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Introduction

With its’ founding in November 1999, the members of the Southern Gulf of Saint Lawrence Coalition on Sustainability (SGSLCS) concluded that there was a need for a reporting and monitoring mechanism that would help evaluate the state of sustainability in the region and prioritize information for all Gulf stakeholders regarding sustainability issues. The Science and Research Committee was identified as the working group within the SGSLCS to develop and carry out a project that would determine the appropriate indicators to satisfy the need that the members had identifdied. 

Ultimately it was determined that this reporting tool needed to deliver a clear picture of the state of the Southern Gulf with regard to all issues relating to sustainability. After much discussion, the Science and Research Committee concluded that indicators would cover the biophysical, the social and economic factors that lead to sustainability of the environment and people in the Southern Gulf. There was also a need to incorporate this tool into other environmental and policy toolsets, used by all stakeholders in the SGSL as a means to educate the public and stimulate changes in policy direction. 

Funding from The Environment Canada Science Horizions Program, the Coalition and the Irving University of Moncton Irving Chair of Research allowed the project to begin in the summer of 2003. The Science and Research Committee laid out a general work plan and acted as the overseeing body for the duration of the project.  The stakeholders of the SGSL were consulted during the indicator selection and framework design stages of the project. 
This document describes the work of this preliminary investigation of sustainability indicators for the region. The background and basic theory behind sustainability indicators is briefly discussed. The selection process used to produce a suggested set of indicators for the SGSL (Appendix 1) is described and a possible framework and rating index, for these indicators is given. The problems and challenges of the current project are described as are recommendations for future efforts. 

Sustainability Indicators– Some Background

Indicators are physical, economic or social factors that, when measured and analyzed over time, help detect change and help us understand cause and consequence. Indicators should have the following characteristics: 

· Are sensitive enough to detect changes 

· Track effects over time

· Have low natural variability

· Are cost-effective

· Are responsive to management strategies
· Have low measurement error
· Have simple sampling technique
Normally when environmental monitoring is being developed, four types of indicators are identified that help define the environmental conditions: 

· Stressors are agents or chemicals that change living conditions. These would include pollutants, wildfires, crime, climate change interest rates and social suicides.  

· Exposure indicators reflect change in a) the intensity of stressors or b) the accumulated dose over time. An example is lead, associated with transportation. 

· Response indicators reflect changes in organisms or communities, caused by exposure to stressors. These can be physiological changes (such as cancers) or   productivity changes (such as photosynthesis) affecting yield or mortality. 

· Habitat indicators identify conditions on a local or landscape scale such as vertical/spatial lake stratification. 

Sustainability indicators cover a broader spectrum of factors. They are indicators that are interdisciplinary and combine environmental (biophysical), social and economic data to provide a picture of the past, present and future situation.  Indicators of sustainable communities are useful to different communities for different reasons. For a healthy, vibrant community, indicators help monitor community health so that negative trends are caught and dealt with before they become a problem. For communities with economic, social, or environmental problems, indicators can point the way to a better future. For all communities, indicators can generate discussion among people with different backgrounds and viewpoints, and in the process, help create a shared vision of what the community should be. (From: Sustainable Measures consulting firm website: http://www.sustainablemeasures.com/SM/index.html)

The concept of sustainability indicators is not new; research regarding the fusion of socioeconomic and environmental indicators has been going on for the last few decades, and the use of economic and socioeconomic indicator statistics in policy and decision-making dates back to well before that (Spangenberg, 2002). Indicator theory is applicable to literally any field of research or investigation, from Anthropology to Zoology; it is based around common principles and (usually) some statistical math. While a full discussion of the mechanics and underpinnings of indicator theory is beyond the scope of this document, a number of exceptional articles and books can be found in the bibliography.

Development of the Suggested Indicator List 

Initial Indicator Selection

A suggested list of sustainability indicators for the SGSL is provided in Appendix 1. This list was generated by this project through identifying sustainability indicators used in other similar regions or jurisdictions, eliminating those which were not applicable and identifying those for which appropriate data is known to be available. 

The Southern Gulf’s environmental and social similarities with other areas in the North Atlantic (specifically; Ireland, Wales, Finland, and other European coastal areas), greatly simplified the task of finding appropriate indicators for use in a sustainability index, since many of these areas have adopted and successfully used sustainability indices since the year 2001 or earlier (EC DG-Agriculture, 2001; Federal Environment Agency of Germany, 1998). While there are economic and demographic differences between the Southern Gulf region and other North Atlantic coastlines, the basic list of indicators generally remains the same from region to region. These lists were adaptable to nearly any maritime area in the western world, and, for the Southern Gulf of Saint Lawrence region, needed only minor additions.

The local reliance on both agriculture and aquaculture had to be accounted for, as did the reliance on other primary industries. Land use indicators were added to the list for the SGSL because of the emerging local conflict between urban expansion and agricultural land use. As well, some socio-economic indicators were removed, and others were added because of relevance or applicability to the region.  

