. Given 

the enormity of the problem of unsustainability, the onus cannot be put on indicators to solve 

problem. The process of undergoing indicator reporting and other learning for sustainability 

requires flexibility to account for faults in the process and outcomes, and enable consequential 

adaptability of the approaches (Meadows, 1998; Meppem & Gill, 1998).  

The wealth of information on indicators may present a difficult task for report 

practitioners to select appropriate methodologies when developing indicators  (Dale & Beyeler, 

2001; Niemi & McDonald, 2004). Some authors also argue that the time spent developing new 

tools for sustainability and new names for already prevailing frameworks has overpowered the 

application of the tangible use of existing frameworks (Sheate, 2010), and that despite the vast 

amount of time and resources dedicated to research on indicators, much of it ultimately “just 

results in the measurement of indicators,” meaning that their actual ability to operate as a tool for 

sustainability or change is limited (Rigby et al., 2000 as cited in Bell & Morse, 2001, p.293).  

Other limitations with indicators have been pointed out in the literature, and include the 

potential that indicators may oversimplify complex processes (Stem et al., 2005) by considering a 

range of information that is too narrow to demonstrate the complexity of the system under 

examination (Dale & Beyeler, 2001). This oversimplification may take the form of indicators that 

are not able to provide realistic representations of what happened in the world, and are do not 

provide adequate knowledge about important system components (Rice, 2003). Further 

inadequacies may result from lack of sufficient data, in particular from data that allows for the 

establishment of trends over time, and this is a difficult hurdle to overcome (Liverman, 1988). 
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Lack of resources in general, including money, person power, skills, and time available for data 

collection is also a limitation on monitoring reports (Crilly et al., 1999). Even if sufficient data 

and information is achieved through indicator assessment, the outcomes may still not culminate in 

influential decision-making and consensus making (Vaughn et al., 2003). It is important that the 

process of indicator selection be cyclic and evolutionary (Meadows, 1998).  

 

2.1.4 Biosphere Reserves 

Biosphere Reserves are United Nations Educational, Scientific and Cultural Organization 

(UNESCO) designated regions that are considered to be culturally and ecological significant, and 

form a World Network of Biosphere Reserves established by the Man and the Biosphere 

Programme (MAB) (UNESCO, 2014a). The Biosphere Reserve mandate outlines the need for the 

community-based organizations to: 1) establish and facilitate research and education through 

logistical support, 2) implement ecological conservation efforts, and 3) encourage sustainable 

economic growth (UNESCO, 2014c). The Biosphere Reserve designation adds a layer of 

complexity for these organizations when acting as facilitators of sustainable development, as they 

face jurisdictional challenges in the form of lack of governing authority, limited manpower, 

absence of government support and funding (Francis, 2004; Whitelaw et al., 2004), and 

difficulties with community engagement caused in part by identity issues and language barriers 

(Fraser & Jamieson, 2003). Nonetheless, the profoundness of the worldwide network of over 600 

Biosphere Reserves means that the sharing of resources and knowledge between them is feasible 

and should be facilitated.  
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Local management for sustainability requires new and novel approaches that produce 

results outside of municipal boundaries of which important socio-economic and environmental 

phenomena are not bound (Edge & McAllister, 2009). A drop in confidence in the ability of all 

levels of government jurisdiction to appropriately govern necessary environmental and other 

issues (Ruttan, 2004), place-based governance may be profound to the importance of context-

specific, community-based approaches to sustainability reporting and sustainability initiatives that 

empowers citizens in the region through the realization of action towards issues they care about. 

Biosphere Reserves present an opportunity for this innovative place-based governance, as they 

extend beyond political boundaries (Francis, 2004; Edge & McAllister, 2009) and thus enable the 

breakdown of standard management barriers, creating opportunities for alternative community-

based management (Price, 1996).  

Landscape-scale monitoring assessments have emerged as critical aspects of the 

Biosphere Reserve network (Lumb & Whitelaw, 2006). The scope of the UNESCO Man and the 

Biosphere Programme further encourages the exchange of information in Biosphere Reserves as a 

means to understand the systems, and contribute to a more global understanding about important 

issues (Batisse, 1971). As noted, Biosphere Reserves are regions that are exemplary of complex 

systems with respect to the “multi-level, cross-jurisdictional, interdisciplinary and long-term” 

process at play (Pollock, 2009). Understanding complexity at a local scale such as in Biosphere 

Reserves may be more feasible of an undertaking than broad-scale examination of complex socio-

ecological dynamics (Levrel et al., 2008). There are currently 16 Biosphere Reserves in Canada, 

only two of which have undergone sustainability reporting initiatives: Georgian Bay Biosphere 

Reserve, and the Clayoquot Sound Biosphere Reserve, indicating an opportunity for exploration 
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of sustainability reporting in the context of Biosphere Reserves. Canadian Biosphere Reserves 

may have an important role in the future of inspiring the sustainability of communities within 

Canada through their ability to marry conservation with societal and economic functions 

(Dempster, 2005) whilst adapting to the lack of government involvement and funding (Ruttan, 

2004) and other limitations. Such endeavours may be facilitated by academic institutions 

(Francis, 2004), providing practical opportunities for academics on sustainability monitoring and 

other logistical support for research, enabling Biosphere Reserves to fulfill their mandated 

functions.  

 

2.2 Research Objectives 

This research emerged from the need to understand the impact of State of the 

Environment (SOE) Reporting in the context of UNESCO designated Biosphere Reserves. 

Contributions to the development and role of reporting important information in the form of State 

of the Environment Reports may help to strengthen the networking capabilities of Biosphere 

Reserves in Canada through the sharing of knowledge on place-based sustainability reporting, 

alleviating resource demand through partnering with educational institutions, and aiding in the 

fulfillment of the Biosphere Reserve mandate. The overall goal of this research was to broaden 

the understanding of State of the Environment Reporting and the methods used within the 

reporting process in the context of Biosphere Reserves through the use of a single case study of 

the Frontenac Arch Biosphere (FAB) in eastern Ontario, Canada. The two objectives of the 

research were (1) to develop a State of the Environment Report for the FAB through a University-
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Biosphere collaboration, using a multi-method, adaptive-management approach with both 

bottom-up and top-down processes, and (2) to draw on the overall experience for the purpose of 

identifying a set of lessons applicable to Biosphere Reserves in Canada. Within the second 

objective, the research intended to (a) reflect upon the potential strengths and weaknesses of 

methods, frameworks, and approaches used in sustainability reporting; (b) infer on the role that 

reporting important information in the form of a SOE Report may have in place-based 

organizations such as Biosphere Reserves; and (c) expand on concepts and theories related to 

SOE Reporting in the context of Biosphere Reserves.  

 

2.3 Case Study Area 

A single, mixed-methods, case-study approach was employed using the Frontenac Arch 

Biosphere (Figure 4). The FAB is an ecologically significant region designated by the UNESCO 

Man and the Biosphere Programme in 2002, and is one of 16 Biosphere Reserves located in 

Canada. The FAB is 2,700km2 in area and sustains a population of approximately 70,000 people. 

One of the most distinct features of the Frontenac Arch Biosphere pertains to the geologic 

formations that make up the region. The ‘Arch’ is named so because it is composed of a 

metamorphic ridge that supports an ecological corridor between the Precambrian regions of 

Algonquin Park region to the Adirondack Mountains (UNESCO, 2002). The significance of the 

FAB lies not only in the ecological importance of it’s core, protected areas, but extends to the 

cultural, social, and economic capital that is present within the buffer and transition zones of the 

region.  
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Figure 4. Frontenac Arch Biosphere Reserve location and boundaries 

 

2.4 Methodology  

A State of the Biosphere Report was developed for the Frontenac Arch Biosphere 

through a mutualistic Biosphere-University partnership that the School of Environmental Studies 

at Queen’s University holds with the FAB. Throughout the partnership, groups of students in an 

undergraduate honours class assessed indicators of sustainability for the region concerning 

variety of topics related to the sustainability of the region. The preliminary indicator analysis 

research completed by students was catalogued and validated using a series of technical indicator 

criteria (refer to section 2.1.2.3), and then utilized in a series of stakeholder input processes 
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consisting of in-person questionnaires, stakeholder workshops, and online surveys to further 

substantiate the valued content to be included in the development of the State of the Biosphere 

Report. A final set of indicators to be included in the report was decided upon using results from 

the aforementioned bottom-up processes, consultations about appropriate indicators with the 

research team, and consideration of technical indicator criteria. The final SOE Report included 34 

indicators in 14 different overarching themes related to the sustainability in the region. The 

following subsections outline the different processes used in the development of the State of the 

Biosphere for the FAB, including a literature review, document analysis, cataloguing of 

preliminary indicator analysis, stakeholder workshops, questionnaires, and surveys. The mixed 

methods discussed in the following subsections were used to inform on the development of parts 

of the SOE Report, and enable the appropriate steps for undergoing indicator reporting, including 

developing report goals, consulting stakeholders, applying an indicator framework, assessing 

indicators, validating indicators, and determining a robust and communicable set of indicators.  

 

2.4.1 Literature Review 

A literature review was completed to establish the theoretical basis for the research by 

synthesizing information from past peer-reviewed articles and papers (Hay, 2005; Boote & Beil, 

2005) to form a comprehensive background on the subjects to date. The literature review also aided 

in the establishment of appropriate conceptual frameworks to approach the research, and indicated 

fitting methodologies to use at different stages of the study (Hay, 2005). Subject matter 

encompassed in the literature review included relevant peer-reviewed articles and technical reports 
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relating to the contextual understanding of the research in the field of developing and producing 

indicators. Topics in the review included: the history of sustainable development, the role of 

adaptive management as a means for managing complex problems, experiences with the 

development and use of sustainability and indicator reporting in different contexts. Characteristics 

of effective indicators, as well as the purposes, steps involved in, and outcomes of indicator 

reporting were also explored. Biosphere Reserves, their role in sustainable development relating to 

the importance of place-based, cross-jurisdictional management approaches to global 

unsustainability, as well as the challenges they may face in this pursuit of sustainability were also 

reviewed. 

 

2.4.2 Document Analysis 

A document analysis was used as an unobtrusive means to help triangulate and support 

information obtained from the literature review (Berg, 2001) regarding the development and 

characteristics of indicator reporting. This approach was applied as one of multiple methods used to 

support the development the State of the Biosphere Report for the Frontenac Arch Biosphere. This 

content analysis aimed to help infer on common strategies, frameworks, formatting, and protocols 

used for State of the Environment Reporting initiatives in Canada. Reports purporting to be 

sustainability reports, indicators reports, or more specifically State of the Environment Reports 

developed by other Biosphere Reserves in Canada, and by other organizations, municipalities, and 

parks in Canada were included in the document analysis. Both qualitative components, such as the 
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topics of indicators included in the report, and quantitative components, such as length of report, 

were all obtained in the analysis and classified as each of the documents analyzed (Bowen, 2009).  

Nineteen reports were identified for inclusion in the document analysis through a web 

search. Key information about the content and formatting of each report was obtained and 

recorded. Where possible, a binary system of ‘present’ or ‘not present’ was indicated using a “1” or 

a “0,” respectively, beside each component included in the analysis. For example, if a report 

included an ‘Executive Summary,’ it received a ‘1’ beside this attribute, whereas if a report did not 

include an ‘Executive Summary,’ it received a ‘0’ beside this attribute. A total of 24 different 

report attributes were covered in the document analysis. A focus was also placed on the analysis of 

the topics of the indicators measured and assessed in each of the reports. Each measure was 

recorded and catalogued into one of four themes related to the four pillars of sustainability: 

environmental, social, cultural or economic. This enabled us to identify what indicators appeared 

frequently in indicator reports in Canada, and which were less common. 

 

2.4.3 Cataloguing of Indicators 

In 2009, the Frontenac Arch Biosphere entered into a five-year partnership with the 

School of Environmental Studies at Queen’s University in Kingston, Ontario. Professors Graham 

Whitelaw and Ryan Danby at Queen’s University implemented the partnership and co-taught an 

annual undergraduate honours class, wherein students were assigned the task of assessing 

indicators of sustainability on a wide range of subjects pertaining to the Frontenac Arch Biosphere. 

The intention of the relationship was the culmination of indicator work to contribute to the 
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conception of a State of the Environment Report for the region. As such, the five years of 

undergraduate work completed at Queen’s University pertaining to the assessment of indicators for 

the FAB region was catalogued with the eventual goal of selecting an appropriate set of indicators 

to include in the State of the Environment Report. Cataloguing necessitated the filtering out of 

indicators that should not be considered for inclusion in the SOE Report, as well as the 

identification of indicators that either required further analysis, or were deemed sufficient to 

include in the SOE Report.  

Each of the student reports typically covered one main theme (e.g. ‘Climate’), and 

included both indicators (e.g. ‘Air Quality’), and one or more measures within each examined 

indicator (e.g. ‘Smog Days,’). Each indicator measure was first categorized into the pressure-state-

response (PSR) framework (OECD, N.D.) and was thus classified as either a “pressure measure” a 

“state measure,” or a “response measure.” Some indicator measures were classified into more than 

one discrete category, given their duality as measures, or the potential ambiguity surrounding the 

application of the framework. Important information was extracted from each report, allowing for 

the assessment of the rigour of each measure. Content obtained from the cataloguing process 

included contextual information surrounding each measure, rationale provided for selecting the 

measure, the methodology and sources of information used in the assessment of the measure, a 

summary of the analysis and results of the measure, as well as the main findings, and conclusions 

or discussion points. The process of cataloguing the over 400 indicator measures from all 54 

reports resulted in the identification of 14 overarching topic themes (see section 3.5.1) that 

sufficiently included the majority of indicators assessed. As such, each measure was classified into 
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newly developed indicators, and each indicator was then appropriately categorized into one of the 

14 themes.  

The deliverable result of the cataloguing of preliminary indicator analysis was the 

development of a list of potential indicators and indicator measures under each of the 14 themes 

considered to have viable and have sufficient data available on them for use in the State of the 

Environment Report. This list containing 65 indicators and approximately 240 indicator measures 

was further translated into an electronic booklet that was distributed to workshop and survey 

participants as part of the final indicator selection process (see booklet in Appendix B). 

 

2.4.4 In-person Questionnaires 

Multiple methods of bottom-up, stakeholder driven processes were utilized throughout 

the development of the State of the Biosphere Report to ensure that community values were taken 

into consideration, to pin-point issues of local importance related to sustainability in the region, and 

to once again triangulate information gathered from both the literature review and document 

analysis. While the undergraduate course approached the identification of indicators based largely 

on what data was available and other technical indicator criteria, addressing the issue of which 

indicators were most important to be measured and included in the final SOE Report rather than 

what indicators were most easily measured (McCool & Stankey, 2004; Burford et al., 2013) was an 

important consideration throughout the report development. As such, community input processes 

addressed the important consideration of what indicators should be included based on their merit as 

appropriate indicators rather than strictly on the availability of data to assess them. Consultative 
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processes in the form of in-person questionnaires, community workshops, and online surveys also 

helped the research team to strategize ideas for the implementation of the report into the region, 

establish appropriate reporting goals, assess alternative options, and gather views on the potential 

impact of reporting important information in the region. The Queen’s University General Research 

Ethics Board approved all methodologies involving community members (Appendix C and 

Appendix D). The process of ethics approval ensured that all participants were informed of the 

research and risks that may be involved in it prior to participating. 

The first means of stakeholder input consisted of in-person, self-administered survey 

questionnaires. The purpose of the questionnaires was to establish an understanding of the relative 

level of importance of issues relating to the sustainability in the region. Rationale behind the use of 

questionnaires aligned with the ideology that including indicators related to issues that people in 

the region care about and feel are important may have a greater chance of inspiring change on a 

personal level, and raising individual awareness in the outcomes of the research.  

Thirty-six survey participants were recruited at two different community events in the 

region: The Parham Fair, and Wendy’s Country Market (Appendix E). The questionnaires 

(Appendix F) contained both open-ended questions, and closed-ended questions in the form of a 

five-tiered, symmetrical, ranked likert-scale for participants to answer as a means to apply 

quantitative value to qualitative opinions. The primary focus of the questionnaires was on ranking 

the importance of a list of 27 subjects related to sustainability. These subjects were selected based 

on topics covered in the preliminary undergraduate indicator reports and were meant to adequately 

represent the scope of four different broader categories corresponding to the four pillars of 

sustainability. The participants were asked to indicate the level of importance on the likert-scale 
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(from “not at all important” to “very important”) they felt each subject had to the sustainability of 

the region.  

 

2.4.5 Stakeholder Workshops 

The second form of community-centered indicator selection was stakeholder workshops. 

The workshops necessitated a meaningful bottom-up methodology to narrow down the lengthy 

list of indicators that resulted from the cataloguing of undergraduate work to formulate a robust 

spectrum of indicators that reflected the local values and characteristics of the Frontenac Arch 

Biosphere. As such, these workshops enabled the identification of indicators considered most 

valued by community members to be included in the SOE Report. The workshop format 

facilitated the consideration of community members’ opinions and experiences with indicators 

and issues related to sustainability, as well as the observation of interaction among different 

stakeholders in the region (Berg, 2001).  

Workshop participants were recruited primarily through the distribution of e-mails that 

were sent out to over 50 organizations, municipal committees, and individuals located within and 

around the Frontenac Arch Biosphere. Individuals and organizations that were contacted were 

asked to pass on the information about the workshops to any other individuals they felt may be 

interested in participating as a form of snowball sampling (Berg, 2001). In total, 12 individuals 

from within and around the FAB region agreed to participate. We attempted to gain perspectives 

from a variety of multi-stakeholders including local residents, individuals from non-governmental 
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organizations, and other community interest groups from within and around the region in the 

hopes of adequately representing the views of people living in and around the region.  

Prior to attending the workshops, each participant was provided with approximately one 

week to prepare. An 18-page indicator booklet (Appendix B) was provided to each participant 

contained necessary information about the concepts and frameworks used in the research, and 

included the instructions for a task to complete prior to attending the workshop. The booklet 

consisted of a breakdown of the 14 themes, each of which listed indicators and provided a brief 

description of the metrics within each indicator. Each participant was asked to complete a pre-

workshop task that asked them to a) identify 15 indicators they considered to be most valuable to 

include in the State of the Biosphere Report, b) identify three indicators they considered to be 

“least valuable” to include in the State of the Biosphere Report; and c) identify one theme (out of 

the 14 indicator themes) that they would most like to discuss at the workshop. Participants were 

also asked to think about their opinions on effective report formatting, and the potential value of 

the report in the region.  

Each workshop lasted 3 - 3.5 hours, followed a semi-structured script (Appendix G), and 

was centered on a “dot democracy” exercise. This communal activity enabled the amalgamation 

of the individual results from the pre-workshop task and became the guide to the discussion for 

the remainder of the workshop. Bingo stampers of different colours were used to depict the “most 

valuable” and “least valuable” indicators as each participant placed dots beside their selected 

choices on large Bristol board paper prepared with the list of 65 indicators. Additionally, each 

participant placed a dot beside the one theme they most wanted to discuss during the workshop. 
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The subsequent workshop discussions were guided by themes identified by participants. 

Interesting trends that emerged from the dot democracy activity were given attention following 

the discussion of each of the identified themes. 

Four main discussion points were used to guide discourse in each of the themes identified 

as a topic of participant interest: a) the identification of key indicators to include in the SOE 

Report, b) the identification of metrics within those indicators or for other indicators that are 

considered valuable to include in the SOE Report, c) the identification of indicators and metrics 

that were not considered as valuable to include in the SOE Report, and d) (time permitting) the 

identification of gaps in the theme or indicators that could be valuable measures, or that should be 

included in future work and indicator analysis. Approximately 20-25 minutes was allotted for 

discussion of each identified theme. Following the discussion of individual themes, participants 

were asked to think about the formatting of the final SOE Report, and the particular attributes 

they would like to see it contain, as well as strategize the effective implementation of the report 

into the FAB region to ensure it’s success.  

A method of note-taking transcription was employed following the workshops to capture 

main points discussed (Merriam, 2009). Notes from both workshops were used throughout the 

indicator selection process to pinpoint specific indicators and metrics within each of the discussed 

themes to use in the State of the Biosphere Report and provide further rationale for their inclusion 

or exclusion (see section 2.5.6). Each workshop provided meaningful information on which 

indicators should be included in the State of the Biosphere Report, and also on the limitations of 

the present categorization of indicators, potential indicator downfalls, and disadvantageous 
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attributes of particular themes, indicators, and metrics from the participant booklet. It also helped 

to identify recommendations for indicators that should be considered for inclusion in reporting 

initiatives in the future.  

 

2.4.6 Workshop Follow-Up Surveys 

While the workshops were an incremental step in the indicator selection process, topics 

such as report formatting, implementation and impact of the report, and report goals were only 

briefly discussed due to time limitations. Gathering additional data on these perspectives was 

necessary to gain the consistent feedback on these different aspects of the report to ensure the 

final product took into full consideration the views of stakeholders on the content and the 

formatting of the report. The distribution of the follow-up survey ensured that each participant 

was provided with an equal opportunity to express their opinion on the overall goal of the 

reporting process, the stakeholders that were most likely to utilize the report, and the effective 

formatting of the report. Once both workshops were complete, the brief, anonymous, online 

survey was distributed using online survey software SurveyGizmo.  

 

2.4.7 Online Surveys 

The final method of stakeholder involvement in the research process took the form of 

online surveys. Given the difficulty encountered while attempting to coordinate additional 

workshops, primarily due to complicated schedules and low response rates, an online survey was 
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formulated as a more inclusive and less time-consuming means to gain feedback from 

stakeholders in the region who were unable to attend in person but who were still eager to 

participate. While the survey was primarily targeted to individuals who were not able to 

participate in the workshops, the option to complete the survey was also distributed to all non-

responses from the workshop recruitment process, as well as an additional 15-20 individuals and 

organizations that had not previously been contacted. The online surveys returned a total of seven 

responses.  

The 16-question survey required approximately 45 minutes – 1 hour to complete. The 

survey addressed the same topics and questions as the workshops, and similarly required each 

participant to identify 15 indicators they believed to be most valuable to include in the SOE 

Report, and the three indicators they believed to be least valuable to include in the SOE Report. 

They were also asked to identify two themes out of the 14 that they believed were most important 

to address in the SOE Report, a process that differed slightly from the one participants were asked 

to identify to discuss in the workshop. The rationale for allowing participants to select two themes 

arose from the notion that they would not have the opportunity to discuss the themes in detail like 

in the workshops, and thus more allowance for opinion in the survey answers was deemed 

necessary. Room for comments and elaboration in the survey was offered wherever possible.  

 

2.4.8 Amalgamation of Stakeholder Results 

Outcomes of the different participatory approaches utilized in the research were 

combined to demonstrate aggregated findings about stakeholder’s views on acceptable indicators, 
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insufficient indicators, important indicator themes, and the formatting and implications of the 

report. The results of the dot democracy undergone in the workshop, and the corresponding 

questions on the online survey whereby participants were asked to identify the 15 most valuable 

and three least valuable indicators were amalgamated together to illustrate overall indicator 

trends. Additional questions addressed in the online survey and in the workshop follow-up survey 

regarding the formatting of the State of the Biosphere Report (report length, number of 

indicators) and other logistical components of the report (potential audience, report purpose, 

report impact, ability of the indicators to accurately reflect the conditions in the region) were also 

combined. 

As a means to understand the distribution of well-supported and poorly supported 

indicators in each of the 14 indicator themes established in the cataloguing process (see section 

2.5.1), all three processes, (the workshop dot democracy results, online survey results, and likert-

scale results from the questionnaires) were amalgamated. This showed the distribution of the total 

proportion of the most valued indicators (subjects ranked as ‘very important’ in the 

questionnaires, and the 15 ‘most valuable’ indicators from the online survey and workshops) and 

least valued indicators (subjects ranked ‘not at all important’ in the questionnaires, and the three 

‘least valuable’ indicators from the online surveys and workshops) in each of the themes. This 

process required the questionnaire subjects to be reclassified to match the indicators contained in 

the booklet used in the workshops and online surveys because the questionnaires were undergone 

prior to the completion of the catalogued indicators. The reclassification enabled the 

amalgamation of all three community input processes in the analysis of the 14 indicator themes, 

but was insufficient to use for the analysis of individual indicators, given the inevitable over-
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representation of the indicators that had questionnaire subjects reclassified into them, and thus 

skewing the representativeness of the workshops and the online surveys. The amalgamation of the 

three processes was only used for the representation of which themes overall had more well-

supported indicators and more poorly-supported indicators and provided an understanding of 

which broad topics appeared to be most important and of priority to stakeholders in the region.  

 

2.4.9 Presentations 

Presentations of the research and preliminary findings from the in-person surveys and 

stakeholder workshops were completed both for departmental Research Day at Queen’s 

University as well as academic conferences. Feedback from audience members was taken into 

consideration to make improvements on the work completed up unto that stage. Further, the final 

presentations given by each of the undergraduate classes that completed indicator analysis from 

2009-2013 were open to community members, students, and University faculty to attend. 

Comments from audience members on the outcome and use of indicator results presented in these 

forums were also taken into consideration throughout the development of the SOE Report. 

 

2.4.10  ‘State of the Biosphere’ Report: Steps of Development 

The steps in the report development included: establishing the scope of the research, 

establishing goals and reporting purpose, establishing appropriate frameworks for indicator 

selection, conducting community consultation and input processes, selecting indicators, assessing 
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alternatives, validating indicators, communicating results effectively, and identifying gaps and 

limitations. The final decision making process for the selection of indicators to include in the 

SOE Report for the Frontenac Arch Biosphere was an iterative process involving the synthesis of 

all results from the stakeholder input methods, the consideration of technical indicator criteria and 

indicator validation, and consultations with the research team and FAB board members. These 

processes, along with the document analysis, also enabled the justification for formatting various 

attributes of the SOE Report, the use of the PSR framework to classify indicators, the decision on 

number of indicators to include in the report, the length of report, and the necessary contextual 

and background information to be included.  

Goal setting for the report helped to guide appropriate indicator selection to ensure 

indicators aligned with the goals of the report, set expectations for the reporting process, delineate 

the potential uses for the completed product, and identify context specific needs for the report 

given the characteristics of the region. Report goal and objective setting for the SOE Report was 

regarded as a critical starting point and was based on multiple processes and factors throughout 

report development. Given the adaptive management lens utilized throughout the research, 

emphasis was placed on the role of the SOE Report to help to describe the FAB in order to aid the 

organizations practitioners in their mandate of facilitating management towards sustainable 

development. As such, the report goals adhered to and exemplified the mandate of Biosphere 

Reserves, and encompassed views from stakeholders identified though the participatory 

approaches, incorporating context-specific objectives and perspectives.  
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The selection of the 14 indicator themes used in the SOE Report was concluded 

following the cataloguing of the indicators and was maintained throughout for consistency 

between different bottom-up processes despite the observed lack of community interest in some 

of the categories. Indicator findings became clear following the aggregation of stakeholder input 

results, particular metrics for each of the indicators in the 14 themes identified as most important 

were drawn out from the recordings and transcriptions of the two workshop sessions. Measures 

with many discrepancies identified by discussions in the workshops were avoided, while 

measures that were discussed and formed general consensus in the workshops were preferred. 

Themes that were deemed less important by community members were still included in the final 

SOE Report because not every theme was discussed in sufficient detail to demonstrate cause for 

its exclusion, and the focus of the workshops was to identify the value in the preliminary 

indicator work, and decipher the best way to use it. Indicators identified through the 

amalgamation of stakeholder processes guided the selection of indicators to be included in the 

report, but also depended on the validation of the verity of each indicator, using a number of 

technical indicator criteria, including: (1) data available, (2) demand low resources to measure,   

(3) repeatable, (4) timely, (5) context-specific and relevant to region. The application of technical 

indicator criteria further clarified which indicators were most appropriate to include in the SOE 

Report. A final list of indicators and indicator measures was established as a primary result of 

these aforementioned processes and was used to guide the development of the SOE Report 

(examples available in section 2.5.6). Troubleshooting on issues encountered during the process 

of SOE Report development was dealt with when needed such as additional indicator analysis, 

updating of indicators, or further elimination of indicators that were insufficient to include.  
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The bottom-up stakeholder processes and the top-down literature review, document 

analysis, and final consultation with the research team were used to establish consensus on the 

appropriate length for the report, and use of the pressure-state-response framework in the report, 

the number of indicators to include in the report, the indicators of most value and effectiveness to 

include in the report, the most appropriate measures to use to assess the indicators, the importance 

of certain themes, necessary contextual and background information to include in the report, the 

views of indicator scoring, the intentions and goals of the report, and means to implement the 

report in the region. 

 

2.5 Results 

2.5.1 Cataloguing of Undergraduate Work Results  

The cataloguing of the 54 indicator reports developed by undergraduate students from 

2009-2013 resulted in the formation of an 18-page indicator booklet (Appendix B) that was 

subsequently used as the basis of discussion for the stakeholder workshops and online surveys. 

The booklet included a list of the indicators and measures that remained for consideration for 

inclusion in the final State of the Biosphere Report after the filtering out of unfit indicators. The 

indicators were categorized under 14 broad themes: 

! Theme #1: Indicators of Agricultural Sustainability 

! Theme #2: Indicators of Art and Creativity 

! Theme #3: Indicators of Biodiversity 

! Theme #4: Indicators of Biosphere Reserve Awareness 
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! Theme #5: Indicators of Climate and Air 

! Theme #6: Indicators of Cultural Heritage 

! Theme #7: Indicators of the Economy 

! Theme #8: Indicators of Education 

! Theme #9: Indicators of Energy 

! Theme #10: Indicators of Health and Well-being 

! Theme #11: Indicators of Local Food 

! Theme #12: Indicators of Tourism 

! Theme #13: Indicators of Waste 

! Theme #14: Indicators of Water 

A total of 65 indicators and approximately 240 measures were listed in the indicator 

booklet. Each theme in the indicator booklet contains a different number of indicators and 

measures depending on the information that was available after the cataloguing of the preliminary 

indicator reports. While the pressure-state-response framework was utilized to classify each 

indicator, not each individual theme had all three types of indicators, primarily due to the absence 

of data or indicators available for certain themes. 

 

2.5.2 Document Analysis Results 

Nineteen published indicator reports were included in a document analysis of formatting 

and content (Table 2). Only two of the reports were those undertaken by Biosphere Reserve 

organizations. The other reports were products of different government or non-government 

initiatives and organizations, all within the Canadian context. Gaining an understanding of how 

other organizations and reporting bodies have approached the development of indicator reports 
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aided the research team in acknowledging common practices for developing and presenting 

indicators, common themes and topics for indicators and measures, and enabled a critical analysis 

of various other attributes of indicator reports. The document analysis also ensured that no critical 

report components were overlooked when developing the State of the Biosphere Report as part of 

the case study, and further guided stakeholder processes by way of identifying report elements 

that required bottom-up stakeholder consideration. Attributes considered in the document analysis 

included: scope, conducting body, purpose, target audience, length, and indicator content and 

indicator attributes. 
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Table 2. Publications included in the document analysis (Biosphere Reserve reports are in bold) 

Report Name Author, Publisher Year 

State of the Bay Georgian Bay Biosphere Reserve 2012 

Clayoquot Sounds Vital Signs 

 

Community Foundations of Canada 2012 

State of the Columbia Basin Columbia Basin Trust 2008 

Yukon State of the Environment Interim Report Yukon Environment 2013 

The State of British Columbia’s Forests Ministry of Forests, Mines and Lands 2010 

Canadian Biodiversity - Ecosystem Status and 
Trends 

Federal, Provincial and Territorial 
Governments 

2010 

Environmental Trends in British Columbia British Columbia Ministry of the 
Environment 

2007 

Saskatchewan’s State of the Environment Government of Saskatchewan 2013 

City of Calgary State of the Environment 
Report 

The City of Calgary 2010 

State of Canada's Parks Report Canadian Parks and Wilderness Society 2013 

Pukaskwa National Park of Canada State of the 
Park Report 

Parks Canada 2008 

The State of Canada's Birds Environment Canada and North American 
Bird Conservation Initiative 

2012 

State of the Park Report for the Ecological 
Integrity of Stanley Park 

Stanley Park Ecological Society 2010 

The Saint John River: A State of the 
Environment Report 

Canadian Rivers Institute 2011 

The State of Canada's Cities and Communities  Federation of Canadian Municipalities 2012 

The State of Ontario's Forests Ontario Ministry of Natural Resources 2012 

The State of the Canadian Labour Market Department of Finance Canada 2014 

The Living City Report Card (Toronto) Toronto Region Conservation Authority 
and Greening Greater Toronto 

2011 

The Town of Oakville State of the Environment 
Report 

Town of Oakville 2012 
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2.5.2.1 Formatting and Logistics of Reports 

Both the spatial and conceptual scopes of the 19 reports analyzed in the document 

analysis were recorded (Table 3). Spatial scope described the a geographical area that the reports 

encompassed, and the conceptual scope described specific attributes that the reports pertained to, 

such as “parks,” or “forests.” Seven of the indicator reports had more than one scope attribute 

(e.g. The State of Canada’s Cities and Communities Report was categorized under both 

“Canada,” and “Other Attribute”). The majority of the reports (10) included in the document 

analysis concerned broad scale indicator considerations at either countrywide or province-wide 

scales. The scopes of these indicator reports were indicative of the organization or party 

conducting the indicator reporting (Table 4), of which the most commonly observed were various 

government sectors in Canada.  

Not all of the reports included in the analysis had an explicitly stated goal or purpose; 

however, each one made inferences towards one or more goals. Fourteen different purpose 

statements were identified. Each report was categorized into at least one of these purpose 

categories; however, some reports were categorized into up to five different ones depending on 

the breadth of their stated purposes (Table 5). The most commonly stated goals pertained to the 

illustration of conditions in the region, raising awareness about the region, and assessing 

conditions in the region. 

The majority of the 19 reports included in the document analysis (12) did not explicitly 

indicate a target audience. Inferences were made about potential viewership by incorporating 

information about the length of the report, the aesthetics of the report, the language and jargon 
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used in the report, and the interpretation of inferences made in the text of the report. Many of the 

reports included more than one likely type of user (Table 6). Eight of the reports appeared to be 

intended for use by the general public, and four of the reports emerged as likely being better 

suited for use by policy-makers, due to the jargon used, the types of the indicators used 

(inaccessible and not relevant to everyday use), and the aesthetics of the report (few pictures, 

text-heavy, strong positive connotations towards the values of the conducting party). The average 

page length of the 19 indicator reports was 112; however, they ranged from 24 - 367 pages, and 

the majority of them were between 50 and 100 pages in length (Table 7). Five out of the 19 

reports included either online components associated with the reports, summary report cards, 

scorecards, or other short brochures to accompany the larger reports. On average, the reports 

contained 39 indicator measures. 

