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Progress Report Template  

2019-2020 

 

 

1. Name of Lead Network Investigator(s): Robert Way, Andrew Trant 

2. Project ID and Title: P20-Climate Vegetation Cryosphere Interaction  

 

3. General advancement of project objectives: 
 

b. Requires adjustment to initial plan 

Comments: The proposed plan included establishment of field research areas in 

Nunatsiavut, NunatuKavut and Nunavik, and the maintenance of field research areas 

in Torngat Mountains National Park (TMNP) (northern Nunatsiavut). Due to extensive 

weather delays for flights to TMNP, we were unable to visit field sites in TMNP or Nunavik 

(Kuururjuaq National Park) in year 1. Parks Canada staff did visit our sites and 

downloaded some of our data logging apparatus therefore approximately 30% of the 

proposed TMNP was completed in year 1. In year 2, we are planning on visiting TMNP 

and Kuururjuaq National Park regardless of weather delays to ensure critical data is 

collected for this project. For other field areas, research sites were established near Nain, 

Nunatsiavut, Labrador and Pinware, NunatuKavut, Labrador. These sites were 

successfully established and will be visited in the March 2020 field season for additional 

data collection. In other domains, student recruitment was difficult for year 1 because 

of the short timeline from grant awarding to fieldwork activities. Year 2 is projected to 

have the same number (or greater) HQP than proposed. 

 

4. Project Abstract 

 Across Labrador and northern Québec (including Nunavik, Nunatsiavut and 

NunatuKavut), rapid regional warming observed over the past several decades has 

significantly impacted the quality of life for Indigenous Peoples and other northerners. 

Observed and projected changes to the region's plants, trees, snow cover, and 

permafrost pose unique challenges for the region’s Inuit and Indigenous Peoples who 

rely on suitable snow and ice conditions for accessing traditional grounds for subsistence 

hunting, foraging and cultural activities. Similarly, thawing of regional permafrost, 

hydrological changes and vegetation growth may have future impacts on 
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infrastructure development, natural hazards, archaeological sites, and cultural keystone 

species such as caribou and berry plants. Prior studies have shown that increasing shrub 

height and density can degrade permafrost by changing how snow accumulates 

across the landscape impacting surface energy fluxes. This project aims to improve our 

understanding of how observed and projected changes in plants, trees, snow cover, 

and permafrost will interact, and how this may impact people and northern ecosystems. 

Combining field observations, remote sensing and numerical modelling will allow us to 

link between spatial scales and predict how landscapes in Nunatsiavut, Nunavik and 

NunatuKavut will respond to future environmental change. Focusing on snow as the key 

link between vegetation and permafrost, we are exploring how local climate and 

geomorphology create heterogeneity in coastal landscape response to climate 

change.  

 Early project results include identification of rapid changes to vegetation in the 

Nunatsiavut’s Torngat Mountains National Park (TMNP) and Nunavik’s Kuururjuaq 

National Park (KNP) as diagnosed from satellite imagery (1985-2019) and direct field 

measurements implicating enhanced shrub growth as the dominant source of greening. 

Notably, shrub growth is most prominent at low elevation where permafrost is inferred to 

be the warmest and thus most sensitive to change. Greater trapping of snow and 

warming of ground temperatures is the prevailing theory for why greening could impact 

permafrost in the region. To test this hypothesis, we have established field sites along the 

Labrador coast where detailed analysis of snow-vegetation-permafrost interactions can 

be undertaken at high spatial resolution. This interdisciplinary project will allow us to 

better assess habitat vulnerability to future environmental changes, permitting regional 

policy-makers to make better informed decisions on adaptation, management and 

infrastructure initiatives. Improved understanding of linkages between snow, trees, 

plants and permafrost is highly transferable and will give other communities access to 

conservation and planning tools needed to better manage changing northern 

landscapes due to climate change. 