Indicator List Refinement

The initial stage of indicator selection resulted in an initial long list, List of indicators with commentary,  (Appendix 3) which reflected experience and indicators chosen in other jurisdictions.  Then the list in Appendix 2 was created, representing some of the more effective theoretical possibilities for a set of indicators for the region. This “Indicator List including comments from consultation” (Appendix 2) had 78 indicators.  Long indicator lists do not mean more accuracy, as a large array of indicators can be less effective in communicating sustainability issues than short lists (Barrera-Roldán and Saldívar-Valdés, 2002). 

With this in mind the initial list was reviewed by members of the project steering committee and members of the SGSLCS’ Science and Research Committee. The initial list was then refined based on discussion arising from this review.

Examples of the discussion included:

· Greenhouse gas emissions as local or regional indicators don’t work because local emissions generally don't have local effects. The climate induced effects (temperature, wind, precipitation, etc.) are much better. Indicators of a changing climate and are not wholly dependent on greenhouse gas emissions. 

· Overall population density may not be useful as an indicator because adding population anywhere in the region will increase the overall density. Looking at it from an urban versus rural (or some other division) perspective would be more useful.

· GNP (The Gross National Product is the total dollar value of all final goods and services produced for consumption in society during a particular time period.) and GDP (Total annual output of a country’s economy, measured by its final purchase price.) may not be able to distinguish between money spent on true growth (i.e. new things) and money spent to recover from setbacks (e.g. insurance claims). GPI (the genuine progress index) should be considered for inclusion here.

· It was recognized that drinking water boil orders can be due to old infrastructure, inadequate maintenance of systems or environmental issues associated with the source of the drinking water supply. It was decided that this indicator is valid and should remain on the list as it can be interpreted both as an environmental indicator (relating to source waters) and as a socio-economic indicator (relating to capacity of local government to maintain systems and central government to fund basic infrastructure such as drinking water supply).

· There is   recognition that people’s values and priorities conflict, which in some cases could lead to opposite interpretation of some indicators. Consequently, in some cases there would be a need for judgment calls. For instance, some people may consider pesticide use in a more favorable way than others. Some may value  internet access differently than others. 

It was also concluded that the following criteria should be used for choosing the final indicator list:

· Indicators have to be converted to point data for use with GIS mapping software;

· They have to be applicable to the region in general and also useable by different jurisdictions at different scales (i.e. community, watershed, county);

· They have to be meaningful;

· They have to be science based;

· Data has to be historical as well as current and ongoing so that emerging and current trends are indicated;

· Data must be readily available.

It was this last point that became the main criteria for the final list. Data availability had the highest impact of all the challenges; it was the primary determinant for the indicators that made it on the prototype list (Appendix 1). There is a significant example where what appeared to be ideal indicator categories could not be used due to data issues: it is that of hospital release data as part of a health indicator set. 

The health indicator problem highlights the apparent lack of regional availability of health statistics. The health indicators are all listed in Appendix 2, and are notably absent from the list in Appendix 1. During the data availability survey, health indicators were the first to be tested, and, as a result, were the first indicators to be removed from the list. After an extensive review of available resources, no publicly available health statistics that were divided regionally could be found for the time period being searched. The information was there (according to searches run on the main website, http://www.statcan.ca/) but it was not being made available through the agency, and could not be retrieved from the regional or provincial governments, either for reasons of privacy (aggregates could point to specific addresses) or other reasons that were unclear. While this data was available for a fee from Statistics Canada, budgetary limitations prevented any data that was not free from being used in the project.

In the second case, water quality data was required for an indicator, since water quality itself is affected by municipal infrastructure, groundwater pollution, and many other factors, making it a natural headline style indicator for a suite of problems. However, publicly available reports on boil orders are obtained from different sources, depending on the province.  As a result, this indicator was put on the ideal list, since data appeared unavailable, or too difficult to obtain quickly enough for this project. 


Stakeholder Input

During the last phase of the project, a total of five workshops were held regarding the indicator list and a possible approach for graphically representing the indicator list. 

Participants at the workshops included representatives from Zip-Baie Des Chaleurs, the Cascapedia River Society, the PEI Environmental Network, Prince Edward Island’s Department of Environment  and Energy and Department of Agriculture, Aquaculture, Fisheries and Forestry, Environment Canada (PEI offices), the Department of Fisheries and Oceans (Habitat Branch, PEI) and the community of Cocagne, New Brunswick. 

The list was also circulated by e-mail to the Steering Committee of the Southern Gulf of Saint Lawrence Coalition. Comments and advice from this consultation included the following: 

· Regional maps showing the indicator ratings on a per-county basis would enhance the value of the index.

· Pesticide indicators should be included.

· Population trends and other social issues needed more representation. Specifically age structure and profile were identified as important to indicate community survivability and as a proxy health indicator. Another social indicator suggested was the number of active NGO and volunteer groups working on environmental, social or other sustainability-related subjects. 

· More marine environment and industry-related indicators should be added, since the coastal regions depend upon them.

