Yukon
University

Yukon climate change indicators
and key findings 2022




This publication may be obtained from:

YukonU Research Centre, Yukon University
500 University Drive P.O. Box 2799
Whitehorse, Yukon Y1A 5K4

867 456 6986 or 1 800 661 0504
www.YukonU.ca/research

Recommended citation:

Perrin, A. & Jolkowski, D. (2022). Yukon climate change indicators and key findings
2022. YukonU Research Centre, Yukon University, 126p.

Front cover photo: Wind River, Yukon
Photo credit: Alison Perrin

Yukon



YUKONU RESEARCH CENTRE

Yukon Climate Change Indicators and Key Findings

PROJECT TEAM

Authors

Alison Perrin
Daniel Jolkowski

Technical Reviewers

Alyssa Benoit
Nelly Bouevitch
Rowan Brown
Sean Carey
Cameron Eckert
Brian Horton

Jill Johnstone
Sabrina Kinsella
Panya Lipovsky
Chrystal Mantyka-Pringle
Molly Pratt
Rachel Pugh
Clara Reid

Don Reid
Stephen Roddick
Julien Schroder
Emma Seward
Robin Sharples
Benoit Turcotte
Tyler Williams
Katie Woodstock
3 Anonymous reviewers

YukonU Research Centre, Yukon University
YukonU Research Centre, Yukon University

YukonU Research Centre, Yukon University
Government of Yukon

Government of Yukon

McMaster University

Government of Yukon

YukonU Research Centre, Yukon University
Northern Plant Ecology Lab

Government of Yukon

Government of Yukon

Wildlife Conservation Society Canada
Mobilize Knowledge Consulting

YukonU Research Centre, Yukon University
Government of Yukon

Wildlife Conservation Society Canada
Resilient North Consulting

Government of Yukon

Government of Yukon

Government of Yukon

YukonU Research Centre, Yukon University
Government of Yukon

Government of Yukon



YUKONU RESEARCH CENTRE
Yukon Climate Change Indicators and Key Findings

FOREWORD

The Yukon Climate Change Indicators and Key Findings 2022 is an update of the 2015
version of the report. This work is the product of an ongoing collaboration between the
Climate Change Research group at the YukonU Research Centre (formally known as the
Northern Climate ExChange), and the Government of Yukon’s Climate Change Secretariat.
We created these reports to fill a recognized need for easy-to-access Yukon climate change
data and indicators, and an analysis of key information linking climate data to relevant
impacts. We hope that this report serves as a valuable tool for decision-makers, policy
advisors, researchers, and the general public in the Yukon as we prepare for future change.

This report is unique, bringing together Yukon-specific data on climate and incorporating the
peer-review by Yukon-based experts from a variety of backgrounds. Yukon Climate Change
Indicators and Key Findings 2022 follows the blueprint of the original report, with the
addition of new data and knowledge. Written by Alison Perrin, a Yukon University
researcher focused on climate change adaptation and policy in the Yukon for the past ten
years, it follows the structure originally established by John Streicker, the lead author of the
original report. We maintain our commitment to providing new editions of this report on a
regular basis as new data, indicators, and knowledge become available.

In this report, and future iterations, we attempt to respectfully acknowledge and reflect
contributions from Indigenous and scientific knowledge systems. Ultimately this is a report
employing a western scientific approach, however the wealth of Indigenous knowledge of
climate change in the Yukon has informed the key findings. To ensure rigour and local
relevance, local experts, scientists, organizations, and government agencies reviewed the
report. The expertise and assistance of these technical advisors has been an invaluable
contribution towards ensuring the report is accurate and comprehensive. We appreciate
their contributions, as well as the resources and contributions of the Climate Change
Secretariat.

Together, the key findings of this report are clear: the impacts of climate change are here
already. Climate change is directly affecting how human and natural systems function.
Within the global community, efforts to reduce emissions can help avoid some of the most
severe consequences of climate change, but many impacts will continue throughout this
century. Alison, the Climate Change Research group of YRC, and myself want this report to
inform the conversation of how Yukon can remain resilient to the impacts of climate change
and thrive in a rapidly changing world.

Brian Horton

Manager, Climate Change Research
YukonU Research Centre, Yukon University
May 30, 2022
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1.0 INTRODUCTION

Climate change is already affecting the natural environment and many aspects of human
lives. In its most recent global assessment report, the Intergovernmental Panel on Climate
Change (IPCC) states: “It is unequivocal that human influence has warmed the atmosphere,
ocean and land. Widespread and rapid changes in the atmosphere, ocean, cryosphere and
biosphere have occurred” (IPCC, 2021, p.4). Ongoing change is expected to continue
unless we make significant changes to reduce greenhouse gas emissions, and “climate
change impacts and risk are becoming increasingly complex and more difficult to manage”
(IPCC, 2022, p.20). The North is warming faster than the global average, and this trend is
expected to continue in the future (Bush & Lemmen, 2019). While global and national trends
provide insight into the issues related to climate change, regional information is necessary
to help inform local decisions. This report seeks to assess our state of knowledge regarding
climate change in Yukon.

Yukon Climate Change Indicators and Key Findings 2022 is a cross-sector, structured,
evidence-based assessment of Yukon climate change knowledge. This report provides a
synthesis of our understanding of key climate change impacts in Yukon. The goal of this
report is to provide a broad understanding of climate change and associated impacts in the
Yukon, making it useful for researchers, decision makers, and the general public. Given the
dynamic challenges and opportunities presented by climate change, the intention is that this
report should be updated on a regular basis, bringing in new information as our knowledge
progresses. This second iteration of the report was produced by the Climate Change
Research group (formerly the Northern Climate ExChange) at Yukon University’s Research
Centre (YRC). It follows a similar format and methodology to the original report, Yukon
Climate Change Indicators and Key Findings 2015, which was authored by John Streicker
through the Northern Climate ExChange. In this update we bring in new data and
knowledge that has emerged since 2015.

The report focuses on indicators — objective measures of climate — and on key findings,
which are simple, high-level conclusions of current climate change research and Indigenous
knowledge. The indicators are updated annually and are available on request at the YRC,
and some are published in the annual State of the Environment report produced by the
Government of Yukon (YG). The ten key findings are listed here in the Executive Summary
with the indicators, and then expanded upon with supporting evidence in the annotated
findings section of the report. Acknowledging that this report aims to provide breadth, not
depth, readers are encouraged to explore the resources cited in this report if they are
seeking a more comprehensive understanding of the key findings.

For the most part, this synthesis is based on western scientific knowledge. When relevant
and accessible, Indigenous knowledge (IK) of climate change was available, it has been
included. However, we acknowledge that the format of this assessment report is based in a
western science tradition and is not conducive to effectively and respectfully communicating
Indigenous knowledge within the appropriate context. Communicating IK in a science
assessment is not the ideal format (Alexander et al., 2011; Ford et al., 2016; Knopp, 2020;
Mistry & Berardi, 2016), however, it is important to ensure that Indigenous perspectives are
included as these types of reports provide import tools for policymakers (Ford et al., 2012;
Wilson, 2021). As Wilson et al. (2021) demonstrates, IK provides valuable knowledge for



YUKONU RESEARCH CENTRE
Yukon Climate Change Indicators and Key Findings

regional scale assessments, yet oral knowledge is not given the same weight as scientific
knowledge in assessments and evidence-based decision-making. Where IK is presented in
a limited capacity in this report, it is presented with equal weight.

The review process has been an important part of developing this report. It was reviewed by
a group of Yukon experts drawn from a variety of fields as well as experts outside of the
Yukon. The input from expert reviewers was invaluable and helped shape the key findings.
There are still gaps in our understanding of the impacts of climate change, and topics that
require further work to have confidence in our depth of knowledge. Some of these gaps are
identified in the report as future areas of research that could improve our understanding of
climate change in the Yukon.

2.0 EXECUTIVE SUMMARY: INDICATORS

Climate indicators are a measure of a complex system, chosen to provide an objective
overview of the climate system and any potential change. They need to be straightforward,
repeatable, and representative. The indicators are illustrated and described below, and a
more complete description of each indicator is shared in Section 6.0: Indicators. For more
information, including the full set of data, please contact the YukonU Research Centre for a
copy of the digital library.

Each graph shows an indicator over time. A trend line is plotted along with the 95%
confidence interval of the trend line (shown as a black line with dashed lower and upper
confidence intervals). Each graph also lists two statistics, the r-value and the p-value,
measures of correlation and significance respectively. An r-value of O demonstrates no
correlation, and the closer the r-value is to 1 or -1, the strong the correlation is. The p-value
demonstrates the likelihood that you would see these results even if there is no relationship
between the variables; a smaller p-value indicates that it is more likely that the relationship
exists. The trend lines and the statistics signify whether the indicator is changing over time
or not. Trend lines should not be used to assume that the indicator would behave in a linear
fashion. For example, despite a linear trend line, sea ice melt appears to be accelerating in
recent years.

Projections are based on results from climate modelling organizations participating in the
Coupled Model Intercomparison Project Phase 5 (CMIP5) of the World Climate Research
Programme using representative concentration pathways (RCPs) from the IPCC fifth
Assessment Report (AR5). The RCPs 2.6, 4.5, and 8.5, representing low-, medium-, and
high-emission scenarios, respectively were used in this report.
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Figure 1.1. Yukon annual average temperature anomaly (r-value = 0.64 p-value < 0.01)

Implications The temperature anomaly shows us the relative change in average Yukon

temperature from one year to the next. Temperature is the strongest indicator
of climate change in the Yukon. The Yukon is warming significantly. Annual
temperature has increased by 2°C over the past 50 years. Winters have seen
the greatest increase in temperature. See Key Finding 1.
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Figure 1.2. Yukon projected annual average temperature anomaly (r-value = 0.92 p-value <

0.01)

Implications

The projected temperature anomaly shows us the relative change in average
annual Yukon temperature projected over the next century. Temperature is
projected to increase by 0.7 to 3.7°C over the next 50 years. While there is
variability about the amount of warming, Yukon will continue to warm under
all scenarios. Winters are projected to warm faster than any other season.
See Key Finding 1.
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Figure 1.3. Yukon total annual precipitation anomaly (r-value = 0.35 p-value < 0.01)

Implications The precipitation anomaly shows us the relative change in percentage for

total precipitation from one year to the next. The trend is significant, however,
there is considerable variability in precipitation from year to year and from one
location to the next within the mountainous terrain of Yukon. There are also
issues with the accuracy of available precipitation data, and ECCC stopped
producing annual precipitation trend data in 2016. Total annual precipitation
increased by about 3% over the last fifty years of the precipitation record
(1966-2015), and 12% from 1948 to 2015. Summers have seen the greatest
increase in precipitation overall, although winters have also seen a big
increase. See Key Finding 1.
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Figure 1.4. Yukon projected annual average precipitation anomaly (r-value = 0.86 p-valué <
0.01)

Implications The projected precipitation anomaly shows us the relative change in total
annual precipitation in Yukon projected over the next century. Precipitation is
projected to increase by 4 to 17% over the next 50 years. All scenarios
project a significant increase. See Key Finding 1 and Detailed Indicators.
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Figure 2.1. Yukon fire history (r-value = 0.15 p-value = 0.24)

Implications

The number of hectares burned per year has increased over the past 50
years; however, the trend is not statistically significant. We will need to
observe fire for a longer period of time to be certain of a trend. There is
potential for the conditions that increase risk of fire to become more frequent
due to climate change (see Key Finding 4), but conditions vary considerable
from year to year and between different regions. 2004 was an extreme year
for wildfires in Yukon with higher-than-average summer temperatures and
lower summer precipitation. Neighbouring jurisdictions including the
Northwest Territories, Alaska, British Columbia, and Alberta have seen recent
extreme fire seasons.
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Figure 2.2. Yukon fire severity index (r-value = 0.05 p-value = 0.69)

Implications Fire severity risk has shown a small increase over the past 50 years, but the
trend is not significant. The fire severity index is published without units
because it combines several meteorological variables that have different
units. As a combination of meteorological data, the severity index can have
significant swings from one year to the next due to variability in temperature,
precipitation, evapotranspiration, and wind. There are other variables that
affect fire risk, including fuel loading, that are not captured by the fire severity
index (see Key Finding 4). While 2004 did not show an extreme fire severity
index, it was comparatively high, and it was an extreme year for wildfires in
Yukon based on area burned.
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Figure 3.1. Annual Arctic September sea ice extent (r-value = -0.89 p-value < 0.01)

Implications Sea ice melt is among the most visible global indicators of climate change,
and especially relevant for the circumpolar North. Since satellite observational
records began in 1979, there is a clear trend: Arctic sea ice is melting. Sea
ice extent reaches its minimum each year in September. September sea ice
loss is averaging 80,000 km2 per year, although there is variability from one
year to the next. The net result is that summer sea ice will completely melt in
the Arctic within the next decade/decades, with projections of a practically
ice-free season by 2050. Sea ice melt appears to be accelerating, with most
of the melt occurring in the past decade. This has wide ranging implications
for the Yukon, the Arctic and the globe. See Key Findings 2 and 10.
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Figure 3.2. Annual Arctic September sea ice volume (r-value = -0.95 p-value < 0.01)

Implications September is the month when Arctic sea ice is at its minimum. Arctic sea ice
is melting rapidly at a rate of = 300 km3 sea ice loss per year, indicating loss
in both the thickness and coverage of sea ice. Sea ice melt appears to be
accelerating; less ice is surviving from one year to the next and the ice that is
lasting for more than one season is thinning significantly. See Key Findings 2
and 10.
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Figure 4.1. Pacific Decadal Oscillation and 5-year moving average (r-value = -0.02 p-value

=0.9)
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Figure 4.2. Arctic Oscillation and 5-year moving average (r-value = 0.35 p-value < 0.01)

Implications Oscillations are recurring patterns of ocean-atmosphere climate variability.
They are likely the most significant natural influence on regional weather and
climate. For the Yukon, two key oscillations are the Pacific Decadal
Oscillation (PDO) and the Arctic Oscillation (AO). A positive phase of the
PDO and a negative phase of the AO are associated with warmer
temperatures in Yukon. However, these graphs show that the PDO has been
dropping until very recently, while the AO has been quite flat in recent
decades. Since the Yukon has been warming significantly for the past 50
years, the PDO and AO data contributes to the evidence demonstrating that
anthropogenic climate change is causing increases in temperature rather
than these naturally occurring cycles. See Key Finding 1.
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Implications

Yukon total greenhouse gas emissions by fuel type

Government of Yukon has only been measuring and reporting on emissions
since 2009. During this time Yukon'’s total emissions have grown along with
Yukon’s population and economy. Variations from year to year in Yukon
emissions tend to come from increases in mining, aviation, and/or on-road
diesel use. There has been an increase in emissions from electricity
generation. A drop in emissions in 2020 appears to be due to the impact of
the COVID-19 pandemic. YG’s emission reduction targets are for 2030 and
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will have to take into account the growing population and economy. See Key
Finding 9.

Government of Yukon total greenhouse gas emissions
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Figure 5.3.  Government of Yukon greenhouse gas emissions

Implications Government of Yukon’s internal emissions have also increased since 2010,
along with increases in Yukon’s population and economic activities. Yukon
University is a separate entity, however YukonU’s buildings are managed and
reported on by YG’s Highways and Public Works. In 2019 emissions were
included for government corporations (Yukon Hospital Corporation, Yukon
Housing Corporation, Yukon Liquor Corporation, Yukon Energy Corporation
and Yukon Development Corporation) and for electricity generation by Yukon
Energy Corporation.

3.0 EXECUTIVE SUMMARY: KEY FINDINGS

Key findings are concise statements, giving broad conclusions. Each of the ten key findings
lists sub-points, including critical impacts and implications for Yukon. For more in-depth
information please refer to the Annotated Findings section with references to relevant
scientific evidence and Indigenous knowledge for each of the key findings.

1. Climate
All indicators agree: The Yukon’s climate is now warming rapidly, and more change is
projected. (Very high confidence)

1.1 Inthe Yukon, annual average temperature has increased by 2°C over the past 50
years. (Very high confidence)

14
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1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

Temperature in the Yukon has increased at more than double the global rate and
is increasing faster than in southern Canada. (Very high confidence)

Winters are warming more than other seasons: 4°C over the past 50 years. This
is primarily expressed through a decreased frequency and severity of extreme
cold events (i.e., below -40°C). (High confidence)

Annual precipitation in the Yukon increased by about 3% between 1966-2015.
Summers and winters have seen the largest increase in precipitation (12-19%
increase). Precipitation has more variability in the data record (both spatially and
temporally); therefore, we have less confidence in determining this historic trend.
(Low confidence)

Increasing global concentrations of carbon dioxide and other greenhouse gases
are projected to contribute to a continuing increase in annual temperature and
precipitation across all scenarios. Annual warming in the Yukon is projected to be
an additional 0.7 to 3.7°C over the next 50 years. Precipitation is projected to
increase 4 to 17% over the next 50 years. (Medium confidence)

Increasing evapotranspiration and a lengthening of the shoulder seasons are
among the projected changes that are likely to persist for the foreseeable future.
(High confidence)

Additional evidence of northern warming comes from widespread melting of
glaciers and sea ice, and permafrost thaw. (High confidence)

Beyond the historic and projected trends, the variability of our climate is expected
to increase. This will mean an increase in extreme weather events and greater
fluctuations in precipitation. (Medium confidence)

Unexpected and even larger shifts in the climate system are possible. (Medium
confidence)

2. Melt and Thaw
Permafrost is thawing, glaciers are receding, and sea ice is melting. (High confidence)

2.1

2.2

2.3

2.4

2.5

2.6

Warmer temperatures have resulted in widespread melting of glaciers and sea
ice, and the rate of melt is increasing. Winter ice coverage of rivers and lakes is
decreasing. (High confidence)

Permafrost rates of thaw are increasing. Warmer air temperatures are increasing
ground temperatures throughout Yukon. (High confidence)

Thawing ground is already disrupting transportation networks, buildings, and
other infrastructure, and will continue to do so in the future. Permafrost thaw has
potentially serious implications for mine dams and tailing ponds that are
dependent on permafrost berms. (High confidence)

Permafrost thaw is altering the release and uptake of greenhouse gases from
soils, vegetation, and coastal areas with implications for the global carbon cycle.
(Medium confidence)

Arctic sea ice is melting rapidly, the majority of multi-year ice has been lost in the
last ten years alone. (Very high confidence)

A reduction in sea ice, as well as changes to snow cover, reduces the albedo of
the North and allows oceans and land masses to absorb more solar energy. This
largely drives the increased warming rates observed in the North compared to
the rest of the globe and has implications for the global climate. (High
confidence)

15
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3. Water

Climate change is affecting and will continue to affect the hydrological regime. (High
confidence)

3.1

3.2

3.3

3.4

3.5

3.6

Changes in the hydrological regime are driven by changes in temperature and
precipitation and affected by other processes including increasing glacial melt,
permafrost thaw, variability in rain and snow, earlier snowmelt, and freeze-thaw
cycles. (High confidence)

Flood risk is influenced by multiple processes that are affected by climate
change. Flood risk is expected to increase in some locations in the Yukon, while
it may decrease in others. (High confidence)

As the Yukon'’s glaciers continue to recede, glacial melt will contribute to
increased river discharge and will have significant impacts on glacier dominated
basins. (High confidence)

Breakup is occurring earlier for rivers in the Yukon, which can have implications
for ice jams and flooding. (Medium confidence)

Permafrost thaw affects river and lake systems in the Yukon. Permafrost
degradation contributes to an increased groundwater reservoir and changing
streamflow and groundwater flow patterns. (High confidence)

Warming temperatures, permafrost thaw, and changes in water levels negatively
impact water quality through increased turbidity and in some cases through
increased contaminant levels. (Medium confidence)

4. Vegetation
Vegetation community distribution and composition are shifting. (Medium confidence)

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

Treeline and shrubs are expanding rapidly in distribution and community
dominance. They are moving to higher latitudes and elevations as well as infilling
within current range. (High confidence)

Changes in vegetation phenology (timing of biological phenomena) are being
observed and will continue, with implications for numerous species. (High
confidence)

Increases in temperature are already causing drought stress in some species in
the Yukon. (Medium confidence)

Insect outbreaks that kill canopy trees or significantly reduce their growth have
affected significant portions of the Yukon and will continue to do so. (High
confidence)

Forest and tundra fires show signs of increased frequency and severity in some
areas of the Yukon, and of forcing shifts in the dominant forest type during post-
fire succession. (Medium confidence)

Permafrost thaw induces ground collapse and slumping, contributing to shifts in
vegetation community type and composition. (High confidence)

New species are arriving in the Yukon by way of various vectors with climate
change facilitating range expansion to some extent. There is currently low
incidence of invasive species in the Yukon. (Medium confidence)

Higher productivity of vegetation (greening) is observed in some regions but not
in other regions where water and other nutrients or landscape disturbance are
limiting factors (browning). (Medium confidence)

16
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4.9  Climate change impacts to vegetation will affect natural resource management
and cultural activities on the land, requiring proactive adaptation. (High
confidence)

5. Wildlife

Changes in animal species’ habitat, ranges, and food sources are already being
observed in the Yukon. (High confidence)

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

Climate change interacts with various other potentially limiting factors to drive a
wide diversity of species and population-level responses in wildlife. (High
confidence)

Species ranges are already, and will continue, to shift northward, bringing new
species into the North while limiting some species currently present. (High
confidence)

Changes in temperature and food availability will likely impact seasonal habitat
selection and migratory routes. (High confidence)

The timing of critical life events (phenology) is affected by climate change for
some wildlife species. (Medium confidence)

Herbivorous mammals will need to adapt to climate change impacts on the
abundance, availability, and nutritional quality of food sources. (Medium
confidence)

Changes in snow, including freeze-thaw cycles and increased snowpack depth,
have implication for access to food for a number of Yukon species. (High
confidence)

Spring and summer have seen greater levels of insect harassment for wildlife.
(Low confidence)

Some fish species are experiencing habitat changes that are likely to have
negative effects on population size and health. (High confidence)

Impacts of climate change in the Yukon will have implications for biodiversity in
other areas of the western hemisphere because some migratory bird species
depend on breeding and feeding grounds in the North. (Medium confidence)
Wildlife management and planning can be adapted or implemented to benefit
wildlife species impacted by climate change. (Medium confidence)

6. Hazards and Infrastructure
The major climate change hazards in the Yukon are flood, wildfire, damage to
infrastructure from thawing permafrost, and/or extreme precipitation. Infrastructure built
without the future climate in mind is vulnerable. (High confidence)

6.1

6.2

6.3

Yukon communities are located along rivers and in forested areas. This makes
flooding and wildfire critical hazards. Climate change is increasing the likelihood
and potential severity of these hazards. (Medium confidence)

Permafrost thaw, wildfire, and more intense precipitation events will result in
more landslides and subsequent sediment supply to river systems. (Medium
confidence)

Existing infrastructure was designed and built based on historical climate data
that may not be appropriate for future conditions. Even small increases in snow
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6.4

6.5

6.6

6.7

6.8

load, storm severity and frequency, and thawing permafrost can directly affect
the structural integrity of infrastructure. (High confidence)

As frozen ground thaws, some existing buildings, roads, airports, and industrial
facilities are likely to be destabilized, requiring substantial rebuilding,
maintenance, and investment. (High confidence)

Future development and maintenance of existing infrastructure will require new
design elements to account for ongoing warming that may add to construction
and maintenance costs. These costs need to be considered against the potential
costs of infrastructure failure. Infrastructure damage and failure also poses major
concerns for the insurance industry. (High confidence)

Industry, such as mining, is also vulnerable to climate change hazards, which
can increase downstream risks. (High confidence)

As hydrological regimes change, our hydro-electric generation capacity may be
affected. It is important to consider volume of flow, timing of flow, and high flows.
(Medium confidence)

Guides, standards, and best practices can support efforts to identify and address
hazard risk to infrastructure. (High confidence)

7. Food, health, and wellbeing
Climate change impacts health and food security in the Yukon, particularly in relation to
First Nations’ traditional food security. Indigenous land-based cultural revitalization and
agriculture are potential opportunities to adapt to the social and health impacts of
climate change. (Medium confidence)

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

Many Yukoners depend on hunting, fishing, and gathering. The abundance and
health of these resources may be affected by climate change, and this is a key
concern for Yukon First Nations and transboundary Indigenous nations. (High
confidence)

