Canadian Polar Commission
Commission canadienne des affaires polaires

: : ! %
P = g [ LA Ry = B 1

in NORTHERN CANADA




MARCH 2015

This report is a key Canadian contribution
towards the Third International Conference
on Arctic Research Planning (ICARP I11),

a transformative

priority-setting -

—
e

icarelll

3RD INTERNATIONAL CONFERENCE
ON ARCTIC RESEARCH PLANNING

exercise that will
provide a roadmap
to guide research-
focused
organizations
across the globe in their Arctic research
planning and delivery over the next decade.

Please visit http://icarp.arcticportal.org/
for more information.

NOTES

In the current analysis, monitoring

was defined as at least three years of
repeated data collection related to a
specific parameter or component of the
environment at a given site, or of human
health of people belonging to a given
sample population or living in a particular
community or region, unless noted
otherwise. Although shorter-term data
were not sought, they were included in
the dataset, when provided.

The term ‘parameter’ is used in this
report as a general term referring to
a variety of words that can describe
monitoring variables, including:
component, element, measurement,
factor, observation.

www.polarcom.gc.ca

ACRONYMS

CAFF - Conservation of Arctic Flora and Fauna
(CAFF) is an Arctic Council Working Group.

SAON - Sustaining Arctic Observing Networks
(SAON) Canada aims to enhance Arctic-wide
observing activities by facilitating partnerships
and synergies among existing observation and
data management activities, and to promote
sharing and synthesis of data and information.

CORRESPONDING DATASET

Corresponding data are available on the
Sustaining Arctic Observing Networks (SAON)
Canada website:
http://arcticobservingcanada.ca/
state-of-monitoring.html
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Message from the Executive Director

The Canadian Polar Commission has a mandate to monitor and report to Canadians on
the state of knowledge of the polar regions, and work with Canadian and international
institutions to determine scientific and other priorities. In 2014, the Commission released
a report on the State of Northern Knowledge in Canada. With a focus on "knowledge

to action” research, this report identifies key research gains made since the beginning

of International Polar Year and key gaps and opportunities for collaboration in Canada'’s
North, to address the priorities of Northerners. One of the key gaps identified in this
report is the need to further develop, optimize, and coordinate environmental monitoring
to provide baseline and trend data that can be used to better understand and manage
environmental change and impacts of resource development.

This State of Environmental Monitoring in Northern Canada report provides the
fundamental background to support decisions regarding investment in new monitoring
sites, and re-deployment and expansion of existing sites to achieve increased coverage
of key parameters in priority areas. Based on metadata of atmosphere, cryosphere,
freshwater, marine, terrestrial, and human health monitoring projects, the maps in

this report geographically indicate what parameters are being measured and where,

to identify potential areas of overlap, gaps in coverage, and opportunities for synergies.
It is a snapshot of monitoring activities as of December 2014, based on the metadata
that was collected. While the current dataset is by no means comprehensive or
complete, we will continue to update it going forward, and ensure that it is accessible
to others to facilitate further analyses.

In closing, | would like to thank Tara Zamin, Alison Beamish, Nathalie Forget, and

Katriina O'Kane from the Association of Polar Early Career Scientists for their hard work
to collect and analyze the metadata. | would also like to acknowledge Peter Pulsifer,
Research Scientist, National Snow and Ice Data Centre; Warwick Vincent, Scientific
Director, Centre d'études nordiques and Professor and Canada Research Chair,
Université Laval; and Jill Watkins, Senior Scientific Advisor, Environment and
Biodiversity, Fisheries and Oceans Canada for contributing their time and expertise

to review this report. Numerous researchers, networks and organizations provided
monitoring metadata and assisted in validating the data and analysis. This report

would not have been possible without their generous contributions.

Sincerely,
Dr. David J. Scott

Executive Director
Canadian Polar Commission
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INTRODUCTION

Environmental monitoring is critical to
identifying areas of vulnerability.