· Indicators should show not just what the land is being used for, but the farming techniques employed such as organic versus non-organic. 
· The lack of any information regarding mortality and life expectancy within the region, as well as changes in respiratory health issues and population activity levels were all considered to be important to the anthropogenic side of sustainability.
· Water quality indicators were specifically requested by groups that were located in major fisheries areas.  
Specific suggestions for indicators that should be included were: 

· Water temperature (this was on one of the earlier versions of the list, only as a mean annual temperature)

· Estuarine water quality in major rivers 

· Pesticide sales to commercial contractors 

· Population profile (Specifically; the number of people in differing age groups, since this relates to social care needs and infrastructure for the region in question)

A Suggested Framework and Index

Sustainability indicators are often integrated into a common grouping or assemblage of indicators which is commonly referred to as a framework. The use of a framework can lead to an overall understanding of the state of sustainability in a particular region by the development of an index or roll up of individual indicators into a single rating or value.

The index discussed here is merely suggested and explained in order to give a better understanding of how indicators can be used to asses sustainability. There is considerable debate as to how indicators should be reported out and some contend that a good indicator list that has data refreshed regularly will help identify the appropriate reporting framework.

The index suggested for use in the SGSL is loosely based on the approaches that have been set up by the Finnish and German governments (Spangenberg, 1999; German Ministry of Environment 2004). It was chosen because it simplifies the use of the index and increases understandability, without sacrificing representational accuracy. This index is intended as a tool for public use, and not simply another tool for trained specialists to use so understandability without oversimplification is important. This has been cited as a common problem for other sustainability and environment related information tools (Mitchell, 1997). A system that is too complex will lose communicative impact, while an overly simple system will not be fully accepted as a viable tool. The following sections contain a brief description of how the index would be calculated. 

The suggested framework would be comprised of individual indicators with their respective compilation of statistics. The index is used as the means to quantify the status of the individual indicators into a single numerical value or descriptive rating (Figure 1). The framework that holds these indicator statistics allows them to be separated into any number of individual groupings. Three groups were suggested by the Committee as the most appropriate sustainability categories and were used here; physical, social and economic. A number of individual categories within each group (Figure 1) contain the individual indicator statistics (Appendix 1). 
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The individual indicators within the framework are measured separately. All data must be on the same spatial and temporal scale. If it is not and the data is modified, the process of modification should be transparent and the process explained. 

The first step is to gather data from an identified time period such as the last 5 or 10 years, from the same location. The data can be aggregated for a specific region, watershed or county. In this case, the preliminary trials were done at the county level since data on this spatial scale were readily available from Statistics Canada.

In order to arrive at the index value or rating, the state of each individual indicator is measured over a period of time (for this exercise the intervals were based around the Canadian Census, which is recorded every 5 years) in order to obtain a general trend. This trend is then given a numerical rating for that particular indicator.

The current state of sustainability can be obtained from applying the same rating process to the most recent set of data. Combining the current state value with the trend value gives a whole picture of the state and direction of sustainability for the indicator being measured. This is done individually for every indicator in the framework. 

The indicator ratings are then compiled through the framework, and an overall rating for each group is given. These ratings are combined and averaged to give a general rating for each of the three types of indicators (social, economic and biophysical, in this case). Finally, the three indicator types are averaged, which wwww and an overall rating is given for the state of sustainability (Figure 1).

A Suggested Reporting Mechanism

To be useful as a communications tool the index must be easily understood. It was suggested that the mechanism used for reporting be very visual. The suggested indicator framework and index has a numerical output, which can be easily converted into maps and graphics as the reporting method. . The maps are very useful for comparative analysis of specific regions, for illustrating common issues and distortions occurring within the area under study.
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The Rainbow Graph (Figure 2). is proposed as the graph  method of reporting. The Rainbow Graph is a fairly simple visual reference used by several other jurisdictions as a means of reporting on sustainability. 

The black triangle on the graph indicates the current state of sustainability for that particular indicator, or for the index rollup. (The sustainability rating is assigned by an interpreter based on the results of the statistical analyses of the data. This rating (“Poor” or “Good” and points in between) is somewhat arbitrary and subjective; however it would be based upon extensive knowledge of local conditions and the defined, desired state of sustainability.) The white arrow indicates the direction of change or the trend in sustainability. The Rainbow Graph becomes a much more powerful reporting tool with the addition of explanatory text.

Potential Applications of the Indicators and Index

The indicators list and its accompanying index will be a useful tool for public education and awareness. A sustainability index would simplify public understanding of the state of sustainability in the region by providing an easily understood reporting mechanism. The indicator framework may also act to focus attention and action on physical, economic or social issues if the community or region determines that they have acceptable progress or ratings in one area but not another. It will also focus attention on the viability and appropriateness of specific indicators, allowing for adjustments in the indicator list over time. 

A goal of the Coalition is to develop indicators that can influence policy-making decisions. This project, as limited in scope as it was, has already provided insight to policy decisions  that are required. There is a need for data on key indicators to be collected and made available on a watershed scale. There is also a need for community groups such as watershed groups to collect data in a consistent fashion across the SGSL region, and to house this data in an accessible and retrievable form. These findings, if brought to the attention of appropriate government agencies, could influence the way data is collected across the region.