 

5. Project Description and Research Objectives 

 Despite its importance, coastal snow characteristics and the impacts of snow on 

geosystems and Northern Peoples are generally not well-studied. Further, how snow 

distributes across coastal landscapes and how this may change in the future due to 

vegetation and climate change is of critical importance for assessing the vulnerability 

of other important ecosystem components including permafrost. In the Subarctic and 

Arctic environments of coastal Labrador and Nunavik, projected changes to the 

region's forest and tundra ecosystems and cryosphere will pose unique challenges for 
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the region’s Indigenous People who rely on suitable snow and ice conditions for 

accessing lands used for subsistence and cultural activities. Climatologically, the 

investigated region ranges from Subarctic to low-Arctic regions (including the 

southernmost area of Arctic Cordillera in Canada). We proposed to examine the 

interactions between vegetation, snow and permafrost, and the effects of these 

interactions on the local climate in coastal Labrador and Nunavik with the goal of 

predicting future environmental changes. This project uses field-based data collection, 

aerial and satellite imagery, thermal and climate model simulations to elucidate 

vegetation-permafrost-snow-climate interactions across the forest (F), forest-tundra (FT), 

shrub tundra (ST) and tundra (T) ecosystems in coastal Labrador and Nunavik.  

 Coastal Labrador’s general lack of prior research infrastructure required 

collection of new field data and continued maintenance and upgrading of critically 

important existing ecological and permafrost research sites (operating for up to a 

decade) in the Torngat Mountains. Specific field data collection is comprised of climate 

and ground thermal monitoring, dendrochronological analysis, direct measurement of 

vegetation characteristics, winter snow surveys and collection of imagery and 

photogrammetry products using remotely piloted aircraft. Established field sites traverse 

a north-south coastal gradient including the southern half of the Torngat Mountains 

National Park (ST, T) and adjacent areas of Parc national Kuururjuaq (FT, ST, T), Nain and 

adjacent areas (F, FT, ST, T), Cartwright and adjacent areas (F, FT, ST, T), and near the 

community of Pinware in southern Labrador (F, FT, ST, T). In the Torngat Mountains, field 

activities provide continuity for existing monitoring initiatives established in those regions 

between 2009 and 2018 with some locations having continuous data since 2009. 

 Linking between scales from local ecological field data collected at specific sites 

to broader regional patterns is facilitated by remote sensing analysis of vegetation 

change from 1985-2019 for portions of coastal Labrador including all of Torngat 

Mountains National Park. These data will be used in concert with analysis of historical 

aerial photography to characterize the magnitude and geomorphological controls on 

enhanced shrub growth in the region. Further broad-scale patterns in key climate 

variables including snow distribution through time and space is being analyzed using a 

50-member initial-conditions ensemble of simulations (ClimEx ensemble; 

http://www.climex-project.org) produced by Ouranos. Ongoing analysis of these 

simulations will allow characterization of both historical and future variations in snow 

cover and surface-air temperature over the entire IRIS-4 region. The data generated 

from the modelling ensemble will be applied to specific field sites in concert with local 

field data as inputs into numerical modelling of ground thermal conditions using the 

northern ecosystem soil temperature model. This modelling will allow us to better 
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understand how permafrost has changed historically and how it will change in the future 

in coastal Labrador and Nunavik under climate change scenarios. 

Overall project objectives 

1. Implement a long-term monitoring program that will examine how culturally important 

species will be impacted by climate change and characterize plant biodiversity and 

structure across vegetation and topographic gradients in coastal environments 

2. To maintain ongoing open top chamber warming experiments in the Torngat 

Mountains and continue long-term monitoring of tundra vegetation change in northern 

Labrador using repeat ground photography, satellite remote sensing, aerial 

photography and terrain analysis; 

3. To summarize and assess the accuracy of climate model simulations (ClimEx) of 

historical and future climates in snow and surface-air temperature for the IRIS-4 region 

and to use ClimEx to explore temporal and spatial variability in projections of future 

changes in snow cover over the IRIS-4 region; 

4. To characterize temporal and spatial variations in snow distribution across coastal 

Labrador and Nunavik by analyzing existing climate observations and through 

development of a low-cost methodology for measuring snow characteristics in real-

world environmental conditions;  

5. To model snow redistribution and density variations across vegetation and 

topographic gradients in coastal environments and to evaluate how geomorphology 

modifies snow impacts on ground temperatures; 

6. To develop and evaluate a theoretical model for snow, vegetation and permafrost 

feedbacks using one- and two-dimensional thermal modelling and to use this approach 

to characterize permafrost sensitivity to historical and future thaw due to changes in 

vegetation and snow cover in coastal Labrador and Nunavik;  

7. To assess how predicted environmental changes will cumulatively impact habitat for 

keystone species including caribou and berry species in coastal Labrador and Nunavik. 