 

Table 3. Spatial and conceptual scopes of the 19 reports from Table 2 included in the document 

analysis 

Scope Number of Reports 

Province/ Territory 5 

Canada 5 

Park/ Protected Area 3 

City 3 

Forests 3 

Other Attribute 3 

Biosphere Reserve 2 

Watershed/ Basin 2 
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Table 4. Types of agencies and organizations conducting indicator reporting as identified by 19 

reports included in the document analysis shown in Table 2, in descending order 

Conducting Party Number of Reports 

NGO/ Organization/ Trust 7 

Government Sector 6 

Provincial Government 5 

Federal Government 3 

Municipal Government 2 

Biosphere Reserve 2 

Local Businesses 1 

Charity 2 

Conservation Authority 1 

 

Table 5. The number of times each purpose was identified in the 19 reports included in the 

document analysis shown in Table 2, in descending order 

 

Report Purpose Number of Reports 

REPORT on conditions in the region 9 

RAISE AWARENESS about issues in the region 8 

ASSESS conditions in the region 8 

Help the organization fulfill mandate 6 

Inform policy-makers & strengthen decision-making 4 

Evaluate management actions 4 

Measure progress made towards goals 4 

Facilitate discussion between community members 4 

Improve the overall sustainability/other goals of the region 3 

Identify gaps needed for future reports 3 

Increase recognition of sustainability 2 

Encourage people to connect and find common ground 1 

Encourage stakeholders to adopt sustainable practices 1 

Evaluate current policies and practices 1 

Act as a means of comparison between similar organizations 1 

Foster the use of science in policy 1 

Establish framework to assess current state 1 

Simplify complex science 1 
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Table 6. The number of times each target audience was identified in the 19 reports included in the 

document analysis shown in Table 2, in descending order 

Target Audience Number of Reports 

Not indicated 12 

Local residents/public 8 

Canadians 4 

Political decision-makers 4 

Local business owners 2 

Students/ Teachers/ Professors (elementary, secondary, post-
secondary) 

2 

Board members 1 

Scientists 1 

Civic leaders 1 

 

Table 7. Number of reports included in the document analysis shown in Table 2 in each page 

length range 

Length of Report Number of Reports 

5 - 10 pages 0 

10 - 20 pages 0 

20 - 30 pages 3 

30 - 50 pages 3 

50 - 100 pages 7 

>100 pages 5 

 

 

2.5.2.2 Content of Reports 

The analysis of the content of the reports was completed to understand the breadth of the 

topics covered. The topics of the measures in the reports were divided into four main categories 

to align with the four pillars of sustainability utilized in the development of the State of the 

Biosphere Report. Fifteen of the 19 reports were focused primarily on environmentally-related 

information. A list of measure topics in each pillar was developed. New topics, or measure 
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attributes were added when a report covered a topic that was not already on the list. Fifty-seven 

different environmentally-related topics (Figure 5), 20 different economically-related topics 

(Figure 6), nine different culturally-related topics (Figure 7), and 33 different socially-related 

topics were identified (Figure 8).  
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Figure 5. Environmentally-related measures identified in the document analysis of reports in 

Table 2.5.2.1 and how many times each topic was addressed, in descending order 
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Figure 6. Socially-related measures identified in the document analysis of reports in Table 2 and 

the number of times each topic was addressed, in descending order 
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Figure 7. Culturally-related measures identified in the document analysis of reports in Table 2 

and the number of times each measure was addressed, in descending order 

 

Figure 8. Economically-related measured identified in the document analysis of reports in Table 2 

and the number of times each measure was mentioned, in descending order 
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The information provided for the indicators in each of the reports was recorded to provide 

the researchers with information pertaining to common information provided for each indicator 

(Table 8). Visual components were present in almost all of the reports, and background 

information on the indicators prior to their assessment was provided for the majority of the 

indicators. 

Table 8. Number of reports in Table 2 that contained each of the identified indicator attributes, in 

descending order 

Indicator Attributes Number of Reports 

Visual Components 17 

Introduction/ Description/ Background 15 

Methods Used/ Data Sources 13 

Trends of Findings 13 

Importance/ Rationale 11 

What’s Being Done About it? 10 

Assessment component 9 

Case Studies 8 

Why is it Happening? 5 

Further Information 4 

Gaps/ Future Information Needed/ Quality Concerns 4 

Targets for Future 3 

Referrals to Other Indicators 2 

Recommendations for Future Management 2 

 

2.5.3 Questionnaire Results 

Thirty-six participants completed the questionnaires. The primary takeaway from the 

questionnaires resulted from the likert-scale questions (symmetrical 5-tiered scale) in which 

participants were asked to identify level of importance that each of the twenty-seven subjects 

listed had to the sustainability in the region, depicting issues that were perceived as being “most 
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important” to the sustainability of the region (Figure 9). Seventy percent of respondents identified 

protected areas as being “very important” to the sustainability of the region. ‘Soil Quality’, and 

‘Water Quality’ had the second and third highest percentage of respondents identify them as 

“very important.” ‘Artist Presence,’ ‘Festivals,’ and ‘Museums’ all had the lowest percentage of 

questionnaire respondents identify them as “very important.” Environmentally-related topics 

appeared to be more pertinent to the sustainability of the region than many of the cultural-related 

topics.  

 

Figure 9. Percentage of total questionnaire respondents who ranked each subject as "very 

important," in descending order 
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2.5.4 Workshop and Online Survey Results 

The results from the stakeholder workshops and the online surveys were amalgamated to 

form a consensus on the participatory approaches. This resulted in clear depictions the proportion 

of most valuable indicators, least valuable indicators, important themes, report formatting, report 

goals, report audience, and report impact and implications are included in the five subsections 

below.   

 

2.5.4.1 Indicator Theme Identification 

Each workshop participant was asked to identify one theme out of the 14 included in the 

indicator booklet that they would most like to discuss in the workshop. In the online surveys, each 

participant was asked to select two themes that they thought were most important (Figure 10). 

‘Biodiversity,’ and ‘Water’ were identified the greatest number of times as being themes that 

were most important to community members.  

 

Figure 10. Number of times each indicator theme listed in Section 2.5.1 was identified as being 

the "most important" by workshop and online survey participants 
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2.5.4.2 Most Valuable and Least Valuable Indicator Identification 

Both the “least valuable” and “most valuable” dots from the dot democracy (see section 

3.4.6) in the workshops and the counts from the online survey were amalgamated to demonstrate 

findings of the topics or indicators that individuals identified as being most important to include 

in the State of the Biosphere Report. Results were divided by theme, lettered A – N (Figure 11) 

and demonstrated valued indicators on the positive axis in black, and least-valued indicators on 

the negative axis in grey. 
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Figure 11. Number of times each indicator included in the Indicator Booklet in Appendix B was 

identified as being "most valuable" (in black) or "least valuable" (in grey) in each of the 14 

indicators themes by workshop and online survey participants 
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Topics pertaining to the formatting of the State of the Biosphere Report addressed in the 

workshop follow-up survey and the online survey include the desired length of the report (Figure 

12), the total number of indicators to include in the report (Figure 13), the report purpose, the 

goals of the report (Figure 14), the potential users of the report (Figure 15), and use of the 

pressure-state-response framework in the communication of the indicator results.  
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Figure 12. Desired length of the State of the Biosphere Report as indicated by workshop and 

online survey participants 

 

 

Figure 13. Desired number of indicators to be included in the State of the Biosphere Report, as 

indicated by workshop and online survey participants 
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Figure 14. Number of times each goal statement for the State of the Biosphere Report was 

selected by workshop and online survey participants 

 

 

Figure 15. Types of stakeholders most likely to use the State of the Biosphere Report, as 

identified by workshop and online survey participants 
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When asked to identify a desirable range of page length for the SOE Report (Figure 12), 

many respondents selected more than one ideal length, as there was a common enthusiasm for 

having two versions of the report to appeal to different audiences. Results for the desired number 

of indicators to be included in the State of the Biosphere Report varied (Figure 13), with the 

majority of respondents identifying with a lower number of indicators. A series of goal statements 

were provided to participants in the online surveys and the follow-up workshops, and participants 

were asked to select up to three of the statements they believed the goals of the report should be 

(Figure 14). Participants were also asked to infer on which stakeholders in the region may utilize 

the SOE Report the most, or may benefit from the report. Participants were asked to pick one or 

more options from a list of nine possible answers (Figure 15). When asked if the pressure-state-

response should be utilized in the report, 55% responded “yes,” 18% responded “no,” and 27% 

had no preference as to whether or not the framework was used. 

 

2.5.4.4  Report Impact and Implications 

To gain an understanding of the perception of the implications and impact of the report in 

the region, survey and workshop were asked to what degree the indicators available for use have 

the ability to accurately describe the state of the Frontenac Arch Biosphere on a scale from 1- 10, 

and asked to approximate the length of time they believe it may take to notice any impacts from 

the development of the report for the region, or for the report to demonstrate any of it’s desired 

goals and purposes  (Figure 16).  
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Figure 16. Length of time that the State of the Biosphere Report may need for it's potential goals 

and objectives to come to fruition, as indicated by workshop and online survey participants 

 

On average, respondents felt that a set of indicators selected from the indicator booklet 
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distribution of the total number of indicators identified by community members, both least valued 

and most valued, in each theme (Figure 17). 

Table 9. Reclassification of the original twenty-seven questionnaire subjects into the indicators 

used for workshops and online surveys 

Subjects from Questionnaire Reclassified Subjects into Indicators 

Growth of Business Growth of Business 

Tourism Economic Stability of Tourism 

Green Businesses Viability of Green Business 

Cost of Housing Accessibility of Housing 

Employment/Unemployment Employment Opportunities 

Waste Management Waste Management 

Alternative Energy Potential for Renewable Energy 

Green Building Green Building 

Local Food Initiatives Market for Local Food 

Water Quality Water Quality 

Air Quality Air Quality 

Soil Quality Soil Properties 

Agriculture Agricultural Land Use 

Biodiversity Governance of Biodiversity 

Climate Change Stability of Climate/ Climate Change 

Land Use Change Habitat Fragmentation 

 

Protected Areas Governance of Protected Areas 

Healthcare Accessibility of Healthcare 

Education Educational Attainment 

Employment/Income Household Economy 

Population Demographics Stability of Population Demographics 

Internet/Broadband Services Growth of Business 

Artist Presence Artist Presence 

Museums Education of the Arts 

Festivals Community Involvement in the Arts 

Preservation Traditional Practices Preservation of Culture 

Historical Commemoration Historical Cultural Heritage 
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Figure 17. Distribution of the percentage of total "most valuable" dots in each theme (in black on 

the positive axis), and percentage of total ‘least valuable’ dots in each theme (in grey on the 

negative axis), as demonstrated by community input in the workshops, online surveys, and 

questionnaires.  

 

Biodiversity,’ ‘Water,’ and ‘Agriculture’ had the greatest percentage of the total “most 

valuable” indicators in them, while ‘Art & Creativity,’ ‘Education,’ and ‘Health & Well-Being’ 

showed the greatest percentage of the “least valuable” indicators in them (Figure 17).  
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1) To report on and raise awareness about social, economic, environmental and 

cultural conditions in the Frontenac Arch Biosphere; 

2) To increase accessibility of information about regional trends and facilitate 

discussion about sustainable development between individuals, community 

groups businesses and organizations in the region; 

3) To measure progress made towards sustainability in the region 

 

Participants in the research noted value in shorter reports and longer reports (Figure 12), 

but the the final SOE Report for the region aligned with the latter notion as it totaled 

approximately 120 pages, contained 34 indicators, and 56 discrete measures within 14 different 

broad themes. This allowed the inclusion of a representative number of indicators and measures, 

and sufficient detail on methodology. The SOE Report contained key preparatory sections 

including “Report at a Glance,” “Key Terminology,” “Report Goals,” “Executive Summary,” and 

contextual information on how it was developed, background on Biosphere Reserves and on the 

Frontenac Arch Biosphere, guidance on how to read and interpret the report, and where to go for 

further information about the FAB and it’s initiatives, as inspired by other reports included in the 

document analysis. 

Most of the indicators included in the report were those that were identified by 

stakeholders as being most valuable to include. Some indicators that were deemed important to 

include had insufficient data to justify their inclusion (Table 10, e.g. 1), and some indicators that 

were not deemed important had robust data available and were thought to help reinforce or 

describe other indicators, and were therefore included in the Report (Table 10, e.g. 2), and 
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therefore trade-offs were experienced throughout the process to ensure that a balance was 

achieved between selecting indicators that achieved technical criteria, encompassed community 

member’s views, and described important components of the region. Thus, the decision-making 

for the indicator selection processes relied on the consideration of alternatives, the validation of 

the indicators, and the community input. The initial cataloguing of indicators constituted indicator 

validation through the elimination of unfit indicators. Indicators and metrics were also filtered out 

following each workshop as the indicator booklet provided to all participants was altered given 

directed feedback on the content, the formatting, and the logistics of the report. Final 

consultations with the research team and the Frontenac Arch Biosphere board of directors were 

also necessary to ensure that the indicators met the needs of the organization and appropriately 

reflected the conditions in the region. While there was a clear preference towards environmentally 

related indicators demonstrated by community feedback, an effort was made to represent the four 

pillars of sustainability that the FAB has adopted, in keeping with the mandate of the region, 

despite apparent views from some stakeholders on the importance of the environmental pillar. 

Examples of the process used in selecting indicators and subsequent measures for the report are 

provided in Table 10. 
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Table 10. Examples of the process and variables used in selecting and eliminating indicators and 

measures for the State of the Biosphere Report 

E.g. 1:  

Indicator: Growth of Business 

! Indicated as ‘important’ 
by community members 

 

Measure: All 

" Data available 

" Easy to measure 

" Repeatable 

" Timely 

! Context-specific 

! Relevant to the interpretation of other indicators and 
measures 

" Suitable measures discussed in workshop 

= Not included in SOE Report 

E.g. 2:  

Indicator: Farmer 

Demographics 

" Indicated as ‘important’ 
by community members 

Measure: Farm Operator Age 

! Data available 

! Easy to measure 

! Repeatable 

! Timely 

! Context-specific 

! Relevant to the interpretation of other indicators and 
measures (economics, local food) 

" Suitable measures discussed in workshop 

= Included in SOE Report 

E.g. 3:  

Indicator: Local Food 

! Indicated as ‘important’ 
by community members 

Measure: Infrastructure for Local Food 

! Data available 

" Easy to measure 

! Repeatable 

! Timely 

! Context-specific 

! Relevant to other indicators and measures  

! Suitable measures discussed in workshop 

= Included in SOE Report 
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Each theme contained within the SOE Report encompassed indicators and measures. 

Once the indicators and measures were selected to represent each theme, measures were classified 

into pressure measures, state measures, or response measures, as per the PSR framework outlined 

in section 2.1.2.2. Not every theme contained all types of indicators from the framework, again 

depending on technical indicator criteria and the sufficiency of the data available for the 

assessment. Alternatively, some indicators contained measures that were classifiable into more 

than one type of indicator. Overall, there was an evident lack of pressure indicators noted 

throughout the SOE Report; however, there was also difficulty associated with establishing robust 

response indicators given the difficult of synthesizing qualitative information on societal actions. 

Following the indicator assessments in each theme, a summary was provided as a means to 

encapsulate and consolidate the information presented in the particular section, address how the 

indicators spoke to the theme as a whole, address gaps and limitations in the data and analysis, 

and outline potential for future endeavours towards attaining appropriate information. The end of 

the report contained final observations, which elaborated on key themes that emerged in the 

indicators, tied together different indicators from different themes to draw out the significance of 

the research completed, identified gaps and barriers in the research, and made recommendations 

for the future of the FAB and for subsequent SOE monitoring in the region.  

 

2.6 Discussion 

This discussion encompasses critical reflections on the methodologies and frameworks 

used in the research, including successes, limitations, and difficulties, and further includes 
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recommendations for future initiatives in the region related to the lessons learned in the practical 

experiences from the development of the State of the Biosphere Report for the Frontenac Arch 

Biosphere. Five main themes emerged throughout the development of the State of the Biosphere 

Report that motivate the sections of this discussion: (1) the novelty of the University-Biosphere 

Reserve partnership (2) the difficulties associated with engaging stakeholders for participatory 

approaches, (3) considerations of the communication of indicators and the debate over whether or 

not to include an evaluative component within them, (4) applications of the pressure-state- 

response framework, and (5) inferences made towards report goal achievements and report 

implications and future work. 

 

2.6.1 University-Biosphere Collaboration 

One aspect of the research that was considered to be pertinent to the success of the State 

of the Biosphere Report was the initiation of the partnership between Queen’s University and the 

Frontenac Arch Biosphere. Indicator reports require time, resources, and people to develop them, 

and local organizations that are not affiliated with the government or have the means to hire 

external consulting agencies may have difficulty procuring the resources needed to undertake 

sustainability monitoring. Given the diminished nature of federal funding for Biosphere Reserves 

in Canada, the ability of these organizations to fulfill their logistics mandate in the form of 

research on and facilitation of sustainable development may be significantly decreased. The 

document analysis specifically demonstrated a current lack of indicator reporting initiatives in 
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Biosphere Reserves in Canada, possibly due to either the abovementioned lack of resources, or a 

lack of understanding surrounding the outcomes and implications of indicator reporting. 

The Frontenac Arch Biosphere has attempted to mitigate potential negative effects from 

the lack of funding and support by calling on the University-Biosphere Reserve partnership as a 

mutually beneficial endeavor for both organizations. This partnership has provided students in the 

School of Environmental Studies at Queen’s University with the opportunity to complete hands-

on, practical indicator assessment work, and has revealed novel research opportunities for 

professors and graduate students, whilst also aiding the FAB in fulfillment of components of its 

mandate including the facilitation of learning and community engagement to aid sustainable 

development in the region by way of the “living laboratory” notion of these Biosphere Reserves 

(UNESCO, 2014b). 

While developing the indicators in partnership with an educational institution was 

excellent for providing interested students with practical skills and also for benefiting the 

Biosphere Reserve and ultimately enabling sustainability monitoring, there were limitations with 

the approach. The preliminary indicator assessment work took place over a five-year period, from 

2009-2013, and the State of the Biosphere Report was compiled and released in 2014. The time 

lag between the first year of students and the development of the report proved to be problematic 

for the timeliness of the indicators, an important characteristic considered throughout the 

selection process. Indicator assessments that were completed in 2009 were typically not updated 

in subsequent years, and this presented difficulties in the development of the report, as many 

indicators required updating before they were considered viable. The process of updating data 
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was feasible for many of the indicators; however, for those indicators that were assessed using 

student-led surveys or questionnaires and other less easy to replicate processes, the endeavor to 

update the indicators to the most recently available data was laborious and often unrealistic.  

Furthermore, the given that undergraduate students completed the preliminary indicator 

analysis, some limitations were noted with the overall robustness of the data collected, 

assessments made, and interpretations of the indicators and measures used. Students approaching 

the indicator assessment with little to no background on the topics may have had difficulty 

determining what measures were important to analyze for the region. While professors and the 

practitioners of the FAB carefully monitored the projects, the outcomes were not as robust as they 

may have been if undertaken by professional consultants and experts on the subjects examined. 

The process of cataloguing the indicators, validating indicators, considering alternatives, and 

filtering out of insufficient data mitigated these limitations and helped to ensure that only viable 

indicators assessed were moved forward for inclusion in the SOE Report.  

In the future, efforts to improve the timeliness of indicators is a necessary endeavour and 

may be mitigated by encouraging students to develop shorter reports containing fewer indicators, 

but more thoughtful analysis, and also by eliminating reliance on student-led surveys and other 

means of qualitative data collection that is difficult to update. Challenging the students to think 

critically about the indicators that have been assessed thus far and take on the task of updating the 

SOE Report one semester in lieu of developing new indicators may be an interesting alternate 

endeavour. This may facilitate more frequent indicator updates and ensure that the technical 

indicator criteria are met to an increasingly robust degree. Engaging in and involving the students 
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in this reflexive process from the start of the course will help to ensure that the reporting process 

remains a cyclic, adaptive, and an ever-improving undertaking for the region. 

We see from the limited person power within the Frontenac Arch Biosphere that the 

development of the SOE Report may not have been feasible without this novel partnership. As 

noted, the process must be looked at critically to ensure that the robustness of the data undergone 

by students is sufficient in describing the system accurately, and that the methods used are 

repeatable for replication of the methods in subsequent indicator reports for the region. Continued 

monitoring and frequent consultation between the students, professors, Biosphere Reserve 

practitioners, and community members would be advantageous to ensure the student’s endeavors 

are reflexive and that they reflect stakeholder concerns. Despite slight inadequacies with indicator 

robustness, the value of this partnership as a novel, self-directed, scholastic endeavour should not 

be overlooked and is exemplary of a successful initiative that other Biosphere Reserves can look 

to for guidance in aiding education for sustainable development. 

 

2.6.2 Stakeholder Engagement and Associated Challenges 

Community participation throughout the process of sustainability reporting has been 

highlighted as significant by many authors (Innes & Booher, 2000; Dahl, 2012; Burford et al., 

2013). Literature has suggested that incorporating community values throughout the process 

indicator reporting is thought to increase the general public’s possession of problems (Stem et al., 

2005), whilst also potentially increasing the onus placed on local governments to further 

empower citizens towards newfound goals (Carstens, 2010). In the context of Biosphere Reserves 
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and other place-based organizations, this notion may be ever more critical for sustainability 

initiatives, given the pre-existing reliance on community members and volunteers to achieve 

action. Within this notion, local communities must not only participate in the processes and 

functioning of the organization, but the Biosphere Reserve must merit the communities some 

benefit that they would not experience if they did not live in a Biosphere Reserve (Price, 1996). 

While significant importance was placed on the engagement of all types of stakeholders 

in the decision-making for the development of the SOE Report, difficulties were encountered in 

the form of low response rates, conflicts with scheduling resulting in low workshop attendance, 

time limitations for forming meaningful relationships, and unanticipated issues surrounding the 

jargon and terminology used by the Biosphere Reserve and researchers in the participatory 

processes. Beyond this, conceptual struggles pertaining to how to reach beyond the core group of 

already engaged citizens (Gahin et al., 2003) to recruit the broader community and getting people 

to care about sustainability proved to be more difficult than predicted.  

Twelve individuals from within and around the region attended one of the two workshops 

that took place, but low response rates and difficulty coordinating individual schedules of 

interested participants was a limiting factor in the breadth of the workshops. An additional seven 

people completed the online surveys. The questionnaires received a greater response rate, with 

thirty-six respondents; however, these results were not considered as heavily in the overall 

development of the report as they were more indirectly related to the discrete indicators and had 

slight disparities from the other process (as discussed further in section 2.4.9). Additional 

individuals demonstrated interest in participating in the workshops, but the coordination of 
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groups of 4-7 people was problematic and attempts to schedule workshops were brought to an 

end. The interested individuals were alternatively given the option to complete the online survey. 

While definitive theoretical saturation (Eisenhardt, 1989) may not have been reached given 

relatively low response rates for the workshops and surveys, notable trends were identified to a 

degree that clearly showed preference to some indicators over other indicators, and more broadly 

to certain themes related to sustainability. 

Another discrepancy that emerged from the stakeholder processes was the lack of clarity 

surrounding the goals of the workshops resulting in the lack of focus on the objective at hand 

despite the role of the facilitator in clearly laying out discussion topics and outline of the 

workshop schedule. Obstacles here took the form of participants trailing off into other topics of 

mutual interest shared between participants, and the pinpointing of issues not related to the 

content of the indicators. Given the short amount of time allotted for each workshop, focus was 

required to obtain all the necessary information and touch upon key discussion points from the 

workshop script. In the future, longer workshops, or the coordination of two separate, but shorter 

workshops for the same participants to take part in would allow for a greater range of topics to be 

discussed, and enable more robust consensus making. 

Efforts to minimize difficulties associated with jargon used in the community 

engagement processes were undergone, but discrepancies still persisted. The primary observation 

of this occured with the use of the term “State of the Environment” report, or “State of the 

Biosphere” Report. As noted in the feedback from the online surveys, many citizens empathized 

more with the importance of including environmental indicators in the SOE Report, rather than 
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indicators that did not pertain to biophysical environment in the region. We suspect that this trend 

emerged due to the inherent association with State of the Environment Reports, and the 

prominence of indicator reports that focus on environmental indicators as demonstrated by the 

document analysis, and was considered to be a limitation to existing connotations of State of the 

Environment Reports that are rooted in environmental capacities. An effort was made to preserve 

the equality of the four pillars defined by the Biosphere Reserve.  

Community involvement and the capacity for it is one of the strong suits of Biosphere 

Reserves (Schultz et al., 2011). Community involvement in the research helped to draw out 

knowledge on sustainability, and equip others with the same entitlement. Collaboration within 

Biosphere Reserves and a greater focus placed on the ability of citizens, through the 

implementation of new, or enhancement of current community-based science and research 

programs would greatly benefit the success of reporting processes within the Biosphere Reserve. 

If each Biosphere Reserve adequately maintains online databases that contain all relevant 

research and initiatives completed in the region (as suggested by Francis, 2004), a more broad 

endeavor may follow in the form of a national database to help fortify the Canadian Biosphere 

Reserve network for future sustainability initiatives.  

Increased efforts to engage a variety of stakeholders in the region beyond the core group 

of individuals who are involved in every going-on of the organization are needed. While this core 

group is of critical importance to the efforts that the Biosphere Reserve is making, when 

participants in the workshops and surveys were asked if being part of the process made them 

more interested in the success and the outcomes of the research, the majority responded 
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positively, potentially indicating a unique connection to the research as a result of being part of 

the process. It is important that the report spreads information to individuals beyond those people 

who are actively looking for it, and that the indicators included in the report are able to 

adequately reflect community values and the views of the people reading the report. As such, the 

greater number of people involved in the development of the report, the more viewpoints the 

report may encompass, and the more people will be held accountable for its outcomes and goals; 

however, more time is needed to foster and build collaboration between individuals in the 

community, organizations (Rydin et al., 2003), and the Biosphere Reserve. 

 

2.6.3 Grading, Assessing Significance, and Validation of Indicators 

This topic of discussion stemmed from ideas surrounding the assessment and evaluation 

of indicators by way of using grading schemes to score indicators based on their results. Such 

schemes were employed in a number of the reports included in the document analysis, but the 

topic was approached cautiously in the development of the State of the Biosphere Report. Given 

the overall nature of the FAB to act as a catalyst for change with no overarching jurisdiction, and 

the importance of diverse community values and participation in the region, we made the decision 

to exclude overarching assessments in the State of the Environment Report. Rather, the focus of 

the report was to state the evident trends, draw conclusions about what the trends may mean for 

the region, and integrate different indicators findings together when viable relationships between 

them were thought to speak to something more broadly applicable to the sustainability of the 

region. The means of the State of the Biosphere Report as one step in an adaptive management 
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approach to mitigate trends of unsustainability persists on developing an accurate description of 

the region and the components critical to the functioning of the interacting social, economic, 

environmental and cultural systems.  

When assessing the indicators and measures and compiling the preliminary indicator 

reports, the students at Queen’s University, for the most part, did not employ means of indicator 

scoring or grading. Students were encouraged to test the significance of the indicators using more 

objective means, such as conceptual comparisons to juxtapose results to provincial and national 

averages and to accepted thresholds and standards, temporal comparisons across many years to 

demonstrate trends over time, and geographic comparisons across the FAB and to other locations 

to uncover regional trends. These considerations acted as a form of indicator assessment without 

the application of discrete grading schemes, and enabled an understanding of their significance. A 

step beyond this would involve the assessment of indicators via a process of scoring them based 

on their results across time, space, or against regulated standards and baselines.  

 While many indicator reports from the document analysis employed assessments of the 

indicator results such as “poor,” “moderate,” or “improving” (e.g. Canadian Biodiversity: 

Ecosystem Status and Trends, 2010; The State of the Park Report for Puksawa National Park of 

Canada, 2008), as Bell and Morse outlined: “one can prove almost anything by perhaps changing 

the methodology only subtly: unsustainable becomes sustainable!” (2001, p. 302). This statement 

rationalizes the need to be cautious when approaching the issues of indicator scoring, especially 

noting the potential issues with robustness of indicator assessment undergone by undergraduate 

students at Queen’s (see section 3.6.1). Grading may also be dangerous because seemingly 

negative scores may be interpreted as degrading, discouraging or punitive to residents and 
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practitioners, compromising the intention of the indicators to trigger positive change (Innes & 

Booher, 2000). Alternatively, positive scores may reinforce good behaviour towards sustainable 

development and help to raise awareness about successful initiatives that have taken place and set 

future goals for indicators. To avoid overtly strong or negative reactions from stakeholders, and 

also given the role of the Biosphere Reserve as a facilitator in the sustainable development of the 

region, the report was developed in a manner that allowed its readers to make their own 

assessments and interpret the information. While summaries of each theme were provided to tie 

the indicators together, only inferences about the meaning of obvious, self-evident trends were 

elaborated on. Some of the indicators included in the report were very qualitative in nature and 

would not be easily scored, and the data used for other indicators might need more refinement 

before the consideration of scoring. It is possible that in future iterations of the SOE Report that 

indicator scoring may be beneficial to pinpoint where action is needed, and to frame noticeable 

improvements. Each year, the living document will become more representative of the 

community members and data will be substantiated, thus perhaps enabling a viable means for 

indicator scoring.  

The notion of grading indicators justifies more exploration in the Biosphere Reserve 

context in the future. While this topic was included on the workshop script, it was not elaborated 

on in sufficient detail in either workshop to gain a view from stakeholders on this subject. 

Inferences can be made on the views of indicator scoring based on the goals of the reporting 

process, as outlined by research participants, of which the majority believed that the goals should 

align with raising awareness about issues in the region, with no inference to assessing the results 

or assessing the conditions. Nonetheless, this is not a sufficient means to accurately assess 
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community views on the subject, but continued stakeholder workshops about the reporting 

process will help to form consensus on this topic and depict whether community members and 

Biosphere Reserve practitioners see an advantage with incorporating grading schemes.  

 

2.6.4 Representativeness and Effectiveness of the PSR Framework 

The pressure-state-response (PSR) framework was utilized in the development of the 

State of the Biosphere Report to classify each of the metrics in the individual themes into pressure 

measures, state measures, or response measures. While the PSR remains one of the most 

commonly used frameworks for indicator reporting (McCool & Stankey, 2004; Tapio & Willamo, 

2008; Singh et al., 2012), it was employed in only one of the indicator reports included in the 

document analysis. The rationale for utilizing the PSR framework in the development of the State 

of the Biosphere Report was due in part to multiple factors, including the prominence of the 

framework, the natural progression of continuing it’s use given it’s employment throughout the 

five-year University-Biosphere partnership, it’s simplistic, straightforward nature, and it’s 

reception by stakeholders in the region. 

 As noted, the framework was used throughout the five years of undergraduate preliminary 

indicator assessment work undergone at Queen’s University, and the progression to carry it 

through to the culmination of the SOE Report seemed congruent with the initial goals of the 

indicator analysis outlined by the professors at the University and the practitioners of the BR. 

While alternative frameworks were considered in the development of the report, the PSR 

framework and its simple breakdown of causal relationships was perceived to be malleable in its 
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use and able to overcome any noted limitations that have been raised about it (see section 

2.1.2.2).  Furthermore, when asked if the PSR framework should be used to classify the measures 

in the region, 55% of the survey participants responded positively. Eighteen percent believed that 

the framework added unnecessary jargon and limited the accessibility of the report to all readers, 

and 27% were indifferent to the use of the framework, demonstrating a disparity between views 

of the community members.   

Despite the PSR framework being relatively accessible and easy to understand, two 

limitations with its application in the development of the State of the Biosphere Report stood out. 

First, the apparent disparity between stakeholder perspectives on the use of the framework 

challenged us to apply it in a way that was not overbearing or essential to the comprehension of 

the report, in order to ensure its accessibility to the widest audience. The framework was 

introduced and described in the introductory sections of the State of the Biosphere Report to 

enable full comprehension of the terms for those individuals who were interested, but the 

comprehension of the framework was not necessary for the interpretation of the information 

presented within. As such, the framework acted as a supplementary means to add clarification to 

the indicators, but the metrics and the report were not strictly centered upon its use.  

The second limitation we noted with the PSR framework was potential ambiguity 

surrounding its application. Some measures were classified into more than one type of indicator, 

given the lack of divisiveness of the measures, and depending on how the information was 

framed. This experience indicated that the framework did not add consequential value to the 

reporting process due to ambiguity in the classification process, or that additional stakeholder 

input might help to delineate the best application of it in the community context.  
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A beneficial outcome of the application of the framework was the depiction of gaps in data. 

There was a noted lack of inclusion of all three types of indicators within each of the 14 themes in 

the report. While it would be beneficial to have all three types of measures within each theme, no 

mandatory criterion were enforced by the research team to ensure that one of each type of 

measure was included in each of the theme. Rather, the primary objective in compiling the report 

was placed on the robustness of the data, and ensuring that stakeholder considerations were 

thoroughly accounted for. Furthermore, certain types of indicators were also overrepresented in 

the report, particularly state indicators, perhaps because a lack of information was available on 

the responses and community involvement in the region. Identifying this gap in data may instill a 

desire in community members and policy makers to attempt to make this information increasingly 

available. The application of the framework helped to pinpoint where data was missing, and may 

help in the development of future iterations of the report. 

An additional consideration of the framework was the difficulty in understanding whether 

it reflected the views of stakeholders, and also how it affected the views of stakeholders in the 

region. These ideas were drawn out in an application of the framework used by Hughey and 

colleagues (2004) to interpret whether the state of the environment as described by the PSR 

framework aligned with the perceptions of the environment that community members held. 

Specifically in the case of the FAB, understanding whether the scientific knowledge matched the 

community knowledge was an exploration needed after the implementation of the State of the 

Biosphere Report, through continued community engagement processes. Linking the indicators 

utilized in the report may help mitigate any potentially skewing effects of the PSR framework. 

While the research endeavored to include and value the views of stakeholders on issues and 
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indicators perceived as being important in the development of the report, the process did not 

entail discrete considerations of how individuals perceived the state of the present environment as 

a whole, and perceptions of the adequacy of current responses and management trends in the 

region. Although these issues were raised briefly in the workshops, the information is difficult to 

capture in the form of indicators. 

 

2.6.5 Impact, Implications, and Future Endeavors 

The potential significance, implications, and success of the SOE Reporting process were 

important considerations following the completion of the report, to enable to the researchers to 

infer on whether the processes used throughout the research resulted in the achievement of report 

goals, and may aid the FAB in the future in facilitating sustainable development. Given that the 

research approached the development of the report from an adaptive management perspective, the 

goals of the process aligned with the need to understand the current state of the system, thus 

learning and adapting to manage appropriately. The SOE Report should therefore be a living 

document and be adaptable to demonstrate findings that enable decision-making directly relevant 

to the region. The primary difficulty here was defining and identifying what the ‘success’ of the 

reporting process was, and inferring on how to measure, or achieve this success.  

Local, authority-led indicator projects can raise questions of accountability and the 

legitimate role of government (Crilly et al., 1999) in the development of the projects. Biosphere 

Reserve organizations and other similar local, grassroots initiatives lack “political mandate,” 

(Crilly et al., 1999) potentially limiting the effect of the indicator reporting process. The onus is 
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placed on the Biosphere Reserve practitioners to empower the report and use the information to 

raise awareness about issues and trigger community discussions. Emphasizing the role of the 

Biosphere Reserves as an organization that facilitates change (Francis, 2004), follow-up actions 

are necessary for the practitioners to undergo following the release of the report into the region. 

Potential strategies noted in the workshop for the successful implementation of the report 

included making a PowerPoint version of the measures to bring to meeting with policy makers, 

and train community members to travel with a presentation version of the SOE Report to raise 

awareness of the initiatives to other people and organizations. Additionally, as discovered by the 

survey results, there was an evident desire for shorter reports with less indicators, thus 

necessitating a secondary report that summarizes key findings and demonstrates only 5-15 

measures. Another suggestion to instigate change with the release of the report suggested by 

stakeholders was the ‘launching’ of the report at busy community events. Publicity and awareness 

of the report with a great number of people in the region, policy makers in particular, is that it 

may highlight inefficiencies experienced with data availability in the development of the report, 

in turn radiating beneficial outcomes through the realization of the need for more robust data 

collection means (Crilly et al., 1999), resulting in the allotment of resources to presently lacking 

endeavors. 