The Coalition is in an ideal position to catalyze this connection between the index and policy, given that the Steering Committee includes participants from municipal, provincial, and federal government departments and First Nations, community groups and industry.  Further recruitment of Coalition members and stakeholders is necessary to allow for a better distribution of the information contained in the index and will help the Coalition carry out its role as a central body for the advancement of research on sustainability and environmental issues within the Southern Gulf Region.  

Project Challenges 

Stakeholders have strong opinions about what is important to them and what would be valued as an indicator. The ultimate decisions on what is to be included in the indicator list and how the index is to be calculated and/or expressed must be driven by what is practical and do-able with available resources (data, dollars and people). This project has revealed that significant resources would be required to do this. 
The suggested indicator list (Appendix 1) includes seventeen indicators. This list does not reflect all indicators which are important to all stakeholders, or which are relevant to the region, due to data constraints. Data availability was clearly the biggest challenge to the current project and will likely impact future projects. The lack of data on a suitable spatial scale was and is of particular concern. Ideally, since the SGSL and most provinces have adopted the watershed level for management, data should be reported at that level. This project has shown however that data is currently not available at the watershed level. Data collected at the watershed level would add resolution to the indicator values that would be important on a community level and would help provinces and watershed groups compare their progress over time as well as identify monitoring initiatives.

 
Throughout this project it was noted that data collected by community groups on a community scale would be useful. Unfortunately not all of the data that is currently collected is either available or useful for the purposes of a sustainability index. Not all community groups collect the same type of data or store it in a consistent and retrievable manner. There is a need for consistency across the region in community-based monitoring efforts.

Indicator data was found to be available from two main sources – Statistics Canada and Environment Canada, both of whom have massive storehouses of information for the SGSL region. Data from these sources is available at the regional scale (county) required by the project, however there would be some adjustments needed on a geographic or temporal scale to make the data useable for the indicator reporting. Due to time constraints of the project, other data sources were not thoroughly investigated for their potential to provide suitable data. Agencies other than Statistics Canada or Environement Canada should not be ruled out as potential data sources. 

 Some other data sources were found, including some within these two main agencies, which had a financial cost associated with retrieving the data. The lack of financial resources in this project prevented the exploration of the utility of this data to the project. 
This project has demonstrated that data compilation for reporting on sustainability indicators is a big job. Retrieval of data for all the suggested indicators in Appendix 1 was beyond the time constraints of this project. Future efforts to populate the indicators with suitable data will require significant financial and human resources. There is also an ongoing need for resources to update the indicator data and index calculations on a regular basis, if the indicator framework and index is to become a useful tool for the region. The scope of the work and the need to have it done in a consistent fashion may mean that it cannot be carried out by volunteers alone. Options for getting the work done could include hiring staff or consultants, engaging an interested agency or community group with the resources or using expertise and resources  in the academic community. 

As mentioned previously, the sustainability rating of each individual indicator, or of the overall index is subject to interpretation. Defining a level of sustainability for the region, which is acceptable to stakeholders is a challenge. In the suggested “Rainbow Graph” reporting mechanism, the terms “good” and “poor” have been used to illustrate the level of sustainability achieved. These are arbitrary terms, whose determination depends on some subjective assignment of the term to a certain desired or undesired condition. The “good” and “poor” values would have to be constructed according to the discussion on the value of sustainability indicator scale. 

Weighting of the index is a challenge. A true picture of sustainability is required for the indicator list to be a useful tool for the region. It would be very easy to skew the index in one direction or another by the types of indicators that are on the list and/or by assigning undue importance to a particular indicator. The relative contribution of each indicator to the overall index must play a role in its inclusion on the list and/or the importance that is assigned to it. Not every indicator is of equal importance or value, and not every threat poses the same risk on these indicators. For example, in a given habitat or ecosystem, does the threat from increasing road density pose a higher risk to biodiversity than the threat from invading exotic species or increasing levels of pollution? The analysis of the proposed index must include a mechanism for assigning weightings to indicators to reflect these differences, and the relative weightings (and their rationale) must be very transparent. This could be accomplished with input from stakeholders as well as with the assistance of the expert interpreters. 
Recommendations for Future Work

A number of recommendations can be made to deal with the challenges discussed above:

· The Coalition must determine its role and commitment to further develop a list of sustainability indicators for the region. If the Coalition reaffirms its’ commitment to work on indicators, appropriate resources must be sought to support future efforts.

· Careful consideration of the number of indicators to be included in the framework is required in order to accurately reflect a sustainability index for the SGSL. 

· Discussions should be initiated with the provinces and the federal government in order to evaluate the long-term feasibility of having data collected at a watershed scale. 

· There is a need for consistency of monitoring efforts and data storage among community groups in the SGSL region. The Coalition should spearhead discussion on how to proceed in this direction.  

