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1. INTRODUCTION 

This document is intended to be a summary of the overall approach and 
methodology used in the development of the Terrestrial Ecosystem Management 
Framework (TEMF).  It is by no means a comprehensive summary of the data inputs 
and assumptions nor the results.  Detailed information regarding data inputs and 
assumptions, models and results can be found online at www.cemaonline.ca. 

The TEMF has been developed through a consensus decision-making process, 
which included the identification of levels of agreement and areas of divergence in 
order to provide a sound rationale for decisions to be made. To develop a shared 
knowledge base, a proven method of scenario planning was followed.  Simulation 
models were used to identify baseline indicator performance on the land base, 
strategically, spatially and temporally, to evaluate outcomes under different potential 
management scenarios, and to evaluate the magnitude and effects of risk and 
uncertainty.   

The TEMF was developed over a two and a half year period using a structured and 
iterative process. Decisions were made at each step of the process, tested and 
validated. Where iterations warranted changes, changes were made.  The process 
consisted of 6 main work areas that included 19 workshops designed to support 
progressive and incremental investigation and decision-making.  In summary, the 
process included: 

·  Consensus agreement of indicators supported by four workshops covering: 

·   team principles - consensus approach to decision making in the CEMA 
context 

·   models and tools - overview of the chosen models and approaches and 
their effective use  

·  environmental, resource use and economic indicators - selection criteria 
were ecological relevance, response variability, management relevance, 
feasibility of implementation, interpretation and utility and compatibility 
with selected models 

·  Consensus agreement on regional goals  supported by three workshops 
covering: 

·   goals – ratified goals and categories for the region through facilitated 
discussion 

·   TEK incorporation – cultural, historical, spiritual and sustainable linkages 
to the TEMF 

·  Consensus agreement on regional management approach  supported by one 
workshop: 

·  Adoption of a triad management strategy as the primary basis to 
satisfactorily balance competing demands for environmental integrity and 
the extraction of natural resources 
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·  Assessment of management options, opportunities, risks and uncert ainty  
supported by six workshops covering: 

·  new models – developed for moose, native fish, bitumen surface mining 
and in situ extraction 

·  simulation modelling - strategic and spatial forecasting of a 100-year 
planning horizon in 4 scenarios to assess the management implications of 
current practice, access management, expanded protected areas and 
innovative industrial practices 

·  risk assessment – sensitivity analyses to quantify risk associated with 
uncertainty in key forecasting assumptions including bitumen production 
rates and reclamation success rates 

Consensus agreement on Triad Zoning, environmental thresholds and a 
monitoring system  supported by two workshops covering: 

·  Review of all learnings – review of key insights gained from quantitative 
modelling about key drivers and temporal factors 

·  Developing a monitoring system framework – measure indicator 
performance, management practices and system effectiveness and 
integrate with existing initiatives such as the ABMI 

·  Trade-off assessments – building on complementary values and 
approaches and evaluating the implications of value choices where 
necessary 

·  Decision making – facilitated discussion and determination of 
recommended course of action 

·  Facilitation of Elder’s Circle  workshops covering: 

·  Gather stories and traditional values to inform the management 
framework 

·  Feedback on overall methods to develop the TEMF 

·  Preparation of the TEMF report  and supporting documents detailing the 
Management Framework recommendations supported by two workshops: 

·  Develop and refine content and structure 

·  Embedding linkages to on-line reference appendices 
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2. FACILITATION PROCESS 

As described, some 19 workshops were held using CEMA’s consensus decision-making 
model based on the Clean Air Strategic Alliance (CASA) including the approach and 
protocols for non-consensus. The Facilitation and Modelling Project, acknowledged the 
need for a third party neutral to guide the development of a shared knowledge base 
through a proven method of scenario planning and consensus decision-making. 

The facilitator assumed responsibility for the following aspects of the project: 

·  Group Development - ensuring all SEWG stakeholders and the consulting 
team (Silvatech) adopt group guidelines and understand team building 
process and provided ongoing information on group process over the 
duration of the project  

·  Equitable participation - facilitated discussions and ensured there was 
adequate time for all participants to provide information and explore various 
perspectives. 

·  Consensus decisions  - established mutual understanding and described the 
stages in the development of a consensus based decision-making process, 
mediated differences as appropriate.  

·  Knowledge acquisition - provided group processes to enable the group to 
acquire new knowledge, exchange information and work towards consensus 
decisions. 

The process of developing and facilitating the multi stakeholder group in order to achieve 
consensus was critical to the successful outcome of the project. This role ensured that 
the group was guided by someone who is neutral so that fair and equitable dialogue 
could take place. Groups that wish to make decisions by consensus are often hampered 
by three key factors, power, information, and time.  

A power  imbalance may occur when a person of authority (actual or perceived) leads 
the group to decision prior to having adequately explored perspectives. Members may 
respond by not contributing information or perceptions freely and as a result decisions 
are less likely to be representative. The facilitator provided an equitable framework 
where the knowledge experts and the grassroots participants felt valued and respected 
and ensured the opportunity for those who were less forthcoming to participate. 