Repeated and long-term monitoring can
assist in understanding the causes and
consequences of rapid change and
longer-term trends, while supporting safe
and sustainable resource development in
northern Canada. Canada’s North is vast,
with a small population. Consequently, the
extent of monitoring in the North is sparse
compared to the South. In addition, high
operating costs and remote, harsh condi-
tions increase challenges associated with
establishing monitoring infrastructure and
ensuring sufficient geographic coverage of
the North. Increased coordination efforts
would enhance the efficiency and effec-
tiveness of monitoring in northern Canada,
as well as help to address gaps in spatial
coverage.

Significant investment in monitoring has
been made by federal and territorial gov-
ernments, academia, non-governmental
organizations, industry, and communities.
While the coordinating efforts of Sustaining
Arctic Observing Networks (SAON) Canada
have assisted in bringing many ongoing
monitoring programs under a single
umbrella, there is potential to further link
existing networks through improved
coordination. In support of SAON Canada
and the broader Arctic monitoring
community, the Canadian Polar Commis-
sion (CPC) has collected information and
reviewed monitoring in the Canadian North.
This report aims to provide a better under-
standing of the current state of environ-
mental monitoring in northern Canada, by
geographically indicating what parameters
are being measured and where. This
information can then be used to identify
opportunities for collaboration, to improve
the level of coordination of current moni-
toring initiatives, and identify areas where
new investment could provide the greatest
impact.

Information was collected from the
Canadian Arctic monitoring community,
including federal and territorial govern-
ments, non-governmental organizations,
academia, and industry. Both natural
science and human health monitoring
(including physical and mental health)
initiatives were included under the follow-
ing thematic monitoring areas that are
currently encompassed by the SAON
umbrella: atmosphere; cryosphere;
freshwater; marine; terrestrial; and
human health.

Collection efforts were directed towards
the largest monitoring programs and
networks for a given thematic area, such
as Environment Canada weather stations,
the Arctic Development and Adaptation to
Permafrost in Transition (ADAPT) network,
and the Circumpolar Biodiversity Monitoring
Program (CBMP). Monitoring locations are
mapped in order to explore geographical
gaps by thematic areas. A list of all programs
identified through this inventory is available
as a separate document.

It is fully recognized and acknowledged
that the current dataset is not compre-
hensive or complete. Numerous programs
exist for which the full suite of metadata
has not yet been acquired, and which
therefore have not been reflected in this
review. For example, locally based, small-
scale monitoring initiatives were more
challenging to incorporate into this type of
collection exercise and as such, some may
not be represented in the data. Traditional
ecological knowledge initiatives are also
not represented in the data. However,
initiatives are underway to better capture
community-based monitoring and
traditional knowledge in the Canadian
Arctic.

By capturing the largest and most wide-
spread networks of monitoring in northern
Canada, this analysis represents an
indication of where substantial investments
have been focused over the past decade.

A key output from this work is an
"evergreen’ database of monitoring activities
in northern Canada. The opportunity to
correlate this with other data can provide
value-added information for an infinite
number of uses.

This analysis provides a foundation for
informing current and future monitoring
initiatives, as well as groundwork for the
development of cumulative impacts report-
ing and assessments. The results and
recommendations provide a high-level
analysis of themed monitoring parameters,
spatially represented over the Canadian
North. With extensive northern monitoring
activities operated by various organizations,
there is an opportunity to increase coordi-
nation, link networks and collectively
identify areas of priority that require
enhanced monitoring. Areas of importance
could result from potential resource
development, increased environmental
sensitivity and areas of importance to
Northerners for culture or subsistence
harvesting. Information regarding the
geographic focus of current monitoring
initiatives, compared to areas of importance,
provides evidence to support decision-
making and policy development

to address gaps and priority areas for
northern monitoring activities.

