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ABSTRACT 

Access to land has become a limiting factor for developments in Alberta. This has led the 

Government of Alberta to introduce the Land-use Framework (Alberta Sustainable Resource 

Development, 2008) as a way to improve land-use decision making. Cumulative effects 

management and the establishment of information and knowledge systems are key components 

of the framework. With the use of cooperative information systems to combine ecological 

databases, individual environmental site assessments can be used to build local and regional 

environmental assessments. This allows for the identification of broader issues that can be 

missed in individual assessments. As well, local and regional environmental assessments can be 

developed and reviewed in a timely and effective manner, and government, resource industries, 

and other stakeholders can be provided with more comprehensive information for decision-

making. 
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CHAPTER 1 – THE ISSUE 

Access to land has become a limiting factor for continued resource development in 

Alberta, as there is increasing competition from other land uses such as agriculture, recreation and 

environmental needs. This increased competition for land has led the Alberta government to 

develop the Land-use Framework (Alberta Sustainable Resource Development [ASRD], 2008) 

which was approved by the Provincial Cabinet in December 2008. The Land-use Framework uses 

regional planning to set the vision, outcomes, objectives and strategies for managing growth in 

seven land-use regions in the province. It also introduces seven strategies for improving land-use 

decision making to meet the outcomes of a healthy economy that is supported by the land and 

natural resources, healthy ecosystems and environment, and people-friendly communities.  

To create the legislative authority to enact the Land-use Framework, the government 

introduced the Alberta Land Stewardship Act (ALSA) in early 2009 (ASRD, 2009a), and it was 

proclaimed on October 1, 2009. Along with enabling the Land-use Framework, ALSA made 

significant amendments to 27 different government acts, including the Environmental Protection 

and Enhancement Act (EPEA) (Alberta Environment, 2009a), to give the Province the authority to 

address the challenges of competing land use. 

Strategy Three states, “Cumulative effects management will be used at the regional level 

to manage the impacts of development on land, water and air.” Strategy Six calls for the 

establishment of “an information, monitoring and knowledge system to contribute to continuous 

improvement of land-use planning and decision-making.” (ASRD, 2008, pp. 3-4).  
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Research Question 

Using Strategy Three and Strategy Six of the Land-use Framework, this study sets out to 

answer the question. “Is it possible to combine the environmental data contained in individual 

stand-alone databases through a web-based cooperative information system to assist project 

proponents, government departments charged with overseeing resource development and 

environmental protection, and the public to understand the cumulative effects of development in 

Alberta, the consequence of additional development, and assist in developing regional 

environmental planning to meet the needs of land users and the environment?” 

Background 

As the population of Alberta has grown and industrial development has expanded, there 

has been unprecedented pressure on Alberta’s landscapes and a growing concern about the 

cumulative effects of development. This concern is not new. As a result of the increasing 

interaction between oil and gas development and municipal development, the Energy Resources 

Conservation Board (ERCB), Alberta’s energy regulatory agency, commissioned a study in 1994 

to investigate how cumulative effects assessments might be incorporated into its application 

processes (Creasey, 1999). The study reviewed the current state of cumulative effects assessment, 

discussed ways to address cumulative effects, and proposed a toolbox of ways to implement 

cumulative effects assessment and recommended a number of changes to the ERCB’s policies and 

processes (Hegmann and Yarranton, 1995). The recommendations of the report were not adopted 

due to a significant change in the ERCB’s application process just after the report was released 

(Creasey, 1999). However, since 1994 this gap has been at least partially filled by other federal, 

provincial and industry-led programmes that have been developed to address the cumulative 

effects of development (Alberta Environment, 1999, 2007; Canadian Association of Petroleum 
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Producers, 2004; Canadian Environmental Assessment Agency, 1994, 2007; Hegmann et al., 

1999; Kennedy, 2002).  

Concurrently, the knowledge management tools used by Alberta’s resource industries, 

natural science practitioners and computer scientists have continued to evolve, and the increasing 

ability to share environmental data and metadata (the data about data) is changing the way 

environmental data is acquired, analysed and disseminated (Michener, 2006; Schnase, 2007). This 

has led to the fields of ecoinformatics and biodiversity informatics (Hollander et al., 2006; Jones, 

2007; Page, 2006) that enable knowledge management systems and cooperative information 

systems such as the semantic web (Berners-Lee, Hendler, & Lassila, 2001) to facilitate the 

dissemination of environmental information and extract meaning from scientific data sets.  

One of the main purposes of the environmental assessment process under the  

Environmental Protection and Enhancement Act is to “predict the environmental, social, 

economic and cultural consequences of a proposed activity and to assess plans to mitigate any 

adverse impacts resulting from the proposed activity” (Alberta Environment, 2009a, p. 38).  

From forestry management, to mineral development, to the development of oil and gas, 

coalmine and oil sands projects, environmental assessments are used to understand and measure 

the environmental impacts of industrial developments and show ways to mitigate the effects of 

development. To do this, an environmental assessment process is used (Alberta Environment, 

2003, 2008a; ASRD, 2004; Energy Resources Conservation Board, 1993, 2008). The 

environmental assessments are often completed on a site-by-site or sub-region by sub-region 

basis. Some assessment requirements required under EPEA are prescriptive, requiring the 
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collection of specific environmental data, while others require the project proponent to determine 

and collect relevant environmental information. 

The patchwork of environmental data that is collected to support the environmental 

assessment process is mostly contained in computer databases held by project proponents and 

their consultants. For many reasons, this information is not easily indexed or accessible by outside 

parties, yet access to this information and the coordination and integration of the data across 

landscapes would help the government, individual project proponents and the public in 

understanding the current state of the environment or the environmental baseline conditions, the 

potential environmental impacts of development, and the significance of the environmental 

change created by a project.  

The call for a shared information system in Alberta is not new. In his 1996 Master of 

Science thesis (University of Calgary, Canada) investigating how information infrastructure could 

support ecologically-sound decision-making, Stewart stated: 

… to address cumulative effects properly in a temporally shortened setting, I believe 

screeners need:  

i) a multi-agency repository of historical, biophysical, land-use and socio-economic 

data with data collections standards commonly adhered to by all contributors 

(consultants). Such information should be made as analysis-ready as possible to 

allow application of various tools such as those described in Hegmann and 

Yarranton (1995). 

ii) a process by which a central project/land-use inventory is kept as current as 

possible through coordinated communications with various licensing agencies. 
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iii)  a method of distributing the above information in condensed, decision-ready 

format to decision-makers and the public (Stewart, 1996, p. 94). 

By understanding the importance of various environmental attributes, their spatial and 

temporal changes, the magnitude of the change, and the reliability of the measurement, Albertans 

can comprehend how a landscape-level perspective of development issues can:  

• help to manage growth in Alberta;  

• address the needs of all land users to support a healthy economy by preserving the 

process needed sustain ecosystem function and environmental integrity; and 

•  maintain the ecological resilience necessary to ensure a healthy and viable 

ecosystems (ASRD, 2008; Duinker & Beanlands, 1986; Holling, 2001; Marshall & 

Toffel, 2004; Meffe, 2002; Soberón & Peterson, 2004). 

Study Constituents 

As a synthesis of existing information, Chapter Two looks at the history of land-use 

planning in Alberta, landscape ecology, and environmental and cumulative effects assessment. In 

addition, it discusses cumulative effects indicators, thresholds and the significance of the impacts 

of development. It will then investigate geographic information systems and the cooperative 

information system tools (termed the semantic web) that are available to connect the databases, 

and gain an understanding of how the architecture of the semantic web can be used to aggregate 

existing environmental information.  

Chapter Three discusses the research methodology used for this study. Chapter Four 

provides a discussion and analysis on how landscape ecology and cooperative information tools 
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can be applied to implement Alberta’s Land-use Framework; the significance of doing this, and 

the effects on the Land-use Framework process. The final chapter will discuss conclusions about 

this work and provide recommendations for further research related to the policy, ecological 

science and computer science issues identified by this study. 

Thesis Scope 

The management of environmental issues in resource development is a large area of study 

that encompasses all phases of the natural environment (air, land and water). As a result, there has 

been a need to scope this research to a workable study. Based on the cumulative effects and 

information and knowledge management strategies identified in the Land-use Framework, this 

thesis has been scoped to look only at terrestrial ecology matters and computer-based cooperative 

information systems. In order to meet thesis requirements, a number of issues that are relevant to 

this topic have been described only briefly or identified as being out of scoped for the study. 

The most notable issues that are out of scope are those related to environmental data, 

including appropriate data quality objectives, data quality assurance and control, data integrity and 

the impact of data errors, who owns the data and has access to the data (intellectual property 

rights) (Service Alberta, 2001), data security, and the costs associated with collecting, storing and 

maintaining environmental data. Although this takes most data issues out of the study scope, to 

understand the study there is a need to consider the issues around standard data formats and if they 

are required for cooperative information systems to aggregate environmental data therefore, data 

formats are in-scope for this study.  
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CHAPTER 2 - LITERATURE REVIEW 

A History of Land-use Planning Policy in Alberta 

The use of environmental planning to aid land-use decision-making in Alberta is not new. 

