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The Ridge Laboratory and the "safe hut" in summer

SAFIRE with a herd of Muskoxen

Fixing the C‐band
preamplifier

2008 "Ambassadors'' Tour

The Ridge Laboratory in winter at night
Note the vertical blue laser beam in the centre

2017 CANDAC/PEARL Workshop
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Fast Facts
Eureka is the place. PEARL is the facility.
Blue refers specifically to Environment and Climate Change Canada (ECCC) facilities
Purple refers specifically to PEARL facilities
 TIMELINE: 1947 – startup of the ECCC Weather Station, 2005 – startup of PEARL
 POWER: Diesel generators (three)
 LIVING: Running water, beds, kitchen, and a sewage lagoon
 TRAVEL: Charter aircraft and an annual coastguard ship (people, goods, and fuel)
 ROUTE: Yellowknife → Cambridge Bay → Resolute Bay → Eureka (depends on weather)
 TRAVEL COST: ~$37,000 1‐way for a charter from Yellowknife to Eureka (10 people max.)

WE DO HAVE:
 A (long) runway
 Satellite Internet (1 Mbps)
 Satellite TV (mostly)
 Liquid nitrogen
 Muskoxen, Wolves, Arctic Hares

WE DON’T HAVE:
 Public roads (to Eureka)
 Permanent residents (except the Muskox)
 Shops
 Landlines (or cell phone service)
 Polar bears (mostly, but be careful!)
Someone said that PEARL is like the International
Space Station (ISS): It is remote and self‐
contained and the external environment is
extremely hostile.
The only difference is that it’s on the ground!
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Vision &
Mission
Vision
To firmly establish PEARL as an international flagship
observatory in Canada, enabling Arctic science and
providing the highest quality data in support of
atmospheric and climate research for a sustainable future.

Mission
PEARL enables researchers to conduct ground‐breaking science
in the High Arctic, providing a Canadian perspective on this
unique region to the world by:
 Measuring chemical, radiative, and dynamical properties of the Arctic
atmosphere from the surface to ~100 km;
 Spearheading new research on Arctic pollution, weather, and climate;
 Providing transparent evidence‐based information for decision‐makers;
 Developing, testing, and deploying new equipment in the remote Arctic
environment;
 Encouraging and supporting other national and international research
groups to work at PEARL;
 Disseminating the data from PEARL to Canada and the world; and
 Inspiring the next generation of Canadians through public outreach
activities and unique training opportunities.
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Values
Integrity

Safety

Academic: We follow these principles:
• Honesty in all aspects of research;
• Accountability in the conduct of
research;
• Professional courtesy and fairness in
working with others; and
• Good stewardship of research on
behalf of others.
Personal: Because PEARL is so isolated,
we must maintain a high level of
personal integrity. This is needed
because the welfare of the individual is
also the welfare of the group. Everyone
is expected to follow the rules!

Safety is extremely important in a
remote location like PEARL.
Our focus is:
•

the safety of our people, both
physical and mental;

•

the safety of the infrastructure; and

•

the safety of the ongoing research.

If there is any safety issue, then
everyone on the site is required to
immediately contribute to the solution.

Co-operation
Within the facility, co‐operation is needed because PEARL is in such a remote location and on‐site
time is a precious resource. Co‐operation, sharing equipment, tools, expertise and time, is the best
way for everyone to succeed. There is no space for exclusion.
Scientifically, the basis of the facility is that the sharing of data and the blending of information
from many sources is the way to move us forward in understanding the Earth’s environment.
While in Eureka, co‐operation with the Weather Station staff is of paramount importance for the
safety and well‐being of all persons in Eureka at any given time.

Equity, Diversity, and Inclusion
Equity: We aim for all researchers and support staff to have the opportunity to access this
infrastructure through public, transparent, fair, and impartial practices.
Diversity: We value the skills and attributes of all researchers, from anywhere, and of all
backgrounds and identities.
Inclusion: We encourage a culture of collaboration, partnership, contributions, and engagement
among diverse groups of people.
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History
Pre 1947: Evidence of migratory visits by Inuit people, but no established settlement.
Nineteenth century western exploratory voyages may have passed by Eureka, but apparently,
no landings have been recorded.
1947: The High Arctic Weather Station (HAWS) was established in Eureka.
1991: The red building, known as the Ridge Laboratory, and the road between it and the
Weather Station, were built by Environment and Climate Change Canada (ECCC). The Arctic
Stratospheric Ozone Observatory (AStrO) operated in the building from 1992 to about 2002.
2005: New building for the ECCC Weather Station and accommodation was constructed.