Additionally, indicators are not intended to be the answer to the problem of 

unsustainability (Innes & Booher, 2000), and their role is increasingly recognized as a starting 

point for triggering discussions about important issues. The onus that is placed indicators to be 

more than they are may create unnecessary and unrealistic expectations for their place in policy 

making and as such, it was not the aim of this research to reach a discrete endpoint, but rather to 
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place emphasis on the process of getting there (as experienced by Meppem & Gill, 1998) through 

the engagement of stakeholders, which inevitably aided discussion surrounding sustainable 

development in the region. Similarly, given the cyclic nature of adaptive management, ‘success’ 

may never be achieved, as there is always be room for improvement. Thus, when reflecting on the 

SOE Report, the indicators align greatly with the goals of Biosphere Reserve, given their mandate 

to facilitate sustainable development. The demonstration of further implications of the process of 

reporting information was not viable in the timeframe of the research but would be an interesting 

future project for the University-Biosphere partnership to take on in upcoming years. 

Increasingly discrete goal and priority setting following the release of the SOE Report 

may also be a consideration for future reports of this nature. The goals encompassed for this 

report were broad and wide reaching, which is ideal for the first report of it’s kind in the region, 

but not context specific. As community interest in the reporting initiative takes hold, focus groups 

may be beneficial for identifying key trends that require greater attention, focusing on those 

trends, and bringing them forward to policy makers who have greater jurisdiction that the 

Biosphere Reserve network organizations. If concerning trends in a particular theme or indicator 

are demonstrated, for instance to do with the viability of local food in the region and the lack of 

infrastructure available, a more directed future goal of the reporting initiatives may be “enhance 

resources for local food in the FAB,” rather than “raise awareness about conditions in the FAB,” 

which may be too open ended for some individuals to embrace, or envision. As noted, the 

continued and increased engagement of community members in the endeavours of the FAB is 

imperative for the future of the SOE Report, and this topic can be further addressed by 

community workshops whereby appropriate future goals of the report can be scoped out. 
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Chapter 3 

Conclusion 

 

A State of the Biosphere Report was developed for the Frontenac Arch Biosphere (FAB) 

in eastern Ontario. A practical adaptive management lens was used to frame the research, 

suggesting that the process of developing the State of the Biosphere Report would act as a key 

contributor to management towards mitigating unsustainable behaviour, and help practitioners 

work towards sustainable development in the FAB. This single case study research incorporated 

five years of undergraduate indicator assessment completed by students at Queen’s University in 

partnership with the FAB as a starting point to the report development. Top-down and bottom-up 

methods, including the cataloguing of preliminary indicator analysis, a document analysis of State 

of the Environment (SOE) Reports in Canada, community stakeholder surveys and workshops, 

and the completion of indicator analysis were utilized to select a comprehensive set of indicators 

to be included in the final SOE Report for the region. The goal of the research was to draw on the 

experience in the single case study for the purpose of identifying lessons about SOE Report 

development applicable to Biosphere Reserves (BRs) in Canada. Based on the outcomes of the 

research, conclusions were drawn about the process of SOE Reporting in the context of Biosphere 

Reserves, and the successes and downfalls of the indicator selection process and the methods 

used, and to the contributions that the research has made to the theory and practice of State of the 

Environment Reporting.  
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This research suggests that in the context of Biosphere Reserves, the University-

Biosphere partnership was an invaluable collaboration that enabled the development of the SOE 

Report for the region, and helped to mobilize the mandate for sustainability in the organization. 

The difficulties associated with engaging stakeholders for input in the processes emphasized the 

lack of person power and resources within the Biosphere Reserve, further noting the need for 

partnerships with educational institutions as well as other organizations and groups in the FAB to 

achieve future reporting goals. The indicator analyses undergone by students in this partnership 

must be well managed to ensure that robustness of the process necessary for successful indicator 

reporting is maintained, that the indicators are designed in a way that enables easy updating for 

future students, such as maintaining sufficient metadata accounts and records of all processes and 

data sources, and that the indicator assessment is robust and worthwhile. Additional 

considerations for the inclusion of statistical tests to determine the explicit significance for certain 

indicators is also necessary for the rigour of the research, and should be initiated in future years of 

the partnership. This first five years of the University-Biosphere partnership culminated with the 

first State of the Biosphere Report, but future updates of the report should be completed more 

frequently to enable timely indicator reporting, and ensure the continued interest and engagement 

of stakeholders.  

This research suggests that greater stakeholder inclusion in general is needed in future 

work with the SOE Report in the region to ensure that the indicators align with community 

values, to understand community perceptions of the report, to enable relevant recommendations 

for updates of the report, to identify gaps in indicators in the report, and to enhance general co-

operation and community engagement pertaining to sustainable development in the region. While 
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a sufficient number of stakeholders were consulted to demonstrate clear indicator trends 

throughout this research, a present lack of awareness of the role of the Biosphere Reserve and its 

associated concepts and significance may be the root of the cause for inadequate community 

engagement. This was also observed in the difficulties associated with understanding research 

terminology used the stakeholder processes, limiting the comprehension of certain aspects of the 

process. While University-Biosphere partnership may help to increase awareness about the 

region, a more powerful undertaking may result from Biosphere Reserve practitioners who have 

the networking means available to reach beyond the core group of involved, and engaged 

individuals in the FAB.  

The research has highlighted a lack of available data for use in the SOE Report, and a 

number of explicit gaps in accessible, useable statistics and information. Endeavours to improve 

available data are likely beyond the capacity of the Biosphere Reserve organization alone, but 

could be mitigated through the increased support from municipalities in the region. The likeliness 

of this increased support is presently unknown, but it was noted multiple times by research 

participants that there persists to be a lack of support for the FAB from governing bodies in the 

region. As noted in section 2.6.5, a presentation version of the SOE Report will help demonstrate 

to municipal leaders and policy-makers in the region the significant research and efforts that the 

FAB organization is undergoing, and provide a sound basis for support from government in the 

region.  

 

3.1.1 Contributions to Theory 
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Literature on procedures and methods for developing State of the Environment Reports is 

vast. This research utilized a well-known adaptive management lens, and the interdisciplinary 

PSR framework for indicator selection. Interdisciplinary indicator frameworks generally aim to 

improve certain aspects of and processes involved in indicator selection and classification to 

improve their clarity and communication. This research contributes to the theory of the PSR in 

that in the specific case study, it may not have been a profound contribution to the comprehension 

of indicator findings, given ambiguity experienced with the classification of the measures. 

Despite this, an unexpected role of this framework was noted in the classification of indicators, as 

it pointed to present gaps in data where not all types of indicators were present in the different 

indicator themes. Furthermore, given the context of the report in the Biosphere Reserve, the aim 

of the PSR framework may align more greatly with decision and policy makers who may require 

an additional layer of meaning to the indicators to guide decision making. For the purposes of the 

report in the FAB, likely audience members FAB practitioners, FAB Network members, and local 

residents who may not benefit from the use of the theory whilst obtaining information from the 

report. We believe that too much emphasis placed on the framework may retract the importance 

on the process and the outcome of the report and thus the use of the framework was adapted in a 

way to fit the goals of the research.  

The use of the adaptive management lens throughout the research provided sound 

rationale regarding the need for the report, given the mandate for the BR and the views on the 

goals of the report noted by research participants, and grounded the reporting goals to necessitate 

understanding the current state of the system to help monitor changes over time. The lack of 

jurisdiction the Biosphere Reserves holds indicates an ambiguity with the use of the adaptive 
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management lens throughout this research, considering that management as a result of the 

reporting process may be lacking in the future. We propose that in the context of Biosphere 

Reserves undergoing sustainability reporting initiatives, the concept of adaptive management be 

extended to adaptive facilitation. This concept better encompasses the abilities of the Biosphere 

Reserves to fulfill their mandate for sustainable development. The term also reduces unrealistic 

expectations for the outcomes of adaptive management strategies and initiatives for sustainable 

development, such as SOE Reporting, which may more realistically act as a facilitation tool rather 

than a management tool if used to raise awareness, engage citizens, and depict positive and 

negative trends to help inform, empower, and mobilize people in the regions. In facilitating 

sustainable development, the concept may also extend to the necessity of ongoing stakeholder 

engagement to develop more robust indicators and strategize goals, future endeavours, and calls-

to-action for sustainable development. Considering the noted lack of data available regarding 

response indicators in the region, both in terms of lack of action occurring, as well as the 

difficulty in synthesizing this information into indicators, practitioners using the adaptive 

facilitation approach can aim to work with municipal bodies and decision-makers to make 

missing data more available, and also to encourage more responsive behaviour from management 

bodies that is in alignment with the BR goals. Tools such as the Dot Democracy process, can be 

extended as facilitation tools for the engagement of stakeholders and decision-makers for 

continued reflexivity on iterations of the SOE Report. This can help both with the selection of 

indicators, as well as reflection on whether the final product aligns with stakeholder views in the 

region to ensure the validity of the information, and the potential for it to act as a beneficial 

facilitation device. 
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3.1.2 Contributions to Practice 

The process of developing the State of the Biosphere Report for the Frontenac Arch 

Biosphere has contributed to the practice of sustainability reporting and the use of indicators of 

sustainability to sustain work towards sustainable development in place-based management 

organizations. Key contributions to practice resulting from this research include the successful 

application of the University-Biosphere partnership, and the use of processes that are easily 

repeatable in the development of the indicators. As only two other Biosphere Reserves in Canada 

have developed SOE Reports, the methods utilized in this research demonstrate a means for these 

place-based organizations with limited resources available to engage in sustainability reporting 

initiatives. Further, employing indicators and measures that are comparable to other regions may 

help to facilitate communication between organizations about future indicator work and enable 

collaboration in the form of sharing resources, knowledge, and experiences on the development 

of indicators. It may further be useful to undertake comparisons to other reporting initiatives in 

Biosphere Reserves to attempt to align disparate initiatives and develop comparable indicators 

that can better demonstrate the states of different regions in comparison to one another and 

facilitate the networking of information in Canadian Biosphere Reserves, and reduce uncertainties 

with the reporting process. Within this, the dot democracy facilitation process has proved to be a 

valuable and easy to replicate process in the development of the report, and helped to summarize 

community values about indicators.  

Many of the improvements needed for the success of the future report appear to stem 

from increased community engagement, as this is a particularly important attribute of Biosphere 

Reserves. The University-Biosphere partnership is a novel approach to aid in the mandate 
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fulfillment for Biosphere Reserves but will only be successful in future initiatives if key roles of 

community members within the Biosphere Reserves are met, in turn affecting the ultimate 

achievement of the sustainable development goals in the Frontenac Arch Biosphere resulting 

from increased discussion about sustainable development. 

In summation, this research has demonstrated a practical approach to State of the 

Environment Reporting in the context of Canadian Biosphere Reserves. Adaptive management 

was identified as a valuable lens with which to approach indicator reporting, but was extended to 

adaptive facilitation for its application in Biosphere Reserves. Lack of clarity surrounding the 

pressure-state-response framework indicated a lack of value in its application for the 

comprehension of indicators in this particular circumstance. More value may be obtained from it 

with future iterations of the report by way of ensuring that all three types of indicators are present. 

The repeatable processes used in the research, and the University-Biosphere partnership presents 

the means for other Biosphere Reserves in Canada to undergo sustainability reporting. The use of 

context specific indicators in the reporting process that were specific to the FAB region, as well 

as indicators that were expandable to broader contexts is attributed as an additional success of the 

reporting process, given a few similarities realized between the State of the Biosphere Report and 

the Clayoquot Sound’s Vital Signs Report. Further understanding of the tangible impacts of 

reporting important information in the form of indicators for these organizations is still needed, 

but the researches emphasizes the role of BR organizations as facilitators of change, and the 

importance of ongoing, reflective, and adaptive stakeholder engagement for viable indicator 

reporting. 
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Report at a Glance            

This report aims to paint a picture of the conditions and the potential interactions between socio-

ecological processes of the Frontenac Arch Biosphere by presenting a snapshot of information about 

the region. Members of the Frontenac Arch Biosphere recognized the need to help the community 

members and decision-makers within the region learn more about the conditions of the area they live 

in by presenting this important information in an accessible way. This ‘State of the Biosphere’ Report 

contains a series of measures about 14 different topics that pertain to environmental, social, cultural 

and economic matters including agricultural and local food sustainability, trends in water and air 

quality, social prosperity and health, economic trends and well-being, waste, transportation, culture, 

creativity and more. These measures help to identify pressures that are currently facing the region, 

illustrate the state of present conditions in the region, and understand policies and management of 

various systems in the region. The measures in this report were selected through community and 

expert consultation and were analyzed by students at Queen’s University in coordination with 

Frontenac Arch Biosphere practitioners and professors at the University.  
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Key Terminology             

 

BR Biosphere Reserve – Ecologically significant regions around the 

world designated by the UNESCO Man and the Biosphere 

Programme.1 

 

FAB Frontenac Arch Biosphere – The Biosphere Reserve in eastern 

Ontario with which this ‘State of the Biosphere’ Report pertains to. A 

map of the region can be found on page 13. 

 

INDICATOR A tool that can be used to describe or communicate complex 

components of a system in a simplified way. Indicators may speak 

to a larger phenomenon taking place in a region, help to link issues 

to policy making, help to illustrate changes over time, and may help 

in forecasting future conditions.2 

 

MAB The Man and the Biosphere Programme – An international 

programme developed in 1971 through UNESCO3. 

 

METRIC A metric is a measure or discrete parameter that can be used to 

measure an indicator. Composite indicators are often made up of 

one or multiple metrics.4 In this report, metrics are also referred to 

as “measures” 

 

PSR Pressure-State-Response Framework – A framework developed by 

the Organization for Economic Co-Operation and Development 

(OECD) and used to classify indicators to help describe the 

relationships between them. The framework classifies indicators into 

one of three categories: 1) indicators of pressures on the 

environment, 2) indicators of the state of the environment, and 3) 

indicators of societal and political responses to these states and 

pressures.5 

 

SOE REPORT State of the Environment Report – Typically a document containing 

a synthesis of indicator findings and trends that are used to paint a 

picture of the state of a system or region.6 

 

UNESCO  United Nations Educational Scientific and Cultural Organization 
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Report Goals             

This ‘State of the Biosphere’ Report was developed in alignment with the mandate of the Frontenac 

Arch Biosphere (FAB) network that encourages the facilitation of learning for sustainable development 

in the region. The report encompasses topics in all four pillars of sustainability adopted by the FAB 

organization: well-being, livelihood, nature, and culture. Input and knowledge from local stakeholders 

has been of great importance in the development of the report, both in the selection of measures to 

include, to the effective formatting of the report, and has ensured the consideration of local, context-

specific values.   

The overall objective of this report is to present information about the state of region in and around the 

Frontenac Arch Biosphere in eastern Ontario. The report does not aim to assess the meaning of the 

information presented, infer on why the trends are occurring, recommend actions for future change, or 

draw conclusions about the state of the region except where the results are particularly noteworthy and 

demonstrate clear-cut and easy to interpret trends. Rather the report primarily presents information on 

a number of different topics related to the social, economic, cultural and environmental conditions in 

the region over time, and compared to other regions or thresholds. Much of the information included 

within this report will help to establish baseline trends that can be updated in future iterations of this 

report. Reporting important information in the FAB might encourage collaboration with other 

Biosphere Reserves in Canada and enable the initiation of ongoing monitoring that can be coordinated 

between regions. It is hoped that presenting this information in an accessible format will enable all 

citizens and stakeholders within the region to foster thought and discussion about sustainability. As 

such, readers are encouraged to think critically about the results, and discuss them with neighbours 

and local civic leaders. Readers are also encouraged to consider possible measures that would be 

beneficial to include about the region in future reports of this nature, and improvements that can be 

made to this version of the report. As identified by stakeholders in the region, the objectives of this 

‘State of the Biosphere’ Report include; 

! To report on and raise awareness about social, economic, environmental and cultural 

conditions in the Frontenac Arch Biosphere; 

! To increase accessibility of information about regional trends and facilitate discussion about 

sustainable development between individuals, community groups, businesses, and 

organizations in the region 

! To measure progress made towards sustainability in the region 
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How was this Report Developed?        

This report was developed through a five-year long partnership between Frontenac Arch Biosphere 

(FAB) and the School of Environmental Studies at Queen’s University in Kingston, Ontario. The report 

is a culmination of five years of indicator assessment completed by groups of undergraduate honours 

students at the University between the years of 2009 and 2013. The five semesters of research 

resulted in the completion of 54 projects reporting on over 400 indicator metrics, or measures, 

pertaining to approximately 14 broad themes related to sustainability in the region. 

 

Multiple methods of stakeholder input were used throughout the development of this report, as a 

means to incorporate the views of citizens in the region in the selection of indicators. Self-administered 

surveys were conducted at two different community events during the summer of 2013 to establish the 

relative level of importance of various issues relating to sustainability within the region by asking 

participants to rank issues on a scale from ‘not important’ to ‘very important.’ Stakeholder workshops 

and online surveys were conducted in the spring of 2014 to provide community members with the 

opportunity to contribute to the indicator selection process, as well as to the formatting of the report, 

and the implementation of the report in the region.  

 

Final selection of the indicators to be included in this ‘State of the Biosphere’ Report incorporated both 

the community-based efforts and consultation with the Biosphere Reserve practitioners and professors 

at Queen’s University. Potential indicators to be included in this report were validated through 

consideration of the technical criteria outlined by a large body of literature pertaining to what 

constitutes ‘effective’ indicators such as easy to measure, timely, repeatable, and robust. These 

combined processes grounded the indicator selection process to ensure the indicators provided a true 

representation of the region and touched upon topics that were relevant and important to people in the 

region.   

 

 

 

 

 

 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
12 

What are Biosphere Reserves?        

Biosphere Reserves are United Nations Educational, Scientific and Cultural Organization (UNESCO) 

designated regions that form a World Network of Biosphere Reserves established by the Man and the 

Biosphere Programme (MAB).7 There are now over 600 designated Biosphere Reserves around the 

world in more than 115 countries.8 Sixteen of these Biosphere Reserves are in Canada. These regions 

are significant to sustainable development initiatives for many reasons, including their unique 

governance structure, their ecological and cultural significance, and the presence of strong community 

leaders and participatory action that occurs within them. Moreover, despite the individual uniqueness 

of each Biosphere Reserve around the world, they all share in common a three-pronged mandate 

established by the MAB that is dedicated to the sustainable development of the regions that includes:9 

 

1) Establishing and facilitating research and education through logistical support,  

2) Implementing ecological conservation efforts, 

3) Encouraging sustainable economic growth 

 

What is the Frontenac Arch Biosphere?      

The Frontenac Arch Biosphere (FAB) is a 2,700km2 region in southeastern Ontario, bordering on the 

St. Lawrence River just north of the City of Kingston. The Biosphere Reserve extends from the City of 

Brockville in the east, Verona in the west, Westport in the north, and Gananoque in the south (Figure 

6). The region is included in the municipal boundaries of the United Counties of Leeds and Grenville 

and the County of Frontenac. These formal geographic boundaries are treated fluidly as to allow for the 

consideration and inclusion of all relevant social, economic, cultural and environmental components 

that make up the socio-ecological system of the FAB. As such, the significance of the Biosphere 

Reserve lies not only in the ecological significance of the core zones (protected areas), but extends to 

the cultural, social, and economic capital that is present within the buffer and transition zones of the 

region. The FAB has adopted the four-pillar approach to sustainability encompassing livelihood, 

culture, wellbeing, and nature, and further summarize their ultimate goal of sustainability as: “enough 

for all, for all time.”10 
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How to Read this Report           

This ‘State of the Biosphere’ Report is divided up into 14 main indicator themes. Each of the 14 

themes contains multiple indicators. It may seem as though some of the indicators belong in more 

than one of the themes due to the interconnectedness of the socio-ecological systems. Each indicator 

is broken down into one or more measures, which are discrete measurable variables used to assess a 

single indicator.  

 

The indicators in this report pertain to economic, environmental, social and cultural issues in the 

region. Different types of data were used to assess the different indicators. Much of the data was 

obtained from census data (Census of Agriculture, Census of Population, National Households Survey, 

Community Health Survey). Some measures were assessed using community surveys, and or website 

document analysis. The spatial scope of the data used to assess the measures in the report was also 

largely determined by the data available. County data, township data, and health unit data are the 

primary spatial units utilized to assess the measures, and correspond to the type of census data used.  

 

This report has employed the use of an interdisciplinary indicator framework called the pressure-state-

response (PSR) framework. Each measure contained in the report has therefore been categorized as a 

pressure measure, a state measure, or a response measure, as indicated in orange typeface below the 

name of the measure. Pressure measures attempt to look at human and natural variables causing 

stress or strain in the region. State measure attempt to look at the current conditions and trends of 

conditions over time in the region. Response measures attempt to look at political and societal 

responses and management undertakings to mitigate pressures and improve current conditions.11 12 

For each measure presented in this ‘State of the Biosphere’ Report, it’s importance is summarized, 

key methods used to analyze it are explained, rationale is provided for including it in the report, and 

the results from the analysis of the indicator are presented. Visuals are used wherever possible to 

illustrate trends over time, spatial comparisons and distributions, comparisons to accepted standards 

or known thresholds, and summarize data into tables or other means. 
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Further Reading            

If you would like to know more about the Frontenac Arch Biosphere and the initiatives occurring in the 

region, please visit www.frontenacarchbiosphere.ca and head to the “Knowledge Central.”  
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AGRICULTURE           
 

a) CLIMATIC VARIABLES – PAGE 18 

 

LENGTH OF GROWING SEASON 

 

b) VIABILITY OF AGRICULTURE – PAGE 19 

 

AREA OF FARMLAND | AVERAGE OPERATOR AGE | FARM CAPITAL | FARM DIVERSITY 

 

c) AGRICULTURAL LAND MANAGEMENT – PAGE 23  

 

USE OF INPUTS & NUTRIENT MANAGEMENT | FARM SIZE 

 

AGRICULTURE IN THE FRONTENAC ARCH BIOSPHERE 

Large-scale conventional approaches to farming and agriculture used throughout the 21st century have 

dominated the agricultural industry worldwide, but have simultaneously caused detrimental 

environmental and social repercussions.13 Large-scale agricultural enterprises generally operate under 

the motivation of short-term profit generation and ignore potential implications on the social livelihood 

and food security of future generations.14 Each stage of the agriculture production line at these broad 

scales is associated with environmental detriment from farming practices, to the transport of goods, to 

packaging for retail, and finally to the eventual waste.15 There is a need for agricultural shifts on both 

ends of the chain – the producers and the consumers, which may lead to not only a more sustainable, 

long-last agricultural system, but also more health and well-fed populations around the world.16 

Implementing sustainable approaches to agriculture is important as the world population grows to 

help ensure future food security.17  

Biosphere Reserves allow us to further our understanding of sustainable agriculture at local and 

regional scales with the potential of sharing knowledge with the global network. Agriculture in the FAB 

is inevitably interconnected with many socio-ecological system components and is particularly 

important to the economic viability of the region despite a considerable collapse of dairy farms and 

cheese factories that occurred in the 1960’s.18 The unique geology in the area results in a diverse soil 

profile that allows for crop diversification,19 but may also limit the total area of arable land. The 

indicators in this section relate to pressures facing agriculture in the region, viability of agriculture in 

the region, and land management of agriculture in the region to help illustrate the overall state of 

agriculture. These measures are strongly connected to the Local Food indicators (page 86) as well as 

the Health and Well-Being indicators (page 78), to illustrate the connection between food and healthy 

populations.  
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INDICATOR: CLIMATIC VARIABLES    
 

Measures: LENGTH OF GROWING SEASON 
 

Climate and weather both play fundamental roles in the success and productivity of agriculture. Stable 

yields are pivotal in supporting a consistent and sustainable income for farmers. If farm operators fail 

to adapt to changing climatic conditions, the resilience of the agricultural in the FAB may be 

compromised. By measuring changes in the length of the growing season over time, inferences can 

be made on the potential pressures that the agricultural industry has faced in the past, and may face 

in the future as more climatic extremes are experienced. 

LENGTH OF GROWING SEASON 

{State/ Pressure} 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Growing season represents the time of the year in which the 

weather, primarily rainfall and temperature, allows for productive 

plant growth. The length of the growing season is a major limiting 

factor to agricultural success. Warming temperatures in the 

summer and longer growing seasons may result in changing soil 

characteristics that support different crops varieties than are 

currently being grown, and is an important factor when 

considering the future of agriculture in the region. 

 

Data for the length of the growing season for the Frontenac Arch 

Biosphere was retrieved from a previous study conducted on 

climate change in the region using data from for six weather 

stations in and around the FAB from the years 1968 – 2009.20 

 

 
 
It appears that the average length of the growing season in the Frontenac Arch Biosphere has 

increased by approximately four days since 1968.21 
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INDICATOR: VIABILITY OF FARMING     
 
Measures: AREA OF FARMLAND | FARM CAPITAL | FARM OPERATOR AGE | FARM DIVERSITY 

 

These measures help to paint a picture of the viability of farming in the Frontenac Arch Biosphere 

region. Viability touches upon the feasibility of farming as well as the practicality of it both in the 

present and the future, and is a complex subject. Inferences on this subject can be made by looking at 

farm capital in the region over time to infer on the economic success of farm operators, as well as 

farm operator age to inform on both interest of farming for younger generations as well as the 

potential future of farms in the region, and farm diversity to infer on the economic resilience of the 

entire farming community of the FAB. To establish a baseline understanding of agriculture in the 

region it is also helpful to see how the total area of farmland in the region has changed over time.  

AREA OF FARMLAND 

{State} 

 

 

 

HOW WAS IT MEASURED? 

Total area of farmland in the FAB provides important contextual 

information needed to interpret other measures about agriculture. 

Reduction of farmland in the region may be due to urban sprawl, 

land degradation, and farm closures. 

 

Data for the total area of farmland in the United Counties of Leeds 

and Grenville, and Frontenac County was obtained from the 

Census of Agriculture from 1991 - 2011 and is therefore based on 

farms included in the census.22 

 

 

 
 

 

The United Counties of Leeds and Grenville has more farmland than Frontenac County. In Frontenac 

County, farmland has decreased by approximately 28,500 acres from 1991 to 2011, and in The United 

Counties of Leeds and Grenville farmland has decreased by approximately 46,200 acres. 
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AVERAGE OPERATOR AGE 

{State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

As farmers reach the age of retirement, finding appropriate 

replacements to operate or take over their farms may be indicative of 

the viability of agriculture in the region. If appropriate replacements 

are not found, the potential for farms to be purchased by larger 

corporations is possible and may reduce family ownership in the 

region, potentially resulting in an increase in larger, corporate owned 

farms.  

Data for average farm operator age in the Frontenac Arch Biosphere 

over time was obtained from the Census of Agriculture from 2001, 

2006 and 2011, and was compared to the Eastern Ontario average, 

the Ontario provincial average, and the Canada national average.23 24 

 

 

 

Average farm operator age has increased on over the ten-year period. The average age of farm 

operators in the Frontenac Arch Biosphere* in 2011 was approximately 2.2 years older than the 

average age in Canada. The average operator age in the Frontenac Arch Biosphere has increased by 

approximately 4 years since 2001, a similar trend to Canada. Eastern Ontario has experienced a 

slightly greater increase in farm operator age, while Ontario has experienced a slightly smaller increase 

in farm operator age. 

 
*The Frontenac Arch Biosphere average is calculated using the averages from the townships and counties that encompass the Biosphere 

(United Counties of Leeds and Grenville, Township of Elizabethtown-Kitley, Front of Yonge Township, Township of Leeds and Thousand 

Islands, Rideau Lakes Townships, Township of Athens, County of Frontenac, City of Kingston, and South Frontenac Township). 
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FARM CAPITAL 

{State} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Considering the proportion of farms in the region in each capital class and 

how this has changed over time may aid in understanding the profitability 

of agriculture in the region, and may also inform on farm ownership. Farm 

capital is a direct measurement of economic success and demonstrates 

economic viability and sustainability over the long term. Larger farm 

capital may indicate higher farm productivity. 

 

Data for total farm capital for the Frontenac Arch Biosphere was obtained 

from Census of Agriculture for 2001, 2006, and 2011 and compared to 

Eastern Ontario, Ontario, and Canada. Farms were divided into nine 

income brackets results demonstrate proportion of farms occupying each 

bracket.25  
 

 

 
 

 
 

*The Frontenac Arch Biosphere value is derived from the total farms in the United Counties of Leeds and Grenville and Frontenac County. 

There appears to be an overall increase in the proportion of higher income farms for all regions, 

coinciding with a decrease in lower income farms, particularly those from >$100,000 – $349,000.  
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PERCENT OF FARMS IN EACH CAPITAL CLASS IN 2006 
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FARM DIVERSITY 

{State} 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Diversification of farm industry types in the Frontenac Arch Biosphere is 
important to the economic and social viability of agriculture in the 
region. A diverse farm community that hosts many different types of 
production may be able to provide a more sustainable variety of local 
food. In a diversified agroecosystem there is less risk of farm operators 
losing single crops associated with stresses such as drought or pests.26 
Similarly, with a heterogeneous agricultural landscape that includes 
many different types of industry, if one or two industries suffer 
economically, the community overall may not be affected as greatly. 

Farm diversity was measured by examining the number of farms by 

each industry group in the year 2011 from data from the Census of 

Agriculture to illustrate the total proportion of each type of agricultural 

industry occurring in the Frontenac Arch Biosphere.27 

 

 

 
 

 
 
 
*The Frontenac Arch Biosphere value is derived from the total farms in the United Counties of Leeds and Grenville and Frontenac County. 

 
Approximately 34% of the farms in the region are dedicated to other crop farming, which includes 

sugar beets, hops, and other miscellaneous field crops. 28  Beef cattle ranching, other animal 

production, and dairy cattle and milk production are also common in the region. 
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INDICATOR: LAND MANAGEMENT PRACTICES  
 

Measures: USE OF INPUTS and NUTRIENT MANAGEMENT | FARM SIZE 

Land management practices signify how land is being used. Smaller farms typically exert less stress 

on the environment by using less intensive practices.29 The size of farms and how they have changed 

over time may be telling of the future of farming in the region, and is associated with total farm capital 

(page 21). A high dependence on human intervention reduces the ability of land to effectively manage 

itself, reducing both the environmental and economic sustainability of the land. Management 

intervention utilized by farm operators is indicative of the productivity and resilience of the soils in the 

region, and the overall sustainability of agricultural operations. 

 

USE OF INPUTS & 

NUTRIENT  

MANAGEMENT 

{Response/ Pressure} 

 

 

 

 

 

HOW WAS IT MEASURED? 

The use of chemical inputs is linked to other issues such as water quality 

from runoff, land degradation, air pollution, and also the number of 

dangerous diseases present in the environment.30 Reliance on herbicides 

and insecticides may limit the ability of soil and crops to resist insect 

infestations and disease on their own. Crop rotation is thought to aid soil 

in restoring its nutrients. 31  Understanding how these management 

practices have changed over time in the FAB may be indicative of future 

reliance on certain methods and changing agricultural practices.  

Data for zero tilling, summer fallow, insecticide application, herbicide 

application, and commercial fertilizer was obtained from the Census of 

Agriculture for 2001, 2006, and 2011. 32 33 

 

 
*The Frontenac Arch Biosphere values are derived from combining the values from the United Counties of Leeds and Grenville and Frontenac 

County. 

Area of land on which zero tilling practices take place in the region have more than doubled since 

2001. Herbicide use has increased, whereas insecticide application has stayed relatively constant and 

commercial fertilization use has decreased by 2500 hectares since 2006. It is important to take into 

consideration how the total area of farmland in the region has changed over time when interpreting 

these results (page 19). 
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FARM SIZE 

{State} 

 

 

HOW WAS IT MEASURED? 

Farm size influences the intensity of the land use that occurs. While 

larger farms tend to be more profitable in the short term, they may not 

be as environmentally sustainable as small-scale operations.  

Farm size data was obtained from the Statistics Canada Census of 

Agriculture for 2001, 2006, and 2011. Farms were categorized into 14 

different classes of acreage, and the proportion of farms in each acreage 

class was compared.34 35  

 

 

 
*The Frontenac Arch Biosphere values are derived from combing the values from the United Counties of Leeds and Grenville as well as 

Frontenac County. 

 

There appears to be a greater proportion of large farms in Canada compared to Ontario and the 

Frontenac Arch Biosphere. Ontario has a greater proportion of small acreage farms (10-179 acres) 

than the Frontenac Arch Biosphere.  
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SUMMARY – AGRICULTURAL SUSTAINABILITY OF THE FRONTENAC ARCH 

BIOSPHERE 
 

Three indicators have been examined that relate to the sustainability of agriculture in the Frontenac 

Arch Biosphere. Together, these measures help to illustrate various trends over time in the region and 

demonstrate how the agriculture in the region has transformed. We see that the amount of farmland in 

the region has decreased slightly, but the size of farms, and the farm capital being generated in the 

region are both increasing slightly. These trends indicate that ownership of farmland may be shifting to 

more corporate, large-scale operations. Farmer age is increasing, indicating that farmers may be 

experiencing difficulty engaging younger generations, or finding replacements to take over their farms, 

potentially leaving little choice but to sell farmland to these larger operations. The size of the farms 

also points to interesting trends in the land management occurring in the region. As farmland is 

decreasing, herbicide use is increasing, perhaps telling of the practices implemented by larger 

corporations. Trends over time are not demonstrated for the diversity of farms in the region, however 

this would be an interesting exploration for future work in the region to determine if the diversity of the 

types of farms in the region is changing. Data available for agriculture in the region is abundant, given 

the use of the Census of Agriculture that is undergone every five years. The information provided here 

is meant to describe the most telling measures for the region to infer on how things have changed over 

time; however other information may be valuable to include in future reports of this nature. No 

pressure measures have been explicitly identified here, however some of measures that describe the 

state of the region may also be indicative of some pressures that are occurring, such as the length of 

the growing season, or use of herbicides.   
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ART & CREATIVITY          
 
a) VIABILITY OF AN ARTS NETWORKS – PAGE 27 

 

DISTRIBUTION & DIVERSITY | ARTIST INCOME | ARTIST REFERRALS 

 

b) COMMUNITY INVOLVEMENT IN THE ARTS – PAGE 31  

 

ARTS-RELATED COMMUNITY EVENTS 

 

ART & CREATIVITY IN THE FRONTENAC ARCH BIOSPHERE 

Approaches to sustainable community development necessitate processes that work towards 

environmental and cultural soundness, social justice and well-being, and economic productivity.36 

Cultural prosperity within this sustainable model ensures community members have access to cultural 

resources and heritage. A region with strong cultural and creative attributes may enable innovative 

forms of economic generation. The creative economy encompasses a broad range of topics, practices 

and professions, set apart from other economic sectors by emphasizing the need for creativity to spark 

innovation.37 

The Frontenac Arch Biosphere has worked to promote the region as an arts destination with a strong 

connective network between artists of all mediums, tourists, and community members. The founding 

of FAB Arts in 2010 has demonstrated a step towards aligning community members and a wide array 

of artists by enabling collaboration throughout the region. The mandate of FAB Arts is to “help the 

local arts community prosper through the building of a strong artistic community and strengthened 

branding of its artistic output.”38 Establishing the creative arts network in the region may strengthen 

existing creative livelihoods, encourage art-related tourism, and enable job creation that diversified 

from other economic sectors in the region. The incorporation of environmental and sustainable 

development themes in the artwork produced in the region may help to foster community appreciation 

for the environment. Increased artist presence in the region may also help unite people with similar 

interests and foster a sense of place, enhance cultural capital, and support culture that acts as a 

“source of exchange, innovation, and creativity” for the region.39 To understand the state of art and 

creativity in the Frontenac Arch Biosphere this report looks at both the potential viability and feasibility 

of an arts network in the region, and the present community involvement and accessibility of arts in 

the region. Art as defined here is an inclusive term, but includes individuals who identify as artists: 

painters, writers, potters, photographers, sculptors, musicians, performers, and craft based artisans. 