In 1948, the Government of Alberta undertook its first planning exercise; the development of 

green and white areas in the province. The Green Area, comprising approximately 61 percent of 

the province, is managed for multiple uses including conservation, forestry, resource development 

and recreational activities, while the White Area is used for the expansion of farming and 

residential development in the agricultural areas of the province (Alberta Energy and Natural 

Resources, 1983; Alberta Forestry, Lands and Wildlife, 1991). Also in 1948, a joint federal-

provincial agency, (the Eastern Rockies Forest Conservation Board) was set up to protect the 

Eastern Slopes of the Rocky Mountains (Alberta Energy and Natural Resources, 1983). 

From the 1950s through the 1970s, the pressure on the land began to grow as both rural 

populations and resource industries expanded. An example of this is in the Eastern Slopes of the 

province’s Rocky Mountains. Between 1972 and 1974 a series of hearings were held because of 

pressure to balance the social, economic and environmental needs in the area. This process 

launched Alberta’s first major land-use policy: A Policy for Resource Management of the Eastern 

Slopes. Introduced in 1977, and revised in 1984, it was intended to guide resource managers, 

industry and the public in maximizing the delivery of the full range of values and opportunities in 

this unique area of the province, provide an interagency integrated approach to planning, and 

provide for more detailed sub-regional planning (Alberta Energy and Natural Resources, 1983; 

Alberta Forestry Lands and Wildlife, 1991; Purdy, n.d.).  
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The hearings also helped lead to a new planning approach for the Province. A System for 

Integrated Resource Planning on Public Lands in Alberta (Alberta Energy and Natural Resources, 

1983) established an integrated resource planning approval process with a Resource Integration 

Committee, chaired by the Alberta Forest Service Public Lands Branch, to act as an 

interdepartmental steering committee for identifying land planning priorities for the Province. 

Enacted under the Planning Act, the goal of the integrated planning process was to make it 

possible for the government to fulfill its role as a land manager and provide for decision making at 

strategic, intermediate and detailed levels through the use of provincial, regional, sub-regional and 

local level planning, and to “optimize use of the provincial resource base to achieve the maximum 

benefits for Albertans, now and in the future” (Alberta Energy and Natural Resources, 1983, pp. 

3-6).  

By 1992, 68 regional, sub-regional, or local plans had been developed (Alberta Energy and 

Natural Resources, 1983; Alberta Forestry Lands and Wildlife, 1991; Benjamin, 1992; Davidson 

& MacKendrick, 2003; Wyldman, 1978). Studies such as the Ecological Land Classification and 

Evaluation: Livingstone – Porcupine Hills provided valuable landscape-level information on the 

surficial geography, soil types, land capability and ecological land classification of many areas of 

Alberta (Alberta Energy and Natural Resources, 1979). 

In the early 1990s the Regional Planning Councils were disbanded and the Planning Act 

was repealed in 1995, to be replaced with the Municipal Government Act (Alberta Association of 

Municipal Districts and Counties, 2008; Creasey, 1999; Kennett, 2002). This created a void in 

land-use planning; however, land-use planning did not totally stop. The 1990s saw progress on 

environmental issues such as the Roundtable on the Environment and the Economy (Environment 

Council of Alberta, 1994) which provided direction on how to integrate sustainable development 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   9 
 

in Alberta; as well, an Integrated Resource Management Taskforce was set up to develop 

landscape level management plans (Mortemore, 2002). Regional planning initiatives also came 

out of various government departments. Plans such as the Regional Sustainable Development 

Strategy for the Athabasca Oil Sands Area in north east Alberta (Alberta Environment, 1999), 

Cumulative Effects Assessment in Environmental Impact Assessment Reports Required under the 

Alberta Environmental Protection and Enhancement Act (Alberta Environment, Alberta Energy 

and Utilities Board, & Natural Resources Conservation Board, 2000) and the Public Lands 

Operational Handbook (ASRD, 2004) were developed on an ad hoc basis to manage the effects of 

development. 

As development pressures continued to increase through the 2000s, the government 

recognized there was a need to reintroduce land-use planning. From May to October 2006 small 

groups of Albertans were consulted about land-use in Alberta. Then, in December 2006, a larger 

group of 152 people were brought together to discuss the ideas around a land-use framework 

(Praxis Group and Canada West Foundation, 2006). The recommendations from these discussions 

formed the basis of a consultation process where the public was asked to provide input on the 

vision, issues, challenges, and outcomes for land use in Alberta. A draft Land-use Framework 

document was released for final input in May 2008 and the final Land-use Framework document 

was published in December 2008 (ASRD, 2008).  

The guiding vision for the Land-use Framework is “Albertans will work together to 

respect and care for the land as the foundations of our economic, environmental and social well 

being” (ASRD, 2008, p. 15). To translate the vision to action, the province has identified three 

inter-related and equally important outcomes; a healthy economy supported by the land and 

natural resources (economic outcome); healthy ecosystems and environment (environmental 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   10 
 

outcome) and people-friendly communities (social outcome). The province will use the principles 

of sustainability, accountability and responsibility, a land stewardship ethic and integrated, 

collaborative, transparent and knowledge-based processes that are responsive, fair, equitable, 

timely and respectful of property rights to guide the many decisions involved in carrying out this 

new vision (ASRD, 2008).  

On October 1, 2009, the Government of Alberta proclaimed the Alberta Land Stewardship 

Act (ASRD, 2009a). The proclamation established the legal authority for the Lieutenant Governor 

in Council to utilize the regional planning processes of the Land-use Framework to compel all 

land-use decision makers to consider the outcomes of the seven regional planning processes in 

their decision-making processes.  

Landscape Ecology 

The term landscape ecology, coined by Carl Troll in 1939, is described as “the study of the 

main complex of causal relationships between living communities and their environment in a 

given section of landscape. These relationships are expressed regionally in a definite distribution 

pattern and landscape mosaic and in a natural regionalization of various orders of magnitude” (in 

Naveh, 1982). By this definition, landscape ecology is an integrated, multidisciplinary approach to 

understanding natural systems that takes information from many earth and life sciences to 

establish the structure and function of living systems (Madin et al., 2007). 

The concept of nature that seems to dominate popular culture is that nature is always in 

equilibrium and harmony. Environmental scientists tend to disagree with this notion. They see 

nature as being in a constant state of flux with large degrees of variability in the same landscapes 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   11 
 

over time, particularly when viewed over decades or thousands of years (Holling, 2001; Meffe, 

2002; Weddell, 2002). The reasons cited by ecologists for this include:  

• disturbances to ecosystems are widespread and common;  

• ecosystems are open and interconnected across a landscape;  

• the amount and role of heterogeneity in natural landscapes is critical to their 

survival; and 

• people have played a role in changing natural areas as humans cannot live without 

using those resources and there are very few, if any, places that have not been 

impacted by humans (De Leo & Levin, 1997; Weddell, 2002).  

In practice, landscape ecology is ruled by four main principles (Forman, 1995): 

• Landscapes and regions – a mix of ecosystems repeated over the land. 

• Patches and Corridors – areas of varying shape and sizes where ecosystems and 

groups of spatially separated populations of the same species can interact. 

• Mosaics – areas of differing land uses where there is a flow of energy and materials 

and landscape changes such as areas of fragmentation, shrinkage and attrition. 

• Applications – where natural areas and major land uses such as agriculture are 

interspersed at large and small scales with human activities to form effective 

multispecies habitats.  

The concepts of landscape ecology and nature as a system of complex relationships 

working on varying timescales have been captured by Holling et al. (2002) in their discussion of 
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the appropriate scale of observation and the interactions between the various system elements. 

They conclude that biophysical processes acting at their own scale interact to form a nested set of 

adaptive cycles that control the Earth’s ecological processes, creating diversity and contributing to 

the resilience of ecological systems (Holling, Gunderson, and Peterson, 2002). Calling this 

“panarchy”, it is an organizational framework for discussing how complex ecological processes 

and system dynamics can maintain sustainable relationships and form alternating stable states that 

allow for the understanding of landscape ecology.  

While not explicitly expressed as such, Alberta has utilized the principles of landscape 

ecology as defined by Troll (in Naveh, 1982), the flux of nature, the need for multiple types of 

landscapes and the nested cycles of change from panarchy as the basis for today’s land 

management practices (Alberta Energy and Natural Resources, 1984; Alberta Environment, 

2008b; Alberta Forestry Lands and Wildlife, 1991; ASRD, 2007).  

Environmental Assessment Processes 

Environmental assessment had been practiced in Canada as early as 1974 (Sadler, 1996). 

In 1983, Beanlands and Duinker published their watershed report An Ecological Framework for 

Environmental Impact Assessment in Canada (Beanlands & Duinker, 1983).  