· Currently the SGSLCS does not have resources (human and financial) available to devote to data retrieval for the indicators. There is a need to either secure the necessary financial and human resources or to identify and support another agency or organization that is prepared to compile data for the indicators. 

· Dialogue should be opened with agencies who house data, to have data made available to the Coalition, for the purposes of populating indicators with data, for no or minimal cost. 

· Stakeholders from various interest groups should be consulted in order to achieve a consensus on a sustainability level or target for each of the selected indicators. 

· Interpretation of indicator statistics should be carried out with the assistance of qualified experts who are familiar with a particular indicator field (i.e. physical, social and economic).

· If the suggested reporting mechanism and index is to be used, the analysis of the proposed index must include a mechanism for assigning weightings to indicators to reflect differences in the importance of each indicator to the sustainability of the region. This could be accomplished with the assistance of stakeholders and expert interpreters.


Conclusions 

The Science and Research Committee of the SGSLCS was tasked with producing a list of indicators which would serve as a reporting and monitoring mechanism for the state of sustainability in the SGSL. This project has identified a suggested list of indicators for the region for which data is known to be available (Appendix 1). A list of “ideal” indicators, which have been deemed important to the region or its’ stakeholders but for which appropriate data was not found, has also been prepared.

A framework for the chosen indicators is suggested in order to facilitate the reporting of the overall state of sustainability of the region. The system suggested is a hierarchical one in which indicators are measured over a specific time and location. This index can be viewed either by location (watershed or county) or for the entire SGSL region. Because of current challenges encountered during data gathering it is recommended that, for the moment, data be summarized at the county level, although the watershed level is desired.

The Coalition must determine its role and commitment to the development of a useful list of sustainability indicators for the region. If the Coalition reaffirms its’ commitment, appropriate resources must be sought to support future efforts. These sources may include financial resources (i.e. dollars to hire staff or consultants, or to pay for data), securing data from other means (at no cost through agreement with various agencies), or working with another stakeholder group (who may have access to staff resources).

In order to proceed, the Coalition must also seek input from the stakeholders of the region in order to achieve a consensus on sustainability levels or targets for each of the selected indicators and the region in general. Assistance from knowledgeable stakeholders or others with applicable expertise will be required to both interpret indicator statistics and assign importance or weight of individual 

indicators to the sustainability index.
Appendix 1: The Current Indicator List

This is the list of indicators that have easily accessible data.

The Biophysical Environment

Air 

1. Particulate matter in air under 10 µm in size (Measured as days exposure over threshold value) Ground level 

Land

2. Land use patterns 

Biodiversity

3. Protected lands 
4. Forest age structure 

Water quality 

5. Number of boil orders issued (for tap water)  

6. Number of aquatic and aquaculture area closures. (Shellfish, Red Tide, etc.)

Economics and Policy indicators 

Production and consumption 

7. Average household energy consumption.

8. Number of people driving to work 

9. Waste delivered at landfills 

10. Waste separated and diverted from landfills

Economic development

11. CPI – Consumer Price Index compared to Inflation rate. 

12.  Sales of locally made goods, locally harvested products 

13.  Economic diversity (Employment Diversity)
Social Statistics

Health and Lifestyle

14. Population densities (per county/community) 

15. Life expectancy 

16. Annual population changes 

Education

17. Education levels (verified with university educated population)

Appendix 2: Indicator List including comments from consultation

This list represents Indicators that were either requested by the participants in the SGSL workshops, or indicators that may not have had available data. The real indicator list ( Appendix 1) is included in this set to illustrate the interconnections between these indicators.

The Biophysical Environment

Air 

Particulate matter in air under 10 µm in size (Measured as days exposure over threshold value) 

Ground level ozone 

Mean Monthly  temperature (air)

Lichen popultion

Land

Land use patterns Available through Natural Resources Canada 

Pesticide use (kg/ha)

Organic and sustainable farms in operation

disturbed and damaged landmass index

Biodiversity

Protected lands. Available as a by-product of 2
Forest age structure 

Water quality 

Number of boil orders issued (for tap water)  A proxy for This data is available from environment Canada, and other sources. 

Number of aquatic and aquaculture area closures. (Shellfish, Red Tide, etc.) 

Eutrophication levels of freshwater areas

water temperature (and Ice Phenology)

Economics and Policy indicators 

Production and consumption 

Average household energy consumption (Megawatts). 

Number of people driving to work alone 

Waste delivered at landfills 

Waste separated and diverted from landfills 

energy renewability

Economic development

CPI – Consumer Price Index compared to Inflation rate 

Sales of locally made goods, locally harvested products.

Economic diversity Canadian Census data, StatsCan data. (Proxied as Employment diversity)
Unemployment
Social Statistics

Health and Lifestyle

Population densities (per county/community) Canadian Census data, StatsCan data. 

Annual population changes Canadian Census data, StatsCan data. 

Asthma Infection rate

Active population

Education

Education levels (verified with university educated population) Canadian Census data, StatsCan data.)