2005: The Polar Environment Atmospheric Research Laboratory (PEARL) was inaugurated using
funds from the Canada Foundation for Innovation (CFI) and provincial partners.
2005‐2021: PEARL was supported by network grants from the Canadian Foundation for
Climate and Atmospheric Sciences (CFCAS) and the Natural Sciences and Engineering Research
Council (NSERC), and by many other funding partners. PEARL participated in International
Polar Year (IPY, 2007‐2008) at which time the buildings and equipment were expanded.
2019‐2022: Federal budget 2019 provided $22M funding over five years to ECCC to support
critical repairs and necessary upgrades to the Eureka Weather Station’s systems, such as the
aircraft runway, sewage, ventilation and plumbing, to help ensure continued safe operations of
the site for weather and climate forecasting and as a key hub for Arctic research.
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Facility
The PEARL Ridge Lab is 610 m
above sea level and 15 km
from the Weather Station.

The infrastructure
installed at PEARL is
worth about $25M. It
includes a complete
monitoring system to
study the atmosphere
from the surface to a
height of about 100 km.

The 10m Flux Tower
is located about 6
km from the
Weather Station.

10 km

The Zero‐altitude PEARL Auxiliary
Laboratory (ØPAL) is located next to the
Weather Station at sea level.
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The Surface and Atmospheric Flux, Irradiance
and Radiation Extension (SAFIRE) is located
about 5 km from the Weather Station.

Winds of
Change
Tailwinds
Infrastructure: Budget 2019 provided $22M funding over five years for infrastructure investments
at Eureka, Nunavut. The refurbishment of Eureka is to include the recapitalization of the following
key elements: runway, freshwater reservoir, sewage system upgrade, fuel tanks and Ridge
Laboratory, and decommissioning of old buildings.
Funds: A private donor is providing a significant cash injection to PEARL, with expected annual
renewals for the future. This will allow us to establish multi‐year infrastructure projects, which will
be efficient for funds and personnel planning.
End of the Pandemic: There was an 18‐month period when researchers could not be on‐site, the
facility had to operate mostly autonomously with some help from the Weather Station personnel.
In late 2021, a team was allowed back on site to make important repairs. In 2022, we hope to be
able to resume regular access to the facility.
Satellite Overpasses: Most surface and atmospheric monitoring satellites are in sun‐synchronous
orbits and a quirk of orbital mechanics means that the 80N latitude line has frequent overpasses.
PEARL is on the 80N latitude line, making it an ideal location for satellite validation studies.

Headwinds
Community: PEARL is in the Arctic but there is no community around it. The closest is Grise Fiord,
400 km distant, and all support is via Resolute Bay at more than 500 km away. The university
community is also very distant, so travel back and forth from the universities is very restricted. This
makes it challenging to connect PEARL to both Nunavut communities and the universities.
Tenancy: PEARL’s site is on the ECCC reserve of Eureka and therefore PEARL is effectively a tenant
of ECCC. Relations with ECCC are very good, but there are limitations because ECCC’s needs must
come first for site issues.
Space/Power/Personnel Limitations: Because PEARL is a tenant at a remote site, its footprint
cannot be significantly enlarged. The long and sometimes tenuous supply chain makes it difficult
to sustain a significant increase in the number of people on site – even if money is available.
Other Users at the Site: PEARL is not the only user at the site. Most of the time, there is no
interference between users – in fact, co‐operation is the rule. However, there could be
issues, e.g.: night‐time observations require darkness negating the use of external lighting, and
lidar operation requires access limitations. These issues must be addressed in a cooperative way.
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Focus Areas (1)
Reduce Carbon Footprint
Currently, all power in Eureka is provided by three (for redundancy) diesel generators.
The objective is to reduce the carbon footprint by augmenting the power with sustainable resources.
However, there are many problems including prolonged darkness, repairs of systems in the dark and
cold, storms, reliability, and redundancy. PEARL is currently supporting solar panel tests.
In the next 1‐5 years, PEARL will continue to develop solar power during the daylight hours. The aim is
to produce some significant power from one of the PEARL facilities as soon as possible.