Based on a growing concern that the administrative and technical aspects of environmental 

assessment were out of balance, the report was to develop to provide comprehensive 

recommendations on how the principles of ecology could contribute more directly to the design 

and conduct of environmental impact studies (Beanlands & Duinker, 1983; Duinker & Beanlands, 

1986). Giving a historical overview of environmental assessment and reviewing how 

environmental assessment had been previously undertaken, the report provided discussion on the 
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need for an ecology-based approach and identified critical gaps in the environmental assessment 

process. These were:  

• the identification of valued ecosystem components; 

• the definition of a context for impact significance; 

• the establishment of clear spatial and temporal boundaries for studies;  

• the implementation of study strategies; 

• the use of explicit statement of impact predictions; and  

• the commitment to monitor project effects.  

The report was significant as it provided the intellectual framework for the implementation of 

environmental assessment processes for all types of project development in Canada. 

1996’s Environmental Impact Assessment (Sadar, 1996) brought a more methodical 

approach to environmental assessments. Sadar proposed methods for:  

• determining key elements of environmental assessment reports;  

• the use of specific tools and techniques for scoping and the prediction of impacts;  

• an evaluation of impact significance; and 

• the avoidance, mitigation, compensation, monitoring and follow-up required for 

environmental assessments.  
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This helped expand the field of environmental assessment, giving environmental 

professionals new ways to put Beanland’s and Duinker’s theories into practice.  

These two documents were instrumental in setting the scientific groundwork for 

environmental assessment in Canada by laying out the principles, practices, and philosophies of 

environmental assessment needed to inform decision makers about the environmental effects of 

developments.  

Since these documents were released, the practice of environmental assessment has 

continued to grow and evolve from only the assessment of local environmental effects to the 

effects of government polices and plans on the environment. In 1996, the Canadian Environmental 

Assessment Agency (CEAA) and the International Association for Impact Assessment (IAIA) 

released a report on the worldwide effectiveness of environmental impact assessment. Noting the 

expansion of environmental assessment from the local level to the assessment of policies, plans 

and programs, they dubbed this as “strategic environmental assessment” (SEA) (Sadler, 1996). By 

1999, Canada had formally adopted SEA as a policy for assessing the potential environmental 

effects of its policies (Canadian Environmental Assessment Agency, 2004). 

The development of environmental assessment for individual projects filled the need for 

local environmental assessments, and the SEA process filled the need for the environmental 

assessment of policies, plans and programs; however, this still left a policy gap at the landscape 

level. Recently, regional environmental assessment (REA) processes (Canadian Council of 

Ministers of the Environment, 2009) have been developed to bridge that gap and are used as the 

basis for environmental assessment under the Land-use Framework. Formally adopted by the 

Canadian Council for Ministers of the Environment (the major forum for discussing 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   15 
 

intergovernmental environmental issues), REA provides principles and guidance for assessing 

potential environmental effects, including cumulative effects for plans, policies and programs at a 

regional level in Canada.  

Together these three levels of environmental assessment provide a comprehensive set of 

actions and philosophies that allow for the exploration of the full range of environmental effects 

from local developments, to regional developments, to national and international policies that 

provide a full suite of tools for assessing environmental impacts in Canada.  

 

 

Figure 1. Environmental assessment hierarchy. With reference to Sadler (1996) 

 

Concurrent with the scientific community’s and the federal government’s changing views 

on environmental assessments, the Alberta government was also changing its view.  
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Alberta’s Environmental Protection and Enhancement Act mandates the terms of 

environmental assessments for industrial developments in Alberta (Alberta Environment, 2009a). 

Under Section 40 of EPEA, the government uses the environmental assessment process to support 

the goals of environmental protection and sustainable development, predict the environmental, 

social, economic and cultural consequences of a proposed activity and assess plans to mitigate any 

adverse impacts, and give an opportunity for those affected by the proposed development to 

provide advice about the project at the earliest planning stages (Alberta Environment, 2008c). In 

conjunction with EPEA, the Environmental Assessment (Mandatory and Exempt Activities) 

Regulation (Alberta Environment, 2008a) and the Activities Designation Regulation (Alberta 

Environment, 2003) provide the circumstances where a proposed project requires an 

environmental impact assessment (EIA). 

If a proposed project requires an EIA, the project proponent is required to prepare an 

environmental assessment describing:  

• the project;  

• the local and regional study areas;  

• the effects of the project under three development scenarios (baseline case, 

application case and planned development case) that project the environmental 

effects of the project on various environmental elements (air, water, and land); and  

• the cumulative effects of development in the development area.  



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   17 
 

The EIA is also used to project the implications to historical resources and public health. 

The EIA then undergoes a technical review so that any effects of the proposed project are 

understood and the information required by the government is complete.  

The completed environmental assessment forms part of the application package to the 

appropriate regulatory agency (Energy Resources Conservation Board, the Natural Resources 

Conservation Board, the Alberta Utilities Commission or directly to Alberta Environment) for 

determination if the proposed project is in the overall interest of the province. It will also form the 

basis for any conditions that may be required by the government’s environmental approvals 

process.  

As a result of a harmonization agreement between Alberta and the federal government, 

this process is also used to collect environmental information about the project for any federal 

review processes under the Canadian Environmental Assessment Act (Alberta Environment, 

2008c, 2009a, 2009b; Canadian Environmental Assessment Agency, 2005; Energy Resources 

Conservation Board, 1993, 2008)  

Cumulative Effects Assessments 

Cumulative effects assessment has always been a part of environmental assessment 

(Canadian Environmental Assessment Agency, 2007). Although there are many definitions of 

cumulative effects (Creasey, 1999), cumulative effects are essentially “any effects that have an 

additive result over time and space” (Meffe, 2002). Under Section 49(d) of EPEA, project 

proponents must include “a description of the potential positive and negative environmental, 

social, economic and cultural impacts of the proposed activity, including cumulative, regional 

temporal and spatial considerations” (Alberta Environment, 2009a). Combining the effects to the 
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environment of proposed projects with past, existing and future developments ─ over both time 

and distance ─ provides a look at long-term land-use planning for the consideration of proposed 

industrial developments (Alberta Environment et al., 2000; Canadian Environmental Assessment 

Agency, 1994).  

The principles of cumulative effects assessment may be an easy concept to grasp, yet very 

difficult to practice. When assessing what the cumulative effects of development may be, common 

questions include:  

• What and who are being impacted and what should be assessed?  

• How much assessment is enough to indicate if there are cumulative impacts? 

• Can the impacts be mitigated, and if they can, what are the residual effects?  

• What is the significance of the final impacts? 

To provide guidance and answer these types of questions, the Canadian Environmental 

Assessment Agency assembled an independent working group to provide direction on how to 

undertake cumulate effects assessment (Hegmann et al., 1999), and environmental professionals 

held two conferences specifically targeted to cumulative effects which provided a framework of 

tools and approaches (Kennedy, 2002). The Alberta government has also provided guidance on 

cumulative effects with its document Cumulative Effects Assessment in Environmental Impact 

Assessment Reports under the Environmental Protection and Enhancement Act (Alberta 

Environment et al., 2000), giving project proponents’ information on scope and content for the 

preparation of environmental impact assessments. 
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In 2007, Alberta Environment announced a proposed regulatory framework, Towards 

Environmental Sustainability, outlining how the Province will use cumulative effects management 

systems (CEMS) to consider environmental effects on a regional basis (Alberta Environment, 

2007). The concept of effects management has been adopted in the Alberta Land Stewardship Act 

(ASRD, 2009a) and is being used as a planning approach for cumulative effects assessment in the 

province. 

Another type of cumulative effects has been proposed. Based on Panarchy theory, the 

Resilience Alliance has published three workbooks on managing natural resource systems taking 

into account social, ecological and economic influences at multiple scales. This is done by 

evaluating a development at multiple scales of impact, assessing the thresholds that would shift 

the ecological impacts between different environmental states, and proposing options for 

managing the system for ecological resilience that might prevent the shift (Resilience Alliance, 

2007a, 2007b, 2007c).  

As Kennett notes, there are still issues with the implementation of cumulative effects 

assessment that need to be confronted, particularly the areas of limits, trade-offs and a specific 

decision-making process (Kennett, 2006). 

Environmental Indicators  

In the natural environment the range and depth of information is essentially endless. As a 

result, there is a need to reduce the amount of information to provide only the key parameters that 

will indicate the health of the system. Indicators are an attempt to reduce this information 

overload. Indicators also provide a practical and economical way to make the complex array of 

information “fit” into a concise and easily understood package that represents the environmental 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   20 
 

process or system. They are the key statistics that can be used to measure the state of the system 

that, when tracked over time, provide information about the trends and changes in the system.  

In the environmental field, indicators have been defined as the “measurable characteristics 

of the structure (e.g., genetic, population, habitat, and landscape pattern), composition (e.g., genes, 

species, populations, communities, and landscape types), or function (e.g., genetic, 

demographic/life history, ecosystem, and landscape disturbance processes) of ecological systems” 

(Niemi & McDonald, 2004, p. 91).  

To be useful, indicators need to be meaningful, measurable and trackable, responsive to 

change, accurately reflect the state of the system, unambiguous, scientifically credible and easy to 

understand. They should also provide decision makers with information appropriate for 

developing environmental policy. 

Under EPEA, project proponents are required to assess not only the biological attributes of 

an ecosystem but also to include other environmental parameters such as hydrology, 

hydrogeology, water quality, terrain and soils, and land-use (Alberta Environment, 2009c). This is 

often done using valued ecosystem components (VEC) or key indicator resources (KIR). 