 

 

 

 

 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
27 

INDICATOR: VIABILITY OF ARTS NETWORK       
 

Measures: DISTRIBUTION & DIVERSITY | ARTIST INCOME | ARTIST REFERRALS 

Viability of arts network refers to the ability of the arts community in the FAB to be successful 

economically, socially, and culturally. To establish and maintain the arts network in the Frontenac Arch 

Biosphere practicing artists, community members, and other regional stakeholder must retain 

sufficient benefits from the network. The diversity of artists and their distribution throughout the 

region illustrate the presence of art related activities and where more thriving artist activity may be 

occurring. Whether artists rely on art as their sole income or supplementary income, and individual 

artists annual income are telling of this economic prosperity. Furthermore, the connectivity and 

strength of the present arts network in the FAB can be inferred upon by looking at the amount that 

artists refer customers to other local artists and businesses in the region. 
 

DISTRIBUTION & DIVERSITY 

{State} 

 

 

 

 

HOW WAS IT MEASURED? 

Understanding the state of artist presence and diversity in the FAB 

provides about the extent of the artist community and the variety of 

skills that are represented therein. An abundance of artists and types 

of art in the region may signify a thriving arts scene that attracts a 

wider range of customers and artists to the region.  

 

Artist presence and diversity were measured using an online survey 

that was distributed to over 600 FAB network members and returned 

over 70 responses. Respondents were asked to identify the area in 

which they practice art, and the type of art medium they utilize. 

 

 

 

While there is variety of art mediums practiced in and around the Frontenac Arch Biosphere, 54% of 
artists surveyed utilize paint as their medium of choice.  
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Thirty different artist locations were identified through the survey. Seventeen of these locations are 
outside of the Frontenac Arch Biosphere boundaries, but may still be considered as part of the local 
network. 
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ARTIST INCOME 

{State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Artist income is a critical component of understanding the economic 

viability of various art mediums in the region, and is directly indicative of 

artistic success and resilience. The percentage of individual artist income 

earned through artistic mediums infers on the amount of artist in the 

region relying on art-related jobs for their sole income or a supplementary 

income. Total individual artist income is compared to the national average 

income of artists. 

 

Artist income was measured using an online survey that was distributed to 

over 600 FAB network members and returned over 70 responses. The 

graph below illustrates the percentage of total individual income derived 

from arts related activities.40  

 

 
A bimodal distribution exists for the artist income in the Frontenac Arch Biosphere, whereby the 

majority of artists (49%) practice art for less than ten percent of their income, and the second largest 

group (24%) practice art for their sole income. 

 

 
The majority of survey respondents earn less than $10,000 annually, which corresponds to the greater 

proportion of individuals utilizing art as a supplementary form of income. Of those individuals earning 

their sole income from their art practice, 53% are earning above the national average, while 47% earn 

below the 2013 national average of $22,70041 (indicated by the dotted red line on the map). 

0% 10% 20% 30% 40% 50% 60% 

Sole income (100%) 

75% of  income 

60% of  income 

50% of  income 

40% of  income 

30% of  income 

20% of  income 

10% of  income 

PERCENTAGE OF TOTAL ARTIST INCOME EARNED FROM ART:  
SOLE VS. SUPPLEMENTARY INCOME 

P
E
R

C
E
N

T
 O

F
 I

N
C

O
M

E
 

0% 

5% 

10% 

15% 

20% 

25% 

30% 

35% 

P
E
R

C
E
N

T
 O

F
 

R
E
S

P
O

N
D

E
N

T
S

 

INDIVUAL ARTIST INCOME (2013) 

$22,700 - national average 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
30 

ARTIST REFERRALS 

{State} 

 

 

 

 

HOW WAS IT MEASURED? 

Awareness of the FAB Arts network and the frequency with which 

artists in the region refer customers to other local artists or other 

local businesses demonstrates the strength of the arts network in 

the region at present. An abundance of referrals between artists and 

businesses may suggest a thriving network. 

 

Artist referrals to other local artists and other local businesses were 

measured using an online survey that was distributed to over 600 

FAB network members and returned over 70 responses.  

 

 
 
The majority of survey respondents indicate that they ‘sometimes’ or ‘frequently’ refer customers and 

clients to other local artists. The same is true for artist referrals to other local businesses in the region.  
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INDICATOR: COMMUNITY INVOLVEMENT     
 

Measures: ARTS – RELATED COMMUNITY EVENTS 
 

Community involvement in the arts brings a society together in appreciation of local art, often through 

widely accessible events. Community involvement in the arts is a great way to generate interest for 

local art. This is vital for the prosperity of the artistic economy in the FAB. Widespread involvement can 

also help to foster art appreciation, creating an inclusive environment for artists to work and cultivating 

a common interest to bring a community closer together. The artistic benefits of community 

involvement in the arts may stimulate cultural and environmental sustainability, as art that reflects the 

beauty of the environment can inspire newfound admiration for sustainability efforts. 

 

ARTS-RELATED 

COMMUNITY EVENTS 

{Response} 

 

 

 

 

HOW WAS IT MEASURED? 

Arts-related events occurring in the region such as festivals, concerts, 

art exhibits and more are important for the FAB arts network and the 

viability of art in the region. Abundance of community events in the 

region may suggest a demand for these events and opportunities to 

generate income and awareness for artists and encourage arts-related 

tourism to the region. 

 

Data was obtained through the development of an inventory of all events 

listed for the summer of 2014 (June, July, August) on the Frontenac 

Arch Biosphere website, as well as all regional township and major city 

websites ‘calendar of events’ pages. Each event was categorized into 

one of 11 major themes. While this measure is not comprehensive of all 

events that occur in the region, a total of 210 events are included in this 

analysis, and attempt to present a snapshot of types of events occurring 

in the region. Repeat events found on more than one website were only 

counted once. 
 

 
16% of the community events included in this analysis were related to art, such as gallery exhibitions, 

arts and craft days, art festivals, special events at museums, and others. While music was categorized 

into a theme of it’s own, the music related events may also be considered a strong component of the 

arts network in the Frontenac Arch Biosphere. 
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THEME SUMMARY – ART AND CREATIVITY IN THE FRONTENAC ARCH 

BIOSPHERE 
 

The FAB Arts network has worked to establish the region as an arts destination, providing rationale for 

the inclusion of this theme into understanding the state of sustainability in the FAB. Art and creativity 

can generate alternative means of income, and foster cultural appreciation. Many varieties of artists 

exist in the region, and practice art using many different types of mediums, with paint appearing to be 

the most common. Artists surveyed for this research appear to be well distributed around the region, 

with hotspots apparent in Kingston and Brockville. These are the two most populated areas in the 

region, and the two areas that likely experience a greater amount of tourists, perhaps strengthening 

the foundation for art-related tourism. The diversity and distribution of the artists in the region 

potentially indicate the viability for the region to have a strong artistic fabric. This is further 

emphasized by the large amount of community events in the region that relate to arts and crafts, and 

music. This demonstrates that there is an effort being made to engage community members in artistry 

in the region, and in turn verifies that there is demand for such events. 

 

A potential difficulty for artists in the region is the income disparity that exists The Canadian national 

artist average for 2013 was $22,700,42 and only 53% of the artists surveyed in the region who practice 

art for their sole income attained the national average income. While art appears to be important to 

community members, the viability of arts as a profession may not be as prosperous as possible. This 

information may help to inform community members in brainstorming ideas to further all dimensions 

of the arts network, particularly identifying new paths for artists to earn more income. This may be 

possible through increased promotion of the region as an arts destination to tourists, or through the 

conception of workspaces or outlets for artists to practice and sell artwork.  

 

Most of the data utilized in this section of the report was obtained through a single survey completed 

by students at Queen’s University in 2013. Updating this information would be a useful endeavour for 

the FAB organization in the future to establish the illustration of trends over time and maintain 

consistent data collection using the same survey template used in this survey. 
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BIODIVERSITY           
      

a) HABITAT FRAGMENTATION – PAGE 33 
 
ROAD DENSITY 

 
b) SPECIES RICHNESS – PAGE 34 

 
SPECIES RICHNESS 
 

c) SPECIES AT RISK – PAGE 35 
 
SPECIES AT RISK 

 
d) GOVERNANCE OF BIODIVERSITY – PAGE 38  

 
ECOLOGICAL RESOTORATION PROJECTS | PROTECTED AREAS | LAND STEWARDSHIP PROGRAMS 

 

BIODIVERSITY IN THE FRONTENAC ARCH BIOSPHERE 

Biodiversity and conservation of vital ecosystem components and ecosystem services are critical to the 

Frontenac Arch Biosphere (FAB) because sustainability requires balancing the needs of the 

environment as well as the needs of humans. Achieving sustainability requires the practice of 

appropriate resource development and land use change. Biodiversity should not be compromised for 

human development because both are needed for to achieve sustainable approaches to development. 

The FAB is an area of ecological significance, and the protection and enhancement of biodiversity 

within and around its boundaries is necessary. Land use, agriculture and resource development all 

play a large role in the composition of the habitats and patches in the FAB region, and are great 

indicators of human disturbance on ecosystems. While biodiversity is important for ecosystem 

resilience, aesthetic and spiritual values of natural habitat is important for preserving culture, 

attracting tourists, and enhancing sense of place. A diverse, well-connected and resilient natural 

environment can be healthy for all who live within it. 

 

Understanding the state of biodiversity in the FAB may help establish a baseline to determine trends 

over time, identify current pressures on biodiversity in the region, and comprehend what is being done 

in the region to maintain biodiversity or manage human behaviour to enhance biodiversity. The 

measures in this section include both the state of biodiversity and the governance of biodiversity 

including land stewardship, ecological restoration, protected areas, habitat fragmentation, and species 

richness, in an attempt to describe many different components of the complex nature of biodiversity.  
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INDICATOR: HABITAT FRAGMENTATION 
 

Measures: ROAD DENSITY 
 

Habitat fragmentation occurs when an area that supports one or more species is divided up into 

sections in a way that prohibits easy migration between sites. Habitat fragmentation can separate 

species populations if wildlife migration is not taken into account prior to development that results in 

fragmentation. This may also result in loss of biodiversity, in turn weakening system resilience. While 

habitat fragmentation can be caused by natural phenomena such as fires and insect infestations, in 

the Frontenac Arch Biosphere, an area nestled between multiple major cities and where the land is 

heavily managed, human intervention is likely the most prominent cause of habitat fragmentation. 

Road development is a common cause of habitat fragmentation as they place a distinct barrier 

between two pieces of land. While major highways may cause a greater impact than less traffic-dense 

rural roads, all roads are indicative of the potential habitat fragmentation occurring the Frontenac Arch 

Biosphere.  
 

ROAD DENSITY 

{Pressure} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Roads cause the fragmentation of landscapes. Given the high species 

richness in the region, it is important to ensure that specialist species 

with very distinct habitat needs are protected. This analysis aimed to 

determine where fragmentation might be occurring more intensely due 

to road presence. A higher road density may be indicative of a higher 

degree of habitat fragmentation in the region. 

 

All major and minor roads within and up to 20 kilometers outside of 

the FAB boundaries were included in a spatial analysis of road density. 

 

  

 

The highest level of road 
density, indicated by the 
darkest spots on the map, 
appears in and around the 
cities in the region, and 
around the highways and 
major roads. While all roads 
were included in this 
analysis, major highways 
inevitably cause greater 
fragmentation and this 
limitation of this analysis 
must be considered when 
interpreting this map.  
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INDICATOR: SPECIES RICHNESS 
 

Measures: SPECIES RICHNESS 

 

SPECIES RICHNESS 

{State} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Species richness refers to the number of species that can be found in 

an area.43 It is indicative of biodiversity in the region and is often 

influential in the placement of conservation efforts.44 It is therefore 

important to determine the species richness of the FAB to gauge the 

intensity of conservation necessary and the importance of the region to 

a variety of species survival.  

 

The species richness of vertebrate and flora species were calculated 

using a number of species lists from within the FAB. The total number 

of species in Ontario, Canada, and the FAB were calculated and 

compared one another. Data limitations and discrepancies arose from 

using records with differing methods and time scales.45 46 47 48 49 50 51 
52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 

 

Species Type Species Richness 

Mammals 62 

Herpetofauna 47 

Birds 283 

Vascular Plants 1,210 

TOTAL 1,592 

 

SPECIES TYPE AND RICHNESS IN THE FRONTENAC ARCH BIOSPHERE 

 

 

 Biosphere Ontario Canada 

 Number Number % in FAB Number % in FAB 

Mammals 62 81 76.5% 218 28.4% 

Herpetofauna 47 53 69.8% 95 38.9% 

Birds 283 483 58.6% 664 42.6% 

Vascular Plants 1,210 3,099 39.0% 5,111 23.7% 

TOTAL 1,592 3,716 42.8% 6,088 26.1% 

 

PERCENTAGE OF VERTEBRATE AND FLORA SPECIES FOUND IN ONTARIO AND CANADA PRESENT IN THE 

FRONTENAC ARCH BIOSPHERE 

 

77% of the mammals, 70% of the herpetofauna, 59% of birds, and 39% of vascular plants found in 

Ontario are present in the FAB. While these numbers may be approximate, considering the FAB is only 

2700km2, they may be considered relatively high. Comparisons to other regions would be useful in 

establishing the significance of these numbers.  
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INDICATOR: SPECIES AT RISK           
 

Measures: SPECIES AT RISK 
 

SPECIES AT RISK 

{State} 

 

 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Species that are at risk have populations that are low enough to cause 

concern for their ability to remain present in their habitat.68 There are 

three designations of “at risk” species, including endangered, threatened, 

and special concern. The severity of the risk of a species’ disappearance 

may influence the amount of conservation efforts put into that area. A 

high presence of species at risk in the region may infer on the region as 

being a safe haven to many species, given the uniqueness of the region. 

Noting whether the protected areas in the region align with the 

distribution of species at risk may also help to infer on the effectiveness 

of ecological management in the region. 

 

Two separate measures are used here. First, the percent of at risk 

species in Canada and Ontario found in the FAB are outlined. Second, the 

FAB was divided into 10 x 10km grid cells similar to those used in the 

Canadian Breeding Bird Atlas 69  grid. In each grid, the presence of 

protected areas, and the presence of endangered species was noted to 

illustrate the correlation between amount of protected land and the 

number of species sighted in the region that are considered at risk. 42-64 

 
 Number % in FAB 

Species in Ontario 3,716 42.8% 

Species in Canada 6,088 26.1% 

Species at Risk in the 

Biosphere 
46 N/A 

Species at Risk in Ontario 

(OMNR Designation) 
152 30.2% 

Species at Risk in Canada 

(COSEWIC Designation) 
375 9.3% 

 

PERCENTAGE OF SPECIES AT RISK IN THE FRONTENAC ARCH BIOSPHERE  

 

While explicit numbers of species at risk are difficult to establish for discrete regions such as the 

Frontenac Arch Biosphere, it may be useful to note the proportion of all the species at risk in Ontario 

and in Canada that exist in the FAB. While 43% of the species found in Ontario are found in the FAB, 

only 30% of at risk species found in Ontario are found in the FAB. 
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It appears that the amount of protected land in many of the observational grid squares (blue lines) 

aligns with the number of endangered species sightings within them (orange trend line). For many of 

the squares, the amount greater the amount of protected land, the more at risk species have been 

sighted, perhaps indicating the protection or solace species are finding in protected areas in the 

region. This may demonstrate not only the number of endangered species, but also the benefits of 

larger protected lands. 
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INDICATOR: GOVERNANCE OF BIODIVERSITY   
 

Measures: ECOLOGICAL RESTORATION | PROTECTED AREA LEVEL OF PROTECTION & LAND COVER TYPE 

Governance of biodiversity relates to the official goals and strategies in place that aim to increase 

species richness in the area. These measures may demonstrate prioritization of the environment and 

biodiversity, as well as the effectiveness of governance and intervention. While anthropogenic 

pressures may reduce viable habitat and threaten species viability jurisdiction such as ecological 

restoration projects, protected area establishment, and land stewardship programmes that protect 

biodiversity may indicate meaningful steps towards preserving the ecological identify of the region, a 

key facet of all Biosphere Reserves.  
 

ECOLOGICAL RESTORATION 

{Response} 

 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Ecological restoration is the process of restoring a damaged 

ecosystem to health. 70  Restoration projects combat the negative 

effects of development to conserve biodiversity, and enhance 

ecosystem services. Looking at the types of land that the different 

restoration projects took place on may infer on the precedence placed 

on preserving certain types of species, and may also indicate the types 

of species at risk in the region. The geographic location of the projects 

will also help to pinpoint areas of concern, and areas that may be 

neglected.  

 

Information on 36 ecological restoration projects that have taken place 

in the FAB was obtained using internet searches, government 

websites, and library databases. Four invasive species removal 

projects were identified aimed at reducing the harmful effects of non-

native species. Twelve threatened species restoration projects were 

identified that focused on the number and resilience of native species.  

Twenty habitat restoration projects were identified that aim to address 

the condition and availability of habitats. 71  All of the restoration 

projects included here took place in aquatic, terrestrial, shoreline, or 

wetland ecosystems. 

 

 
 
Wetland and shoreline restoration projects appear to be more common than other types. The FAB 
contains a large amount of lakes, and is situated on the St. Lawrence River; perhaps indicative of the 
types of species and land that is need of protection and restoration. 

0 1 2 3 4 5 6 7 8 9 

Shoreline 

Aquatic 

Terrestrial 

Wetland 

NUMBER OF HABITAT RESTORIATION PROJECTS 

T
Y
P

E
 O

F
 

E
C

O
S

Y
S

T
E
M

 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
39 

PROTECTED AREA LEVEL OF 

PROTECTION & LAND 

COVER TYPE 

{Response} 

 

 

 

HOW WAS IT MEASURED? 

Understanding the spatial distribution and level of protection of 

protected areas in the FAB may aid in understanding connectivity of 

the landscape, and biodiversity protection in the region. In the future, 

this information may be compared to sightings of endangered, 

threatened, and at-risk species to determine is protected areas are 

sufficient for ecological preservation in the region. 

 

Data for protected areas in the region was obtained from Land 

Information Ontario,72 and then each area was classified into the IUCN 

(International Union for the Conservation of Nature) Protected Areas 

Category System.73  

 
 
IUCN Categories 

Ia Strict Nature 
Reserve/ 
Wilderness 
Area 

II National Park 

III Natural 
Monument or 
Features 

IV Habitat 
Species 
Management 
Area 

V Protected 
Landscape/ 
Seascape 

VI Protected 
Area with 
sustainable 
resource use 

 
The protected areas in the FAB and spread out and encompass a variety of different levels of 

protection, given the need for core protected areas in the region The areas do not appear to be 

particularly connected, but do cover a significant proportion of the land. 
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LAND STEWARDSHIP 

PROGRAMS 

{Response} 

 

 

 

 

HOW WAS IT MEASURED? 

The number of programs available, the type of land use they pertain to, 

and their presence in the region is telling of the opportunities available 

for people in the region to be stewards of the land. Fostering land 

stewardship may have positive effects on sustainability in the region, 

and may enable preservation of types of land that affect vulnerable 

species, in turn benefitting biodiversity.  

 

Programs available to stewards in the region are listed, and classified 

based on the type of land they pertain to. A few programs that are used 

in the region were expanded upon to demonstrate the amount of land 

that they encompass in both counties.  

 
Programs available to land owners within the FAB: 

1. Environmental Farm Plan 

2. Managed Forest Tax Incentive Program 

3. Tree Subsidies (Trees Ontario) 

4. Ontario Wetland Care 

5. Conservation Land Tax Incentive Program 

6. Ecological Gifts 

7. Growing Forward 2 

8. Agricultural Greenhouse Gas Program 

9. Land Stewardship and Habitat Restoration Program 

10.  Species at Risk Farm Incentive Program 

11.  Agricultural Drainage Infrastructure Program 

12.  Ontario Pesticide Education Program 

13.  Conservation Lands Partnership (Leeds and Grenville Stewardship Council) 

14.  Drinking Water Source Protection Program 

15.  Wildlife Habitat Canada Grants 

16.  Forest Stewardship Council Certification 

 

Forest Programmes 
19% 

Wetland 
Programmes 

6% 

Farmland 
Programmes 

37% 

Ecologically 
Significant 

Programmes 
38% 

PROGRAMS AVAILABLE ACCORDING TO LAND USE TYPE 
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County Environmental 

Farm Plan 

Managed 

Forest Tax 

Incentive 

Program 

Ontario 

Wetland Care 

Program 

Conservation 

Land Tax 

Incentive 

Program 

Tree Subsidies 

Program 

Frontenac County 15% 5.4% 11.2%* 0.26% 0.5% 

United Counties 

of Leeds and 

Grenville 

16.6% 4.9% 11.2%* N/A 0.4% 

* Ontario Wetland Care participation is 11.2% for the entire FAB 

 

PERCENT OF LAND ENCOMPASSED BY EACH LAND STEWARDSHIP PROGRAM 

 

There are a variety of different stewardship programs available to people in the region, and they are 

relevant to many different land cover types but the majority of them pertain to farmland and 

ecologically significant areas, which may be considered many different types of land use. The 

environmental farm plan has the most breadth in the region with about 16% of the land in the FAB 

being encompassed by this program. The Ontario Wetland Care Program also appears to be prevalent, 

covering 11.2% of the land in the FAB.  
 
 
THEME SUMMARY – BIODIVERSITY IN THE BIOSPHERE RESERVE 

 

The subject of biodiversity is a complex, and requires the consideration many interacting, dynamic 

processes that are difficult to capture in a series of discrete measurements. Thus the state of 

biodiversity in the region is a difficult topic to infer upon. The measures in this section aim to touch 

upon a few key components of biodiversity in the region, however there is a need for more viable data 

to sufficiently communicate trends over time regarding biodiversity. Species Richness and species at 

risk lists are not complete and thus require further attention to establish comprehensive inventories of 

such data. Approximately 43% of the species found in Ontario are found in the FAB, which is a 

significantly smaller area. This may indicate high species richness, perhaps resulting from the 

convergence of multiple different forest zones in this region.74  

It is apparent that the protected area in the region aligns with the sightings of endangered species, 

perhaps inferring that at risk species are taking advantage of the core areas of the region. Further 

connectivity between protected areas may be beneficial for species to migrate more easily. 

Consideration of the road network in the region is a useful consideration for the future, particularly for 

major roads that inherently cause more fragmentation than rural roads. Furthermore, there are a 

variety of land stewardship programs in the region. Maintaining and enforcing ownership of the land in 

the region may help people feel connected and instill the importance for protection of key ecological 

resources and ecosystem services. 

Ultimately while the efforts demonstrated by the measures in this section might indicate that 

biodiversity is not particularly threatened, especially considering the preexisting ecological significance 

of the region, the involvement and support from municipal jurisdictions in recognizing the value of the 

Biosphere Reserve as a region that is ecologically significant is an important next step for the 

maintenance of biodiversity and overall sustainability in the region.  
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BIOSPHERE RESERVE AWARENESS    
    
a) ATTACHMENT TO PLACE – PAGE 43 

AWARENESS OF THE BIOSPHERE | SENSE OF COMMUNITY BELONGING 

 

AWARENESS OF THE FRONTENAC ARCH BIOSPHERE  

Awareness of the Frontenac Arch Biosphere and the principles, values, and mandate that accompanies 

the designation of the region is an important theme in the comprehension of the sustainability of the 

FAB. While the mandate of the Biosphere Reserve depicts strong connections to sustainability and the 

“enough for all, forever”75 mantra, the role of community members and stakeholders in achieving this 

long-term goal is essential. The region is significant in many ways, however, citizens living within and 

around the boundaries of the FAB may not be aware of this significance, potentially limiting the 

capability of the organization to engage volunteers, increase tourism, and foster the unique sense of 

place that the region has to offer. 
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INDICATOR: ATTACHMENT TO PLACE 
 

Measures: AWARENESS OF THE BIOSPHERE | SENSE OF COMMUNITY BELONGING 

Awareness of the Frontenac Arch Biosphere can be seen through many different lenses, and although it 

is a difficult facet of sustainability in the region to measure, inferences can be made by understanding 

present community member familiarity with concepts of sustainability that the region emphasizes, 

the present familiarity with the concept of Biosphere Reserves in general, and level of knowledge 

about the FAB specifically. The recognition not only of the FAB itself, but also of the important facets 

of sustainability that the FAB stands for is critical. Increased awareness of Biosphere Reserves may 

help stakeholders in the region align with the sustainable mandate of the FAB and consciously choose 

sustainable choices. Sense of community belonging touches upon the connection that people feel to 

the region they live in, potentially inferring upon individual willingness to engage, participate, and be 

conscious about the significance of the region in which they reside.  

AWARNESS OF THE BIOSPHERE  

{State} 

 

 

 

HOW WAS IT MEASURED? 

Individual stakeholder awareness of the presence of the 

Biosphere Reserve, as well as of the concept of sustainability 

both speak to the level of engagement of community members in 

the region and their personal alignment with the FAB values.  

 

These measures were analyzed using the results from two 

separate surveys conducted with community members in the 

region. 76 77 
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SENSE OF COMMUNITY  

BELONGING 

{State} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Understanding stakeholder attachment to place may indicate the level 

at which the individuals residing in and around the region feel 

connected to their community and the environment in which they live. It 

may also infer on their receptiveness to contribute to the integrity of 

sustainable development initiatives in the FAB, and the success of the 

FAB organizations efforts to promote sustainability in the region and 

establish the regional brand.  

 

The sense of community belonging for individuals aged 12 and up was 

measured using data from the Community Public Health Survey from 

2003-2013. 78 

 
 

A greater sense of community belonging is evident in the Frontenac Arch region compared to the 

Ontario average and the Canadian average, particularly in the Leeds, Grenville and Lanark District 

Health Unit. 

 

 

THEME SUMMARY – AWARENESS OF THE BIOSPHERE RESERVE 

 

Measureable variables to infer on the awareness of the Biosphere Reserve are difficult to obtain, and 

are often intangible characteristics to measure as they are based on community opinions in a very 

discrete region. It is evident that overall sense of community belonging for individuals residing in the 

Health Units encompassed by the FAB is greater than the Ontario or Canadian averages; however, the 

reasons for this greater sense of community belonging are not well understood. Community members 

are important parts of Biosphere Reserves79 and increased community engagement in the Biosphere 

Reserve concepts and mandates may help to reinforce positive cooperative actions towards sustainable 

community goals. 80  There is a lack of understanding surrounding knowledge of what Biosphere 

Reserves are, and the knowledge of the FAB specifically. Increased awareness of these concepts may 

be critical in instilling notions of sustainable development for the organization and may be necessary 

to help the FAB achieves its lofty mandate for facilitating knowledge and learning for sustainability in 

the region.  
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CLIMATE AND AIR          
 

a) AIR QUALITY – PAGE 46 

 

SMOG DAYS 

 

b) CLIMATE CHANGE – PAGE 47 

 

TEMPERATURE | PRECIPITATION | EXTREME HOT DAYS | LAKE ICE-OFF DATES 

 

c) ABILITY FOR CARBON SEQUESTRATION – PAGE 49 

 

LAND COVER | TREE SUBSIDIES 

 

CLIMATE AND AIR IN THE FRONTENAC ARCH BIOSPHERE 

Air quality and climate change are intrinsically linked to the sustainability and sustainable 

development of the Frontenac Arch Biosphere in many ways, including with regards to agriculture, 

resource development, and human health and well-being. The atmosphere plays an essential role in 

the survival of the planet. All toxics released into the atmosphere affect living organisms, whether it is 

through the air they breathe, the water they drink or the effects the pollutants have on their climate.81 

While living organisms are extraordinary at adapting to changing conditions, the rapid rate of climate 

change indicates that this adaptation will not continue in the same manner.82  

The Frontenac Arch Biosphere, while one continuous region, contains two very distinct areas that 

inevitably differ greatly from one another when considering air and climate variables, pressures, and 

the state of the region. While the indicators in this section aim to speak broadly about the state of the 

entire Frontenac Arch Biosphere in terms of air and climate, the region south of the 401 railway lines 

is thought to endure different conditions than the rural and primarily undisturbed areas further north 

in the FAB region. As such, the measures included here aim to paint a picture of long-term climatic 

trends occurring in the Frontenac Arch Biosphere as a whole, but inevitable variations in these 

indicators may occur due to the proximity of the area to the moderating effect of Lake Ontario, and the 

southern, more urbanized portion of the region. Direct measures such as mean annual air 

temperature, and indirect measures such as lake ice-off dates are both used to infer on the the climate 

and air in the FAB region as a whole.  
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INDICATOR: AIR QUALITY 
 

Measures: SMOG DAYS  
 

Air quality is a complex measure with many possible variables. As a simplified way of inferring on the 

air quality in the Frontenac Arch Biosphere, this report examines smog days in the region. 

 

SMOG DAYS 

{State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Smog advisories are issued when far reaching low air quality levels 

occur. 83 This low air quality is typically be caused by a large amount of 

particulate matter and high ozone concentrations. On smog days, the 
air quality is poor enough to aggravate the health of those who are 
prone to respiratory problems, though all members of the population 
may experience discomfort. Smog days are a symptom of poor 
regulation of air quality stresses, and inadequate enforcement of ozone 
concentration and particulate matter standards, and are more common 
in urban areas. 
 

The number of annually issued smog days were collected using data 

from the Ontario Ministry of the Environment and Climate Change from 

for four regions in the Frontenac Arch Biosphere, and compared to the 

number of smog days issued in the province of Ontario.84 
 

 
*Data unavailable for all regions except Ontario before the year 2003. Data missing for multiple regions for the year 2011. 

 
It is apparent that Ontario as a whole experiences more smog days than the regions in the Frontenac 

Arch Biosphere. Kingston being a more urbanized area which may explain the slightly greater number 

of smog events occurring there than in other areas.  

 

0 

10 

20 

30 

40 

50 

60 

N
U

M
B

E
R

 O
F
 D

A
Y
S

 
 

ANNUAL SMOG ADVISORY DAYS* 
BROCKVILLE - LEEDS AND GRENVILLE KINGSTON - PRINCE EDWARD 

SMITHS FALLS - LANARK - SHARBOT LAKE STIRLING - TWEED - SOUTH FRONTENAC 

ONTARIO 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
47 

INDICATOR: CLIMATE CHANGE 
 

Measures: TEMPERATURE | PRECIPITATION | EXTREME HOT DAYS | LAKE ICE-OFF DATES 

PRECIPITATION & 

TEMPERATURE & 

EXTREME HOT DAYS 

{State} 

 

 

HOW WAS IT MEASURED? 

Climate change has been attributed to an increase in atmospheric 
concentrations of greenhouse gases (GHGs) that has been caused by an 
increase in human activities such as burning of fossil fuels, land-use 
change, and agriculture.85 These changes are experienced in the form of 
warming temperatures over time, changes in precipitation volume, and 
higher extreme temperatures.86  

Total annual precipitation data, annual average temperature data, and 
annual extreme hot days data for the years 1968 – 2014 was retrieved 
from Environment Canada historical climate database for the Hartington 
Weather Station. While this data may not be representative of the region 
as a whole, it is centrally located and has many years of data available.87 
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LAKE ICE-OFF DATES 

 

 

HOW WAS IT MEASURED? 

Ice records have the ability to indicate if the climate is changing. If thaw 
dates each year change over time.   
 

Ice-off dates for four lakes in the Frontenac Arch Biosphere were utilized 

for this measure. The data was collected by community members in the 

region and compiled by Nature Watch, a citizen science organization 

that operates around Canada.88 
 

  
 

 
 

* Multiple years of data missing for Dog Lake, and this may skew the trend line.  

 

Conflicting trends are occurring in the ice-off dates in the four lakes included in this measure. While 

Charleston Lake and Dog Lake appear to be experiencing later ice-off dates, Shabomeka Lake and 

lower Beverly Lake appear to be experiencing earlier ice-off dates.  
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INDICATOR: ABILITY FOR SEQUESTRATION 
 

Measures: LAND COVER TYPES | TREE SUBSIDIES 

LAND COVER TYPES 

{Pressure/ State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

This relatively simple measurement allows us to understand the 

dominant land use and land cover types in the region, and their 

associated ability to act as natural carbon sinks. Understanding the 

percentage of different land cover types may enable us to make 

predictions on the ability for carbon sequestration in the region, and 

possibly identify where pressures on air quality are originating based on 

percentages of different land use types in the region. 

 

Through the use of geographical information system (GIS) and the 

acquisition of Ontario Provincial land cover 2000 data the amount of 

each land cover type in the region was measured. The total percentage 

of each type of land cover was calculated. Using literature, inferences 

are made as to the ability of each type of land cover type to sequester 

carbon. 89 90 91 92 93 94 95 96 97 98 99 

 

LAND COVER AREA CARBON 

SEQUESTRATION 

LOW END 

SEQUESTRATION 

HIGH END 

SEQUESTRATION 

FOREST COVER 1276 km2 140-280 g C m-2 y-1 1.8*105 t 3.6*105 t 

WETLANDS  4.81 km2 290-360 g C m-2 1395 t C y-1 1732 t C y-1 

ORGANIC FARMLAND 36.3471 km2 1.0052 t/ha/y   

NO TILL FARMLAND 91.37 km2 0.7366 t/ha/y   

LAND TYPES AND ASSOCIATED POTENTIAL ABILITY FOR CARBON SEQUESTRATION 
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TREE SUBSIDIES 

{Response} 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

The Tree Subsidies program is available to woodlot owners to facilitate the 

planting of trees on their lots.100  This is part of the 50 Million Trees 

Project, a joint project between Trees Ontario and the Ontario Ministry of 

Natural Resources and is part of the United Nations Tree Campaign.101 

Tree planting may strengthen the ability for carbon sinks in the region. 

Illustrating the spatial distribution of the projects may indicate areas that 

may benefit from consideration of tree subsidy projects, and may also 

demonstrate areas that have put a lot of effort into planting trees. 

 

50 Million Tree projects were mapped using ArcGIS. The number and 

extent of tree projects underway in Frontenac and Leeds and Grenville 

counties were also compared and combined to show the total FAB area.102  

 

 

County # of Properties 
Participating 

# of Acres of Tree 
Subsidies 

Total Acreage 
of County 

% of Total Land Area 
with Tree Subsidies 

Frontenac 50 345 67,191 0.5% 

Leeds and Grenville 180 943 274,272 0.3% 

Total 230 1,288 341,463 0.4% 

ACREAGE OF TREES PLANTED IN EACH COUNTY 

Frontenac County appears to have a slightly higher proportion of acres of land included in the 50 

Million trees program. There appear to be certain locations in the FAB where more trees are being 

planted through the program. Inevitably there may be other tree subsidy programs occurring and 

instances of individual efforts for tree planting that are not encompassed by this program. 
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THEME SUMMARY – CLIMATE AND AIR IN THE BIOSPHERE RESERVE 

 

The measures included in this section pertain to both the air quality of the region, and also to notions 

of climate change, and weather variables. There are fewer smog days in the FAB than in Ontario, 

perhaps given the rural setting of much of the region. Lake ice-off dates show contrasting trends, as 

two lakes are experiencing earlier warming in the spring, and two lakes are experiencing later warming 

in the spring. No apparent changes in extreme hot days or precipitation have occurred since 1968, but 

it appears as though the average annual temperature has increased since 1968.  