Transport
Transport of personnel and materials is crucial to PEARL operations. The transport options are charter
aircraft (solely with PEARL or in conjunction with others) and the annual coastguard sealift in August.
PEARL wants to streamline the transport process. We would like to have more coordination of aircraft
movements to avoid two half‐full aircraft instead of one. However, this is a delicate issue because
many organizations have specific purchase regulations that hamper efficiency.

Telecommunications/Internet
PEARL is the most northerly geostationary internet client on the planet, operating a C‐band link from
Telesat. The speed of the link is ~1 Mbps, which severely affects certain experiments conducted at
PEARL. For comparison, a residential high speed internet link has 10‐100x that bandwidth.
In the next 1‐5 years, this will change. Many companies (e.g., Starlink, OneWeb, and Telesat
Lightspeed) will launch constellations of low‐Earth satellites that will provision northern Canada.
PEARL will utilize these new opportunities to provide more telecommunications access and to
develop new ideas, including remote control and a virtual presence to utilize the physical footprint.

Cybersecurity
Cybersecurity at PEARL is fairly easily implemented due to the remoteness of the facility. We know
who is on the site and the internet is through a single line. On the other hand, the consequences of
an attack are serious as many of the instruments and safety are crucial to the facility. In addition, the
PEARL data archives are maintained at two redundant sites (Toronto and Halifax) to back up the
archive at Eureka and mitigate any damage to the data.
PEARL will need to upgrade the cybersecurity because the site will be more “open” when we have
more bandwidth with the new satellite constellations.
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Focus Areas (2)
Training
PEARL is unique and the skills of PEARL personnel are unique. These skills are very useful in many
fields, including industry, government, and academia. Personnel working at PEARL need to be self‐
starting, and able to plan in detail, co‐operate with others, handle problems and emergencies, and
follow the rules of the site. PEARL needs to be continuously training our personnel, upgrading their
skills, and bringing in new people to enable succession planning.

Community
PEARL has no local community, but post‐pandemic, we want to re‐connect PEARL with communities in
both northern and southern Canada.
We would like to build on our school outreach program in Nunavut to talk to communities about their
needs and our science, to build partnerships, and to explore possibilities for cooperation. In southern
Canada, we will continue to build understanding about PEARL and Arctic science, and how it could
further help Canadians in the difficult environmental issues facing us.

Outreach
PEARL has an Education and Outreach Program to inform and interact with students, teachers and
community members in northern and southern Canada. The goal is to educate and inspire young
people about atmospheric science. Activities include workshops for grades 1‐12, web‐based
educational resources, and student‐researcher collaborations with schools in Nunavut and Ontario, as
well as public lectures, community events, science camps, teachers’ conferences, and social media.

Archives
PEARL will keep maintaining and expanding the PEARL data archive and providing free access to it.
That requires appropriate security and software tools to allow users to focus on their interests.
PEARL will explore the opportunities to utilize third‐party government and commercial data
repositories and assign DOIs to each dataset generated at the facility to improve data
accessibility, traceability, citation, and redundancy.
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Some Recent
Facility Projects
COVID Notice (January 2022)
The COVID pandemic has been extremely difficult for the entire Arctic because of the problem of
having adequate medical supplies throughout the region and the distances involved in transporting
patients to hospitals. For PEARL this means that the facility has been not been accessible since April
2020. The ECCC personnel have assisted PEARL to keep the facility operating and in October 2021 a
maintenance crew was able to make essential repairs for some instrumentation. This has obviously
been a set‐back for both the facility and research projects.

Solar Panel Testing
All of the electric power consumed in Eureka is produced by diesel generators. This is problematic
given the climate issues and the efforts to reduce greenhouse gases released. Solar photovoltaic has
the potential to reduce the carbon footprint but, as in many areas in the Arctic, while the concept is
good, can it actually work? PEARL is working with Canadian Solar, which provided eight panels for
testing in various mounting configurations. Heliene and First Green Energy, two other Canadian
producers of solar panels, have expressed interest about a similar experiment.

