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Nunavut Research Institute

License Holder Reporting requirements

For research undertaken in the 2025 calendar year (commencing January 01, 2025 and ending
December 31, 2025)
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PEARL-CANDAC Activities at Eureka, Nunavut during 2025

Project Leader(s): Full name, affiliation, and contact information (address, phone number, email) of
each project leader (principle investigator and co-investigators)

PEARL-CANDAC Management team

Professor Kimberly Strong, Principal Investigator, kim.strong@utoronto.ca 416 946 3217
Professor Kaley, Walker, Deputy Principal Investigator kaley.walker@utoronto.ca 416 978 8218
*Dr Pierre Fogal, PEARL Site Manager, pierre.fogal@utoronto.ca 519 993 5736

Department of Physics, University of Toronto, 60 Saint George St. Toronto, ON M5S 1A7

Professor James Drummond, Principal Investigator Emeritus, james.drummond@dal.ca 902 494 2324
Department of Physics & Atmospheric Science, Dalhousie University, PO BOX 15000, Halifax, NS B3H 4R2

Project Team: Full name, affiliation, and address (name of city/community and province/territory/state)
of each member of the project team

Yan Tsehtik, Data Manager

Rachel Chang, Professor, Co-Investigator

Emily McCullough, Research Associate

“Philippe Gauvin-Bourdon, graduate student

Joelle Dionne, graduate student

Department of Physics & Atmospheric Science, Dalhousie University, PO BOX 15000, Halifax, NS B3H 4R2

Patrick Hayes, Professor, Professor, Co-Investigator
Andy Vicente-Luis, Laboratory Coordinator

Department of Chemistry, Université de Montréal
Complexe des sciences

1375 Avenue Thérése-Lavoie-Roux

Montréal (Québec)

H2V 0B3

Jean-Pierre Blanchet, Professor, Co-Investigator
Raphaél Peroni, graduate student

Université du Québec & Montréal

Département des sciences de la Terre et de latmosphére
201, Avenue du Président-Kennedy

Local PK-6150

Montreal, Quebec, H2X 3Y7

Norman O'Neill, Professor Emeritus, Co-Investigator
Seyed Ali Sayedain, graduate student

Liviu Ivanescu, Collaborator

Keyvan Ranjbar, Collaborator

Yasmin Ahmed AboEl-Fetouh, Collaborator

Yann Blanchard, Collaborator

Page | 1



Abstract: A concise summary of what was done, found, and concluded to date, and how the
results/information will be used. This summary must be translated into the appropriate dialect of
Inuktut. Suggested length: 250-300 words. *This section will be published in the NRI’s annual
compendium of licensed research and made available through the |Isirvik research porta(

The Canadian Network for the Detection of Atmospheric Change (CANDAC) continues to operate the Polar Environment Atmospheric Research
Laboratory (PEARL) at Eureka, Nunavut. Support for site visits, student participation, and staff salaries has come from Canadian Space Agency (CSA)
satellite validation campaign funds and funds from the University of Toronto and Dalhousie University. While the current funding level does not permit
full-time operation, on-site operations have been largely driven by a lack of access to the PEARL Ridge Laboratory due to an on-going problem with
wash-outs on the road that connects it to the Eureka Weather Station. In 2025 we had three visits to PEARL. The first was a Sunrise/spring campaign.
The second was during the summer. A third campaign was in the fall.

The Sunrise campaign consisted of the PEARL Site Manager and 3 graduate students from the University of Toronto. This was a very important visit as
we were able to carry out our Network for Detection of Atmospheric Composition Change (NDACC) and Total Column Carbon Observing Network
(TCCON) measurement programs that consist of infrared spectroscopic measurements of atmospheric constituents important in global warming and ozone
destruction with our Bruker IFS125HR. The NDACC measurements can only be done with personnel on site as they require liquid nitrogen to cool the
detectors. In addition to the Bruker measurements, our usual ultra-violet (UV) and visible measurements were carried out with the Ground-Based
Spectrometers (GBSs). Similar measurements were undertaken as part of the Pandonia Global Network at our Zero Altitude PEARL Auxiliary Laboratory
(OPAL) with the Pandora instrument installed in summer 2024.

The summer campaign consisted of the PEARL Site Manager and the return of a PEARL Operator. The campaign featured the return and installation of
the Systeme d’Analyse par Observation Zénithale (SAOZ) instrument at OPAL after it had been returned to France for refurbishment at the end of 2024.
The usual collection of calibrations, repairs and other services were carried out across the instruments that could be visited at OPAL and SAFIRE. A brief
visit to the Ridge Laboratory was possible thanks to the brief availability of a helicopter that transported us to the Ridge Laboratory for a stay of
approximately 18 hours. During that time, we were able to return to service the two GBS instruments and enable remote measurements with the Bruker.
The fall campaign was carried out by the PEARL Site Manager and featured the repair and return to operation of the Extended-range Atmospheric Emitted
Radiance Interferometer (E-AERI) and the Thermo T49i Surface Ozone sensor. The T49i had ceased operating in September and was disassembled for
inspection. No major fault was found, it was returned to full operation when re-assembled. In addition to the repairs, the CANDAC Raman Lidar (CRL)
operated for a total of 18 days. The CRL only operates when CANDAC operations personnel or lidar scientists are on site.

We continue to publish research papers in peer-reviewed journals and to make numerous presentations at national and international conferences and
workshops. We are members of multi-nation Arctic research coordination efforts such as the Sustaining Arctic Observing Network (SAON), and contribute
PEARL measurements to the databases of several international observing networks.