 

There is an evident effort being made to establish tree subsidies in the region. Examining these trends 

over time, such as reevaluating these measures in future reports will continue to increase the 

establishment of trends and add value to the meaning of the indicators. Following the tree subsides 

and the growth of the program over time may show if more or less effort is being put towards such 

initiatives. Comparing these results to other regions in Ontario may provide another means of 

interpretation.  

 

In the future, obtaining more information on canopy cover to estimate carbon sequestration would be a 

beneficial endeavour as the current methods may be lacking robustness, given the uncertainty 

associated with estimations based on multiple sources of literature. There is also a need for pressure 

indicators in this section. Such indicator might be the emissions produced by cars, or types of fuel 

consumption, both of which are difficult factors to measures. Means of obtaining this data might be 

beneficial to illustrate a more comprehensive understanding of the state of air quality in the region in 

the future. Overall, much of the data included here relates more closely to climate change than to air 

quality, thus more information on air quality may also be beneficial for future reports.  
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CULTURAL HERITAGE         
 

a) PRESERVATION OF HISTORICAL CULTURAL HERITAGE – PAGE 53 

 

THEMES OF HERITAGE PLAQUES | ALTERNATIVE USES OF CHURCHES 

 

c) CULTURAL DIVERSITY – PAGE 56 

 

ABORIGINAL POPULATION 

  

CULTURAL HERITAGE IN THE FRONTENAC ARCH BIOSPHERE 

A community’s vitality and quality of life is closely related to the vitality and quality of its cultural 

engagement. Culture is increasingly recognized as a necessary component for enhancing community 

sense of place through the implementation of heritage and public policies that promote sustainable 

initiatives. Cultural identity helps to build vibrant communities, promote social cohesion, and foster a 

sense of place while also supporting social, economic, and environmental health 103  through 

stewardship of and connectedness to the environment. Heritage sites create opportunities for 

education, which is a vital component of enhancing this appreciation of environmental and cultural 

resources.104 Heritage sites also have the potential to boost the local tourism economy by creating a 

strong regional identity and points of interest for visitors. A community that is able to nurture a sense 

of pride within its members’ shared cultural identity may be predisposed to act in mutual accord to 

protect its heritage and identity.105 Elements that define and contribute to the cultural heritage of a 

region are often preserved in the hopes of ensuring that future generations can benefit from their 

maintained existence. 106  The Frontenac Arch Biosphere currently has seven municipal heritage 

committees composed of citizens and stakeholders who work towards advising municipal decision-

making processes to benefit the heritage of the region.107 

 

Culture is strongly connected to art and creative outlets in the region (page 26). Presence and 

availability of art related activities and viability of an arts network might contribute greatly to the sense 

of cultural heritage in the Frontenac Arch Biosphere. The indicators in this section aim to illustrate the 

current state of cultural heritage in the region by examining themes of heritage plaques, the alternative 

uses of heritage buildings, and the Aboriginal population in the region. Each measure describes a 

different component of culture in the region in the hopes of beginning to describe how culture is 

presently valued and preserved. 
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INDICATOR: PRESERVATION OF CULTURAL HERITAGE  
 

Measures: THEMES OF HERITAGE PLAQUES | BUILDING MODIFICATONS OF HERITAGE BUILDINGS 

Historical cultural heritage refers to the preservation of an area’s past. Strong historical cultural 

heritage imbues a community with a shared sense of identity, and emphasizes the notion that the 

surrounding environment is worth preserving. This kind of attitude can lead to initiatives geared 

towards maintaining cultural and environmental sustainability. Inevitably, local culture has less 

meaning if community members are unaware of it. Heritage plaques are important assets for 

communities that wish to showcase their history. Preservation of culture is the attempt to conserve a 

regional historical significance. An abundance of local culture may foster community identity and 

pride. This pride in turn may have positive effects on other components of sustainability in the region 

such as promoting cultural tourism and encouraging community involvement in cultural preservation. 

Building modifications to heritage buildings provide one measure of preservation in the region. While 

the utilization of buildings for a different purposes than originally intended may be seen as a loss of 

culture, the repurposing of buildings to meet the needs of present-day communities may enable the 

long-term preservation of buildings that would otherwise be unused, and perhaps uncared for. 
 

THEMES OF HERITAGE 

PLAQUES 

{State} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Heritage plaques help enhance awareness of an area’s history, 

creating a sense of shared experience. Themes of heritage plaques 

may demonstrate certain themes or time periods that have been 

important in an areas past, however they may over represent, or under 

represent certain characteristics, in turn potentially leaving out 

important contributors to the areas past and instilling present day 

discontentment. 

 

A system of historical plaque documentation was used to undergo a 

qualitative analysis of historical cultural heritage and identify common 

themes in the FAB.108 109 110 111 112 113 114 115 116 
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The largest proportion of the heritage plaques in the region pertain to architecture, transportation, 

industry and military in the region. Other common topics found are town founding, politics, church, 

and education. It is notable that First Nations and healthcare are the least prevalent themes found on 

heritage plaques the region. There is also a large underrepresentation of women in the historical 

plaques in the region. 
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Female 
3% 

Male and Female 
3% 
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13% 

REPRESENTATION OF GENDER IN DESIGNATED HISTORICAL SITES 
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BUILDING MODIFICATIONS 

OF HERITAGE BUILDINGS 

{Response} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Heritage buildings such as churches often face the reality that the 

building can no longer fulfill the function it once did, as the service it 

once provided is no necessary for the present community. A way to 

mitigate this challenge is to use heritage buildings for more than their 

original intended purposes. A heritage building that has multiple uses is 

more valuable to its community than a building that serves a single 

function, and may enhance the community concern for its preservation. 

 

A qualitative analysis of churches in the Frontenac Arch Biosphere was 

completed to determine their date of construction, as well as how they 

are presently being used. 108 churches were analyzed for construction 

dates while 42 churches were included in the alternative use analysis. 

  

 

 
The 1850’s – 1890’s appear to be the most common time period when churches were constructed in 

the FAB region. There has been little construction since the 1900’s. Around 5% of these building have 

been demolished, 14% have been abandoned, but 26% have been repurposed. 
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 INDICATOR: CULTURAL DIVERSTIY  

 

Measures: ABORIGINAL POPULATION 

In the year 2011, approximately 4.3% of the total population (or 1,400,685 individuals) of Canada was 

made up of Aboriginal people comprised primarily of First Nations, Métis, and Inuit.117 The largest 

proportion of Aboriginal people presently resides in Ontario,118 and the growth rate of Aboriginal 

people is faster than the rest of Canada’s population.119  Aboriginal people are a strong part of 

Canadian cultural identity. Given that more than half of individuals who identify as Aboriginal live in 

urban areas, illustrating the proportion of the population who identify as Aboriginal in the FAB may 

indicate the inclusivity and economic opportunity in the region. Additionally, the unemployment rates 

and average income of Aboriginal people in Canada are compared to those of non-aboriginal people to 

further explore potential relationships of this measure in the region.  

ABORIGINAL POPULATION 

{State} 

 

 

 

HOW WAS IT MEASURED? 

While there are no First Nations reserves directly location within the 

FAB, the consideration of Aboriginal Peoples as residents in the region 

is important to understand the potential acceptance and opportunities 

that exist in the region in terms of cultural equality.  

 

A comparison of unemployment rates and average income between 

Aboriginal people and Non-Aboriginal people in Canada using data from 

2006 was detailed following the measure for the population of 

Aboriginal people in the Frontenac Arch Biosphere.120 121 122 123 
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The Frontenac Arch Biosphere has a greater proportion of Aboriginal Peoples living in the region than 
Ontario or Canada. This may be resultant of the two Mohawk communities that neighbour the region: 
Cornwall and Bay of Quinte. Unemployment rates for individuals who identify as Aboriginal in Canada 
are more than double the rate for those with non-Aboriginal identity. Further, while income rates have 
gone up, there is still a discrepancy between income for Aboriginal Peoples and non-Aboriginal people.  
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SUMMARY – CULTURAL SUSTAINABILITY IN THE FRONTENAC ARCH 

BIOSPHERE 

 

The culture of the Frontenac Arch Biosphere is a difficult topic to measure, as are many of the aspects 

of sustainability in the region. In this case, culture is strongly related to the arts and creativity in the 

region as these two subjects are tied together in many respects. Historical commemorative plaques, 

heritage buildings such as churches, and Aboriginal People’s have been included in the section to infer 

on a few key attributes associated with the culture of the FAB. Heritage plaques touch upon many 

different subjects but a prevalence of architecture, military and transportation related themes, perhaps 

due to the geographic location of the region on the St. Lawrence River, key to transportation and 

military mobility. Less frequently seen themes include First Nations Peoples and Health Care, as well 

as other potential themes not identified by any plaques examined in the region.  

 

While First Nations Peoples are underrepresented in history in the region, as indicated by theme 

analysis of heritage plaques, there is a greater proportion of Aboriginal People in the FAB than in the 

rest of Canada. This represents a disparity between the presence of First Nations people and their 

acknowledgement. Unfortunately, no data is available on the specific economic trends for Aboriginal 

people in the FAB region. This information may be beneficial to have in the future.  

 

With regards to cultural preservation in the form of heritage buildings, as noted, 26% of the churches 

in the region have been repurposed, likely to fit more present day community needs not related to 

religion. This repurposing preserves cultural heritage whilst accommodating new demographics in the 

region, perhaps contributing to cultural and social well-being. Churches are not comprehensive of all 

heritage buildings, but demonstrate establishments that have been consistently built all over the world, 

throughout history, and may offer comparisons to other regions in the future. Further analysis into 

other potential measures for culture may be of interest to attain in order to satisfy the need for 

pressures on the culture in the region, which were not included in this analysis.  
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ECONOMY             
 

a) EMPLOYMENT OPPORTUNITIES – PAGE 60 

 

EMPLOYMENT & UNEMPLOYMENT RATES | AVERAGE INCOME 

 

b) GREEN BUSINESS VIABILITY – PAGE 62 

 

‘GREEN’ CERTIFICATIONS  | COMMUTING TO WORK 

 

c) GROWTH OF BUSINESS – PAGE 65 

 

COMMON OCCUPATIONS 

 

ECONOMY OF THE FRONTENAC ARCH BIOSPHERE 

Economic forces greatly impact population dynamics, and thus the economic structure of the 

Frontenac Arch Biosphere region is a critical element of sustainable development. The analysis of the 

economic system of the FAB region is significant because economic forces inevitably impact entire 

communities and municipalities, as well as contribute to the provincial, national and international 

market forces. In Ontario, it is predicted that the number of individuals aged 65 and over will double 

by 2036.124 Research has demonstrated a clear relationship between the population demographics of 

an area and the structure of the macro-economy.125 Changes in an area’s age structure may in turn 

have significant implications on the economic structure including common occupations and income, 

since people’s economic behaviour changes during different stages of their lives.126  

A society’s economy is central to its functioning and evaluating the sustainability of the economy can 

provide insight on how environmental and societal sustainability is being affected. Gaining knowledge 

of the economic structure of the region may shed insight on the conclusions drawn by these other 

indicators and allow for a more comprehensive understanding of the whole region to be generated. The 

measures utilized in this section touch upon economic prosperity in the Frontenac Arch Biosphere, the 

potential for ‘green’ businesses or ‘green’ business practices, and also the meaningful growth of 

businesses in the region. The economy is a complex system and is intrinsically linked to many other 

variables in the region as mentioned above. While it may be difficult to paint a clear picture of the state 

of the economy in the Frontenac Arch Biosphere, the measures in this section will outline some 

important variables. 
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INDICATOR: EMPLOYMENT OPPORTUNITIES   
      

Measure: EMPLOYMENT & UNEMPLOYMENT RATES | AVERAGE INCOME 

Employment opportunities are important as they determine the ease with which community members 

are able to acquire and retain jobs. Employment and unemployment rates are an effective indicator of 

quality of life as well as economic health of a region, and demonstrate the ease with which one can 

obtain a job. Employment is subject to the influence of a variety of factors, including population 

demographics and large-scale economic trends. Similarly, average income is a direct measurement of 

the economic prosperity in the region. 

 

EMPLOYMENT & 

UNEMPLOYMENT  

RATES 

{State} 

 

 

HOW WAS IT MEASURED? 

Employment rates show the total proportion of the population aged 15 

and over who are employed.127 Unemployment rates are not the opposite 

of employment rates; rather they demonstrate the percent of the 

unemployed workforce (those able and interested in working) over the 

age of 15.128  

 

Employment rates were obtained for the years 1991, 1996, 2001, 2006, 

and 2012 from Statistics Canada. Unemployment rates were obtained for 

2001, 2006, and 2011.129 130 131 

 

 
 

 
*FAB values derived by combining data from The United Counties of Leeds and Grenville and the County of Frontenac. 

 

The trends of both unemployment rates and employment rates for the FAB, Ontario, and Canada are 

similar. In 2011, the FAB experienced slightly lower employment rates, and also lower unemployment 

rates than Ontario and Canada. Employment rates appear to be decreasing for all regions.                   
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AVERAGE INCOME 

{State} 

 

 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Average income indicates the range of employment opportunities 

available to the population. A low average income may suggest that 

there are not many high-paying positions available. Income also 

infers on the amount of disposable income that can be used for 

generating local economic prosperity, and allowing for spending 

beyond meeting human needs. Higher income could lead to more 

effective money circulation in the local economy and could even 

result in new businesses and economic innovations. This measure is 

telling of not only economic vitality of the region but also to gender 

equality. 

 

Average annual income data for males and females data was 

obtained for Frontenac County, The United Counties of Leeds and 

Grenville, Ontario, and Canada from 2011 Census data. 132 

 

 

 
In all the regions examined in 2011, males experience greater average income than females. The 

average income for females in Frontenac County is very similar to the average female income in 

Ontario, however the average male income is about $3,000 lower. United Counties of Leeds and 

Grenville average income for both male and female are lower than Ontario, Canada, and the County of 

Frontenac. Canada has the greatest income disparity between genders. 
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INDICATOR: GREEN BUSINESS VIABILITY   
     

Measure: ‘GREEN’ CERTIFICATIONS | COMMUTING TO WORK 

A ‘green’ business is one that uses environmentally friendly practices to maintain environmental, 

social, and economic sustainability. They support their community by providing green products, 

reducing waste, and contributing to sustainability awareness. In order to be classified as a ‘green’ 

business, an institution must acquire certain standard ‘green’ certifications. ‘Green’ businesses have 

the potential to be extremely useful to the FAB. From an economic standpoint, ‘green’ businesses and 

business practices within and surrounding the Frontenac Arch Biosphere generate provide employment 

opportunities for individuals within the region who wish to act in a more sustainable manner but are 

limited by the options available to them, and perhaps also limited by their geography not being located 

directly near city centers. ‘Green’ certifications are indicative of feasibility of certifying in the region, 

and commuting habits are indicative of potential ‘green’ business practices in the region. 

‘GREEN’ CERTIFICATIONS 

{Response} 

 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Certification is an important aspect of ‘green’ businesses because it 

ensures that sustainable practices are being implemented, as 

businesses are all held to the same standard. The accessibility of 

certifications will impact both their effectiveness and how often they are 

sought after. Percent of total farms in the FAB that are certified organic 

may infer on the accessibility and feasibility of this endeavor. The types 

of food certification programs, their cost, and their present certified 

members in the FAB region also infers on the present viability of these 

endeavors. 

 

Percent of certified organic farm data was obtained from the 2011 

Census of Agriculture. Measured by number of ‘green’ businesses in the 

FAB that possessed certifications from a third-party certifier.133 Data for 

food certification presence in the region was obtained from certification 

regulator websites and personal communications.134 135 136 137 

 

 
 
*FAB value derived from the total values of the United Counties of Leeds and Grenville, and the County of Frontenac values.  
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CERTIFICATION 
CERTIFICATION 

COST 
FARMS RESTAURANTS MARKETS INNS PROCESSORS OTHER 

TOTAL 

MEMBERS 

LOCAL 

FLAVOURS 
$0 39 28 19 12 8 11 117 

ECOCERT 
$1,100-

$21,000 
10 0 0 0 0 0 10 

PROCERT $640 - $1,400 7 0 0 0 0 0 7 

HOMEGROWN 

ONTARIO 
$485 - $840 0 0 0 0 0 1 1 

CERTIFIED ‘GREEN’ BUSINESSES IN THE FAB 

 

Canada has a larger proportion of certified organic farms than Ontario and the FAB region; however the 

FAB has a slightly higher percentage than Ontario, at 1.4% of the total farms. These numbers may still 

be considered rather low when taking into consideration all the farms in the country. When looking at 

the types and effectiveness of ‘green’ certifications in the region, it appears that certifications with 

lower costs have higher subscription rates. Farms are the most frequent subscribers to the available 

programs, perhaps due to the target of the programs.  
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COMMUTING TO WORK 

{State/ Response} 

 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

In 2011, approximately 15.4 million Canadians commuted to work.138 

Commuting accounts for large amounts of travel time and is impacted 

greatly by geographic location. While often jobs are in city centers, much 

of the Frontenac Arch Biosphere is considered to be rural, resulting in a 

potentially longer commuting time. A greater percentage of workers who 

walk, use a bicycle, or use public transportation may indicate more 

sustainable commuting practices, but may also simply indicate the 

geographic limitations of desirable residential locations compared to 

locations of employment, and lack of available public transit. 

 

Method of transportation for work commutes was measured as a 

percentage of the total employed population for Frontenac County, The 

United Counties of Leeds and Grenville, and Ontario. Only alternative 

methods were considered in this analysis.139  140 141 

 

 
 
It is evident that while most alternative modes of transportation do not vary dramatically from region 

to region, public transit was used much more in Ontario as a whole than it was in Frontenac County or 

the United Counties of Leeds and Grenville. This is likely because the aforementioned counties are 

more rural than most other places in Ontario, making public transit less practical for inhabitants. 

Walking and carpooling were the most popular alternative modes of transportation in the counties. 
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INDICATOR: GROWTH OF BUSINESS   

      

Measure: COMMON OCCUPATIONS 

Growth of businesses within the Frontenac Arch Biosphere is a critical component of a sustainable 

community, however not all growth is equally beneficial. By understanding the proportion of the 

population working in different types of occupations in the region, and how the prevalence of job types 

has changed over time may help to infer on the type of economic growth occurring in the region, and 

what job opportunities exist in the region for individuals seeking employment. 

 

COMMON  

OCCUPATIONS 

{State} 

 

 

HOW WAS IT 

MEASURED? 

Common occupations illustrate the different varieties of employment 

opportunities available to people in the Frontenac Arch Biosphere region. 

Common occupations are especially important to study if the main source of 

employment in a region is in danger of disappearing or being cut back. 

 

A wide variety of occupations show the need for skilled professionals of all 

trades. Not only does this improve versatility, but it also attracts a more varied 

demographic. Common occupation data was obtained for County of Frontenac 

(blue), The United Counties of Leeds and Grenville (green), and Ontario (red) 

for the years 2001, 2006, and 2011.142 143 144 

 
 

0.0% 

5.0% 

10.0% 

15.0% 

20.0% 

25.0% 

30.0% 

P
E
R

C
E
N

T
A
G

E
 O

F
 E

M
P

L
O

Y
E
D

 P
O

P
U

L
A
T
IO

N
 

EMPLOYED POPULATION IN DIFFERENT OCCUPATIONS  
ONTARIO 2001 ONTARIO 2006 ONTARIO 2011 

COUNTY OF FRONTENAC 2001 COUNTY OF FRONTENAC 2006 COUNTY OF FRONTENAC 2011 

UNITED COUNTIES OF LEEDS AND GRENVILLE 2001 UNITED COUNTIES OF LEEDS AND GRENVILLE 2006 UNITED COUNTIES OF LEEDS AND GRENVILLE 2011 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
66 

A few interesting trends emerge in the types of occupations are prevalent in the region, and how they 
have changed over time. The County of Frontenac appears to have experienced the most noticeable 
trends, with social science, education and government jobs increasing by over 8% from 2001-2011. 
Other fields of work have therefore decreased as a result, including most noticeably sales and service. 
While the United Counties of Leeds and Grenville has experienced a similar increase in social science 
related lines of work, the resultant decreases in other fields have occurred primarily in processing and 
manufacturing. The two counties encompassed by the FAB inevitably have different common 
occupations from one another.  
 
 
 
 
THEME SUMMARY – ECONOMIC STABILITY OF THE FRONTENAC ARCH 

BIOSPHERE 

 

This section has looked at employment and unemployment trends, average income variability between 

regions and gender, presence of green certifications and green business practices including alternative 

means of transportation, and common occupations. These measures aimed to infer on the economic 

state of the Frontenac Arch Biosphere and the changes that have occurred in the region over time. It 

may be possible to infer on future projections of change by examining trends over many years to see 

how the economic face of the region is evolving. It is evident that the types of common occupations in 

the County of Frontenac differ from those in the United Counties and in Ontario, particularly in 

processing and manufacturing, social sciences related positions, health, and sales and services. Direct 

inferences as to why the types of occupations may differ in different regions are unknown, but are 

inevitably connected to the resources that the lands holds, the geography of the regions, the resulting 

types of tourism present, and other factors.   

 

A lack of information about the potential for ‘green’ jobs and business practices is lacking. The effort 

made by individuals in the region to take alternative modes of transportation to work may help to infer 

on the ‘green’ practices in each region, but may be more related to the closeness of city centers to the 

areas that residents live, and the viability of public transportation. More data on the availability and 

effectiveness of certifications in the region that promote and enable green practices would be an asset 

for the region to be able to pinpoint where improvements are needed.  

 

There exists a noticeable gap between the income of males and females, but this trend is not unique to 

the FAB region, rather it is present in all the regions. Distinction between males and females in other 

economic analyses, such as types of occupations by gender, would be useful measures to further 

understand potential reasons for this discrepancy in income.  
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EDUCATION            
 

a) ENVIRONMENT/SUSTAINABILITY RELATED EDUCATION – PAGE 68 

 

ECOSCHOOL CERTIFICATION PRESENCE 

 

b) EDUCATIONAL ATTAINMENT – PAGE 70 

 

UNIVERSITY-LEVEL EDUCATION 

 

 

EDUCATION IN THE FRONTENAC ARCH BIOSPHERE 

Education is a critical component of effective social and economic sustainable development, and is 

strongly linked and provides positive feedback to a multitude of other issues including alleviation of 

poverty, cultural equality, and health.145 Level of education in Canada is linked with earnings.146 

Education related directly to the enhancing and understanding the natural environment may enable 

people to better understand the value of leading sustainable lives. The strong impact of learning 

experiences within the natural environment, specifically in the FAB, will impact individuals’ behaviour 

and encourage people to lead sustainable lives.147  

 

Environmental education addresses the need for sustainable, long-term solutions to issues and may 

provide people with the necessary tools needed to enhance social, environmental, and political issues 

related to sustainable development. Within the Frontenac Arch Biosphere, environmental related 

education may be crucial for sustainable community development as it builds awareness of the need 

for immediate action and social change through policies. Public pressure on political decision-making 

is made possible when existing personal identities can be aligned with prevalent collective 

identities.148 Sense of belonging and connection to nature in children has been linked to a decrease in 

many child hood developmental challenges included obesity, bullying rates, injuries, and an 

improvement in physical activity and grades in school.149 The indicators in this section focus primarily 

on the state of sustainability and environmental related education in the Frontenac Arch Biosphere, 

and also touch upon overall education attainment.  
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INDICATOR: SUSTAINABILITY RELATED EDUCATION     
 

Measures: ECOSCHOOL CERTIFICATION PRESENCE 
 

Environment or sustainability related education is important in that it is a means to increased 

awareness of environmental states and stresses. It is beneficial to use education to call attention to 

environmental sustainability, a topic that becomes more pressing as time goes on. Ecoschools are one 

way in which important information about the environment and environmentally friendly practices are 

being exposed to children and teachers. The program is aimed at improving literacy about the 

environment from kindergarten to the end of high school.150  
 

ECOSCHOOL 

CERTIFICATION 

PRESENCE 

{State} 

 

HOW WAS IT 

MEASURED? 

EcoSchool certification is available to schools worldwide and may indicate school 

board dedication to environmentally sustainable education in areas of leadership, 

environmental stewardship, energy conservation, waste minimization, school ground 

greening, and curriculum.151  

 

EcoSchool information was retrieved from approximately 40% of the school boards 

in Ontario that are certified in the program. Schools were randomly selected from 

each school board in and around the Frontenac Arch Biosphere and the percent of 

certified schools in each district were graphed. Another graph was made of school 

certification percentage over time for the four school boards in the FAB education 

network. EcoSchool certification is a convenient way to measure sustainability 

education because it has a built-in ranking system for different schools.152 

 

 
For the above graph, the four school boards located within the FAB are depicted in blue, and other 
school boards in Ontario are depicted in orange. Two of the school boards have moderate to high 
numbers of EcoSchools, in comparison to the other boards in Ontario, whereby two of the school 
boards have some of the lowest percentage of certified EcoSchools. 
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Four different school boards from the FAB education network were included in this analysis: Catholic 

District School Board of Eastern Ontario, Upper Canada District School Boards, London District 

Catholic School Board, Algonquin and Lakeshore Catholic District School Board. In 2013 in the 

ALCDSB, over 60% of the schools were certified as EcoSchools. About 40% of the schools in CDSBEO 

were certified EcoSchools. It appears that the number of EcoSchools have growin in both of those 

schools boards, whereby the other two school boards are experiencing lower, and more unpredictable 

numbers.   
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INDICATOR: EDUCATIONAL ATTAINMENT     
 

Measures: EDUCATIONAL ATTAINMENT 

 

A comparison of the formal educational attainment levels for individuals in the FAB may aid in 
understanding the state of education in the region and how this may affect sustainability. Education 
improves one’s income level and greatly increases employment opportunities and income 
generation.153 Canada is currently ranked 6th in the world for the state of education.154 Men with 
university-level degrees are 18% more likely, and women are 32% more likely to find employment than 
those with less education.155 Higher education may also be associated with greater access to sufficient 
healthcare and other social services, potentially generating a positive feedback loop for well-education 
people, empowering them to contribute sustainability in the region and be active, engaged citizens. A 
lack of educational opportunities in the region may result in increased emigration out the FAB for 
younger generations, thus creating a strain on replacement rates and jobs in the region.  

LEVEL OF EDUCATION  

{Pressure/ State} 

 

 

 

 

HOW WAS IT MEASURED? 

Education and economics are linked with one another. The access to 
adequate education acts as a means to individual and community 
empowerment, and advancement of knowledge to make informed 
decisions.156 It is important to understand education in the region to 
relate the trends to other important trends such as economic trends, 
types of occupations common in the region, and demographics. 

Canadian Census data regarding the proportion of the population with 

over age 15 with a university certificate, diploma or degree was 

obtained the FAB, Ontario, and Canada.157 

 
PROPORTION OF POPULATION AGED 15 AND OVER WITH POST-SECONDARY EDUCATION 

There is a notable increase in the proportion of the people who have earned a university level education 
in Canada, Ontario, and the FAB throughout the past 30 years. While 2011 data is not included here, 
the trend may be increasing still. The FAB levels of education appear to be slightly lower. 
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THEME SUMMARY – EDUCATION IN THE FRONTENAC ARCH BIOSPHERE 

 

This section has looked at two small portions of education in the Frontenac Arch Biosphere. There is a 

notable lack of data available on sustainability related education in the region, as education programs 

put on by camps and outdoor education organizations are difficult to quantify through attendance 

rates and other means. Two different measures using data about EcoSchool certifications were 

utilized, but may not adequately demonstrate the state of sustainable education in the region given the 

many other programs that exist in the region but are difficult to report on. They do help to depict the 

different school boards in the FAB and outside the FAB that have placed more importance on the value 

of environmentally related education. There is a general trend of increasing certification of EcoSchools 

in all the school boards examined. Two of the school boards examined in the FAB experience a 

particularly low percentage of total certified EcoSchools whereby two of the schools examined have 

moderate or high levels of certified EcoSchools. This reasoning for this disparity is unknown but 

perhaps a strengthening of the FAB education network may help to enhance this dynamic.  

 

While the trends for educational attainment in the FAB, Ontario, and Canada are all increasing in a 

similar manner, the FAB falls short with the proportion of the population over 15 years of age who have 

received post-secondary education. Targeted improvements to educational attainment levels in the 

FAB have the potential to greatly benefit the region. Given the aging population in the region, 

alternative adult education programs may be something to explore in the future, and may be an 

endeavour that the FAB would like to undertake as a means to engage community members and 

empower through knowledge. Education may also be related to the changing demographic in the 

region where there is decreasing number of near University-aged (15-19) individuals in the region. A 

lack of educational institutions in the region may mean that people move out to attend University and 

do not move back to the region after completing school.  
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ENERGY              
 

a) ENERGY USE – PAGE 73 

 

ENERGY COSTS  

 

b) POTENTIAL FOR RENEWABLE ENERGY – PAGE 74 

 

RENEWABLE ENERGY IN OFFICIAL PLANS | CURRENT RENEWABLE CAPACITY 

 

ENERGY IN THE FRONTENAC ARCH BIOSPHERE 

In 2005, Ontario had the second largest greenhouse gas emission in Canada.158 While energy is 

inevitably a critical component of modern society, and is necessary to maintain quality of life in the 

region that people are currently experiencing, energy generation has inescapable, detrimental effects 

on the environment from emissions and resource extraction.  

 

Renewable energy is also an important consideration for sustainable communities given the 

unsustainable nature of current energy production methods and overexploitation of non-renewable 

natural resources. Renewable energy is recognized as a cleaner alternative to conventional energy 

because it is generated from natural sources that can replenish themselves,159  however there is 

controversy over certain types of energy that are considered renewable as they may still have 

detrimental effects on the environment. Transitioning to renewable sources may reduce negative 

impacts on the global environment whilst growing populations demand increasing amounts of energy. 

Introduction of novel renewable energy sources may be an excellent step for the FAB in attaining the 

Biosphere Reserve mandate of facilitating sustainable development in the region, and may be 

attainable at such a fine scale. Increased renewable energy may also introduce new employment 

opportunities in the region, and contribute to ‘green’ jobs. While the “not in my backyard” (NIMBY) 

mentality has become an issue with many renewable energy sources around the world, by engaging 

citizens in learning about the benefits of sustainable energy solutions and opening discussion between 

organizations and community members may help to decrease this mentally. Increasing knowledge 

about perceived benefits may rather help to establish the opposite of NIMBY and instead encourage a 

“yes” in my backyard mentality. The indicators in this section look at the potential and current 

capacity for renewable energy both in the FAB and in Ontario and also demonstrate the growing rate of 

energy costs over time.  
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INDICATOR: ENERGY USE  
 

Measures: ENERGY COSTS 
 

Energy use, whether public or private, indicates the degree to which resources are consumed to 

provide power. Energy use is very important to any community, as it signifies the sustainability of their 

consumption patterns. Energy costs can affect these consumption patterns, especially if prices rise or 

drop dramatically. Though energy use is dependent on many external influences (e.g. regional 

climate), it is important to keep track of energy habits, as the consumption of energy affects 

environmental sustainability. Canada is one of the world leaders in per capita energy consumption.160  
 

ENERGY COSTS 

{Pressure/ State} 

 

 

 

HOW WAS IT MEASURED? 

Energy costs are an effective indicator of energy use, as the cost of 

any product in our economy implies the state of its supply and 

demand relationship. An increasing cost would also indicate the 

growing scarcity of energy resources.  

 

Data for energy costs was obtained using the Statistics Canada 

Consumer Price Index for March of each year from 2000-2014. 

Consumer price index of energy describes how prices change from 

month to month, and from year to year in different provinces in 

Canada. While the data is not available specifically for the FAB, 

values for Ontario are used to illustrate provincial trends. In the 

Consumer Price Index, energy includes: electricity, natural gas, fuel, 

gas, and parts and supplies for recreational vehicles.161 
 

 
 

The average annual energy prices in Ontario and Canada have both experienced almost identical, 

increasing trends over the past 14 years, with a dip in the index occurring in the year 2009.  
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INDICATOR: POTENTIAL FOR RENEWABLE ENERGY 
 

Measures: RENEWABLE ENERGY IN OFFICIAL PLANS | CURRENT RENEWABLE CAPACITY 
 

Renewable energy is “the production of electrical power from an energy source that is renewed by 

natural processes.”162 The potential for renewable energy in the FAB will indicate opportunities for the 

gradual shift towards more sustainable power supplies. In this context, renewable energies will refer to 

hydrological, solar, bioenergy, and wind power and non-renewable energy sources will be fossil fuels. 

The development of renewable energy sources in the FAB will bring a myriad of positive effects to the 

region. Environmental sustainability will improve as the burning of fossil fuels is reduced. Better 

environmental conditions will improve the health of citizens who currently suffer from or are at risk of 

contracting respiratory conditions. Finally, a shift of reliance to renewable energy sources will create 

new jobs and prepare our economy for the steady depletion of fossil fuel deposits. These positive 

effects are more likely to occur if renewable energy topics are emphasized in municipalities’ Official 

Plans. 
 

RENEWABLE ENERGY IN 

OFFICIAL PLANS 

{Response} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Since the implementation of renewable energy projects is complex 

and multi-faceted, it is imperative that they be well planned by the 

municipality. A municipality that prioritizes renewable energy in the 

plans is more likely to be experiencing pressure from the public to 

shift to more sustainable energy usage. A population that cares about 

renewable energy implementation is more likely to build a 

sustainable community.  

 

The content of Official Plans for townships in the FAB was analyzed 

to identify mentions, statements, or plans related to renewable 

energy. 
 

Township Year Renewable Energy Sections and Statements 

South Frontenac 2003 None 

Rideau Lakes 2004 None 

Elizabethtown-Kitley 2005 None 

Leeds & the Thousand Islands 2006 ‘Renewable energy systems’; defined in Definitions 
section but not used in report 

Front of Yonge 2006 Energy Policy 

Westport 2006 None 

Gananoque 2009 Energy section; Energy Efficiency section 

Athens 2010 Energy section included in Objectives of the Plan; 
Energy Policy 

Brockville 2012 Green Energy & Green Employment section; Energy 
Efficiency & Conservation section 

 

MENTIONS OF RENEWABLE ENERGY IN OFFICIAL PLANS 

Almost half of the municipalities in the region do not include statements or plans for renewable energy.  
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CURRENT RENEWABLE 

PROJECTS 

{State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

This measure demonstrates the renewable energy projects that are part 
of FIT and CAE projects in the FAB and Ontario and illustrate the present 
capacity of different types of renewable energy sources in the region. The 
Feed-In Tariff (FIT) Program is an initiative that promotes the 
development of renewable energy projects in Canada by paying citizens 
who generate renewable energy. FIT projects generally have a generating 
capacity of more than 10 kW. Capacity Allocation Exempt (CAE) projects 
are a subdivision under the FIT program that includes renewable energy 
sources that are small (< 500 kW generating capacity) and directly 
connected to the distribution system.163 

Data on FIT and CAE projects and energy capacity was obtained from the 
Government of Ontario database for energy projects in the region.164 
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The largest proportion of renewable energy projects in both Ontario and the FAB are solar farms; 
however, the energy capacity of solar appears to be less than that of wind in both regions.  
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SUMMARY – ENERGY IN THE FRONTENAC ARCH BIOSPHERE 

 

Data on energy consumption and prices is difficult to obtain for the Frontenac Arch Biosphere region. 

While energy is an important topic to consider when looking at the sustainability of the region, there is 

an evident need for more data to establish accurate indicator findings. The measure of the Consumer 

Price Index energy prices show that energy prices are increasing at a steady rate, apart from one 

deviation in 2009. No data is available on the consumer price index at a finer scale than Ontario, and 

thus it is difficult to generalize these findings the FAB region; however the trends are still indicative of 

what people in the FAB are facing. Increasing energy prices may cause economic strain on households, 

and may infer on the overexploitation of energy resources around the world, a well-known direction. 