Several established climate-related changes in the north affect traditional food
security: hydrological impacts, increased variability of precipitation, permafrost
thaw, and the freeze-thaw cycle have implications for movement of fish and
wildlife, foraging, quality of traditional foods, and access to harvesting sites. (High
confidence)

There is evidence that Yukoners have been consuming fewer traditional foods
and more market foods due to the impacts of climate change and other societal
changes, which may have negative health consequences. (Medium confidence)
Extreme weather events and subsequent disruptions to the transportation
network, have the potential to disrupt the market food system. (High confidence)
Climate change exacerbates existing health inequalities including access to food.
(Medium confidence)

Climate change has implications for mental health, particularly as a result of
impacts on culture, traditional activities, and safety. (Medium confidence)

Where suitable soils and climate are present, agriculture has the potential to
expand due to a longer and warmer growing season. Field-based agriculture may
be challenged by precipitation variability. (Medium confidence)

Yukon communities and organizations are addressing climate change by
engaging in community-led adaptation and food security projects, community-
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based monitoring, and knowledge sharing between communities. (Medium
confidence)

8. Heritage, Culture, and Traditional Ways of Life
Traditional activities, heritage sites, and intangible cultural heritage are affected by
climate change. Indigenous knowledge provides important insights into the impacts of
climate change and contributes to the resilience of Yukon First Nations. (High
confidence)

8.1

8.2

8.3

8.4

As the climate changes, it affects the land, the wildlife, access to food, and
cultural practices of First Nations people. People who live close to the land and
practice traditional ways see the detailed impacts of climate change in the North.
(High confidence)

Harvesting traditional foods and medicines does not only affect food security, but
also supports the local economy and is the basis for cultural and social identity.
As the climate changes, it affects the land, the wildlife, access to food, and
cultural practices of First Nations people. (Medium confidence)

Indigenous knowledge and community-based monitoring programs contribute
important knowledge to our understanding of environmental change and wildlife
health. Indigenous knowledge indicates that substantial changes have already
occurred in the Yukon due to climate change. (High confidence)

Cultural and heritage sites are vulnerable to flooding, wildfire, permafrost thaw,
and coastal erosion. (High confidence)

9. Causes and Responses
Climate change is human caused. (High confidence) The Yukon is responding to the
impacts of climate change by adapting and addressing the causes by reducing
emissions. (Medium confidence)

9.1

9.2

9.3

9.4

9.5

9.6

There is unequivocal evidence that the climate is warming and that over the past
50+ years, human activity has been responsible for that warming. (Very high
confidence)

Adaptation is how we address the impacts of climate change. Mitigation is how
we address the causes of climate change. It is important to keep in mind both of
these challenges and wherever possible to look for solutions which both mitigate
and adapt. (High confidence)

Integrating climate change considerations into existing planning processes is a
method of reducing risk while taking advantage of existing procedures. (Medium
confidence)

Solutions that address social inequities, cross multiple sectors, and are informed
by Indigenous ways of knowing, doing, and being will improve adaptation
outcomes in the Yukon. (High confidence)

Public education, research, and in particular community-based research remain
as critical needs to improve understanding of Yukon climate change and how to
address it. (High confidence)

Supporting youth engagement in research and decision-making processes
strengthens the Yukon’s capacity to adapt to and mitigate climate change. (High
confidence)
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10. Importance of the North
Climate change in the North is a major driver of global change. (Medium confidence)

10.1 The boreal forest and the Arctic tundra both show indications of shifting from net
greenhouse gas sinks to net sources. (Low confidence)

10.2 Carbon and methane trapped within and below permafrost is being released into
the atmosphere and ocean as permafrost thaws, leading to an acceleration of
climate warming. (Medium confidence)

10.3 The loss of Arctic sea ice, which is accelerating due to the albedo reversal from
reflective ice to absorptive ocean, will have far-reaching effects. (High
confidence)

10.4 Arctic sea ice loss influences the jet stream causing new weather patterns,
including extreme events, at mid-latitudes. (Low confidence)

10.5 Glacial melt and ocean warming are leading to sea level rise. Glacial melt and
diminishing sea ice also affect the global ocean currents. (High confidence)

4.0 METHODOLOGY

4.1 Introduction

The goal of this report is to summarize and communicate the current knowledge of climate
change in the Yukon to a variety of audiences, from researchers to decision makers to
those who are simply curious to understand how climate change is affecting Yukon. This
section provides insight into how the Yukon Climate Change Indicators and Key Findings
2022 report was developed, as well as an assessment of the scope and limitations of the
report. No new research was conducted to create this report; it relies solely on publicly
available data and information. Information sources include the datasets analyzed as
indicators, peer-reviewed publications, reputable grey literature like government and non-
governmental reports, and publicly shared Indigenous knowledge. Sources of Indigenous
knowledge include videos, reports, and peer-reviewed literature prepared by Yukon First
Nations and the Inuvialuit either through their own initiatives or in partnership with
academics or other organizations.

Bringing Indigenous knowledge into a regional assessment report is challenging, however,
IK provides important insights into climate change in the Yukon. There are also challenges
with taking scientific knowledge that is often localized and trying to understand regional
scale trends. We tried to overcome both of these challenges by discussing regional trends
where possible but also acknowledging the variability across the Yukon and sharing local
examples. Examples of local impacts and responses were sometimes sourced from news
articles when relevant and where peer reviewed studies were not available.

4.2 Indicators

Climate is long-term expression of weather and is usually assessed by calculating average
weather from thirty years, or more. Temperature increase is the most commonly cited
indicator of climate change. However, while temperature remains a critical indicator, it is
important to consider a broader range of data. The inclusion of multiple indicators provides
a more complete picture of climate, the interconnection of different climate elements, and
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climate variability. Indicators were selected for inclusion in this report based on a set of
criteria and characteristics:

Data quality:

e Has the data been collected in a systematic and standardized fashion?

e Is the source of the data reputable?

Accessibility:

e Isthe data open and freely accessible?

Coverage:

e Geographic: Is there sufficient data for Yukon?

e Geographic: Is the data regionally influential for Yukon?

e Temporal: What is the length of time for the data series (given climate is a long-
term average)?

Relevance:

e Is this data set representing a key component(s) of climate?

e Does it cover off one or more of the many sectors/aspects of climate change?

The best indicators are accurate, repeatable, unambiguous, and representative. One of the
biggest challenges in understanding climate change is to differentiate between different
signals:

o Weather (short-term variability) and climate (long-term trend and variability)

o Natural variations (e.g., ocean oscillations) and human-induced change (e.g.,
anthropogenic warming)

e Impacts due to climate change and impacts exacerbated by other stressors (e.g.,
habitat encroachment, fishing by-catch, etc.)

Each of the indicators is presented as a graph with a discussion of the indicator’s relevance.
In section 6, each indicator is described through a standardized template. The source data,
supporting documentation, and reference material are available in a digital library
accompanying the Yukon Climate Change Indicators and Key Findings report and available
upon request. Open data sources are useful so indicators can be updated regularly, and
data can be shared and integrated into other research and analysis.

Indicators are not independent of one another. For example, temperature and precipitation
can be closely related. Looking at a range of indicators will usually provide a more robust
picture than just one indicator. However, data collection efforts for different indicators have
not been consistent. Where relevant, details are provided below. When considering the
indicators, both the trends and the variability in the data record are useful for understanding
implications. It is important to look at the confidence/uncertainty and any limitations of the
data as well. These are all listed in Section 6: Detailed Indicators.

4.3 Key Findings

Key findings are condensed, evidence-based conclusions. The key findings are derived
from the indicators, scientific literature, and Indigenous knowledge. The purpose of the key
findings is to allow readers to cross disciplines and to consider a range of conclusions being
reached over the spectrum of knowledge. The key findings are also meant to provide
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coherent and concise information for decision makers. The goal is to provide findings which
are relevant to diverse policies and programs.

Literature included in the 2015 version of the report was further developed with new
publications, assessment reports, and other knowledge sources that have been published
since then. The literature review included peer-reviewed research as well as reputable local
reports. We have also included grey literature, news articles, and videos to capture
Indigenous knowledge, government research, local knowledge, and policy. The
Compendium of Yukon Climate Change Science produced annually by YukonU’s Climate
Change Research group was a useful source for identifying publications on climate change
specific to the Yukon. Additionally, the authors of this report participated in the development
of the Yukon Climate Risk and Resilience Assessment which arrived at findings that are
consistent with those in this report.

Large-scale assessment reports, like Canada’s Changing Climate Report (Bush & Lemmen,
2019), provide valuable information on broad changes that are being seen in Arctic and
subarctic environments. Combining those national observations with locally relevant
publications like Government of Yukon’s State of the Environment report (2021b), and
project-specific peer-reviewed research connects broad-scale findings to the Yukon
environment. There are issues with assessment reports including the exclusion of certain
types of knowledge like Indigenous knowledge and even social science perspectives (Ford
et al., 2012). Another issue with assessment reports is that they provide broad, generalized
overviews of climate change impacts. Often, however, changes can be localized or there
can be regional variation. In this report we have tried to capture the Yukon-wide trends and
a broad overview of the changes that can be expected, while also highlighting the variation
that will happen across the Yukon and providing regional examples.

4.4  Limitations and Uncertainty

Uncertainty is a part of science and needs to be assessed and considered, as it is with each
of the indicators (see Section 6: Detailed Indicators) and through the confidence ratings in
the key findings. It is important to recognize that there is significant evidence, agreement,
and confidence in the existing science indicating that climate change is happening and
caused by anthropogenic emissions of greenhouse gasses. Some uncertainty will always
remain in understanding climate systems, climate change, and projecting future climate
variability.

For this report, we followed the approach of the IPCC based on their guidance to authors,
“evidence is most robust when there are multiple, consistent independent lines of high-
quality evidence” (Mastrandrea et al., 2010, p.2). We had subject matter experts review the
key findings for completeness, accuracy, and consistency. They were asked to assess the
validity of findings and assign a confidence level based on the available evidence, focusing
on the type, amount, quality, and consistency of evidence. They were also asked to include
their expertise and experience as a practitioner, scientist, and knowledge holder in
assessing the confidence level. Not all reviewers provided confidence ratings, however, the
final ratings are based on those reviews and overall support of the literature. Each key
finding is assigned a level of confidence that reflects our current understanding of that
finding on a scale ranging from very low, low, medium, high, to very high.
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Climate change is occurring alongside other types of environmental change, including land
use change, population growth, cultural shifts, harvesting pressures, pollution, and resource
development. The complexity of these interrelated issues can increase uncertainty and
make it challenging to separate cause and effect related to individual factors. It is important
to consider climate change within the context of these interconnected factors because it will
compound existing impacts and vulnerabilities (IPCC, 2022).

At the regional scale in the Yukon there is considerable variation in observed and projected
climate change, influenced by topography, proximity to lakes, and differences in land cover
(Bush & Lemmen, 2019). For the most part, this report communicates climate change at a
regional scale, and may miss some of the variation that is seen across the territory. It is
important to note that temperature and precipitation change will vary across the region, and
the impacts of climate change on other systems may not be experienced to the same
degree in different locations. This is particularly relevant to precipitation which varies greatly
from year to year and by location. While the complexity of climate change can make it
challenging to understand, understanding the risks associated with impacts (including
likelihood, severity, capacity), and having a consistent treatment of uncertainties allows the
reader to judge and even prioritize actions. For example, where we lack a clear
understanding around a particular critical area, then a typical response might be to call for
baseline monitoring or further research to refine our knowledge.

5.0 ANNOTATED FINDINGS

1. Climate
All indicators agree: The Yukon’s climate is now warming rapidly, and more
change is projected. (Very high confidence)

The climate indicators listed in this report — temperature, precipitation, fire history, fire
severity index, Arctic sea ice extent, and Arctic sea ice volume — all indicate a warming
trend. The trends for fire history are not significant, meaning more data is required before
we could be certain of using this information in a stand-alone fashion. Other indicator data
that are available for specific locations in the Yukon not included here, but potentially useful
for smaller-scale investigations of climate change include water (e.g., Dawson Yukon River
break up, river discharge, snow water equivalent), soil moisture, greening, permafrost
temperatures, among others (Box et al., 2019). All climate global circulation models (under
all scenarios) project further warming for the Yukon, where temperatures are projected to
continue warming at twice the global rate (ACIA, 2004; Bush & Lemmen, 2019; IPCC, 2021,
UNEP, 2012).

The Pacific Decadal Oscillation (PDO) and Arctic Oscillation (AO) indicators show two of the
dominant natural influences on Yukon climate. A positive phase of the PDO and a negative
phase of the AO are associated with warmer temperatures in the Yukon. For the AO, a
positive phase is brought about when circumpolar winds contain polar temperatures in the
high north and is usually associated with colder winter temperatures in the eastern North
and warmer winter temperatures in the West (Bush & Lemmen, 2019; NOAA, 2022a).
These graphs show that until very recently, the PDO has been dropping — in a cooling
phase since about 2007, and on a downward trend since about 1985. For the past two
decades the AO has been mainly neutral, although in the past 5 years there has been a
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positive phase that has brought cold temperatures to some areas of the Arctic (NOAA,
2022a). Over this time period Yukon temperatures have continued to show a warming trend.
The implication of the PDO and AO trends is that over the long term the anthropogenic
influences of climate change are having a stronger effect than the natural influences of the
PDO and/or AO. See Detailed Indicators - 4.1 Ocean Oscillation Indicators.

1.1 In the Yukon, annual average temperature has increased by 2°C over the past
50 years. (Very high confidence)

See the Climate Trends indicator based on Environment and Climate Change Canada’s
Climate Trends and Variations Bulletin (ECCC, 2021). The best fit trend line from 1972 to
2021 shows a +2°C increase in temperature, while between 1948 to 2021 shows a +2.5°C
increase (ECCC, 2021). Throughout the Yukon, First Nations and the Inuvialuit have
observed a warming trend (AICBR, 2016a,b; Brewster et al., 2016; Wolfe et al., 2011).

1.2  Temperature in the Yukon has increased at more than double the global rate
and is increasing faster than in southern Canada. (Very high confidence)

Comparing Yukon’s climate trend with the global temperature anomaly data available from
the National Aeronautics and Space Administration (NASA) (https://climate.nasa.gov/vital-
signs/global-temperature/) or National Oceanic and Atmospheric Association (NOAA)
monthly global temperature anomaly index: (https://www.ncei.noaa.gov/monitoring-
references/fag/anomalies.php#anomalies) demonstrates that the Yukon is warming at more
than twice the rate of the globe (NASA, 2022; NOAA, 2022b). Over the past 50 years (1971-
2020) the best fit trend line for NASA’s dataset shows a +0.9°C increase in global
temperature (NASA, 2022).

Taken as a whole, the Canadian North is warming at three times and Canada as a whole is
warming at double the rate of the rest of the globe (Bush & Lemmen, 2019, ECCC, 2021;
IPCC, 2019; IPCC, 2021). However, when we compare the Yukon to southern Canada, we
find that the Yukon is warming about 1.5 times the rate of southern Canada. There is no
strict definition of southern Canada, so an exact comparison is difficult; however, using
ECCC’s Climate Trends and Variations Bulletin, 2021, averaging the regions of Atlantic
Canada, Great Lakes/St. Lawrence, Prairies, South B.C. Mountains and Pacific Coast, then,
best fit trend line from 1972 to 2021 shows a +1.3°C increase in temperature, compared to
+2°C increase in the Yukon.

1.3  Winters are warming more than other seasons: 4°C over the past 50 years.
This is primarily expressed through a decreased frequency and severity of
extreme cold events (i.e., below -40°C). (High confidence)

See the Climate Trends indicator based on ECCC’s Climate Trends and Variations Bulletin
(ECCC, 2021). Best fit trend line from 1972 to 2021 shows a +4.3°C increase in winter
temperature in the Yukon. Higher elevations are also demonstrating more rapid warming, as
evidenced in the St. Elias Mountains in western Yukon (Williamson et al., 2020). Warmer
temperatures mean that at times winter precipitation is coming as rain. The Champagne &
Aishihik First Nations (CAFN) have noted that due to warming winters, there is an increase
in rain in winter, and this has been seen in other regions of the Yukon as well, which can
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have implications for foraging wildlife, trees and other vegetation, and travel on the land
(CAFN, 2006; ArcticPeoples, 2013).

1.4  Annual precipitation in the Yukon increased by about 3% between 1966-2015.
Summers and winters have seen the largest increase in precipitation (12-19%
increase). Precipitation has more variability in the data record (both spatially
and temporally); therefore, we have less confidence in determining this
historic trend. (Low confidence)

See the Climate Trends indicator based on ECCC'’s Climate Trends and Variations Bulletin,
2015. Best fit trend line from 1966 to 2015 shows a +2.8% increase in precipitation. The
standard deviation over that time period is +8.17%. Best fit trend line from 1966 to 2015
shows a +19.3% increase in summer precipitation and a 12.1% increase in winter
precipitation. However, as shown by the precipitation indicator, there is a lot of interannual
variability with precipitation (Box et al., 2019). There are also considerable challenges with
precipitation monitoring in the Yukon, particularly as weather stations have moved and data
collection has become automatic requiring data reconciliation with past manual
observations. ECCC has not reported precipitation trends and variations since 2016
because of issues with the data (ECCC, personal communication, September 14, 2018),
however their existing data is the best available Yukon-wide annual precipitation data.
Yukon First Nations have also observed increases in precipitation across the Yukon,
although CAFN and the Inuvialuit have both noted a decrease in snow in their respective
territories (Alaska Science for All UAF GlI, 2022; Brewster et al., 2016; CAFN, 2006).

Precipitation in Canada increased by 20% from 1948-2012 and increased more in northern
Canada (32.5% between 1948-2012) than in southern Canada (Bush & Lemmen, 2019).
Using ECCC'’s Climate Trends and Variations Bulletin, 2015, from 1948-2015 precipitation
in Yukon changed by +11.8% with a standard deviation of +9.23%, so overall less than in
Canada as a whole.

1.5 Increasing global concentrations of carbon dioxide and other greenhouse
gases are projected to contribute to a continuing increase in annual
temperature and precipitation across all scenarios. Annual warming in the
Yukon is projected to be an additional 0.7 to 3.7°C over the next 50 years.
Precipitation is projected to increase 4 to 17% over the next 50 years. (Medium
confidence)

Currently global greenhouse gas emissions (GHGSs) continue to rise and will continue to
cause further warming in the future (Bush & Lemmen, 2019; IPCC, 2021). There is a certain
amount of future climate change that will happen based on past emissions, regardless of
current and future emission reductions (IPCC, 2021). Temperature, precipitation and
precipitation intensity are projected to increase in the Arctic, with increased frequency of
heavy precipitation events (Bush & Lemmen, 2019; IPCC, 2021). There will continue to be
variability from year to year, particularly with precipitation which can also vary significantly
within different regions of the Yukon.

Projections are based on results from climate models patrticipating in the Coupled Model
Intercomparison Project Phase 5 (CMIP5) of the World Climate Research Programme using
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representative concentration pathways (RCPs) from the IPPC fifth Assessment Report
(ARS5). Three RCPs are included; RCP2.6 is for a low greenhouse gas emission future
based on a high level and effectiveness of emission reduction policies, while RCP8.5 is for
a high greenhouse gas emission future without measurable progress in policies to mitigate
climate change (IPCC, 2019). RCP4.5 is an intermediate greenhouse gas emission future
with improved mitigation policies that falls between 2.6 and 8.5. The best fit trend line from
2005 to 2100 shows a +0.4°C/decade increase in temperature using data based on
RCP4.5. For more information see the Climate Projection indicators based on data supplied
by ECCC on Climatedata.ca. While there is inherent uncertainty in climate models, they
provide credible estimates of future climate change, particularly at larger scales. These
models represent current understanding of physical, chemical, and biological processes and
have demonstrated the ability to accurately reproduce observed features of current and past
climate (IPCC, 2014). Despite improvements from the AR4 model projections used in the
previous version of this report, there is still a range of confidence in model estimates
depending on the climate variable (e.g., higher confidence for temperature than
precipitation) (IPCC, 2014). With the upcoming release of the Sixth Assessment Report,
improved climate projections are expected to be released based on CMIP6 (IPCC, 2021).

1.6 Increasing evapotranspiration and a lengthening of the shoulder seasons are
among the projected changes that are likely to persist for the foreseeable
future. (High confidence)

In the Yukon, it is possible that evapotranspiration increases will happen faster than
precipitation increases, meaning that more rain will not necessarily result in more ground
moisture (Bush & Lemmen, 2019; ECCC, 2021). Some areas of the Yukon may experience
drier conditions, while others may be wetter. Loss of soil moisture and drier conditions have
already been observed by Yukon First Nations (Alaska Science for All UAF GI, 2022;
ArcticPeoples, 2013; CAFN, 2006; KFN, 2014; Wolfe et al., 2011). Changes to seasons are
already being observed in the Yukon, with winter arriving later and spring arriving earlier.
This change in seasonality is a direct consequence of warming spring and autumn seasons
(Bush & Lemmen, 2019; ECCC, 2021). An increase in frost-free days is expected in the
future and will have implications for wildlife adapted to cold weather. It may be favourable
for some vegetation and provide opportunities for agriculture, although an increase in
evapotranspiration and less moisture availability would also affect growing seasons. With
regional precipitation variability, these opportunities will depend greatly on local conditions.
For information on climate projections see Detailed Indicators - 1.2 Climate Projections.

1.7  Additional evidence of northern warming comes from widespread melting of
glaciers and sea ice, and permafrost thaw. (High confidence)

See full references below in Key Finding 2 — Melt and Thaw.
1.8 Beyond the historic and projected trends, the variability of our climate is
expected to increase. This will mean an increase in extreme weather events

and greater fluctuations in precipitation. (Medium confidence)

Globally, there have been observed increases in extreme weather events, including
temperature extremes, heavy precipitation, and rain in winter (IPCC, 2021). Extreme heat
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events have increased in the Arctic over the past 20 years, while minimum temperatures
have increased at three times the global rate (IPCC, 2021). While an overall increase in
precipitation is expected in the North, extreme precipitation events, which could include
torrential rains or rain in winter, are also likely to increase (IPCC, 2021). Of particular
concern are intense rains that coincide with spring melt, leading to intensified spring
freshets and potential flooding and road washouts (see Indicator 2. Water for more
information).

1.9 Unexpected and even larger shifts in the climate system are possible. (Medium
confidence)

Due to already existing greenhouse gas levels, there is a certain amount of future change
that is unavoidable. Different aspects of the climate system may respond at different rates
of change to temperature change (IPCC, 2021). There are also tipping points in the climate
system that once they are crossed can’t be uncrossed on timescales relevant to society,
leading to irreversible change. Examples of irreversible changes include permafrost thaw,
glacier melt, and other changes in the cryosphere (IPCC, 2021). The ocean has warmed at
a rate that doubled in the past thirty years (IPCC, 2019), and that warming, will create
ongoing change for a while (IPCC, 2019; IPCC, 2021). Ocean acidification and sea level
rise will continue to change, although there will be regional differences in sea level rise
(IPCC, 2019). Permafrost will also continue to thaw in the future based on existing warming
and emissions.

2. Melt and Thaw
Permafrost is thawing, glaciers are receding, and sea ice is melting. (High
confidence)

Warmer temperatures have resulted in widespread melting of glaciers and sea ice and the
rate of melt is increasing (Box et al., 2019; Bush & Lemmen, 2019; IPCC, 2019; IPCC,
2021; Shugar & Clague, 2018). Warming and thawing of permafrost is projected to continue
(AMAP, 2021a; Bush & Lemmen, 2019; IPCC, 2019; Smith et al., 2022). The St. Elias
icefields in Southwest Yukon have shown retreat in glacier fronts and volumes contributing
to global sea level rise, and potentially to slope instability (Barrand & Sharp, 2010; Derksen
etal., 2012; IPCC, 2021; Larsen et al., 2015; UNEP, 2012). The Arctic Ocean is projected
to be summer-ice-free this century (Box et al., 2019; Bush & Lemmen, 2019; IPCC, 2019;
IPCC, 2021).