Information  was provided following an iterative process led by the Silvatech team. This 
allowed the participants to prepare in advance and bring forward additional information 
and knowledge to the participants in a timely fashion. Areas where there was an 
information or knowledge gap were also identified throughout the project. Occasionally, 
smaller sub-groups worked independently to bring information back to the group for 
consideration and decision. 

The consensus building process is one that seeks the agreement of most participants, 
and also works to resolve or mitigate the objections of the minority to achieve the most 
agreeable decision.  Consensus building when individual values or different levels of 
authority are involved is time consuming. Adequate time  needed to be given for the 
SEWG members to begin to understand the important aspects of options different from 
their own. This sometimes involved revisiting decisions in light of new information as the 
project proceeded.  
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There are different levels of consensus. Consensus agreements were sometimes 
possible at a very high level such as the purpose for undertaking the work but became 
more difficult to achieve as greater degrees of specificity were added. Non-consensus 
outcomes were described by degree and were carefully detailed in agreements so that 
the exact level at which the divergence occurred was clear and did not impede higher 
order consensus agreements. This allowed the non-adopter the opportunity to provide 
the rationale for the decision.  

2.1. Benefit 
The benefit of a neutral facilitator is that there is always one person who is responsible 
to the development and evolution of the group. It is not uncommon for groups, even 
those that have worked together successfully in the past, to get ‘stuck’. Through a 
process that encourages active engagement in discussions and getting all the issues out 
on the table, participants often feel a sense of relief as it becomes more obvious that 
there are common goals to be found among the differences and individuals are feeling 
listened to by the group. Ultimately, the excitement and synergy of working well together 
will overtake the group enabling them to make inclusive decisions, resolve any 
differences as they arise and explore new opportunities. Plans for the future will take on 
a sense of reality as the group works effectively together. 

2.2. Approach 
Preparation was paramount.  The Facilitator met with the SEWG co-chairs and Project 
Manager in person on a regular basis throughout the project to set the agenda including 
the objectives and decisions, and the presentation of work.  

A team-building workshop was held to identify the group’s meeting agreements and to 
the extent possible re-affirm a transparent consensus based-decision-making process 
based on CASA as above at the outset and on a regular basis throughout the project. It 
was recognized that the group evolved over time and that membership was not static. 
Therefore, as necessary, further informal team building activities were incorporated over 
the course of the project. 

Facilitated workshops were held throughout the project to ensure equitable discourse 
leading to consensus-based decisions. Participatory decision-making techniques for 
managing large amounts of information were utilized to augment the process.  Summary 
notes of decisions and actions were provided at the conclusion of each workshop. 
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3. REGIONAL GOALS AND INDICATORS 

Following an initial teambuilding workshop, a workshop reviewing available models and 
tools was undertaken to review the models chosen and to understand the most effective 
ways to utilize them.  With this knowledge in hand, the group moved on to determine the 
regional goals for a successful TEMF and the indicators that would be used by SEWG to 
assess alternative land management strategy effectiveness.   

Through a series of workshops the regional goals and indicators were decided upon by 
SEWG.  Regional Goals linked to the original RSDS issues identified as part of SEWG’s 
mandate to address were refined from previous work and and were subsequently 
categorized as either environmental, economic or resource use.   

An indicator database was developed that included all possible indicators, rationales for 
inclusion or exclusion and linkages to regional goals.  Indicators were ranked according 
to a set of criteria including ecological relevance, response variability, management 
relevance, feasibility of implementation, interpretation and utility and compatibility with 
selected models. Through a facilitated consensus based decision-making process, the 
following indicators linked to the regional goals were chosen:   

Figure 1: SEWG Ratified Goals and Indicators  

Category Goal Indicator

Index of Native Fish Integrity

Woodland Caribou habitat and population response

Moose habitat and population response

Fisher habitat

Old Growth Forest Birds habitat

Black Bear habitat and population response

Sustain the natural range of vegetation 
communities, successional patterns and 

ecological processes.
Area, Pattern and Age of Vegetation types

Area, Pattern and Age of Vegetation Types

Percent Area Under Protected, Intensive & Extensive Status

Water Flow Dynamics (Discontinuity of Non-mainstem river 
systems)

Density of linear features

Sustain a land base for timber harvest Area of productive forest land and percentage of growing stock
Bitumen production m3 (including coke and asphaltines)
Conventional oil production m3 (light and heavy)
Natural gas and condensates production m3

Maintain opportunities for Aggregate 
resource development

Aggregate production including limestone (tonnes)

Maintain opportunities for mineral 
resource development

Mineral (non-hydrocarbon) production including uranium (tonnes)

Maintain opportunities for tourism 
development

# of visitors

Index of Native Fish Integrity
Woodland Caribou habitat and population response
Moose habitat and population response
Fisher habitat
Black Bear habitat and population response
Area, Pattern and Age of Vegetation types
# of ha by recreational reserve type (including *high capability*)
# of ha of reservation or disposition by recreation type
Density of linear features

recreational hunting harvest level for moose

recreational hunting harvest level for black bear

Preserve the diversity of species, 
ecosystems and landscapes

Resource Use

Sustain viable and healthy populations of 
wildlife and fish.

