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EXECUTIVESUMMARY

The Northern Ecosystem Initiative (NEI) is an initiative of Environment Canada.

Working to support Environment Canada's mandate in the north, t he NEI

expressed a need to reaffirmand revise as needed its strategic priorities in order

to focus on key results and outcomes. The purpose of this report is to document

the results of a scan of current and emerging environmental, social and

economic issues that overlap with Environment Ce
mandateof NEI and common/ shared priorities in Canad:

The scan is to help inform program priorities and approaches, including program
governance, as the program prepares for Phase Il of its existence. Under Phase
II, NEI established Partner -Issue Tables to identify gaps in current knowledge and
focus project decisions . Partner -Issue Tables were established for each of the
following program priorities:

Climate Change

Contaminants

Monitoring

Northern Quebec Steering Committee
Resource Use Activities

=A =4 =4 -4 -4

Building on evidence and opinions gathered through interview, t he scan
adopted an approach that examined causal relationships in issues to examine
trends, knowledge, current capacity and program influence. Using this
approach, the scan reaffirmed the broad issues b  eing address ed by the
program, though it demonstrated that priorities within this framework made need

to be adjusted. For example, the ecological impacts of climate change are
becoming increasingly likely and are poorly understood in the north . The scan
de scribes links among these issues, for example, the mobilization of contaminants
through ecosystems as a result of global climate change. The scan argues there

is a difference between issues like climate change, contaminants and resource

use activities, and strategies to address these issues, like monitoring and capacity
building. Finally the scan identified two key cultural issues likely to face the north,
associated with issues of concernto NEI & potential impacts of the strategic
environmental issues on traditional lifestyles, and on  the role of traditional
knowledge.

To enhance program influence, improve governance, and to adopt more
integrated approaches, the scan recommends working with northerners to
develop a focus in key ecological areas of the nor th, and to focus on
monitoring, and on capacity building in support of monitoring . The program
needs to make clear ties to decision making. NEI needs stronger ties internal
programs like Ecological Monitoring and Assessment Network and EcoAction to
support implementation. Using the ecological framework as a basis, the program
may consider integrated reporting on changes in the north , perhaps by
developing a consistent scorecard to reflect monitoring results and to inform
decisions on a pan -Northern basis.
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INTRODUCTION

The Northern Ecosystem Initiative (NEI) is an initiative of Environment Canada. NEI

began in 1998 with the vision 0to enhance the f
northern communitiesandthe ecosystems on whi cHhiHhet hey depend. ¢
program works in partnership to support projects that address science and

capacity -building needs throughout the Canadian North , including the Yukon,

Northwest Territories, Nunavut, northern Ontario, northern Quebec a nd Labrador .

These projects are led by or involve partnerships with Aboriginal organizations,

communities, universities, northern colleges and research institutes, non -

governmental organizations, as well as government and international agencies.

As NEI continues to evolve, it is committed to further strengthening its

partnerships.

The program is in alignment with  Environment Canada's mandate, which is to
preserve and enhance the quality of the natural environment, including water,

air and soil quality; cons erve Canada's renewable resources, including migratory
birds and other non -domestic flora and fauna; conserve and protect Canada's
water resources; carry out meteorology; enforce the rules made by the Canada

- United States International Joint Commissionr elating to boundary waters; and
coordinate environmental policies and programs for the federal government.

Currently under Phase ll,t he programdés annual budget i s appro:
per year. In order to achieve its vision, NEI supports projects th at address science

and capacity building needs throughout the Canadian North (Labrador to

Yukon, including northern Quebec and Ontario). T
approach to science and capacity building addresses an important gap in

Canadads No supgorting efforis latéhe broader circumpolar level as well

as the regional and local level.

With its northern partners, NEI has identified climate change, contaminants,
resource use activities and monitoring as key program priorities. The fifth program
priority, capacity building, represents a cross  -cutting element in all NEI supported
projects and activities. Capacity building can take many forms including helping
Canadians and Canadian organizations in the North acquire the knowledge,

tools, and skills needed to sustain healthy northern ecosystems and communities.

Recognizing the importance of Aboriginal Peoples in the North, NEI has

developed active and evolving partnerships with national level First Nation and

Inuit organizations including Inuit Tapir iit Kanatami, Dene Nation, Council of
Yukon First Nations and more recently the Innu Nation. These partnerships help
build the program's shared capacity to identify and address ecosystem priorities
across the Canadian North. They have also helped to streng then the collective
body of knowledge through efforts to combine local and traditional knowledge

and methodologies with scientific knowledge and methodologies. Collectively,

NEI its program partners, and NEI -supported project managers  are helping
Canada a nd Canadian organizations from the community level up to the

national and international levels in several ways. These include helpingto  test,

e-cocreate solutions 1 Final Report
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develop and implement innovative research methodologies, generate new
knowledge, identify adaptation measures and better manage resources across
Canadads North.

Under Phase II, NEI established Partner -Issue Tables to identify gaps in current
knowledge , as well activities being conducted to address northern ecosystem
concerns. Each Table is mandated to recommend prior ities to be addressed and
resource commitments to make within its particular issue area. Partner -Issue
Tables have been established for each of the following program priorities:

1 Climate Change
1 Contaminants
1 Monitoring
1 Northern Quebec Steering Committee
1 Resource Use Activities
PURPOSE
The NElneeds to reaffirm and, where needed, revise its strategic priorities in order
to focus on key results and outcomes . The purpose of this report is to document
the results of a scan of current and any emerging environmenta I, social and
economic issues that overlap with Environment

mandate of NEI and the common/shared priorities of residents and organizations

i n Canad a 6The sbhn wilt bk used to examine program priorities and
approaches, includin g program governance, as the program prepares for Phase
Il of its existence.