CANDAC continues to offer resources for teachers available on our website
(https://www.pearl-candac.ca/website/index.php/publications/education-outreach/) as well as continuing to participate in teacher training conferences and
science outreach events for students, although activities have been reduced by the pandemic.

In addition to the impacts of diminished road access, we continue to experience the more typical challenges, including the normal turn-over in personnel,
including operators, graduate students, and instrument mentors. As a group, we continue to work diligently to service our existing instrumentation while
adding new instruments that will increase our relevance and scientific output. In 2026, if funding permits, we expect to put significant effort into continuing
these efforts to renew and improve our PEARL operations and our scientific output. We are also seeking funding to extend our outreach activities into
Nunavut communities.

Key messages: Concise, plain language summary of key take-away messages of work to date, findings
and conclusions. Preferably 3-5 points, in bullet form.

* PEARL-CANDAC continues to submit data to global networks, to publish in peer-reviewed journals and to make
presentations at national and international conferences. Global networks include NDACC (IR, UV-VIS, lidar), TCCON,
MPLNet, AERONET, PGN, SAON.

* Despite significant challenges, PEARL-CANDAC continues to operate with an extensive suite of instruments and to add
new instruments as appropriate.

* PEARL-CANDAC continues to invest in improving the PEARL science infrastructure and communications infrastructure
* PEARL-CANDAC continues to introduce new graduate students to Arctic atmospheric research and we are please to say

that our students are graduating at the expected rate and many of them go on to careers within Environment and Climate
Change Canada
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Objectives: Project objectives, preferably in bullet form.

* 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

» Developing, testing, and deploying new equipment in the remote Arctic environment

» Encouraging and supporting other national and international research groups to work at
PEARL

* Providing transparent evidence-based information for decision-makers

* Disseminating the data from PEARL to Canada and the world

* Inspiring the next generation of Canadians through public outreach activities and unique
training opportunities

Annual activities: A description of activities and methods carried out during the current reporting
period. This section should answer the questions: What? Where? When? Who? How? Include dates
team members conducted research at remote field sites or collected data (including interviews) in
communities; append a map with locations and/or coordinates of remote field sites, if applicable.

The Sunrise campaign consisted of the PEARL Site Manager Pierre Fogal and three graduate students, Petra Duff, Darby Bates and
Kevin Joshy, all of the Department of Physics, University of Toronto. We were able to access the Ridge Laboratory with a tracked
vehicle driven by one of the Eureka Weather Station (EWS) staff. This was a very important visit as Duff, with assistance from Fogal
and support from the south, was able to carry out our Network for Detection of Atmospheric Composition Change (NDACC) and Total
Column Carbon Observing Network (TCCON) measurement programs that consist of infrared spectroscopic measurements with our
Bruker IFS125HR. The NDACC measurements can only be done with personnel on site as they require liquid nitrogen to cool the
detectors. In addition to the Bruker measurements, service and calibration of our ultra-violet (UV) and visible Ground-Based
Spectrometers (GBSs) were carried out by Joshy with assistance from Fogal and Bates as needed. Similar efforts were undertaken
by Bates with assistance from Joshy and Fogal with the Pandora instrument a part of the Pandonia Global Network at our Zero
Altitude PEARL Auxiliary Laboratory (OPAL) with the Pandora instrument installed last summer. Fogal carried out a review of the
communications network topology with assistance from the south, and a network inventory of all network connections with assistance
from Bates, Joshy and Duff. All were involved in a general review of facilities and efforts to ensure systems were operating nominally.
The summer campaign consisted of the PEARL Site Manager Fogal, and the return of PEARL Operator, John Gallagher. The
campaign featured the return and installation of the Systéme d’Analyse par Observation Zénithale (SAOZ) instrument at OPAL after it
had been returned to France for refurbishment at the end of 2024. SAOZ, a visiting instrument hosted at PEARL from our colleagues
at the Laboratoire Atmosphéres et Observations Spatiales (LATMOS) and had previously been installed at the Ridge Laboratory. It
has been moved to OPAL because of the ongoing challenges of accessing the Ridge Laboratory due to road damage. The ongoing
road damage also greatly limited the scope of other work and negated the advantage of having the PEARL Operator return. We
planned for their presence to support operation of the Bruker to resume the NDACC observations as that measurement programs
requires someone to fill the infrared detectors with liquid nitrogen. The usual collection of calibrations, repairs and other services were
carried out across the instruments that could be visited at OPAL and SAFIRE. A brief visit to the Ridge Laboratory by Fogal and
Gallagher was possible thanks to the brief availability of a helicopter that transported them to the Ridge Laboratory for a stay of
approximately 18 hours. During that time, we were able to return to service the two GBS instruments, enable remote measurements
with the Bruker, restore network connections between the Ridge Laboratory and OPAL, and restart several computers to enable
access to other instruments (such as our night-time operating instruments) and their previously recorded data.

The Fall campaign was carried out by the PEARL Site Manager Fogal and featured the repair and return to operation of the
Extended-range Atmospheric Emitted Radiance Interferometer (E-AERI) with technical support from ABB of Quebec City. Like all
interferometers, the E-AERI employs a metrology laser which has a life-time of approximately 2 years. The Thermo Fisher T49i
Surface Ozone Sensor had stopped working after an unplanned power outage, and we were not able to restart operation remotely or
with the assistance of EWS staff. This instrument was disassembled and although no major fault was found, it was returned to full
operation. This campaign also provided an opportunity to operate the CANDAC Raman Lidar (CRL), which operated for a total of 18
days. The CRL only operates when CANDAC operations personnel or lidar scientists are on site. The remote operation was carried
out by Emily McCullough of Dalhousie University. Service and calibrations of the Scanning Mobility Particle Sizer and Optical Particle
Counter were carried out by Fogal. We had hoped to have access to the Ridge Laboratory, but that was not possible.
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Results and Achievements: Findings and results to date of the above activities, highlighting any key research
achievements (see guide below for formatting tips regarding tables and figures).