Note: This report provides a summary of the
monitoring metadata collected and results from
the subsequent analysis that was undertaken.
The complete dataset is available on the SAON
Canada website:

http://arcticobservingcanada.ca/
state-of-monitoring.html



©2008 CANDAC/Pierre Fogald®

L}



STATE of ENVIRONMENTAL MONITORING in NORTHERN CANADA

METHODOLOGY
Definitions and boundaries

The collection area for northern monitoring
information was broadly defined as the
Canadian International Polar Year (IPY)
Study Area, which included all areas north
of the southern limit of discontinuous
permafrost, as defined at the time of IPY

in 2007/2008. This includes the northern-
most areas of all provinces, excluding the
maritime provinces.

The maps included in this report,

however, only include points for a subset
of this region, i.e., the area delineated by
the Arctic Council's Conservation of Arctic
Flora and Fauna (CAFF) Working Group.
The CAFF boundary is depicted on each of
the maps in this report as a thin black line.
This boundary was used in the gap analysis
because it was consistent with the regional
delineation used by the Circumpolar
Biodiversity Monitoring Program (CBMP),
which was an important source of data

in this analysis. The entire dataset is
available on the Sustaining Arctic Observing
Networks (SAON) Canada website:
http://arcticobservingcanada.ca/
state-of-monitoring.html

In the current analysis, monitoring was
defined as at least three years of repeated
data collection related to a specific
parameter or component of the environment
at a given site, or of human health of people

o

® Comserrtion of Asvtic Flon
wed Fouma (CAFF) howndary

® lwtewnationsd Pulir Your (IPY)
Stady Area

Map Depicting the Conservation of Arctic Flora and Fauna (CAFF)

belonging to a given sample population or
living in a particular community or region,
unless noted otherwise. Although short-
er-term data were not sought, they were
included in the dataset, when provided.
Project durations are delineated in the
maps, and exact start and end dates
(where available) are included in the full
dataset on the website. Lastly, the temporal
focus was on the period from 2000 to
20714, in order to assess the current state
of monitoring, although older data were
acquired when available and are clearly
depicted in the maps.

Data collection
Monitoring projects were identified using
the following methods:

« Contacting all project leaders within the
SAON Canada Inventory (2013), including
30 projects explicitly under SAON
Canada, and 36 projects with known
monitoring information. SAON Canada
includes primarily federal and territorial
monitoring projects;

» Working with the Circumpolar Biodiversity
Monitoring Program (CBMP) Marine,
Freshwater, and Terrestrial Canadian
steering group contacts, files, and
recommendations;

« Contacting the program managers for
the Canadian Network
of Northern Research
Operators (CNNRO)
regarding monitoring
conducted at northern
research stations;

» Contacting industry
representatives and
acquiring publicly available
monitoring reports for
projects included in the
Natural Resource
Development and
Infrastructure Projects
list developed by the

Boundary and the International Polar Year (IPY) 2007/2008 Study Area

Canadian Northern Economic
Development Agency (Canadian
Northern Economic Development
Agency, 2013);

» Recommendations for follow-up with
other groups;

« Searching databases of Arctic project
metadata, including from the Polar Data
Catalogue (PDC); and,

« |dentifying leads on specific topics via
targeted online search of northern
organizations and institutions

For each project, the following metadata
fields were collected, with information as
complete as possible for any given entry:

Background information:

» Thematic area

» Program and project titles

« Purpose/objectives and abstract
« Citation

Responsible parties:

« Principal investigator- name and email
« Lead organization

» Data originators

Collaborators

» Funding sources

Identified end users

Spatial information:

» Geographical coverage of program

« Site name

« Site latitude and longitude, or
polygon files

« Territory or province

Data collection methods:

« Community-based monitoring (Y/N)

« In situ monitoring (field, ships, other)

« Remote sensing (satellite, airplane,
autonomous vehicles, other)