KEYRESULTS

Understanding exactly what results the NEI is to contribute to, and how it will
contribute, greatly affects the nature and scope of issues that the program works
to address. As such, a brief discussion of the program in a results context is
important in considering the types of issues the program is to address.

Results are defined by the Treasury Board of Canada as "t he consequence
attributed to the activities of an organization, policy, program or initiative. Results
is a general term that often includes both outputs produced and outcomes

achieved by a given organization, policy, program or initiative. In the

government's agenda for results  -based management and in Results for
Canadians , the term result refers exclusively to outcomes ." An overview of the
results chain as presented by Treasury Board appears in Figure 1. All federal
departments and programs must manage for results; an output would be a

project report, or a statement of priorities; an outcome is the impact the

program has had, for example, the identification of thresholds, or the

remediation of contamination sites. In general, a program like NEI can have
stronger influence over immediate results, and less over long -term results or final
outcomes because immediate outcomes can be directly targeted, whereas

e-cocreate solutions 2 Final Report
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long term results generally require a broader set of partner engagement or other
changes need to affect the issue.

FIGUREL: A results chain as set out by the Treasury Board of Canada

AREA OF CONTROL AREA OF INFLUENCE
INTERNAL TO THE OR GANIZATION EXTERNAL TO THE ORGANIZATION

INPUTS
(RESOUR CES) ACTIVITIES

EXTERNAL FACTORS

EFFICIENCY

EFFECTIVENESS

In response to new results structures being developed by Treasury Board,
Environment Canada has completely re -aligned its program structure around
results and outcomes (see Figure 2 below). Through a Board structure, a

gov ernance framework is now in place that strives for:

9 Integration across activities to support results;
1 Setting and supporting priorities; and,
1 Planning and budgeting in alignment with key results and outcomes.

The department has identified key strategic ou tcomes or key result areas that it
will contribute tot hrough its mandate (see Figure 2 ).

FIGURE 2 Strategic outcomes for Environment Canada

Departrnent Environment Canada
.
e T
G Canadians adapt to their
gﬂﬁ?ﬂ?&ﬁ A Profection from dormestic and B. Conservalion of biodiversity in ;E:z;gmn;;{: ;:zl;;::r?uanﬂ
glob:al sourses of polkution heallfy ecosyslems sUppon econarmic peromrmance and
enkhance endrontmental quality

The current priorities and activities of the NEI clearly fit into these strategic
outcomes, and extensive intern  al work is underway by program staff to ensure
that the program is appropriately "mapped" against the results structure of the
department. All program activities supported by the department must now
contribute to these strategic outcome areas, through a hi erarchy of outcome

e-cocreate solutions 3 Final Report
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project groupings and outcome project plans . Project plans are in turn broken
into components and subcomponents , which make up the core activities of the

Figure 3: NEI Suggested Program Logic Model
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departm ent that contribute to results. Within the department, funding allocations
are compared against aggregate reports of spending within outcome groupings
and project plans to ensure the department is on track. For the NEI, having a
clear sense of what results the program is contributing to is critical to its long term
success in attracting funding at one end of the results chain, and to its success in
generating results at the other end.

As a consequence of new program structures inside Environment Canada, th e
NEI now must report to several outcome project groupings , complicating the
process of understanding exactly what results the program should be

generating. Exactly how the NEI contributes to these outcomes is also of primary
interest & exactly what activi ties should it support. In effect, 70% of the budget of
Environment Canada goes towards science and technology, and the work of

the NEI since its inception in 1998 has focused on research and monitoring, with
an expanded focus on partners in this effort si  nce Phase Il began in 2003; as a
result of this expanded focus, it has adopted capacity building as a core activity,

in relation to research and monitoring.

To try to set out a clear results structure for the program, and based on current
statements of in tended results for the program,  we suggesta program logic

model as set out in Figure 3 . It should be noted that  the suggested logic model s
a synthesis of various results -related documents prepared by the NEI, including

an earlier logic model, performanc e indicators, and information to support a

range of outcome project plan subcomponents. The logic model shown here

does not necessarily represent the views of the program at this stage. However,

what is consistent in this proposed model with program docume ntation is the
notion of affecting decisions, either about policy, about management or about

how science is conducted, at the intermediate stage.