Environmental

Economic

Maintain opportunities for oil sands and 
hydrocarbon reserves development

Sustain natural watersheds and their 
elements

Sustain  recreational capability and 
availability of  wilderness opportunities

Maintain opportunities for consumptive, 
non-commercial use of fish, wildlife and 

plants.

Maintain opportunities for traditional 
Aboriginal land use
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4. TEK INCORPORATION 

The appropriate incorporation of TEK in this process was considered a critical element.  
In addition to the ethical imperative, the application of TEK in planning and decision-
making is useful for new biological and ecological insights and it helps define realistic 
evaluations of the environment, natural resources, and production systems.  Involving 
local knowledge in the planning process improves the chances of successful 
development and enhances environmental assessment capabilities.  Several recent 
studies to archive traditional knowledge in a manner that contributes to it’s preservation 
and maintenance including the Dene Tha’ (1997), Fort McKay First Nation (1999) and 
the Athabasca Chipewayan First Nation (2003) have underlined the value of TEK.  
SEWG worked to build upon existing CEMA and SEWG TEK work and wherever 
possible, opportunities to include utilizing traditional use information, ethnography and 
cognitive maps were taken.   

Finally, in order to capture the spirit of traditional knowledge transfer with First Nations 
culture, workshops to capture information provided by the TEK committee Elders were 
undertaken to identify descriptive “stories” of the holistic perspective of First Nations’ 
stewardship of the land.  Where possible and appropriate, this information was used to 
identify cultural, historical, spiritual and sustainable linkages to the TEMF. 

5. ASSESSING MANAGEMENT OPTIONS, OPPORTUNITIES, 
RISK AND UNCERTAINTY 

This component of the project was a cumulative learning experience in which initial ideas 
and approaches were tested, evaluated, refined and advanced.  Modelling tools played 
three important roles within this task.  First, models were used to quantify the natural 
range of variability (NRV) for environmental indicators.  Secondly, models were used to 
identify the anticipated range of indicator performance on the land base both spatially 
and temporally under different management scenarios.  Third, models were used to 
assess the relevance of uncertainty in key forecasting assumptions.  

The models did not explicitly identify what is the “best” management objective or practice 
to apply – this was the role of SEWG members.  Rather, the models were viewed as 
tools that provided insight into the potential implications for specific indicator 
performance as a result of management strategies contemplated. 

A number of different models needed to be developed and integrated together in order to 
accomplish this task.  New models were developed for moose, native fish, bitumen 
surface mining, in situ bitumen extraction and fire.  

5.1. Landbase Inventories 
Landscape simulation models require spatial data to define the study area and its 
composition as well as any zones of activity where specific management requirements 
are simulated.  Both ALCES® and the spatial models require the generation of a GIS 
(Geographic Information System) file commonly referred to as a “resultant file” that is the 
product of an overlay process.  Information used to generate these files was obtained 
from CEMA and/or its stakeholders, the Government of Alberta (GoA) and the Alberta 
Caribou Committee (ACC).  Silvatech Consulting Ltd. (Silvatech) generated GIS layers 
through the course of this project.  Following is a summary of the data used: 
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CEMA – watersheds, wildlife habitat units, landscape unit polygons, recreation 
inventory, updated Alberta Ground Cover Classification, Land Management Areas, 
RSDS Boundary, RMWB Boundary and the Alberta Land Inventory, Alberta Pacific 
timber harvesting land base, proposed harvest units and yield curves, Alberta Pacific 
proposed ecological benchmark areas, Canadian Parks and Wilderness Society 
proposed protected areas, First Nation Traditional Land Use Areas, surface mine and in 
situ opertations current spatial distribution and future development projections. 

GoA – hydrography, facilities, cutlines, well sites, pipelines, power lines, roads, parks, 
cadastral, quarter-sections, green/white area, significant historical sites, right of way, 
indian reserve, ecological reserve, wildland parks, forest management unit, fur 
management zone, forest recreation areas, forest management agreement and timber 
quota areas, ownership, access, bitumen pay and oil sands projects 

ACC – caribou herd ranges available online at www.albertacariboucommittee.ca 

Silvatech –  surface mine model, in situ model, spatial fire, urban area, ALCES® back-
casted and canisterized data, aged AGCC and quarter townships. 

5.2. Data Inputs and Assumptions 
Specific details of the different models and data assumptions can be found in the 
document Data Inputs and Assumptions, Silvatech Consulting Ltd. 2008 available online 
at: www.cemaonline.ca 

5.3. Key Model Approaches 

5.3.1. ALCES® Strategic Level Simulation  

Forem Technologies developed ALCES® as a strategic-level simulation tool intended for 
use by resource managers, industry, society and the scientific community to explore and 
quantify dynamic landscapes affected by single or multiple land use practices and by 
various natural disturbances such as fire and flooding. ALCES® tracks land use 
disturbance footprints for large regional landscapes (200,000’s to 20,000,000 ha) and 
can be used to help identify environmental and industrial conflicts and assess mitigation 
strategies. 