 

6. Research Activities  

NI-led research activities 

Dr. Robert Way, Queen’s University (network investigator): 
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● Recruited and supervised one HQP (RT) for work focused on measurement of snow 

characteristics across forest-tundra ecotones. 

● Co-led field activities during the summer of 2019 including the establishment of remote 

field sites at Nain, Nunatsiavut, Labrador and Pinware, NunatuKavut, Labrador. 

● Contributed to MITACS proposal led by Dr. Martin Leduc. 

● Led winter snow surveys and related field activities during the winter of 2020 at Nain, 

Nunatsiavut, Labrador and Pinware, NunatuKavut, Labrador. 

● Collaborated with the Western Newfoundland and Labrador Field Unit of Parks 

Canada to facilitate collection of data from subset of monitoring sites located in the 

Torngat Mountains National Park and adjacent areas. 

● Compiled and homogenized a new temporally complete air temperature series for 

eastern Nunavik covering 1989-2019. 

Dr. Andrew Trant, University of Waterloo (network investigator): 

● Recruited and supervised three HQP (ED, PL, TL) for laboratory, field and remote 

sensing based ecological research undertaken for this project. 

● Co-led field activities during the summer of 2019 including the establishment of remote 

field sites at Nain, Nunatsiavut, Labrador and Pinware, NunatuKavut, Labrador. 

● Collaborated with the Western Newfoundland and Labrador Field Unit of Parks 

Canada to facilitate collection of data from subset of monitoring sites located in the 

Torngat Mountains National Park and adjacent areas. 

Dr. Martin Leduc, Université de Québec à Montréal (network investigator): 

● Recruited and supervised graduate student Dominic Morin (Fall 2019-present) for work 

on the ClimEx ensembles air temperature and snow cover simulations which will begin 

this spring; 

● Led preparation of MITACS proposal to provide additional support to Dominic Morin 

for work on climate variability, snow cover and climate modelling in Nunatsiavut, 

Nunavik and NunatuKavut. 

Dr. Luise Hermanutz, Memorial University of Newfoundland (project member): 

● Participated in field activities during the summer of 2019 including the establishment 

of remote field sites at Nain, Nunatsiavut, Labrador and Pinware, NunatuKavut, 

Labrador. 
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● Collaborated with the Western Newfoundland and Labrador Field Unit of Parks 

Canada to facilitate collection of data from subset of monitoring sites located in the 

Torngat Mountains National Park and adjacent areas. 

● Committee member for one project HQP (PL). 

 

HQP-led research activities  

Rosamond Tutton (Masters of science student), Queen’s University (May 2019 - Present): 

● Collected snow measurements to be used for novel technique on multivariate remote 

snow depth measurement (Pinware, Nain). 

● Assisted in snow RPA flights intended to produce snow digital surface models. 

● Assisted in the establishment of two remote field sites intended to test the use of HOBO 

Pendant light/temperature loggers for remote snow measurement in complex terrains 

(Pinware, Nain). 

● Developed R-code to process data from HOBO Pendant light/temperature loggers 

collected in the summer of 2019. 

● Processed and analysed preliminary data to assess the snowpack evolution through 

the winter of 2018-2019. 

● Improving snow depth analysis techniques using temperature and light measurements 

in addition to time lapse digital photography (e.g. Fortin et al., 2015). 