METHODOLOGY

Given the diverse information that must considered, and the NEI's focus on

capacity building and  knowledge development, the following framework was

applied to complete the scan (see Figure 4  below) & light blue elements were
based primarily on a review of documentation, though they were also informed

by interviews , green elements were informed by inte rviews, and dark blue was in
part analysis and recommendations . More details on the method follow below

1. Issue statement: we tested whether the issue could be expressed along a
cause -effect continuum, to assist with assessing trends and where
knowledge gap s exist. The issueswere identified through a high level
literature review, and through projects supported by the program to date
They were also informed by select personal interviews;

2. Trends: We then examine d trends in the issue, for each of its compone  nts,
to develop a sense of its importance over the results time horizon of the
NEI with respect to long term results. For example, while a threat may not
have seemed important, the threat may  have be en increasing because
trends that indicate the activities  underlying the threat are increasing. The

e-cocreate solutions 5 Final Report
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report develop sa single statement of the relative importance of the issue
given these trends. The trends were later validated through personal
interviews;

3. Priorities: We map ped partner and Environment Canada prio rities against
the issue to examine to what extent the issue is currently a priority and
develop ed an overall statement of priority, by developing weightings for
key partner priorities;

FIGURE 4 Summary of approach to collating and reviewing issues that were
scanned *

Social, Economic JAN| s
or Cultural Li I = Slress/rResponse
of Cultural Links [N DiectCause hreat s/Response

Issue: What is the issue? Can the issue be expressed this way?

Trends: How the direct cause or underlying links likely to affect the threat?

Priority: To what extent is this a priority for all partners? How align with EC prorities?

4. Knowledge: We identified a statement on  the state of knowledge of the
issue. In some cases, the gaps may not be an appropriate target of the
NEI, though this was tested. The report assigns a qualitative score of
knowledge of the issue, based on the causal continuum;

5. Capacity: We examine d existing capacities as a basis to inform where
capacities existand where they need to be developed across issues;  we

have associated a qualitative score of the need to develop c apacity with
each issue;
1 This method is set out in a document entitled "Forecasting Threats to Ecosystems" a report done for Environment Canada by the Rawson Academy of

Aquatic Science . Itis supported by work internationally related to pressure -state -response models.

e-cocreate solutions 6 Final Report
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6. Influence: Given the program's limited funding and broad geographic
scope, we analyze d whether the program can reasonably be expected
to have an influence over  each issue, and considered how the program
could have influence

7. Duplication: We assess ed whether there are existing efforts that address
the issue, documenting these to ensure NEI does not duplicate
investments. We also have mad e a statement as to whether other
initiatives are adequate to address the issue as clarifying the niche role of
NEL

To conduct the scan, we (1) reviewed program documentation, (2) searched
through existing web sites and organizations for documentation related to the
issues, and (3) conducted interviews. The interviews helped to focus further
researc h, where we tried to gather evidence to support either issues or
statements of trends. A copy of our interview guide appears in Appendix 1.

It should be noted that during the course of the project, we discovered that the

interview process was very informa tive to the identification of issues, and we
conducted a greater number of interviews than initially planned, and identified

numerous other potential interviewees that would be helpful to the NEI. A brief list
of these names were provided to the program co ordinator .

OVERVIEW OF ISSUES

The focus of the scan was on issues tied directly to Environment Canada's

mandate. The identification of issues was determined on the basis of causality :
and differed somewhat than past approaches by NEI . For example, monito ring
and capacity -building , labeled as priority issues for program, would have been
identified in the scan as responses to strategic issues  rather than issues per se.

The scan identified issues similar to those addressed by the NEI (climate change,
contam inants and resource use) and it briefly explored other issues (for example,
ozone layer depletion and ultraviolet B radiation). It also placed some issues
considered to be strategic issues (like exotic species) as effects of causes. It
should be noted th at in our view, the labeling of many issues mixes cause and
effect, for example, climate change is an effect of g reenhouse gas emissions
and global fossil fuel consumption activities , and sea ice change are an effect
of climate change. Likewise, contaminan ts are associated with releases from
consumptive and industrial uses , and sources can be long range or localized (for
example, from mining activities). Teasing out the semantics of these issues and
looking for trends , knowledge and capacities across elemen ts of the causal
chain was the substance of the scan.

In Figure 5, we present an overview of the issues and the links among them, as
identified through the scan. The color indicates the current intensity of the issue
(red representing most intense, followe  d by yellow and green representing the
least intense) , and the extent to which is should be a concern; varied shading
indicates a trend towards improvement or an issue that is of growing concern.

e-cocreate solutions 7 Final Report
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Figure 5: Overview of Scan Results

1

Socio-cultural Impact/Response

o .
Policy/Partnership Issues
(What policies need to be inﬂuenoed?)

@ho makes policy decisions?)

@ow can decisions best be informed?)

How do we balance investments
in mitigation and adaptation?

)

— |
Cultural Issues

&

T‘-‘rogram Issues/Niche

What decisions does
the program want
to influence?

Who does the program
want to reach?

How does the
program focus?

Ll

The table below provides further details on issuesidentified in the scan, and presents a summary of key variables  that the
program identified and  consider ed with respectto these issues.Please note that causal links are presented in the trend

e-cocreate solutions 8 Final Report
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and intensity column, and the kn ~ owledge colum ns, but are better represented in Figure 5. Below  Table 1, we provide
details of evidence we were able to collect on each issue .
Table 1: A Detailed Overview  of Issues Identified
Issue Links Location Priority Trend and Knowledge of the Current Influence, Comments
intensity issue Capacity Role of
(large, smal | NEF
arrows)
Cause Threat/ Cause Threat/ Biological
Stress Stress Impacts
Climate Pan- High A High Low Low Need to define program
Northern niche
change
Permafrost Climate Impacts High A Med Low Low, Low Lots of existing work on
change mainly in (see map) higher in physical changes
Changes southern commun -
arctic and ities
taiga
sheild
Water regimes Climate Impacts in High A Med Low Low, Low Some mapping work,
d h change w and sw; higher in some monitoring work,
and northern taiga (W, swW) commun - need to focus on
hydrology plains, ities biological impacts
taiga
shield,
Hudson
plains
Seaice Climate Northern High A Med Low Low, Low Focus on biological and
change Arctic, higher in ecosystemic impacts