A SEWG customized version of ALCES® was used to generate Natural Range of 
Variation (NRV) data for environmental indicators, to convert bitumen and timber 
production rates to area disturbance by landscape types, to generate fire area 
disturbance by landscape type and to assess regional and triad zone level indicator 
performace for the management options evaluated by SEWG. 

New models designed specifically for use with the ALCES® platform in this project 
included a Habitat Effectiveness Index for moose, a Native Fish Integrity Index for the 
regional fish guild, and bitumen surface mining and in situ extraction footprint/production 
models. 

The specific details of the model assumptions and parameters can be found in the Data 
Inputs and Assumptions Package. 

5.3.1.1. Defining Natural Range of Variation 

Without a solid empirical understanding of the dynamics of boreal forest ecosystems 
prior to the arrival of industrial landuse practices, it is impossible to construct a 
meaningful “reference” point against which one can compare any future landscape 
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influenced by one or more landuse trajectories. The quantification of NRV therefore 
becomes an essential requisite step in the assessment of cumulative effects of 
landuses. This approach recognized that fire and climatic regimes were the major 
natural perturbation agents responsible for maintaining variation in structure and 
composition of boreal landscapes. As an example, the NRV for boreal caribou 
population index is shown below: 

 
Figure 2: Caribou Population Index NRV derived in A LCES (red range defined by 50 runs)  

A Monte Carlo approach was used to capture the inter-annual variation that occurs 
because of random fire, drought, insects, etc. It should be emphasized that the precise 
attribution of NRV models may not be possible.  The intent is not to define an exact 
answer, but to compute “defendable” variation that approximates natural pre-treatment 
landscapes. For the purposes of this project, the NRV era could be considered to be 
those multiple decades (or centuries) prior to 1905. It is not necessary to know exact 
historic values for precipitation and fire to conduct these analyses, but rather to use 
existing estimates of variances for these variables.  

5.3.1.2. Wildlife Models 

The wildlife models utilized in this project were considered the best available information 
for strategic level assessments utilizing the ALCES® wildlife module.   

5.3.1.2.1. Habitat Effectiveness 

The Habitat Effectiveness Index (HEI) is a composite index comprised of 2 other indices, 
namely Habitat Availability Index and Habitat Quality Index.  HEI’s were used for moose, 
fisher and black bear.  The HEI for moose was customized for this project. 

5.3.1.2.2. Community Richness Index 

Community Richness Index (CRI) is a measure of the richness of species within a guild 
in response to habitat conditions and the effects of natural and anthropogenic 
disturbance.  Guild CRI’s were used for both native fish and old growth birds.  The 
Native Fish Integrity Index was developed specifically for this project. 



 

12 

5.3.1.2.3. Population Index 

The Alberta Caribou Committee’s Predicted Finite Rate of Increase equation, commonly 
referred to as the “lamda” eqation, was utilized to compute predicted population growth 
for caribou in the region, not by herd. 

Predicted population growth (lamda) is based on 2 variables: (1) percentage area of 
caribou range within 250 meters of anthropogenic footprint (IND), and (2) percentage of 
caribou range naturally disturbed (i.e. wildfire) within the last 50 years (I.e.  % of range of 
recent (< 50 yrs) fire origin; FIRE).   

The equation to derive this is: (-.258*(Total_%_of_ZOI_of_Range)) - 
(.212*Fire\Insect_origin%_less_than_50_yrs) +1.14   

5.3.2. Spatially Explicit Models 

Initially, SEWG intended to use exisiting landscape estate simulation models to project 
the spatially explicit implications of key disturbance agents within the region.  This 
proved to be impractical given the unique nature of modelling required for this project 
and as such custom models were developed. 

Map Now, a program designed to “distribute” ALCES® generated disturbance metrics 
spatially over a study area was utilized to generate a spatially explicit fire disturbance 
schedule consistent with the stochastic fire disturbance represented within ALCES® 
based upon a fire cycle model. (Bandaloop Landscape-Ecosystem Services,2005.  
Natural Levels of Forest Age-Class Variability on the RSDS Landscape of Alberta. 
Available at www.cemaonline.ca). 

A spatial timber harvest sequence was generated that was representative of the Timber 
Harvest Land Base definitions provided by ALPAC, consistent with the periodic harvest 
rates of hardwood and softwood simulated within ALCES® and utilizing an oldest first 
harvest queue to spatially locate each stand harvested. 

A spatially explicit representation of “generic” or “average” surface mine operations as 
well as a surface mine development queue rule was developed in a faciltated workshop 
with representatives of SEWG surface mine operators.  The footprint/production model 
was developed for both current and future innovative approaches technology.  The rate 
of new surface mine development was consistent with that simulated in ALCES®.  The 
spatial pattern for surface mine development was determined by applying the 
development queue rule to the bitumen pay map provided by Alberta Energy and Utilities 
Board. 