2.1  Warmer temperatures have resulted in widespread melting of glaciers and sea
ice, and the rate of melt is increasing. Winter ice coverage of rivers and lakes
is decreasing. (High confidence)

Yukon’s glaciers lost 22% of surface area in 50 years, between 1957-58 and 2007-08, and
have experienced rapid losses since then, contributing to increased river flow and global
sea level rise (Barrand & Sharp, 2010; Derksen et al., 2012; IPCC, 2021; Larsen et al.,
2015). In the St. Elias mountains, glaciers are predicted to lose 60-80% of their total volume
by 2100 (Chesnokova et al., 2020). Since glaciers store a large volume of water, changes to
glaciers can have large impacts to downstream hydrology (Chesnokova et al., 2020, Shugar
et al., 2017, Ochwat et al., 2020). In 2016 the Kaskawulsh Glacier, the primary tributary of
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the A’ay Chu (Slims River), was diverted into the Kaskawulsh River which drains into the
Alsek River and eventually the ocean. This greatly reduced the discharge of the Slims River
causing summer peak levels in Lu’an Man (Kluane Lake) to fall 1.5 to 2.0 m below the
historical mean record, prevented glacial meltwater sediments from A’ay Chu from entering
tu’an Man with potential impacts on water quality, and altered the discharge and water
levels in downstream rivers (e.g., the White River watershed, a tributary of the Yukon
River). These effects ultimately combine to drive large scale landscape and ecosystem
changes (Shugar & Clague, 2018; Shugar et al., 2017; Southwick & Ballegooyen, 2019).
For Kluane First Nation (KFN) these changes mean adapting to changing lake levels and
adjusting their traditions around fishing and lake travel (Southwick & Ballegooyen, 2019).

Changes to river and lake ice regimes have also been observed, with climate change
extending the open-water period and reducing the period of ice coverage in winter (Box et
al., 2019; Government of Yukon, 2021b). The breakup date on the Yukon River in Dawson
has advanced by 7 days on average since 1896 (Government of Yukon, 2021b). Warmer
autumn temperatures have led to later freeze up on lakes, including tu’an Man (Kluane
Lake) (Southwick & Ballegooyen, 2019). With longer open-water periods, strong winds and
associated wave action cause increasing erosion along shorelines. This impact is especially
noted on lakes where water levels are regulated as lakes are held at high water levels when
wind speeds are at their seasonal maximum. (Bush & Lemmen, 2019; McKillop et al., 2019;
McKnight, 2017).

2.2  Permafrost rates of thaw are increasing. Warmer air temperatures are
increasing ground temperatures throughout Yukon. (High confidence)

Permafrost thaw typically occurs through an increase in the depth of the active layer, the
layer of earth between the ground surface and permafrost that freezes and thaws
seasonally. The rate of change is influenced by climate factors like increasing temperature
and rain, as well as by local biophysical factors such as forest cover, active layer depth,
thickness of cryosols, soil composition, and local ground disturbance. Long-term monitoring
shows that permafrost temperatures are warming at almost all monitoring sites across North
America (Box et al., 2019; IPCC, 2019; Smith et al., 2010; 2019; 2022) and the active layer
continues to thicken (Stockton et al., 2019; Smith et al., 2022).

Evidence of permafrost thaw is being observed across the North and the Yukon, with
impacts on natural environments and built infrastructure (AMAP, 2021a; Bush & Lemmen,
2019; Calmels et al., 2015; IPCC, 2019). Thermal erosion, thermokarst, retrogressive thaw
slumps, and degradation of palsas and ice wedges can have dramatic impacts on the
landscape (Calmels et al., 2021; Kokelj et al., 2015; Nitze et al., 2018; Ramage et al., 2017;
Smith et al., 2019). Yukon First Nations have observed the impacts of permafrost thaw on
local ecosystems and travel routes, and in many Yukon communities, permafrost thaw has
affected local housing and infrastructure (AICBR, 2016a; AICBR, 2016b; ArcticPeoples,
2013; Calmels et al., 2016; Laxton & Coates, 2011). Thawing permafrost can mobilize
mercury stored in frozen soils, which can then enter aquatic systems (Mu et al., 2019;
Staniszewska et al., 2022; Zdanowicz et al., 2018) and may become a concern for
traditional food security.
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All of Yukon lies within the permafrost zone with approximately 50-60% of the territory
predicted to be underlain by permafrost (Bonnaventure et al., 2012; Heginbottom et al.,
1995), so changes to permafrost can have far reaching implications for Yukon landscapes
and systems. Changes to permafrost are already impacting the microtopography of the
landscape (e.g., with slumping or thawing of ground ice) which drives changes to vegetation
communities and can ultimately have implications for the larger ecosystem (Wolter et al.
2016). Thawing permafrost contributes to increased winter water flow and changes to lake
ecosystems in the continuous and discontinuous permafrost zones (Crites et al., 2020;
Warren & Lulham, 2021). It can cause some areas to become wetter, even creating new
wetlands, yet in other areas it can cause lakes and wetlands to drain (ACIA, 2004; Warren
& Lulham, 2021). For more discussion on this see Key Finding 3. Water.

Wildfire speeds up permafrost thaw by removing the insulating vegetation layer on top of
the ground. With the potential for increasing wildfire in the future, there could be accelerated
impacts on permafrost and active layer thickness, contributing to destabilizing slopes and
landscape change (Benkert et al., 2015; Blais-Stevens et al., 2011; Coates & Lewkowicz,
2008; IPCC, 2019; Lipovsky et al., 2006; Michaelides et al., 2019; Northern Climate
ExChange, 2013; UNEP, 2012).

2.3  Thawing ground is already disrupting transportation networks, buildings, and
other infrastructure, and will continue to do so in the future. Permafrost thaw
has potentially serious implications for mine dams and tailing ponds that are
dependent on permafrost berms. (High confidence)

Permafrost degradation will disrupt transportation, buildings and other infrastructure as it
thaws. Developed areas like cleared land, roadways, buildings, mine dams and tailing
ponds are particularly vulnerable to permafrost changes (Calmels et al., 2016; EBA
Engineering Consultants Ltd., 2004; Laxton & Coates, 2011; Mohammadimanesh et al.,
2019). While some of these changes are already happening, it is expected that the
magnitude and frequency of permafrost thaw will continue to increase (Patton et al., 2019).
See more information in Key Finding 6 — Hazards and Infrastructure.

2.4  Permafrost thaw is altering the release and uptake of greenhouse gases from
soils, vegetation, and coastal areas with implications for the global carbon
cycle. (Medium confidence)

Permafrost thaw has implications for the global carbon cycle. Greenhouse gases are
released as thawed organic material breaks down, contributing to the acceleration of
climate change (ACIA, 2004; Schaefer et al., 2014; Schuur et al., 2015). This thaw also
drives increased coastal erosion. It is estimated that the Yukon’s northern shoreline is
retreating at the mean rate of 0.7 metres per year across the Yukon, with some locations
losing as much as 9 metres per year (Couture & Pollard, 2017; Couture et al., 2018).
Terrestrial carbon inputs into the ocean from eroded coastlines, compounded with changing
ocean temperatures, reduce the capacity of the ocean to absorb atmospheric carbon which
will also have impacts on the global carbon cycle (Couture & Pollard, 2017; Couture et al.,
2018).
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2.5 Arctic seaice is melting rapidly, the majority of multi-year ice has been lost in
the last ten years alone. (Very high confidence)

Arctic sea ice has seen increasing melt with a loss in both summer extent and volume
(IPCC, 2019). Current Arctic sea ice is at its lowest level since 1850 with large volume
losses since 2012 and it is expected that practically ice-free conditions will be experienced
at least once before 2050 (Box et al., 2019; IPCC, 2019; IPCC, 2021). Mean arctic sea ice
thickness continues to decrease as thick, multi-year ice is replaced with thinner seasonal
ice in winter (IPCC, 2019; Lindsay & Schweiger, 2015). The overall ice extent has
decreased significantly since 1979 and Arctic summer sea ice losses have been happening
faster than models projected (Bush & Lemmen, 2019; IPCC, 2021). Additionally, sea ice
has become more mobile and is easily disturbed by wind and waves, reducing the overall
strength and increasing deformation (Liu et al., 2019). Inuit have observed changes in sea
ice, affecting access to traditional travel routes and safety on the ice (Ford et al., 2019).
Arctic sea ice has been observed since the late 1970s using satellite data. Using 1980-2009
as a baseline, and then comparing the last ten years (2012 to 2021), the sea ice minima
(comparing each year when the sea ice is at its annual minimum extent in September) has
decreased significantly. Ice extent has gone from 6.5 million km2 to 4.6 million km2, or a
loss of 29% in the last decade (Fetterer et al., 2017; National Snow and Ice Data Center,
2022). Ice volume has gone from 12.4 thousand km3 to 4.9 thousand km3, or a loss of 60%
in the last decade (Schweiger et al., 2011; Polar Science Center, 2022; Zhang & Rothrock,
2003). The Inuvialuit have observed changes to sea ice near the North Slope of the Yukon,
noting the negative impact this has on their ability to travel by sea ice (Brewster et al., 2016;
Helander & Mustonen, 2004). They have also identified increases in coastal erosion in
areas that are seeing reduced ice cover and increasing wave action.

2.6 Areductionin seaice, as well as changes to snow cover, reduces the albedo
of the North and allows oceans and land masses to absorb more solar energy.
This largely drives the increased warming rates observed in the North
compared to the rest of the globe and has implications for the global climate.
(High confidence)

Declining sea ice and reduced snow cover drive a positive feedback loop. As the area of
sea ice declines, less solar energy is reflected, further warming the atmosphere which in
turn reduces sea ice even more. The Beaufort Sea is projected to have long ice-free periods
in summer by mid-century (Bush & Lemmen, 2019). The length of season in which the
Northwest Passage and Northern Sea Route are open to navigate is projected to increase
by more than 150% (DeRepentigny et al., 2016). Loss of summer sea ice will contribute to
continued increases in Arctic temperature and may contribute to changes in the climate of
North America, including increased frequency of extreme weather events (Cohen et al.,
2014; DeRepentigny et al., 2016; Francis & Vavrus, 2015; IPCC, 2019; Liu et al., 2019). A
seasonally ice-free Arctic Ocean can have far reaching consequences for Arctic
ecosystems as well. Longer open water seasons, earlier winter ice breakup, increased
wave height and atmospheric warming contribute to coastal erosion creating a positive
feedback loop. Atmospheric warming increases permafrost temperature and deepens the
active layer which lowers energy requirements for it to thaw, making permafrost laden coast
lines more vulnerable to impacts of reduced sea ice and larger waves (Couture et al., 2018;
Cunliffe et al., 2019).
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Spring snow cover days have declined by 6-8 days since 1948 in southwest Yukon
(Chesnokova et al., 2020), although this trend is being observed throughout the territory
with decreasing snow cover mainly being driven by earlier spring melt (ACIA, 2004; Box et
al., 2019; Bush & Lemmen, 2019). Rain on snow events, unseasonal thaws and early snow
melt events are also becoming more common in the Arctic (Bokhorst et al., 2016; Box et al.,
2019). While these changes drive local warming, there has been some evidence that they
influence extreme weather events across the Northern Hemisphere mid-latitudes, although
this is an area that requires more study (Cohen et al., 2014; Cohen et al., 2020;
Romanowsky, et al., 2019).

3. Water
Climate change is affecting and will continue to affect the hydrological regime.
(High confidence)

Changes in the hydrological regime in Yukon are already being observed and are projected
to intensify with future climate change, including changing water quality and water-course
flows, timings, and volumes (Environment Yukon, 2011; Warren & Lulham, 2021). Changes
to water and the hydrological regime have implications for flooding and the integrity of
infrastructure, recreation and tourism, relationships to the land, and other aspects of Yukon
life (Environment Yukon, 2011; KFN, 2014; NRTEE, 2009; Wolfe et al., 2011). The
hydrologic cycle is complex and demonstrates significant natural variability, however, the
fluctuations in precipitation and increases in streamflow that have been observed are
outside the natural range of variability (Environment Yukon, 2011). “Climate change is
intrinsically linked with hydrological changes” (Environment Yukon, 2011, p.ii), but the
impacts vary across different regions in the Yukon. Changes in the hydrological regime in
the Yukon are affected by changes in temperature, precipitation, glacial melt, permafrost
degradation, earlier snowmelt, and freeze-thaw cycles.

3.1 Changes in the hydrological regime are driven by changes in temperature and
precipitation and affected by other processes including increasing glacial
melt, permafrost thaw, variability in rain and snow, earlier snowmelt, and
freeze-thaw cycles. (High confidence)

Trends and projections in precipitation show more interannual and spatial variability than
temperature and other temperature-related indicators (Environment Yukon, 2011; ECCC,
2021; IPCC, 2021). Although the trend shows increased precipitation in the Yukon overall,
changes have not been consistent in all areas of the Yukon (Janowicz, 2010). Projections
for precipitation in the Yukon indicate that it will increase, particularly in winter (Environment
Yukon, 2011; Warren & Lulham, 2021). See Indicators 1.1 and 2.1 for more information on
temperature and precipitation in the Yukon. While increases in precipitation have been
observed and are projected in the future, the available data is the result of tools that show
inconsistency in measurement accuracy (Scaff et al., 2015), making it difficult to reliably
project precipitation in the future or have significant confidence in the magnitude of
observed trends. In general, the Yukon is expected to be wetter in the future, however
regional variability and variability from year to year will continue. Water availability could be
an issue during the growing season in some areas of the Yukon if increased precipitation
does not compensate for increasing temperatures and evapotranspiration, with implications
for wildfire risk, vegetation growth, and agriculture (IPCC, 2022).
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Changes in the hydrological response that have been observed include changing
precipitation patterns, more intense and extreme precipitation, shorter snow cover and ice
cover seasons, changes in runoff and soil moisture, changes in vegetation, and changes in
evapotranspiration (Bates et al., 2008; Box et al., 2019; IPCC, 2019). Warming
temperatures have resulted in earlier snow melt and shorter overall snow cover and ice
cover seasons (Government of Yukon, 2021b). Streamflow patterns are changing; however,
there is variability among watersheds, seasons, and between tributaries and major rivers
(Chen & She, 2020; Environment Yukon, 2011; Janowicz & Hinzman, 2019; Warren &
Lulham, 2021). It is projected that many rivers in the Yukon will continue to see increased
winter flows which can be linked to both precipitation trends and shorter winters with
occasional mid-winter runoff (Environment Yukon, 2011; Janowicz & Hinzman, 2019;
Warren & Lulham, 2021).

3.2 Floodrisk s influenced by multiple processes that are affected by climate
change. Flood risk is expected to increase in some locations in the Yukon,
while it may decrease in others. (High confidence)

There are multiple processes that affect flood risk in the Yukon, including rain and storm
events, rain on snow, spring freshets, ice jams, and glacial melt. Rain and storm events are
expected to increase with climate change, as is winter precipitation which creates a bigger
snowpack (Environment Yukon, 2011; Warren & Lulham, 2021). At the same time, a shorter
period of snow cover is expected and earlier spring melt (Bush & Lemmen, 2019;
Environment Yukon, 2011; Warren & Lulham, 2021). With increased snowpack, rain on
snow events, and earlier melt, earlier peak flows and more intense spring freshets are likely.
Depending on timing and interaction with river break up (see Key Finding 3.4), these
changes may contribute to increased frequency and magnitude of floods in some areas
(Environment Yukon, 2011; Janowicz & Hinzman, 2019; Warren & Lulham, 2021). This is
more of a concern for rivers that are showing increases in peak flows and annual discharge.
Some major Arctic rivers are showing increases in annual discharge and peak flows,
including the Yukon River, Peel River, and Alsek River (Box et al., 2019), while others are
showing reduced peak flows, including the Liard River and Pelly River. Monitoring on the
Ross River, Takhini River, and White River all show decreasing trends in annual maximum
flow (Government of Yukon, 2021b).

3.3  As the Yukon’s glaciers continue to recede, glacial melt will contribute to
increased river discharge and will have significant impacts on glacier
dominated basins. (High confidence)

The cryosphere plays an important role in Yukon’s water resources and is particularly
vulnerable to climate change as evidenced by the dramatic loss of glacial cover over the
last 75 years (see Key Finding 2 Melt and Thaw) (Barrand & Sharp, 2010; Derksen et al.,
2012; Environment Yukon, 2011; Shugar & Clague, 2018). Increased glacial melt will have
significant impacts on glacier dominated basins, but the impact of glacial inputs will vary
among watersheds (Chesnokova et al., 2020; IPCC, 2021; Larsen et al., 2015; Shugar &
Clague, 2018; Shugar et al., 2017). As a dramatic example, changes in the A’ay Chu (Slims
River) watershed, where the summer freshet has been reduced significantly, have
considerably affected water levels in Lu’an Man (Kluane Lake) (Shugar & Clague, 2018;
Southwick & Ballegooyen, 2019). However, southwestern Yukon is generally seeing
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increasing discharge related to increased precipitation and glacial inputs (Janowicz &
Hinzman, 2019; Parrott et al., 2017; Warren & Lulham, 2021).

3.4  Breakup is occurring earlier for rivers in the Yukon, which can have
implications for ice jams and flooding. (Medium confidence)

Spring breakup is happening earlier in most large rivers of Yukon, including the Yukon River
at Dawson City and Ch’oodeenjik at Old Crow (Government of Yukon, 2021b; Janowicz,
2017). The impact of this change on the frequency and intensity of ice jam floods is still
uncertain (Turcotte, 2021). Breakup in the Yukon is mainly driven by air temperatures,
snowpack, winter intensity (i.e., coldness), and fall precipitation. The ice cover season is
becoming shorter (Government of Yukon, 2021b) and mid-winter break up events, which
can lead to flooding, have been observed (Janowicz, 2010). However, climate change and
associated weather anomalies seem to generate impacts on river ice breakup parameters
that cancel each other, therefore supporting current observations about the absence of a
defined trend in the frequency of ice-jam floods for large rivers (Turcotte et al., 2019;
Turcotte, 2021). Smaller rivers respond faster to variable weather conditions and are more
often affected by spring ice jams. Spring break-up usually occurs before the snowmelt
freshet, however changes in snowmelt timing have been observed bringing those two
events closer together (Janowicz, 2017). It is expected that warmer winter temperatures
and increased rain in winter could cause mid-winter breakup events in small and steep river
systems like the Klondike River (Janowicz, 2010), and eventually could affect larger
systems further north.

Mid-winter breakup events can cause flooding but can also increase the likelihood of spring
breakup floods, and related impacts on infrastructure, public safety, and aquatic
ecosystems can be expected in the future (NRTEE, 2009). Koyukon Athabascan knowledge
of the Yukon River system from near Fairbanks indicates that ice is not as thick and there
are places on the river that remain ice-free, impacting winter travel (Wilson et al., 2015).
Winter-long, ice-free areas along rivers of Yukon may also be explained by altered river ice
formation patterns that could result from a changing climate (Turcotte, 2020). Flooding,
riverbank erosion, and infrastructure damage will continue to represent concerns with river
flooding, especially in small river systems (NRTEE, 2009).

3.5 Permafrost thaw affects river and lake systems in the Yukon. Permafrost
degradation contributes to an increased groundwater reservoir and changing
streamflow and groundwater flow patterns. (High confidence)

Changes to the active layer with permafrost thaw mean that more groundwater is entering
surface streamflow (Crites et al., 2020; Environment Yukon, 2011; Janowicz & Hinzman,
2019; Prowse, 2009), a process confirmed in the Yukon River Basin and Ch’oodeenjik
(Porcupine River) (Environment Yukon, 2011). Similar changes have been observed in the
Northwest Territories, with permafrost thaw contributing to higher stream discharge (Crites
et al., 2020; St. Jacques & Sauchyn, 2009). Changes to streamflow and groundwater flow
patterns include increased winter low flows. Northern parts of the Yukon are seeing
increasing winter discharge related to permafrost interactions and increased precipitation
(Janowicz & Hinzman, 2019; Warren & Lulham, 2021), however this is an area that could
benefit from more research (McKenzie et al., 2021).
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Some Yukon lakes are also seeing significant changes due to permafrost thaw; in areas of
discontinuous permafrost lakes may be shrinking or disappearing, whereas in areas of
continuous permafrost they are often expanding due to water inputs (UNEP, 2012; Warren
& Lulham, 2021). Across the Yukon, First Nations have observed changes in lakes,
including lower water levels and the disappearance of waterbodies (AICBR, 2016a;
ArcticPeoples, 2013; CAFN, 2006; KFN, 2014). In the Old Crow Flats the Vuntut Gwitchin
have observed dynamic lake changes with some lakes draining and drying, while new lakes
appear, or existing lakes grow larger (Alaska Science for All UAF GI, 2022; Kassi et al.,
2010; Lantz, 2017). Overall, the area is getting wetter with rainfall and permafrost thaw as
the main contributors (MacDonald et al., 2021). With projections for widespread permafrost
thaw in the future, there will be significant implications for northern hydrology (IPCC, 2019;
IPCC, 2021; UNEP, 2012).

3.6  Warming temperatures, permafrost thaw, and changes in water levels
negatively impact water quality through increased turbidity and in some cases
through increased contaminant levels. (Medium confidence)

Changing water levels, increasing precipitation, landslides, permafrost thaw, and erosion,
which vary across the Yukon, all contribute to water quality issues (Bates et al., 2008;
Environment Yukon, 2011). Where there is increased rainfall and snowfall, more runoff
delivers a higher load of sediments to rivers (Platts et al, 1989). In some parts of the Yukon,
increasing landslides and erosion also affect sediment concentrations in rivers and lakes.
Increased sediment loads and turbidity can affect fish habitat, particularly affecting salmon
(Dornblaser & Striegl, 2009) which are an important species for Yukon First Nations. With
higher discharge in the summer there can be faster moving water and more debris in the
water, which can reduce the ability of Chinook fry to forage (Neuswanger et al., 2015).
Sediment deposition can affect habitat by changing channel morphology and spawning
beds (Platts et al., 1989), decreasing growth and survival rates for juveniles (Suttle et al.,
2004), and reducing survival rates of incubating embryos by affecting oxygen availability
(Greig et al., 2005). Fine sediments in water affect primary productivity which has
implications for the rest of the food chain (Wood & Armitage, 1997). Higher water
temperatures can also affect water quality by creating conditions conducive to the growth of
cyanobacteria, which has implications for ecosystem and human health (Bates et al., 2008;
Environment Yukon, 2011; Warren & Lemmen, 2014).

Permafrost thaw and changes in groundwater flow can alter water chemistry, with
implications for fish, wildlife, and human health. Permafrost thaw can release contaminants
into both groundwater and surface water, and this is expected to increase with a changing
climate (Colombo et al., 2018). This process is dependent on landscape and geomorphic
factors, as well as local temperature and precipitation change (Staniszewska et al., 2022).
The release of contaminants into rivers and lakes through landslides, erosion, and
permafrost thaw is a concern, particularly if there is uptake by fish which are then being
consumed by people. Mercury is a contaminant of concern in the Arctic and levels in rivers
and lakes have been correlated with thawing permafrost (Mu et al., 2019; Schuster et al.,
2011a; Zdanowicz et al., 2018). Recent research developed a baseline understanding of
arsenic and uranium in the Dawson City area, noting the potential for permafrost thaw to
contribute to water concentrations and advising ongoing monitoring for change (Skierszkan
et al., 2020). In the Chyah Njik (Old Crow River), which has low mercury and lead quantities
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on average, concentrations show short-term increases related to erosion during periods of
freshets and high rainfall indicating that potential increases in precipitation could affect
contaminant levels (Staniszewska et al., 2022). While we have some confidence that these
changes are happening, this is an area that is understudied in the Yukon. In particular, the
movement of contaminants from permafrost to water bodies is an under researched topic
(Colombo et al., 2018). More research is needed to monitor both physical and chemical
changes in rivers and lakes, to understand the processes causing these changes, and to
identify the implications for ecosystem services (McKenzie et al., 2021).

4. Vegetation
Vegetation community distribution and composition are shifting. (Medium
confidence)

Large scale vegetation changes are being observed in the North and are expected to have
wide-ranging implications across tundra and boreal ecosystems. These changes affect
biodiversity, ecological interactions, and have implications for nutrient cycling (ACIA, 2004;
Aitken et al., 2008; Bjorkman et al., 2020; CAFF, 2010; Gienapp et al., 2008; Myers-Smith
et al., 2019; Myers-Smith et al., 2011; Reid et al., 2022; Rowland et al., 2016; Warren &
Lulham, 2021). Warming temperatures, changes in precipitation, snow cover, permafrost
thaw, tundra and forest fires, intensity of herbivory, and land development all contribute to
vegetation change (ACIA, 2004; Box et al., 2019; Furgal & Prowse, 2008; Hinzman et al.,
2005; Myers-Smith et al., 2019; Myers-Smith et al., 2011; Reid et al., 2022; Warren &
Lulham, 2021).