2 Note, the influence of NEI has been assumed to be limited to the mandate of Environment Canada as stated in its strategic out

statements of prioriti
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Issue Links Location Priority Trend and Knowledge of the Current Influence, Comments
intensity issue Capacity Role of
(large, smal | NEF
arrows)
Cause Threat/ Cause Threat/ Biological
Stress Stress Impacts
changes Arctic commun -
Cordillera, (N) ities
Hudson
Bay
Fires Climate Impacts in Med A Med Low Med Low Not a lot of data
change w and sw; collection north of 60,
taiga (S, sw) but intensity increasing.
plains, Niche limited to
taiga understanding
shield, biophysical impacts.
Hudson
plains
Contaminants Medium V4 Med - Med Low Growing levels of some
High contaminants (flame
retard ants, teflon
compounds)
Long range Pan- Medium ~ Med Med Low Low Trend is downwards for
northern; many metals, POCs.
sources southern Need to niche: NCP
and doing extensive work
northern Niche to focus on
arctic pathways and mobility
Contaminated Links to mining; Pan- Medium(hi Vv Med Med Med Low Effort link to asthetics,
. an historical northern; gh locally) not to real priority; local
sites issue see high concern important, but
level maps bigger issues?
Leadership?
Mobilization Links to climate Impacts High A Low Low Low High No one studying
h h change mainly in mobilization issues
t _rouQ southern extensively as they relate
climate arctic and to climate change; NEI
e-cocreate solutions 10 Final Report
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Issue Links Location Priority Trend and Knowledge of the Current Influence, Comments
intensity issue Capacity Role of
(large, smal | NEF
arrows)
Cause Threat/ Cause Threat/ Biological
Stress Stress Impacts
change taiga has a niche here
shield;
uncertain
Artic Haze Southern Low Vv Med Low Low Low The issue does not have
and strong environmental
northern concerns at this stage.
arctic
Resource Use Focused in key A High Intensity of impacts
Activiti areas of the growing, and more study
ctivities north underway through
CEAM in NWT. CEAM
needs to be
coordinated across
ecosystems.
Exploration Ties to mining Pan- Low A High Med, High High Need to work with
. and oil and gas northern NEI (communit governance
Impacts developme nt specific, y) mechanisms (boards,
com - land claims, territorial
munities governments).
Mining Diamond Taiga High A High Med, EA Med Med Need to work with
D | mining key shield, links, governance
eve opment focus; southern com - mechanisms (boards,
contributing to arctic munities land claims, territorial
wage governments) and
economy programs to study
cumulative impacts;
avoid monitoring every
site/project
Oil and gas Cumulative Taiga High A High Med, EA Med Med See above
d | effects plains links,
evelop ment com -

e-cocreate solutions
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Issue Links Location Priority Trend and Knowledge of the Current Influence, Comments
intensity issue Capacity Role of
(large, smal | NEF
arrows)
Cause Threat/ Cause Threat/ Biological
Stress Stress Impacts
munities
Hyd roelectric Links to Labrador, Med A Med Med Projects emerging to
resource Quebec, support mining
energy development NWT developm ent (NWT) and
development generally to build on existing
infrastructure in
Labrador.
Community Solid waste, Pan- Med A Med Med, High Med Need to work with
h d water and northern com - territorial government,
Growth an wastewater, munity - DIAND. There are | arge
Development energy based issues with sewage
treatment, and also with
water quality
Transportation Depends Pan Med A There are large issues
. largely on oil, northern ; emerging in Yukon
corridors .. . .
gas, energy shipping, associated with Beaufort
and mining rail and Sea.
development road
developm
ent
ecotourism Pan- Low A Med Low Low Low A growing issue in the
northern North, but impacts are
not as significant;
opportunity to inform

e-cocreate solutions

12

Final Report




December 22, 2006 NEI Scan

ISSUES

6.1 Climate Change
6.1.1 Cause

Global emissions of greenhouse gases like carbon dioxide ha ve continued to grow

despite international commitments to reduce emissions  (see Figure s 6 through 8 below) .3

The primary source of these emissions isfrom fossil-fuel consumption.

Figure 6: Trends in global CO:2 emissions from fossil -fuels and cement produ ction in
millions of metric tons of carbon

Global €02 Emissions from FossilFuels and Cement
Production in million metric tons of carbon
2000
7000 - —
< Tatal
2 gom b Gazes
3 Liguid
S 5000 + —Snlid
“w
c
g4o00 p ——Cerert
2 ——Flaring
© 3000
£
5 2000
g om0 |
i . JENEN-
AT PGS SR SR LI S S A SR SO S SIS
'(\'(\46@@“’@@@@@@@@@@@@@
Years
3 Source: Marland, G., T.A. Boden, and R. J. Andres. 2006. Global, Regional, and National CO2 Emissions. In Trends: A Compendiu m of Data on Global Change. Carbon
Dioxide Information Analysis Center, Oak Ridge National Laboratory, U.S. Depart ment of Energy, Oak Ridge, Tenn., U.S.A.
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Figure 7: Global per capita CO
rates)

NEI Scan

2emissions (not factoring in global population growth
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Figure 8: Trends ingreenhouse gas emissions in Canada to the year 2020
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Current climate models predict a large incr
the next 50 years. In Canada alone,
levels (see Figure 8) and current forecasts
climate change is likely to grow.
already being felt in the north.
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Though it is international emissions that determine the trend, and there appears to be a
global concern and commitment to GHG emission reductions, t his trend may be
exacerbated slightly by Canada's recent policy position on climate change, where
Canada is re-examining its approach to meeting international commitments with
respect to climate change and greenhouse gas emissions.