Citizen participation in Community environmental projects

Internet access

Literacy Rate

Appendix 3 : Draft Two of the list of Indicators with Commentary

The following list shows some of the indicators used by other programs with environments and environmental issues similar to those of the Southern Gulf of St Lawrence region. These indicators also may illustrate opportunity for action in local monitoring initiatives. These indicators also may illustrate opportunity for action in local monitoring initiatives.

They were circulated to members of the Science and Research Committee in the summer of 2003 and the comments included reflect the discussion that the list generated.

The key criteria used for this stage of selection were simple; the indicators had to be convertible to point data for use with GIS mapping software, and they had to be applicable to the region in general. The indicators listed below are not intended to paint a static picture of the region; the information for these indicators must be historically available as well, allowing for a clearer picture of what trends are emerging.  Data availability will be one of the final determinants, along with a final selection by Coalition stakeholders. 

Climate change 

Greenhouse gas emissions (GHG emission data is available at: 

Mean seasonal temperature (air) 

Mean annual ocean temperature (surface)

· All of this data is available through Environment Canada, and has been collected for long enough to obtain some idea of what current trends are. 

· Data can be found at http://www.climate.weatheroffice.ec.gc.ca/ 

Local sea level change

· While this may appear to be a duplication of the temperature and annual rainfall indicators, there are some differences. Local sea level change is a microscale reflection of global warming patterns and ice cap melt. This indicator should only be referred to in concert with others regarding GHG emissions and ice cap melt 

· Sea level data is available through the Canadian Hydrographic service at http://www.lau.chs-shc.dfo-mpo.gc.ca/cgi-bin/tide-shc.cgi?queryType=showRegion&language=english&region=4

Acid rain and soil quality

Rainwater acidity

Soil organic matter content

Number of Soil conservation programs in effect

Number of Organic Agriculture programs in effect

· Soil conservation and Organic Agriculture are not the same thing; Soil conservation can be practised without applying organic techniques, although nearly all organic agriculture programs implement some form of soil conservation. 

Earthworm content at selected monitoring sites 

· See: http://www.naturewatch.ca/english/wormwatch/ or http://www.cf.ac.uk/biosi/wormwatch/about.html Earthworms are a commonly used indicator of soil quality. Higher content and diversity indicates better soil conditions, but this depends on the site. Earthworms are not considered a good thing in boreal forests, for example.

NOx emissions, annually

SO2 emissions, annually 

· These emissions, in combination with air pollution counts for Particulate matter counts in the atmosphere, also give a pretty clear impression of the air quality in any region. While the Southern Gulf region is not directly within the major deposition zone for American industrial belt emissions, pollutants can be carried to this area during periods where the jet stream and related atmospheric phenomena are particularly energetic. Local pollution is a definite issue here as well. 

Number of bare-soil days per annum

Risk of erosion of agricultural soils

· These two indicators are essentially the same on the surface. The difference is in the way that they are measured. Bare-soil days per annum is a factor of erosion risk, but not the only factor, since total rainfall, soil makeup, and other erosion causing conditions are also components of erosion risk. Erosion risk is a fairly comprehensive indicator, but may be difficult to measure. 

Water quality, Gulf marine environment

Nutrient discharges (soil-water runoff)

The nutrient balance (soil)

· While Nutrient discharge may be difficult to correctly calculate in stream beds and lakes, it can be derived from nutrient balance calculations as a function of time. This indicator relates to both soil quality and water quality, since an excess or deficit of nutrients can lead to problems in both areas. (FC)

 Number of boil orders issued (for tap water)

· This indicator will need to be explained to the public at large, since it has several underlying causes, some of which are indicators in themselves. In many cases, boil orders are either a product of poor infrastructure, groundwater seepage, or reservoir pollution. There are a number of other causes, as well. 

Amount of dangerous chemical compounds in water supply (ppm)

Coastal population density 

Area of protected coastline (compared to total)

· The two above indicators should be considered together. The effects of human activity and habitation on coastal areas are profound, and any serious increases from the current state could pose a threat to coastal habitats, ecology and geology. 

Habitat availability (marine)

Regional commercial catch of selected species compared to total estimate of (same) species 

· (See Salthaug and Aanes, Can. Journal of Fisheries and Aquatic Sciences, Vol. 60 2003, “Catchability and the spatial distribution of fishing vessels” for some information on why this may be invalid, or need to be modified)

Population of keystone and predator species (FC)

· This could be replaced with selected indicator species, or both could be used

Incidence of Red Tide (per season)

Shellfish closure areas (per season)

Air Quality and Ozone layer depletion 

Particulate matter in air under 10 µm in size (Measured as days exposure over threshold value) 

Stratospheric ozone above selected groundstations (must be used in combination with other statistics)

Ozone depleting emission levels

Ground level Ozone (parts per million)

· (This is not the same as stratospheric ozone. Used primarily as an air quality indicator. Higher concentrations are worse. ) (FC)

Number of smog warnings effected in the region (this is likely to increase in the next 5 years)

Benzene concentration over monitoring stations (µg/m3)

· This could be combined with the above air pollution indicators

Biodiversity

Numbers of threatened species

Population trends in farmland and forest birds (FC)

· Ornithological data does exist for this, although it is unclear how reliable it is. Unlike threatened species, the data does not appear to be kept in a publicly accessible area. 