Beanlands and Duinker (1983) first discussed the use of VECs as a strategy for scoping 

environmental assessments, concluding that along with the physical, chemical, biotic and 

energetic nature of the perturbations, the use of VECs is one of the two critical aspects of 

assessments. They maintain the interactions between perturbations and VECs reveal linkages 

between the project and the ecosystem, and that the overall objective of scoping environmental 

assessment is to determine the interactions that provide the best opportunity for predicting the 
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changes to VECs through the various development scenarios in order to measure changes in the 

ecosystem (Beanlands & Duinker, 1983).  

The use of VECs is not the only method available for evaluating ecosystems. Other 

indicator systems include:  

• an eight layered evaluation of ecosystem health (Jorgensen, 2005); 

• a species classification system using keystone, indicator, umbrella, flagship, 

vulnerable, and economic species (Meffe, 2002); 

• an ecosystem health measurement based on a gradient of biological condition 

(Karr, 1999); 

• the structure, composition and function ranging from the landscape level to the 

genetic level (Noss, 1990); and  

• an ecological integrity index that takes biological diversity and environmental risk 

into account in decision making (De Leo & Levin, 1997) 

No matter which type of indicator system is used in environmental assessment, indicators 

require standard data formats to ensure accuracy and reproducibility. They must also be robust 

enough to show that a change in an environmental component is the result of a real change and 

not a result of bad data.  

For the vegetation components of the landscape, Alberta Sustainable Resource 

Development has developed the Alberta Vegetation Inventory (AVI). Based on 1:20,000 

mapping, the current version, AVI 2.2.1, provides a set of tools for the collection and management 
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of environmental information. This includes a logical data model for AVI data entities and their 

relationships, standards for mapping, data collection, photo interpretation, land stratification and 

classification, and cover type and data quality control. An offshoot of this program is the 

Grassland Vegetation Index (GVI) used for mapping the grasslands of southern Alberta (ASRD, 

2009b). 

To facilitate standardized data collection, the Alberta Biodiversity Monitoring Initiative 

(ABMI) has developed a set of terrestrial data collection protocols for managing biological data 

collection and quality. Environment Canada has also established the Ecological Monitoring and 

Assessment Network which has a series of terrestrial ecosystem biodiversity monitoring protocols 

for environmental indicators that are designed to identify significant changes in ecosystems 

(Alberta Biodiversity Monitoring Institute, 2008; Environment Canada, 2008a).  

Where the terrestrial ecosystem components are not mapped to AVI standards or have no 

ABMI data, a series of Alberta field guides can be used to provide three hierarchical levels of 

classification (ecosite, ecosite phase, and plant community type) and are a starting point to 

determine the ecosystem components in an area (Archibald, Klappstein, & Corns, 1996; 

Beckingham & Archibald, 1996; Beckingham, Corns, & Archibald, 1996).  

The limitation of these techniques listed above is that because they have been developed 

independently, and may not been designed to be robust enough to handle all of the ecological data 

that may be required to determine the state of the landscape. 

Thresholds  

Thresholds have been defined as “a limit of tolerance of a VEC to an effect that if 

exceeded, results in an adverse response to that VEC” (Hegmann et al., 1999, p. 4). Despite the 
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attempts to define thresholds, there is still ambiguity about just what this means as sometimes 

small changes to a system can result in significant effects (Senge, 1990). At what point will a 

small impact to a VEC have a large, and sometimes dramatic, response? Holling and Gunderson 

recognized this dilemma stating: 

 “change is neither continuous and gradual nor constantly chaotic. Rather it is episodic, 

with periods of slow accumulation of natural capital such as biomass, physical structures, 

and nutrients, punctuated by sudden releases and reorganization of those biotic legacies as 

the result of internal or external natural disturbances or human-imposed catastrophes” 

(Holling & Gunderson, 2002, p. 26). 

Compounding this, ecosystems change over time and there is a range of natural variability 

inherent in ecosystems and the complex interactions between ecosystem components (De Leo & 

Levin, 1997). Walters and Gunderson et al. also realized this as a concern stating “ecosystems are 

moving targets, with multiple futures that are uncertain and unpredictable” (in Holling and 

Gunderson, 2002, p.27).  

While it is possible to set strictly scientific thresholds, decision makers also need to 

consider societal values. Are there international conventions, protocols, or treaties in effect? What 

are the legal policy and planning contexts at the local, provincial or federal levels? What is the 

threatened status of the VEC? Are there provincial or national polices or strategies about the VEC 

or the area? What are the public concerns? (Brownlie, 2005) 

Science can inform these questions, yet only societal values can answer them. Therefore, 

while it is often easy to spot a threshold once it has been surpassed, it is very difficult to give a 

specific point of caution prior to reaching the threshold.  



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   24 
 

Significance 

Once appropriate indicators have been chosen and thresholds have been set, there is a need 

to determine the significance of the impacts being measured. Practioners often think of 

significance as the “holy grail” of environmental assessment, yet it has had many inconsistent 

definitions and uses in environmental assessment (Beanlands & Duinker, 1983; Duinker & 

Beanlands, 1986; Hegmann et al., 1999; Morgan, 2006; Ross, Morrison-Saunders, & Marshall, 

2006a, 2006b). In determining significance, there should be a consideration of the importance of 

the environmental attribute, its distribution in time and space, the magnitude of change, the 

reliability of the change prediction, society’s acceptance of change and, the benefit to both the 

ecosystem and society’s needs.  

Beanlands and Duinker (1983) provide four perspectives on significance: 

• a statistical perspective – measurement to test for change that uses acceptable 

statistical procedures for analysing the data; 

• an ecological perspective – using the irrevocable loss of ecosystem components, 

gene pools, populations and species, and functional integrity;  

• significance in a social context – anthropocentric value judgements including the 

public’s concern for human health, potential loss of important species, species of 

recreational and aesthetic importance, rare and endangered species, loss of habitat, 

and perceived imbalances between the supply and demand of species or habitats; 

and 

• project perspective – if project-related changes would influence decision making 

depending on the outcomes of the other three levels of significance. 
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Beanlands and Duinker did not rate one measure of significance higher then another, 

suggesting instead that judging the significance of an environmental impact should consider the 

importance of the environmental attribute in question to project decision makers, the distribution 

of change in time and space, the magnitude of change, and the reliability with which change has 

been predicted or measured (Duinker & Beanlands, 1986).  

Under Section 49 (e) of Alberta’s Environmental Protection and Enhancement Act, project 

proponents are asked to provide an analysis of the significance of the potential impacts on the 

proposed project. The approach utilized in many of the environmental impact assessments is 

based on Beanlands and Duinker’s (1983) ecological and statistical definitions of significance 

where project proponents utilize linkage diagram analysis to trace environmental effects back to 

VECs.  

Each type of significance has its place in environmental assessment. The ecological and 

statistical definitions of significance are typically used to analyse the impacts of development, and 

significance is usually determined using linkage diagrams and the professional judgement of the 

scientists involved in the assessment. Less often used is the public’s concern about various project 

impacts.  

Geographic Information Systems  

Geographic information systems (GIS) are the core of ecological data analysis. Rooted in 

cartography, GIS is a set of tools for analyzing spatial data based on observations of spatially 

distributed features, activities or events that are defined in space as points, lines or areas, and can 

be manipulated to retrieve data for queries and analysis (Clarke, 2001). 
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GIS uses layers of spatially referenced information stored as digitized data that can be 

manipulated to form information layers that overlay base maps. Getting the information into 

digital format often requires the geocoding of aerial photography and paper maps, or the field 

collection of data based on survey or global positioning system (GPS) information (Clarke, 2001). 

The digitalized data is stored as either vector data where the points, lines and areas are stored as 

their own files, or raster data where the data sets are based on grids.  

A number of formats have been developed to manipulate the information (Clarke, 2001). 

Vector formats such as Hewlett-Packard Graphics Language (HPGL), Postscript, AutoCAD’s 

digital exchange format (DXF), Digital Line Graph (DLG), and TIGER (Topologically Integrated 

Geographic Encoding and Referencing), as well as common raster formats, TIF (Tagged 

Interchange Format), GIF (Graphics Interchange Format), JPEG (Joint Photographic Experts 

Group) and the United States Geological Survey’s Digital Elevation Model have been used to 

work with GIS data to build complex relational database management systems (RDBMS).  

The transcription of data into digital forms is not without problems. Data sets can suffer 

from transcription errors, positional errors, labelling errors, and problems with the scale and 

precisions of mapping (Clarke, 2001). As a result of the concerns about data and the multitude of 

formats, in 1992 the United States released the Spatial Data Transfer Standard to produce a 

bibliography, common terminology and complete list of geographic and map features to address 

problems with data accuracy and metadata issues and provide a mechanism for file exchange 

(Clarke, 2001). 