Shifts in range of individual species are a mechanism for adapting to climactic changes, but
are not well understood in plant species, particularly in the Yukon (Aitken et al., 2008).
Shifting distributions and grassland advances, as well as local-scale biodiversity changes,
are projected in the future (Aitken et al., 2008; Bjorkman, 2013; Bjorkman et al., 2020;
Gienapp et al., 2008; Rowland et al., 2016). Changes in species distribution are already
being observed including treeline advancement (Bjorkman et al., 2020). Changes to
vegetation spatial distribution will depend on how existing species respond to climactic
changes and can have impacts on ecosystem dynamics (Warren & Lulham, 2021).

4.1  Treeline and shrubs are expanding rapidly in distribution and community
dominance. They are moving to higher latitudes and elevations as well as
infilling within current range. (High confidence)

Shrubification and treeline advance have already been observed in the Yukon, and
grassland advances are expected in the future (Aitken et al., 2008; Bjorkman, 2013;
Gienapp et al., 2008; Rowland et al., 2016). The treeline has moved northward in latitude
and upward in elevation as the forest expands into areas that were previously northern
tundra or alpine environments, as well as infilling at treeline (Assmann, et al., 2020; Box et
al., 2019; Danby & Hik, 2007a,b,c; Myers-Smith et al., 2019; Myers-Smith & Hik, 2018).
These changes are due to the effects of climate change including longer growing seasons,
warmer soil temperatures, increased active layer depth, and in some areas, increased
precipitation (CAFF, 2010; CAFN, 2006; Myers-Smith et al., 2019; Myers-Smith & Hik,
2018; Parrott et al., 2018; Warren & Lemmen, 2014). Increased growth and expansion of
shrub and tree communities is also happening in forests and forest grassland ecotones
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(Conway & Danby, 2014; Grabowski, 2015). Satellite imagery has shown significant
greening in the northern regions of the boreal forest including the Yukon (Berner & Goetz,
2022). Shrub advance is happening faster than treeline advance (Brown et al., 2019), with
shrubs and other taller, denser vegetation showing doubling of average plant canopy height
per decade and doubling of abundance (Myers-Smith et al., 2019). Changes in tree growth
and treeline advance are limited by moisture more so than air temperature, so while
warming temperature plays a role, seasonal precipitation impacts seed production and
ultimately range expansion. (Brown et al., 2019; Dearborn & Danby, 2018). Shrubification
will have implications for herbivores, as well as for snow distribution and, ultimately, albedo
(Elmendorf et al., 2012; Myers-Smith et al., 2011).

The Inuvialuit have observed increased shrub growth in the North Slope where it has made
travel on the land more difficult (Brewster et al., 2016; Merculieff et al., 2017). The Vuntut
Gwitchin have also seen increased willow growth in the Old Crow Flats. Willows have the
potential to alter ecosystem dynamics in areas within the Old Crow Flats with deep cultural
significance (AICBR, 2016b; ArcticPeoples, 2013; Kuntz et al., 2018). Several Yukon First
Nations have observed changes to vegetation, including more willows in areas that are
already wet or are shifting to wetter soil moisture regimes (ArcticPeoples, 2013; Brewster et
al., 2016; Furgal & Prowse, 2008; Kuntz et al., 2018; Merculieff et al., 2017).

4.2 Changes in vegetation phenology (timing of biological phenomena) are being
observed and will continue, with implications for numerous species. (High
confidence)

Changes in phenology have been observed in areas with rapid temperature warming and
earlier spring snowmelt, with plants flowering and senescing earlier, and trees budding in
winter (Bjorkman, 2013; Bjorkman et al., 2020; CAFN, 2006; Choi et al., 2010; Oberbauer et
al., 2013; Potter & Alexander, 2020; Warren & Lulham, 2021). Vegetation communities are
greening earlier in the spring, currently at a rate of 9 days earlier per decade (Myers-Smith
et al., 2019). Champagne and Aishihik First Nations have observed trees budding earlier on
their traditional territory (CAFN, 2006; Merculieff et al., 2017). Snow melt in the North is
happening earlier in spring, exposing the ground to warming and earlier plant growth (Choi
et al., 2010), which can subsequently affect animal activity and behaviour (Severson et al.,
2021). However, there is regional variability in regard to changing snowmelt phenology
(Littell et al., 2018). Phenological mismatch is a potential implication of climate change,
including flowering periods not coinciding with pollinating activity (Byers, 2017; Straka,
2012), or vegetation growth not happening at the same time as animal activity or migration
(Gustine et al., 2017; Post & Forchhammer, 2007). Phenological mismatch is an area that is
under researched in the Yukon.

4.3 Increases in temperature are already causing drought stress in some species
in the Yukon. (Medium confidence)

The direct effects of changing temperature and precipitation patterns are the dominant
climactic considerations for vegetation. Boreal forests in the Yukon are experiencing
changes at the community and ecosystem level, with plant productivity increasing in some
areas due to increasing temperatures and longer growing seasons but declining in areas
where plant productivity is limited by reduced precipitation (Boonstra et al., 2018; Reid et
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al., 2022). Despite a general lack of quality precipitation data in the Yukon, there is
evidence of significant regional and inter-annual variability in precipitation currently. While
projections for the Yukon are for increased precipitation in the future, continued variability is
expected. There will be risk of drought stress in regions where precipitation increases do
not compensate for increasing evapotranspiration. Increasing temperature is already
inducing drought stress in some areas and is a limiting factor in regeneration of native
species in disturbed areas (Hogg & Wein, 2005; Lister, 2010; Price et al., 2013; Reid et al.,
2022; Strong, 2017). An increase in temperature without a corresponding increase in
precipitation would likely lead to changes in vegetation such as a shift from deciduous forest
to grasslands, or from spruce forest to deciduous (Price et al., 2013; Strong, 2017).

4.4 Insect outbreaks that kill canopy trees or significantly reduce their growth
have affected significant portions of the Yukon and will continue to do so.
(High confidence)

Two of the main climate change-related forest health threats monitored by the Forest
Management Branch are spruce bark beetle and mountain pine beetle, both insect
disturbances that are directly linked to climate change (Energy, Mines and Resources,
2021). Another concern for Yukon forests is the dieback of aspen which is partly due to
drought. The dieback of aspen is also impacted by the expansion of pests like the
serpentine leafminer which is associated with climate change (Boyd et al., 2021). Aspen
dieback has been increasing in the Dawson region since 2009 (Energy, Mines and
Resources, 2021), and with climate change could continue to increase.

The spruce bark beetle outbreak, intensified by warmer conditions and drought stress, has
made a significant impact on the forest ecosystem in southwest Yukon (Energy, Mines and
Resources, 2021; Price et al., 2013). The outbreak in southwest Yukon lasted
approximately 20 years and killed half of the mature spruce within the infestation area
(approximately 63 x 63 kilometres) (Energy, Mines and Resources, 2021). Drought was a
key factor in initiating the outbreak, and the influence of cooler winter weather and less
drought contributed to the spruce bark beetle decline. Another factor was the depletion of
mature trees, as the spruce bark beetles survival rates were lower in younger and healthier
spruce stands (Energy, Mines and Resources, 2021; Campbell et al., 2019). Currently, the
mountain pine beetle has not been identified within the Yukon but has been confirmed
within 80 kilometres of the southern border (Energy, Mines and Resources, 2021; Hodge,
2012). Climate change is creating conditions that allow the mountain pine beetle to expand
into areas which were previously climactically unsuitable, like the Yukon. This is a serious
concern considering the significant impact of the pine beetle on British Columbia forests
(Dhar et al., 2016; Energy, Mines and Resources, 2021; Nealis & Peter, 2008). It is a novel
forest pest for lodgepole pine in the Yukon (Cudmore et al., 2010) and trees here may have
little natural resistance.

4.5 Forest and tundra fires show signs of increased frequency and severity in
some areas of the Yukon, and of forcing shifts in the dominant forest type
during post-fire succession. (Medium confidence)

The number of hectares burned per year in the Yukon and the fire severity index both show
only a small increase since 1960 (see Indicator 2.1 and 2.2). Increasing fire risk has been
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projected for the northern boreal forest ecosystem with climate change (Boulanger et al.,
2017). However, increases in precipitation are also projected for the Yukon, and future
wildfire risk will be dependent on both precipitation and the availability of fuels. There is
significant regional and interannual variability in precipitation in the Yukon (see Indicator
1.2) which is likely to continue in the future affecting wildfire as well.

Post fire recovery, along with precipitation and temperature, has been observed to support
shifts in vegetation when forest succession does not follow typical patterns (Baltzer et al.,
2021; Johnstone et al., 2010; Mack et al., 2021). Spruce regeneration after fire is inhibited
by warmer temperatures, providing opportunity for a potential transition in the boreal forest
to more deciduous trees, particularly aspen (Baltzer et al., 2021; Hogg & Wein, 2005;
Johnstone et al., 2010; Mack et al., 2021; Price et al., 2013). This would have significant
implications at the ecosystem scale. Lichens are also slow to re-grow after disturbances like
forest fire and have declined in recent years (Bjorkman et al., 2020; EImendorf et al., 2012;
Macander et al., 2020; Russell & Johnson, 2019).

4.6  Permafrost thaw induces ground collapse and slumping, with subsequent
shifts in vegetation community type and composition. (High confidence)

Permafrost thaw is a direct impact of warming temperatures and is also induced by flooding,
erosion, and other ground disturbances. Permafrost thaw can alter soil moisture conditions,
leading to a variety of vegetation shifts (Burn & Friele, 1989). Some areas are becoming
wetter with permafrost thaw, while others are becoming drier due to lake drainage. Where
lakes have drained in the Old Crow Flats, there has been increased willow growth, which
has varying implications for wildlife populations. For example, this change is beneficial for
moose but has led to a loss of lake habitat for muskrat populations (Lantz, 2017). A study
focused on the Whitehorse and Kluane areas found that permafrost degradation led to a
shift in species from those that thrived in wetter conditions (Vogt, 2021). This included
losses in lichens, berries, and forbs, and a general loss in forest cover (Vogt, 2021).
Research on Herschel Island found that vegetation communities on active thaw slumps
were different than those on stabilized slumps, and post-stabilization succession from
grass-dominated to willow-dominated communities takes two or three hundred years (Cray
& Pollard, 2015). In the Mayo area re-establishment of original forest cover took 35-50
years after disturbance by retrogressive thaw slumps (Burn & Friele, 1989).

4.7 New species are arriving in the Yukon by way of various vectors with climate
change facilitating range expansion to some extent. There is currently low
incidence of invasive species in the Yukon. (Medium confidence)

New plant species are expected in the Yukon as climate change influences ongoing biome
and range shifts (Wallingford et al., 2020). Similarly, some plant species within the Yukon
will shift their ranges due to climate change. New plants species are also introduced to the
Yukon through human activities, with highways being a key vector (Wurtz et al., 2019).
Warming temperatures, changes to precipitation, and longer shoulder seasons are
expected to facilitate range expansion of new species, at the same time creating conditions
for new species to be competitive (Bennett & Mulder, 2008; Wurtz et al., 2019).
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Range-shifting species and introduced species are not necessarily classified as invasives;
invasive species are specifically new species that cause environmental, economic, or social
harm (CAFF & PAME, 2017; Yukon Invasive Species Council, 2011). Currently the Yukon
has fairly low incidence of invasive species, generally occurring in disturbed landscapes.
Although climate change may create optimal conditions for invasive species to thrive by
stressing native species, there is little evidence to date demonstrating that climate change
will facilitate invasiveness, and proactive management can help reduce the impact of
invasives (Wurtz et al., 2019; Yukon Invasive Species Council, 2011).

4.8  Higher productivity of vegetation (greening) is observed in some regions but
not in other regions where water and other nutrients or landscape disturbance
are limiting factors (browning). (Medium confidence)

Greening and browning in the Arctic are influenced by a number of ecological processes
including plant recruitment, extreme weather events, disease outbreaks, herbivore
population changes, wildfire, and other disturbances (Myers-Smith et al., 2020). These
trends are generally observed using remote sensing techniques including Normalized
Difference Vegetation Index (NDVI), however in situ observations do not always agree with
satellite observations (Myers-Smith et al., 2020). Warmer temperatures are facilitating
higher productivity in vegetation in some areas; however, this is limited by the availability of
water and other nutrients (Chen et al., 2021; McPartland et al., 2020). The result is that
some areas are greening, showing increasing productivity, while other areas are browning,
showing decreasing productivity with generally high spatial variability within the Yukon in
terms of greening and browning.

4.9 Climate change impacts to vegetation will affect natural resource management
and cultural activities on the land, requiring proactive adaptation. (High
confidence)

Climate change impacts on vegetation will affect species that are both culturally and
economically important, including berries and trees (Alaska Science for All UAF, 2022;
Furgal & Prowse, 2008; Merculieff et al., 2017). Changes in berry production have been
noted by Yukon First Nations including reduced quantity and size (Alaska Science for All
UAF GI, 2022; Merculieff et al., 2017). There are also climate change-related challenges for
travel on the land, with increases in blowdown from beetle kill creating hazards and
requiring trail clearing, and increased shrub and willow growth obstructing travel routes
(Merculieff et al., 2017). Resource industries have found some degree of opportunities
through adaptation. For example, the timber industry in southwest Yukon is finding ways to
adapt to the beetle infestations that have significantly impacted local spruce stands (Ogden
& Innes, 2008). CAFN and YG collaborated on a forest management plan that incorporates
an adaptive management approach and includes actions to reduce fire risk hazards and
manage forest renewal and habitat along with providing opportunities for the forestry
industry (Furgal & Prowse, 2008, Alsek Renewable Resource Council et al., 2004).

Proactive adaptation can be achieved by conserving and protecting large areas to maintain
resilient natural ecosystems (Carroll & Noss, 2020; IPCC, 2022). Current research
recommends conservation of 30%-50% of land, freshwater, and ocean areas to support
natural ecosystems (IPCC, 2022). Conservation strategies can take into account future
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ranges, particularly for plant species that have a narrow range of climactic tolerance
(Wallingford et al., 2020). The Resist-Accept-Direct (RAD) framework provides three
management approaches that can be used to adapt to ecological change (Lynch et al,
2022; Schuurman et al., 2022; Schuurman et al, 2020). These include: (i) resisting change
by restoring conditions; (ii) accepting change by allowing the ecosystem to change as it will
into a potentially unknown new state; and (iii) directing change by facilitating a shift towards
a new state that can sustain expected climactic changes and provides desired ecosystem
services (Lynch et al, 2022; Schuurman et al., 2022; Schuurman et al., 2020; Wallingford et
al., 2020). The RAD framework is supported by monitoring programs, experiments that test
interventions, pilot studies, and other adaptive approaches.

Monitoring programs are critical to observing changes in Yukon vegetation and related
environmental drivers of change. These programs provide the necessary information to
adapt conservation and management programs (Bjorkman et al., 2020). See Key Finding
5.10 for discussion of Indigenous-led conservation and monitoring programs. Conceptual
modeling and scenario analyses are both adaptive processes that support conservation and
management by providing insight into projected changes in the future. Active interventions
and pilot studies can be used to simulate climate change to test vegetation responses,
including the use of greenhouses or open-top chambers (Lynch et al., 2022).

5. Wildlife
Changes in animal species’ habitat, ranges, and food sources are already being
observed in the Yukon. (High confidence)

This section explores some of the changes that have been observed in animal habitat,
ranges, and distribution. While there is strong confidence that climate change is a stressor
for Yukon wildlife, identifying the specific cause and effect relationships linking a change in
climate to vegetation and ultimately animal responses is not always possible. Both
Indigenous and scientific knowledge are documenting these changes and together
providing information that helps us project future change, however understanding the
complexity of ecosystem change will require large-scale and long-term monitoring studies
and experiments. With these shifts in biodiversity, there will be impacts in the future on the
availability, quality, and accessibility of the traditional foods and resources which Yukoners
rely on. This has implications for land planning, management, conservation, and ongoing
monitoring programs. (Boonstra, et al., 2018; Davidson et al., 2020; Furgal & Prowse, 2008;
Gagnon et al., 2020; IPCC, 2022; Meltofte, 2013; Severson et al., 2021).

5.1 Climate change interacts with various other potentially limiting factors to drive
a wide diversity of species and population-level responses in wildlife. (High
confidence)

The cumulative impacts of climate change and other landscape level changes make it
challenging to project how individual wildlife, fish, and bird species will be affected
(Davidson et al., 2020; Humphries et al., 2004; IPCC, 2022). In more developed areas of
the Yukon, roads, resource development, and other human-caused stressors are major
contributors to cumulative impacts. While there is evidence that some species, like the
porcupine caribou herd, are thriving or adapting in certain locations due to increases in the
available amount of food and favourable conditions at optimum times of the year, this
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cannot be applied to other areas or populations (Gagnon et al., 2020; Mallory & Boyce,
2017; Severson et al., 2021). Climate change is potentially a factor in the recent collapse of
low-elevation populations of the Arctic ground squirrel population in southwest Yukon
demonstrating how a warmer climate and increased plant growth can have ramifications for
specific wildlife species (Werner et al., 2015). For some species, changes in temperature
and precipitation will directly affect them. For example, muskoxen in northern Yukon are
vulnerable to heat stress in warmer summer temperatures (Cuyler et al., 2020).

5.2  Species ranges are already, and will continue, to shift northward, bringing new
species into the North while limiting some species currently present. (High
confidence)

In places where there has been dramatic habitat change, some species are already shifting
their distribution or range northward, higher in elevation, or to areas that will better satisfy
their needs under changing climatic conditions (Chen et al., 2011; Leung & Reid, 2013).
This is generally driven by vegetation change, which normally lags behind changes in the
climate (see Key Finding 4. Vegetation for more information). In the Beaufort Coastal Plain
in northern Yukon, beavers have recently appeared in the tundra environment, potentially
facilitated by shrubification in the region (Jung et al., 2016). The northern part of the territory
will likely see other subarctic species establishing themselves and potentially outcompeting
Arctic mammals that have less capacity to adapt to warmer conditions (Berteaux et al.,
2014; Humphries et al., 2004; Jung et al., 2016). Mule deer have extended their range and
abundance across Southwest Yukon, however their impact on other populations is still
being studied (Boonstra et al., 2018). Changes in species ranges have implications for
biodiversity, ecosystem dynamics, as well as for land planning (Warren & Lulham, 2021).

Non-native species are often introduced through human activities, but climate change
increases Yukon’s vulnerability to colonization of invasive species, particularly as it stresses
native species and makes conditions optimal for new species to thrive (CAFF & PAME,
2017; IPCC, 2022; Yukon Invasive Species Council, 2011). Although the migration of new
species northwards within their range has already been observed and will continue to have
significant impacts on the ecosystem dynamics of terrestrial and aquatic communities
(Furgal & Prowse, 2008; Guyot et al., 2006; Leung & Reid, 2013), to date Yukon has seen a
lower incidence and fewer invasive species than neighbouring jurisdictions of British
Columbia and Alaska (Wurtz et al., 2019; Yukon Invasive Species Council, 2011). However
not all non-native species are invasive and species range extensions are expected with
climate change. Reducing the introduction and spread of invasive species in the Yukon
contributes to the resilience of the native ecosystem in dealing with climate change and
other stressors (CAFF & PAME, 2017).

5.3 Changes in temperature and food availability will likely impact seasonal
habitat selection and migratory routes. (High confidence)

Increases in summer and fall temperatures affect how wildlife select habitat, as do changes
to food sources and predator behaviour, as has already been observed with moose in
northern Yukon (Cooley et al., 2019). Yukon First Nations have identified changes in
caribou migration patterns and the appearance of new species which affects traditional food
harvests (ArcticPeoples, 2013; Guyot et al., 2006; Merculieff et al., 2017). In the Old Crow
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Flats, permafrost thaw is driving landscape change by causing lake drainage. While
muskrat lose critical lake habitat, this change also leads to the growth of willows, providing
habitat for moose (Cooley et al., 2019; Lantz, 2017). Vegetation productivity affects habitat
selection for herbivores, and as temperatures warm and some regions see precipitation
increases, this will affect habitat selection and migration routes. As an example, it is
projected that changes in spring phenology will result in the Porcupine caribou herd
selecting calving and post-calving habitat further west in Alaska where plant productivity is
projected to increase, putting them potentially in conflict with resource development
(Severson et al., 2021).

5.4  The timing of critical life events (phenology) is affected by climate change for
some wildlife species. (Medium confidence)

The timing of critical life events (or phenology) can be affected by earlier spring and later
fall. This can have implications for specific species but also at the ecosystem scale
(Davidson et al., 2020; Loring and Gerlach, 2009; Ta’an Kwach’an Council, 2021; Warren &
Lulham, 2021). Changes in phenology can impact key relationships in the food web when
timing becomes mismatched (Davidson et al., 2020; IPCC, 2022). Changes in the timing of
bird migrations and hatching have already been observed, and there is potential for this to
result in birds arriving at breeding grounds after the snowmelt and the onset of nesting
conditions (Warren & Lulham, 2021). A recent study in Herschel Island shows that
shorebirds and passerines adjust the timing of their lay dates in response to earlier snow
melt, while other species do not (Grabowski et al., 2013). There is potential for mismatch in
relation to timing of hatching and food availability and ongoing monitoring is recommended
to assess changes (Bolduc et al., 2013; Leung et al., 2018). Red squirrels in the Yukon
provide an example of phenology change that varies seasonally and is indirectly linked to
climate change through the impact of warmer temperatures on food availability (Berteaux et
al., 2004; Lane et al., 2018; Price et al., 2013). The breeding dates of red squirrels are
earlier in spring following years of high productivity in white spruce cones. Temperature and
precipitation are important factors in cone production; however, these relationships and the
influence of extreme weather events in cone production are challenging to model based on
available data (Krebs et al., 2012; Leeper et al., 2020).

5.5 Herbivorous mammals will need to adapt to climate change impacts on the
abundance, availability, and nutritional quality of food sources. (Medium
confidence)

Herbivorous mammals like woodland and barren ground caribou, moose, mountain sheep,
and small mammals, will need to adapt to changes in food abundance, availability, and
nutritional quality (Mallory & Boyce, 2017). There have been observed changes in small
mammal populations linked to the impacts of climate change on plant production, including
shifts in dominant species, which could indicate a major shift within boreal ecosystems. The
populations of several small mammal species in the Kluane region, including red-back vole
and deer mice, have increased at least partially due to more productive vegetation
(Boonstra et al., 2018; Krebs et al., 2019).

Reduced summer food availability has been identified as an issue for herbivorous species
like boreal caribou and mountain sheep in certain areas (Davidson et al., 2020; Furgal &

42



YUKONU RESEARCH CENTRE
Yukon Climate Change Indicators and Key Findings

Prowse, 2008; Health Canada, 2012; Van de Kerk et al., 2020). Wildfires can affect the
availability of food (Health Canada, 2012; Palm et al., 2022; Warren & Lemmen, 2014),
particularly lichen which is slow to regrow and has already declined in some areas
(Bjorkman et al., 2020; ElImendorf et al., 2012; Macander et al., 2020; Russell & Johnson,
2019). Although the feeding grounds of caribou are impacted by climate change, there is
variability across the Yukon (Mallory & Boyce, 2017). While some populations may be
thriving (Gagnon et al., 2020), others are affected by wetter conditions, wildfire, or other
impacts on the diversity and accessibility of vegetation (Davidson et al., 2020; Furgal &
Prowse, 2008; Health Canada, 2012). In the feeding grounds of the porcupine caribou there
has been a trend towards earlier snowmelt and warmer, extended summers with increased
food availability (Russell & McNeil, 2005).

5.6 Changes in snow, including freeze-thaw cycles and increased snowpack
depth, have implication for access to food for a number of Yukon species.
(High confidence)

Winter and spring feeding have become more difficult for herbivorous mammals due to
deeper snows and increased layers of ice on and in the snow. Freeze-thaw and rain-on-
snow events in winter, which are increasing with climate change, create ice layers on or in
the snowpack restricting the ability of animals like caribou and other ungulates to dig
through the snow to access food (Davidson et al., 2020; Furgal & Prowse, 2008; Health
Canada, 2012; Van de Kerk et al., 2020). Snow depth plays a role in habitat selection for a
number of species including the porcupine caribou herd, who will choose winter areas with
lower snow depths (McNeil et al., 2005). Changes in conditions can also affect predator-
prey dynamics, by favouring one species over another (Davidson et al., 2020; Peers et al.,
2020). As an example, low snow depths and harder snow surfaces benefit coyotes, giving
them an advantage as a predator (Peers et al., 2020).