Temporal information:
« Start year, month, day
 End year, month, day
» Status of data collection
(in progress, completed, planned)
» Maintenance and update frequency
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Data availability:

» Metadata or all data available

» Open, restricted, or not accessible
o Links to data

Parameters monitored:
« Variables monitored
« Keywords (from list below)

Photo: Lance Goodwin

A preliminary analysis was conducted based on the initial collection of monitoring
metadata and sent out for expert review. The metadata and corresponding maps and anal-
ysis were reviewed and validated by 34 individuals or organizations involved in monitoring
in northern Canada. All updates to the datasets and analysis have been implemented as of
December 2014, and are reflected in the final maps below.

Data analysis

The analysis and resulting maps were generated using two main parameters:
geographical information and thematic information (e.g., atmosphere). For geographical
information, the latitude and longitude coordinates for the monitoring sites or polygons
for broader sampling areas were collected when possible. In some cases, this detailed
information was not available, either because new sites are visited annually to monitor
the same parameter (e.g. caribou monitoring), or because privacy concerns prohibit site-
specific reporting (e.g., human health monitoring). The compiled dataset includes all
projects—those represented on the maps and those which are not graphically displayed.

In order to guide the thematic analysis, each monitoring project was tagged with relevant
keywords by CPC analysts and/or project leaders. These keywords (see list below) were
intended to represent the parameters of greatest interest in any given thematic area.
Instead of having biodiversity as a separate monitoring theme, organisms were

categorized under the freshwater, marine, or terrestrial monitoring themes. The dataset
was then queried by keyword, and the resulting project entries were mapped.

Parameters analyzed under each monitoring theme include the following:

Atmospheric

« Airtemperature
Precipitation

» Soil temperature
Soil moisture

» Humidity

« Wind

» Pressure

« Clouds

« Greenhouse gas

« Solar radiation

» Atmospheric composition
« Atmospheric profile

Cryosphere

o Permafrost
* Snow

» Glaciers

» Seaice

Freshwater Marine
» Water quality » Water temperature o Fungi
» Water chemistry  Water chemistry » Moss
» Water temperature « Salinity « Lichens
» Water supply » Nutrients « Forests and trees
» Hydrology » Sea level « Soils
 Lake » Ocean currents » Biogeochemistry*
» River » Marine mammals fincludes & ol
. *includes terrestrial,
* Wetlands * Sea birds freshwater and marine
» Lake and riverice o Fishes biogeochemical monitoring)
» Nutrients » Benthos
« lon concentrations » Zooplankton Human Health
« Metals » Phytoplankton Di d phusical
« Fishes » Seaice biota * LIsease andpnysica
. i health
« Benthic invertebrates « Bacteria
. » Mental health
» Benthic algae .
» Contaminants
 Chlorophyll . -
Terrestrial « Nutrition and food
o Zooplankton o
.
» Phytoplankton » Mammals securty
) . » Maternal care
» Bacteria « Birds Child d
« Children an
 Arthropods

Vascular plants

development
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Maps were created for each of the parameters.

In mapping the data, the CAFF boundary was chosen as
the delimitation area since this was consistent with the
biodiversity data that comprised about half of the analysis.
The CAFF boundary is more conservative than the
International Polar Year (IPY) Canada delimitation in the
Yukon, northern British Columbia, Saskatchewan, and
Manitoba, and more liberal in the area around James Bay,
northern Quebec and Labrador. As such, not all of the
metadata compiled are depicted on the maps in this report.
The dataset contains all data collected, regardless of the
date, region or duration of the initiative.

Maps were analyzed by visual inspection to identify gaps

in geographic coverage of a8 monitoring parameter.

A gap was defined as lack of of reported monitoring activity
in a geographic area or for 8 monitoring parameter, when
compared to other geographic areas for that parameter.
When identifying geographic gaps, consideration was also
given to the presence of communities and areas that may
experience change due to resource development.