Taylor Larking (Undergraduate student), University of Waterloo (Summer 2019 - Present): 

● Used dendrochronological techniques to identify differences in shrub growth and 

establishment between areas of ‘rapid greening’, ‘greening’, and ‘no change’ in 

vegetation (Nain Bay; Pinware Bay)  

● Processed all shrub samples collected (Nain Bay; Pinware Bay)  

● Developing annual growth chronologies to identify the main climatic drivers of shrub 

growth in study region (Nain Bay; Pinware Bay)  

● Developing statistical models that examine the timing and extent of shrubification by 

determining when shrubs started experiencing significant increases in height (Nain Bay; 

Pinware Bay)  

Emma Davis (Postdoctoral Fellow), University of Waterloo (September 2019 - Present): 
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● Developed coding routine for extracting vegetation (Landsat) and climate reanalysis 

data (ERA5) from the Google Earth Engine platform for the study region 

● Analyzed results of point-frame vegetation surveys to identify recent changes in 

vegetation at Nakvak Brook, Nunatsiavut, under ambient warming conditions  

● Used dendrochronological techniques to reconstruct recent patterns of shrub growth 

and establishment at Nakvak Brook, Nunatsiavut 

● Developed annual shrub growth chronology to identify the main climatic drivers of 

shrub growth in the study area 

Patrick Lauriault (PhD Student), University of Waterloo (January 2020 - Present): 

● Collected lichen samples and high-resolution photographs within long-term 

biodiversity plots (Pinware River) 

● Identifying lichen specimens to species 

● Developing conceptual framework for researching changes in shrub growth rates and 

extent on understory communities (which has important implications for understanding 

winter forage for caribou) 

 

7. Project Research Results and Impacts  

 

Research Results Impacts (for science, northerners, policy, 

outreach, IRIS-related activities, etc.) 

1. Established new field sites near Nain, 

Nunatsiavut, Labrador and Pinware, 

NunatuKavut, Labrador for 

measurement of vegetation, snow, 

ground thermal and climate 

parameters. (Objectives 1, 4, 5 & 6) 

1. New field sites established will allow for 

detailed measurement of environmental 

parameters over areas of interest that can 

be easily accessed each year. Coupling of 

information across numerous parameters will 

ensure that linkages between systems are 

well-understood. This directly impacts 

measurement of hydrological and 

ecological measures important to 

northerners and provides sites in unique 

environments that can benefit science. 

2. A compiled dataset for eastern 

Nunavik shows a greater rate of 

warming over the past 30 years than 

2. Highlights the need for more effort to 

monitor environmental changes in the north. 

This directly impacts northerners and 

science generally. 

http://www.arcticnet.ulaval.ca/iris-report
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indicated by Environment Canada 

products. (Objectives 1 & 7) 

3. A new technique for measurement of 

snow depth at remote field sites shows 

considerable promise based on 

preliminary results. This technique is low-

cost and can be deployed in any 

northern terrestrial environment. 

(Objectives 4 & 5) 

3. Technique could dramatically change 

how we measure snow across large spatial 

domains and under varying environmental 

conditions. This directly impacts northern 

science and northern ecological monitoring 

initiatives. 

4. Direct measurement (ring widths) of 

shrub growth rates over the past 20+ 

years are showing significant correlations 

to mean summer temperatures in the 

Torngat Mountains National Park. 

(Objectives 1 & 2) 

4. Understanding linkages between shrub 

growth and climate, in this case 

temperature, is critical for predicting how 

and where significant landscape change 

will occur. This directly impacts northerners 

and northern policy. 

5. Changes in ‘greeness’, or NDVI, across 

coastal Labrador (1985-2019) is highly 

variable and seems to be driven by 

expansion of alders. (Objectives 1 & 2) 

5. Understanding what shrub species are 

driving greening patterns will help resolve 

the extent and magnitude of future 

change. This directly impacts northern 

wildlife management and ecological 

assessment policy. 

6. Changes in ‘greeness’, or NDVI, (1985-

2019) is occurring rapidly in low-

elevation tundra areas in northern 

Labrador and much more slowly in 

tundra environments (typically alpine) in 

southern Labrador. (Objectives 1 & 2) 

6. Understanding differences in vegetation 

expansion rates helps us better understand 

the potential for ecosystem change in the 

future. This directly impacts northern wildlife 

management, northern infrastructure 

construction and ecological assessment 

policy. 