Renewable energy indicators demonstrate that some effort is being made in the region towards 

understanding the capacity for different renewable energies, and also demonstrates the success of the 

FIT and CAE programs in facilitating and standardizing renewable energy. Given that four townships in 

the region have not addressed renewable energy in their Official Plans, perhaps an increased effort 

needs to be made to open dialogue about alternative energy sources in all municipalities in the FAB 

and apprehend potential limitations to advancing renewables in the region. Relationships can also be 

drawn here to the population growth explored in the section on health and well-being. Other pressures 

on energy consumption should also be explored further for future measures of sustainability in the 

region. 
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HEALTH AND WELL-BEING       
 

a) POPULATION DEMOGRAPHICS – PAGE 79 

POPULATION PROJECTIONS 

b) MENTAL AND PHYSICAL HEALTH – PAGE 81 

SELF-REPORTED MENTAL HEALTH | INCIDENCE OF SUICIDE | INCIDENCE OF OBESITY 

c) ACCESSIBILITY OF HEALTH SERVICES – PAGE 84  

HOSPITAL WAIT TIMES 

 

HEALTH AND WELL-BEING IN THE FRONTENAC ARCH 
BIOSPHERE 

While the Frontenac Arch Biosphere is known primarily for it’s ecological significance, the social and 

cultural fabric that exists in the region is necessary for the maintenance of this ecological significance 

and the enhancement sustainability. The future of the Biosphere depends on understanding the needs 

of the present communities and the extent to which people are willing and able to act as stewards of 

the environment in the FAB. Moreover, community cohesion is an important prerequisite for effective 

political action in protecting the interests of humans and other species within the FAB. Community 

cohesion is also important in the face of increasingly important climatic changes. As the global 

population continues to rise, demands on finite natural resources are becoming more and more 

unsustainable and increased resource exploitation is resulting in the destruction of vital ecosystems-- 

the services upon which human survival depend on.165 While population increase is a dominant global 

trend,166 population growth rates vary from region to region, making the evaluation of demographics in 

specific regions such as the FAB crucial for gaining a better understanding of local sustainability within 

larger population systems. In conjunction with growth rates, population age structures also vary 

between regions and have major implications for sustainability. Different age cohorts have different 

societal needs, and a population representative of diverse age groups may be important in the future 

success of sustainable development initiatives in the region, and the economic success and variation in 

the region. A strong social identity, community involvement, sense of community pride, strong formal 

and informal educational foundations, access to healthcare and insurance, and other social support 

systems are necessary to maintain a happy and health population. Furthermore, because the residents 

are an integral element of the Biosphere, their overall health is dependent on that of the environment. 

Without basic needs such as physical and mental healthiness, humans cannot be properly productive. 

Conversely, human health can be reflective of the health of the environment and other biophysical, 

non-anthropocentric aspects of the FAB. Healthy individuals make for healthy communities. Examining 

the residents’ health also sheds light on positive and negative lifestyle choice factors.  
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INDICATOR: POPULATION DEMOGRAPHICS  
 

Measures: POPULATION TRENDS 

Population demographics show the size and characteristics of a population. A change in population 

size or age distribution can have significant impacts on a community’s healthcare system. As a 

population’s distribution shifts toward a majority of elderly people, there is bound to be more stress on 

hospitals as the general population’s healthcare needs increase. Furthermore, an aging population can 

create stress on the economy as more people retire. This may be particularly noticeable in an area 

such as the FAB with few young people, as it becomes more difficult to fill jobs vacated by retirees.  
 

POPULATION TRENDS 

{Pressure/State} 

 

 

 

 

HOW WAS IT MEASURED? 

Population trends demonstrate the changing size of a population. 

These trends may help infer on future population trends and may help 

in the interpretation of other indicators related to demographics in the 

region, and indicate what to expect in years to come with regards to 

the economy, healthcare, and more. 

 

Data for total population size and age distribution were examined over 

time in order to assess the population stability in the FAB. Population 

growth from 1991-2013 was graphed for The United Counties of Leeds 

and Grenville, and Frontenac County. Distributions of the population in 

each age class, as well as the proportion of individuals over the age of 

65 were graphed for the FAB, and were both compared to the Ontario 

provincial trends. 167 168 169 
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*The FAB values are derived from the averages of both the United Counties of Leeds and Grenville and Frontenac County. 

 

While the trends for Ontario (ORANGE) and the Frontenac Arch Biosphere (BLUE) are similar, it is clear 

that there are fewer individuals in the lower ages categories in the Frontenac Arch Biosphere, and a 

greater proportion of individuals in the higher age categories.  
 
 

 

 
A larger proportion of the population is aged 65 and over in both Frontenac County and the United 

Counties of Leeds and Grenville. This age demographic has increased by 5.9% in Leeds & Grenville, 

4.8% in Frontenac County, and 3.6% in the province of Ontario.   
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INDICATOR: MENTAL AND PHYSICAL HEALTH        
 

Measures: SELF-REPORTED MENTAL HEALTH | INCIDENCE OF SUICIDE | INCIDENCE OF OBESITY 
 

Physical and mental well-being is vital for people in living a rich and productive life, and is more 

complex than the absence of disease and sickness.170 Well-being is strongly linked to environmental 

and other socio-economic factors that are present.171 People in the region are a critical component to 

the FAB’s aim of developing in a sustainable manner. This sustainability depends on the health of the 

population, and therefore understanding aspects of health for individuals in the region is necessary. 

Self-reported mental health, life satisfaction, and incidence of suicide infer on mental health in the 

region, just as incidence of obesity infers on components of physical health. 
 

SELF-REPORTED MENTAL 

HEALTH 

{State} 

 

 

 

 

HOW WAS IT MEASURED? 

Self-reported mental health is synonymous with perception of one’s own 

mental state. It demonstrates the number of individuals over 12 years of 

age surveyed that feel as though their mental health is in good or very 

good condition.172 This measure imparts an indication of the population 

in the region affected by some form of mental disorder that is distinct 

from their perceived physical health.  

 

Measured with a graph depicting “very good” or “excellent” perceived 

mental health in the Kingston Frontenac and Lennox and Addington 

(KFLA) Health Unit, the Leeds, Grenville and Lanark (LGL) District Health 

Unit, and Ontario standards.173 
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INCIDENCE OF SUICIDE 

{Pressure/State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

A sustainable environment depends on the health of the surrounding 

communities, and mental health is a consideration within this overall 

health. The indicator of suicide and self-inflicted injuries illustrates the 

extreme of mental health issues. Mental illnesses may lead to suicides if 

they are not properly diagnosed and treated. 174  Suicides are an 

indicator of extreme negative circumstances where mental illnesses 

were not addressed. 

Rates of suicide deaths per 100,000 people in the previously mentioned 

regions were measured and categorized by age group. The percentages 

of men and women aged twelve and over in Ontario and the KFLA region 

who have had suicidal thoughts were measured as well. Finally, 

emergency visits related to suicide attempts in the KFLA Health Unit 

was measured as a rate for a number of age groups.175 
 

 
 

The two health units encompassed by the Frontenac Arch Biosphere (KFLA, and LGL) are compared to 

Ontario and the Eastern Ontario District Health Unit for another means of comparison. While the KFLA 

Health Unit rate of suicide and self-inflicted injuries is slightly higher than in Ontario, the LGL Health 

Unit rate is slightly lower. Both units are similar to the Eastern Ontario District, which was included in 

the analysis to add another dimension with which to interpret the indicator findings.  
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INCIDENCE OF OBESITY 

{State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Obesity is a serious and common health concern and can be indicative of 

lifestyle choices and extent of health education. It is a chronic condition 

that may have a number of serious health implications. The burden of 

obesity and its consequences threaten the sustainability of the healthcare 

system and the population as a whole. Illustrating trends in obesity over 

time might indicate how obesity will change in the future, and thus 

develop actions plans to mitigate increasing obesity rates.  

 

Data was obtained from the Canadian Community Health Survey on self-

reported obese and overweight (a BMI of 25-30) individuals for the two 

health units in the FAB: Kingston, Frontenac, and Lennox and Addington 

District Health Unit, and the Leeds, Grenville, and Lanark District Health 

Unit from 2007-2013.176 
 

 
 

The prevalence of individuals who have self-reported as ‘overweight’ or ‘obese’ in the Frontenac Arch 
regions is consistently higher than those reporting in Ontario. In 2013, the proportion of overweight or 
obese individuals in Kingston, Frontenac and Lennox and Addington Health Unit was 59.3%, and in the 
Leeds, Grenville and Lanark District Health Unit the proportion was 64.3%. These numbers are not 
significantly different than the numbers in Ontario. The data provided dating back to 2007 also shows 
that there is not a strong positive or negative trend, but that the numbers fluctuate from year to year.  
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INDICATOR: ACCESSIBILITY OF HEALTH SERVICES 
 

Measures: HOSPITAL WAIT TIMES 

Accessibility of mental and physical health refers to the ease with which people can obtain the medical 

attention that they may require. Easily accessible mental and physical healthcare increases the 

likelihood that a population will be in good health. A healthy population is more socially sustainable 

than an unhealthy one and can positively impact other forms of sustainability, creating a stronger 

overall community. Hospital wait times are used here to show the ease with which one can get medical 

attention for a non-life threatening illness. Adequate resources must be available for those who require 

health services  
 

HOSPITAL WAIT TIMES 

{Pressure/State} 

 

 

 

 

HOW WAS IT MEASURED? 

Long wait times can prolong the suffering of a patients and cause 

further decline in health. The total time spent in the emergency room 

for different types of conditions may indicate the accessibility and 

reliability of health services in the region. With an aging population, 

time spent in ER may be increasingly problematic in the future.  

 

Data for total time spent in the hospital for complicated and 

uncomplicated emergencies including triage, wait time, and 

necessary medical attention was obtained from the Ontario Ministry 

of Health and Long-term Care.177 

 

 

 
The Ontario target goal for total time spent in the ER for uncomplicated conditions is 4 hours, and for 
complicated conditions is 8 hours (indicated by the dotted black line on the graph). Kingston General 
Hospital exceeds the provincial average and the provincial target for total time spent in the ER. Perth 
and Smith Falls District Hospital, and Brockville General Hospital both fall within acceptable provincial 
targets, and have shorter times than the provincial average.  
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THEME SUMMARY – HEALTH AND WELL-BEING IN THE FRONTENAC ARCH 

BIOSPHERE 

 

This section has looked at both physical and mental health characteristics in the region to infer on the 

overall state of individual and community health. Most of the data utilized here was obtained from the 

Canadian Community Health Survey, which divides survey results up into regional district health units, 

of which Kingston, Frontenac and Lennox and Addington (KFLA), and Leeds Grenville, and Lanark (LGL) 

are located in or near the FAB. The Community Health Survey enables the illustration of many different 

health related trends in the region that can help infer on the social well-being being and prosperity of 

communities in the region. Population demographics also play a large role in the social well-being of 

the region, and illustrate potential pressures that the region is facing, or may face in the future. 

Population demographics also help to draw out trends in other themes in this report, providing 

contextual information that may further develop rationale for certain findings and trends. In the FAB, 

there is a clear trend demonstrating an aging population.  

 

There is a strong decrease in the number of individuals aged 15-19 in the FAB, a trend also observed 

in Ontario, but to a lesser extent. Furthermore, the proportion of individuals in the FAB aged 75 and 

over is greater than the proportion seen in Ontario, and is simultaneously experiencing a steady 

increase in the region since 1991. The aging population may have an impact on the dynamics of 

mental and physical health in the region in the future, placing pressure on current health care 

facilities. Apart from the Kingston General Hospital locate just outside the designated FAB region; 

hospital wait times in the region are primarily shorter than the provincial average, and shorter than the 

provincial target wait times. With an aging population and the increased potential for health concerns, 

hospital wait times may be an indicator of the ability of health care services to cater to the changing 

needs of the communities.   

 

In terms of mental health in the region, it appears that males in the region experience greater rate of 

suicides and self-inflicted injuries. In the future, it would be interesting to explore other characteristics 

of health whilst differentiating between genders to infer on potential reasons for the large discrepancy 

seen here. Despite the incidence of suicide, self reported mental health and life satisfaction in two 

health units within the FAB appear to be greater than the Ontario average.  
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LOCAL FOOD            
 

a) MARKET FOR LOCAL FOOD – PAGE 87 

 

FARMERS MARKETS 

 

b) INFRASTRUCTURE FOR LOCAL FOOD – PAGE 89  

 

ABATTOIRS | COLD STORAGE | COMMUNITY KITCHENS 

 

LOCAL FOOD IN THE FRONTENAC ARCH BIOSPHERE 

Citizens may be more aware of how the land is being treated if they choose to purchase local products. 

Imported food products have often been exported from a region that heavily degrades their land by 

using unsustainable agricultural methods. Therefore, an increase in local food consumption may 

reduce this possibility, and local demand and supply chain within the region. An increase in local food 

production and associated infrastructure, such as abattoirs and cold storage units are essential to 

support the local economy and create new means of employment. Infrastructure is a known limitation 

to present local food production. Local farmers may be able to expand their businesses and hire more 

local laborers if more infrastructure is made available. 

 

Local food networks impact the cultural and social identity of the area. Enriching this cultural identity 

may enhance the sense of local pride and instill a desire to maintain more sustainable lifestyles. The 

focus of keeping the food production within the region, as well as the promotion of community 

kitchens, workshops, and educational resources, encourages the use of traditional knowledge in this 

sector, such as canning and other preservation methods. This may also provide community members 

with new ideas for utilizing local food in turn creating a positive feedback loop of increased local food 

purchases and reduce the ecological footprint associated with imported goods. These operations also 

bring together the citizens by supporting an inclusive community. In addition, establishments such as 

farmers’ markets foster relationships between farmers, distributers, and consumers. Local programs 

help distinguish this unique region from the surrounding area. Local Flavours, a program run by the 

FAB is a network of local farm producers, restaurants, and outlets that use local food products as 

much as possible.178 The involvement of governmental bodies through subsidies and legislation is 

essential for supporting the development of local food movements.  
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INDICATOR: MARKET FOR LOCAL FOOD 
 

Measures: FARMERS MARKETS 
 

A local food market consists of the vendors, customers, and venues that local food producers rely on to 

sell their goods. All products need a healthy and sustainable market, and local foods are no exception. 

Farmers must be able to sell what they have produced in venues such as farmers markets for their 

operations to remain viable.  
 

FARMERS MARKETS 

{State} 

 

 

 

 

HOW WAS IT MEASURED? 

Farmers markets and other food outlets provide a venue in which to sell 

food, but these can only function where there is a base of customers. A 

successful market for local food must be easily accessible to both 

farmers and customers to serve its purpose. A market that does this 

enhances the local economy and allows small-scale farms to prosper. 

 

Farmer’s markets that are included in the FAB Local Flavours initiative 

were mapped to determine their distribution in relation to population 

centres and their accessibility to customers. This demonstrated not only 

the number and locations of the markets, but also how well they cater 

to larger towns. 
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Farmer’s Markets in the region appears to be well distributed, however there exists some large areas with no 
access to local farmers markets in certain parts of the FAB. Other smaller-scale farmers markets may also 
exist that were not included on this map, perhaps demonstrating a need for increased accessibility to 
knowledge on farmers markets in the region.  
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INDICATOR: INFRASTRUCTURE 
 

Measures: ABATTOIRS | COLD STORAGE | COMMUNITY KITCHENS 
 

Sufficient infrastructure is required for local food production to thrive in an area. This includes 

facilities such as abattoirs, packaging plants, non-meat processing plants, cold storages, and 

community kitchens. A prosperous market of locally grown food is conducive to a sustainable 

community. Lower food miles reduce environmental stress, the local market supports the regional 

economy, and eating locally grown food has health benefits that contribute to a healthier population 

and a more sustainable society. In order for locally grown food to be viable in an area, the necessary 

infrastructure must be readily accessible for producers. Furthermore, programs that educate the 

people in a region about local food and other sustainable food practices such as food preservation may 

further strengthen the sustainability of local food in the region, but requires adequate resources and 

infrastructure to do so.  
 

ABATTOIRS, COMMUNITY 

KITCHENS, COLD 

STORAGE 

{Response} 

 

 

 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Abattoirs are vital establishments for farmers who raise livestock. The 

animals that they raise can only be processed in certain facilities. A 

multitude of regional abattoirs ensures freshness and low food miles, 

making the final product more sustainable. Community kitchens are 

locations where locals must go to make jams and preservatives if their 

intention is to sell the final product. This ensures a standard level of 

quality and cleanliness. Problems arise when regulations for community 

kitchens change, as this makes it harder to keep the facility up to code. 

Fewer community kitchens are maintained as a result. Cold storage 

facilities keep food products produced in the region from spoiling, thus 

increasing the selling season and providing income to local food 

producers for a greater portion of the year. 

 

Data for abattoir locations in Ontario was obtained from OMAFRA and 

mapped using ArcGIS.179 Internet searches were utilized to identify the 

location of cold storage units, of which none exist in the region, and the 

location of community kitchens and workshop areas.  
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While there appear to be a number of abattoirs in the region, only one is located directly inside the 

designated FAB boundaries, and two lie just outside the boundaries. Many other abattoirs are located 

far east of the FAB, and offer different types of meat processing than those in close proximity to, or 

inside the FAB. There appears to be an adequate distribution of community kitchens and skills 

development facilities in and around the FAB, but not all offer the same programs and initiatives. 

Some of these are soup kitchens, while others are industrial kitchens fit for community members to 

rent out for processing.  
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THEME SUMMARY – LOCAL FOOD IN THE FRONTENAC ARCH BIOSPHERE 

 

There is an evident lack of infrastructure available to food producers in the region. While there are a 

number of abattoirs located within the region, they do not all process all types of meat. No abattoirs in 

the FAB process poultry products, making it difficult for farmers to find adequate, local processing 

options, and potentially resulting in the need to send livestock further distances than would be 

required if there were more available facilities in the region. Furthermore, no cold storage facilities 

were identified in the region, and a lack of community kitchens are available for individuals wishing to 

sell processed food products in the region. The lack of community kitchens may in part be due to the 

frequently changing government regulations, making it economically unfeasible to run these facilities. 

While there is a lack of infrastructure available, it is apparent that local food is still important to 

citizens in the region, illustrating a disparity between interests and available facilities. 

 

There appears to be a vast amount of data lacking on the state of local food in the region.  Much of the 

data is hard to obtain, given the potential need for community surveys on views of local food and 

rationale for preferring or not preferring to eat local food. It may be advantageous for the FAB to gain a 

better understanding of what is limiting the improvement in facilities in the region and collaborate with 

regulatory bodies and municipal governments to both further understand the issues the region is 

facing. Education is key for spreading awareness of the local food options that are available in an area. 

A common database of information pertaining to farmers markets, local food resources in the region 

may be a beneficial endeavour to engage community members, and may trigger interest in attaining 

data to further understand the state of local food and what improvements are needed. 
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TOURISM             
 

a) PRESSURES FROM TOURISM – PAGE 93 

 

TOURIST ACTIVITIES 

 

b) ECONOMIC VIABILITY OF TOURISM – PAGE 94 

LENGTH OF STAY | TOURIST ORIGINS | TYPE OF ACCOMMODATION | TOURISM EMPLOYMENT 

 

TOURISM IN THE FRONTENAC ARCH BIOSPHERE 

 

In 2010, tourism receipts generated 305,423 jobs in Ontario, accounting for 4.5% of provincial 

employment, and making the tourism industry the 14th largest employer. 180  Given the unique 

geography of the Frontenac Arch Biosphere beside the St. Lawrence River and Lake Ontario, the region 

supports a wide variety of tourist-related activities including cruises, boating, cycling, hunting, parks, 

heritage sites, and art-related cultural experiences.181 Inevitably the tourism in most of the region is 

primarily seasonal in nature and is not sustained through the entire year,182 however over 11.4 million 

people live within a three-hour drive of the region183 making it a very accessible location for tourism to 

thrive. “Climate, natural and cultural landscapes are becoming an increasing important element of a 

type of tourism which demands environmental quality,” as many tourists seek enjoyment in an 

authentic travel experience,184 a characteristic that Biosphere Reserves all over the world may be able 

to offer. 

 

The FAB is considered a small tourist economy and as such the region may benefit economically, 

primarily in the summer months, more than regions that are not identified as having tourist attractions 

or a tourist economy.185 Economic benefits generated from the tourism industry are ideally kept in 

circulation within the region to reap long-term socio-economic benefits. An increase in tourism in a 

small region like the FAB may put pressure on sensitive ecosystems, and in turn affect the permanent 

residents in the region. Effects may include over-crowding, destruction of culture and heritage, and 

over use or over disturbance of the region.186 Throughout the development of tourism, acknowledging 

the importance of environmental responsibility, achieving and maintaining perpetual economic growth, 

and encouraging sustainable education and awareness may improve local residents’ quality of life. It is 

important to acknowledge that tourism allows the community to share their sense of place and cultural 

history, both past and present with people from all over the world. 

 

The indicators in this section aim to illustrate some important considerations of the sustainability of 

tourism in the region. While tourism can endure various pressures due to temporary population growth 

resulting in potential environmental strain, it can also be a vital component of economic stability. 
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INDICATOR: PRESSURES FROM TOURISM   
 

Measures: TOURIST ACTIVITES 

Pressures from tourism may include any kind of environmental detriment that occurs as a result of 

tourism-related activities and fluctuations of seasonal residents. These effects may be resultant from 

tourist activities, and include litter on hiking trails, increased energy use, water consumption and 

waste generation, alterations to shoreline from cottages, and hunting of restricted animals.  
 

TOURIST ACTIVITIES 

{Pressure} 

 

 

 

 

HOW WAS IT MEASURED? 

The pressure exerted on the environment by tourism is dependent on the 

type of attractions available at a tourist destination. While some activities, 

such as hiking and canoeing, generally cause relatively little environmental 

disruption, others activities, such as golf courses and boat line cruises, 

may incur some environmental due to inputs of energy and water. 

 

Different types of tourist attractions in the County of Frontenac and the 

United Counties of Leeds and Grenville were graphed based on number of 

visitors for the years 2006, 2007, and 2008.187 188 189 190 191 192 

 

 

 
In both counties, water sports appear to be some of the most common tourist activities. The County of 

Frontenac experiences a greater number of visitors to cultural and arts related activities such as 

cultural performances, festivals, and museums.  
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INDICATOR: ECONOMIC VIABILITY OF TOURISM 
        

Measures: LENGTH OF STAY | TOURIST ORIGINS | TYPE OF ACCOMMODATION | TOURISM EMPLOYMENT 

Economic gain is a major incentive for a region to enhance its touristic appeal. A flux of customers for 

local businesses as a result of increased tourism may mean that more service jobs are required to 

accommodate clientele. More job opportunities may be particularly important to attract younger 

generations to the region. The average expenditure for guests on day trips to the Thousand Islands and 

St. Lawrence region in 2004 was $41.11 compared to Ontario where the average expenditure for 

individual guests was $62.56.193 Similarly, overnight visitors spent approximately $190.82 in this 

region, compared to $270.27 in Ontario as a whole.194 Understanding visitor behaviour involved in the 

tourism industry may help to infer on the sustainability of tourism in the Frontenac Arch Biosphere.  

 
LENGTH OF STAY 

{State} 

 

 

 

 

 

HOW WAS IT MEASURED? 

Visitor length of stay is influential on how much money individuals are 

likely to spend in the area they are visiting. Further, an area that tends 

to host visitors for multiple days may accommodate the growth of more 

tourism-related businesses in the region. Length of visit may also 

indicate whether particular destinations are visitors’ final destination or 

a stop on the way to another location.  

 

The average length of stay for visitors for four separate tourist regions in 

and around the Frontenac Arch Biosphere were obtained from The Great 

Waterway Organization for 2012. To explore this measure further, data 

for the average total visitor party expenditure for visits to these four 

regions was also obtained.195 196 197 198
 

 

 
 
The majority of tourists visiting these four regions visit for overnight trips as opposed to day trips. 
There does not appear to be any remarkable differences between the regions; however, the Brockville-
Cornwall area experience the greatest amount of day trips out of these four regions.  
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For those visitors who stay overnight, the Rideau Heritage Route experiences the longest average 
visitors stays out of all four regions in the FAB included in this study, with an average of 8.6 nights. 
Kingston appears to have the shortest average visitor length, at 3.7 nights. 
 
 
 

 

 
 
It appears that parties visiting the Rideau Heritage Route are not only staying longer on average than 
visitors to other regions, but they are spending more throughout their trip as a result of being there 
longer. Alternatively, while people stay a longer time in Brockville-Cornwall area, they tend to spend 
less than visitors staying a shorter time in the Kingston region.  
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TOURIST ORIGINS 

{State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

An area that is capable of attracting tourists from a variety of locations 

may be more likely to thrive as a successful tourist destination. In 

2004, the average expenditure per night for visitors staying more than 

one night was $68.00 for people travelling from Ontario, $76.00 for 

people travelling from the United States, and $62.00 for people 

travelling from international countries. Evidently the origin of tourists 

to the region may influence the amount of money being generated.   

 

Data for the origin of visitors to four different regions in the Frontenac 

Arch Biosphere region was obtained through surveys conducted by The 

Great Waterway Organization for the year 2012. 199 200 201 202 

 

 
 

 
The greatest proportion of visitors to all the regions are from other parts of Ontario. While all the 
regions experience similar trends in visitor origins, there are some minor variances.  
 
 
 

Ontario 
66% 

Other 
Canada 

9% 

United 
States 
22% 

Other 
Internation

al 
3% 

ORIGIN OF TOURISTS VISITING RIDEAU 
HERITAGE ROUTE 

Ontario 
54% Other 

Canada 
21% 

United 
States 
15% 

Other 
Internation

al 
10% 

ORIGIN OF TOURISTS VISITING 
GANANOQUE/1000 ISLANDS 

Ontario 
65% 

Other 
Canada 

26% 

United 
States 

7% 

Other 
Internation

al 
2% 

ORIGIN OF TOURISTS VISITING 
BROCKILLE-CORNWALL CORRIDOR 

Ontario 
62% 

Other 
Canada 

18% 

United 
States 
13% 

Other 
Internation

al 
7% 

ORIGIN OF TOURISTS VISITING 
KINGSTON 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
97 

TYPE OF ACCOMMODATION 

{State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

The type of accommodation used by a visitor could have a number 

of possible economic effects. For example, while someone staying 

in a hotel may be spending more money per night than someone 

who is renting a cottage, the person in the cottage is likely to stay 

longer and therefore will spend more money on food and 

entertainment. Different types of accommodation may indicator 

different economic capacities for tourism in the region. 

 

Data for the type of accommodation utilized by tourists to four 

different regions in the Frontenac Arch Biosphere region was 

obtained through surveys conducted by The Great Waterway 

Organization for the year 2012. 203 204 205 206 

 
 

 
 
The majority of visitors to Kingston, Gananoque/1000 Islands, and Brockville-Cornwall appear to stay 
in hotels and inns during their visits, while as a larger proportion of visitors to the Rideau Heritage 
Route stay at cottages, or on boats. 
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TOURISM EMPLOYMENT 

{State} 

 

 

HOW WAS IT MEASURED? 

Tourism may be very effective at generating employment. During the 

tourist season there may be an increased demand for certain types of 

employment, often in the service sector. 

 

Two separate measures are used to describe the employment 

generated by tourism in the region. First, a table demonstrates the 

total percent of regional employment generated by tourism in each 

Tourist Region in Ontario in 2010. The Frontenac Arch Biosphere is 

located in Tourism Region #9, and is highlighted in the table.207  

 

 
MAP OF SOUTHERN ONTARIO TOURIST REGIONS208 

 
REGIONAL TOURIST 

ORGANIZATION (RTO) 
NAME 

% OF TOTAL REGIONAL 

EMPLOYMENT (2010) 

REGION 1 SOUTHWEST ONTARIO 2.4% 

REGION 2 NIAGARA CANADA 10.2% 

REGION 3 HAMILTON, HALTON AND BRANT 1.3% 

REGION 4 HURON, PERTH, WATERLOO AND WELLINGTON 2.3% 

REGION 5 GREATER TORONTO AREA 5.3% 

REGION 6 YORK, DURHAM AND THE HILLS OF HEADWATERS 1.0% 

REGION 7 
BRUCE PENINSULA, SOUTHERN GEORGIAN BAY AND 

LAKE SIMCOE 
4.9% 

REGION 8 KAWARTHA’S AND NORTHUMBERLAND 4.8% 

REGION 9 SOUTH EASTERN ONTARIO 3.7% 

REGION 10 OTTAWA AND COUNTRYSIDE 3.0% 

REGION 11 HALIBURTON HIGHLANDS TO THE OTTAWA VALLEY 4.2% 

REGION 12 
ALGONQUIN PARK, ALMAGUIN HIGHLANDS, 

MUSKOKA AND PARRY SOUND 
12.1% 

REGION 13A NORTHEASTERN ONTARIO 3.8% 

REGION 13B SAULT STE. MARIE - ALGOMA 3.3% 

REGION 13C NORTHWEST ONTARIO 4.6% 

PERCENT OF TOTAL REGIONAL EMPLOYMENT GENERATED BY TOURISM IN EACH ONTARIO 
TOURIST REGION209 
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THEME SUMMARY – TOURISM IN THE FRONTENAC ARCH BIOSPHERE 

 

Data on tourism in the FAB is readily available given the input from a few key sources including the 

Great Waterway Organizations. While the data may not pertain to the FAB directly, the results cover 

many different areas along the St. Lawrence River, or the Ontario Region 9 Tourism Zone that 

sufficiently encompasses the FAB region. In terms of regional employment generated by tourism, 

Region 9 falls in the middle range of all the tourism regions with 3.7% of employment being generated 

by tourism. Considering the location of the region on the St. Lawrence River and the close proximity to 

many large cities in the region, this percentage may be lower than expected. The seasonal nature of 

the tourism in the FAB may account for a mid-range percent of tourism employment compared to 

other regions, given the potential prevalence of temporary summer jobs.  

 

Visitors to the Rideau Heritage Route appear to spend the most amount of money in the region 

perhaps due to the longer time that people are staying the area. Visitors to this region are also mostly 

staying in cottages or on boats, and have the largest proportion of visitors coming from Ontario, 

perhaps indicating the prevalence of cottagers in the area compared to other areas. Inevitably different 

areas of the FAB offer different tourist attractions, as seen by the different types of accommodations 

and money spent in the different regions. However overall, the four different regions examined by the 

Great Waterway Organization have similar trends in tourist origins, with the greatest proportion of 

tourists coming from other parts of Ontario, and the second smallest proportion coming from other 

parts of Canada, or the U.S., likely due to the close proximity of the region to the FAB border.  
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WASTE              
 

a) WASTE VOLUME & CAPACITY – PAGE 101 

 

WASTE DIVERSION RATES | LANDFILL CAPACITY 

 

b) WASTE MANAGEMENT – PAGE 103 

 

TOWNSHIP BUDGET SPENT ON WASTE | COST OF BLUE BOX RECYCLING PER TON OF MATERIAL 

 

WASTE IN THE FRONTENAC ARCH BIOSPHERE 

Population growth, economic processes, land use change, and lifestyle, development and many other 

actions and activities contribute to waste production around the world. Solid waste refers to materials 

or garbage that is disposable, recyclable, or compostable.210 This waste is generated by residential, 

commercial, and industrial sources, and by most human activities. 211 212  Waste is therefore 

representative of the way individuals and communities live. Municipal solid waste is regulated by the 

provinces and territories and managed by the waste management industry under contract to municipal 

or regional authorities.213  Landfills, incinerations, and diversion via composting and recycling are 

primary ways in which solid waste is managed.214 Improperly managed waste can have severe impacts 

on both human and natural systems. While the ultimate goal is to reduce overall waste, waste diversion 

can reduce the demand for energy and new resources by re-using materials that have already been 

produced.215 As a result, diversion can also reduce the greenhouse gas emissions associated with 

landfills, where 20% of methane gas produced in Canada originates.216 The state of waste production 

and management may be telling of the effort put forward by municipal government bodies in the region 

as well as the community, household, and individual efforts. While waste is an innate part of human 

life, community awareness of waste, waste diversion, and waste reduction is necessary to impact 

meaningful changes towards more sustainable use of resources and disposal of by-products. The 

measures in this section of the report pertain to the above-mentioned components of waste 

management. While data directly from landfills is difficult to obtain, the report has utilized available 

information to illustrate the state of waste in the Frontenac Arch Biosphere. 
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INDICATOR: WASTE VOLUME & CAPACITY      
 

Measures: WASTE DIVERSION RATES | LANDFILL CAPACITY 
 

Recycling and other forms of waste diversion are excellent ways to reduce the amount of waste that is 

brought into landfills, but its benefits may be diminished when government bodies and individuals do 

not take full advantage of it. Waste diversion may diminish negative environmental effects such as 

groundwater pollution and lake eutrophication, and support certain economic sectors by alleviating 

financial burden on businesses caused by waste disposal, and preventing devaluation of property from 

contaminated sites. Landfill capacity, while not indicative of individual habits or practices, can be 

telling of the future of waste of the municipalities in the FAB. Understanding the capacity of landfills 

may influence citizens to be more aware of their activities and the waste their produce.  
 

WASTE DIVERSION RATES 

{Response} 

 

 

 

 

HOW WAS IT MEASURED? 

Waste diversion is the proportion of waste that is redirected from landfills 

to be used for alternative purposes. A higher or increasing waste 

diversion rate may indicate meaningful mitigation measures being put 

into place to divert waste from landfills for repurposing or recycling. The 

opposite is true of lower diversion rates. 

 

Each municipality in the Frontenac Arch Biosphere was included in an 

analysis of residential waste diversion using data from Waste Diversion 

Ontario. Total tonnes of waste generated and total tonnes of waste 

diverted values were used to determine a diversion rate. Values from 

2009 were compared to 2011.217 
 

 

Some townships experienced a decrease in diversion rates between the years of 2010 and 2012, while 

some townships experienced an increase. The City of Guelph is ranked number one of the top 20 

municipalities for diverting residential waste in 2012, with a diversion rate of 67.72%, and Kingston is 

not far behind, ranked #14 with a diversion rate of 53.79%.218 
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LANDFILL CAPACITY 

{State} 

 

 

 

 

HOW WAS IT MEASURED? 

Landfill capacity is a beneficial measure to understand about the 

Frontenac Arch Biosphere Landfills and their potential life span. Landfills 

require intensive engineering and resources for long-term monitoring, 

mitigation, safety assurance for water and air quality.  By diverting waste, 

as measured above, there is a delay in the need for new landfills. 

 

Landfills primarily in the Township of South Frontenac as well as some 

other major landfills in the surrounding area were assessed to compare 

the total approved area of waste disposal to the current total area of 

waste disposal being used. 219 

 

  
*Values are from 2008 and may therefore be out of date. 

 

Many landfills in South Frontenac Township in the Frontenac Arch Biosphere Reserve appear to 

reaching their approved capacity. 
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INDICATOR: WASTE MANAGEMENT 
 

Measures: TOWNSHIP BUDGET SPENT ON WASTE | COST OF BLUE BOX RECYCLING PER TON OF MATERIAL 
 

Waste management relates to the measures taken by municipalities to monitor and improve the waste 

handling system. A well-managed waste system can reduce environmental impact by not only cutting 

down on waste, but also ensuring that waste that is created is taken care of with minimal 

environmental and human health impacts. One way to understand the impetus for waste management 

in the Frontenac Arch is by examining the budget allocated to managing waste in each township in the 

region. The effectiveness and efficiency of waste management can further be inferred upon through an 

analysis of the net cost per ton of recycled blue box material.  
 