The background evidence was based primarily on
information from an analysis of notional mineral and energy
projects, with marine shipping routes of interest that was
undertaken by Natural Resources Canada, Aboriginal Affairs
and Northern Development Canada, and the Canadian
Northern Economic Development Agency (CanNor).

The information obtained from the interdepartmental review
was used to validate the regions, not solely to identify areas
and exclude others. The information is not publicly available
at this time, however CanNor has published a map indicating
natural resource development projects in the North
(Canadian Northern Economic Development Agency, 2013).
Reports identifying resource development projects pro-
posed for Canada's North (e.g., Gavrilchuk & Lesage, 2014)
and key marine shipping routes (e.g., The Mariport Group,
2007; Protection of the Arctic Marine Environment, 2009)
are also available.

This is one possible methodology of many to identify
significant gaps based on human presence and resource
development activities in the Arctic. As previously
mentioned, the dataset that is available on the SAON
Canada website contains all the metadata collected and

can be used to perform further analyses. Consideration

of the specific needs of potential users of monitoring and
areas of the North that are ecologically and biologically
significant were outside the scope of this analysis, as well as
evaluation of the quality of individual monitoring initiatives.

Interpretation of maps that follow:

In the maps that follow, sites are delineated based on
duration of monitoring. Where project start and/or

end dates were not available, the sites are mapped as
‘unavailable duration’ The CAFF boundary is represented
as a thin black line.

Several maps contain shaded polygons. These include
terrestrial bird monitoring and all human health monitoring.
In the case of terrestrial bird monitoring, polygons are used
to indicate larger sampling areas that extend beyond a
single monitoring site. In the case of human health monitor-
ing, all provinces and territories are shaded to indicate that
there is data available at the provincial and territorial level,
rather than at the community/site level.

11
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RESULTS

Atmospheric Monitoring

Environment Canada is the main organization conduct-
ing atmospheric monitoring in northern Canada. Its
Surface Weather Network is the most extensive long-
term monitoring network. Regular visits ensure the
weather stations are functioning and calibration of

the instruments ensure the quality of the data. Centre
d'études nordiques is also a significant contributor to
northern climate parameters, including air temperature,
precipitation and soil temperature throughout Nunavut,
Nunavik and Nunatsiavut.

Geographic gaps in precipitation monitoring exist in

the northern archipelago, as well as inland areas of the
NWT, Nunavut, and Nunavik. Solar radiation, which was
identified as a parameter of importance (Arctic Climate
Impact Assessment, 2004 is not well monitored across
the North. Soil moisture and soil temperature, which are
not monitored extensively in the High Arctic, will increas-
ingly become key parameters, as temperatures increase
and permafrost warms. Given the extensive network for
other atmospheric parameters, there is an opportunity
to enhance monitoring by leveraging infrastructure and
collaborating on maintenance.
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Atmospheric Monitoring (cont)
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Atmospheric Monitoring (Cont)
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Photo: James Ford/ArcticNet
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Cryospheric Monitoring

A wide range of organizations, including federal and territorial
governments and academia, conduct cryospheric monitor-
ing. Permafrost monitoring is fairly comprehensive along

the Mackenzie River and Delta, which is a major transporta-
tion/transmission corridor. As well, there is broad coverage
of both permafrost and snow-related monitoring in the
communities of Nunavik.

There are notable gaps in permafrost monitoring in the
region north of Great Slave Lake and around Bathurst Inlet,
where there may be high resource development potential
and the need for more infrastructure development. There is
a need for increased monitoring of permafrost in and around
communities, to inform adaptive building practices and
regulations and to monitor infrastructure stability.
Opportunities for collaboration with resource development
companies could be explored to increase permafrost
monitoring in some underrepresented areas. For example,
collaboration with a mining company could enable the
installation of instrumentation for permafrost monitoring

in boreholes that have already been or will be drilled for
geotechnical studies.