Drone Flights
There are extremely interesting phenomena in the High Arctic that require the ability to survey
around the area and up and down. Drones have been deployed at lower latitudes, but for a specific
investigation, a quadcopter for slow ascents and locally would be ideal. The first investigations
needed to be operating in altitude precisely and in the deep of the polar night. PEARL acquired a
quadcopter and developed the protocols that allowed it to make these measurements. Various
obstacles (e.g., the lack of horizontal magnetic field which is used for orientation, the cold for both
the unit and the operator) were overcome and successful measurements have been made.

Cybersecurity Improvements
Security has become a major issue for many facilities. PEARL has had a ransomware event and this
prompted a review of security. This review is still ongoing (slowed by the pandemic) but several major
items have been implemented: (1) Isolation of instrument computers that could not be upgraded to
current security protocols; (2) Adoption of a more centralized and consistent backup scheme for all
facility computers; and (3) Creation of an “allowed list” that gates traffic into the
C‐band link between Montreal and PEARL. These changes have improved the security and when the
pandemic allows personnel to return to the facility, other security measures will be implemented.
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Some Recent
Science Projects
Pollution
Pollution has two aspects: local sources in the Arctic and transport from lower latitudes into the
Arctic. Transport is the main issue at the present, with wildfires and dust as the main episodic
contaminants. Both are observed at PEARL, which is well suited to exploring the episodic issues and
gaining understanding of the frequency and pathways for pollution events. As the economy of the
Arctic grows and the region becomes more accessible due to climate change, local pollution is likely to
increase. From all these sources, the fragile Arctic environment is threatened.

Climate Change
Climate change is more pronounced in the Arctic than anywhere else on Earth. Changes in
temperature and sea ice are happening much faster than at lower latitudes. PEARL is well situated to
observe these changes for the atmosphere and the local area. Long time series with very careful
calibration are being collected to track Arctic change, which can have serious consequences for the
rest of the globe.

Ozone
Depletion and recovery of stratospheric ozone is an issue of global concern. Springtime polar ozone
depletion is more episodic in the Arctic than in the Antarctic, but several significant events have been
observed in the PEARL era, in 2011 and 2020. PEARL measures not only ozone but also the
constituents involved in ozone destruction to answer the questions “what” and “why”. The first is to
delineate the event, while the second is more complex but important for understanding whether this
is a single event or the start of a trend.

Astronomy
PEARL offers several advantages as a site for astronomy. One is the fact that PEARL boasts the most
northerly location where there is a direct internet link through a geostationary satellite. There are
two possible physical advantages: (1) The prolonged dark in the winter, which allows long‐term
integration of observations; and (2) The “seeing”, which is the stability and transparency of the
atmosphere. A study conducted over several years found that the seeing at PEARL in the winter is as
good as the major astronomical sites around the world, making it feasible to use PEARL for an
astronomical observatory.
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Future Research
Directions
Composition, Climate, and Chemistry
The need for high‐quality trace gas measurements in the Arctic has been identified in numerous
reports. Better understanding of the links between climate change and the Arctic carbon budget is
needed for well‐informed policies on greenhouse gas emissions. Rapid climate change, wildfires, and
local pollution are all having an impact on Arctic air quality. Questions remain about the recovery of
stratospheric ozone and the role of Arctic tropospheric ozone as a short‐lived climate forcer.

Aerosols, Clouds, and Radiation
Atmospheric aerosols are pollutants and climate‐forcing agents of global importance. Aerosols and
their interactions with clouds are the largest sources of uncertainty in radiative forcing, due to a
limited understanding of aerosol properties and how they affect cloud properties. Due to the
enhanced climate sensitivity of the Arctic region, the radiative impacts of aerosols and clouds are
important. There is a need for synergistic aerosol‐cloud, satellite‐based remote sensing initiatives.