TOWNSHIP BUDGET 

SPENT ON WASTE 

{State} 

 

 

 

 

HOW WAS IT MEASURED? 

Waste management is expensive as it involves large-scale employment, 

transportation, machinery, and engineering. An efficient waste 

management system requires sufficient funding. The proportion of a 

municipal spending for environmental services such as waste 

management demonstrates the level of priority placed on sustainable 

waste management. 

 

The total amount spent on Environmental Services, which includes 

waste management, was obtained from the Consolidated Financial 

Statements of each township in the FAB and used to determine a 

percentage of the total municipal budget.220 221 222 223 224 225 226 227 228 229 230 

 

 
 
*Most recent data available used for each township. Elizabethtown-Kitley data from 2013, Leeds and the Thousand Islands 
data from 2011, Athens data from 2009, Front of Yonge data from 2011, Rideau Lakes data from 2012, Westport data from 
2012, South Frontenac data from 2012, Brockville data from 2011, Kingston data from 2013, Gananoque data from 2012, 
Tay Valley data from 2012. 

 

It is evident that Gananoque and Brockville budget the largest amount for environmental services that 
include waste management. This may be indicative of a higher value placed on the importance of 
sustainable waste services and assurance of safe and proactive actions towards developing more 
sustainable waste services.  
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COST OF BLUE BOX RECYLCING 

PER TON OF MATERIAL 

{Pressure/ State} 

 

 

 

 

 

HOW WAS IT MEASURED? 

The cost of Blue Box recycling programs in each of the townships 

located in the Frontenac Arch Biosphere reserve may be largely 

influenced the location of the program. In 2012, ‘rural depot’ 

recycling programs in Ontario operating costs ran as high as 

$649.00 per tonne of recycled material, while ‘medium urban’ 

programs cost around $186.00 per tonne.231 

 

Waste Diversion Ontario data for net cost per tonne of Blue Box 

recyclable material from 2012 was retrieved for all municipalities 

in the Frontenac Arch Biosphere.232  
 
 

 
 

There is disparity between the prices that different municipalities in the region are paying for recycling 

programs in the region. Larger cities such as Brockville and Kingston appear to have lower costs that 

some of the other areas. 
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THEME SUMMARY – WASTE IN THE FRONTENAC ARCH BIOSPHERE 

 

While data on specific landfills in the Frontenac Arch Biosphere is not readily available, and individual 

municipalities do not appear to make information waste accessible to resident of the region, data from 

Waste Diversion Ontario has been essential in painting a picture of waste in the FAB. Data from Waste 

Diversion Ontario shows that Brockville, Kingston and Gananoque all spend the most on environmental 

services in the region, and also experience some of the lowest costs for Blue Box recycling programs in 

the region. The size of the towns may be the more important contributor to the cost of recycling 

programs. These three locations also have the highest waste diversion rates in the region. This may 

infer on the importance of budgeting for waste services as an essential component on the 

environmental sustainability of waste. The more money allocated to waste, the higher the diversion 

rate appears to be. Kingston is ranked number 14 on the list of top 20 locations for waste diversion, 

indicating a strong pursuance of sustainable waste strategies in the region, despite the fact that 

Kingston is not located directly in the FAB designated boundaries.  

Further information on management of waste would still be beneficial to include in future measures to 

demonstrate the role that municipalities play in governing waste systems, and improvement that are 

being made to ensure the future sustainability of waste services.   
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WATER              
 
a) WATER QUALITY – PAGE 107 

 
EUTROPHICATION 

 
b) COMMUNITY INVOLVEMENT – PAGE 109 

 
COMMUNITY PROGRAM ACCESSIBILITY 

 
c) MANAGEMENT OF WATER RESOUCES – PAGE 110  

 
WATERSHED STRATEGIC PLANS | LAKE STEWARDSHIP GROUPS | OFFICIAL PLANS 

 

WATER IN THE FRONTENAC ARCH BIOSPHERE 

Water is one of the most basic human needs, and is required for healthy and stable ecosystems, and 

thus there is a need to manage water resources in a sustainable manner. Human activity and livelihood 

is dependent on a reliable source of water in one way. Water has played a key role in the rise and 

decline of societies, politics, economics, and inevitably peoples’ daily lives.233 Water is directly related 

to socio-cultural benefits brought about by recreational and tourism industries. Water supports a 

variety of ecosystem services, and drives important biogeochemical processes.234 Water resources 

support industrial and commercial activity necessary for economic revenue generation. Social aspects 

of water sustainability revolve around access to clean, safe water for drinking and sanitation. Those 

without access to potable water are highly susceptible to water-borne diseases and the deteriorating 

health conditions associated with such diseases; however this is not a prevalent issue in this region in 

Ontario.  

 

The Frontenac Arch Biosphere encompasses four different tertiary watersheds (Cataraqui, Rideau, 

Napanee, and Upper St. Lawrence – Thousand Islands).235 Water covers a large portion of the FAB 

region, and is considered to be an important contributor to the identity of the region. The necessity of 

water resources to the sustainability of the Frontenac Arch Biosphere is illustrated by the widespread 

recognition of water as “blood-stream of the biosphere.”236 Healthy water resources are an integral 

part of a sustainable society, making management of said resources vital to the wellbeing of any 

community or ecosystem. The measures in this section aim to address both water quality, and water 

management of resources, primarily in the form of action from lake stewardship groups located in the 

FAB.  
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INDICATOR: WATER QUALITY 
 

Measures: EUTROPHICATION 
 

Clean water is a necessity for a healthy and sustainable society. Poor water quality may have a skew of 

negative health effects, in turn impacting the local economy. Poor water quality can also damage 

ecosystems and biogeochemical processes, affecting biodiversity and other ecosystem services.237 In 

the FAB, water is closely related to the socio-cultural benefits afforded by the recreation and tourism 

opportunities it provides. One indicator of a water body’s quality is its level of eutrophication, which 

refers to the amount of dissolved nutrients present in the water.238 

 
EUTROPHICATION 

{Pressure/ State} 

 

 

 

 

 

 

HOW WAS IT MEASURED? 

Eutrophication is an increased amount of primary productivity caused by 

elevated levels of nutrients, carbon dioxide, or sunlight.239 A eutrophic 

lake can produce algal blooms that reduce the clarity and quality of 

water, and limit light penetration, killing plants. The increase amount of 

photosynthesis attributed to eutrophication and the prevalence of algal 

blooms can also deplete carbon levels and raise the water’s pH.240 

 

The first measure used to calculate the eutrophication of lake water in 

the FAB was total phosphorus. Elevated phosphorus levels are one of the 

main causes of eutrophication.241  Total phosphorus was measured in 

micrograms per litre for Charleston Lake, Dog Lake, Newboro Lake, and 

Wolfe Lake. An average was taken of two separate total phosphorus 

measurements for each lake. One outlying data point (a total phosphorus 

level of 652.0 μg/L) was left out of the measurements for Wolfe Lake. The 

second measure used was Secchi disk depth. A Secchi disk is a black 

and white-coloured disk that is lowered into water until it is no longer 

visible. The Secchi disk’s depth at this point is an indicator of water 

clarity and extent of eutrophication. 242  The Secchi disk depths were 

obtained and graphed for the same lakes mentioned above.243 244  
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All of the lakes have adequate Secchi disk depths that achieve Canadian Recreational Water Quality 

Minimum standards. Wolfe Lake appears to have the highest Secchi disk depth, indicating the clarity 

of the water and absence of eutrophication. Wolfe Lake also has one of the lowest levels of 

phosphorous, further emphasizing this point. Alternatively, Dog Lake has higher levels of phosphorous 

present, and the lowest Secchi depths out of all the lakes, potentially indicating more eutrophication in 

this lake.  
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INDICATOR: COMMUNITY INVOLVEMENT  
 

Measures: COMMUNITY PROGRAMME ACCESSIBILITY 
 

Community involvement in this context relates to the level of interaction between people and the water 

resources in their area. A community can be greatly influenced by its level of involvement with its water 

resources. Increased involvement can arise from accessible community programs and may prompt a 

municipality to take better care of its resources to better serve public interest. Involvement fosters 

appreciation, which may lead to increased tourism and pressure to maintain the sustainability of water 

resources. This would result in environmental and economical prosperity, as well as social and cultural 

benefits that come from a connection to clean land. 
 

COMMUNITY PROGRAMME 

ACCESSIBILITY 

{Response} 

 

 

 

HOW WAS IT MEASURED? 

Community programs allow residents to interact with or learn about 

the water in their surrounding area in ways that they may never 

have done otherwise. The different types of programs available in 

regions in the FAB might indicate progress towards and efforts 

being made to engage communities. 

 

Data for community water programs was obtained through an 

internet search of water programs available in the Gananoque, 

Sydenham and Brockville. The programs identified in the internet 

search were divided into three different categories pertaining to the 

nature of the program agenda: recreational programs, educational 

programs, and community groups. Results were graphed to 

demonstrate the different types of programs in the different areas.  
 

 

Recreation programs and community groups appear to be the most common type of program taking 

place in the region. Based on this analysis, educational programs are not common in any of the 

regions. 
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INDICATOR: MANAGEMENT OF WATER RESOURCES    
 

Measures: LAKE MANAGEMENT PLANS  
 

Management of water resources may include the presence of lake management plans developed by 

lake stewardship groups that aim to conserve wetlands and ensure the sustainability of watersheds. 

Lake stewardship groups demonstrate community initiatives in the region, but also help to conserve 

and manage water resources. These groups are comprised of resident volunteers who handle issues 

related to a particular lake in the region. Topics addressed by lake stewardship groups include water 

quality, shoreline development, and lake safety.  
 

LAKE MANAGEMENT 

{Response} 

 

 

HOW WAS IT MEASURED? 

An effective lake stewardship group is imperative for a healthy and 

sustainable lake. Stewardship groups often develop lake management 

plans, which organize conservation and development efforts.  

 

The management plans of ten lakes (shown on the map below) in and 

around the FAB region were included in a qualitative analysis to 

determine the breadth of the topics covered in the lake management 

plans. Six different category themes were established and criteria were 

outlined for each theme. Management plans were analyzed and given a 

point each time criterion were met.  
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 Water 

Quality 

Criteria 

Met 

Biodiversity 

Criteria 

Met 

Shoreline 

Development 

Criteria Met 

Lake 

Use 

Criteria 

Met 

Community 

Involvement 

Criteria Met 

Existence of 

Lake 

Stewardship 

Group 

Lake 

Management 

Plan 

Total 

Bobs and 

Crow 

Lakes 

10 8 7 9 3 1 1 39 

Buck Lake 5 5 6 6 1 1 1 25 

Charleston 

Lake 

5 5 7 9 6 1 1 34 

Fourteen 

Island and 

Mink 

Lakes 

6 5 4 6 3 1 1 26 

Lower 

Beverley 

Lake 

7 6 7 6 7 1 1 35 

Wolfe and 

Green 

Lake 

7 2 1 6 3 1 1 21 

Christie 

Lake 

6 8 8 9 4 1 1 37 

Elbow 

Lake 

5 3 4 3 4 1 1 21 

Farren 

Lake 

6 4 5 2 4 1 1 23 

Otty Lake 9 8 6 4 5 1 1 34 

TOTAL NUMBER OF LAKE MANAGEMENT CRITERIA COVERED FOR EACH LAKE 

All lakes in this table have lake management plans. Lakes with a higher total score in the table appear 

to have lake management plans with greater breadth of topics covered, as determined by a qualitative 

analysis. Bobs and Crow Lakes, and Christie Lake have the highest scores, meaning the lake 

management plans those lakes covered more topics than other lake management plans in the region 

did.  

 
 
 
 
 
 
 
 
 
 
 



STATE OF THE FRONTENAC ARCH BIOSPHERE 2014 

 
112 

THEME SUMMARY – WATER IN THE FRONTENAC ARCH BIOSPHERE 

 

Water quality is a fundamental component of sustainable development, but is a very complex topic 

with many interacting components. While the FAB has abundant water resources, they should not be 

taken for granted by visiting tourists or residents of the region. There many lake stewardship groups in 

the region that have worked to develop lake management plans to establish effective governance over 

water resources. Many of the lake stewardship groups are found in the northern portion of the FAB, 

leaving some gaps in other areas of the FAB. Reasons for this are unknown at this point in time, but 

may be something to explore in the future.     

According to the water quality measures, none of the lakes included in the analysis exceed the critical 

Secchi disk depth recommended for Canadian recreational waters. Examining other lakes in the FAB 

region may be a beneficial future endeavour add to the breadth of this measures, and identifying 

additional measures of water quality may also beneficial to infer on the presence of pollutants beyond 

those associated with eutrophication. Further differentiation between surface water and ground water 

quality is also a noted limitation of the measures in this report, as is the absence of pressure 

indicators.   

Additional future measures for reporting may include water prices, which may infer on the demand for 

water and the quantity of water available in the region, and further insight into management of water 

resources such as from municipal plans may also be essential to understand the value placed on water 

in the region.  
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Key Takeaways             

Throughout the development of this State of the Biosphere Report and the stakeholder consultation 

that made it possible, it became evident that there is a passion for sustainability in the region. There is 

a core group of individuals that exist in the region who are dedicated to the advancement of research 

and education. Greater awareness of the issues raised in this report, and the spreading of knowledge 

and information about all topics related to the sustainable development of the region will be essential 

to trigger discussion about the future, and to ultimately aid in progressive change for the region. 

Social, economic, environmental and cultural sustainability are important contributors to the big 

picture.  

The trends in agriculture demonstrate a lengthening of the growing season, growing profits and farm 

sizes, as well as aging farmer operators in the region, but diverse farms and the potential to reduce 

reliance on commercial fertilizers. However the region has experienced a small decrease in farmland, 

and an increase in herbicide use and zero tilling practices, perhaps denoting the introduction of some 

less sustainable behaviour.  

Art and creativity indicators for the region demonstrate a well-distributed network of artists, practicing 

primary painting, but a diverse array of other mediums as well. Many community events that occur in 

the region are arts and crafts, and music related, enabling citizens to be involved in arts and cultural 

activities and also providing outlets for artists. Despite the appearance of a strong or strengthening 

arts network, the artists in the region that practiced art for the sole income in 2013, only 53% of them 

earned above the national average of approximately $22,000.   

Biodiversity in the region is difficult to infer upon, but we see that many species present in the 

province of Ontario are present in the FAB. Similarly, a large proportion of the species at risk found in 

Ontario are found in the FAB. Biodiversity indicators further note a correlation between the protected 

areas and the sightings of at risk species, perhaps denoting the region is a place of solace for many 

species. Further, a number of programs exist that encourage stewardship of the land for a variety of 

different habitat types, and have shown success in the region. 

Looking at Biosphere Reserve awareness in the region helped to infer on the general sense of place 

that individuals in the region hold, and the knowledge that residents in the region have about the 

concepts that the FAB promotes, such as sustainability. While many community members’ surveys 

were not aware of the FAB or the Biosphere Reserve concept, many were aware of sustainability, and 

residents in the region had a notably greater sense of place than those in Ontario.  

With regards to the climate and air in the region, all regions in the FAB experienced fewer smog days 

than the province of Ontario. The presence of natural land, and lack of large, urban centers in the 

region may rationalize the lower smog days. While temperatures in the region appear to be rising 

slightly over a 45-year period examined, there are no noticeable trends in total annual precipitation or 

extreme temperature days, perhaps due to moderation by Lake Ontario. An evident effort has been 

made to restore natural land through tree planting efforts in the region; however some areas of the 

FAB are not experiencing the same level of restoration as others.  

Indicators of cultural heritage demonstrated a wide array of heritage plaques in the region, but 

demonstrated a lack of recognition of Aboriginal history. Thus the presence of Aboriginal Peoples in 

the region was further examined and showed that the region has a greater proportion of Aboriginal 
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Peoples than in other parts of Ontario, demonstrating a disparity between the people in the region and 

the recognition of this cultural diversity that exists.  

The economic trends in the region demonstrate a disparity between income equality between males 

and females, but this trend is not unique to the FAB region. Employment and unemployment rates 

have fluctuated over the past years, but appear to be mimicking the trends occurring in Ontario and 

Canada. The latest available data for employment rates was in 2011, and may have changed since 

then; however they appear to be decreasing. Types of occupations in both counties evolved from 2001-

2011, perhaps demonstrating an economic shift in the region.  

Education indicators were difficult to obtain, but demonstrate a growing number of EcoSchool 

certifications in the all of Ontario. Half of school boards included in the analysis for the FAB show no 

positive trends in the number of certified EcoSchools, while half of the school boards show 

improvement in the number of certified EcoSchools, perhaps demonstrating the growing importance of 

environmental education in the region. General education rates in the FAB appear to be  

Data on energy in the region was sparse, but information on renewable energy projects show that 

government subsidies and regulations are enabling the development of renewable energy. While energy 

costs have increased in the region, this trends is seen in all of Ontario and an inevitable trend over 

time.  

Health and well-being indicators examined for the region show that the population of the FAB is aging, 

as the proportion of university aged individuals are decreasing, and the proportion individuals over the 

age of 75 is increasing. Hospital wait times in the region, for the most part, and below the Ontario 

provincial average and also below the Ontario targeted wait time. Perceived mental health and life 

satisfaction in the FAB appear to be rising, but incidence of obese and overweight individuals has also 

increased.  

The indicators for local food in the region demonstrate a clear lack of infrastructure available for local 

food producers, such as slaughterhouses and community commercially regulated kitchens. While local 

food appears to be something that is in demand in the region, as noted by community members in the 

region, the resources available do not mimic the interest. There are a number of local food markets 

around the FAB available to citizens in the region, but more inclusive, mutual learning opportunities to 

educate citizens in the region are necessary.  

The FAB region is an ideal location for tourism given its proximity to Canada’s largest cities, and its 

location on the St. Lawrence River. The indicators for tourism in the region show that different areas of 

the FAB attract tourists for different amounts of time, from different locations, and for different 

reasons. About 3.7% of the jobs in and around the region are generated from tourism, a number that 

is lower than perhaps expected due to the nature of the region.  

Waste and waste management in the region appears to be improving. This topic enabled the analysis 

of discrete townships in the regions, and the different efforts being made by each one. Kingston, while 

not in the FAB, experiences one of the highest diversion rates in Ontario, and also has dedicated one of 

the largest proportion of its annual budget to environmental services, such as waste services. Other 

townships in the region, particularly Brockville and Gananoque show similar trends and there is 

indication of improvement for other townships in the future.  

Finally, indicators for water in the region show acceptable water quality standards the lakes examined, 

with only one of the four lakes showing susceptibility to eutrophication. A huge success for water 
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quality in the region is the presence of lake stewardship groups and lake management plans. These 

groups are present in many lakes, and their plans for future of the lakes they manage show a large 

breadth of information pertaining to many different topics. Many of these lakes are located in a 

particular region of the FAB, or just outside of the FAB. An increase in lake stewardship endeavours 

throughout a greater portion of the FAB may help to ensure future sustainability.  

 

Overall, we see that the FAB is a unique region in eastern Ontario that experiences many trends 

similar to those of the province of Ontario, but also experiences many different trends regarding the 

social, economic, environmental and cultural sustainability of the region. A prominent trend observed 

is the changing demographics in the region, resulting in an increase in individuals aged 75 years and 

older. This trend is reiterated by the average age of farm operators, which appears to be increasing 

over time, and is higher in the FAB than in Ontario. An aging population may impact the region 

economically, resulting in a change in common occupations, a trend that is being observed in all 

regions over time, and also on the demand for and quality of healthcare in the region.  

The lack of infrastructure for local food in the region is considered to be a detriment to the 

communities; however the indicators available for inclusion here may not have adequately describes 

the food system in the region. Increased availability of local food may have positive effects on the 

health of individuals in the region within individuals considered obese and overweight by encouraging 

the consumption of health, local food, and may be further enabled by an increase in community 

workshops about food. Local food and may also help to create a local food economy, supporting 

economic endeavours and agricultural success in the region.  

While water quality in the region does not appear to be an issues of pressing concern, with increased 

agricultural practices such as herbicide use increase, this may present a concern for lake quality. 

Alternatively, we note a decrease in the use of commercial fertilizer, a known cause of eutrophication. 

The presence of lake stewardship groups in the region may help to further ensure that water quality 

remains adequate in the region and the continuation and improvement in the number of EcoSchool 

certifications in the region may also help to raise awareness about both the FAB, sustainability, and 

environmental conservation, perhaps aiding in an improvement of community participation in water 

quality and other sustainability related endeavours in the region. There is also a variety of land 

stewardship groups in the region and ecological restoration projects that pertain to different types of 

land and appear to have had some success in the region, further demonstrating a clear dedication to 

the ecological conservation in the region.  
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Future Directions            

The development of this report has aided in the identification of many gaps in data that exist in the 

region. The measurement of indicators requires the presence of accurate and useable data, and also 

the continued input from citizens in the region to understand what issues are important to community 

members and what value the report may be in the region.  

Communities, organizations, and municipalities in the region should assume the role of engaging with 

one another to make possible new opportunities for sustainability in the region. Increased support 

from government organizations, and recognition of the role of the Biosphere Reserve as a facilitator of 

sustainable development in the region is pivotal in this endeavour.  

Key gaps in data that would be interesting to include in future iterations of this report include 

education, energy, and water, and local food. Other topics of interest as noted by community members 

in the region include looking at the dark night sky and the impacts of light pollution on biodiversity and 

human health in the region. Also, increased information on the ability of the region to sequester carbon 

by examining canopy cover and age of trees was noted as an interesting future endeavour. More 

information on ground water and surface water quality was noted as a gap in the present research, and 

may also important topics to distinguish from one another, and assess in greater detail in future 

indicator analysis. Governance and support was an overarching theme that appears to be lacking in the 

region. Given the role of the Biosphere Reserve as a facilitator of sustainable development, they require 

additional support and recognition, not only from community members, but also from policy-makers 

and decision-makers from county and townships that encompass the FAB. This support may be in the 

form of increased data collection to aid in future indicator analyses, the facilitation and establishment 

of community forums throughout the FAB to enable increased participation and input from 

stakeholders including businesses, residents, and other organizations.  
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What is in this booklet? 

This booklet contains a list of all the indicators and indicator metr ics (measures) that have been 

assessed by students at Queen’s University, and are available to be utilized within a ‘State of the 

Biosphere’ Report for the Frontenac Arch Biosphere Reserve. The indicators in this booklet have been 

divided into 14 different prominent themes relating to issues of sustainability in the Frontenac Arch 

Biosphere (FAB) region. Keep in mind that many of the indicators are likely applicable to more than one 

theme. Under each theme is a list of indicators (indicators are in CAPITAL letters, numbered 1 - 65). 

Below each indicator is a list of metrics that may be used to measure that indicator. A short description of 

each metric is provided. Details of the data used to analyze the metrics, and results of the metrics are not 

included in this booklet. 

 

What is an indicator? 

We use indicators every day, in many areas of our lives. For example, your doctor may use your blood 

pressure as an indicator of your heart health. We use indicators because it is impossible to measure 

everything that we want to know about. Measuring small components of an issue allows us to make 

inferences about the bigger picture.  

What is a metric? 

Indicators are often broken down into smaller components called metrics. A metric is a specific measure 

that is used to assess an indicator. For example, if you want to know more about biodiversity of a region, 

you might use “habitat fragmentation” as an indicator of biodiversity. You then need measurable 

characteristics of the region in order to assess your indicator. A measurable characteristic for “habitat 

fragmentation” might be “road density.” Increasing road density in a forest or wetland region may 

directly infer on the habitat fragmentation occurring there, and may therefore contribute to understanding 

one aspect of biodiversity in the region. Multiple metrics may be needed to fully understand an indicator.  

What is a ‘State of the Environment’ Report? 

A ‘State of the Environment’ Report is document that contains a synthesis of indicators. The goal of these 

reports is usually to help community members and policy-makers understand the state of a particular 

region. The synthesis of indicators paints a picture of the processes at play in the region. ‘State of the 

Environment’ Reports encompass indicators of all types, beyond the biophysical “environment,” including 

social indicators, ecological indicators, cultural indicators and economic indicators. These indicators may 

include trends about how things have changed over time, or comparisons to other regions. The reports will 

often help to identify problem areas, display behaviours of people and policy-makers in the region, and 

exhibit where changes may be valued. 
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The Pressure-State-Response Framework 

Indicators should be communicated as clearly as possible to all interested parties. One way to enhance 

the communication of indicators is by classifying them into a framework that helps to explain and describe 

each indicator. One common framework is called the “Pressure-State-Response” framework. This 

framework classifies each indicator as a “pressure indicator” (indicators of human and natural 

pressures on the environment), a “state indicator” (indicators of the state of the environment” or a 

“response indicator” (indicators of societal and political responses to the pressures and states). The 

indicators in this booklet are each classified into this framework. You will notice that some indicators fit into 

more than one category. 

Research and Workshop Objective: 

We want to explore the process of developing a State of the Environment Report for the Frontenac Ach 

Biosphere (FAB), and the value that these reports may have towards facilitating sustainability development 

in UNESCO designated Biosphere Reserves. This workshop will be used to identify the indicators and 

themes that individuals in the community feel are important to include in a “State of the Biosphere” Report 

for the Frontenac Arch Biosphere. The survey also touches upon the logistics of formatting the report and 

introducing the report into the region in order to maximize its impact.  

PRE-WORKSHOP TASK 

After reading through the l ist of indicators and their associated metrics, p lease complete the 

fol lowing four steps. You may write your answers down and bring them with you to the 

workshop. 

1. From list of 66 indicators, select: 

! Your ‘ top’ 15 indicators (the indicators that you think will be most valuable in understanding 

the state of sustainability in the FAB – they do not have to be in any order, and they can be from 

any theme)  

! Your ‘bottom’ 3 indicators (the indicators that you do not think will hold as much value in 

understanding the state of sustainability in the FAB) 

2. Think about some of the metrics listed under your top 15 indicators. Identify a few metrics that you think 

would be most effective at measuring those indicators. Are there metrics that are not on the list that you 

think could be used to assess those indicators? 

3. Identify one theme that you would most like to discuss at the workshop 

4. Take a few moments to think about the following questions:  

a. What do you think a State of the Environment Report will mean for the FAB? 

b. Do you think the report will be meaningful towards aiding sustainable development initiatives in 

the region? 

c. Who do you think will use the report?  

d. How do you think the report should be formatted? How many indicators/metrics do you think 

should be included in the report? How long do you think the report should be? 
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Theme 1. Indicators of Agricultural Sustainability  
 

1. SOIL PROPERTIES (state) 

! Soil Productivity/Soil Types: Capability of different soil types in the region to sustain 
different types of agriculture 

! Soil Quality: Topsoil depth, soil pH, soil temperature  
 
2. AGRICULTURAL LAND USE (state) 

! Number and Size of Farms: Number of farms for each class of acreage 

! Total Area of Farm Land: Changes in total percentage of farmland from 1971-2006 
 
3. USE OF INPUTS (pressure) 

! Manure Use: Proportion of manure use per acre 

! Chemical Inputs: Acres of farmland receiving herbicides, fungicides, pesticides, 
insecticides  

! Fertilizer Inputs: Acres of farmland receiving fertilizer treatment 
 
4. LAND MANAGEMENT PRACTICES/SUSTAINABILITY OF FARMING (response) 

! Organic and Conventional Farming Practices: Number of farms that use conventional 
methods compared to the number of farms producing certified organic crops 

! Soil Conservation Efforts: Percentage of total land area prepared for seeding using tillage 
methods to prevent soil erosion and degradation 

! Use of Irrigation: Proportion of irrigated land 

! Winter Cover Crops: Percentage of farms reporting winter cover crops 

! Nutrient Management: Percentage of farms reporting nutrient management practices 
(timing, amount used) 

! Crop Rotation: Percentage of farms using crop rotation to reduce reliance on fertilizers 
and pesticides 

 
5. ECONOMIC VIABILITY OF FARMING (state) 

! Total Capital Earned: Number of farms in each capital class, average net operating 
income brackets, number of farms receiving secondary sources of income 

! Crop Diversity: Shannon-Weiner Index applied to total proportion of hay and field crops to 
determine crop evenness can infer on a diversified agro-economy 

! Crop Yield: Crop output for prevalent crops infers on total annual income 

! Crop Varieties: Crop suitability of soil types compared to what farms produce in the region 
to infer on whether the crops being grown match the crop favourable list 

! Quantity of Food Produced: Types and quantity of food produced per acre over time 

! Interest in Farming: Programs present to provide aid to both new farmers and existing 
farmers 

! Farm Ownership: Number of farms incorporated by an external corporate entity 
 

6. FARMER DEMOGRAPHICS (state) 

! Demographics: Average age and sex of farm operators compared to provincial and 
national average 
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Theme 2. Indicators of Art and Creativity     
 

7. ARTIST PRESENCE and DIVERSITY (state) 

! Number of Artists: Number of people that identify with art related “major field of study” or 
“occupation” 

! Artistic Density: Percentage of artists as part of overall labour force 

! Discipline of Art Practiced: Number of artists that practice different genres/mediums of art 

! Age Distribution of Artists: Percentage of artists in different age groups 
 
8. EDUCATION OF THE ARTS (state) 

! Art in Secondary Schools: Access to the arts in schools through curriculum requirements, 
clubs, events and courses 

! Art in Post Secondary Schools: Number of students in full-time arts related programs 

! Heritage Educational Opportunities: Number of museums, historic sites, and heritage day 
events 

 
9. VIABILITY OF ARTS NETWORK (state) 

! Artist Referrals: Frequency of artists referrals to other artists, and to other businesses in 
the FAB 

! Connection to FAB Arts: Artist identification with the FAB Arts Program 

! Artist Income: Sole vs. supplementary income of artists compared to average national 
artist income 

! Location of Artists: Distribution of location of artists in the region 
 

10.  COMMUNITY INVOLVEMENT OF THE ARTS (state) 

! Use of Media Outlets: Number of local newspapers and magazines published relating to 
topics of arts and culture 

! Community Events/Festivals: Type and number of community events that take place each 
year related to the arts 

! Public Access to the Arts: Organizations, businesses, and facilities, tourist attractions and 
annual events related to the arts 
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Theme 3. Indicators of Biosphere Reserve 
Awareness             
 
11.  BRANDING/MARKETING OF THE FAB (state) 

! Product Branding: Presence of regional brand in the FAB 

! Website Awareness: Number of times the FAB website is visited compared to other 
Biosphere Reserves 

! Budget for Advertising: Proportion of FAB budget allocated to awareness of the region 
including advertising, promotion, program and project related costs, consultancy, 
membership, and donations 

! FAB Online Presence: Use of social media (Facebook, Twitter, blogs) 

! Newspaper and Media Content: Newspaper articles, media spotlights, and publicity about 
sustainability in the region, or about FAB related events or awareness 

! Signage: Number of signs within and around the FAB compared to other Biosphere 
Reserves 

! FAB Funding and Expenditure: Composition of funding and expenditure in 2006 and 2007 
 
12.  COMMUNITY & GOVERNMENT INVOLVEMENT (state/response) 

! Annual Visits to the Region: Estimate of number of visitors to the FAB Office, compared to 
other Biosphere Reserves in Canada 

! FAB Memberships: Number of organizations partnering with the FAB 

! Community Attachment to Place: Sense of community belonging 
! Activity of FAB Network Members: Number of initiatives implemented by select member 

organizations in the FAB 
! Awareness of FAB Presence: Awareness that individuals living within the FAB have of the 

region they live in 

! Collaboration and Internetworking of Network Members: Number of collaborative initiatives 
between network members, government, and non-government organizations 

! Voter Turnout Rates: Voter turnout 
! Pervasiveness of Network Members’ Influence: Network Members spatial scope of 

influence (local, regional, national or international organizations) 
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Theme 4. Indicators of Biodiversity     
 
13.  SPECIES RICHNESS (state) 

! Terrestrial Species Richness: Total number of types of bird, reptile, and mammal species 

! Aquatic Species Richness: Total number of types of fish species 

! Forest Types: Dominant forest types and age classes for softwoods and hardwoods 
 

14.  SPECIES AT RISK (state) 

! Number of Species at Risk: Total number and percentage of ‘endangered’, ‘threatened’, 
‘special concern’, ‘extinct’ and ‘extirpated’ species 

! Population Changes: Population trends bird species 

! Focal Species: Species distributions for seven focal species in relation to land use type, 
habitat range and potential threats 

! Indicator Species: Changes in amphibian populations 
 

15.  ANTHROPOGENIC PRESSURES (pressure) 

! Population Density: Human population distribution and density 

! Fisheries: Angler effort (hours) over past 20 years 
 

16.  HABITAT FRAGMENTATION (pressure) 

! Habitat Conversion: Percentage of forest cover, deforestation, and afforestation over time 

! Road Density: Areas of concern based on road presence 

! Wetland Presence: Total wetland area changes over time 

! Forest Cover: Forest type, forest age, composition and proportion of total land 
 
17.  INVASIVE SPECIES (pressure) 

! Aquatic Invasive Species: Number of aquatic invasive species compared to Ontario. 
Distribution of Zebra Mussel, Round Goby, and Spiny Water flea 
 

18.  GOVERNANCE OF BIODIVERSITY (response) 

! Protected Areas: Protected area establishment over time 

! Location of Protected Areas: Correlation between location of species at risk and protected 
areas 

! Level of Protection: Level of IUCN Protected Management Categories for protected areas 

! Species at Risk Protection: Number of species at risk with protection plans in place 

! Habitat Restoration: Number, location, and success of habitat restoration projects 

! Threatened Species Population Restoration: Number, location, and success of threatened 
species population restoration projects 

! Invasive Species Removal: Number, location, and success of invasive species removal 
projects 

! Municipal Plans: Plans, policies and bylaws related to reducing anthropogenic stress on 
ecosystems 

! Watershed Plans: Content of Strategic Plans for watersheds to understand priorities for 
sensitive species and habitats 



 8 

! Status of Lake Management: Existence of lake stewardship groups and number of lake 
management plans 

! Fish Sanctuaries: Number and distribution of fish sanctuaries compared to other 
Biosphere Reserves 

! Accuracy of Monitoring: Dominant vegetation in monitoring sites across region compared 
to overall vegetation composition of region to determine if monitoring sites represents 
actual vegetation 

! Rural Land Stewardship: Number and effectiveness of available land stewardship 
programs for different land use types 

 
19.  NATURAL DISTURBANCES (pressure) 

! Fires: Number of fires, cause of fires, and percentage of area burned by decade 

! Disease: Land affected by diseases, and types of diseases present 
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Theme 5. Indicators of Climate and Air     
 
20.  ABILITY FOR CARBON SEQUESTRATION (state) 

! Trees Planted: Number of trees planted per year 

! Tree Removal: Number of trees removed per year 

! Forested Area: Total area of forest cover and potential sequestration rate 

! Wetland Area: Total area of wetland cover and potential sequestration rate 

! Agriculture Area: Total area of sustainable cropland cover (organic, no-till) and potential 
sequestration rate 

 
21.  GREENHOUSE GAS EMISSIONS (pressure) 

! Traffic Volume: Average annual daily traffic along 401 

! Land Use Change: Annual population growth rate, economic growth, intensity of 
emissions associated with urban and rural land use 

! Household Cars: Number of cars per household 

! Household Heat Sources: Number of household heat sources that include wood stoves 
and wood fireplaces 

 
22.  AIR QUALITY (state) 

! Air Pollutant Emissions: Presence of natural and anthropogenic air pollutant emissions 
(ozone, particulate matter, sulfur dioxide, nitrogen monoxide, nitrogen dioxide, nitrogen oxides, carbon 
monoxide, VOCs, Polycyclic aromatic hydrocarbons) 