A spatially explicit representation of “generic” or “average” in situ extraction operations 
as well as an in situ development queue rule was developed in a faciltated workshop 
with representatives of SEWG in situ operators.  The footprint/production model was 
developed for both current and future innovative approaches technology.  The rate of 
new in situ development was consistent with that simulated in ALCES®.  The spatial 
pattern for in situ development was determined by applying the development queue rule 
to the bitumen pay map provided by Alberta Energy and Utilities Board. 

5.3.3. Economic Impact Analysis 

The extraction and development of resources is a key economic driver in northeastern 
Alberta with impacts on employment, taxes, royalties, and population change. The 
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economic consequences of the scenarios evaluated by SEWG were simulated using 
general equilibrium impact modeling techniques. 

5.3.3.1. Background  

General equilibrium (GE) economic impact models are standard tools for assessing the 
economic impacts of proposed industrial projects, major events, issues concerning 
international trade, and domestic government policy changes (Miller and Blair 1985; 
Pyatt and Round 1985). In addition to general acceptance by economists, GE methods 
also have a legal precedence through their use in the socio-economic components of 
environmental impact assessments. Within GE theory, every sector (e.g., oil and gas) of 
an economy is linked to other sectors (e.g., services and retail), whether directly through 
transactions (purchases and sales), or indirectly through competition for labour, capital, 
and land for use in the production process. 

Input-output (I-O) models are the most common form of GE models and can account, to 
varying extents, for sector linkages and provide a more complete picture of the impact 
one sector can have on other sectors and the overall economy of a region. For example, 
in the case of oil sands development, every barrel of bitumen extracted from the ground 
requires direct labour in the oil and gas sector, but also generates indirect labour in other 
sectors like services. The multiplier effect means that for every job associated with oil 
sands development there is greater than one job created in total in the overall economy.  

Input-output (I-O) models are subject to a variety of assumptions that limit the scope of 
analysis, and realism. The main theoretical assumptions inherent to I-O models include: 
(1) no role for prices - the supply or availability of inputs and outputs does not influence 
prices, (2) fixed input proportions - if an industry expands its output it is assumed to 
combine the existing ratio of labour to capital, (3) no constraints on inputs: assume that 
the primary factors of production (land, labour, and capital) are available in excess 
supply, and (4) average deterministic relationships: uses industry multipliers and 
generalized technical production relationships, 

5.3.3.2. Alternative modeling approaches 

Computable general equilibrium (CGE) models are another form of GE modeling. Unlike 
the more common I-O models, competition among sectors for the factors of production is 
a key feature of CGE models and the multiplier estimates produced by CGE models are 
generally smaller (and potentially less biased upwards) compared to I-O multipliers 
(Partridge and Rickman 1998; Schreiner et al. 1999). The additional complexity, 
computational effort, and data requirements limit the widespread application of CGE 
models despite what is generally considered a more refined or less biased impact 
modeling approach that is better grounded in economic theory.  

5.3.3.3. Economic model selection rationale and des cription 

Initially, SEWG considered developing a CGE model for estimating the economic 
implications of alternative landscape cumulative effects management scenarios for the 
study area.  However, three main factors led to the use of the I-O approach: 

1. The Regional Issues Working Group (RIWG) of CEMA has existing I-O employment 
multipliers, scaled to reflect the RMWB, embedded within a population model developed 
by Nichols Applied Management. 

2. RIWG also has an existing municipal industrial tax assessment model and a provincial 
royalty payment model. 
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3. The scenario approach adopted by SEWG for the main program modeling considers a 
single production path over time for bitumen which limits the applicability of the CGE 
approach since production paths do not vary across the scenarios. 

The RIWG Urban Population Model for Fort McMurray (including a qualitative 
assessment of outlying communities), a municipal industrial tax assessment model, and 
a provincial royalty payment model were utilized for the economic impact analysis in this 
project. The Urban Population Model tracks historical population levels and contains 
provincial I-O multipliers that are adjusted for the RMWB. Adjustments to the multipliers 
are made using historical information about individual projects compared to employment 
and population statistics collected for the municipality. These models are used to 
simulate future levels of employment, taxes, royalties, and population associated with oil 
sands development and other economic activity in the RMWB. 

The RIWG models offer several unique features that address some of the critiques of the 
assumptions inherent in typical I-O approaches. For example, the I-O multipliers are 
adjusted to better-fit historical relationships between projects, production, employment 
and population. The models are based on existing and expected projects and production 
types are differentiated in the models. This level of detail would not be available in 
existing I-O data. In addition, many of the assumptions that limit the I-O approach are to 
a large extent accounted for in the scenario driven approach and the estimation of a 
bitumen production curve that drives the economic indicators. 