 

8. In bullet format, summarize using plain language, the main Science Highlights (or 

Key Messages) resulting from your research since its inception.   

 

● Compilation of new quality-controlled sources of climate data for eastern Nunavik 

shows that the region has warmed at a rate of 0.8°C per decade since 1989 (total 

warming of 2.4°C). This rate exceeds the estimated change for the region derived by 

Environment Canada’s analysis for the same period (total warming of 1.8°C). 

● Concurrently, rapid greening of northern Labrador and northeastern Nunavik is 

detected by satellites over the period 1985-2019. Observed greening trends are inferred 

to be caused by an increase in the density and height of shrubs at low-elevation.   
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● Analysis of shrub growth rings collected from field sites in the Torngat Mountains 

National Park shows that shrub establishment and growth have increased over recent 

decades (2000 - present) as a result of warming summer temperatures. In areas of 

suitable shrub habitat, this trend is likely to continue as temperatures continue to warm.  

● Analysis of an extensive network of ground thermal monitoring infrastructure has 

revealed no clear trends in ground surface temperature at many sites. These results 

highlight the critical role that snow can play in altering the transfer of heat into the soil. 

The data also demonstrate the importance of having distributed measurements of 

snowpack characteristics in different environmental settings. 

● Deployment of new research infrastructure aims to develop new techniques for 

monitoring snow conditions across environmental gradients. Preliminary results indicate 

a promising new technique is plausible for monitoring both tundra and forest snowpack 

conditions. This novel low-cost method has shown clear results and seemingly offers a 

new method to monitor snow conditions in real-world environments that are typically 

difficult to measure using current methods. 

 

9. Discussion and Conclusion 

 Interactions between climate, vegetation, snow and permafrost has become a 

hot button issue in the scientific literature with numerous studies (e.g. Myers-Smith et al., 

2011; Domine et al., 2016; Busseau et al., 2017; Loranty et al., 2018; Wang et al., 2019; 

Wilcox et al., 2019; Peng et al., 2020) exploring aspects of these relations. Our research 

activities beginning in 2016 and continuing now as part of a larger ArcticNet project 

have identified challenges with applying these theoretical models developed largely in 

Subarctic continental forest-tundra to rapidly greening coastal environments with 

complicated geomorphology like coastal Labrador and Nunavik. Broadly speaking, our 

field activities are similar to those ongoing at the Trail Valley Creek and Scotty Creek 

research basins in the Northwest Territories but offers a unique climate and geographic 

context that differs considerably from those regions. Recent work (Domine et al., 2019) 

has also identified major fundamental problems with existing numerical models used to 

characterize snow impacts on soil temperatures highlighting the importance of further 

elucidation of the topic. To address this challenge, we are developing a new method 

of measuring characteristics through the snowpack and into the soil that will enhance 

ongoing monitoring and modelling of this critical interface (see Way and Lewkowicz, 

2018).  

 Future research activities includes collection of data from data logging and 

instrumentation apparatus established in the summer of 2019 at field sites to give a full 

year of results, resurveying of field areas with remotely piloted aircraft, winter field data 
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collection at coastal Labrador field sites and visitation to the Torngat Mountains National 

Park and Parc National Kuururjuaq for data collection purposes. Further analysis steps 

will include analysis of ClimEx ensemble for historical and future climate change 

scenarios, analysis of historical aerial photography at specific field sites, further remote 

sensing analysis enabled through Google Earth Engine and development of automated 

techniques for analysis of snow characteristics using our new proposed snow-soil 

measurement method. 