Relational database management systems are a key component of GIS. They consist of 

tables of data and tables that show the relationships between the data, so that common 
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characteristics of the data can be matched (Wikipedia, 2009a, 2009b). The columns in the 

database are termed attributes, while the rows in the database are called records. The information 

in the cell described by the intersection of the attribute and record is the value and can be a label, a 

category, a number, a date, text or any other type of measurement that can be collected and 

organized (Clarke, 2001). Values contain geographically referenced information such as latitude 

and longitude, and can be overlain on a map to do spatial analysis on the data such as determining 

the relationship between data and geographic properties or show statistical properties of the data 

such as distribution (Clarke, 2001). 

Along with the data in the RDBMS, there is a need for a clear understanding of the 

metadata associated with the data. This could include information about the database the data is 

stored in, information about the specific attributes in the database, the data structure, or when the 

data was last updated or accessed (Environment Canada, 2008b).  

Landscape ecology is well suited for database management. Due to its spatial analysis 

functions, GIS has increasingly become the principal tool for understanding variations in 

landscape, determining landscape mosaics, derivation of secondary data from digital terrain 

models, detection of changing landscape structure, and simulation of land use changes (Steiniger 

& Hay, 2009).  

As the complexity of GIS databases increases, there is a need to ensure that the datasets 

are reproducible and analyzable. Development of complete and accurate models and forecasts and 

standards for metadata must allow for automated data discovery, ingestion, processing and 

analysis (Boose et al., 2007; Environment Canada, 2008b; Michener, 2006). 
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Cooperative Information Systems and the Semantic Web  

The internet and the World Wide Web have become ubiquitous, reaching into all aspects 

of everyday life, including the sciences. For scientists, web technologies have increased access to 

information, making it easier to research scientific problems and keep up to date on the latest 

developments in the field. Scientists are also using the web to collect, analyse and share various 

types of data and publish their results (Feigenbaum, Herman, Hongsermeier, Neumann, & 

Stephens, 2007). As information systems become an even greater part of science, there is a need 

to coordinate the data, standardize the collection and disseminate the data that is gathered.  

Current data management systems such as GIS and hypertext mark-up language (HTML) 

based web tools are good at tracking the location of information, but they are not particularly 

useful for interpreting the meaning of the information (Antoniou & van Harmelen, 2004). The 

limitations of the current web tools include the need for key word searches, the use of inconsistent 

terminology, the pervasiveness of outdated information that is not easily removed from the 

internet, weakly structured information that prevents easy retrieval, and the need to have humans 

extract the relevant information from the data searches (Antoniou & van Harmelen, 2004). 

One way to overcome these limitations is with cooperative information systems like the 

semantic web (Berners-Lee, 1998; Berners-Lee et al., 2001). The semantic web has been 

described as “the ability to organize information around its meaning, automatically check for 

inconsistencies and extract new knowledge, understand the relationships between data to retrieve, 

extract and present knowledge, replace keyword searching, and query answering over several 

documents” (Antoniou & van Harmelen, 2004). This definition has been used for this paper. The 

semantic web is both a concept and a way of linking databases using a number of computer-based 

tools. It provides a common framework for data to be shared and reused across applications, and a 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   29 
 

way to automate reasoning and discover meaning and changes in meaning about data using the 

technologies of the web.  

The semantic web is based on a set of rules for encoding documents called extensible 

mark-up language (XML). Similar in origin to HTML, XML is a flexible computer language that 

has been specifically designed to handle documents and contains both the structural information 

of the documents and the meaning of the information encoded in the documents (Walsh, 1998; 

Wikipedia, 2008). This allows for richly structured documents like vector graphics (the 

information structure of GIS), e-commerce transactions, scientific information and other kinds of 

structured data to be created and transmitted across the web (World Wide Web Consortium, 

2008).  

Building on the XML language, the tools of the semantic web have been developed to 

form a pyramid of semantic web elements (Figure 2). These include: 

• Uniform resource identifier (URI): a global naming scheme based on the string of 

characters used to identify a resource on the internet like the text strings that begin 

with “http://” (World Wide Web Consortium, 2003); 

• Unicode: the ability for computers to represent and manipulate characters and text;  

• XML schema: the definition language or syntax used for describing and constraining 

the structure of XML documents (Antoniou & van Harmelen, 2004); 

• Namespaces: a qualifier added to an XML tag to ensure uniqueness among XML 

elements or a way to provide context to a logical grouping of unique identifiers (World 

Wide Web Consortium, 2003); 
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• Resource description framework (RDF): the base language or syntax of the semantic 

web. It is a way of naming and describing data based on a machine-readable, flexible 

language and supporting the exchange of knowledge on the web so that it can be 

automatically exchanged by computers (Feigenbaum et al., 2007; Passin, 2004; World 

Wide Web Consortium, 2004). Based in XML and recognized by a universal resource 

identifier, it is a triplet of terms that describes the relationships between the data 

elements so that different datasets can share the same data (Feigenbaum et al., 2007); 

• RDF schema: a standard means of describing the properties of data that defines the 

vocabulary for the hierarchy of classes of objects used in RDF data models (Antoniou 

& van Harmelen, 2004; Passin, 2004). Based on XML it can be used to contain the 

types of objects that it applies to and create sub-classes if information, (such as a 

beagle is a type of dog); 

• Ontologies: the languages used to define vocabularies and establish the usage of terms 

and the relationships between the terms. It provides for a shared understanding of a 

domain of interest or field of knowledge (Antoniou & van Harmelen, 2004; Passin, 

2004). It is the set of statements that translates information from different databases 

into common terms and the rules that allow for the development of reasoning 

(Feigenbaum et al., 2007); 

• Logic and Proof: logic establishes the consistency and correctness of data sets, while 

proof is the mechanism that explains the steps of logical reasoning (Alesso & Smith, 

2005; Passin, 2004); 
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• Trust provides the authentication of identity and evidence of data, services, and agents 

(Passin, 2004); and 

• Digital signatures and encryption help assure the worthiness of the various XML 

elements by verifying who wrote specific documents (Antoniou & van Harmelen, 

2004). 

 

 

Figure 2. Layered approach to semantic web elements. With reference to www.W3.org 

 

One of the most basic layers of the semantic web pyramid, RDF is structured like a 

sentence to represent information. This basic premise can be used to support large-scale data 

management and processing as it delineates the precise relationships between terms (Alesso & 

Smith, 2005). As such, any information stored in a database can be extracted using RDF. 
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If RDF is the language of the semantic web, schemas and ontologies are the keys to 

developing a scientific semantic web. Schemas and ontologies define the structure of the 

information, the classes of information and their relationships to each other, the instructions and 

rules that detail how the information is manipulated, and describe these relationships through the 

use of statements of association that link common data elements (Berners-Lee et al., 2001; Villa, 

Athanasiadis, & Rizzoli, 2009).  

Over the past decade, a number of ontologies and mark-up languages have been proposed 

for ecological systems. These include: Ecological Metadata Language (EML) (Fegraus, 

Andelman, Jones, & Schildhauer, 2005), the Science Environment for Ecological Knowledge 

(SEEK) (Pennington & Michener, 2005), Systems Biology Mark-up Language (Kell & Mendes, 

2007), the Ecosystem Location Visualization and Information System (ELVIS) (Parr et al., 2006), 

geography mark-up language (GML) (Open Geospatial Consortium, 2009) and the Semantic Web 

for Earth and Environmental Technology (SWEET) (Raskin & Pan, 2005). Despite this 

abundance of ontological systems, no one system has become “the standard” format for the 

sciences. 

One of the challenges facing scientific ontologies is the complexity of information. To 

describe ecological concepts, to characterise observational information and to clarify inter-

observational relationships like dependency hierarchies requires not only good observational data 

but also an understanding of how the data elements are related (Figure 3) (Madin et al., 2007; 

Williams, Martinez, & Golbeck, 2006). 
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Figure 3. Ecological concepts to be captured in ontological hierarchies. Adapted from Williams et al. (2006). 

 

One of the advantages of the semantic web is the use of XML tags, or the pieces of 

computer code that show the opening and closing of all information that belongs to a specific data 

element. XML does not have a fixed set of tags that define the storage or the type of storage 

structure and logic layout of the data element, but allows users to define their own tags (Bray, 

1998). This allows specific business or scientific communities to build their own “vocabularies” 

or anthologies of XML tags to describe their applications (Wikipedia, 2008). XML is also 
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structured to contain metadata or the structural information about the pieces of data in a document 

and its relationship to other information (Antoniou & van Harmelen, 2004). 

Because “more environmental scientists are collecting more data at more rapid rates then 

at any time in the past” (Boose et al., 2007, p. 238), and “the depth, breadth and complexity of 

ecology has been accompanied by significant changes in the types, magnitude and complexity of 

data that are acquired and analysed by ecologists” (Michener, 2006, p. 3), capturing the level of 

ecological information without a standardized ontology and the ability to create XML tags to 

describe information may soon become an overwhelming task if too many “non-standardized” 

systems are developed.  

At first glance, it would seem that ecology would be ideally suited for the semantic web. 