5.7  Spring and summer have seen greater levels of insect harassment for wildlife.
(Low confidence)

Increased insect harassment has been identified as an issue for caribou in the Yukon, and a
potential concern for other species, including muskox and mountain sheep (Cuyler et al.,
2020; Davidson et al., 2020; Furgal & Prowse, 2008; Health Canada, 2012; Van de Kerk et
al., 2020). Insect harassment affects animal activity patterns, causing individuals to spend
more time standing and moving, and less time resting and eating (Downes et al., 1986). It is
expected that longer, warmer summers will increase insect harassment for these species in
the future (Mallory & Boyce, 2017). Insect harassment can affect habitat selection for some
wildlife populations (e.g., caribou) (McNelil et al., 2005), and increasing insect harassment
earlier or later in the summer season may affect future habitat choices. In years with high
insect numbers, the porcupine caribou herd tends to be more widely dispersed during early
summer and use microhabitat to avoid insects (McNeil et al., 2005). Woodland caribou in
eastern and southwestern Yukon also use microhabitat and snow patches as insect relief
during the summer (Downes et al., 1986; lon & Kershaw, 1989). More research could be
done to understand the relationships between climate change, insect harassment, and
changes to available microhabitat for specific wildlife populations.
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5.8 Some fish species are experiencing habitat changes that are likely to have
negative effects on population size and health. (High confidence)

Lake and river fish habitat is being affected by changing water temperatures, levels, flow
regimes, and turbidity, putting stress on some fish species. Some populations of lake-based
fish have low dispersal rates and are limited to their current habitat (Potié & Reid, 2021).
River-based fish may have more opportunities to adapt, but the cumulative impacts of
climate change and other environmental changes in river basins will affect their habitat and
adaptability.

For long migration species such as salmon, there are other downstream influences, like
changes to ocean conditions, which are sometimes climate related. Anadromous species
like salmon are impacted by changes in both freshwater and marine conditions, including
air, water and sea temperatures, sea ice cover, water levels, coastal winds, sediments, etc.
These can impact the timing of when they transition between river and ocean, the run size,
growth, and distribution (IPCC, 2022). Landscape transformation due to permafrost thaw,
wildfire, and changes in vegetation impact freshwater ecology, and this results in changes in
biodiversity from the micro scale to fish species (Goedkoop et al., 2021). Increases in water
temperatures influence on salmon growth, survival, and spawning success (Murdoch et al.,
2022). Increased precipitation and permafrost thaw cause erosion and increased sediment
in rivers, impacting spawning and juvenile salmon (Murdoch et al., 2022). There are still
gaps in understanding how ongoing climate change will affect these relationships and
further research and conservation action is recommended for Yukon salmon populations
(Murdoch et al., 2022).

Salmon are important both culturally and as a food source for Yukon First Nations. With
smaller runs, impacts of downstream harvesting, and even local extirpation in some
tributaries (Ta’an Kwach’an Council, 2021). Indigenous communities across the Arctic,
including the Yukon, have shared knowledge of observed changes already happening to
freshwater systems including decreasing water levels and increased draining and drying of
lakes and rivers, shorter time with ice coverage (later freeze up and earlier melt), thinner
ice, warmer water temperatures, increase in permafrost thaw, and eroding banks changing
river flow and contributing sediment to water systems (ArcticPeoples, 2013; Kassi et al.,
2010; Knopp et al, 2020; Kuntz et al., 2018; Merculieff et al., 2017, Wolfe et al., 2011).

5.9 Impacts of climate change in the Yukon will have implications for biodiversity
in other areas of the western hemisphere because some migratory bird
species depend on breeding and feeding grounds in the North. (Medium
confidence)

Arctic ecosystems have importance for global biodiversity, with many species migrating
between Arctic regions and other parts of western hemisphere (Bush & Lemmen, 2019;
Meltofte, 2013; Environment Yukon; 2011; Warren & Lulham, 2021). The Yukon supports
many significant bird populations that migrate North for the summer, returning to other
regions to over winter (Meltofte, 2013). The breeding and feeding grounds for many of the
migratory birds coming to the North are expected to experience vegetation changes and
other landscape scale changes in the future that could reduce breeding areas and impact
available food sources (ACIA, 2004; Environment Yukon, 2011; Warren & Lulham, 2021).
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Longer summer seasons affect the range and reproductive habits of some migratory birds.
New bird species are being spotted in areas previously not within their range, including the
barn swallow in Herschel Island, signalling that ecosystem change is already happening
(Winker & Gibson, 2018).

5.10 Wildlife management and planning can be adapted or implemented to benefit
wildlife species impacted by climate change. (Medium confidence)

The IPCC (2022) recommends conservation as a key action for preserving natural
ecosystems, with a suggested target of conserving 30%-50% of Earth’s land, freshwater
and ocean. Indigenous protected areas play a role in Canada in the conservation of natural
ecosystems, with recent commitments to support Indigenous protected areas (Carroll &
Ray, 2020; Zurba et al., 2019). When developing species-specific conservation strategies,
incorporating future change is an important consideration, particularly for species with a
narrow range of climactic tolerance like the collared pika (Kukka et al., 2020) or those
restricted by physical boundaries like some lake-dependent species (Potié & Reid, 2021).
Through conservation management and land planning processes, the Yukon has
opportunities to contribute to the protection of key ecosystems (Carroll & Noss, 2020;
Carroll & Ray, 2020). Creating conservation plans and protected areas with climate change
in mind requires networks of large, intact protected areas that represent different landscape
types, consider natural disturbances, and protect key wildlife corridors (Carroll & Noss,
2020; Wulder et al., 2018). An example of an adaptive strategy is to identify potential wildlife
refugia and incorporate them into conservation and management plans (Stralberg et al.,
2020). Wildlife refugia can include sites or regions that that link current and future habitat or
are resistant to climate change, like peat wetlands in the boreal forest (Michalak et al.,
2020; Stralberg et al., 2020). For more discussion on proactive adaptation see Vegetation
Key Finding 4.9.

6. Hazards and Infrastructure
The major climate change hazards in the Yukon are flood, wildfire, and damage to
infrastructure from thawing permafrost and/or extreme precipitation.
Infrastructure built without the future climate in mind is vulnerable. (High
confidence)

The main sectors that are vulnerable to climate-induced natural hazards in the Yukon are
infrastructure, food security, energy security, and natural ecosystems (Engineers Canada,
2018; Hennesey and Streicker, 2011; Janowicz, 2010; IPCC, 2022). Climate change poses
a significant threat to northern infrastructure, with the main concerns being wildfire, flooding,
permafrost, and landslides (AMAP, 2021a; IPCC, 2021; IPCC, 2022; NRTEE, 2009; Warren
& Lulham, 2021). Northern infrastructure threatened by climate change includes houses,
buildings, roads, telecommunication systems, energy systems, waste treatment and
containment sites, mine sites, and tailings ponds among others. The Yukon is heavily reliant
on the global supply chain and transportation networks outside of the territory; the effects of
extreme weather and other climate-related hazards in other regions of the globe impacts
both the availability and costs of goods in the Yukon (IPCC, 2021; IPCC, 2022).
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6.1 Yukon communities are located along rivers and in forested areas. This makes
flooding and wildfire critical hazards. Climate change is increasing the
likelihood and potential severity of these hazards. (Medium confidence)

All 26 of the Yukon’s communities are situated on or in close proximity to a significant
waterway (i.e., lake or river) and all are within the boreal forest. Furthermore, all
communities are served by a limited road network, which is also vulnerable to flood and fire.
Old Crow is the only fly-in community and receives supplies by plane, making it equally
reliant on the transportation network. Based on this proximity to forest and waterway, forest
fire and flood are critical climate-related hazards threatening most Yukon communities. Both
have implications for public safety, infrastructure, food security, energy security, and natural
ecosystems. (Hennesey & Streicker, 2011; Janowicz, 2010; IPCC, 2021; NRTEE, 2009).
Where risk assessments have been conducted, a number of assets have been identified as
at risk to flooding including 20% of Yukon’s health facilities (Clark et al., 2021; Turcotte &
Saal, 2022a; 2022b).

Changes to river ice break up, along with increases in winter precipitation, can cause
flooding and damage infrastructure (Janowicz, 2010; NRTEE, 2009). Communities that are
located on floodplains are particularly vulnerable, while highways in mountainous areas are
vulnerable to washouts, and in Yukon this also impacts fibre optic cables which are located
along highways (NRTEE, 2009). Washouts have already occurred in numerous locations in
the Yukon highway network, including events in 2012 when all major highways bringing
goods into the Yukon were blocked by washouts (Research Northwest & Morrison
Hershfield, 2017). Climate change will likely slow the formation of icing in streams and small
rivers, and when paired with increased fall flows can cause variation in ice coverage and
thickness, potentially contributing to increased winter and spring floods (Burrell et al., 2022).
See Key Finding 3. Water for more information on the impacts of the changing hydrologic
regime on flooding in the Yukon.

Fire history in the Yukon does not show a significant trend (see Burned Area Indicator), and
it is expected that there will continue to be annual variability in wildfire activity. However,
increased wildfire activity is already being felt in neighbouring jurisdictions (Flannigan et al.,
2008) and in some areas of the Yukon, as noted by First Nations who have seen increases
in fire frequency (Alaska Science for All UAF GI, 2022). Wildfire is strongly linked to
weather, and with climate change is projected to increase significantly in the Canadian
boreal forest in the future (by 50-100% by the end of the century), although there will be
variability from year to year (Flannigan et al., 2008; McCoy & Burn, 2005; Warren &
Lemmen, 2014; Warren & Lulham, 2021). In the Yukon where increases in precipitation are
projected, the risk for wildfire is not projected to increase significantly, but annual and
regional variability will influence how wildfire impacts different areas. There is potential for
an increase in lightning-caused wildfires with increases in extreme weather events and
storms (Kochtubajda et al., 2011).

Natural hazards like flooding and wildfire have direct and indirect health implications that
range from immediate (e.g., wildfire smoke inhalation) to long-term (e.g., exposure to mould
or contaminants in housing) and can also affect mental health (Berry & Schnitter, 2022;
Clayton et al., 2021; IPCC, 2021; Macfarlane, R., 2020). Flooding can damage water
treatment, sanitation, and waste management facilities leading to exposure to contaminated
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water (Warren et al., 2005). See Key Finding 7. Food, Health, and Well-being for more
information on the impacts of hazards and extreme events on health.

6.2 Permafrost thaw, wildfire, and more intense precipitation events will result in
more landslides and subsequent sediment supply to river systems. (Medium
confidence)

Landslides are common in a permafrost environment, exacerbated by warmer temperatures
and extreme precipitation events, as well as intensified spring freshets (Benkert et al., 2015;
Coates & Lewkowicz, 2008; Patton et al., 2019; Warren & Lemmen, 2014). Landslide
patterns are changing so rapidly that land managers are finding it challenging to predict and
plan for risk. (Patton et al., 2019). Forest fires contribute to permafrost thaw and increased
occurrence of landslides by removing the insulating vegetation layer, exposing frozen
ground to thaw and destabilizing slopes (Benkert et al., 2015; Blais-Stevens et al., 2011,
Coates & Lewkowicz, 2008; Lipovsky et al., 2006; Michaelides et al., 2019; Northern
Climate ExChange, 2013). These types of permafrost-induced landslides, brought on by
warming temperatures, environmental change, rainfall, and/or forest fires, have already
been observed around Dawson City and Old Crow, along the Dempster Highway, and
across southwestern Yukon (Huscroft et al., 2003; Lipovsky et al., 2006; Turner et al.,
2021). In cases where landslides occur in large numbers in a region, such as the Dawson
City wildfire and subsequent landslides in 2004, their cumulative effects can impact
sediment loads in streams and rivers which has implications for fish and aquatic
ecosystems (Lipovsky et al., 2006; Turner et al., 2021).

6.3  Existing infrastructure was designed and built based on historical climate data
that may not be appropriate for future conditions. Even small increases in
snow load, storm severity and frequency, and thawing permafrost can directly
affect the structural integrity of infrastructure. (High confidence)

While new codes and standards require that climate change be considered in the design of
new infrastructure, existing infrastructure was in many cases designed based on historical
climate data. Current infrastructure is at risk to flooding, wildfire, permafrost thaw, higher
snow and ice loads, and increased moisture and humidity (IPCC, 2022; IPCC, 2021;
NRTEE, 2009; Warren & Lulham, 2021). Some of the impacts already experienced in the
Yukon include highway washouts and landslides, damage from permafrost thaw to roads
and buildings, roof collapse from snow loads, wastewater system failure due to permafrost
thaw and changing precipitation patterns, and unexpected increases in water inputs in mine
water treatment systems (Janowicz, 2010; Pearce et al., 2011; Pearce et al., 2009
Research Northwest & Morrison Hershfield, 2017; Steenhof & Duteau, 2021; Warren &
Lulham, 2021). Increased precipitation, and in particular the timing and rate of snowmelt,
impacts roads, wastewater treatment, snow removal, avalanche size and frequency,
drainage, and water supply (Instanes et al., 2015; NRTEE, 2009; Parrott et al., 2018;
Steenhof & Duteau, 2021; Warren & Lemmen, 2014). Increases in winter snowfall have
caused rising costs for the City of Whitehorse and have led to a review of snow and ice
policy (Waddell, 2022). Avalanche hazard is increasing, impacting maintenance costs on
roads through mountain passes maintained by Yukon government and serving as key
transportation routes between Yukon and Alaska (Parrott et al., 2018; Warren & Lemmen,
2014). Avalanche hazard also impacts mine road maintenance and safety (Perrin et al.,
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2015b). In 2019 avalanche activity along the highway between Skagway, AK and Carcross,
YT affected the Yukon’s fuel supply causing concern for the energy system and leading to a
re-evaluation of the supply chain (CBC, 2020).

6.4  As frozen ground thaws, some existing buildings, roads, airports, and
industrial facilities are likely to be destabilized, requiring substantial
rebuilding, maintenance, and investment. (High confidence)

Permafrost thaw poses a significant threat to northern infrastructure, planning, and
development, and is already causing costly damage and even infrastructure failure (Benkert
et al., 2015; Calmels et al., 2016; IPCC, 2022; Laxton & Coates, 2011; NRTEE, 2009).
Permafrost thaw affects public infrastructure, industrial infrastructure, and individual homes
(IPCC, 2022; Warren & Lulham, 2021). Identifying potential infrastructure vulnerabilities
related to permafrost requires an understanding of ground and environmental conditions
including permafrost and ground ice, surface water drainage, groundwater, surficial
geology, and slope stability (Northern Climate ExChange, 2011).

The Yukon highway network is essential for accessing communities and industrial sites,
providing healthcare, and moving supplies, yet there are only a few roads that link the
territory to neighbouring jurisdictions (Calmels et al., 2015; de Grandpré et al., 2010). The
Alaska, Klondike, and Dempster Highways are all vulnerable to permafrost thaw and in
some areas significant impacts of permafrost thaw are already evident, although sections of
the highways range from low to high vulnerability (Best et al., 2019; de Grandpré et al.,
2010; Calmels et al., 2015; Stockton et al., 2019). Permafrost thaw can be affected by
approaches to construction, maintenance, and use of highways; snow removal and changes
to shrub regime affected by clearing have been shown to impact thaw (Stockton et al.,
2019). A major thaw slump occurred near the Alaska Highway and was discovered in 2019.
It has since been instrumented and used as a study site so researchers can monitor
movement in the slope and learn about the interaction of retrogressive thaw slumps and
road corridors to develop geohazard alarm systems (Calmels et al., 2021).

Housing built on permafrost often requires ongoing maintenance by homeowners and there
are other considerations to mitigate the impacts of permafrost thaw including snow removal
and removal of house skirting in addition to proper surface drainage (Department of
Environment and Natural Resources, 2015). Cultural and recreation infrastructure like travel
routes, trails, and cultural sites are also impacted by permafrost thaw, and subsequent
coastal erosion (Irrgang et al., 2019; Radosavljevic et al., 2015).

6.5 Future development and maintenance of existing infrastructure will require
new design elements to account for ongoing warming that may add to
construction and maintenance costs. These costs need to be considered
against the potential costs of infrastructure failure. Infrastructure damage and
failure also poses major concerns for the insurance industry. (High
confidence)

Designing resilient infrastructure requires knowledge of current and future climate

conditions, as well as understanding of geomorphology including permafrost conditions
(Stephani et al., 2010). Understanding permafrost is also critical for all stages of large
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resource development projects (EBA, 2004). The impacts of climate change on Yukon’s
infrastructure will have both economic and social costs (IPCC, 2022; UNEP, 2012; Warren
& Lulham, 2021). Climate change threatens infrastructure, and for large, engineered
infrastructure there are clear safety concerns related to those risks. Incorporating climate
change into infrastructure design will have related costs, however when adaptation is
focused on highly vulnerable components, this becomes cost-effective when compared to
the costs of ongoing maintenance, early replacement, or catastrophic failure (EBA, 2004;
Engineers Canada, n.d.; Pearce et al., 2011; Stephani et al., 2010). The social costs and
indirect consequences of infrastructure failure are not always incorporated in those
calculations, but closures to important buildings, bridges, and roads can have downstream
impacts when people cannot access necessary services (UNEP, 2012). There are
examples from across the North of reduced services due to infrastructure damage, including
the school in Ross River which was affected by permafrost thaw (Calmels et al., 2016;
Laxton & Coates, 2011). Insurance costs related climate change impacts on infrastructure
have become a key concern for the insurance industry (Insurance Institute, 2020). In cases
where impacts are not covered by insurance, for example overland flooding, government
costs for covering damage have increased (Crawford, 2022).

6.6 Industry, such as mining, is also vulnerable to climate change hazards, which
can increase downstream risks. (High confidence)

The Canadian mining industry, including Yukon mines, have experienced the impacts of
climate change, posing significant environmental and economic risks to the industry and the
downstream environment (Pearce et al., 2011; Perrin et al., 2015a; Perrin et al., 2015b;
Warren & Lulham, 2021). Permafrost thaw puts mining infrastructure at risk, particularly
tailings ponds built using permafrost dams, with potentially severe impacts to surrounding
ecosystems (EBA, 2004; Pearce et al., 2009; Pearce et al., 2011; Perrin, 2015b). Climate
change poses challenges for mining operations that could affect profitability and potentially
feasibility considering their current ability to manage risks posed by permafrost thaw or
increases in winter precipitation and rapid melt leading to increased spring runoff (Instanes
et al., 2015). An example of this was the impact of intense rainfall at the Minto Mine causing
the water treatment system to be overloaded and leading to a higher rate of discharge and
a fine for the company. The water storage pond had been designed based on occasional
seasonal summer drought, without taking climate change and increasing precipitation into
consideration (Pearce et al., 2011; Duerden et al., 2014). Victoria Gold also ran into
unexpected problems at the Eagle Gold Mine in 2020 with an unusually high snowpack and
sudden melt (Gignac, 2020). They adapted reactively to manage the issue, but examples
like these highlight the need for proactive adaptation.

6.7 As hydrological regimes change, our hydro-electric generation capacity may
be affected. It is important to consider volume of flow, timing of flow, and high
flows. (Medium confidence)

Changes to the hydrological regime in the Yukon will have implications for hydro-electric
generation. While there are several facilities contributing to Yukon’s electrical system, the
Whitehorse Rapids hydro plant on the Yukon River is the main source of power. Past
studies have projected increased annual runoff and higher flows in early spring and late fall
for the Yukon River, mainly fed by high elevation snowmelt and glacial melt, and potentially
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extending the period of viable hydro-power production (Northern Climate ExChange, 2014;
Samuel et al., 2016). Increases in annual river discharge have been noted in some northern
rivers, indicating that the hydrological cycle is intensifying but there is regional and seasonal
variability which will affect overall annual production capacity (Bush & Lemmen, 2019; Déry
et al., 2009). Extreme conditions are challenging for managing hydropower production, with
high water levels or drought both leading to emergency amendments, as happened with
high levels at the Whitehorse Rapids Generating Station in 2021, while dry conditions led to
an emergency license amendment in Mayo in 2019 (Yukon Water Board, 2019; 2021).

6.8  Guides, standards, and best practices can support efforts to identify and
address hazard risk to infrastructure. (High confidence)

Vulnerability assessments play a role in understanding risk and identifying adaptation
opportunities, particularly regarding infrastructure (Ford et al., 2014). There are diverse
ways to conduct vulnerability assessments, including formalized approaches like the PIEVC
(ICLR & CRI, 2020) or more informal community-based assessments. Best practices for
vulnerability assessments include involving stakeholders and practitioners and using a
range of climate scenarios to forecast future change (Ford et al., 2014). As an example, the
Yukon Environmental and Socio-economic Assessment Board (YESAB) has created a
guide for assessing geohazards and risk for linear infrastructure in the Yukon (Guthrie &
Cuervo, 2015).

The Northern Infrastructure Standardization Initiative (NISI) has produced a number of
guidelines for the North related to community drainage systems, snow loads, building in
permafrost, fire resilient planning, and the impacts of extreme weather on buildings
(Canadian Standards Association, 2022). Some of the guidelines have accompanying
outreach materials and training modules targeted at less technical audiences. Government
of Canada has developed a climate lens for infrastructure that incorporates both climate
change mitigation and adaptation considerations (Infrastructure Canada, 2019). The
Transportation Association of Canada has produced guidelines for building and maintaining
transportation infrastructure built on permafrost (Transportation Association of Canada,
2010). Natural Resources Canada has developed guidance for flood mapping and is
currently administering a funding program to support mapping initiatives led by provinces
and territories (Natural Resources Canada, 2022; 2019; 2018).

New guidance is available for the mining industry, including guidance on climate change
adaptation, a protocol for including climate change in projects, and water-related guidelines
that take an adaptive management approach (Golder, 2021; Government of Yukon, 2021 a;
Mining Association of Canada, 2021). In recent years, an emphasis on case study research
has brought examples of both the impacts of climate change on the mining industry and
successful examples of adaptation.

7. Food, health, and wellbeing
Climate change impacts health and food security in the Yukon, particularly in
relation to First Nations’ traditional food security. Indigenous land-based cultural
revitalization and agriculture are potential opportunities to adapt to the social and
health impacts of climate change. (Medium confidence)
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Health indicators related to climate change are both direct and indirect and can be viewed
as both collective and individual. They can include direct biophysical indicators such as
injury and death from extreme weather events, unpredictable environments (like thin ice or
erosion) and natural disasters, and indirect indicators from impacts on environmental and
human systems (Ford et al., 2013; Guyot et al., 2006; Jacob et al., 2010; Laidler et al.,
2009; Lynn et al., 2013; Tam et al., 2013). Indirect indicators include permafrost thaw,
extreme weather days, ice conditions, and other environmental indicators that affect safety,
access to travel routes, damage to infrastructure, and ability to practice traditional
harvesting (Healey, 2015; ICC Alaska, 2020; Macfarlane, 2020; Novak et al., 2018; Parlee
et al., 2014). They also include mental, emotional, social, and spiritual health, connection to
culture (Allison, 2015; Durkalec et al., 2015; Wilson, 2003), food security, and ability to take
action to adapt to and mitigate climate change (Cunsolo Willox et al., 2013; Cunsolo Willox
et al., 2012; Healey, 2015).

Climate change has the potential to negatively impact food security in Yukon including
traditional, market, and local food systems (Loring & Gerlach, 2015; Pratt et al., 2016;
Sheedy, 2018; Vermeulen et al., 2012). Other contributing factors to food security include
government policies, remoteness, rising food and fuel costs, lack of accessible healthy food
sources, decline in traditional food harvesting, impacts of resource development, and the
ongoing impacts of colonization and intersections with capitalism and globalization
(Agriculture and Agri-Food Canada, 2022; AICBR, 2016a; AMAP, 2021b; Beaumier et al.,
2014; Council of Canadian Academies, 2014; Cruickshank et al., 2019; FAO, 2013; Hou &
Sneyd, 2020; IPCC, 2022; Macfarlane, 2020; NCCAH, 2013; Whyte, 2017, 2018; Wilson et
al., 2020). Food security "exists when all people, at all times, have physical and economic
access to sufficient, safe and nutritious food to meet their dietary needs and food
preferences for an active and healthy life" (FAO, 2009). Measuring food security usually
focuses on availability (i.e., production and supply), quality/utilization (i.e., intake and
nutritional status), and accessibility (ability to gain sufficient quantity and quality of food)
(Barrett, 2010; Lam et al., 2019; Perez-Escamilla & Segall-Correa 2008; Webb et al., 2006).
Food sovereignty is more than just sustainable access to food but is the ability to govern
and make decisions about the food system (Council of Canadian Academies, 2014).