At the time of this work, the provincial royalty framework was under review and the 
model and findings are based on the royalty regime prior to the announced changes in 
fall of 2007. According the existing regime at the time, royalties were calculated as one 
percent of gross during the capital payout period and 25 percent of net during the 
balance of operation. The capital payout period was assumed to average five years. The 
model is based on operational expenditure data from the National Energy Board 2006 
Update and proxies for capital expenditures are used to estimate the cost of investment 
needed to keep facilities active. The model results are also based on a long-term 
benchmark price of $50 West Texas Intermediate. 

5.4. Pilot Modelling 
A pilot modelling exercise consisting of the most industrially active sub-region of the 
study area was initially anticipated using the ALCES, Spatial and Economic models.  
The general approach was to undertake several management scenarios focusing on the 
performance of 3 chosen indicators.  The findings would then be summarized and 
evaluated in order to learn what if any adjustments and/or refinements would be 
necessary prior to engaging in the comprehensive Main Program modelling. 

As the project developed, it was determined that testing using all models and only a 
select group of indicators would not be the most effective approach.  Instead, ongoing 
ALCES modelling work on the sub-region was rolled into this project.  The ALCES 
modelling work was expanded to examine a wide range of bitumen extraction 
trajectories over a 100-year planning horizon against a number of potential management 
strategies.  The results of this work were reviewed by SEWG in a facilitated workshop 
and the basis for comprehensive scenario modelling in the Main Program using all 
models was determined. 
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5.5. Main Program Modelling 
Having learned from the insights and process of the Pilot Program, SEWG was better 
equipped to develop a range of potential management emphasis scenarios designed to 
clearly define which indicators or groups of indicators are compatible and which are not 
across the entire region.   

The Main Program modelling utilized all three models, ALCES, spatial and economic, in 
a scenario planning approach.  The scenarios were designed to inform SEWG about the 
most likely implications of different land management strategies for the region.  They 
were not intended to represent the final outcome of the Management Framework, but 
rather to inform future sensitivity analysis and ultimately the re-working and design of 
recommended strategies. 

The modelling approach taken was that the implications of pre-determined 
anthropogenic and natural disturbance would be assessed and that indicator 
performance would be a derived outcome.  This precluded the assessment of the 
maximum amount of disturbance that could be sustained while still achieving indicator 
performance within a pre-defined target range. 

This is a critical assumption and meant that fire, forest harvesting and bitumen extraction 
activities were deterministically simulated. 

5.5.1.1. Fire Disturbance 

Fire rates were based upon an average 80-year fire cycle consistent with a SEWG 
commissioned study completed by Bandaloop Landscape-Ecosystem Services, Natural 
Levels of Forest Age-Class Variability on the RSDS Landscape of Alberta. (Available 
online at: www.cemaonline.ca). Stochastic modelling of this fire cycle within the RMWB 
landscape was completed using the natural disturbance module of ALCES® to compute 
an average burn area by landscape type by year for the projection.  This burn rate was 
then deterministically applied within the ALCES® and spatial modelling scenarios.  
Between roughly 36,000 – 39,000 ha per year were simulated to burn naturally as shown 
in the figure below. 
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Figure 3: Annual area simulated to burn naturally w ithin the RMWB 

Map Now software which is designed for use with ALCES® was utilized to generate a 
plausible fire pattern representative of the fire simulated stochastically within ALCES®.  
A randomized algorithm identifed plausible burn patterns spatially over the study area 
and then chose the location to burn within each landscape type in each period until it 
reached the number of fire patches and area of fire required. The fire schedule was then 
rasterized and exported for overlay with the spatial resultant.  An example of the 
resulting fire pattern in a 5-year period is shown in the figure below. 
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Figure 4: Spatial Fire Simulation for 5-year period  (fires are red)  

5.5.1.2. Forest harvesting 

Commercial forestry operations are an important and extensive land use within the 
RMWB.  Timber is harvested in the region as standing green or as salvage from energy 
sector clearing or fire.  Since an Allowable Annual Cut (AAC) for the RMWB is not 
available, one was calculated for both hardwood and softwood. Once the Net Productive 
Land base was determined by applying a number “net downs”, the Mean Annual 
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Increment (MAI) values currently used for the Alpac FMA were used to compute an 
annual harvest volume target. 

Merchantable stand growth was simulated using average site growth and yield curves 
provided by Alberta Pacific as derived for use in their Detailed Forest Management Plan. 
Harvest targets were simulated on the RMWB to assess if they generate a non-declining 
(sustainable) cut level. Harvest levels needed to be reduced slightly as a result of age 
class inbalance on the landscape.  Ultimately, a sustainable harvest level of 2,597,000 
m3/yr was demonstrated by the achievement of stable long term growing stock over 400 
years.  The table below summarizes details of the AAC calculation for simulation 
purposes. 

 

 
Figure 5: AAC calculation summary for simulation pu rposes 

Timber salvage harvest volumes were considered complimentary to standing green 
harvest and together they accounted for the total AAC. 