Compared actual Arctic measurements to atmospheric models and showed that the
models all tended to underestimate the column amounts of carbon monoxide and
methane (McGee et al., 2025).

PEARL scientists have been investigating the presence of dust in the Arctic atmosphere
and evaluating the potential contribution to global climate change, and it the case of the
smallest particles, potential health impacts.

During 2025, four papers made use of datasets collected at PEARL as part of the
validation process for various satellites, resulting in improved measurements of trace
gases across the Arctic.

PEARL TCCON measurements contributed a significant data-set used in the evaluation
of the OCO-2 satellite carbon dioxide values over the Arctic. The paper by Das et al.
(2025) showed an improvement in the accuracy of the satellite retrievals in the Arctic.

Challenges/Obstacles: In this section, please comment on any challenges/obstacles (if any) that you
experienced during this project year. If there were any actions to mitigate or resolve these challenges,
please list them here. Were any concerns raised regarding the conduct of research team members or the
impacts of the project?

We have two major challenges that continue from 2024 and indeed we have been experiencing for several years. The firstis the
lack of secure on-going funding, coupled with a lack of funding opportunities.

The other is the state of the road from the Eureka Weather Station to the Ridge Laboratory, where some significant items of
PEARL instrumentation are located. In 2025, ECCC would only permit travel to the Ridge Laboratory during March, when travel
by tracked vehicle over Slidre Fjord enabled us to bypass the damaged road section that was approximately 8 km from the
Weather Station. This meant that we were only able to operate some instruments such as the Bruker IFS125HR Fourier
Transform Spectrometer for a short period of time. The road to the Ridge Laboratory suffered even more damage during the
run-off season of 2025. In 2024, we were able to drive to the washed-out section of the road, walk past it, and then use a second
vehicle stationed on the far side to continue the journey. Now, a second washout approximately 3 km from the Weather Station
means that is no longer possible. During the fall visit, the sea ice thickness as measured by EWS staff was not sufficient to permit
safe travel to the Ridge Laboratory.

A third challenge impacts our American colleagues as significant cuts to the budgets of collaborators supporting the Thermo T49i
surface ozone measurements and the Micropulse Lidar have greatly impacted their ability to participate in PEARL-CANDAC
research. However, due to strong ties with groups in Canada, this research is proceeding and hopefully their participation can be
continued at a future date.

Page | 4



Expected Project Completion Date: Provide month and year of expected completion date of the project.

This is a long-term, ongoing project with no set termination date.

Project website (if applicable): If your project has a presence on the internet, including a website and/or
social media page, please provide the link and/or account handle.

htttp://www.pearl-candac.ca

Citations: Please append a complete reference list if citations are used anywhere in the document.

POLICY RELEVANCE

Does this research support policy development or decision-making in Nunavut? If yes, please describe.

We do not have direct interfaces with decision-making bodies within Nunavut and as a
result we do not know if our research is directly supporting or influencing decisions or

policy.
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RESEARCH OUTCOMES: BENEFITS

Community engagement: Briefly list and describe any community consultation, engagement,
collaboration and outreach activities that you have undertaken for the project; describe the role(s) that
community members and/or specific organizations have played in research co-design and activities.

We do not have the benefit of a community near to PEARL, and the research program
mostly deals with the atmosphere far above the Earth's surface. The remote location of
PEARL and the highly technical nature of the research is what drives the reality that
results in the lack of engagement in most years, visible in the responses in the Training
and Employment section.

Youth engagement: Briefly list and describe any outreach, school or classroom activities that you have
undertaken for the project; describe the role(s) that youth have played in your research activities.

Given funding and personnel limitations, our focus was on using local outreach activities to highlight Arctic research at
PEARL. In March, Kaley Walker gave a 45-minute interactive talk on atmospheric measurements from space, balloons and
the Arctic for the PursueSTEM program at the University of Toronto. This is an initiative from the university to encourage and
facilitate black high school students from the Greater Toronto Area to continue in the STEM fields (Science, Technology,
Engineering and Mathematics). This presentation was followed by a 45-minute version of our spectroscope workshop for ~45
students and two facilitators (Participants: Kevin Bloxam, Erin McGee, Mikhail Schee, and Kaley Walker). A spectroscope is a
device that splits up the light produced by a lamp so that you can see the individual colours. The students built their own
spectroscopes using a DVD to investigate the colours that make up different light sources. In May, our team participated in
the Science Rendezvous festival at the University of Toronto (participants: Stephanie Gu, Jessie Guo, Joseph Hung, Kevin
Joshy, Han Szeptycki, Yulun Wu, and Kaley Walker). They presented demonstrations and hands-on activities for the public on
atmospheric science, Arctic research, and PEARL. For the University of Toronto “Science Unlimited Summer Camp” in
August, we provided a half-day of activities for two sessions of 25 grade 10 and 11 students (Participants: Stephanie Gu,
Jessie Guo, Michael Howorucha, Di Hu, Joseph Hung, Yulun Wu, and Kaley Walker). The students had a virtual tour of
PEARL and participated in hands-on workshops to create “clouds in a jar” and to investigate buoyancy and flotation.

PEARL Site Manager Pierre Fogal was invited to talk to the Arctic Circle Group based in Ottawa. The talk described science
and operations at PEARL.

We also continue to interact with the world-wide amateur radio community through the operation of the Eureka Amateur Radio
Club. Itis one of the few Arctic locations of amateur radio activity and we continue to be a sought after contact.
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Training and Employment:

How many Nunavummiut received training from team members? Please describe training and/or
compensation provided.