Current climate change trend models indicate key areas w here temperatures are likely
to change. In particular, the Hudson plain, Taiga Shield, Southern Arctic and Northern
Arctic ecozones are likely to be susceptible to climate change (see Figure 9).

Figure 9: Projected winter the greatest increases in tempera  ture changes in Canada to

the year 2050
| winter Temperature Change
| from 196190 to 2040-60 (*C)

N

O N o O s W

N OO & W

While knowledge is growing, further knowledge needs to be developed on the precise
impacts of climate change in the North. Areas where climate change could impact

include: (1) changestoseaice; (2) permafrostred uction; (3) forest fires and pest
outbreaks in areas where boreal forests occur (southern and south -western parts of the
north) ; and (4) hydrological changes

6.1.2 Threats/Stresses
Changesto s eaice

Sea ice strongly influences coastal climate, ecosystems, a nd human activities. The area
of Arctic sea ice varies up to 50% seasonally, and also shows strong year -to -year
variation. Significant reductions in summer sea ice, which have been proposed as an

early signal of global climate change, are evident in recent decades. Recent reports
show sea ice area declines of about 3% per decade since the late 1970s. Comparison

of satellite records suggests that the rate of area loss increased from 2.8% per decade

in the 1980s to 4.5% per decade in the 1990s. Record low val ues of summer ice extent
have been set repeatedly since 1980. Arecent article published by the National Center
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for Atmospheric Research has indicated that the Northwest Passage could be clear of
ice in 2040 (see Figure 10).

Figure 10: Current projections indicate the extent to which sea ice will melt in northern
Canada by the year 2040

Arctic Sea Ice Summer Minimum Arctic Sea Ice Summer Minimum
Yoar 2000 Year 2040

Arctic sea ice has also grown thinner over the past few decades. Local observations of

seaice thinning by 1to2 m have been reported for several years. A recent analys is of
submarine ice data, however, has provided the first persuasive evidence of large -scale
thinning over the entire Arctic basin. A loss of about 1.2 m was found when ice depth

from six trans -Arctic submarine cruises from 1958 to 1976 was compared with t hree
similar cruises between 1993 and 1997. In addition to this average thinning between the
two sets of cruises, the recent cruises also found continued thinning at a rate of around
10 cm per year from 1993 to 1997. Evidence of widespread sea -ice melting is

corroborated by recent substantial increase (three to four times) in freshwater content
of the Arctic Ocean. Under further climate change, further large reductions in sea ice

are projected, although there is substantial variation in estimates of the amo unt and
timing. Most models suggest large reductions (to complete losses) in Arctic summer sea

ice area accompanied by an increase in the duration of the open -water season by
2100.°

The precise impact of sea ice changes on the north need to be further stud ied. With
respect to human activities, there is likely to be increased transportation on northern

sea routes, and increased exploration and development of oil and gas deposits (see

below) such as in the Beaufort Sea. With respect to biophysical changes, s ea-ice retreat
allows larger storm surges to develop in the increased open -water areas, increasing
erosion from increased waves, sedimentation, and the risk of inundation in coastal

areas. Moreover, areas of coastline where permafrost has thawed are made mo re
vulnerable, which in combination with increased wave action , €an cause severe
erosion. It also has the potential to affect wild populations of marine life dependent on

4 UCAR article, December 12, 2006 at http://www.ucar.edu/news/releases/2006/arctic.shtml

5 US National Assessment of the Potential Consequences of Climate Variability and Change Educational Resources, at December 2 006.

http://www.usgcrp.gov/usgcrp/nacc/education/alaska/ak -edu -3.htm#Environmental%20Impacts:%20Melting%20Sea%20Ice
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seaice (e.g., for reproduction or during feeding cycles ). These impacts are not well
studied.

Permafrost loss

Permafrost has profound effects on hydrology (the land -based water cycle), erosion,
vegetation, and human activities. It limits movement of ground water and the rooting

depth of plants. On slopes, it allows fluid  -like movement of surface soil and deposits.
Seasonal thawing over continuous permafrost creates a saturated surface layer in

which pools of meltwater accumulate, conducive to marsh and tundra ecosystems

and peat formation. Thawing permafrost can create thermokarst terrain -- uneven
surface topography that includes pits, troughs, mounds, and depressions . These can fill
with water and can be dangerous for wildlife and people . Thermokarst damages
agricultural fields and ecosystems such as forests by drying in mounded areas an d
flooding low -lying zones. Further, it can contribute to erosion and increased

sedimentation and siltation of rivers, which poses additional environmental concerns. ot
can have impacts on the movement of wildlife populations, and on ecosystems where

perm afrost is a key part of the physical environment.

Figure 11 identifies current permafrost distribution in Canada while Figure 12 indicates
permafrost areas susceptible to climate change.