5.5.1.3. Bitumen Forecast 

5.5.1.3.1. Thick and Thin Pay 

The pay zone is a term used in this case to describe the thickness of a bitumen deposit 
that is considered commercially viable under current economic and technological 
conditions.  The bitumen pay data was provided by the Alberta Energy and Utilities 
Board in 2006 and indicates bitumen pay thickness in meters where bitumen accounts 
for >50% of the deposit composition.  For the purposes of this analysis, deposits had to 
be at least 15 meters thick in order to be considered commercially viable.  Thin pay was 
determined by SEWG to be 15 to 28 meters thick.  Thick pay was determined by SEWG 
to be a deposit greater than 28 meters thick.  Surface mining activities were confined to 
Land Management Area (LMA) 5 and all other commercial deposits were considered in 
situ.  In all cases, a quarter township play had to be at least 25% underlain by 
commercially viable bitumen in order to be considered an economically feasible play.  
Where a quarter township play had both thin and thick deposit underlying it, the entire 
quarter township was assigned the pay thickness of whichever occupied the greater 
proportion.  
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5.5.1.3.2. Forecast Bitumen Extraction Volume and R ate 

Alberta Energy provided the forecasted bitumen extraction volume and rate trajectories 
used in the Base Case.  Production was projected for both surface mineable and in situ 
operations.  Total bitumen production was forecast to peak at approximately 4 million 
barrells per day by 2030 with roughly 58% coming from surface mining operations. 

Sensitivity analyses were also undertaken by SEWG assessing a double production rate 
as is described later in the document.  Because surface mineable reserves were 
exhausted in the Base Case projection, any incremental bitumen production in the 
senstitivity was derived from in situ operations.  The following graphs show the Base 
Case and Double Production trajectories used. 

The Energy Base Case used publicly available data on current, approved, and planned 
projects to construct a pseudo-history.  This was then matched to a resource model 
constrained by the commercially recoverable bitumen resource. 
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Figure 6: In Situ bitumen production forecasts; red  is base case as projected by Alberta 
Energy and green is the double production sensitivi ty forecast prepared by SEWG 
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Figure 7: Surface mineable bitumen production forec ast for base case projected by 
Alberta Energy and double production sensitivity as  projected by SEWG 
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Figure 8: Total bitumen production trajectories for  Base Case projected by Alberta Energy 
and Double Production projected by SEWG 

 

5.5.1.4. Urban growth and transportation/infrastruc ture  

The majority of minor roads simulated to be built within the RMWB were assumed to be 
associated with the extraction of in situ bitumen and wood fiber. As such, transportation 
metrics were provided by both of these industries to grow the “minor road” network. For 
major roads, it was assumed that the bulk of the required arterial highway system is 
already in place in the RMWB, but that incremental additions will continue to occur at a 
rate of ~1% per year. For rail networks, there is some interest in expanding the existing 
rail network from Edmonton to Ft. McMurray.  However, no imminent plans were 
identified and as such were not represented.  If a rail expansion does occur, it is 
reasonable to expect that it will occupy the existing rail right-of-way. 

The current residential footprint within RMWB is roughly 5, 500 ha and this has been 
growing at a rate of ~3% during recent decades.   The RIWG Urban Population Model 
suggests that human population will continue to expand at a minimum long-term rate of 
2% and so this was used in forecasting. 

5.5.1.5. Direct Footprint vs. Zone of Influence 

Two specific measures of footprint were evaluated: direct footprint and zone of influence.  
Direct footprint refers to the actual footprint area associated with anthropogenic 
disturbance.  Zone of influence refers to the area influenced or affected by the direct 
footprint.  To illustrate, the figure below represents a potential in situ operation on a ¼ 
township square (approximately 2,500 ha).  The green area is forest while the yellow 
area is direct footprint composed of seismic lines, delineation wells, production plant and 
well pads, access roads, pipelines, etc.   
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Figure 9: Direct footprint vs zone of influence 

In this example, direct footprint might account for 500 ha.  For a given indicator, say 
Caribou, the forested area within the seismic grid may be of lesser habitat effectiveness 
for a number of reasons and so would be defined to be within the zone of influence.  The 
zone of influence in this example would be 2,500 ha.  It is important to remember that 
zone of influence is indicator specific. 

5.5.2. Base Case (Control) Scenario 

The Base Case scenario represented the way things are done today and assumed that 
current practices, policies, market forces etc. remain unchanged.  The Base Case is a 
benchmark against which indicator performance in all other management option 
scenarios was compared and evaluated. 

Key Characteristics of this scenario include: 

·  Natural fire is simulated according to an 80-year fire 
cycle 

·  Surface Mining and In Situ extraction use the 
Alberta Energy production estimate that peaks at 
approximately 4 million bbl/d 

·  Timber salvaged from energy development and fire 
is the harvest priority with the AAC balance derived 
from standing green timber 

·  No forestry/energy sector footprint harmonization 

·  No public access restrictions 

·  Existing Protected Areas 

The map shows Base Case active energy development 60 
years from now around the brown existing Protected Areas. 
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5.5.3. Protected Areas Scenario 

The Protected Areas scenario explored the concept that the purposeful preservation of 
specific areas in their natural state is an effective way to ensure adequate protection of 
ecosystems to help maintain long-term sustainability in the RMWB.  In this scenario, the 
first management priority was to maintain natural ecosystem integrity.   