During 2025 no Nunavummiut were trained at PEARL.

How many team members received training from Nunavummiut? Please describe training received
and/or what knowledge sharing and/or skills exchange took place.

During 2025 no PEARL team members received training from Nunavummiut.

How many Nunavummiut received employment? Please describe employment type and length, role(s)
and responsibilities, and compensation provided.

During 2025 no Nunavummiut were employed at PEARL.

How many Nunavummiut received honoraria as research participants? Please describe method of
participation (interview, observation, sample, survey, etc.), including compensation provided.

During 2025 no Nunavummiut participated in research activities at PEARL and no
honoraria were issued.
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Please explain how the project directly benefited Nunavut organizations and/or businesses (e.g.,
through contract services, local purchases, equipment donations, etc.)

This information has not been tracked.

OPTIONAL: Nunavut Team Members, hires, and/or trainees (excluding research participants e.g.,
interviewees)

The NRI is creating an inventory of Nunavummiut who are skilled and/or interested in research. The
information provided below will not be shared publicly but will support long-term capacity sharing by

connecting local and visiting researchers with research talent in each community.

Name

Expertise/skills

Training/interest areas

Contact Info

Community

Academic Mobility

If you are affiliated with an academic institution, please answer the following question: For which Level
of Project(s) will the data be used? (Check all that may apply)

O]
[0]

EEEEE

Other

Research

Post-Doctoral Research

PhD Thesis

Masters (Major Research Paper)
Masters (Thesis)

Graduate Course Project
Staff/Administration Research

Undergraduate Honours Thesis

Page | 8




BUDGET

Please complete the table below to detail your projected and actual research expenditures during the
reporting period.

Category Planned/Approved | Actual
Expenditure Expenditure

Travel and Accommodation

Equipment, Materials and Supplies

Salaries/Wages for Nunavut residents

Salaries/Wages for non-Nunavut resident researchers

Professional Fees and services in Nunavut

Professional Fees and Services outside of Nunavut
TOTAL EXPENDITURES

List the total $ amount of funding from each funding source for your full research program, including in-
kind support

We are not able to disclose funding information.

RESEARCH OUTPUTS / REPORTING TOOLS

What research outputs were generated? Please list below and append copies of each. Specify which
outputs (if any) may be made public on the NRI research licensing database.

We have added to several significant data-sets as will be discussed below. We have
also published several papers that are listed in the citations document that is appended
and available through the websites of the publishing entities.
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Have peer-reviewed manuscripts been published as a result of your project? If Yes,

complete the following table:

Full citation

Publicly accessible/
free to access (Y/N)

Link (if available) and
DOI (if available)

Yes, we have published several peer-reviewed manuscripts. Please see the attached document.

If No, do you intend to submit a manuscript (or manuscripts) for peer reviewed publication?
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Were non-peer reviewed materials produced to either communicate or synthesize results to the public?
Examples of these materials include (but are not limited to): websites, reports, brochures, podcasts,
webinars, presentations, non-peer reviewed publications, etc.

If Yes, complete the following table:

Title Description of Link (if available) DOI (if available)
Materials

Did your project develop a communications plan? Please describe communications/reporting tools used, and
list the target audience for each and/or who requested which.

We do not have a documented plan. However, we are actively publishing results based
upon analyses of our data in scientific journals, and presenting our findings at various
meetings around Canada and the world. We are members of many global networks, and
our data and results are also made known via their websites.

How were Nunavummiut credited and/or acknowledged in all project outputs, such as co-authorship,
participant biographies, article acknowledgements, etc.

Not applicable. We have not worked in conjunction with any of the Nunavummiut.

DATA AND INTELLECTUAL PROPERTY

Did you enter into a research agreement, data-sharing agreement and/or intellectual property rights
agreement with a community and/or designated Inuit organization (DIO)? If yes, please explain.

Do intellectual property rights apply to your research? If yes, please explain.

We have not entered into a research, data-sharing, or intellectual property rights agreement with any community or DIO. the individual researchers and their institutions will retain any applicable intellectual property rights in full, until such time as they relinquish them.
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Who owns the data? Has the raw data been shared with the appropriate community and/or DIO? If yes,
how? How is data security and storage handled by community-based co-owners?

As PEARL-CANDAC are not working with a community, and we have not entered into
any form of research, data-sharing, or intellectual property rights agreements with a
community or a DIO. Therefore, there has been not been any sharing of data. The data is
owned by the researchers and their institutions, but much of the processed data is made
publicly available, e.g., on network websites.

Where is the data stored and will the data be destroyed within a set timeframe?

The data is stored at the University of Toronto, at Dalhousie University, and at
repositories administered by our various network partners. It is not expected that the
data will be destroyed and therefore there is not a set timeframe. Please be aware that
this is only atmospheric data and there are no privacy considerations to be concerned
with, nor does it contain anything that is culturally sensitive.

Is the data trackable and/or available in a public data repository? If yes, please provide the appropriate
information and/or link to ensure the findability and accessibility of the data.

All of the data submitted to the various networks is available from the network websites. These include:

Data products from our Bruker FTS instruments, UV spectrometers, and DIAL lidar can be found at the Network for Detection of Atmospheric Composition Change (NDACC) via links at https: larc.nasa

More data products from our Bruker FTS instrument are available from the Total Carbon Column Observing Network (TCCON)

PEARL specific data can be found at: https:; caltech.