Figure 11: Permafrost distribution in Canada (2006)
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6 http://www.usgcrp.gov/usgcrp/nacc/education/alaska/ak -edu - 3.htm#Environmental%20lmpacts:%20Thawing%20Permafrost

" Source: National Atlas o f Canada
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Figure 12: Areas of permafrost thought to be susceptible to climate change
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Increased Fire

Extensive fire data is not being collected in the north, though it is felt that the number of

fires and their ecological impact is growing and likely to grow in the north. Exac tly the
nature of the impact of fires is not clearly understood, nor is the direction that policy

and action need to take in response. Fire is likely isolated to areas where boreal forests
occur, in pockets in the north, or along the south and western edge s of the area
covered by the NEI

Drying climate expected from ¢ limate change isexpected to threaten the world's
boreal forests with increased fire risk. Doubled carbon dioxide levels could result in a
northward shift of the Taiga and Boreal forest belts by about 500 km. However,  this
would be a Taiga or Boreal forest different than the one known today, because it would
be modified by the  more fast -moving flexible species such as those with wider seed
dispersal, faster growth, and early maturation.

The boreal forest itself is expected to undergo an extensive reduction in size, as

grasslands and temperate deciduous species may invade from the south, and northern
expansion is limited by poor soils and insufficient  levels of sunshine. The frequency, area,
and intensity of forest fires and pest infestations are expected to increase due to

warmer and drier conditions. Increased fire incidence will lead to loss of habitat for

species that inhabit mature forests. This may be eased by changes in fire management

po licy in order to facilitate species migration and forest adaptation, but this would

require significant investment. In 1994, Canada lost four million hectares of forest to fires.

8 Source: National Atlas of Canada 8 Source: National Atlas of Canada
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Since 1980, Canada has lost an average of 2.4 million hectares of forest to f ires each
year, a 140 per cent increase over the previous 30 years

Hydrological changes

The exact nature of hydrological changes is not known for certain. Projections of water
availability and flows suggest differentiated impacts on hydroelectric generat ion
potential, with possible increases in Labrador and northern Quebec, and decreases in

other parts of the North. In the Old Crow Flats region of the Yukon, the local population
suspects that water levels in thaw lakes are dropping. They fear that a trend towards
warmer temperatures and earlier springs will ultimately dry up the wetlands and

threaten fishing, hunting and trapping. The lake shown in black on the 1990 satellite

image (Figure 13) is drying up and contained almost no water in 1994 (shown by

de crease in black area on image). Figure 14 depicts sensitivity of Canadian river

region sto climate change.

Figure 13: Examples of the impacts of hydrological changes in Old Crow Flat , Yukon
Territories
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Figure 14: Sensitivity of river regions to climate change
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6.2 Contaminants
6.2.1 Cause

The overall trend for contaminants in the north is stabilized, though this is not

unequivocal , as set out below. The exceptioni s for some metals, fire retardants and
Teflon-derived compounds that are globally transported. Perhaps a more important

issue is the mobility of existing contaminants in the north which is likely to be affected by
climate change, and  which may exacerbate t he impacts of even downward trends in

the long range transmission of atmospheric pollutants. With the ex ception of mining, oll
and gas developments in the north and the use of fossil fuels to drive electricity

generation in many communities , point sources of contaminants in the north are

minimal.

The trend has been driven in part by global policy initiatives, such as the Convention on
Persistent Organic Pollutants , signed by more than 90 industrial countries in 1991, and by
voluntary industry programs, suc h as the Responsible Care Global Charter, a program

which originated in Canada  , which is run in 52 countries whose combined chemical
industries account for nearly 90% of global chemicals production . In addition, domestic
regulation, such as the Canadian En vironmental Protection Act , and disclosure of
emissions, such as those through the National Pollutant Release Inventory, have

curtailed global emissions.

9 Source: National Atlas of Canada
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The results from a few long -term studies of temporal trends in Arctic biota indicate that
PCB and DDT levels in the Arctic environment have declined in the past 20 to 25 years,
since the first controls began on DDT and on the use of PCBs in open systems. Evidence
from dated lake sediment cores also shows input declines in sub  -arctic latitudes have
low lev els of POPs. Sharp declines in PCB and DDT levels were seen in the 1970s and
1980s, and some time trends indicate continued declines during the late 1980s and

1990s, whereas others are unclear. There are nolong  -term standardized data sets for
the High Arc tic.

6.2.2 Treats/Stresses
Long range transmission

Levels in biota are extremely variable, and observed levels are still near the thresholds
for biological effects. These uncertainties and variabilities make it difficult to speculate
about the future, and rein  force the importance of careful sampling programs and the
need to archive samples for future analysis. Less is known about time trends for
hexachlorocyclohexane, hexachlorobenzene, chlordane, toxaphene, dieldrin, and
dioxins and furans. Of these, hexachlor  ocyclohexane has been followed most closely.
In air, there was a nine -fold decrease from 1979 to 1993 in measurements from the
Bering and Chukchi Seas and from several locations in the Canadian Arctic
Archipelago.