Winds, Waves, and Weather
The dynamics of the polar atmosphere span the troposphere (where the jet stream guides high‐ and
low‐pressure systems), the stratosphere and upper atmosphere (where dynamical processes drive the
global circulation), and the ionosphere (where atmospheric variability can affect communications).
Connections to lower latitudes can result in cold air outbreaks causing extreme weather in southern
Canada. Better knowledge of the coupling mechanisms is needed for short‐term forecasting and for
identifying the primary drivers of year‐to‐year variability and long‐term change.

Beyond the Atmosphere
PEARL is a unique facility with the potential to support research in other fields. This has been done
successfully with previous projects and there are many future opportunities that are important to
Canada and the world. Astronomy could take advantage of the long polar winter and clear nights to
study our solar system and the universe;, the remoteness and isolation of the community at PEARL is
of interest for telemedicine; and PEARL's vantage point can be a springboard for many investigations.
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Future Facility
Projects (1)
Internet Links
PEARL needs to acquire expertise in using the new constellations of satellites to increase the
telecommunications bandwidth because this will enable new projects and change the usage of the
infrastructure. The virtual presence will increase with these changes and new research will be enabled.
This meshes with many PEARL issues and is foundational to the next phase of operations.

Satellite Validation
PEARL data are already used for validation for many satellite missions. However, more can be done
given the new possibilities for bandwidth and remote control. Although PEARL is at the ideal location
for overpasses by polar orbiters, getting a co‐incident measurement between the satellite and PEARL
instrument can be difficult. More bandwidth and more remote control will enable us to fine‐tune
these co‐incidences and therefore increase the number of measurements for validation.

Remote Control and Monitoring
PEARL is already using remote operations to magnify the time of the personnel at the facility. Several
instruments are remotely monitored so that problems can be identified early, and others are remotely
controlled. With the increased bandwidth coming in the next few years, more instrumentation can be
remotely controlled. Personnel will still be needed to solve physical problems on‐site but will be more
available for other projects.
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Future Facility
Projects (2)
Other Users
Due to the remoteness of PEARL, logistics issues, and the high cost of research in the Arctic,
accessibility for other users remains challenging. With Improved bandwidth and new funding, the
logistical challenges will be eased. Because of limitations of power, space, and access, cooperation
between the users will be essential, but there will be space for some new users. PEARL will work with
new users to expand the use of the facility.

Data Services
PEARL has a 15‐year dataset for many constituents. Some of these have been disseminated to the
world through global networks and data repositories. However, with the new ability to provide open
access through databases with longevity, it will be possible to archive more PEARL datasets for wider
use. This will involve better metadata, better documentation, and better data formats.

Community
PEARL is socially isolated from both northern and southern Canada. Communications, outreach, and
information provide ways to bridge this gap and highlight the activities going on at this Canadian gem.
Post‐pandemic, PEARL will be reviving its Education and Outreach Program with visits to Nunavut
communities, and the resumption of various activities for connecting with students, teachers and
community members in northern and southern Canada.
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Facility Targets
Atmospheric and Climate Science:

Continue to
produce and maintain datasets. Improve and enhance data products.
Conduct world‐leading Arctic research.

Internet Links:

50 Mbps (target), 10 Mbps (threshold) for North‐
South internet link 24/365.

Remote Control and Monitoring:

Equip all critical
facility spaces with CCTV. Provide all instruments with remote control
capability and reset option in case of an issue (power on/off).

Satellite Validation:

Create a tool to list the overpasses for
many environmental satellites and track the percentage of coincident
measurements at these overpasses.

Other Users:

Support three new significant multi‐year external

users.

Data Services:

Develop web‐searchable and freely accessible
data archives with updated metadata and instrument descriptions and
dataset plotting capabilities.

Community:

Make two visits per year to communities in
Nunavut. Hold an annual workshop for all PEARL users. Provide
opportunities for non‐scientists to participate in PEARL’s work.
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Supporters and
Networks
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Working on the flux tower

Sometimes we use domes
to keep out the elements

Charter plane arrives at Eureka

It went into the plane fine!

Winter, cold and dark all day

The annual sealift arrives
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Getting it just right for science

PEARL's water and sewage truck

Eureka is an amazing place. Here are some of the wildlife.

Arctic Hares in Summer

Muskox in Summer

Wolves

Muskox in Winter

Arctic Fox in Winter
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Arctic Fox in Summer