Data from our Cimel Sun/Moon photometers can be bound at the Aerosol Robotic Network (AERONET)

PEARL RidgeLab data can be found at:
htps://aeronet.gsfc.nasa.gov/cgi-bin/data_display_aod_v3?site=PEARL&nachal=28&level=1&place_code=10

and PEARL OPAL data can be found at:
https://aeronet.gsfc.nasa.govicgi-bin/data_display_aod_v3?site=OPAL&nachal=2&level=1&place_code=10

Pandora measurements can be found on the Pandonia site:

Please append a copy of your data management plan.
CLIMATE CHANGE

Is your research about climate change (causes, impacts, mitigation, adaptation, etc.)? If yes, explain.

Yes. Climate Change is one of the main foci of PEARL endeavour research. Many of our measurements address the
fundamental atmospheric species that are radiatively active in generating the greenhouse effect that is driving climate
change. Specifically, we contribute the most northerly data for the TCCON network that tracks the amount of carbon in
the atmosphere in its predominant forms. We also measure several other atmospheric variables that help to track the
impact of the changing atmosphere on the radiative balance such as ozone and water vapour. Every year, we hold

validation campaigns to help ensure that measurements (including those of greenhouse gases) from satellites are properly

calibrated for use in generating their data products that pertain to the Arctic. Several of our instruments are measuring the

optical depth of aerosols (small particles in the atmosphere) that also impact the amount of solar radiation that reaches the

lower atmosphere and the surface.
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PHOTOGRAPHS

If possible, please provide high-resolution photos of licensed research activities that NRI may use in
communication materials, organizational reporting, and other promotional purposes. Please also
complete the table below for each photo provided and submit to NRI along with all required NRI photo
release forms. The photographer/owner will be credited in all uses of the photograph(s).

File Name | Location Description Subjects Photographer/Owner | Date
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Names denoted with * travelled to PEARL during 2025. 
	undefined: The Canadian Network for the Detection of Atmospheric Change (CANDAC) continues to operate the Polar Environment Atmospheric Research Laboratory (PEARL) at Eureka, Nunavut.  Support for site visits, student participation, and staff salaries has come from Canadian Space Agency (CSA) satellite validation campaign funds and funds from the University of Toronto and Dalhousie University.  While the current funding level does not permit full-time operation, on-site operations have been largely driven by a lack of access to the PEARL Ridge Laboratory due to an on-going problem with wash-outs on the road that connects it to the Eureka Weather Station.  In 2025 we had three visits to PEARL.  The first was a Sunrise/spring campaign.  The second was during the summer.  A third campaign was in the fall.  
The Sunrise campaign consisted of the PEARL Site Manager and 3 graduate students from the University of Toronto.  This was a very important visit as we were able to carry out our Network for Detection of Atmospheric Composition Change (NDACC) and Total Column Carbon Observing Network (TCCON) measurement programs that consist of infrared spectroscopic measurements of atmospheric constituents important in global warming and ozone destruction with our Bruker IFS125HR.  The NDACC measurements can only be done with personnel on site as they require liquid nitrogen to cool the detectors.  In addition to the Bruker measurements, our usual ultra-violet (UV) and visible measurements were carried out with the Ground-Based Spectrometers (GBSs).  Similar measurements were undertaken as part of the Pandonia Global Network at our Zero Altitude PEARL Auxiliary Laboratory (0PAL) with the Pandora instrument installed in summer 2024. 
The summer campaign consisted of the PEARL Site Manager and the return of a PEARL Operator.  The campaign featured the return and installation of the Système d’Analyse par Observation Zénithale (SAOZ) instrument at 0PAL after it had been returned to France for refurbishment at the end of 2024.    The usual collection of calibrations, repairs and other services were carried out across the instruments that could be visited at 0PAL and SAFIRE.  A brief visit to the Ridge Laboratory was possible thanks to the brief availability of a helicopter that transported us to the Ridge Laboratory for a stay of approximately 18 hours.  During that time, we were able to return to service the two GBS instruments and enable remote measurements with the Bruker.  
The fall campaign was carried out by the PEARL Site Manager and featured the repair and return to operation of the Extended-range Atmospheric Emitted Radiance Interferometer (E-AERI) and the Thermo T49i Surface Ozone sensor.  The T49i had ceased operating in September and was disassembled for inspection. No major fault was found, it was returned to full operation when re-assembled.  In addition to the repairs, the CANDAC Raman Lidar (CRL) operated for a total of 18 days.  The CRL only operates when CANDAC operations personnel or lidar scientists are on site. 
We continue to publish research papers in peer-reviewed journals and to make numerous presentations at national and international conferences and workshops. We are members of multi-nation Arctic research coordination efforts such as the Sustaining Arctic Observing Network (SAON), and contribute PEARL measurements to the databases of several international observing networks.

CANDAC continues to offer resources for teachers available on our website (https://www.pearl-candac.ca/website/index.php/publications/education-outreach/) as well as continuing to participate in teacher training conferences and science outreach events for students, although activities have been reduced by the pandemic.  

In addition to the impacts of diminished road access, we continue to experience the more typical challenges, including the normal turn-over in personnel, including operators, graduate students, and instrument mentors.  As a group, we continue to work diligently to service our existing instrumentation while adding new instruments that will increase our relevance and scientific output.  In 2026, if funding permits, we expect to put significant effort into continuing these efforts to renew and improve our PEARL operations and our scientific output.  We are also seeking funding to extend our outreach activities into Nunavut communities.

	undefined_2: • PEARL-CANDAC continues to submit data to global networks, to publish in peer-reviewed journals and to make presentations at national and international conferences.  Global networks include NDACC (IR, UV-VIS, lidar), TCCON, MPLNet, AERONET, PGN, SAON. 
 