Climate change and food security can have significant impacts on the health and wellbeing
of Yukon residents, particularly Yukon First Nations (AMAP, 2021b; Council of Canadian
Academies, 2014; IPCC, 2022; Macfarlane, 2020, Reading & Wein, 2009). Yukon has one
of the highest food insecurity rates in Canada; in 2011 it was the third highest amongst the
provinces and territories, and most recent estimates are that it is 15.3% (Caron & Plunkett-
Latimer, 2022), and affects 1 in 5 children in the territory (Tarasuk & Mitchell, 2020).
Indigenous communities are more likely to deal with food insecurity, as evidenced by the
First Nations Regional Health Survey, which found that 54.2% of First Nations households
across Canada were moderately to severely food insecure (FNIGC, 2018a,b; Council of
Canadian Academies, 2014). In the Yukon, the number of students reporting going to bed
hungry has decreased over the past 8 years, except for rural high school students, which is
also the demographic that is more likely to eat breakfast at school (Lambe et al., 2019). It is
expected that ongoing food security issues will be exacerbated with future climate change
(Hou & Sneyd, 2020; IPCC, 2022; Macfarlane, 2020; Sheedy, 2018). Food security is not
the only impact on the health of Yukoners; some of the main climate change impacts related
to health hazards in Yukon are floods, wildfires, extreme weather, intense precipitation, later
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freeze-up and earlier thaw of water systems, permafrost thaw impacts on infrastructure and
access to the land, landslides, and the related mental health impacts of anxiety or grief
(AMAP, 2021b; Macfarlane, 2020, Cunsolo & Ellis, 2018; Cunsolo & Landman, 2017; Guyot
et al., 2006).

7.1  Many Yukoners depend on hunting, fishing, and gathering. The abundance
and health of these resources may be affected by climate change, and this is a
key concern for Yukon First Nations and transboundary Indigenous nations.
(High confidence)

Many Yukoners, but particularly First Nations communities, rely on traditional foods for a
portion of their sustenance, and climate change has the potential to change the landscape
and alter the availability and quality of subsistence wildlife and vegetation (Hou & Sneyd,
2020; Lambden, 2007; Research Northwest & Morrison Hershfield, 2017). Common
traditional food species are moose, caribou, berries, salmon, trout, and whitefish (Batal et
al., 2005; Schuster et al., 2011b; Sheedy, 2018). The Indigenous approach to and practices
surrounding interactions with foods are interdependent, intergenerational, and holistic
(Berkes, 2017). In a 2011 survey of Yukon First Nations, respondents identified fisheries,
wildlife harvest, and seasonal conditions as the areas of concern related to climate change
that most impacted their lives (CYFN, 2011). Improving food security and adapting to
climate change from a food sovereignty approach, which recognizes the interrelation
between rights, relationships and knowledge systems impacting decision-making and
participation around food systems, is key to long-term conservation and stewardship of
land, water and air and the co-management of these resources between Indigenous and
non-Indigenous governments and Peoples (Batal et al., 2021). There are still a number of
barriers to sustainable implementation of traditional food initiatives, notably a lack of
sustainable funding as most are funded through short-lived project-specific funding.

7.2  Several established climate-related changes in the north affect traditional food
security: hydrological impacts, increased variability of precipitation,
permafrost thaw, and the freeze-thaw cycle have implications for movement of
fish and wildlife, foraging, quality of traditional foods, and access to
harvesting sites. (High confidence)

Food security in a northern context includes considerations around availability, access, and
quality (Cruickshank et al., 2019; Cunsolo Willox et al., 2015; Guyot et al, 2006; Hou &
Sneyd, 2020). Availability of traditional foods is affected by shifting species’ ranges,
increases in parasite numbers, a shift in freeze/thaw patterns of key water systems due to
warming temperatures, ecosystem change through thawing permafrost, forest fires,
increased tree cover, water quality in freshwater systems, and changes to seasonality that
affect species distribution, timing of migration, and migration routes (Blom et al., 2022; Hou
& Sneyd, 2020; Cruickshank et al., 2019; Health Canada, 2012; Hou & Sneyd, 2020; KFN,
2014; Walker et al., 2017). Changes in the availability of fish, berries, and other food
sources have been observed already and documented by both Indigenous Knowledge
holders and scientific monitoring (Guyot et al., 2006; KFN & AICBR, 2016; Lambden, 2007,
Walker et al., 2017; Wesche & Chan, 2010, Wein & Freeman, 1995). Changes have been
observed in caribou migration patterns, moose and salmon populations, and in the
availability of plants (Hou & Sneyd, 2017; Wesche & Chan, 2010). As an example,
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significant changes in chinook salmon have been observed on the Yukon River, correlated
with increases in fishing and warming water temperatures (Jones, n.d.; von Biela et al.,
2020). Increasing freshwater and ocean temperatures are expected to cause declines in a
number of Yukon fish species including salmon in the Yukon River and lake trout
(Mackenzie-Grieve & Post, 2006; von Biela et al., 2020). Salmon, chinook salmon in
particular, are highly valued by communities and play a role in sustaining the health and
cultural practices interconnected with the fishery (Linklater, 2014; SFN & AICBR, 2016).

Accessing traditional foods requires the ability to travel safely over the land and water and
this is impacted by changes in freeze up and break up, while permafrost thaw can impact
the integrity of traditional travel routes (AICBR, 2016a; Friendship, 2010; Merculieff et al.,
2017). Permafrost thaw, increasing willow growth, changing ice regimes, and changes in
water levels are already affecting access to harvesting areas and subsequently impact
traditional harvest and food security (Brewster et al., 2016; Merculieff, 2017; Wesche &
Chan, 2010; Rosol et al., 2016). With these changes to traditional routes, the ability to
predict weather and the reliability of Indigenous and local knowledge of where, how, and
when to travel is affected, forcing harvesters to adapt their approach to hunting or fishing,
which can sometimes add expense or new safety concerns (Furgal & Prowse, 2008; Guyot
et al., 2006; Sheedy, 2018; Spring et al., 2018; Wesche & Chan, 2010).

The quality of traditional foods is affected by stress caused by changes in weather patterns,
disease, parasites, and malnutrition from lack of access to food (KFN & AICBR, 2016;
Furgal & Prowse, 2008). Changes have been noted in the quality or health of some
traditional food species, including qualities like the firmness of fish flesh or the appearance
of fish scales (Lambden, 2007). Food safety is an added challenge with changes to food
storage options, like using community freezers and root cellars (Berry & Schnitter, 2022;
KFN, 2014). There is no definitive region-wide assessment of changes related to
availability, access, and quality of traditional foods, but there is consistency in the concerns
identified by individual First Nations (KFN, 2014; SFN & AICBR, 2016). Empowering local
decision-making is seen as vital to ensuring resilience.

7.3 Thereis evidence that Yukoners have been consuming fewer traditional foods
and more market foods due to the impacts of climate change and other
societal changes, which may have negative health consequences. (Medium
confidence)

Many Yukoners eat a mixed diet with both wild or traditional foods and market foods
(Sheedy, 2018). Traditional food is more than just nutrition. It is “regarded as natural and
fresh, tasty, healthy and nutritious, inexpensive, and socially and culturally beneficial’
(Lambden, 2007, p.308). However, there are a number of barriers in contemporary lifestyles
to harvesting traditional food. The underlying factors identified in research across the
Canadian North influencing this dietary transition are a lack of access to the land, loss of
traditional harvesting skills, less time available to practice traditional pursuits, high costs of
fuel and hunting equipment, low income, increased access to market foods, and climate-
related changes to environment and species (Blom et al., 2022; Egeland, 2010; Hou &
Sneyd, 2020; Huntington & Fox, 2005; ITK & ICC Canada, 2013; SFN & AICBR, 2016;
Sheedy, 2018). Food security studies have tracked a shift in diet amongst Yukoners to a
more market food-based diet, impacting the nutritional quality of the diet (AMAP, 2021b;
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Friendship, 2010; Kuhnlein et al., 2004; Macfarlane, 2020; Spring, 2018; Willows, 2005),
particularly among Indigenous children (Kuhnlein & Receveur, 2007; Morrison et al., 1995;
Nakano et al., 2005; Receveur et al., 1997). Rural Yukon students are more likely to eat
traditional foods than urban, particularly high school aged students (Lambe et al., 2019).
Traditional diets are high in animal protein and micronutrients and low in saturated fat,
sodium and refined carbohydrates (Egeland et al., 2010; Kuhnlein et al., 2004; Kuhnlein &
Receveur, 2007; Willows, 2005I). A shift towards a market diet presents in higher rates of
chronic dietary diseases like cardiovascular disease, diabetes, and obesity (Galloway et al.,
2010; Kuhnlein et al, 2004; Reading, 2015).

Climate change exacerbates this declining health trend by affecting access to and
availability of country foods and essential nutrients (Cunsolo Willox, 2015; Sheedy, 2018;
Wein & Freeman, 1995). Traditional food sharing practices and current programs like the
Traditional Food Program in Yukon hospitals are critical for ensuring that culturally
appropriate foods are available. Harvesting support programs, such as the Harvesters
Support Grant offered through Nutrition North Canada in some areas of the Canadian
North, help to reduce access barriers to traditional foods.

7.4  Extreme weather events and subsequent disruptions to the transportation
network, have the potential to disrupt the market food system. (High
confidence)

Yukon relies heavily on market foods as the main source of food in the territory, which
means that the impacts of climate change on the global food industry affect the availability,
guality, and cost of food in the Yukon (Clark et al., 2021; Institute for Sustainable Food
Systems, 2015). This includes the impacts of climate change on food production, storage,
and transportation. For example, droughts in crop-producing regions or extreme weather
events that affect food processing plants can result in higher prices or less availability.

With most market foods coming from outside of the territory, road infrastructure is a key part
of food security in the Yukon. Road systems are impacted by increasing prevalence and
severity of natural disasters including fire and flood, permafrost thaw, unpredictable
weather, extreme events and increased avalanches (Hou & Sneyd, 2020; Parrott et al.,
2018; Pratt, 2019; Warren & Lemmen, 2014). Transportation infrastructure outside of the
Yukon is critical for our food supply, and the disruption of the network in British Columbia by
flooding or forest fires also affects Yukon. Disruptions to highway infrastructure within the
Yukon can interrupt supply chains and disrupt access to market foods, as evidenced in the
2012 washouts on Yukon highways that resulted in grocery store shelves running out of
food within a few days (Hou & Sneyd, 2020; Macfarlane, 2020; Walker et al., 2017). This
spurred many Yukon communities to prioritize adaptation and food security planning (CTFN
& AICBR, 2019; Dorward et al., 2014; FNNND & AICBR, 2019).

7.5 Climate change exacerbates existing health inequalities including access to
food. (Medium confidence)

Climate change can exacerbate existing health inequities, putting added strain on people

who are struggling with food insecurity, health issues, exposure to hazards, or inadequate
housing (Clark et al., 2021; Clayton et al., 2021; Cunsolo Willox, 2015; Hrenchuk, 2020;
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Macfarlane, 2020; IPCC, 2022). Marginalized populations already dealing with structural
inequities including colonization, racism, and low income may be affected by increased
exposure and/or sensitivity to climate impacts and may also have reduced capacity to adapt
through less access to resources (Agriculture and Agri-Food Canada, 2022; Clark et al.,
2021; Hrenchuk, 2020; Sheedy, 2018). This includes the unique challenges related to
remote communities with large distances from hospitals, limited access to health and social
services, and a greater dependence on the environment (Macfarlane, 2020). For many
Yukon communities, the closest grocery store is several hundred kilometres away, leaving
them more vulnerable to supply chain disruptions and volatility in gas prices (Alatini et al.,
2016; Cruikshank et al., 2019; Hrenchuk, 2020). Social and food safety nets are programs
that support well-being by ensuring that a minimum level of food is available, however,
these are emergency support systems and need to be implemented in tandem with other
initiatives that support food sovereignty (FAO, n.d.)

For Yukon First Nations, the impacts of climate change and other environmental changes
on traditional foods compound the effects of colonial legacies on people’s ability to harvest
(Beaumier et al., 2015; Cunsolo Willox, 2015; Hou & Sneyd, 2020; Macfarlane, 2020;
NCCAH, 2013; Whyte, 2017, 2018). The legacies of colonization include the disruption of
traditional lifestyles and the transfer of Indigenous knowledge around hunting practices, the
relocation of people to communities, and reduced access to traditional hunting areas,
creating more reliance on market foods and the need to participate in the market economy
(AICBR, 2016a; Sheedy, 2018). Some may have challenges accessing the equipment they
need to harvest, while others experience the limitations of modern lifestyles, with limited
time available to go harvesting (Blom et al., 2022; Hou & Sneyd, 2019; Lambden et al.,
2006; Schuster et al., 2011b; Sheedy, 2018).

More vulnerable members of the population, particularly those with chronic iliness and
physical disabilities, experience the health impacts of climate change more than others
(Macfarlane, 2020). Increased wildfires both in and near the Yukon make air quality a health
concern, particularly for the elderly and those with chronic respiratory illnesses.

(Macfarlane, 2020; Warren & Lemmen, 2014). While extreme heat is uncommon in the
Yukon, summer heat warnings are increasing. These events pose challenges for the elderly
or those with existing health issues, as many Yukon homes do not have air conditioning or a
means of moderating heat (Macfarlane, 2020). People who are lacking secure housing may
not be able to avoid the impacts of wildfire smoke or extreme heat.

Extreme events, increasing snow loads, flooding, and shifting due to permafrost thaw can
affect housing integrity, requiring costly maintenance and potentially increased insurance
costs (Department of Environment and Natural Resources, 2015; Macfarlane, 2020). For
those in rental homes or without the resources or agency to manage repairs, the impacts on
their housing can have associated physical and mental health impacts, and in cases where
there is severe damage to housing, this can increase the risk of homelessness
(Bezgrebelna et al., 2021; Macfarlane, 2020).

7.6  Climate change has implications for mental health, particularly as a result of
impacts on culture, traditional activities, and safety. (Medium confidence)
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Climate anxiety is caused by grief, fear, and guilt, and can cause increased anxiety for
people already struggling with food insecurity or health issues (Berry & Schnitter, 2022;
Clayton et al., 2021). Sometimes this comes from stress and overwhelm arising from feeling
helpless or feeling an inability to adapt to changes, particularly for youth and Elders (Berry &
Schnitter, 2022; Clayton et al., 2021; Furgal & Prowse, 2008; Macfarlane, 2020). It can
manifest itself as a variety of conditions including depression, eco-anxiety, suicidal ideation,
violence, addictions, post-traumatic stress disorder, among other mental health outcomes
(Berry & Schnitter, 2022). Climate change disproportionately affects the mental health of
people already living with existing physical or mental health conditions and those living in
low socio-economic conditions, without food or housing security (Berry & Schnitter, 2022;
Clark et al., 2021; Clayton et al., 2021). People who have a strong connection to the local
environment may feel grief from the loss of cultural activities and disconnection from culture
(Berry & Schnitter, 2022; Clark et al., 2021; Clayton et al., 2021; Cunsolo Willox et al., 2015;
Healey, 2015; IPCC, 2022; Macfarlane, 2020). They may feel a sense of loss of place or
identify, or loss of ability to feel safe in their local environment (Cunsolo Willox et al., 2012;
Sawatzky et al., 2020). As people lose access to recreational activities or special places
that are affected by environmental change, this can affect both their mental and physical
health (Berry & Schnitter, 2022; Clark et al., 2021). Finding avenues for engagement in
activities that support local adaptation like community-based monitoring, research and
knowledge sharing can contribute to improved mental health (Sawatzky et al., 2020).

Increases in emergency events like flooding and wildfire lead to increased anxiety and
affect mental health (Berry & Schnitter, 2022; Clark et al., 2021; Clayton et al., 2021;
Macfarlane, 2020). Relocation during an emergency can cause both physical and mental
stress (Cianconi et al., 2020). In the case of the Fort McMurray fire in Alberta, depression
rose by 50% afterwards (Clark et al., 2021). While these are discrete events with immediate
impacts to safety and mental health, in some cases there can be long-term impacts on
mental health including post-traumatic stress disorder (Clark et al., 2021; Zhong et al.,
2018). Currently there is no available data on how Yukoners are experiencing climate
anxiety or other mental health impacts of climate change. However, about 50% of Yukoners
rate the quality and accessibility of mental health services as poor or fair raising concerns
about how prepared the Yukon is to support increasing mental health issues (Smale & Gao,
2021).

7.7  Where suitable soils and climate are present, agriculture has the potential to
expand due to a longer and warmer growing season. Field-based agriculture
may be challenged by precipitation variability. (Medium confidence)

There is potential that as the climate changes there may be opportunities for increased
small-scale agriculture in the Yukon. Warmer temperatures, potential increases in
precipitation, and longer growing seasons could make the Yukon more conducive to
growing a wider range of foods (Macfarlane, 2020; Sheedy, 2018; Walker et al., 2017).
Potential for agricultural will vary across the territory depending on local soil, climate, and
water regimes as there is a lot of variability in precipitation from year to year and limited
land currently suitable for agriculture (Energy, Mines and Resources, 2016; Macfarlane,
2020; Sheedy, 2018; Walker et al., 2017). While the Government of Yukon’s food strategy
to promote agriculture and local foods does not discuss climate change, their subsequent
agriculture policy acknowledges the challenges and opportunities that climate change will
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bring to Yukon’s agriculture industry (Energy, Mines and Resources, 2020; Energy, Mines
and Resources, 2016). Permafrost thaw has provided a challenge for agricultural
development, infrastructure, and production that has led to adaptations for conventional
agricultural methods (McKenna et al., 2015). Challenges that increase costs include the
need for irrigation, managing interactions between wild and domesticated animals, and lack
of food storage (Energy, Mines and Resources, 2020; Sheedy, 2018), while socio-economic
challenges include the availability of long-term funding and staff retention and training. Local
agriculture can contribute to land degradation and GHG emissions through land clearing
and waste production, as well as having impacts on nearby ecosystems (Cooke, 2017,
Energy, Mines and Resources, 2020; Yacura & Osborne, 2019). In the Yukon the proportion
of GHGs arising from agriculture is small (0.03 Mt), but it has increased 5.6% from 2005 to
2020. This number includes non-energy GHG emissions (not fossil fuel use) related to the
production of crops and livestock. YG promises to encourage a sustainable industry by
researching ways to reduce greenhouse gas emissions and providing tools to promote
adaptation (Energy, Mines and Resources, 2020).

Local production and sale of agricultural products could have an impact on food security,
sustainability, and potentially reduce transportation costs in the long term (Energy, Mines
and Resources, 2016; Macfarlane, 2020). However, availability of local food is dependent
on production, which is limited by climate, land availability, and cost of production (Sheedy,
2018; Walker et al., 2017). Currently local food production only supports a small amount of
the food consumed in the Yukon, and costs of local food are generally higher than imported
market foods affecting accessibility for people living in low-income conditions (Sheedy,
2018). There is increased interest in local food production, demonstrated through the
popularity of farmer’'s markets, community gardens, personal and industrial greenhouses,
First Nation-run farms, and agricultural businesses (Research Northwest & Morrison
Hershfield, 2017). Local food production can be a strategy to support food sovereignty for
Yukon First Nations because it provides an opportunity to increase community food
security, participate in decision-making around food production, and engage in agricultural
models that reflect First Nation worldviews (Blom et al., 2022). Yukon First Nations are
using food production through local farms and greenhouses as an adaptation strategy that
tackles food security and food sovereignty for their citizens, as providing economic
opportunities (Centre for Indigenous Environmental Resources, Inc., 2006; Chen & Natcher,
2019; Hou & Sneyd, 2020; Research Northwest & Morrison Hershfield, 2017).

7.8  Yukon communities and organizations are addressing climate change by
engaging in community-led adaptation and food security projects, community-
based monitoring, and knowledge sharing between communities. (Medium
confidence)

Yukon communities are resilient, however, climate change puts added strain on their
resources, particularly where there are small governments and organizations dealing with
many challenges (AMAP, 2017). Indigenous governance plays an important role in tackling
climate change, particularly as Yukon First Nations have long histories of being stewards of
their lands, waters and resources (RRDC & AICBR, 2019; SFN & AICBR, 2016; Whyte,
2017). Because of this intimate interrelation with the environment and place-based
knowledge, Indigenous Peoples possess unique perspectives, knowledge, and capacities to
adapt to and lead solutions to climate change (Berkes, 2017; Ban et al. 2018; FAO. 2021;
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Whitney et al., 2020). First Nation-led strategies that engage with the food system through
land-based cultural revitalization support food sovereignty (Blom et al., 2022; Council of
Canadian Academies, 2014). Small-scale local agriculture can also be part of a food
sovereignty framework (Blom et al., 2022). These strategies can support adaptation to the
social, environmental, and health impacts of climate change, while also in some cases
reducing greenhouse gas emissions (Agriculture and Agri-Food Canada, 2022). However,
there are challenges in developing and sustaining food security, knowledge sharing, and
monitoring initiatives including funding and retaining staff. Economic sovereignty for First
Nation governments to initiate and maintain these programs is part of developing solutions.
This is exemplified by the outcomes of renewable energy projects led by Yukon First
Nations, including generating revenue, supporting energy security and sovereignty, and
reducing emissions.

Community-based research can support First Nations and communities in maintaining food
security through strategies that are locally based and culturally appropriate (Kassi et al.,
2017; KFN, 2014; SFN & AICBR, 2016; Walker et al., 2017). Many Yukon communities are
involved in community-based monitoring projects focused on contaminants and other issues
related to food quality and safety. These types of programs, along with land guardians and
other Indigenous monitoring programs support food security and contribute to community
adaptive capacity (Lake et al., 2012; Lam et al., 2019). As an example, Kluane First Nation
citizens were concerned about contaminants in fish which is an important source of
subsistence and nutrition (Alatini et al., 2016; KFN & AICBR, 2016; Research Northwest &
Morrison Hershfield, 2017). They initiated a research project that investigated contamination
and provided critical information for making good food choices, as well as exposing youth in
the community to new research skills (Alatini et al., 2016; KFN & AICBR, 2016). Involving
youth in these initiatives supports their education and can provide a sense of agency when
faced with climate anxiety (Kassi et al., 2017; MacKay et al., 2020; Peace & Myers, 2012).
Reconnecting with the land is also an important part of taking climate action particularly for
First Nations youth in the Yukon (Yukon First Nations Climate Action Fellowship, 2021).
Other adaptation initiatives include hunter support programs, addressing food wastage by
providing community food storage, and sharing knowledge and skills around preserving and
food-sharing (Berry & Schnitter, 2022; KFN, 2014; Sheedy, 2018; Wilson et al., 2019).

8. Heritage, Culture, and Traditional Ways of Life
Traditional activities, heritage sites, and intangible cultural heritage are affected
by climate change. Indigenous knowledge provides important insights into the
impacts of climate change and contributes to the resilience of Yukon First
Nations. (High confidence)

Science alone does not provide the knowledge required to understand climate change and
support adaptation to the impacts being felt in the Yukon; Indigenous knowledge provides
critical insights into the changes that are already occurring as well as strategies for
adaptation (CYFN, 2011; Merculieff et al., 2017; Pearce et al., 2015; Warren & Lulham,
2021). In the community-based report Yukon Climate Change Needs Assessment which
surveyed Yukon First Nations, respondents overwhelmingly agreed that Indigenous
knowledge plays a role in finding solutions to climate change (CYFN, 2011). However, only
50% felt that it was being used, indicating that Yukon First Nations believe that Indigenous
knowledge is not being used to its full potential. Respondents noted that this was primarily
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due to a lack of resources. No follow up has been done to evaluate if more has been done
to include Indigenous knowledge and perspectives in climate change adaptation in the
Yukon since 2011.