 

10. Challenges, Changes, or Issues Encountered  

 Given that this report is requested prior to one of our major activities (winter field 

research in March) there are likely challenges, changes or issues that were not able to 

be reported on in this report. Challenges, changes and issues concerning the first 10-

months of this project are listed below with a short description for each: 

 Weather delays caused extensive challenges during the summer field season in 

2019 that impacted the data generated from activities. These included a period of 14 

days where flights were unable to reach a field area which occurred at the same 

timeline as prospective work could have been completed. As such, due to extensive 

weather delays for flights to Torngat Mountains National Park (TMNP), we were unable 

to visit field sites in TMNP or Nunavik (Kuururjuaq National Park). Parks Canada staff did 

visit our sites and downloaded some of our data logging apparatus therefore 

approximately 30% of the proposed TMNP activities were completed in year 1. Weather 

also proved to be challenging to navigate during our fieldwork in Nain, Nunatsiavut, 

Labrador. As such, we were unable to fly our remotely piloted aircraft during the entire 

stay there. Further, weather conditions forced us to return to central Labrador from 

northern Labrador via boat (~2.5 days) rather than via plane (~0.5 days) which 

diminished potential field time at other sites.  

 Student recruitment over 2019-2020 was a challenge and correspondingly the 

project was not able to recruit one PhD and one MSc student in year 1. Given that the 

notice of award did not occur until just a few months before the fieldwork date, it was 

difficult to rapidly recruit students for the open positions in year 1. These issues with 

recruitment have meant that costs have not been spent on HQP in the same manner 

as proposed in the initial application. The challenges with recruitment has also meant 

that the overall project productivity has been lower than expected because students 

and network investigators are having to work on more tasks than initially proposed in the 

application.  
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 Personnel changes. Regrettably, project team member Carl Barrette moved on 

to a position in a different domain that did not allow continued participation in this 

project. Mr. Barrette was very helpful throughout the application process so losing his 

experience is a loss we have felt. 

 

11. Knowledge Mobilization Activities and Impacts  

● Labrador Research Forum in Upper Lake Melville region, Labrador (May 2019) 

○ Two network investigators (AT & RW) attended this research forum & one 

HQP (RT).  

○ One oral presentation on the project was given by a network investigator 

(AT). 

○ Extensive meetings and discussions were undertaken at this forum with 

project collaborators and partnering organizations including members of 

the Nunatsiavut Government, Parks Canada and the NunatuKavut 

Community Council. 

● ArcticNet Annual Science Meeting in Halifax, Nova Scotia (December 2019) 

○ Two network investigators (AT & RW) attended the ArcticNet ASM & four 

HQP (ED, PL, TL, RT) 

○ Three project related posters were presented with HQP as lead authors (ED, 

PL & TL) and one oral presentation was given by an HQP (RT). One poster 

on the project was also presented by a network investigator (AT). 

○ Meetings and discussions were undertaken at the ASM with members from 

the Nunatsiavut Government. 

● Eastern Snow Conference in Toronto, Ontario (June 2020) 

○ One network investigator (RW) and one HQP (RT) will attend this 

conference.  

○ RT will present on year 1 results from snow monitoring analysis and winter 

fieldwork. 

● Arctic Biodiversity Symposium in Ottawa, Ontario (February 2020) 

○ One network investigator (AT) and two HQPs (ED & PL) will attend this 

conference.  

○ ED and PL will present posters as this symposium.  

○ PL will give a presentation at this symposium 
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○ AT, ED, and PL will meet with a staff member from the Canadian Museum 

of Nature (Paul Sokoloff; Senior Research Assistant, Botany) to discuss plant 

collection plans for fieldwork during Summer 2020. 

● NunatuKavut Research Conference in Happy Valley-Goose Bay, Labrador (March 

2020) 

○ One network investigator (RW) and one HQP (RT) will attend this research 

gathering.  

○ No formal presentation will be given but extensive knowledge exchange 

with project stakeholders and government officials with NunatuKavut will 

occur at this meeting. 

● 2019 Climate Change Workshop in Nain, Nunatsiavut, Labrador (September 2019).  

○ No network investigators or project HQP were able to attend this gathering 

due to the very short timeline for attendance. 

○ However, a project collaborator’s HQP (Yifeng Wang, University of Ottawa) 

presented on our behalf which included materials on our overall project 

and related research activities. YW also solicited feedback on our project 

from participants which was greatly appreciated. 