In the Canadian High Arctic, PCB and DDT  levels in eggs of migratory seabirds declined
from 1975 to 1993, mostly in the late 1970s and early 1980s. This decline may reflect an
overall reduction in organochlorine levels in the North Atlantic. The decline is not
uniform, however. In one of the birds , the ivory gull, PCB and chlordane levels in the
eggs have increased. Declines in POPs in seals and whales from the western Canadian
Arctic are not as steep as those observed in seabirds and whales from eastern Canada.
From 1972 to 1991, PCB concentration s declined five -fold and DDT concentrations
three -fold in marine mammals from the western Canadian Arctic. Over the past 10 to 12
years, seals and walrus from Eastern Canada and Greenland have shown no declines in
contaminant levels, nor have there been an y declines in DDT, PCBs, chlordane, or
toxaphene in female ringed seal or in male narwhal from Lancaster Sound from the mid
1980s to the early 1990s.

Contaminant Pathways and Climate Change

One key trend researchers have been following under the Arctic Monitoring and
Assessment Program is the interaction between contaminant pathways and

climate change. Researchers  are beginning to demonstrate that the availability of
contaminants is affected by climate change, either by changing deposition rates,
changing degradation rates, changing cycling patterns within ecosystems, or

altering exchange among media (air to water) . Under this research, a range of
contaminants are being examined, including h eavy metals and o rganochlorine
compounds .10

10 Macdonald, R.W., T. Harner, J. Fyfe, H. Loeng and T. Weingartner, 2003. AMAP Assessment 2002: The Influence of Global Change on Contaminant P athways to, within, and from the

Arctic. Arctic Monitoring and Assessment Programme (AMAP), Oslo, Norway. xii+65 pp.
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Contaminated Sites

Figures 15 and 16 identify some contaminated sites in northern Canada. Table 2 also
notes a number of abandoned mines and status of remediation action required.

However, t he precise number and location of contaminated sites in northern Canada is
unclear. However, what is clear is that (1) the number of such sites is unlikely to incre ase
in the future, given the strength of new policy and regulatory initiatives to control and

prevent the creation of such sites, and (2) there are programs in place federally to

begin to assess, set priorities and to remediate these sites.

Figure 15: Known contaminated sites in  northern Canada
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Table 2: Abandoned Mines in the North =

Mine Location Action Status
Arctic Gold and Silver Yukon Required Under remediation (monitoring*)
Clinton Creek Mine site Yukon Required Under risk management
Colomac Mine Northwest Required Under assessment
Territories
Contact Lake Northwest Required Under assessment
Territories
11 Government of Canada. 2002. 2002 AAppendi x to Chapter 3 Abandoned Mines imvioinerga NodSudtamablen Report of the Co

Development. Minister of Public Works and Government Services Canada.
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Discovery Northwest Required Under remediation
Territories
Faro Yukon Required Under assessment
Giant Mine Nort hwest Required Under remediation
Territories
Ketza River Yukon Required Under assessment
Mount Nansen Yukon Required Under risk management
North Rankin Inlet Nunavut Required Remediated and under risk management
(monitoring*)
Port Radium and Eldorado Northwest Required Under assessment
Mine Territories
Rayrock Northwest Required Under remediation (monitoring*)
Territories
Terra No. 1 (North Mine) Northwest Required Under assessment
Territories
Terra No. 2 (Northrim Mine) Northwest Required Under assessment
Territories
Terra No. 3 (Norex Mine) Northwest Required Under assessment
Territories
Terra No. 4 (Smallwood Mine) |Northwest Required Under assessment
Territories
Tundra-Taurcanis Northwest Required Under assessment
Territories
Crestaurum Northwest Likely required |Under assessment
Territories
Hidden Lake Mine Northwest Likely required |Under assessment
Territories
Hope Bay Nunavut Likely required jUnder remediation
Indore Gold and Hottah Lake Northwest Likely required |Under assessment
Territories
North Inca Mine Northwest Likely required |Under assessment
Territories
Outpost Island Northwest Likely required jUnder remediation
Territories
Venus Tailings and Mill Site Yukon Likely required |Remediated and under risk management
(monitoring*)
West Bay and Black Ridge Northwest Likely required |Under assessment
Gold Mine Territories
Liten Mine and Old Parr No. 2 |Northwest May be Under assessment
Territories required
Old Parr No. 1 Northwest May be Under assessment
Territories required
Pensive Mine Northwest May be Remediated and under risk management
Territories required
Ruth Gold Mine Northwest May be Under assessment
Territories required
Sun Rose Claim Group Northwest May be Under assessment
Territories required
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Abandoned Direct Early Warning (DEW) Line sites are sources of PCBs, and these
contributed 1% of total PCBS to the north. There is a program in place to remediate
them . In addition, the Inuit Tapiriit Kanatami (ITK identified a number of other
contaminated sites, though precisely what the contaminant issue is remains to be
assessed for all sites.

Figure 16: DEW line and waste sites identified by the ITK needing further assessment

DEW Line and Waste Sites
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Artic Haze

Arctic Haze is a persistent winter diffuse layer in the Arctic atmosphere whose origin

may be related to long  -range transport of mid -latitude contine ntal anthropogenic
pollutants. Sulfates are primary haze pollutants. According to the Arctic Monitoring and
Assessment Program, s ulfate concentrations in air at measured at monitoring stations in
the High Arctic (Alert, Canada) and in other countries at A rctic and subarctic locations
indicates that arctic  haze is on a decreasing trend since the 1990s  (see Figure 17) .»?