• Despite significant challenges, PEARL-CANDAC continues to operate with an extensive suite of instruments and to add new instruments as appropriate. 

• PEARL-CANDAC continues to invest in improving the PEARL science infrastructure and communications infrastructure

• PEARL-CANDAC continues to introduce new graduate students to Arctic atmospheric research and we are please to say that our students are graduating at the expected rate and many of them go on to careers within Environment and Climate Change Canada
	undefined_3: • 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
• Developing, testing, and deploying new equipment in the remote Arctic environment
• Encouraging and supporting other national and international research groups to work at PEARL
• Providing transparent evidence-based information for decision-makers
• Disseminating the data from PEARL to Canada and the world
• Inspiring the next generation of Canadians through public outreach activities and unique training opportunities
	communities append a map with locations andor coordinates of remote field sites if applicable: The Sunrise campaign consisted of the PEARL Site Manager Pierre Fogal and three graduate students, Petra Duff, Darby Bates and Kevin Joshy, all of the Department of Physics, University of Toronto.  We were able to access the Ridge Laboratory with a tracked vehicle driven by one of the Eureka Weather Station (EWS) staff.  This was a very important visit as Duff, with assistance from Fogal and support from the south, was able to carry out our Network for Detection of Atmospheric Composition Change (NDACC) and Total Column Carbon Observing Network (TCCON) measurement programs that consist of infrared spectroscopic measurements with our Bruker IFS125HR.  The NDACC measurements can only be done with personnel on site as they require liquid nitrogen to cool the detectors.  In addition to the Bruker measurements, service and calibration of our ultra-violet (UV) and visible Ground-Based Spectrometers (GBSs) were carried out by Joshy with assistance from Fogal and Bates as needed.   Similar efforts were undertaken by Bates with assistance from Joshy and Fogal with the Pandora instrument a part of the Pandonia Global Network at our Zero Altitude PEARL Auxiliary Laboratory (0PAL) with the Pandora instrument installed last summer.  Fogal carried out a review of the communications network topology with assistance from the south, and a network inventory of all network connections with assistance from Bates, Joshy and Duff.  All were involved in a general review of facilities and efforts to ensure systems were operating nominally. 
The summer campaign consisted of the PEARL Site Manager Fogal, and the return of PEARL Operator, John Gallagher.  The campaign featured the return and installation of the Système d’Analyse par Observation Zénithale (SAOZ) instrument at 0PAL after it had been returned to France for refurbishment at the end of 2024.  SAOZ, a visiting instrument hosted at PEARL from our colleagues at the Laboratoire Atmosphères et Observations Spatiales (LATMOS) and had previously been installed at the Ridge Laboratory.  It has been moved to 0PAL because of the ongoing challenges of accessing the Ridge Laboratory due to road damage.  The ongoing road damage also greatly limited the scope of other work and negated the advantage of having the PEARL Operator return. We planned for their presence to support operation of the Bruker to resume the NDACC observations as that measurement programs requires someone to fill the infrared detectors with liquid nitrogen.  The usual collection of calibrations, repairs and other services were carried out across the instruments that could be visited at 0PAL and SAFIRE.  A brief visit to the Ridge Laboratory by Fogal and Gallagher was possible thanks to the brief availability of a helicopter that transported them to the Ridge Laboratory for a stay of approximately 18 hours.  During that time, we were able to return to service the two GBS instruments, enable remote measurements with the Bruker, restore network connections between the Ridge Laboratory and 0PAL, and restart several computers to enable access to other instruments (such as our night-time operating instruments) and their previously recorded data.  
The Fall campaign was carried out by the PEARL Site Manager Fogal and featured the repair and return to operation of the Extended-range Atmospheric Emitted Radiance Interferometer (E-AERI) with technical support from ABB of Quebec City. Like all interferometers, the E-AERI employs a metrology laser which has a life-time of approximately 2 years.  The Thermo Fisher T49i Surface Ozone Sensor had stopped working after an unplanned power outage, and we were not able to restart operation remotely or with the assistance of EWS staff.  This instrument was disassembled and although no major fault was found, it was returned to full operation.  This campaign also provided an opportunity to operate the CANDAC Raman Lidar (CRL), which operated for a total of 18 days.  The CRL only operates when CANDAC operations personnel or lidar scientists are on site. The remote operation was carried out by Emily McCullough of Dalhousie University.  Service and calibrations of the Scanning Mobility Particle Sizer and Optical Particle Counter were carried out by Fogal.  We had hoped to have access to the Ridge Laboratory, but that was not possible. 

	undefined_4: Compared actual Arctic measurements to atmospheric models and showed that the models all tended to underestimate the column amounts of carbon monoxide and methane  (McGee et al., 2025).

PEARL scientists have been investigating the presence of dust in the Arctic atmosphere and evaluating the potential contribution to global climate change, and it the case of the smallest particles, potential health impacts. 

During 2025, four papers made use of datasets collected at PEARL as part of the validation process for various satellites, resulting in improved measurements of trace gases across the Arctic. 

PEARL TCCON measurements contributed a significant data-set used in the evaluation of the OCO-2 satellite carbon dioxide values over the Arctic.  The paper by Das et al. (2025) showed an improvement in the accuracy of the satellite retrievals in the Arctic. 


	undefined_5: We have two major challenges that continue from 2024 and indeed we have been experiencing for several years.   The first is the lack of secure on-going funding, coupled with a lack of funding opportunities.