There is limited information on snow-related parameters
near communities, as it relates to water levels in lakes and
rivers and corresponding impacts on flora and fauna.

The extent of snow cover and timing of melt are key inputs
into climate models, which remote sensing can efficiently
address. Many cryospheric monitoring programs are using
remote sensing data in snow, ice and glacier monitoring.
Remote sensing monitoring programs were not reflected
in this analysis, and therefore the gaps identified in this
report may be less critical than identified. However, in-situ
measurements are required to reconcile remotely sensed
measurements, and therefore are required throughout the
North. Increased in-situ monitoring of snow in the southern
and western Arctic Archipelago could enable enhanced
understanding of regional drivers of change.

Ongoing monitoring of the Barnes Ice Cap and the Penny
Ice Cap is needed in order to more fully understand how
mass balance is changing across the North. Potential new
sites for glacier monitoring could include areas along
Western Ellesmere Island, Axel Heiberg Island, and along
the central eastern coast of Baffin Island, as they have
also been identified as areas of importance.
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Cryospheric Monitoring (cont)
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Freshwater Monitoring

There are numerous institutions that conduct freshwater
monitoring in Canada's North, with the most extensive
network being Environment Canada’s Hydrometric Data
(HYDAT) network, which is used to monitor water levels

and stream flows. Environment Canada also contributes to
monitoring water quality, water chemistry, and wastewater.
Fisheries and Oceans Canada plays an active role in mon-
itoring fish throughout the Canadian Arctic, as do several
communities under community-based monitoring programs.

With respect to geographic coverage, there is limited
freshwater monitoring in the Arctic Archipelago, including
northern Baffin Island where there is significant potential
for resource development. Gaps have been identified for
freshwater quality monitoring in the Arctic Archipelago,
mainland Nunavut, and Nunavik. There is poor coverage

of freshwater ice and river monitoring, most notably in the
NWT and Nunavut. Wetlands monitoring is sparse along the
southern coast of Hudson Bay where there is an abundance
of wetlands. This may result from a lack of reporting when
referring to wetlands monitoring as this is often accounted
for in lakes and river monitoring programs.

More intensive monitoring of freshwater quality is needed in
areas close to communities and around resource develop-
ment, such as northern Baffin Island. Freshwater monitoring
programs similar to Environment Canada’s HYDAT network
would benefit areas of the Archipelago, mainland Nunavut
and Nunavik.

Further development of community monitoring networks
can assist in increasing geographic coverage of monitoring,
while reducing travel expenses, encouraging community
engagement, and enhancing skills development and training,
with limited additional effort. This includes communi-
ty-based harvester monitoring programs aimed at providing
information and samples to researchers to address commu-
nity-identified issues.

Maps with many green points (i.e., monitoring activities

with a duration of one to three years) are populated with
completed projects that were compiled by the Circumpolar
Biodiversity Monitoring Program. Most of these are one-time
sampling events that do not monitor lake systems for a long
period of time. They do, however, capture a very large foot-
print of baseline data across a large geographic range.

r, ‘* L D e
e " 1,0 "+ %
Freshwater quality monitoring o ." by 5
Duration (years, s of Z014) " I'I. ? a2 '.. \.

> Dnavailable LT .'.;J‘
e 1-3 g
LR on f
® 1019 i =

® 0.

Freshwater quality*

*Note: Freshwater quality includes monitoring initiatives
that can assist in assessing the quality of freshwater.
Maps are also available for more specific freshwater quality
parameters (e.g., bacteria, metals) for those monitoring
initiatives where more in depth metadata were available.
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Freshwater Monitoring (cont)
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Freshwater Monitoring (cont)
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Freshwater Monitoring (cont)
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Marine Monitoring

Some of the key organizations involved in marine monitoring are federal government departments and academisa,
including Fisheries and Oceans Canada, University of Manitoba, and Université Laval. Most marine parameters have
fairly comprehensive monitoring coverage in t