● Consultations (various entities) (2019-2020) 

○ Our project regularly provides advice to Indigenous and government 

partners and has tried to do so in a timely manner. For discretion, we will 

only provide the relevant partners names. Examples include: 

■ Scientific advice to the Nunatsiavut Government Archaeological 

Office and the Nunatsiavut Government Environment Division. 

■ Scientific advice to staff at the Western Newfoundland and Labrador 

Field Unit of Parks Canada. 

■ Scientific advice to Indigenous Affairs and Cultural Heritage 

Directorate at Parks Canada. 

 

12.  How will, or did, your project: 

a) Address issues of adaptation and environmental and socio-economic 

development?  

b) Inform adaptation strategies and policy-makers on the aforementioned issues? 

Please specify the administrative regions(s) your research covers; refer to IRIS 

regions. 

Western and Central Arctic   
 

Eastern Arctic   

http://www.arcticnet.ulaval.ca/irises


 
 

 

A r c t i c N e t  F i n a l  R e p o r t       P a g e  13 | 18 

Hudson Bay   
 

Eastern Subarctic   

Western Subarctic   
   

a)  The outcomes from this ArcticNet project will be directly applicable to climate 

change adaptation, infrastructure construction and other environmental initiatives. 

Final results will be integratable into assessments of habitats most sensitive to future 

environmental change and will inform wildlife and infrastructure related policy including 

for prioritization and identification of protected areas. Enhanced understanding of 

future changes in snow cover and a better ability to measure snow cover across 

environmental gradients will improve hydrological forecasting in the region and will help 

communities plan for future climate change impacts including (potentially) reduced 

snow and ice cover along trail routes. Better understanding the extent and magnitude 

of vegetation and permafrost change across coastal Labrador will play an important 

role in determining areas for potential infrastructure development and also for 

prioritization of areas in need of environment protection. Permafrost thaw, in particular, 

is expected to occur throughout much of northern Labrador in the future therefore 

increasing our understanding of environments most likely to undergo those changes will 

benefit planning potential linear infrastructure and other resource projects.  

 Outcomes of our research that specifically deal with vegetation change across 

coastal Labrador will have important implications for how wildlife (e.g. Whitaker, 2018) 

and people use the landscape and will also provide an important insight into the quality 

and quantity of caribou habitat in northern Labrador (Bélanger et al., 2018). The amount 

of caribou winter forage, lichens, will be instrumental in understanding long-term 

trajectories and management of caribou (Fauchald et al., 2017). Areas at greatest risk 

of shrubification are also those most susceptible to experience a shift from lichen 

dominated to moss dominated understory. Using the experience from this previous 

research, our project will directly work with PC to ensure that project outcomes meet 

ecological integrity assessment needs and for informing climate change adaptation 

initiatives. The baseline information generated from this project could also be used in 

environmental assessments for resource and infrastructure developments in northeast 

Canada. Further, understanding changes to culturally important plant and wildlife 

species will have direct relevance for Northern Peoples as it will inform issues of future 

resource accessibility, resource quality, and safety when accessing these resources. 

b)  As demonstrated in year 1 of this project we are actively working with partners 

from a variety of Indigenous and northern affiliated government agencies in the IRIS4 

region. As such, we have been actively involved in discussions with key policy makers 

regarding issues ranging from infrastructure development to climate change 
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adaptation related activities, including Parks Canada, Nunatsiavut Government. The 

project will have direct implications for broad-scale Parks and Protected Areas policy in 

which habitat susceptibility maps can be used to prioritize ecological integrity risk 

assessment and by determining future change to critical habitat for species at risk, such 

as caribou. Spatial and temporal data collected by our group  will help address the 

significant challenge of infrastructure development in northeast Canada with changing 

permafrost such as  expansion and/or new airfields at Nain, Nunatsiavut, generation of 

road network links between northern Labrador and central Labrador, mineral 

development, and transmission lines.  

 Key policy-making non-partner organizations including the Torngat Secretariat 

and the Department of Forestry and Municipal Affairs and Environment with the 

Government of Newfoundland and Labrador have already engaged in meaningful 

discussions with project NIs regarding key results from our coastal Labrador-based 

research activities. 