The classification of ecological data is based on the Linnaean classification system; a system of 

taxonomical information that has been in existence since the 1700s. The problem with Linnaean 

classification is that scientists have historically collected, labelled and stored data 

idiosyncratically, often using different terminology for similar things (Blackwelder, 1959; Jones, 

2007; Turrill, 1951). This has caused confusion and failure in the taxonomical classification 

system, making data integration difficult and even causing the associating of the same Latin 

binomials to multiple different species (Jones, 2007).  

Two reports by the European Environment Agency examined the challenges for scientists 

in moving toward an information society and detailed the practical implementation of a shared 

environmental information infrastructure. The reports note there is a need for a coordinated and 

standardized effort for the collection and dissemination of taxonomic and biodiversity information 

based on globally unique naming identifiers and the use of XML for species-level biodiversity 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   35 
 

information (Saarenmaa, Martin, Jensend, Peifer, & McInnes, 2002; Saarenmaa & Nielsen, 2002). 

Theoretically, RDF and ontologies are flexible enough to evaluate and extract information 

from Linnaean-based information systems. RDF statements can be used to relate the older 

terminology with newer terminology, while ontologies can be used to build and maintain the 

relationships between the data. However, the challenges of standardizing XML components and 

the challenges of the idiosyncratic nature of the Linnaean classification system indicate the 

development of a new system would be a better option (Guralnick, Hill, & Lane, 2007). 

A new classification system could also address the limitations with the metadata collected 

with the data, as a lot of metadata management is largely ad hoc with minimal formal structure 

and lacking standards that broaden the capacity for understanding the content, context and 

relevance of the data (Madin et al., 2007). 

Speaking specifically about ecological ontology systems Madin says: 

“the process is currently hampered by the lack of well-described data to begin with, and 

compounded by the inability to clearly explicate and explore basic semantic notations 

within and across data sets” (Madin et al., 2007). 
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CHAPTER 3 - METHODOLOGY 

Methodology Choice 

Evidenced by the topic areas in Chapter 2, this study’s research material comes from a 

number of sources that cross the sciences and public policy. In developing the research question 

and undertaking the initial literature review, it was determined that traditional research methods 

focusing on a single-disciplinary research problem would not be adequate to address such diverse 

study areas. As a result, the research methods of real world research, multidisciplinary research, 

interdisciplinary research and transdisciplinary research were investigated (Cronin, 2008; 

Kajikawa, 2008; Max-Neef, 2005; Pohl, 2005; Robson, 2002; Tress, Tress, & Fry, 2005).  

Due to its holistic nature, its ability to account for the complexity of an issue and examine 

problems in a systematic way and its use of practical knowledge, transdisciplinary research was 

selected as the approach that best fit this type of study.

Transdisciplinary Methodology 

Transdisciplinary research is a practice-oriented methodology based on real world 

problems. In transdisciplinary research, research questions are usually less interested in 

developing new knowledge then utilizing the general knowledge for practical problems that 

transcend categories (Conrad, 2002). Solutions are devised through a collaborative approach that 

includes both academic thought and non-academic knowledge, and allows for the integration of 

both tacit and explicit knowledge. (Cronin, 2008; Tress et al., 2005) This involves three types of 

knowledge: system knowledge – or knowledge of the current situation; target knowledge – or 

knowledge about what is the desired future state; and transformational knowledge – the 
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knowledge that allows for the transition between the current situation and the desired state 

(Cronin, 2008). It asks the questions “what exists?”, “what are we capable of doing?”, “what do 

we want to do?”, and “what must we do?” (Max-Neef, 2005). Figure 4 illustrates these levels of 

questions and shows the relationships between disciplines.  

Limitations to this approach include a lack of theory on integrating different study areas 

and a lack of prescribed methodology.  

Mathematics

Architecture

Planning

Values Ethics Philosophy

Design Politics Law

Engineering Agriculture Forestry Industry Commerce

Physics Chemistry Geology Soils Ecology Physiology Sociology Genetics Economics Empirical Level.
What Exists?

Purposive or Pragmatic Level.
What we are capable of doing?

Normative Level.
What is it we want to do?

Value Level.
What we must do, or how should we do what we want to do?

 

Figure 4. The relationship between disciplines and levels of questioning at each discipline level. Adapted with 
permission from Max-Neef (2005). 

 

This study uses transdisciplinary research for evaluating the research from technically 

different areas that are combined into a single study area. It uses knowledge of the history and 

current situation of land-use planning in Alberta, landscape ecology and computers to look at how 

to achieve the desired outcomes of the Land-use Framework, and investigates how to move 

between the two states using the strategies of cumulative effects management and information 

systems. 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   38 
 

Why This Research Method Was Selected 

Traditional quantitative processes that use the measurable characteristics of observed 

phenomena or the correlations between phenomena such as data collection studies, surveys and 

interviews, and traditional qualitative processes that use general research problems to understand 

the underlying meanings of the problem such as: gap analysis and case study, were investigated to 

understand which would provide the best way to answer the research question. While not mutually 

exclusive, on their own, both qualitative and quantitative methodologies were found lacking for 

this type of problem-oriented research question.  

The artificial boundaries drawn in scientific research between qualitative and quantitative 

methods are cumbersome for planning and executing a synthesis of existing materials. The key to 

good research is the use of the scientific method to achieve the research objective (Gordon, 2007). 

Transdisciplinary research crosses this boundary and allows for the use of both qualitative and 

quantitative information to answer the study question of “can it be done?”. 

Transdisciplinary research has been put into practice in this study through a literature 

review and synthesis of research from a variety of technical areas to provide an answer to the 

research question posed and provide recommendations for policy, environmental science and 

computer science research.  
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CHAPTER 4 – ANALYSIS AND DISCUSSION 

Land-use Policy 

Although Alberta has a long history of land-use planning, there is no doubt that there are 

increasing pressures on Alberta’s land that need to be addressed. Non-governmental 

environmental organizations, stewardship groups, and the public of Alberta have expressed 

concern with the conflicts between the development of Alberta’s mineral resources and the 

protection of Alberta’s natural resources (Government of Alberta, 2007; Praxis Group & Canada 

West Foundation, 2006).  

Kennett and Schneider (2008a, 2008b) have identified most of these policy concerns and 

describe the need for setting provincial, regional, sub-regional and sectoral outcomes, noting “the 

importance of the government’s commitment to outcome-based management cannot be 

overstated” but acknowledging “not all desired outcomes can be achieved in all places at all 

times” (Kennett & Schneider, 2008a, pp. 13-14). Their analysis stresses that a new way of 

thinking is required to achieve the objectives of the Land-use Framework; one that uses clear 

cross-government strategies such as regulatory interventions and enhanced measures to mitigate 

the intensity of cumulative effects.  

This observation is not new; the 1983 integrated planning approach (Alberta Energy and 

Natural Resources, 1983) recognized that these same types of approach were required and was 

based on a similar organizational structure including a Cabinet level committee; what has changed 

is the increasing development pressures on Alberta’s landscape. With the development of new 

types of hydrocarbon sources such as shale gas and coal bed methane, the increasing conversion 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   40 
 

of agricultural land to country residential developments around Alberta’s cities and the continued 

development of the agricultural and forestry industries, the pressure on the land continues to grow. 

This will require that the Government address the concerns which have caused interdepartmental 

inconsistencies in policies that have been built over time and sectoral silos. It will also require 

new ways of looking at how to manage the landscape using GIS tools, adaptive management, and 

the integration of the Government’s strategic initiatives such as Water for Life, Clean Air 

Strategy, Climate Change Strategy, Biodiversity Strategy and the Provincial Energy Strategy. 

This is where cooperative information tools can make a difference. GIS is the information source; 

cooperative information systems are the way to aggregate and extract the data across the silos. 

The introduction of the Land-use Framework and the Alberta Land Stewardship Act has 

changed the way Alberta will address these challenges; it gives new powers to the Provincial 

Cabinet for balancing prosperity and the environment, and enshrines the process of continuous 

improvement into formal government management processes. Although the Land-use Framework 

process is in its early days and there is still significant work to do through regional plan 

development, giving these renewed powers to Cabinet is recognition that Alberta’s continued 

prosperity requires a balance between the three pillars of sustainability. It also ensures that 

provincial regulatory processes consider both economic and environmental considerations in 

making public interest decisions, giving a clearer understanding of the Government’s expectations 

to those involved in the industrial development of the province. 

Landscape Ecology and Cumulative Effects Assessment

In order to alleviate the types of concerns noted above and understand the cumulative 

effects of development, there is a need to understand not only the ecological parameters measured 
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in an environmental assessment, but also the policy intent of managing the landscape. The Land-

use Framework indicates the three overall provincial outcomes are to be treated equally, although 

it does acknowledge “trade-offs may be required” (ASRD, 2008, p. 15). While they can co-exist, 

as recognized in the Land-use Framework this can be done only by balancing them within the 

carrying capacity of the environment.  

As Meffe et al. (2002) and Weddell (2002) and Holling et al. (2002) show, managing the 

landscape to ensure healthy ecosystems and environments (resiliency and conservation), for a 

healthy economy supported by the natural resources (sustained resource use), and people-friendly 

communities (human systems) requires substantially different views and philosophies. The 

thresholds and indicators that are chosen to meet these objectives will need to be robust enough to 

accomplish all three tasks, as the relationships between communities and their environment is 

complicated and every economic activity ultimately has an environmental consequence.  