Area of nature reserves compared to total natural areas

Area of virgin wetland sites (compared to total)

Area of virgin forests in compared to managed, exploited and monocultured forests

Peat exploitation area compared to virgin peat bog area 

· All of these are both indicators of resource exploitation, and biodiversity. In the case of peat bogs, the process of peat harvesting is extremely destructive, and the restored areas represent a greatly reduced level of biodiversity, compared to the virgin ones. The reason this indicator is separated from wetland sites here is that it could also be used in the resource consumption area. (FC)

General environmental pollution (could be split into different areas)

Emissions of volatile organic compounds

Mercury emissions


· These two could be combined, since both are meant to be water-based and indicate chemical pollution levels.

Pesticide sales (Kg)

Pesticide use (kg/km2) 

· Unused pesticide is a hazard if it is incorrectly stored. Used pesticides represent more soil, crop and runoff pollution when used in agriculture and domestic landscaping. Some municipalties have banned the use of pesticides for landscaping, but agricultural use, which represents the highest proportion of the market for these products, continues. (FC)

Toxic substance levels in fish (FC)

Mercury levels in freshwater fish


Dioxin levels in breast milk

· The two indicators listed here are also seen in #43. The indictor represents the levels of potential pollutant absorption in mammal tissue, and while there are massive differences in physiology, the levels found in fish can be used to show general toxicity risk levels.

 Land use patterns

· Urban Sprawl is a major issue in much of North America, and runs the risk of becoming one here, since more people are working in built up areas. This indicator can give some idea of the risk to habitat and local biogeosystems form urban and semi-urban development. It can also be combined with #49, to give an indication of land use efficiency and potential space-related issues. This information is readily available through map, airphoto and GIS interpretation, as well as land-use surveys for some regions. 

Persistent Organochlorines in selected bird species 

· (see indicators 43-45) This is a measurement of ingested effluent from raw-materials processing industries. The POCs are carried downstream from their sources, and degrade slowly over time (FC)

Natural resources 

Forest age structure 

Cultivated and fallow land 

· See above for more information. This indicator also represents agricultural stress on soil and ground ecosystems. If a correct crop rotation is not followed, the nutrient levels become depleted. This indicator should be used in combination with #46, #8-10 and #13-14 for an accurate picture of the agricultural and non-agricultural soil situation. It can work as a proxy indicator for some of those, as well.

Aquaculture production compared to non-aquaculture catch

Keystone species populations (FC)

The keystone species for this region are difficult to determine. 

Resource exploitation licenses in activity

Timber production compared to AAC for region (FC)

· These two indicators are intended to highlight local exploitation of natural resources, specifically trees, but other exploitables as well. The purpose behind their inclusion is to provide perspectives on how much of the resources are being harvested compared to the total available resources, and environmental limits. The indicators should only be used as a reference for comparison and contrast with other resource indicators (see #48, 37, 36, and others)

Environmental policy instruments

Environmentally-related taxes and fees 

Usage of waste separation programs

Budget spent on environmental awareness programs and information campaigns

Citizen participation in Community environmental projects

· All of these provide an indication of both community awareness, and education. While awareness of environmental problems and issues can be delivered through a number of direct mechanisms, taxation and fee levies work indirectly to do the same job. 

Number of environmental protection (enforcement, investigation etc...) agents, by region or municipality.

Number of violations of environmental protection laws

Environmental protection expenditure (FC)

· It should be noted that if 58 and 59 are looked at together a certain amount of statistical distortion can be eliminated. Environmental protection expenditure, when compared to the rest of section 8 works to give insight into how efficient the policy instruments actually are. There is no directly stochastic relationship, between expenditure and efficiency, however, so acceptable expenditure levels in either direction have to be determined by the publishers beforehand.

Economic development

A note about this section: The importance of economic development and economic issues cannot be overlooked when discussing sustainability, since this is the fundamental counterpoint to the environment, and is, to a certain degree, in lock-step with societal and health issues. For a good background on this, there are a number of articles and documents, notably the OEDC document DCD/DAC(98)6/ADD “Methodological Note” and their indicator guide. As well, the Canadian government has produced a number of technical guidelines for indicator selection that highlight the need for economic indicators as part of the overall framework.

Gross Domestic Product (all provinces, municipalities)

Inflation rate

· GDP and GNP are not necessarily the clearest definitions of productivity, but for the purposes of indicating local productivity, they are reasonable. Provincial GNP and GDP can be used here. These are usually used as indicators of economic productivity. (FC)

Number of new local businesses

Number of bankruptcies

· Indicates the level of local ownership and economic environment. This is meant to show the level of Local investment in the economy, As well as small business survivability. The combination of these, employment and locally made goods and services sales also acts as a partial indicator for import levels, usage of long distance transport, and other sustainability issues. (FC)

Official development aid (federal government, others)

Number of joint projects (intergovernmental-NGO, commercial NGO)

Housing market vacancy rate

Office space vacancy rate (FC)

· These could be used as proxy indicators for local and regional population movements, investment, and land allocation. 