The other is the state of the road from the Eureka Weather Station to the Ridge Laboratory, where some significant items of PEARL instrumentation are located.  In 2025, ECCC would only permit travel to the Ridge Laboratory during March, when travel by tracked vehicle over Slidre Fjord enabled us to bypass the damaged road section that was approximately 8 km from the Weather Station.  This meant that we were only able to operate some instruments such as the Bruker IFS125HR Fourier Transform Spectrometer for a short period of time. The road to the Ridge Laboratory suffered even more damage during the run-off season of 2025.  In 2024, we were able to drive to the washed-out section of the road, walk past it, and then use a second vehicle stationed on the far side to continue the journey.  Now, a second washout approximately 3 km from the Weather Station means that is no longer possible.  During the fall visit, the sea ice thickness as measured by EWS staff was not sufficient to permit safe travel to the Ridge Laboratory.  

A third challenge impacts our American colleagues as significant cuts to the budgets of collaborators supporting the Thermo T49i surface ozone measurements and the Micropulse Lidar have greatly impacted their ability to participate in PEARL-CANDAC research.  However, due to strong ties with groups in Canada, this research is proceeding and hopefully their participation can be continued at a future date. 

	Expected Project Completion Date Provide month and year of expected completion date of the project: This is a long-term, ongoing project with no set termination date.
	social media page please provide the link andor account handle: htttp://www.pearl-candac.ca
	undefined_6: We do not have direct interfaces with decision-making bodies within Nunavut and as a result we do not know if our research is directly supporting or influencing decisions or policy. 
	community members andor specific organizations have played in research codesign and activities: We do not have the benefit of a community near to PEARL, and the research program mostly deals with the atmosphere far above the Earth's surface. The remote location of PEARL and the highly technical nature of the research is what drives the reality that results in the lack of engagement in most years, visible in the responses in the Training and Employment section.
	undertaken for the project describe the roles that youth have played in your research activities: Given funding and personnel limitations, our focus was on using local outreach activities to highlight Arctic research at PEARL. In March, Kaley Walker gave a 45-minute interactive talk on atmospheric measurements from space, balloons and the Arctic for the PursueSTEM program at the University of Toronto. This is an initiative from the university to encourage and facilitate black high school students from the Greater Toronto Area to continue in the STEM fields (Science, Technology, Engineering and Mathematics).  This presentation was followed by a 45-minute version of our spectroscope workshop for ~45 students and two facilitators (Participants:  Kevin Bloxam, Erin McGee, Mikhail Schee, and Kaley Walker). A spectroscope is a device that splits up the light produced by a lamp so that you can see the individual colours. The students built their own spectroscopes using a DVD to investigate the colours that make up different light sources.  In May, our team participated in the Science Rendezvous festival at the University of Toronto (participants: Stephanie Gu, Jessie Guo, Joseph Hung, Kevin Joshy, Han Szeptycki, Yulun Wu, and Kaley Walker). They presented demonstrations and hands-on activities for the public on atmospheric science, Arctic research, and PEARL. For the University of Toronto “Science Unlimited Summer Camp” in August, we provided a half-day of activities for two sessions of 25 grade 10 and 11 students (Participants:  Stephanie Gu, Jessie Guo, Michael Howorucha, Di Hu, Joseph Hung, Yulun Wu, and Kaley Walker). The students had a virtual tour of PEARL and participated in hands-on workshops to create “clouds in a jar” and to investigate buoyancy and flotation.

PEARL Site Manager Pierre Fogal was invited to talk to the Arctic Circle Group based in Ottawa.  The talk described science and operations at PEARL.

We also continue to interact with the world-wide amateur radio community through the operation of the Eureka Amateur Radio Club.  It is one of the few Arctic locations of amateur radio activity and we continue to be a sought after contact.   