Key Characteristics of this scenario include: 

·  Canadian Parks and Wilderness proposed Protected 
Areas (an increase from 8% to 36% of RMWB) 

·  Natural Fire is simulated according to 80 yr fire cycle 

·  Surface Mining and In Situ extraction use the Alberta 
Energy production estimate that peaks at 
approximately 4 million bbl/d 

·  Timber salvaged from energy development and fire is 
the harvest priority with the AAC filled out from 
standing green timber. 

·  No forestry/energy sector harmonization 

·  No public access restrictions 

The map shows Protected Areas Scenario active energy 
development 60 years from now around the brown existing 
Protected Areas and light green expanded Protected Area. 

5.5.4. Innovative Approaches Scenario 

The innovative approaches scenario provided SEWG with the opportunity to consider 
how new and innovative practices could be applied to reduce the overall human footprint 
and its associated impacts.  The scenario was intended to capture the maximum 
opportunity for multi-user cooperative planning and the full benefit of scientific and 
operations advancement. 

Key Characteristics of this scenario include: 

·  Forestry/energy sector harmonization 

·  Reduced footprint/production ratios 

·  Reclamation time reduced  

·  Natural Fire is simulated according to 80 yr fire cycle 

·  Surface Mining and In Situ extraction use the Alberta 
Energy production estimate that peaks at 
approximately 4 million bbl/d 

The map shows Innovative Approaches Scenario active 
energy development 60 years from now showing significantly 
less active footprint than Base Case for the same bitumen 
production. 
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5.5.5. Access Management Scenario 

The access management scenario provided SEWG with the opportunity to consider how 
practices aimed at minimizing the construction of linear features as well as those aimed 
at minimizing the effective utility of features that are constructed for movement by both 
humans and predators would affect indicator performance and regional outcomes. 

Key Characteristics of this scenario include: 

·  Restriction of off-highway vehicle access from 50% to 75% of various portions 
of the RMWB 

·  Systematic reclamation of existing 8 m wide seismic lines 

·  Natural Fire is simulated according to 80 yr fire cycle 

·  Surface Mining and In Situ extraction use the Alberta Energy production 
estimate that peaks at approximately 4 million bbl/d 

The figure below shows the significant improvement in Moose HEI in the Access 
Management Scenario compared with the other scenarios. 

 

 
Figure 10: ALCES Main Program Forecasting of Moose HEI relative to NRV (red range) 
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5.6. Sensitivity Analysis 
Model projections into the future are never made with total certainty.  Of primary concern 
to decision makers are tools that will assist them in evaluating and accounting for risk 
and uncertainty in a quantified and objective manner.  Sensitivity analysis is a commonly 
used quantitative analysis method designed to assist decision makers with assessing 
these risks and uncertainty.  In essence, sensitivities help us understand how elastic a 
land base or a particular indicator is to changes in modelling assumptions.  

The main program modelling scenarios assessed are a measure of sensitivity to 
changes in patterns of disturbance distrubution, both spatially and temporally.  While 
there are a myriad of “what-if” sensitivity analyses that could be undertaken, SEWG 
evaluated the critical model assumptions that represented the highest levels of risk 
considering uncertainty around the assumptions themselves and the magnitude of the 
impact they could have.   

Through a facilitated workshop, SEWG determined that uncertainty with respect to two 
key assumptions should be tested individually and collectively; total bitumen extraction 
over the forecast planning horizon and the time delay to successful reclamation of 
energy sector footprint. 

In order to effectively frame the magnitude of indicator and outcome sensitivity to these 
uncertainties, SEWG determined three sensitivity scenarios to forecast and evaluate:   

·  A doubling of the Alberta Energy estimates of bitumen production and rate. 

·  A doubling of the successful reclamation lag time post production for both in 
situ and surface mineable extraction activities. 

·  Both a doubling of bitumen production and rate and a doubling of the 
successful reclamation lag time. 

Doubling of the Alberta Energy estimates by SEWG of bitumen production and rate was 
completed using all models.  Because in the base case, the surface mineable resource 
was largely exhausted over the 100 year forecast period, all of the incremental bitumen 
production was derived from in situ sources. 

Doubling the successful reclamation lag time was forecast only using ALCES for 
efficiency. 

Doubling both bitumen production and successful reclamation time lag was modelled 
using both the ALCES model and the spatial models. 

All of these sensitivities were tested independantly with each of the base case, protected 
areas, innovative approaches and access management scenarios.  The implications of 
uncertainty and risk for the TEMF were summarized and considered by SEWG through a 
faciliated workshop. 
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Two examples of model results are shown below: 

 

 
Figure 11: ALCES Forecasting of Moose HEI in Sensit ivities 
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Figure 12: Spatial Triad status 60 years from now i n double energy production and double 
successful reclamation time lag sensitivity tested in Expanded Protected Areas scenario 
with caribou herd ranges and TLU zones overlain. 
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