As a result, there is a need to look at the suite of tools that link society and environmental 

science to mitigate the impacts of development. Under the Land-use Framework, the Regional 

Advisory Councils (RAC) have been asked to begin this work and provide advice to Cabinet on 

how competing land uses in the regional area should be reconciled (ASRD, 2009b). Tools such as 

life-cycle assessment, best management practices, best available technology economically 

achievable (BATEA), environmental risk assessment, and environmental auditing will all play a 

role in determining how to balance the three outcomes in any planning region. However, none of 

these things is new. They have been championed by thinkers such as Elkington, and Hawken, 

Weizsacker and Lovins for over a decade (Elkington, 1998; Ernst Von Weizsacker, Lovins, & 

Lovins, 1998; Hawken, 1994). The challenge is how to take these ideas and implement them in a 

government-wide planning approach.  
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To understand landscape level effects, there is also a need to understand landscape 

ecology. Alberta’s current environmental and cumulative effects assessment processes provide a 

solid foundation for the collection of data that can be aggregated into overall ecological attributes. 

The recognition that regional environmental effects assessment (REA) can play a role in 

addressing this challenge is a positive step. A regional scale analysis provides the context and 

direction for understanding landscape level ecological issues and the consideration of the strategic 

options for development, before irreversible project level decisions are made (Canadian Council 

of Ministers of the Environment, 2009). The new regional assessment processes can provide both 

the baseline data for the region’s existing conditions and guide land-use planning.  

Because REA processes have yet to be developed, there is an opportunity to design the 

data and metadata standards and systems that are required to reflect not only the needs of the 

cumulative effects assessment (Strategy Three) but also the information, knowledge and 

monitoring strategy needs (Strategy Six) of the Land-use Framework.  

Designing the system to meet these strategic needs will establish a foundation for 

redeveloping and upgrading Alberta’s ecological data collection systems. The Alberta Vegetation 

Index and Alberta Biodiversity Monitoring Institute protocols and standards have served the 

province well. Upgrading these systems so that their data can be shared and reused will allow the 

Province to take the next step to cooperative information systems where automated reasoning, 

meaning, and changes in meaning can be developed from the data. 

Cumulative environmental effects management is a main goal of the Land-use 

Framework. As Hegmann et al. (1999), Kennett (1999), Kennett and Schneider (2008a, 2008b) 

and Kennedy (2002) describe, cumulative effects assessment is rife with ambiguity, particularly in 
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deciding on and putting into action a method for making trade-offs; which is one of the main 

components for managing for both a healthy economy supported by natural resources and healthy 

ecosystems. Therefore, Alberta’s adoption of a Cumulative Effects Management System in the 

Industrial Heartland near Edmonton in 2007 (Alberta Environment, 2008b) will need to be 

expanded to all regions of the province and beyond air and water to include terrestrial thresholds 

and indicators. 

Accomplishing the different outcomes of the Land-use Framework will require the use of 

various indicators and thresholds resulting in the need for very different datasets. The history of 

environmental assessment shows there is a need to set clear indicators and appropriate thresholds 

to determine the amount change from baseline conditions that define a significant impact. 

Panarchy theory suggests indicators should cross spatial and temporal scales that link the past to 

the present and range from small and fast cycles that may only last days to large and slow cycles 

that can last for thousands of years (Holling, 2001).  

This could mean choosing a suite of indicators and thresholds that range from a specific 

insect or plant species to ones that reflect the connectivity or overall energy dynamics of the 

landscape. The challenge in setting indicator thresholds is to sort through the myriad of 

observationally derived data to figure out the biotic and abiotic indicators and processes that will 

reflect the “critical self-organized variables and the transformations that can occur in them” 

(Holling, 2001) which when reported reflect the state of the natural environment and changes to 

that environment.  

In the Terms of Reference for Developing the Lower Athabasca Regional Plan and the 

Terms of Reference for Developing the South Saskatchewan Region the Regional Advisory 
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Committee has been asked to provide advice on how to reconcile competing land-use and address 

trade-offs. While the trade-off processes can be informed by science, ultimately the determination 

of the indicators and thresholds necessary for reconciling competing land-use requires societal 

trade-offs (ASRD, 2009c, 2009d).  

No matter what indicators and thresholds are ultimately used, standard data formats will be 

required so that the indicators can be compared across both the sub-regions within a region and 

across all regions of the province. Therefore, the indicators must be robust enough to show change 

in the ecological parameters and be relatively easy and inexpensive to collect.  

In determining the significance of change in the regional planning area, it is appropriate to 

evaluate the four perspectives of significance described by Beanlands and Duinker (1983) and 

what they mean for the area. Setting the accepted levels of environmental change then becomes 

similar to setting of the thresholds and indicators and should be based the societal needs of the 

region. As Beanlands and Duinker (1983) note, “the question of significance is indeed a social and 

economic one, and it cannot be confined to what were regard as biologically significant. Any 

definition of significant impact must incorporate a yardstick of human values” (Beanlands & 

Duinker, 1983, p. 45).  

Environmental professionals need to be less concerned about the scientific certainty or 

uncertainty of significance and more aware of the need for public transparency in the value 

judgements undertaken in the scientific assessment, and that a multiplicity of values, often with 

opposing viewpoints, will be reflected in any final determination of significance (Rossouw, 2003). 

In the end, significance is what the jurisdiction requiring the environmental assessment defines it 

as being for that jurisdiction. This could be accomplished using information sessions with 
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feedback mechanisms or through discussion with the local elected officials. However it is done, 

the public perception of environmental values must be incorporated into the question of 

significance. 

The Land-use Framework has recognized that continuous improvement is a way to 

incorporate adaptive management into the environmental management process. In addressing 

cumulative effects management, it acknowledges “cumulative effects management is an emerging 

practice, an art not a science” (ASRD, 2008, p. 31).  

Making adaptive management processes work requires a number of ecological, socio-

economic and institutional conditions. Important components include that there must be enough of 

the proper data about each of these conditions to see the results of any changes; stakeholders must 

be interested in finding solutions, agree on the desired outcomes, and be committed to the process; 

and the sponsoring organization must be committed to linking adaptive management to the 

outcomes and implementation of the results (Meffe, 2002). For the proposed adaptive 

management process to work, the government and the parties who develop and monitor the 

regional plans must be willing to abide by these conditions. This is another area that has not been 

fully developed; therefore, the Government of Alberta will need to develop management 

processes around this, which, ideally, will use data collection methods for cumulative effects data 

based on the needs of cooperative information systems. 

GIS and Cooperative Information Systems 

The spatial nature of GIS data sets have allowed for a more complete understanding of 

environmental conditions; however, the way GIS systems have been designed limits how they 

handle data and metadata and therefore restricts the development of automated reasoning.  
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The data in data sets is only as good as the information put into the database. This inherent 

problem with the data sets means that to be useful, they need to be verified through ground-

truthing, where the location and type of information is verified by human reconnaissance, before 

being accepted as accurate. The overriding benefit of GIS is the relational nature of the databases 

and their ability to explore relationships between items in the database. This allows for the 

examination of connections that may not have been possible prior to their development. Because 

cooperative information systems utilize GIS databases, this is also a benefit for cooperative 

information systems.  

Cooperative information systems are progressing to allow for not only the gathering and 

aggregation of data, but are beginning to find meaning in the data. The tools that make up the 

semantic web; XML, RDF, ontologies and the science of ecoinformatics, are changing the way 

data can be collected and evaluated through the use of metadata tags, machine independent 

languages, and the linking together of data elements.  

Even though these technologies offer a lot of promise, there are still a number of areas 

where the technology and ways of handling data are not complete. The reduction of information 

using appropriate indicators can mitigate the ever-growing amount of environmental information 

available to process; but the classification of ecological information is a large barrier to 

integrating data sets. Fortunately, groups such as Semantic Web for Earth and Environmental 

Technologies (SWEET) and Science Environment for Ecological Knowledge (SEEK), have 

started to develop tools such as the environmental mark-up language (EML) and scientific 

ontologies to rest on the RDF and RDF schema framework. The sciences of ecoinformatics and 

biodiversity informatics are being developed to enable more sophisticated knowledge 

management system that are able to manage the level of complex ecological information that is 
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being collected. The idiosyncrasies of the Linnaean classification system have yet to be 

conquered, although some work has been done in this field showing how ontologies can address 

these concerns (Cui, 2008; Kennedy, Kukla, & Paterson, 2005; Madin, Bowers, Schildhauer, & 

Jones, 2008).  

Metadata is another one of the important components of semantic web technologies. To 

date, Alberta’s various protocols for collecting environmental data (AVI, ABMI and GVI) do not 

appear to be set-up to handle much of the metadata that is required to make a fully functional 

cooperative information system, although the GIS databases are capable of this.  