	compensation provided: During 2025 no Nunavummiut were trained at PEARL.
	andor what knowledge sharing andor skills exchange took place: During 2025 no PEARL team members received training from Nunavummiut.
	and responsibilities and compensation provided: During 2025 no Nunavummiut were employed at PEARL.
	participation interview observation sample survey etc including compensation provided: During 2025 no Nunavummiut participated in research activities at PEARL and no honoraria were issued.
	through contract services local purchases equipment donations etc: This information has not been tracked. 
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	ExpertiseskillsRow1: 
	Traininginterest areasRow1: 
	Contact InfoRow1: 
	CommunityRow1: 
	NameRow2: 
	ExpertiseskillsRow2: 
	Traininginterest areasRow2: 
	Contact InfoRow2: 
	CommunityRow2: 
	NameRow3: 
	ExpertiseskillsRow3: 
	Traininginterest areasRow3: 
	Contact InfoRow3: 
	CommunityRow3: 
	NameRow4: 
	ExpertiseskillsRow4: 
	Traininginterest areasRow4: 
	Contact InfoRow4: 
	CommunityRow4: 
	Other: 
	Category: 
	PlannedApproved ExpenditureTravel and Accommodation: 
	Actual ExpenditureTravel and Accommodation: 
	PlannedApproved ExpenditureEquipment Materials and Supplies: 
	Actual ExpenditureEquipment Materials and Supplies: 
	PlannedApproved ExpenditureSalariesWages for Nunavut residents: 
	Actual ExpenditureSalariesWages for Nunavut residents: 
	PlannedApproved ExpenditureSalariesWages for nonNunavut resident researchers: 
	Actual ExpenditureSalariesWages for nonNunavut resident researchers: 
	PlannedApproved ExpenditureProfessional Fees and services in Nunavut: 
	Actual ExpenditureProfessional Fees and services in Nunavut: 
	PlannedApproved ExpenditureProfessional Fees and Services outside of Nunavut: 
	Actual ExpenditureProfessional Fees and Services outside of Nunavut: 
	PlannedApproved ExpenditureTOTAL EXPENDITURES: 
	Actual ExpenditureTOTAL EXPENDITURES: 
	kind support: We are not able to disclose funding information. 
	outputs if any may be made public on the NRI research licensing database: We have added to several significant data-sets as will be discussed below.  We have also published several papers that are listed in the citations document that is appended and available through the websites of the publishing entities.  
	Full citationRow1: Yes, we have published several peer-reviewed manuscripts.  Please see the attached document. 
	Publicly accessible free to access YNRow1: 
	Link if available and DOI if availableRow1: 
	Full citationRow2: 
	Publicly accessible free to access YNRow2: 
	Link if available and DOI if availableRow2: 
	Full citationRow3: 
	Publicly accessible free to access YNRow3: 
	Link if available and DOI if availableRow3: 
	Full citationRow4: 
	Publicly accessible free to access YNRow4: 
	Link if available and DOI if availableRow4: 
	Y: 
	TitleRow1: 
	Description of MaterialsRow1: 
	Link if availableRow1: 
	DOI if availableRow1: 
	TitleRow2: 
	Description of MaterialsRow2: 
	Link if availableRow2: 
	DOI if availableRow2: 
	TitleRow3: 
	Description of MaterialsRow3: 
	Link if availableRow3: 
	DOI if availableRow3: 
	TitleRow4: 
	Description of MaterialsRow4: 
	Link if availableRow4: 
	DOI if availableRow4: 
	list the target audience for each andor who requested which: We do not have a documented plan.  However, we are actively publishing results based upon analyses of our data in scientific journals, and presenting our findings at various meetings around Canada and the world.   We are members of many global networks, and our data and results are also made known via their websites.
	participant biographies article acknowledgements etc: Not applicable.  We have not worked in conjunction with any of the Nunavummiut.
	undefined_7: We have not entered into a research, data-sharing, or intellectual property rights agreement with any community or DIO. the individual researchers and their institutions will retain any applicable intellectual property rights in full, until such time as they relinquish them. 
	how How is data security and storage handled by communitybased coowners: As PEARL-CANDAC are not working with a community, and we have not entered into any form of research, data-sharing, or intellectual property rights agreements with a community or a DIO. Therefore, there has been not been any sharing of data. The data is owned by the researchers and their institutions, but much of the processed data is made publicly available, e.g., on network websites. 
	Where is the data stored and will the data be destroyed within a set timeframe: The data is stored at the University of Toronto, at Dalhousie University, and at repositories administered by our various network partners.  It is not expected that the data will be destroyed and therefore there is not a set timeframe.  Please be aware that this is only atmospheric data and there are no privacy considerations to be concerned with, nor does it contain anything that is culturally sensitive. 
	information andor link to ensure the findability and accessibility of the data: All of the data submitted to the various networks is available from the network websites.  These include:

Data products from our Bruker FTS instruments, UV spectrometers, and DIAL lidar can be found at the Network for Detection of Atmospheric Composition Change (NDACC) via links at https://ndacc.larc.nasa.gov/stations/eureka-canada.

More data products from our Bruker FTS instrument are available from the Total Carbon Column Observing Network (TCCON)  

PEARL specific data can be found at:  https://data.caltech.edu/records/ft9t6-zzg68

Data from our Cimel Sun/Moon photometers can be bound at the Aerosol Robotic Network (AERONET)

PEARL RidgeLab data can be found at:  
https://aeronet.gsfc.nasa.gov/cgi-bin/data_display_aod_v3?site=PEARL&nachal=2&level=1&place_code=10

and PEARL 0PAL data can be found at:
https://aeronet.gsfc.nasa.gov/cgi-bin/data_display_aod_v3?site=OPAL&nachal=2&level=1&place_code=10

Pandora measurements can be found on the Pandonia site:
 https://data.ovh.pandonia-global-network.org/Eureka-0PAL/

Data from our micro-pulse lidar system can be found at the Micropulse Lidar Network (MPLNet):
https://mplnet.gsfc.nasa.gov/data?s=OPAL&v=V3 

	Is your research about climate change causes impacts mitigation adaptation etc If yes explain: Yes.  Climate Change is one of the main foci of PEARL endeavour research. Many of our measurements address the fundamental atmospheric species that are radiatively active in generating the greenhouse effect that is driving climate change.  Specifically, we contribute the most northerly data for the TCCON network that tracks the amount of carbon in the atmosphere in its predominant forms.  We also measure several other atmospheric variables that help to track the impact of the changing atmosphere on the radiative balance such as ozone and water vapour.  Every year, we hold validation campaigns to help ensure that measurements (including those of greenhouse gases) from satellites are properly calibrated for use in generating their data products that pertain to the Arctic.  Several of our instruments are measuring the optical depth of aerosols (small particles in the atmosphere) that also impact the amount of solar radiation that reaches the lower atmosphere and the surface. 
	File NameRow1: 
	LocationRow1: 
	DescriptionRow1: 
	SubjectsRow1: 
	PhotographerOwnerRow1: 
	DateRow1: 
	File NameRow2: 
	LocationRow2: 
	DescriptionRow2: 
	SubjectsRow2: 
	PhotographerOwnerRow2: 
	DateRow2: 
	File NameRow3: 
	LocationRow3: 
	DescriptionRow3: 
	SubjectsRow3: 
	PhotographerOwnerRow3: 
	DateRow3: 
	File NameRow4: 
	LocationRow4: 
	DescriptionRow4: 
	SubjectsRow4: 
	PhotographerOwnerRow4: 
	DateRow4: 
	Check Box1: Yes
	Check Box2: Yes
	Check Box3: Yes
	Check Box4: Yes
	Check Box5: Yes
	Check Box6: Yes
	Check Box7: Off
	Check Box8: Yes