! Smog Days: Number of smog days in Ontario 

! Modes of Transportation: Modes of transportation used to get to and from work 
 

23.  STABILITY OF CLIMATE/ CLIMATIC VARIABLES/CLIMATE CHANGE (state) 

! Air Temperature: Mean, maximum and minimum daily, and monthly air temperature trends 

! Severe Weather Events: Frequency of extreme weather events (floods, storms, droughts, 
tornadoes, fires) 

! Precipitation: Frequency of precipitation, volume, and intensity (mm) trends over time 

! Water Levels: Lake Ontario water levels and St. Lawrence River water levels 

! Lake Ice Cover: Ice-on and ice-off date trends for Lake Ontario and other lakes 

! Lake Temperature: Surface water temperature yearly minimum, maximum, and average 

! Bird Migration Patterns: Bird migration arrival and departure dates 

! Length of Growing Season: Growing degree days and departures from daily mean 
temperature in relation to length of crop cycles 

! Snowfall: Total monthly snowfall trends, snow cover, length of snow free season 
 
24.  POLICIES AND COMMUNITY INITATIVES (response) 

! Air Quality Standards: Time spans and standards of various pollutants 

! Climate Change Policies: Strategies in municipal plans to address issues of climate 
change 

! Rideshare Initiatives: Reasons for ride-share commuters: employee incentives, 
convenience, environmentally friendly 
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Theme 6. Indicators of Cultural Heritage and 
Cultural Diversity           
 
25.  CULTURAL DIVERSITY (state) 

! Immigration and Emigration: Origin and destination of immigrating and emigrating people 

! Cultural Diversity: Languages spoken, religions practiced, immigrant populations, 
Aboriginal populations 

! Church Presence: Location, age, and denomination of churches in the region 

! Cultural Heritage Outlets: Number of museums, historic sites, and heritage days/ events  
 
26.  PRESERVATION OF CULTURE (response) 

! Education for Cultural Heritage: Number of educational and informative signs located at 
environmental and cultural sites 

! Efforts to Preserve Heritage Sites: Number of national, provincial, municipal, and 
community organizations aimed at preserving heritage sites 

! Historical Preservation: Number of designated heritage sites, sites of interest, and 
archaeological sites 

! Funding of Historical Preservation: Private and government funding available for heritage 
sites  

! Congregation Size: Attendance and congregation size of churches 

! Restoration of Churches: Restoration projects and methods used to retrofit, refurbish and 
maintain church buildings 

! Ontario Heritage Act Preservation: Number of places of worship designated under the 
Ontario Heritage Act 

! Alternative Use of Heritage Buildings: Number of places of worship that are used for an 
alternative purpose 

 
27.  HISTORICAL CULTURAL HERITAGE (state) 

! Heritage Plaques: Themes of heritage plaques: different time periods, representations of 
gender, representations of different topics 

! Recognition of Aboriginal History: Number of community websites, heritage sites, 
designated days/events, and educational programs with the theme of ‘Aboriginal history’ 

! Place of Worship Physical Attributes: Date of construction, architectural style, location, and 
denomination of places of worship 

! Planning for Cultural Heritage: Percentage of cities and municipalities in the region with a 
cultural component in their Official Plans, and the extent of the cultural plan 
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Theme 7. Economic Indicators      
 
28.  EMPLOYMENT OPPORTUNITIES  (state) 

! Employed Population: Percentage of population over the age of 15 employed, age groups of 
employed population, and changes over time 

! Employment and Unemployment: Employment and unemployment rates compared between 
townships 

! Dominant Industries: Industry representation in the region 

! Common Occupations: Percentage of labour force employed in different sectors 
 
29.  POTENTIAL FOR RESOURCE DEVELOPMENT (state) 

! State of Fisheries: Number of fish sanctuaries, fishing regulations, water quality, number of fish 
culture facilities, number of fish cultured to stock local lakes, amount of fish caught versus 
amount released, total harvest in region, total days fished 

! State of Mining: Number, type, and size of mines and quarries, presence of abandoned mines 
and remediation efforts that took place, number of people employed in the mining industry, 
percent of GDP generated from mines, methods of mining, deforestation 

! State of Forestry: Number of forests under the Managed Forest Tax Incentive Programme, 

annual area harvested, number of logging companies, amount of wood processed in sawmills, 
number and types of trees replanted, personal dependence on private wood sources 

 
30.  ‘GREEN’ BUSINESS VIABILITY (state) 

! Third Party Certifications: Types of business certifications available 

! Certification Presence: Number of certified businesses  

! Accessibility of Certifications: Certification cost, time taken to acquire, moral satisfaction of 
business owner 

! Effectiveness of Certifications: Change in business outputs and change in business practices, 
changes in savings and losses as a result of certification, savings and losses  

! Type of ‘Green’ Business: Types of innovation that the business is using and how long it has 
been in place 

! Size of ‘Green’ Businesses: Number of employees working for ‘green’ businesses, total 
number of ‘green’ businesses in different industries 

! Marketing Strategies: Strategies and mediums used by ‘green’ businesses 
 

31.  HOUSEHOLD ECONOMY (state) 

! Disposable Income: Households that spend more than 30% of income on housing 

! Income Distribution: Average household income distribution in rural and urban settings 

! Dwelling Value: Average value of household dwelling in rural and urban settings 
 
32.  GROWTH OF BUSINESS (state) 

! Growth of Tourism Related Businesses: Number of people employed in the tourism industry 

and service industry, number of tourism related businesses over past 10 years 

! Growth of Knowledge-Based Businesses: Number of people working in professional, 
scientific, and technical information services, as well as insurance agencies, and employment 
services 

! Growth of Agriculture-Based Businesses: Number, capital, and operation of farms 

! Infrastructure Availability: Location and range of cell towers, gaps in broadband (internet) 
infrastructure 
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Theme 8. Indicators of Education     

 

33.  EDUCATION EQUALITY (state) 

! Gender of Educational Attainment: Percentage of male and female with University 
degrees, college diplomas attainment in last 30 years 

! Alternative Education: Accessibility of education for adult population, online course 
availability 

 
34.  EDUCATIONAL ATTAINMENT (state) 

! Accessibility of Educational Institutions: Number and location of libraries and schools 
(elementary, high school, post-secondary) 

! Quality of Education: Percentage of population with University degrees, college diplomas 
attainment in last 30 years 

! Highest Level of Education Achieved: Number of individuals holding certain types of 
degrees or designations 

 
35.  FIELD OF STUDY (state) 

! Academic Discipline Pursued: Major field of study for total population aged 15-64  
 
36.  ENVIRONMENTAL/SUSTAINABILITY RELATED EDUCATION (state) 

! Curriculum Content: Access to the sustainability/environmentally related knowledge in 
schools through curriculum requirements, clubs, events and courses 

! Use of Provincial and National Parks: Park attendance within the FAB 

! Use of Day Camp: Day Camp attendance within the FAB 

! Distance of Educational Institutions to Protected Areas: Distance of schools to outdoor 
education resources within the FAB 

! Eco Schools: Percentage of certified Eco Schools in Ontario, and changes in percentage 
of certified schools from 2010-2013 

! Organization-Based Program Availability: Number and location of environmental 
education programs being offered in the region through various non-school based 
organizations 

! Connectivity of Education Network: Centrality of the FAB in relation to other partners in the 
Education Network 
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Theme 9. Indicators of Energy Sustainability   
 
37.  ENERGY USE (pressure) 

! Energy Costs: Unit cost of electricity, unit cost of natural gas, oil prices, renewable versus 
non-renewable costs, Consumer Price Index 

! Peak Load: Times of peak load in the region 

! Energy Production: Location and types of electricity production facilities in the region 
 
38.  PRESENT STATE OF RENEWABLE ENERGY (state) 

! Energy Production from Renewable Sources: Maximum output the renewable sources 
could produce when working at maximum capacity. Relative amount of energy used per 
person 

! Presence of Renewable Electrical Sources: Location, number and type of renewable 
energy sources in the FAB and in Ontario 

 
39.  ‘GREEN’ BUILDING (state) 

! ‘Green’ Building Certification: Number and type of certifications available for use in the 
region 

 
40.  POTENTIAL FOR RENEWABLE ENERGY (state/ response) 

! Government Support: Number of cities in Ontario that support subsidized energy projects 
such as the Feed in Tariffs 

! Planning for Renewable Energy: Number of municipalities that include “sustainable 
energy” content in Official Plans 

! Life Cycle Costs: Costs associated with life cycles of alternative energy sources 

! Potential Energy Output: Assesses potential energy outputs of renewable energy sources 
compared to traditional energy sources 

! Number of Projects: Number of funding projects available within the region 
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Theme 10. Indicators of Health and Well-Being   
 
41.  STABILITY OF POPULATION DEMOGRAPHICS (state) 

! Population Age and Gender Composition: Population profiles in the region: types of families, age 
distribution, and total population  

! Population Projections: Projected population trends 

! Emigration of Young Adults: Comparing population trends in FAB to those of Ontario 

! Population Growth and Distribution: Changes in growth and demographics for rural and urban 
populations 

! Life Expectancy: Average life expectancy for males and females in Ontario 
 
42.  RESOURCES FOR THE AGING POPULATION (response) 

! Fall-Related Hospitalization: Individuals over 65 years of age per 100,000 people 

! Retirement Care: Average cost and wait times for long term and retirement care home for elderly 
populations 

! Knee and Hip Replacement Wait Time: Number of days to complete surgery from first visit 

! Fatal/Common Diseases: Incidence of common problem incurred by aging population: arthritis, 
high blood pressure, diabetes 

 
43.  SOCIAL EQUALITY (state) 

! Gender Employment Equality: Employment and income rates for different genders 
 
44.  MENTAL AND PHYSICAL HEALTH (state) 

! Self-Reported Mental Health: Individual’s perception of their own psychological well-being 

! Number of Individuals Seeking Treatment: Individuals 12 and over seeking forms of therapy, being 
hospitalized, or contacting health professional to remedy mental health disorder 

! Incidence of Suicide-Related Thoughts, Deaths, Injuries: Rate per 100,000 people, and 
assessment of different age groups 

! Incidence of Alcoholism & Addiction: Alcohol-related hospital admittances, and mortality rates 
resulting from addictions 

! Incidence of Obesity: Prevalence of overweight and obese individuals compared to Ontario 

! Incidence of Lyme Disease: Tick population in the region 

! Incidence of Asthma: Prevalence of asthma in the region compared to prevalence in Ontario 
 
45.  ACCESSIBILITY OF MENTAL AND PHYSICAL HEALTH SERVICES (state) 

! Number of Healthcare Centers: Number of Hospitals, cancer centers, long-term care homes, 
children’s treatment centers, community health centers, community mental health services, 
community support services, and substance abuse programs 

! Hospital Wait Times: Average “total time spent in ER” wait times at all hospitals in the region 
compared to Ontario average 

! Number of Doctors: Number of doctors per population in the FAB 

! Health Industry Workers: Proportion of population employed in health industry 
 

46.  ACCESSIBILTIY OF HOUSING (state) 

! Condition of Housing Stock: Percentage of houses built in different decades, average monthly rent 

! Condition of Social Housing: Number of social housing units opened per year, the proximity of 
social housing to urban centers, and needs for minor and major repairs 

! Average Annual Vacancy Rate: Percentage of rental apartments available in the community 
 



 15 

Theme 11. Indicators of Local Food Systems   
 
47.  MARKET FOR LOCAL FOOD (state) 

! Farmer’s Markets: Number of farmer’s markets and other non-conventional food retailers 

! Community Supported Agriculture: Number of CSA opportunities 

! Restaurants Sourcing Local Food: Number of restaurants part of the Local Flavours 
program 

! Accessibility of Local Food: Location of local food retailers in relation to population 
density, and identification of gaps where local food outlets are sparse 

 
48.  ECONOMIC VIABILITY OF LOCAL FOOD (state) 

! Household Food Spending: Average food expenditure 

! Demand for Local Food: Consumer buying patterns and demand of different types of food  
 
49.  INFRASTRUCTURE AVAILABLE TO SUPPORT LOCAL FOOD (state/ response) 

! Abattoirs: Number and location of abattoirs  

! Mobile Abattoirs: Number and location range of mobile abattoirs 

! Non-Meat Processing and Packaging Plants: Number of non-meat processing plants 

! Cold Storage: Number and location of cold storage facilities 
 
50.  GOVERNANCE AND SUPPORT FOR LOCAL FOOD (response) 

! Government Subsidies: Financial incentives available for adopting sustainable practices 

! Government Legislation: Efforts being made to promote local food, and make local food 
more accessible 

! Farmer Support Programs: Presence of programs for available to support local farmers  
 
51.  DIVERSTIY OF LOCAL FOOD (state) 

! Soil Types: Ability of soil types to support a variety of agricultural crops 
 

52.  COMMUNITY INVOLVEMENT IN LOCAL FOOD (state/ response) 

! Community Workshops: Number of local food workshop participants per year, reasons for 
attending, distance travelled to attend workshop, and profession of workshop attendees 

! Community Kitchens: Number of community kitchens available for collaborative learning 
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Theme 12. Indicators of Tourism      

 
53.  ECONOMIC STABILITY (state) 

! Economic Revenue Retention: GDP, wages, and salaries retained in region 

! Employment Opportunities from Tourism: Ratio of local employees to outside employees, 
level of seasonal employment, number of people employed in different sectors 

! Visitation Trends: Average length of stay, types of stay, annual ratio of new visitors 
compared to repeat visitors and seasonal visitors 

 
54.  PRESSURES FROM TOURISM (pressure) 

! Ecological Site Stress: Waste generation from hotels, number of hunting permits, average 
park use, and general impact level of activities in the region 

! Water Consumption by Tourists: Liters per day of water consumption 

! Energy Use by Tourists: Total energy consumption in summer compared to year round 
population 

! Waste Generation by Tourists: Monthly breakdown of waste generation compared to 
monthly percentage of tourists 

 
55.  TOURIST ATTRACTIONS (state) 

! Recreation Facilities: Type and number of recreation resources available to public 

! Use of Recreation Facilities: Number of people enrolled in hockey programs, number of 
people using facilities, memberships to facilities 

! Recreational Regulations: Types of activities permitted in the region: fishing regulations, 
number of hunting permits, trail regulations 

! Advertisement of Tourist Attractions: Types of tourist attractions advertised by local 
accommodation in the FAB 

 
56.  ACCOMODATIONS FOR TOURISTS (state) 

! Demand for Accommodation: Occupancy rates of different types of accommodation 

! Diversity of Accommodation: Number and type of accommodation available for tourists 

! Distribution of Accommodation: “Hot-spots” of accommodation in the region 

! Sustainability of Accommodations: Distance of accommodation “hot-spots” to tourist 
attractions 
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Theme 13. Indicators of Waste        
  
57.  WASTE TECHNOLOGIES (state) 

! Waste Handling Technologies: Collection technologies, processing technologies, disposal 
technologies 

! Types of Landfills: Types of landfills available for use in different townships 

! Lifespan of Landfills: Lifespan of all the landfills in the region  
 
58.  VIABILITY OF RECYCLING (state) 

! Capacity to Recycle and Repurpose: Amount of waste permitted to be repurposed in each 
municipality 

! Amount of Waste Repurposed: Tonnage of waste that is recycled and reused by 
residents, and by industry 

! Diversion Rates: Percentage of waste collected that is diverted to recycling facilities 

! Compost Collection: Number of landfills in the region that accept compost 

! E-waste Collection: Number of landfills in the region that accept e-waste 
 
59.  WASTE MANAGEMENT (response) 

! Strategic Waste Management Plans: Compares waste management strategies of both 
municipalities within the FAB region (funding, community participation, collection amount) 

! Financial Management: Percentage of each township’s budget that is spent on waste 
services 

 
60.  WASTE PRODCTION (pressure) 

! Landfill Usage: Average usage of landfills/year (m3) of each township 

! Total Municipal Solid Waste: Number of landfills, tonnage of waste entering landfills 
annually, types of waste produced 

! Household Waste Production: Number of bags permitted on curb per household each 
week 

! Individual Waste Production: Kilograms of waste produced per person on average 
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Theme 14. Indicators of Water       
 
61.  MANAGEMENT OF WATER RESOURCES (response) 

! Policies on Water: Number of statements about water quality policy in city and municipal 
plans 

! Water Quality Programs: Restoration and protection programs and initiatives in response 
to water quality problems 

! Status of Lake Management: Existence of lake stewardship groups and number of lake 
management plans 

 
62.  DEMAND AND AVAILABILITY OF WATER RESOURCES (pressure/ state) 

! Price of Water: Correlation between consumption levels, changes in price per year and 
pricing schemes 

! Demand: Percentage demand for each watershed in the region, and predicted 
percentage rise of future demand 

! Water Use: How much water is used, where the water is distributed to, what the water is 
used for, annual extraction per sector, annual extraction per capita 

! Water Level: Historical lake water level trends  

! Recharge: Input and output rates of water in the watershed 
 
63.  WATER QUALITY (state) 

! Beach Closures: Number of E. coli levels exceed acceptable amounts, and yearly E. coli 
average level 

! Baseline Water Quality: Levels of pH, E. coli, toxins, heavy metals, chemical oxygen 
demands, and biological oxygen demands for locations around the region 

! Provincial Standard Maximum Concentration: Well water data on multiple variables 
compared to drinking water quality standard maximum concentrations  

! Level of Eutrophication: Water clarity, and levels of total phosphorus and dissolved oxygen 
in lakes in the region 

 
64.  COMMUNITY INVOLVEMENT (response) 

! Social Initiatives: Presence of recreational initiatives, educational initiatives, government 
and non-government related programs related to water 

 
65.  WATER INFRASTRUCTURE (state) 

! Sewage Infrastructure: Past records of contamination originating from sewage 
infrastructure 

! Storm Water Management: Ability of municipal infrastructure to mitigate water 
contamination effects 
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Appendix C – Ethics Approval 

  

 
August 01, 2013 

 

Ms. Claire Kryczka 

Master’s Student 

School of Environmental Studies 

Queen's University 

Kingston, ON  K7L 3N6 

 

GREB Ref #: GENSC-056-13; Romeo # 6010478 

Title: "GENSC-056-13 Extending Concepts and Practice of State of the Environment Reporting" 

 

Dear Ms. Kryczka: 

 

The General Research Ethics Board (GREB), by means of a delegated board review, has cleared your proposal 

entitled "GENSC-056-13 Extending Concepts and Practice of State of the Environment Reporting" for ethical 

compliance with the Tri-Council Guidelines (TCPS) and Queen's ethics policies. In accordance with the Tri-Council 

Guidelines (article D.1.6) and Senate Terms of Reference (article G), your project has been cleared for one year. At 

the end of each year, the GREB will ask if your project has been completed and if not, what changes have occurred 

or will occur in the next year. 

 

You are reminded of your obligation to advise the GREB, with a copy to your unit REB, of any adverse event(s) that 

occur during this one year period (access this form at https://eservices.queensu.ca/romeo_researcher/ and click 

Events - GREB Adverse Event Report). An adverse event includes, but is not limited to, a complaint, a change or 

unexpected event that alters the level of risk for the researcher or participants or situation that requires a substantial 

change in approach to a participant(s). You are also advised that all adverse events must be reported to the GREB 

within 48 hours. 

 

You are also reminded that all changes that might affect human participants must be cleared by the GREB. For 

example you must report changes to the level of risk, applicant characteristics, and implementation of new 

procedures. To make an amendment, access the application at https://eservices.queensu.ca/romeo_researcher/ and 

click Events - GREB Amendment to Approved Study Form. These changes will automatically be sent to the Ethics 

Coordinator, Gail Irving, at the Office of Research Services or irvingg@queensu.ca for further review and clearance 

by the GREB or GREB Chair. 

 

On behalf of the General Research Ethics Board, I wish you continued success in your research.  

 

Yours sincerely,  

 
Joan Stevenson, Ph.D. 

Chair 

General Research Ethics Board 

 

c:  Dr. Graham Whitelaw and Dr. Ryan Danby, Faculty Supervisors  
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Appendix D – Ethics Amendment Approval 

 

 

 

 
 

May 20, 2014 

 

 

 

 

 

Ms. Claire Kryczka 

Master’s Student 

School of Environmental Studies 

Queen's University 

Kingston, ON, K7L 3N6 

 

Dear Ms. Kryczka: 

 

RE: Amendment for your study entitled: GENSC-056-13 Extending Concepts and Practice of State of the 

Environment Reporting; ROMEO# 6010478 

 
Thank you for submitting your amendment requesting the following changes: 

 

1) To add the option of an online survey to the approved ethics application; 

 

2) Letter of Information (v. 2014/05/14); 

 

3) Consent Form (v. 2014/05/14); 

 

4) Booklet for online survey participants (v. 2014/05/14); 

 

5) Survey questions (v. 2014/05/14). 

 

By this letter you have ethics clearance for these changes.  

 

Good luck with your research. 

 

Sincerely, 

 

  

Joan Stevenson, Ph.D. 

Chair 

General Research Ethics Board 

 

c.: Dr. Graham Whitelaw and Dr. Ryan Danby, Supervisors 
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Appendix E- Questionnaire: Letter of Information and Consent Form

 

Letter of Information for Survey Participants 
 
Tit le of Project: Extending Concepts and Practice of State of the Environment Reporting to 
Biosphere Reserves 
 
Researcher: Claire Kryczka 
   Master’s Student, Queen’s University School of Environmental Studies 

613-770-0080/ 12kc43@queensu.ca 
  
Supervisors: Dr. Graham Whitelaw    Dr. Ryan Danby    
   Queen’s University    Queen’s University 
   613-533-6000 ext. 77379/   613-533-6000 ext. 78540/  
   whitelaw@queensu.ca    ryan.danby@queensu.ca 
 
Purpose of Research: Our main research goal is to understand how the collection, analysis and 
reporting of information may influence sustainability initiatives within biosphere reserves. We are 
using the Frontenac Arch Biosphere Reserve in southern Ontario as a case study to develop a State 
of the Environment Report for the region. This involves the analysis of social, environmental, cultural 
and economic variables that can provide an understanding of the current state of a particular region, 
how it has changed over time, and what goals should be made for the future. Community 
involvement in this process may help to identify prevalent issues occurring in the region, and 
educate citizens about their environment. 
 
Participation: Your participation in this research is anonymous and voluntary, and will consist of a 
survey that will take approximately 5-10 minutes to complete. Any individuals 18 years of age or 
older who reside or work in the Frontenac Arch Biosphere region in southern Ontario are eligible to 
participate. You do not have to answer any questions that you do not want to answer, and you may 
withdraw from the study at any time.  
 
Potential Risks: There are no known risks associated with participation in this study. 
 
Potential Benefits: Survey participants may develop a greater understanding of issues that are 
important when considering sustainability. Individuals will have the opportunity to influence the 
outcome of the final report by providing their thoughts, giving community members a voice in the 
research that may directly affect them in the future. 
 
Confidential i ty and Anonymity: The information that you share will remain strictly confidential 
and anonymous (no identifying information will be asked).  Information collected will be used solely 
for the purposes of this research and will be stored as a hard copy in a secure locked drawer, or 
electronically encrypted on a password-protected computer to ensure confidentiality. The only 
people who will have access to the information are Claire Kryczka, Dr. Ryan Danby and Dr. Graham 
Whitelaw. Three years after the completion of the research, all data collected during the survey will 
be deleted or destroyed.  
 
Compensation: None 
 
Information about the Study Results: Only aggregate survey results will be used in the 
research, meaning that all survey results mentioned in the research will be of general findings. 
Electronic or hard copies of the research will be made available to those interested once it is 
completed in August 2014. The aggregated general findings may also be published in academic 
journals or presented at conferences, but individual confidentiality and anonymity will never be 
breached.  
 
Questions and Concerns: Any general questions about study participation may be directed to 
Claire Kryczka at 12kc43@queensu.ca, or project supervisors Dr. Ryan Danby or Dr. Graham 
Whitelaw (contact information listed above).  Any ethical concerns about the study may be directed 
to the Chair of the General Research Ethics Board at chair.GREB@queensu.ca or 613-533-6081. 
 

This study has been granted clearance according to the recommended principles of Canadian 
ethics guidelines, and Queen's policies. 
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Consent Form for Survey Participants     
 
 
Tit le of Project:  Extending Concepts and Practice of State of the Environment 

Reporting to Biosphere Reserves 
 
Researcher: Claire Kryczka, Master’s student 

Queen’s University School of Environmental Studies 
 

 
1. I have read the Letter of Information and have had any questions regarding the 

research, and my participation in the research answered to my satisfaction. 
 

2. I understand that I will be participating in the study entitled Extending 
Concepts and Practice of State of the Environment Reporting. I understand 
that this means that I will be asked to complete a survey that will take 5-10 
minutes.  

 
3. I understand that my participation in this study is voluntary and I may withdraw 

at any time. I understand that no identifying information is required from me to 
participate. Every effort will be made to maintain the confidentiality and 
anonymity of the data now and in the future. Only Claire Kryczka, Dr. Ryan 
Danby, and Dr. Graham Whitelaw will have access to the collected information. 
The data may be published or presented at academic conferences in an 
aggregated format.  

 
4. I am aware that if I have any general questions about participation in the 

research I may contact Claire Kryczka (12kc43@queensu.ca), or project 
supervisors: Dr. Ryan Danby or Dr. Graham Whitelaw. If I have concerns 
regarding research ethics, I may contact the chair of the General Research 
Ethics Board at Queen’s University (chair.GREB@queensu.ca; 613-533-6000 
ext. 74025).  

 
 
Please check the box below if you have read the above statements; 
 

I willingly consent to participate in this research study        Date: 
___________________ 
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Appendix F – Questionnaire 
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Appendix G– Workshop: Recruitment Script, Letter of Information and 

Consent Form, Script 

 

Dear _____________, 

My name is Claire Kryczka. I am a Master’s Student in the School of Environmental Studies at Queen’s 
University in Kingston, Ontario, and I am working under the supervision of Dr. Graham Whitelaw and Dr. 
Ryan Danby. Last year at the Environmental Studies Research Day at Queen's you gave me your business 
card, and as such, I am inviting you to participate in my research study entitled “Extending Concepts 

and Practice of State of the Environment Reporting to Biosphere Reserves.” The main objective of this 
research is to explore the critical process of developing local sustainability reports, and the potential impact 
that sustainability reporting may have at the Biosphere Reserve level. We are exploring the Frontenac Arch 
Biosphere Reserve as a case study and developing the first ever State of the Environment Report for the 
region by analyzing measures of cultural, social, economic and environmental variables, called indicators 
of sustainability. It is important to foster community and expert engagement in the process of indicator 
selection and decision-making to ensure accessibility and accuracy of the research findings. For this reason, 
we would consider your input a huge asset to the research process.  

If you volunteer to participate, you will be asked to partake in a single 2 - 3 hour long group 
workshop (with 5 - 6 participants) at a convenient location within or near the Frontenac Arch Biosphere 
Reserve, as well as complete a short follow-up online survey that will be sent out via e-mail. The topic of 
discussion for the workshop will be to identify indicators that accurately infer on the state of sustainability 
in the region. The results of the workshop will guide the researchers in determining what indicators should 
be considered for inclusion within the State of the Environment Report for the region. Prior knowledge of 
concepts used in the research is not necessary, as they will be introduced at the start of the workshop. The 
workshop will be recorded, with all the participants’ permission, through signing a consent form. All the 
information you provide will remain anonymous and confidential. More information is available in the 
'Letter of Information' that is attached to this e-mail.  

Please do not hesitate to contact me for more information about the research or if you would like to ask me 
any questions that were not answered in the Letter of Information! If you are willing to participate, 

please inform me by replying to this e-mail. I can be reached by e-mail at 12kc43@queensu.ca, or by 

phone at 613-770-0080. Final workshop dates and locations will be scheduled as soon as all willing 
participants have provided their availability and location preferences, which I will initiate following your 
reply. 

If you do not wish to participate, please inform me by replying to this e-mail. If I do not receive a reply 
from you, I will follow up with another e-mail as a reminder. If you are unable to participate but know 

of another individual at your organization, or otherwise, who may be interested in participating, 

please provide me with their name and I will be in contact with them about the study. 
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Thank you very much for considering participating in this research. I look forward to your reply! 
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Workshop Script: 
 

1. THANK YOU 

  

2. FACILITATION 

! Equal speaking opportunity 

• Facilitating of discussion to ensure that everyone has a chance to voice his or her 

opinions. 

• Everyone may not all always agree with one another-- but that’s okay. We’re just 

here to discuss, and brainstorm scenarios, and learn from one another, so I do 

encourage everyone to keep this a positive space. 

 

3. OUTLINE OF WORKSHOP:  

! Background 

! Dot Democracy 

! Discussion: Indicator Themes, Indicators, and Metrics 

! Break 

! Discussion: Formatting 

! Discussion: Implementation 

! Conclusions/ Wrap Up 

 

4. BACKGROUND INFORMATION:  

! Research aim 

! SOE Reporting – What is it? Why is it done? Goals? 

! Defining “environment” in State of the Environment Reports 

! Indicators – What are they? Why do we need them? What kinds are there? How are they 

assessed?  

! Pressure-State-Response Framework and classifying indicators 

! Technical criteria for what makes a good indicator – context specific, timely, low resource 

demand, relevant to policy, values based, etc.  

! How are we using indicators in the case of the FAB?  

o ENSC 430 undergraduate class assessing indicators and methods used 

o Indicator booklet is a product of the catalogued undergraduate work 

o Pertinent for stakeholder input in the selection of indicators to include in the final 

SOE Report 

! Limitations of research process – tied to indicators assessed by undergraduate students and 

inevitably gaps exist in the research 

 

5. PURPOSE OF TODAY’S SESSION 

! To discuss different indicators in the region that have been assessed, and understand why 

certain indicators might be better than others to include in the report 

• Focus on the indicators we have available for use, however if you have 

suggestions for indicators that are missing, there will be time to mention this. 

• Identify, from each theme we talk about, a few metrics that we think are most 

valuable at informing on the theme in general (or on the indicator itself). 
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! Brainstorm effective ways of formatting the report to ensure a comprehensive look at most 

important factors that contribute to sustainability in the region 

! Brainstorm proper implementation of the report into the region. 

 

6. DOT DEMOCRACY 

! Purpose of the Dot Democracy is to amalgamate our results from the pre-workshop task to try 

and see some trends in indicators that are well liked, or considered valuable, and those 

indicators that we don’t find as valuable 

! To identify a few themes that we will focus on in our discussion later on.  

! *Ensure that everyone has had the chance to complete the activity. 

! Task:  

• Dot beside the 15 most valuable indicators you selected 

• Dot beside ONE theme you would most like to discuss 

• Dot beside each of the 3 least valuable indicators you selected 

! It doesn’t matter what other people have selected—don’t worry about having the same 

answers as someone  

! Take a few minutes to jot some notes on trends that you see or on anything that pops out to 

you 

 

7. THEME IDENTIFICATION:  

! Unfortunately there just is not time to discuss all 14 themes. We are going to try to narrow 

this down to 5 themes to focus on during the workshop, as long as it doesn’t limit our 

discussion in any way. 

• *If 5 themes are identified on list – we will discuss those ones.  

• *If 3 themes identified – discuss those three, and then “would anyone like to 

suggest another theme to talk about?” 

• *If 7 themes identified – pick the ones with the least interest in indicators in them. 

Or attempt to discuss all 7 themes. 

 

8. DISCUSSION: Themes 

! For each theme we address the following topics: 

• Think which indicators we like, and why?  

• Metrics that stood out? 

• Thoughts on Dot Democracy results for that theme? 

• Overall impressions of the theme? 

• Negative attributes to the theme/indicators/metrics? 

• Any indicators/metrics missing? 

 

9. DISCUSSION: Formatting 

! The way that the information is presented can be really important to the overall success of the 

report.  

! This discussion can include: 

• How many indicators might it take to make a comprehensive set to effectively 

infer on the state of the region? 

• Best ways to communicate information? 
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• Length of report?  Approximately how many pages should the report be? 

• Approximately how many indicators should be included within the report? 

• Approximately how much space should be allocated to communicate each 

indicator? 

• Grading of indicators? 

• Assessment of indicators: baselines, thresholds, changes over time, geographic 

representations, comparisons to other regions?  

 

10. DISCUSSION: Implementation 

• Where do you want to see this report going? 

• Who should get this report? 

• What is the value of this report in an organization that has no jurisdiction? 

• What follow up activities should take place to ensure the proper implementation of the report 

into the region?  

• How should the report be distributed to reach as many people as possible? 

• What activities can help to get more people involved, and to foster public discussion of 

sustainable development to inflict and instill change in the region? 

• Are there any potential methods to assess the success of the report?  

• To prevent the report from becoming another book on the shelf? 

• To ensure that the report reaches beyond the core group of individuals in the region? 

• What time frame do you expect changes to be seen in, if any? 

 

11. CONCLUSION: 

! Today we talked about THESE THEMES: ______________ 

! A FEW KEY INDICATORS WE TALKED ABOUT WERE: ________ 

! Main findings from the workshop: 

• We see that THESE indicators received a lot of attention 

• There was general consensus that THIS theme was really important 

! If anyone has anything they would like to add, please feel free to contact me! 
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Appendix H – Online Survey: Recruitment, Letter of Information and 

Consent Form 

Dear _______, 
 
My name is Claire Kryczka and I am a Master's student at Queen's University in the School of 
Environmental Studies working under the supervision of Dr. Ryan Danby and Dr. Graham Whitelaw. My 
study area is the Frontenac Arch Biosphere, and my research involves understanding the process of State of 
the Environment Reporting and the potential value that reporting important information about a region may 
have towards enabling sustainable development initiatives. An important component of my research is the 
development of a State of the Biosphere Report for the Frontenac Arch Biosphere that aims to describe the 
environmental, social, cultural and economic conditions of the region. Stakeholder input throughout the 
process of selecting a set of indicators that best represents the region is very important to ensure that 
individual community values are incorporated into the research. 
 
I am contacting you to ask if you or anyone else from Frontenac Community Futures Corporation may be 
interested in participating in my research by taking part in an online survey that takes less than one hour to 
complete. The survey centers on the identification of indicators of sustainability to include in what will 
soon be a "State of the Biosphere" Report for the Frontenac Arch Biosphere. Prior to completing the survey 
you will be asked to read through the Survey Indicator Booklet attached to this e-mail, which contains a list 
of indicators that we have available for use in the "State of the Biosphere" Report. This electronic booklet 
also contains important background information on the research, and key terminology. I would like to 
emphasize that no prior knowledge of the terminology used in this research is necessary for completing this 
survey. The survey is open to all individuals from within and around the Frontenac Arch Biosphere aged 18 
and over.  Further information about the research is available in the 'Letter of Information' that is attached 
to this e-mail.  
 
The link to the survey is provided below. If you would like to participate, prior to completing the survey I 
ask that you read the Letter of Information and the Consent Form that are both attached to this e-mail. If 
you agree with the Consent Form, your completion of the survey acts as your willing consent with the 
terms of the survey. Whether or not you choose to participate, if you know other individuals who may be 
interested in participating in this survey, please forward this e-mail to them or provide me with their contact 
information! The survey will be available to complete until July 5th, 2014.  
 
Please do not hesitate to contact me for more information about the research, or if you would like to ask me 
any questions that are not answered in the Letter of Information! I can be reached by phone at: 613-770-
0080 or by e-mail at: 12kc43@queensu.ca. 
 
Here is the link to the survey! 
 
If the above link does not work, please copy and past this URL into your internet 
browser: http://www.surveygizmo.com/s3/1678973/Extending-Concepts-and-Practice-of-State-of-the-
Environment-Reporting-to-Biosphere-Reserves 
 
Thank you very much! 
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