There are signs that this is beginning to change. In 2007, the Departments of Energy, 

Environment and Sustainable Resource Development of the Alberta Government committed to 

sharing natural resource and environmental data across Ministries agreeing to adopt and 

implement information technology standards, including metadata standards, common to the three 

ministries (Alberta Sustainable Resource and Environmental Management Office, 2007a). Stating 

that it was desirable to establish data management standards for cooperative data collection and to 

leverage land information investments, they recommended the development of detailed 

information sharing implementation plans and the adoption and implementation of geographic 

data and information management standards. Subsequently, the Information Sharing Initiative has 

recommended the use of the XML language GML (geography mark-up language) as a standard 

means of representing the properties of the geospatial features and interrelationships (Alberta 

Sustainable Resource and Environmental Management Office, 2007b).  

Sorting through data and linking similar data elements is exactly what cooperative 

information systems are designed to do. Using semantic web tools, data can be organized around 
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meaning, automatically check for inconsistencies, and develop an understanding of the 

relationships between data elements in different databases. This understanding can then be used in 

the adaptive management process defined in the Land-use Framework to support continuous 

improvement in decision-making. 

Could this be done with the GIS systems that are currently available? Possibly, but not 

likely. The Environmental Systems Research Institute (ESRI), one of the leading GIS providers, 

indicates that the next generation of GIS will be “driven by process models” (Environmental 

Systems Research Institute Inc., 2009); nevertheless they state “there are still considerable 

research efforts remaining before the full semantic Web is available in the GIS domain” 

(Environmental Systems Research Institute Inc., 2007, p. 43). 

The Future of Cooperative Information Systems 

Due to the complexity of the challenge, semantic web tools in ecology have been slow to 

develop; however, there will come a time when they will be sufficiently developed to be able to 

connect data, and the issues with taxonomy will be resolved. When that happens, what will the 

information systems look like and what will they be able to do?  

The answer to this question is already beginning to be seen. Kraines et al. (2006) have 

developed a prototype for knowledge dissemination presenting a case study on how four 

researchers in different fields can share information across a wide range of knowledge domains to 

aid each others research.  

In environmental modelling, Villa et al. (2009) are investigating how structured 

knowledge can be incorporated into environmental data and model design, and discuss how the 
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knowledge can be used to produce representations of natural systems by having the technological 

details of the model inferred by machine reasoning. 

When the technologies are fully developed, anyone will be able to access relational 

knowledge from disparate data sources, and link and integrate the information in ways that suit 

their own needs independent of computer type or software platform− much like today’s advanced 

search engines or social networking sites. They will be able to have their computer formulate, 

search for, share and combine knowledge in ways that have yet to be thought of. In doing so, they 

will be able to build new ways of understanding complex landscape ecosystem relationships while 

building local and regional assessments, and discover yet unknown relationships in ecosystem 

components that will allow for more comprehensive information for decision making. 
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CHAPTER 5 – CONCLUSIONS AND RECOMMENDATIONS

“… the era of ecosystem management via incremental increases in efficiency is over. We 

are now in an era of transformation, in which ecosystem management must build and maintain 

ecological resilience as well as the social flexibility needed to cope, innovate, and adapt.” 

(Holling, 2001, p. 404) 

This research began with the premise that with current computer information systems it 

should be relatively easy to collect and interpret environmental information to bring the Land-use 

Framework’s strategies of cumulative effects assessment and information monitoring and 

knowledge together, and provide a way for the government to manage the environmental effects 

on the land. It has found that, in reality, this is much easier said than done.  

While it is theoretically possible, and this investigation shows there have been some good 

starts at combining the data contained in individual databases through semantic web technologies, 

this technology is still in its infancy. Consequently, there is no standard approach that could be 

easily implemented in the near term to assist in the development of the regional plans under 

Alberta’s Land-use Framework. Therefore, the following research recommendations are based on 

the longer-term research that is required to make this viable for the ongoing management of 

cumulative effects. If, as it appears, the Government of Alberta is sincere about managing the 

landscape for the longer term, there is a need for more research into all three areas investigated in 

this thesis: environmental policy, ecological science, and cooperative information systems. 



Cooperative Information Systems: A Tool For Supporting Alberta’s Land-use Framework   51 
 

Policy Research Recommendations 

The Government of Alberta has moved relatively quickly to develop and implement the 

Land-use Framework; as a result there are areas that have yet to be developed.  

Wanting to manage Alberta’s natural resource for a healthy economy and healthy 

ecosystems and environment to provide for “smart growth” (ASRD, 2008) is a noble idea; in 

practice this has never been an easy task. The history of land-use management shows how 

changing views of nature have guided environmental decision making sometimes resulting in the 

depletion of natural resources; the alteration, decline and destruction of important habitats, the 

disappearance of “right” species (such as pests that may provide important ecosystem functions), 

and the protection of the “wrong” species (such as species that have a place in the ecosystem but 

will destroy it if their populations are left unchecked) (Meffe, 2002; Weddell, 2002).  

While none of the objectives of the Land-use Framework identified in this report is 

inherently right or wrong, it is difficult to serve three different needs at the same time. In each of 

the seven land-use regions, it would be useful to determine a specific over-riding goal of the 

management of the region (or of specific sub-regions), like a simplified version of the previous 

integrated resource planning approach (Alberta Energy and Natural Resources, 1983). The other 

two goals could be incorporated with the primary goal to define the use of an area. This could lead 

to a matrix of acceptable land-uses in the region that balance all three objectives. In developing 

the Land-use Framework, the government went to great lengths to be inclusive and get the views 

of Albertans; now tough decisions need to be made. Managing for any of the three goals 

establishes the management philosophy, the types of indicators, their thresholds in the region or 

sub-region and a definition of significance; however, for each objective these will be different, 

and therefore specific choices need to be made for each region or sub-region. Balancing the 
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objectives through a matrix or some other process will allow for the management for 

complementary land-uses and the development of complementary data sets. 

In making these choices there is also a need for a formal cross-government process to align 

policies across departments and agencies and for making the trade-offs that will be required. The 

current ad hoc decision-making process sets up the various government departments and agencies 

to compete for the same provincial resources based on the priorities identified in their business 

plans, and this needs to be addressed. While these kinds of a process may already exist, the 

development of a decision model that lays out the principles, criteria and measures for making the 

trade-offs , and the parties responsible for decision making would help alleviate this concern. 

Ecological Science Research Recommendations 

In order for there to be an effective land-use management policy, there is a need for 

science to inform policy. One of the major concerns in implementing cooperative information 

systems is the need for science based on observational data and not just literature reviews. The 

environmental assessment processes currently in use provides a good framework for the continued 

development of  environmental policy, environmental assessment and the collection of 

observational data.. The various data collection standards that are currently used in Alberta, the 

tendency for scientists to use the Linnaean classification system in their own way and the need for 

indicators, thresholds, and significance signal that this area is ripe for reform.  

As a result, a common approach to classifying information should be adopted across all 

government departments and agencies. This could be done through a cross-ministry committee 

that would establish consistent approaches and ensure their departments use the same standard. 
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The current data collection systems (AVI, BDMI, and GVI) should be evaluated to ensure 

their data collection protocols are standardized with the new classification approach recommended 

above, they meet the established standard, and they are able to collect the metadata that will be 

required to link the data elements in a cooperative information system environment. 

Continued research into the use of panarchy cycles will help inform decision-makers about 

alternative approaches to environmental cumulative effects assessment and the use of thresholds 

in decision-making.  

Computer Science Research Recommendations 

Despite the progress on cooperative information systems, they have not been developed to 

the extent necessary for use in the development of Alberta’s Land-use Framework.  

Ongoing research is required on the types of ontologies and data layers that are needed to 

develop the proper data systems. It would be useful to develop a true transdisciplinary, cross-

ministry team comprised of policy analysts, natural scientists and computer scientists as a 

standing team housed under the Land-use Secretariat, to build the systems necessary for managing 

the Land-use Framework’s ongoing data needs. 

The proposed cross-ministry team should evaluate and decide on the ecological data 

requirements based on the policy requirements and a specific set of semantic web standards. The 

Ecological Metadata Language developed for the Science Environment and Ecological 

Knowledge program appears to be the most fully developed and may be a good candidate for 

consideration; however, the Geographic Mark-up Language chosen for the Information Sharing 

Initiative may not have the capabilities to collect the range of data and metadata required to make 
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this a reality. The proposed cross-ministry team would be able to make this evaluation and 

implement the findings. 

Summation and Final Remarks 

As the competition for access to land in Alberta has become more pronounced, there has 

been a need to move away from the older ways of managing the provinces land base to ensure the 

interests of the province’s mineral resource industries and needs of the public are balanced. 

The Land-use Framework is based on an adaptive management approach supported by 

knowledge systems and continuous improvement ─ to develop a vision, outcomes, and guiding 

principles and specific plans to manage Alberta’s lands and natural resources to achieve long-term 

economic, economic, and social goals (ASRD, 2008). It outlines seven strategies to improve land-

use decision making.  

As this process moves from the planning to the implementation stage, there is an 

opportunity to evaluate the use of new information technologies to manage the ongoing 

information needs by connecting individual stand-alone databases through web-based cooperative 

information systems. However, in the end, what is important is the not the process for developing 

an understanding of the cumulative effects of regional environmental planning, but the results of 

the planning processes. 
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