8.1 People who live close to the land and practice traditional ways see the detailed
impacts of climate change in the North. Many of them want to share this
knowledge but tend to be marginalized in the broader conversations about
impacts. (High confidence)

Food is part of culture, as is the process of hunting and gathering, and by impacting
traditional food sources climate change has potential implications for cultural practices,
relationship to the land, and mental health (Cunsolo Willox et al., 2015; Loring & Gerlach,
2009). People who live close to the land and practice traditional ways can be the first to feel
the impacts of climate change in the North as some aspects of traditional ways of life may
become more difficult. They observe the impacts of climate change and provide important
information on how climate change is affecting ecosystems at a local scale (Merculieff et al.,
2017). Indigenous knowledge provides early warnings of the impact of climate stressors,
particularly within complex ecological systems, where it can provide critical insight for
understanding and maintaining ecological integrity (Merculieff et al., 2017). This knowledge
is vital for community adaptation, and Yukon First Nations are prioritizing opportunities for
citizens to spend time on the land, particularly bringing youth and Elders together at events
like culture camps (CAFN & Alsek Renewable Resource Council, 2009). Community-based
monitoring programs like Indigenous guardians support these relationships and provide
important information for conservation and management (Aronsson et al., 2021; FNNND &
AICBR, 2019; Zurba et al., 2019).

8.2  Harvesting traditional foods and medicines does not only affect food security,
but also supports the local economy and is the basis for cultural and social
identity. As the climate changes, it affects the land, the wildlife, access to food,
and cultural practices of First Nations people. (Medium confidence)

Chapter 16 of the Umbrella Final Agreement (UFA) (1993) guarantees the rights of Yukon
First Nations to harvest and to manage fish and wildlife. Food and culture are inextricably
linked, and traditional hunting and gathering practices are critically important to local culture
and health, yet the the relationships that people have with the land are challenged by
climate change (Cruikshank et al., 2019; FNIGC, 2018b; KFN, 2014; Loring & Gerlach,
2009; Furgal & Prowse, 2008; Sheedy, 2018; Rosol et al., 2016). Traditional foods and
medicines are important for both local culture and well-being (Cruikshank et al., 2019;
Furgal & Prowse, 2008). By connecting people to their culture, and bringing community
members together, traditional foods and associated practices support physical, spiritual,
mental, and cultural well-being (Schuster et al., 2011b; Wesche & Chan, 2010; Rosol et al.,
2016). Cultural traditions and knowledge sharing around food include community hunts,
fishing, and harvesting as well as traditions around food sharing and preserving, including
community feasts (AICBR, 2016a,b; FNIGC, 2018b; Wesche & Chan, 2010; Rosol et al,
2016). These activities around food are part of sharing knowledge, stories, traditions, and
the importance of cultural places (Adger et al., 2011). Time spent on the land, and culture
camps have been identified as key actions to support health in Indigenous communities
(CAFN & Alsek Renewable Resource Council, 2009). Changes in seasons due to warming
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temperatures impacts planning around hunting, fishing, and gathering, requiring flexibility on
when and where to go and making it more challenging to organize community cultural
events. (Walker et al., 2017; Hou & Sneyd, 2020). The integration of traditional values into
decision-making around land and water supports the mental and spiritual health of
community members, and while some Indigenous knowledge of environmental conditions
may not be relevant to today’s conditions, people are adapting their knowledge and
traditions (Furgal & Prowse, 2008).

8.3 Indigenous knowledge and community-based monitoring programs contribute
important knowledge to our understanding of environmental change and
wildlife health. Indigenous knowledge indicates that substantial changes have
already occurred in the Yukon due to climate change. (High confidence)

There are opportunities for Indigenous and scientific knowledge to be used together in
evidence-based decision-making to support adaptation that is grounded in both
(Government of Yukon, 2016; Mistry & Berardi, 2016; Ogden et al., 2016). Indigenous
knowledge provides valuable insight into the interrelationships that are affected by climate
change, long-term observations and trends in landscape changes, and the appearance of
new species or disappearance of existing species (McGrath, 2018; Wheeler et al., 2020). In
Canada’s North, monitoring programs have poor spatial coverage, and there is considerable
variability in the consistency and funding support for these programs (Aronsson et al.,
2021). Indigenous knowledge and long-term community-based monitoring programs can
both provide important information on key species, and when paired with climate trends can
begin to show how a changing climate may impact wildlife in the future (Gagnon et al.,
2020; Knopp et al., 2020). As an example, the Porcupine caribou herd has been increasing
in numbers and thriving despite significant changes in the region, as demonstrated through
an Indigenous-led community-based monitoring program that tracks seasonal body
condition (Gagnon et al., 2020). At the same time, caribou populations in other areas may
be experiencing declines. In this example, Indigenous knowledge brings insight into local
conditions, showing that broad trends are not consistent across the country and local
information is important.

Climate change research, particularly in the natural sciences, has much to be gained from
Indigenous perspectives (Wong et al., 2020). Indigenous northerners are often the ones
alerting us to impacts on wildlife, particularly key food species, and changes to harvesting
and hunting areas (Clark et al., 2016; Merculieff et al., 2017; Newton et al., 2005; Wesche &
Chan, 2010). Indigenous, local, and scientific knowledge all confirm that climate change is
already affecting Yukon’s land, wildlife, water, and people (Government of Yukon, 2020,
Merculieff et al., 2017; Research Northwest & Morrison Hershfield, 2017). Yukon First
Nations and transboundary Indigenous groups have documented changes to lakes and
river, vegetation, fish, and wildlife, as well as evidence of permafrost thaw (AICBR, 2016a,b;
Alaska Science for All UAF GlI, 2022; ArcticPeoples, 2013; Brewster et al., 2016; Merculieff
et al., 2017; Pearce et al., 2015). The Inuvialuit are concerned about rapid changes along
the north coast of the Yukon and the associated impacts they have observed on fish
(Brewster et al., 2016; Tyson & Heinemeyer, 2017). Yukon First Nations have noted
changes in climatic conditions and impacts on fisheries and wildlife harvests (AICBR,
2016a,b; CAFN, 2006; CAFN, 2009; Kassi et al., 2010). Researching climate change from
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multiple worldviews is required to meet these growing challenges, and this requires support
for practices that maintain ongoing interaction with the local environment (Ford et al, 2016).

8.4  Cultural and heritage sites are vulnerable to flooding, wildfire, permafrost
thaw, and coastal erosion. (High confidence)

Cultural sites like fish camps, culture camps, historical buildings, and other gathering places
are often in areas close to water, in forested areas, or built on permafrost, leaving them
vulnerable to the impacts of climate change. Coastal erosion, driven by permafrost thaw, is
already affecting cultural sites and travel routes in the North Slope of the Yukon (Irrgang et
al., 2019; Radosavljevic et al., 2015). Sea level rise is expected to cause flooding in low-
lying coastal areas and increase risk to heritage sites on Qikigtaruk (Herschel Island), an
area of cultural importance to the Inuvialuit (Bush & Lemmen, 2019; Olynyk, 2008).
Permafrost thaw has an impact on trails, cemeteries, recreation sites, travel routes, and
other important cultural infrastructure in other areas of the Yukon as well including Dawson
City where the impacts of permafrost are visible on historical buildings (Benkert et al.,
2015).

9. Causes and Responses
Climate change is human caused. (High confidence) The Yukon is responding to
the impacts of climate change by adapting and addressing the causes by
reducing emissions. (Medium confidence)

The effects of climate change are already apparent on human and natural systems (IPCC,
2022; Bush & Lemmen, 2019). Present and future decisions and actions will determine the
level of future disruption and how resilient these systems are (IPCC, 2022). The Yukon is
taking actions to reduce emissions and respond to the impacts of climate change. These
actions are led by Yukon organizations and governments, but also include efforts by the
general public to minimize their carbon emissions and prepare for future change. A number
of governments and organizations in the Yukon have declared a climate emergency,
including Assembly of First Nations Yukon Region (AFN Yukon), Council of Yukon First
Nations (CYFN), the fourteen Yukon First Nation governments, City of Whitehorse, and
Government of Yukon. In 2020, Government of Yukon released Our Clean Future, a
strategy that was developed in consultation with Yukon First Nations, transboundary
Indigenous nations, and Yukon municipalities. This strategy tackles climate change, energy,
and the green economy and includes a greenhouse gas reduction target and a resilience
target for the Yukon (Government of Yukon, 2020). YG has two external advisory groups;
an expert panel that advises on approaching YG’s greenhouse gas target, and a youth
panel on climate change that provides advice on how to address climate change. In 2020
Yukon First Nations, AFN Yukon, and CYFN signed a climate change emergency
declaration and initiated the development of a climate change strategy (AFN Yukon &
CYFN, 2020). Key concerns for Yukon First Nations include traditional food sources,
wildfire, and flooding, are often the focus of First Nation-led adaptation projects (CYFN,
2011; Peace & Myers, 2012). The Yukon First Nations Climate Action Fellowship is
currently developing a vision and action plan for Yukon First Nations in collaboration with
AFN Yukon and CYFN (Yukon First Nations Climate Action Fellowship, 2021).
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9.1 There is unequivocal evidence that the climate is warming and that over the
past 50+ years, human activity has been responsible for that warming. (Very
high confidence)

Overwhelmingly the physical science indicates that observed climate change is due to
human influence on the climate system (see Key Finding 1: Climate) and is caused by
human activities including burning fossil fuels, increasing industrial activities, agriculture,
waste management and clearing forests for development (Bush & Lemmen, 2019; IPCC,
2021). According to the IPCC, “it is unequivocal that human influence has warmed the
atmosphere, ocean and land” (2021), noting that there have been widespread changes.
There is evidence that the changes that have taken place over the last fifty years are
unprecedented, and that greenhouse gas levels have surpassed levels experienced (IPCC,
2021).

9.2  Adaptation is how we address the impacts of climate change. Mitigation is how
we address the causes of climate change. It is important to keep in mind both
of these challenges and wherever possible to look for solutions which both
mitigate and adapt. (High confidence)

Climate resiliency involves decisions that combine adaptation and mitigation thereby
reducing climate change, while also preparing for its impacts (IPCC, 2022; NRTEE, 2009).
Climate Resilient Development (CRD) is an approach that focuses on mitigation and
adaptation while incorporating social inequity considerations (IPCC, 2022). CRD highlights
the interrelatedness of different actors and organizations in achieving adaptation and
mitigation goals. The Yukon is part of the fastest warming region in the world and
adaptation strategies will be critical in managing the impacts of climate change. While
climate change in the Yukon is the result of global actions and decisions, the Yukon’s efforts
to reduce emissions are still an important part of mitigating climate change. Current climate
change mitigation priorities include a number of strategies to reduce emissions focused on
transportation, heating, and the energy system (Government of Yukon, 2020).

Yukon’s energy system provides opportunities for both adaptation and mitigation to ensure
that it is resilient. The electric distribution network only reaches some of the territory, with
many communities relying on local energy sources. There are a variety of energy sources
contributing to the Yukon’s power system, including hydropower, diesel, LNG, biomass,
gasoline, wind, and solar. The Yukon’s energy system is currently close to its maximum
power generation capacity, and future planning and development is essential to support a
growing population (Chen et al., 2018). There are competing concerns regarding cost,
environmental considerations, and climate change in relation to new power generation
choices (Chen et al., 2018), but recent commitments are to increase renewable energy
production (Government of Yukon, 2020).

Land planning also provides opportunities to address both mitigation and adaptation.
Creating large networks of protected areas is a key adaptation strategy for preserving
natural ecosystems, however it also can support carbon sequestration (Carroll & Ray,
2020). Indigenous-led protected areas contribute to adaptation and mitigation, while also
supporting reconciliation by respecting self-determination and ensuring that cultural
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considerations are incorporated into land planning (Courtois, 2021; ILI, 2020; Zurba et al.,
2019). See Key Finding 5.10 for further discussion.

9.3 Integrating climate change considerations into existing planning processes is
a method of reducing risk while taking advantage of existing procedures.
(Medium confidence)

Mainstreaming climate change involves incorporating climate change into existing
initiatives, processes, policies, or programs. It reduces the need for additional processes
and increased resources, by taking advantage of those currently available. It also ensures
that climate change is being considered throughout different sectors (IPCC, 2022).
“Mainstreaming adaptation means to strategically integrate climate change considerations
into ongoing planning, policy and other decision-making processes at the local level”
(Hennesey & Streicker, 2011, p.30). This is particularly important in small organizations and
governments, where capacity is already stretched and adding another climate change
planning process on top of existing work adds strain to the organization’s resources.
Mainstreaming ensures that climate change impacts are considered in concert with
interrelated issues and responses are integrated into daily operations. Building networks
and partnerships and sharing knowledge encourage mainstreaming and build capacity to
adapt (Warren & Lulham, 2021). Key areas where climate change considerations can be
integrated into existing planning processes include energy planning, emergency
preparedness, sustainability planning, resource management, infrastructure development,
land-use planning, engineering design, transportation planning, etc. Risk management tools
like the guides identified in Key Finding 6: Hazards can be used to reduce infrastructure
vulnerabilities and adapt more effectively to climate change in Canada’s North.

9.4  Solutions that address social inequities, cross multiple sectors, and are
informed by Indigenous ways of knowing, doing, and being will improve
adaptation outcomes in the Yukon. (High confidence)

Northern communities are resilient; however, climate change adds stress and strain to
community capacity and resilience. Climate change inordinately affects people who live
close to the land, rural communities, and populations that have less access to resources
(Clayton et al., 2021; IPCC, 2022; Macfarlane, 2020; Sheedy, 2018). Ensuring that northern
interests and local contexts are represented and incorporated in the development of climate
change adaptation and mitigation solutions, plans and strategies is critical, particularly for
solutions targeted at rural Yukon communities and Yukon First Nations. Yukon communities
and First Nation governments are for the most part small and responding to and planning
for climate change places added strain on their programs and planning processes (AMAP,
2017). However, northern communities have already demonstrated their resilience to
climate change, including adapting to increasing extreme weather events, the impacts of
permafrost thaw on housing and other infrastructure, and changes to local ecosystems
(AMAP, 2017; Furgal & Prowse, 2008). Locally led initiatives that nurture relationships to
the land, culture, and community provide opportunities for climate action grounded in a local
context. Yukon First Nations are leading monitoring and conservation programs within their
traditional territories that contribute to local resilience through skill development,
employment, strengthening connections to the land, and providing a direct link to local
decision-making (FNNND & AICBR, 2019; Kouiril et al., 2016; Warren & Lulham, 2021).
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Some First Nations or communities are engaging in community-led prioritization or planning
processes to identify actions to address climate change. The Vuntut Gwitchin went through
a community-based process to review available environmental knowledge of their traditional
territory and identify monitoring and knowledge gaps for future projects (Kuntz et al., 2018).
KFN and Selkirk First Nation (SFN) both developed food security strategies that include
actions to maintain traditional food security (Cruickshank et al., 2019; KFN, 2014; SFN &
AICBR, 2016; Walker et al., 2017). AICBR’s community climate champions identified
opportunities for climate action in several Yukon communities while also providing
opportunities for rural youth to be involved in research (AICBR, 2020; CTFN & AICBR,
2019; FNNND & AICBR, 2019). They identified potential actions including research
priorities, land-based activities, policy initiatives, ways to reduce emissions, and farming and
food security actions. Opportunities for First Nations and communities to share information
encourage the growth of adaptation (Sheedy, 2018; Pratt, 2019). As an example, the Yukon
First Nations Climate Action Gathering hosted by AFN Yukon and CYFN in 2020 brought
people together from across the Yukon to share stories of adaptation and mitigation in their
communities. Websites like AICBR’s map of climate and food systems highlight the
strengths within the Yukon food system, particularly at the community scale, and provide a
virtual space for sharing adaptation strategies (AICBR, 2020; Pratt, 2019).

Traditionally governance and decision-making processes have privileged scientific
evidence. However, equitable decision-making around climate change, including research
and monitoring, requires space for Indigenous ways of knowing and governing (Wheeler et
al., 2020; Wilkens & Datchoua-Tirvaudey, 2022). Decision-making processes that
incorporate both Indigenous and scientific knowledge are strengthened and provide
valuable opportunities to increase both research and management capacity (IPCC, 2022;
Ogden et al., 2016). Indigenous-led and community-based research and monitoring
programs, as well as the co-production of knowledge, are critical approaches for informing
local decision-making (Hill et al., 2020; Latulippe & Klenk, 2020; Wheeler et al., 2020;
Wilkens & Datchoua-Tirvaudey, 2022; Williams & Hardison, 2013).

9.5 Public education, research, and in particular community-based research
remain as critical needs to improve understanding of Yukon climate change
and how to address it. (High confidence)

Strengthening the Yukon'’s capacity to address climate change requires increased science
capacity and information use in the Yukon. As a region at the frontlines of climate change,
the North is a prime location for research on the impacts of climate change (Canadian Polar
Commission, 2014). There are opportunities for research from this region to inform global
science and policy, but also a critical need for research to inform local science and policy
(AMAP, 2021a; Canadian Polar Commission, 2014; Government of Yukon, 2020, 2016).
While numerous government and academic researchers come to the Yukon to conduct
climate change research, there is also considerable research happening by local
researchers working for First Nations, Yukon government, Yukon University, local non-
governmental organizations, industry, and the private sector. This knowledge economy has
been growing and diversifying, providing opportunities for Yukon-led research relevant to
environmental change in the Yukon (Petrov, 2016; Voswinkel, 2012). The meaningful
engagement and inclusion of Yukon First Nations in research that impacts their culture and
food systems also plays an important role in upholding the rights as described under the
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UFA and is a step towards reconciliation and supporting Indigenous self-determination
(Wong et al., 2020) and is crucial for advancing community-led climate solutions.

Engaging the public and building awareness of climate change are important avenues for
promoting adaptation and mitigation (Feinstein & Mach, 2019; Government of Yukon, 2020;
Warren & Lulham, 2021). Yukon youth have identified the need for more climate change
material in the education system and increased public education (Yukon Youth Panel on
Climate Change, 2021). Climate education is a key strategy to support climate action, and
locally relevant education materials that include engaging or experiential activities are more
effective at reaching youth (Monroe et al., 2017; Reid, 2019). Education initiatives targeted
at practitioners can also build adaptive capacity by supporting the integration of climate
change resources and considerations into a range of sectors (Feinstein & Mach, 2019). In
developing education and training materials, there are opportunities to build on the existing
strengths in the Yukon including Indigenous expertise, local climate change research, and
the technical expertise of Yukon practitioners (Government of Yukon, 2020). There are
opportunities for more climate change material in the Yukon education system including the
development of climate change-focused courses.

9.6  Supporting youth engagement in research and decision-making processes
strengthens the Yukon’s capacity to adapt to and mitigate climate change.
(High confidence)

Bringing youth voices into decision-making processes contributes to adaptation and
mitigation capacity (Government of Yukon, 2020; IPCC, 2022; MacKay et al., 2020).
Engaging youth in climate change education, projects, and decision-making can foster a
sense of purpose and help to alleviate anxiety and grief related to climate change (MacKay
et al., 2020; Peace & Myers, 2012). Opportunities for First Nations youth to spend time on
the land and connect with Elders are critical for fostering relationships to the land and
sharing knowledge (Adger et al., 2011; Gartler et al., 2022). Youth mentorship through
educational programs, harvest and culture camps, and projects that support
intergenerational knowledge exchange also contribute to Indigenous leadership of co-
management (KFN, 2014; KFN & AICBR, 2016). Youth play an important role as climate
change champions in their communities and can be effective leaders in both sharing
knowledge and inspiring action (Gartler et al., 2022; Peace & Myers, 2012). As an example,
fish camps hosted by the SFN to foster connections between youth and Tutchone traditions
were successful at further developing their relationships with the land and Elders, as well as
identifying climate change strategies (Richards et al., 2019).

10.Importance of the North
Climate change in the North is a major driver of global change. (Medium
confidence)

The North has most of the known significant feedback mechanisms for the global climate. In
effect this means that what happens across the North will have consequences for the global
climate system. The cryosphere, which includes snow, river and lake ice, sea ice, glaciers,
ice shelves and ice sheets, and permafrost, is an important part of the North’s ecosystems,
and also plays an important role in the Earth’s climate system (Bush & Lemmen, 2019;
IPCC, 2021). Thaw and melt impact the water cycle, sea level rise, snow-ice albedo, and
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surface gas exchange. Together with Alaska, the Yukon is home to the third largest icefield
in the world and is also underlain by sporadic to continuous permafrost. The boreal forest
also plays an important role in sequestering carbon, impacted by landscape change through
development or wildfire (Bush & Lemmen, 2019). The Yukon, with the rest of the North,
plays an important role in global climate change, particularly through key feedback
mechanisms. The term “positive feedback” refers to a mechanism which accelerates a
change while also being a result of that change. Though less common, “negative feedback”
is a mechanism that cancels itself. In climate systems, feedbacks often play an important
role in future climate change, yet they can be hard to quantify (IPCC, 2021). Examples are
provided in the following sections.

10.1 The boreal forest and the Arctic tundra both show indications of shifting from
net greenhouse gas sinks to net sources. (Low confidence)

There are several processes related to climate change that affect the ability of the boreal
forest and Arctic tundra to act as carbon sinks, including changing fire regimes, vegetation
productivity and decomposition rates, and permafrost thaw (ACIA, 2004; Bjorkman et al.,
2020; Bradshaw & Warkentin, 2015; Harris et al., 2021; Kurz & Apps, 1999; Warren &
Lulham, 2021). While wildfire risk overall is not expected to increase in the Yukon, some
areas that are drier could experience more frequent and severe forest fires. Wildfires
release carbon into the atmosphere, contributing to increased climate change, while also
reducing the productivity of the forest. Drought can impact productivity in the boreal forest,
leading to a reduction in its role as a biomass carbon sink (Green et al., 2019; Ma et al.,
2012). Overall, changes to the productivity of the boreal forest and potential increases in
wildfire frequency and severity may cause a reduction in the boreal forest’s impact as a CO:
sink (Ma et al., 2012; Yuan et al., 2012; Zhao, et al., 2021).

10.2 Carbon and methane trapped within and below permafrost is being released
into the atmosphere and ocean as permafrost thaws, leading to an
acceleration of climate warming. (Medium confidence)

Permafrost thaw is releasing carbon and methane into the atmosphere and will continue to
do so with increased thaw in the future. Permafrost contains almost twice the carbon that is
in the atmosphere, and it is estimated that widespread permafrost thaw over the next
century could release between 10s and 100s of billions of CO; thereby accelerating climate
change (IPCC, 2019; UNEP, 2012). Coastal erosion, driven by a combination of permafrost
thaw and storm events, releases carbon into the ocean. Increasing carbon concentrations in
the ocean have already been linked to terrestrial sources, of which a key source in the
Beaufort Sea is the Yukon shoreline where rapid permafrost thaw is happening (Couture et
al., 2018).

10.3 Theloss of Arctic seaice, which is accelerating due to the albedo reversal
from reflective ice to absorptive ocean, will have far-reaching effects. (High
confidence)

Snow-ice albedo change includes the loss of Arctic sea ice, melt back of glaciers,

vegetation change, and changes to snow cover through earlier snow melt. Sea ice provides
a barrier between the ocean and atmosphere limiting gas exchange between the two (IPCC,
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2021). It also affects the salinity and thereby the circulation of the ocean. When sea ice
melts back, more of the ocean surface is exposed, changing the reflectivity, and allowing
more heat to be absorbed. Warming ocean temperatures then contribute to more melt,
accelerating the process in what is called positive feedback (ACIA, 2004; IPCC, 2021).
Arctic sea ice in September, when it is at its minimum, has decreased by about 40% in
surface area comparing trends from 1979-1988 and 2010-2019 (IPCC, 2021). There is high
confidence that this rapid loss in sea ice is caused by human influence on the climate
system (IPCC, 2021). Sea ice projections indicate that we will experience at least one year
without sea ice in the Arctic by 2050 (IPCC, 2021). The loss of multi-year sea ice, increased
winds, and increased sea-ice mobility all contribute to increased melt and slower grow back
of ice in the autumn (Overland & Wang, 2013).

Other changes to albedo include the northern tundra in the Yukon and high-altitude areas
which provide a reflective surface in the winter when covered in snow (high albedo). In
comparison, forested areas are darker and absorb more energy (low albedo). The
expansion of the treeline and taller canopy growth in these areas contributes to the loss of
reflective surfaces in the winter in the Yukon, ultimately impacting regional climate and
amplifying climate change through positive feedback (Bjorkman et al., 2020; Myers-Smith et
al., 2011; Warren & Lemmen, 2014).