Percentage of population employed (by sector)

Sales of locally made goods, locally harvested products

Community structure and transport 

Urban population densities 

Average commuting distance  

Number of pedestrian friendly areas in urban centers

Inter-city communal transport availability (cost and usability)

· The above statistics, when combined with the land usage stats give a good total picture of the community structure, land use and population dispersal. If the population is too dense in one area, serious environmental problems can affect the watershed around it, and the population inside it. Conversely, if it is too sparse, the use of resources and time for transportation, as well as the underlying stress that this activity causes can become an issue. Beyond this, there are a number of other considerations regarding population density and transport. The following indicators reflect some of the more important ones.

Number of cars being used for journeys of (n)Km or less (FC)

Car ownership per household

Public transport usage (where available, including inter-city usage)

Number of people driving to work alone

· These indicators are intended to reflect fossil fuel usage for applications that have alternatives already in place. Specifically, Walking, Use of human powered and alternative vehicles, and public transport within the local area. In many cases, the use of fossil-fueled vehicles is unnecessary for short trips.

Production and consumption 

Average household energy consumption (KwH)

Industrial and commercial energy consumption (average)

Total consumption of natural resources (estimated)

· This can be obtained by using the stats in this section, combined with other ones from the rest of the list. 

Generation of waste (average, seasonal)

Waste delivered at landfills (seasonal, see above)

Waste separated and diverted from landfills (recycling, compost, etc…)

· The waste stats also work as part of the Environmental Policy Instrument section. 

Demographic developments 

Annual population changes 

Life expectancy 

Internal migration 

Emigration from region

· The total population of the region is very directly tied into the local dependencies. The amount of resources consumed, flows of energy (or capital) and material all work as a function of population demand. 

Health and Lifestyle

Daily smokers 

Obesity (BMI)

Alcohol and drug-related illnesses 

HIV infections 

Suicides

Estimated number of drug addictions

Availability or use of contraceptives (proxy statistics could be used here)

Number of substance exposed (drug, alcohol, etc) newborns

Emergency room use for non-emergencies

Percentage of low birthrate infants

Percentage of infants born with disabilities

Incidence of cancer

· Many of the above are actually indicators of environmentally relatable health problems, while others are indicators of potential strains on the health system. As well, these all relate to the Demographic developments in section 12, and specific attention should be paid to the potential correlations of #93 with #s 79,67,103, 106 and #83. Others can be related to economic and social issues, which, in turn, relate to the physical environment. (FC)

The Workforce, Social problems and equality issues

Unemployment levels and rate of employment 

Long-term unemployment 

Occupational accidents 

Incidence of poverty 

Income level differences (Gini coefficent)

Teenage pregnancy rate

Underemployment rate

Number of Violent crimes

· These indicators, much like the economic ones, are not a measure of environmental damage, but work as a measure of how societal health. The importance here is that they can be used to gauge changes in this state during periods of environmental reform, and are (as with the set in section 13) linked to the environment either directly or indirectly. For a good explanation of the linkages,  there is a great deal of literature on environmental accounting an economics available. More specifically, Habel and Schandl’s article “Indicators for sustainable land use: concepts for the analysis of society-nature interrelations and implications for sustainable development” (1999, Env. Management and Health, v.10, Iss. 3), and Daly’s (rather clever) article “Environmental Sustainability: Universal and Non-Negotiable” (1996, Ecological Applications V.6 Iss.4). 

Education, research and participation, Access to information 

Education levels (verified with university educated population)

Research and development expenditure (governmental and commercial)

University educated population

Availability and usage of libraries 

Internet users (ISP stats)

Literacy rate

· These indicator statistics reflect two things; the first is actual, direct research involvement, the second relates to the ability of the local population to receive information regarding sustainability, the environment, and the local area. While education level statistics could be used to determine a number of other things regarding environmental understanding, it is dangerous to speculate that all of the university-educated population (for example) are paying attention to these issues. Conversely, it would be equally dangerous assume that people who have not attended university have no knowledge regarding these issues. 

Cultural heritage 

Park and Heritage area usage 

Tourism

· These indicators provide some insight into tourism levels and education regarding the local environment. Large parks usually incorporate an environmental and ecological education component into their interpretation program. (FC)

Age structure of buildings

Age structure of buildings is also another facet of the land use indicators. 

Number of secondary and post-secondary school local history courses

· Cultural heritage indicators have a number of specific applications. The primary one is to serve as an indicator of local cultural and historical preservation. While it has been argued that cultural preservation may not be a sustainability issue, certain methods of farming, fishing, and resource exploitation, along with traditional environmental knowledge could be lost if local culture is not kept alive in some form. 

Error checking

Data uniformity for reported indicators

Number of indicators that cannot be completely reported on

Any list of indicators is only as good as the data it uses.

Unless otherwise specified, all emissions volumes for air are in KG/m3 
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