Long -term monitoring at Alert in northern Canada showed little change in the spring
levels of sulfate and several other haze pollutants duri ng the 1980s, but a decrease of
almost 60% in spring sulfate levels between 1990 and 2000.

Recent indications are that spring sulfate levels are still decreasing. In contrast, spring

concentrations of particulate nitrate at Alert increased by a bout 40% bet ween 1990
and 2000 thought here are some suggestions that soot deposited onto the land surface
may be contributing to earlier snowmelt on tundra in Siberia, A laska, Canada, and
Scandinavia.

Generally in the Arctic, further improvement in the acidification status of the terrestrial

and freshwater ecosystems is expected through to 2020 but dependent on the
implementation of existing international agreements to reduce acidifying substance
emissions (e.g., the Gothenburg Protocol to the UN ECE LRTAP Convention) . Even with

12 Arctic Monitoring and Assessment Programme. 2006. Arctic Pollution 2006: Acidification and Arctic Haze. Oslo, Norway ( www.amap.no ). 28pp.
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full implementation the Gothenburg Protocol, decreasing trends in deposition noted
between 1990 and 2000 are predicted to likely to level off according to mo deling.
Measurement data indicate that this may be occurring at some sites. Canada has
signed but has not yet ratified the Gothenburg Protocol , Which would more clearly set

out critical loads for Canada

Figure 17: Trends in Factors Affecting Artic Haze
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Critical loads of acidity for soils in Canada are not projected to be exceeded in an y
regions north of 60° N. The minimum critical load is about 84 eg/ha/yr and the maximum
sulfur and nitrogen depositions are about 30 to 40 eg/halyr. Thus, not even the

combined sulfur and nitrogen deposition will exceed a critical load in northern Canada

for soils.

6.3 Resource Use Activities
6.3.1 Cause
Global prices

Global prices for commodities such as diamonds, gold, oil and gas continue to climb as
existing supplies become depleted (see Figures 18, 19, 20, 21, 22). As a result, previously
uneconomic sources of these commodities are becoming economically viable to

develop.

Figure 18: Polished Diamond Price Index, 2005 -2006
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Figure 19: Global gold prices, 2005 -2006
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Figure 20: Crude Oil Prices in 2006 dollars
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Figure 21: Natural gas prices over the last 12 mo  nths demonstrate a continued upward
trend
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Figure 22: Global reserves and know n deposits of oil and energy decreasing relative to
global demand
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A number of factors act to support the development of natural resources in the north,
including free entry, a n increasing number of settled land claims, and increasing
evidence of large capital investments in the North, which support further development
in the form of energy and transportation architecture. These are briefly explored below.

Free entry

The free e ntry system is the dominant means of granting mineral tenures in Canada
today. It gives companies wanting to develop subsurface resources the exclusive right
to Crown -owned mineral substances from the surface of their claim to an unlimited
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extension downwa rds. There are three primary rights associated with the law of free
entry:

1 the right of entry and access on virtually all lands;
1 the right to locate and register a claim without consulting the Crown; and
1 the right to acquire a mineral lease with no discre tion on the part of the Crown.

In the north, mining, oil and gas companies continue to enjoy the right of free entry
onto the land. The crown can impose conditions on licensing and permitting projects
once free entry has taken place, including royalty regi mes, and a need to mitigate
environmental impacts.

Settled land claims

A key driver of investment in the mining, oil and gas development industries is the
security of the project, in particular, the security of access to the land where the project
is loca ted. As devolution occurs and  land claims are settled, and the potential for
impact benefit agreements and benefit sharing agreements improves, the risks
associated with projects i n the north decrease , providing an increased likelihood the
project will be found and developed in the north.

Capital Investments

Mining, particularly diamond mining, and oil and gas capital expenditures have risen in
the past decade, indicating future additional development of resource use projects
(Figure 23).

Figure 23: Capit al investments in resource development in the NWT and Nunavut
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6.3.2 Threats/Stresses

Mining Development

There are a few active mines in the north. In addition,
player in the international diamond scene. From 1998 to 2002 roughly 13.8
have been mined, collectively worth $2.8 billion. This is roughly a 1.5

NEI Scan

Canada has become a major
million carats
-kilogram bag of ice

each day for five years, with each bag worth $1.5 million. Recent production data

suggest that by the end of 2003 Canada will have produced almost 15 %

of t

supply of diamonds, the third largest producer of diamonds, behind Botswana and

Russia.

The activities of this industry show no sign of abating. The EKATI and Diavik diamond

mines are expected to be viable operations for the next 11 and 20

years, respectively.

Once they are up and running, Jericho is expected to operate for eight years, and
Snap Lake for about 18 years. Several projects are at the advanced exploration stage

in other regions of Canada

in the North (see Figure 24).

Figure 24: Active Metal Mines in Canada
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In addition to capital investments, levels of investment in exploration and appraisal are

indicators of future mining activity.
Canada has increased as a result of exploration activities, as set out in Figure

For example, the number of

known k imberlites in
25. Also,

diamond mineral resource investment has increased between 1998 and 2002 (Figure

26).
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Figure 25: Known locations of Kimberlites in Canada

Figure 26: Breakdown of diamond mineral resource investment, 1998 to 2002

Oil and Gas Development

Oil and gas development potential in the north is large and could grow with further
assessments. There are large oil and gas deposits off the east coast and north of
Labrador that if developed have impacts on the local economy and environment of
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