10.4 Arctic seaice loss influences the jet stream causing new weather patterns,
including extreme events, at mid-latitudes. (Low confidence)

The loss of sea ice has possible implications for the mid-latitudes, potentially causing
extreme events and other changes to weather patterns (AMAP, 2021a; Cohen et al., 2014;
IPCC, 2017). A warming Arctic and sea-ice loss both affect the jet stream, “as the Arctic
continues to warm faster than elsewhere in response to rising greenhouse-gas
concentrations, the frequency of extreme weather events caused by persistent jet-stream
patterns will increase” (Francis and Vavrus, 2015, p.1, Coumou et al., 2018). This is linked
to changing wind patterns, bringing cold air to mid-latitudes, and has been linked to
unusually cold weather in the mid-western United States, snowier winters in eastern North
America, and prolonged heat waves and dry conditions in Europe (Cohen et al., 2014;
Romanowsky, et al., 2019). However, models do not consistently recreate these observed
patterns meaning that the cause-and-effect mechanisms linking rapid Arctic warming to
mid-latitude weather and climate require further study to better understand their relationship
(Cohen et al., 2020).

10.5 Glacial melt and ocean warming are leading to sea level rise. Glacial melt and
diminishing seaice also affect the global ocean currents. (High confidence)

Global mean sea level rise has increased by approximately 0.2 metres in the past century
and the rate of sea level rise increase doubled over the last fifty years (IPCC, 2021). Glacial
and ice sheet melt, and thermal expansion are the main causes of global sea level rise,
being felt across most of the Arctic and around the world, although with regional differences
(ACIA, 2004; IPCC, 2021). Sea level rise will continue, even with aggressive action to
mitigate climate change, a certain amount of change is irreversible (IPCC, 2019; IPCC,
2021). Increased wave heights, partially due to loss of sea ice, compounded with sea level
rise and permafrost thaw, contribute to coastal erosion on the North Slope (IPCC, 2019).
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The mechanism which drives most of the ocean circulation is the thermohaline circulation -
the sinking of dense cold and salty water - in the polar regions. Freshwater additions from
glacial melt and river runoff affect ocean circulation and the movement of ocean water
between the poles and the tropics (ACIA, 2004; IPCC, 2019). Warming ocean temperatures
and increased freshwater runoff reaching the ocean have changed the density in the upper
levels of the ocean in the Arctic have changed how the layers in the ocean mix (IPCC,
2019). Less mixing of the ocean layers also means there is less oxygen and changes in
biogeochemistry, including acidification (IPCC, 2019).

6.0 DETAILED INDICATORS

1.1 Climate Trend Indicators: Temperature

Description

Implications

Rationale

Data

Methods

Limitations

Temperature trends.
Updated 26-Jan-2022
Historic temperature changes.

Yukon is warming significantly. Annual temperature has increased by 2°C
over the past 50 years. See Key Finding 1.

Temperature is one of the most common climate variables, and data has
been collected in Yukon since 1948.

Source: Environment and Climate Change Canada

Coverage: Yukon and Northern B.C. AT is provided for all of Canada. In
the regional breakdowns, Yukon is grouped with Northern B.C. The data
spans from 1948 to present.

Completeness: No missing data; however, it should be noted that not all
regions of Yukon are represented all of the time.

Timeliness: The data and report are kept current and updated seasonally.

The data represents the departure from the 30-year (1961-1990) climate
baseline - sometimes called a climate normal. Temperature is given as a
temperature anomaly or change in °C. The data is derived from
meteorological stations across the country. There is little or no detail
about the numbers or locations of those stations and their data quality.

There are several limitations to this data, first is that Northern B.C. is
included in the regional separation. This means that the results could be
skewed towards southern Yukon. Another limitation is that we are not
supplied with information about the input data, nor the model to go from
discrete data points to the regional trend. Therefore, it is important to
compare this data to local meteorological station data and projections to
test our confidence in the results.

68



YUKONU RESEARCH CENTRE
Yukon Climate Change Indicators and Key Findings

References

Temperature anomaly (°C)

3.0

25

20

15

1.0

0.5

0.0

-2.0

https://www.canada.ca/en/environment-climate-change/services/climate-
change/science-research-data/climate-trends-variability/trends-
variations.html

Environment and Climate Change Canada

Climate Trends and Variations Bulletin

Yukon Annual Temperature Anomaly

1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Year

Figure 1.1. Yukon annual average temperature anomaly (r-value = 0.64 p-value < 0.01)

1.2 Climate Trend Indicators: Precipitation

Description

Implications

Rationale

Data

Climate Trends
Updated 31-Sep-2016
Historic precipitation changes.

Precipitation in Yukon is increasing, but with considerable variability. This
trend is significant. Precipitation varies annually and also geographically
across the territory. Total precipitation has increased by 11.8% from 1948
to 2015. See Key Finding 1.

Precipitation is one of the most common climate variables.

Source: Environment Canada
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Methods

Limitations

References

Coverage: Yukon and Northern B.C. AP is provided for all of Canada. In
the regional breakdowns, Yukon is grouped with Northern B.C. The data
spans from 1948 to 2015.

Completeness: ECCC stopped reporting AP mid-way through 2016. It
should be noted that not all regions of Yukon are represented all of the
time. For example, in the 2013 data for precipitation, the accompanying
map shows gaps in St. Elias and North Yukon.

Timeliness: The data and report are no longer being updated.

The data represents the departure from the 30-year (1961-1990) climate
baseline - sometimes called a climate normal. Precipitation departures
are given as a % change. The data is derived from meteorological
stations across the country. There is little or no detail about the numbers
or locations of those stations and their data quality.

There are several limitations to this data, first is that Northern B.C. is
included in the regional separation. This means that the results could be
skewed towards southern Yukon. Another limitation is that we are not
supplied with information about the input data, nor the model to go from
discrete data points to the regional trend. Therefore, it is important to
compare this data to local meteorological station data and projections to
test our confidence in the results. Changes in how precipitation is
measured, and a relatively poor record of winter precipitation, also
increase uncertainty in this dataset.

https://www.canada.ca/en/environment-climate-change/services/climate-
change/science-research-data/climate-trends-variability/trends-
variations.html

Environment and Climate Change Canada

Climate Trends and Variations Bulletin
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Figure 1.2. Yukon total annual precipitation anomaly (r-value = 0.35 p-value < 0.01)
1.3 Climate Projection Indicators

Description

Implications

Rationale

Data

Climate Projections

Updated 2-Dec-2020

Global circulation model projections of temperature and precipitation
based on the IPCC fifth Assessment Report.

Yukon is projected to warm and to have increased precipitation over the
coming decades. All scenarios project significant change. Temperature is
projected to increase by 0.7 to 3.7°C over the next 50 years and
precipitation is projected to increase by 4 to 17%. See Key Finding 1.

Global Circulation Models are the standard method of projecting future
climate change.

Source: Environment and Climate Change Canada
Coverage: Yukon

The projection spans from 2006 to 2100.
Completeness: Not applicable
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Methods

Limitations

References

These projections use the CMIP5 climate model datasets from an
ensemble of 24 climate models. Results are downscaled and bias-
adjusted using the BCCAQv2 method. These projections are based on
three of the four representative concentration pathways (RCPs) from the
IPPC fifth Assessment Report. Using several emissions scenarios gives a
sense of the range of model projections for the Yukon. The model data is
then converted to AT and AP and adjusted to match the overlap of the
time periods (2006 to present) for comparison purposes with the climate
trend indicators.

All projections have limitations; it is important to compare them alongside
trends and alongside each other. Sources of uncertainty include natural
climate variability, differences between climate models, and differences in
future human emissions of greenhouse gases. The biggest limitation is
not the model, it is rather that we cannot predict future emissions which
are closely tied to economy, technology and behaviour. By choosing a
range of emission scenarios (RCPs 8.5, 4.5, and 2.6) we consider a
range of possible futures.

https://climatedata.ca/about/ [Accessed on December 2, 2020]
Environment and Climate Change Canada

Climate information provided by Climatedata.ca, a collaboration between
the Pacific Climate Impacts Consortium (PCIC), Ouranos Inc., the Prairie
Climate Centre (PCC), Environment and Climate Change Canada
(ECCCQC), Centre de Recherche Informatique de Montréal (CRIM) and
Habitat7.

BCCAQvV2 method: Cannon, A.J., S.R. Sobie, and T.Q. Murdock, 2015:
Precipitation by Quantile Mapping: How Well Do Methods Preserve
Changes in Quantiles and Extremes? Journal of Climate, 28(17), 6938-
6959, doi:10.1175/JCLI-D-14- 00754.1.
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Yukon Projected Temperature Anomaly
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Figure 1.2. Yukon projected annual average temperature anomaly (r-value = 0.92 p-value <
0.01)
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Yukon Projected Annual Precipitation Anomaly
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AFigure 1.4. Yukon projected total annual precipitation anomaly (r-value = 0.86 p-value <
0.01)

2.1 Fire History Indicator

Description Fire History
Updated 4-Mar-2021
Yukon fire history: annual area burned.

Implications ~ The number of hectares burned per year has increased over the past 50
years; however, the trend is not statistically significant. 2004 was an
extreme year for wildfires in Yukon. We need to observe fire for a longer
period of time to be certain of a trend. Neighbouring jurisdictions have
seen recent extreme fire seasons. In 2014 the Northwest Territories had
3.4 million hectares burned (highest in recent decades), while in 2015
Alaska’s fires burned 2.1 million hectares which was the second highest
year on record and 1.1 million hectares in 2019. Alberta and British
Columbia have also had extreme fire seasons in recent years.
(www.forestry.alaska.gov and
https://www.fraserinstitute.org/sites/default/files/trends-in-canadian-
forest-fires-1959-2019.pdf for more information).

Rationale Fire represents an intersection of weather (including temperature,
precipitation, humidity, wind, storm/lightning) and fuels (including forest
growth).
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Data

Methods

Limitations

References

Source: Wildland Fire Management, Community Services, Yukon
Government

Coverage: Spatial coverage is Yukon. The data spans from 1955 to
present, although we are plotting from 1960.

Completeness: No missing data.

Timeliness: The data and report are kept current and updated annually.
Wildland Fire Management Branch monitors and maps the area burned
across Yukon each fire season. Some of the fires were verified using
LANDSAT imagery while others are best estimates. There is another
data record showing number of fires, however, total area burned is a
clearer indicator.

From correspondence with the Wildland Fire Management Branch, it was
suggested that the earlier data (1950’s) had questionable coverage;
therefore, only the data from 1960 forward is being plotted. Another
issue, which may affect the area burned is whether some of the fires (in
any given year) are approaching communities. Whenever there is a
threat to a community or an important assets then active fire suppression
is employed, affecting the burned area. Finally, forest management
practices as well as fire management practices may also have an
influence on fires.

Data available on request.

Wildland Fire Management Branch

Department of Community Services

Government of Yukon
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Figure 2.1. Yukon fire history (r-value = 0.15 p-value = 0.24)

2.2 Fire Severity Indicator

Description

Implications

Rationale

Data

Fire Severity Index

Updated 4-Mar-2022

A relative measure of weather conditions which affect the potential
severity of fires.

Even though fire severity risk has increased over the past 50 years, with
the data we have, the trend is not significant. The severity index can have
significant swings from one year to the next.

The fire severity index is a combination of meteorological data, which
gives us another insight into climate. The fire severity index is published
without units because it combines several meteorological variables that
have different units.

Source: Wildland Fire Management Branch, Community Services,
Government of Yukon

Coverage: Spatial coverage is nominally Yukon, based on meteorological
stations from the following 8 communities: Whitehorse, Carmacks, Mayo,
Dawson City, Haines Junction, Ross River, Watson Lake, Teslin. The
data spans from 1960 to present, calculated during the summer fire
season: June, July, August.

Completeness: No missing data.
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Methods

Limitations

References

Timeliness: The data and report are kept current and updated each
summer.

Wildland Fire Management Branch calculates the daily severity index
(DSR). DSR is a unit-less numeric rating of the relative difficulty of
controlling fires. It is based upon an evaluation of the fire weather and
accurately reflects the expected efforts required for fire suppression. It
includes such things as temperature, precipitation, relative humidity, and
wind. The DSR is another means of describing fire danger, which is most
often portrayed for the public through colour-coded highway signs.

As a unit-less number, the fire severity index should only be used as an
indication of relative change over time. It is more an indication of weather
and climate (showing the potential risk of fire events) rather than a
measure of fire or even fuel loading. It is only measured over the summer
months, when there is an appreciable risk of forest fires.

Data available on request.

Wildland Fire Management Branch

Protective Services

Department of Community Services

Government of Yukon
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Figure 2.2. Yukon fire severity index (r-value = 0.05 p-value = 0.69)
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3.1 Arctic Sea Ice Extent Indicator

Description

Implications

Rationale

Data

Methods

Limitations

Arctic Sea Ice Extent

Updated 18-Jan-2022

Monthly average area (in millions of square kilometers) of Arctic and
other northern oceans with at least 15% ice concentration.

Arctic sea ice is melting. Sea ice loss is averaging 80,000 kmZ2 per year,
although there is significant variability from one year to the next. The net
result is that summer sea ice will melt out in the Arctic within the next
decade/decades. Sea ice melt appears to be accelerating, with most of
the melt occurring in the past decade. This has wide-ranging implications
for the Arctic and the globe.

Sea ice melt is the most apparent global indicator of climate change, and
especially relevant for the circumpolar North. As the Earth’s energy
alters, most of the energy goes into the oceans and the remainder into
ice, soil, and the atmosphere. The Arctic Ocean is a confluence of the
ice, ocean, and atmosphere.

Source: National Snow and Ice Data Centre

Coverage: Arctic (Northern Hemisphere sea ice). Satellite data comes
from near polar orbits; however, the pole itself (1.19 million square
kilometers prior to 1987 and 0.31 million square kilometers post 1987) is
not observed and assumed to be ice covered. The data spans from
November 1978 to present.

Completeness: Missing data (Dec-87, Jan-88) are flagged as missing.
Timeliness: The data is kept current and updated monthly.

The data is derived from daily satellite images averaged over the month.
Using the EASE Grid (nominally 25km x 25km grid), each grid cell is
assessed to determine if there is at least 15% ice coverage. Because sea
ice has such a wide annual variation in distribution, it is typical to
compare data from a particular month over time. Most often September is
used as it has the sea ice minimum extent.

This data is a clear and straightforward measure of change when
observed over time. Sometimes users will mistakenly try and use the
change from one year to the next to suggest a trend. It is important to
observe the long-term trend. Sea ice extent does not give a clear picture
of sea ice volume, because ice thickness can vary significantly with age.
There are measures of sea ice volume, however measuring volume is
less accurate than measuring spatial extent.

78



YUKONU RESEARCH CENTRE
Yukon Climate Change Indicators and Key Findings

References http://nsidc.org/data/g02135.html
National Snow and Ice Data Center
CIRES, 449 UCB
University of Colorado Boulder,
CO USA 80309-0449
Phone: +1 303-492-6199
Fax: +1 303-492-2468
E-mail: nsidc@nsidc.org
Fetterer, F., K. Knowles, W.N. Meier, M. Savoie, and A.K. Windnagel.
2017, updated daily. Sea Ice Index, Version 3. Boulder, Colorado USA.

Ice Extent. NSIDC: National Snow and Ice Data Center. DOI:
https://doi.org/10.7265/N5K072F8.
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Figure 3.1. Annual Arctic September sea ice extent (r-value = -0.89 p-value < 0.01)
3.2 Arctic Sea Ice Volume Indicator

Description Arctic Sea Ice Volume
Updated 18-Jan-2022

Monthly calculated Arctic sea ice volume (in 103 km?3)
Implications  Arctic sea ice currently demonstrates a significant downward trend,

melting rapidly at a rate of = 300 km3 sea ice loss per year, indicating
loss in the thickness and coverage of sea ice. Less and less of the ice is
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Rationale

Data

Methods

Limitations

surviving from one year to the next and the ice that is lasting for more
than one season is thinning significantly. The net result is that summer
sea ice will melt out in the Arctic within the next decade/decades. Sea ice
melt appears to be accelerating, with most of the melt occurring in the
past decade. This has wide ranging implications for the Arctic and the
globe.

Sea ice melt is the most apparent global indicator of climate change, and
especially relevant for the circumpolar North. As the Earth’s energy
alters, most of the energy goes into the oceans and the remainder into
ice, soil, and the atmosphere. The Arctic Ocean is a confluence of the
ice, ocean, and atmosphere.

Source: University of Washington Pan-Arctic Ice-Ocean Modeling and
Assimilation System (PIOMAS)

Coverage: Arctic (Northern Hemisphere sea ice).

PIOMAS Release 2.1

The data spans from 1979 to present.

Completeness: No missing data.

Timeliness: The data is kept current and outputted monthly.

Based on satellite data combined with a Thickness and Total Energy
Distribution (TED) Sea-Ice Model. The model is complex, and users
should note that these are calculated values rather than direct
observations. Because sea ice has such a wide annual variation in
distribution, it is typical to compare data from a particular month over
time. Most often September is used as it has the sea ice minimum extent.
This model output gives a strong indication of climate change over time.
Sometimes users will mistakenly try and use the change from one year to
the next to suggest a trend. It is important to observe the longer-term
trend.

Sea ice volume calculations are inherently less certain than ice extent
observations; however, volume provides a clearer indication of sea ice
change. In general terms there is more certainty in recent calculations
and less in older calculations. The reason for this is that there has been
more ground truthing with ice transects in recent years. From a paper
published by Schweiger in August 2011, uncertainty is +24% in volume
and +36% in the trend.
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http://psc.apl.uw.edu/research/projects/arctic-sea-ice-volume-
anomaly/data/

Polar Science Center, Applied Physics Laboratory, University of
Washington

1013 NE 40th Street, Box 355640, Seattle, WA 98105-6698
Phone: +1 206-543-6613

Fax: +1 206-616-3142

E-mail: PSCAdmin@apl.washington.edu

Data: Zhang, J. & D. Rothrock, 2003. Modeling global sea ice with a
thickness and enthalpy distribution model in generalized curvilinear
coordinates. Monthly Weather Review, vol. 131(5), p.845-861.
Model: Schweiger, A., R. Lindsay, J. Zhang, M. Steele, H. Stern & R.
Kwok, 2011. Uncertainty in modeled Arctic sea ice volume. Journal of
Geophysical Research, vol. 116, doi:10.1029/2011JC007084.
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Figure 3.2. Annual Arctic September sea ice volume (r-value = -0.95 p-value < 0.01)

4.1 Ocean Oscillation Indicators

Description

Implications

Pacific Decadal Oscillation and Arctic Oscillation

Updated 15-Mar-2022

Monthly mean Sea Surface Temperature (SST) anomalies
Oceans act to distribute the climate and oscillations are recurring

patterns of ocean-atmosphere climate variability. They are likely the most
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Rationale

Data

Methods

Limitations

significant natural influence on regional weather and climate. For Yukon,
two key oscillations are the Pacific Decadal Oscillation (PDO) and the
Arctic Oscillation (AO). A positive phase of the PDO and a negative
phase of the AO are associated with warmer temperatures in Yukon.
These graphs show that the PDO has been dropping while the AO has
been quite flat in recent decades. Since Yukon has been warming, this is
the clearest evidence that it is anthropogenic climate change rather than
a naturally occurring cycle.

Monthly mean global average SST anomalies are removed to separate
this pattern of variability from global climate change. Oceans, especially
the surface temperatures of oceans, have a strong effect on the
atmosphere and thus the climate. It is important to watch the PDO
alongside climate change to try to discern natural variability from
anthropogenic (human-caused) climate change.

Source: Joint Institute for the Study of the Atmosphere and Ocean,
(JISAO). JISAO is a joint program involving NOAA and the University of
Washington

Coverage: Pacific Ocean poleward of 20°N

The index is a unit-less measure.

A positive value indicates a warm sea surface temperature in the Pacific
Northwest.

The data spans from 1900 to present.

Completeness: No missing data.

Timeliness: The data is kept current and outputted monthly.

The data is derived from Sea Surface Temperature observations.
United Kingdom Meteorological Office Historical SST data set for 1900-
81.

Reynold's Optimally Interpolated SST (V1) for January 1982-Dec 2001).
Optimally Interpolated SST Version 2 (V2) beginning January 2002.
This data is an important measure of climate variability which pre-dates
the current warming trend in the global climate. Even though it is called
an "oscillation" there are no good predictive methods for the PDO.
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References PDO data:
https://psl.noaa.qov/gcos wgsp/Timeseries/Data/pdo.long.data
Joint Institute for the Study of the Atmosphere and Ocean, JISAO (NOAA
and University of Washington)

Zhang, Y., J.M. Wallace, D.S. Battisti, 1997. ENSO-like interdecadal
variability: 1900-93. Journal of Climate, vol. 10, p. 1004-1020.
Mantua, N.J., S.R. Hare, Y. Zhang, J.M. Wallace, and R.C. Francis,

1997. A Pacific interdecadal climate oscillation with impacts on salmon
production. Bulletin of the American Meteorological Society, vol. 78, p.
1069-1079.

AO data: http://www.ncdc.noaa.gov/teleconnections/ao/

National Oceanic and Atmospheric Administration (NOAA)
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Figure 4.1. Pacific Decadal Oscillation and 5-year moving average (r-value = -0.02 p-value
=0.9)
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Figure 4.2. Arctic Oscillation and 5-year moving average (r-value = 0.35 p-value < 0.01)

5.1 Yukon Greenhouse Gas Emissions Indicator

Description

Implications

Rationale

Yukon Greenhouse Gas Emissions

Updated September 2022

Annual GHG emissions (in ktonne CO; equivalent)

Government of Yukon reports on Yukon’s emissions using a combination
of federal and territorial data. The territorial data used is only available
from 2009 onwards. During this time, Yukon'’s total emissions have grown
along with Yukon’s population and economy. Variations from year to year
in Yukon emissions tend to come from increases in mining, aviation,
and/or on-road diesel use. There has been an increase in emissions from
electricity generation. Government of Yukon’s internal emissions have
also increased since 2010. Achieving YG’s emission reduction targets by
2030 will require more action if there continues to be growth in Yukon’s
economy. (Environment Yukon, 2021a,b)

Greenhouse gas emissions from human activities are the dominant
cause of the climate change we are currently experiencing (see Key
Finding 9 — Causes and Reponses).

The Yukon government has committed to tracking and reducing
emissions including a target to reduce Yukon’s GHGs for all areas except
mining by 45% below 2010 levels by 2030. YG also has a target for its
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Data

Methods

Limitations

internal operations to reduce its GHGs from building heating and
electricity by 30% below 2010 levels by 2030. YG has committed to
working with industry to develop a mining-specific emissions reduction
target by the end of 2022.

Sources: For Yukon-wide emissions there are two main sources for
emissions data including Government of Canada’s National Inventory
Report and Yukon’s fuel tax databases which track the total volume of
fuel purchased in the Yukon based on taxes paid.

Government of Yukon’s internal emissions are reported through the
Climate Registry periodically and on Government of Yukon'’s Climate
Change Information web page annually. These include YukonU’s building
emissions as those are managed by YG’s Highways and Public Works. In
2019 emissions for government corporations (Yukon Hospital
Corporation, Yukon Housing Corporation, Yukon Liquor Corporation,
Yukon Energy Corporation and Yukon Development Corporation) and for
electricity generation by Yukon Energy Corporation were added.
Coverage: The National Inventory Report data goes from 1990 to
present. YG reports on Yukon-wide emissions from 2009 to present, as it
incorporates fuel tax data which is only available from 2009 onwards. The
Government of Yukon internal emissions data goes from 2010 to present,
however data on corporations and electricity generation starts in 2019.
Timeliness: The data typically has a 2-year lag.

Completeness: The data is complete; however, the National Inventory
Report does not release a breakdown of all yearly data from 1990 to
present for each province and territory. Emissions methodology changes
over time and historic emissions values are updated retroactively.

The National Inventory Report uses a sector-by-sector accounting
methodology and YG uses fuel sales; these two databases are combined
as explained in YG’s Yukon emissions report to provide Yukon’s
emissions totals. Yukon government emissions reporting includes only
those entities for which YG controls financial policies. Data comes mainly
from databases tracking building energy consumption and fleet vehicle
fuel consumption.

As the accounting methodology is improved, updates are applied to
previous years so the annual findings are comparable, but this means
numbers may change from year to year, which can be challenging for
policymakers.
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The Yukon's emissions by category
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