 

13. Network Partners and networking added value  
 

Describe partnerships with: 

(A)  In this project, we have developed agreements, partnerships and/or 

collaborations with the Nunatsiavut Government (NG) and the NunatuKavut 

Community Council (NCC). NG has committed to providing in-kind support for use of 

the accommodations and storage at the Nain Research Centre in Nain, Nunatsiavut 

during fieldwork activities. NG has also committed to provide logistical support for 

fieldwork at Nain including use of snowmobiles during our time in Nain. The project team 

has built a number of successful partnerships with NG for prior research work in 

Nunatsiavut and will work with NG to ensure that research activities are conducted in a 

culturally respectful manner and to ensure that outcomes have meaningful tangible 

benefits for Nunatsiavummiut. NCC has demonstrated an interest in this project and 

supports our overall research plan. We have followed NCCs formal research process 

and have met numerous times with NCC environmental staff in the past year to discuss 

components of our research activities. NCC is an important partner for providing 

expertise in relation to snow-vegetation and permafrost characteristics in the 

NunatuKavut region and we intend to further build upon earlier collaborations in the 

upcoming year. As such, a network investigator will be attending the NunatuKavut 

Research Conference upcoming in March 2020. 
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(B)  In this project we have developed agreements, partnerships and collaborations 

with Parks Canada’s Western and Labrador field unit (PC), the Kativik Regional 

Government (KRG), the Ouranos Consortium (OC) and Canada Centre for Remote 

Sensing (CCRS). PC has committed to providing in-kind support for repositioning a 

charter helicopter to the Torngat Mountains Basecamp each year for use during 

research activities. The collaboration with PC builds on successful knowledge 

generation in northern Labrador between 2016-2018 through the Weston Foundation- 

Nunatsiavut Government - Parks Canada Award for research based out of Torngat 

Mountains Base Camp and Research Station. The partnership with PC will focus on 

maintaining and expanding monitoring apparatus within the Torngat Mountains 

National Park and in areas adjacent for climatological, ecological and permafrost 

monitoring and will also include remote sensing analyses, climate modelling and 

permafrost modelling for their entire region. KRG has committed to providing in-kind 

support for access to Parc national Kuururjuaq lands during adjacent fieldwork activities 

in TMNP. This partnership focuses on establishing new monitoring apparatus within Parc 

national Kuururjuaq for climatological, ecological and permafrost monitoring and will 

also include remote sensing analyses, climate modelling and permafrost modelling for 

eastern Nunavik. We are also working with KRG staff to provide training to KRG staff on 

field research techniques to ensure that monitoring apparatus can continue to be 

operational beyond the duration of this research project.  

OC is a project partner for this research and has committed to providing logistical 

support for one project HQP through provision of computational resources, office space 

and access to the ClimEx ensemble. OC has also led a proposal for support from the 

non-profit organization MITACS in support of HQP activities for this project. This proposal 

was submitted earlier this year and is currently under review. Collaboration activities are 

also ongoing between this project and CCRS through the participation of project 

member Dr. Yu Zhang. Dr. Zhang will contribute to the calibration, configuration and 

analysis of northern ecosystem soil temperature (NEST) (Zhang et al., 2003) model runs in 

support of permafrost modelling in coastal Labrador and Nunavik. Dr. Zhang will also 

participate in the training of project HQP on using NEST for permafrost modelling and in 

conjunction with network investigators will ensure HQP able to generate the necessary 

remote sensing, field and climate inputs to run NEST. Further contributions from this 

project’s research activities will be to the High Latitude Drone Ecology network and the 

International Tundra Experiments, both of which are large international research 

projects that span multiple institutions. Data collected in the Torngat Mountains National 

Park has already been contributed to both international projects and will continue to 

be in the future. In the absence of ArcticNet’s support for our research activities, the 

data collection and provision to both of the above networks would have effectively 
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ended in 2017. ArcticNet’s networked approach has served this project well by allowing 

us to develop an interdisciplinary team of researchers that can work together following 

a common research theme. ArcticNet’s credible position as an organization committed 

to the furthering of northern science and its commitment to enhancing northern and 

Indigenous participation has benefited our science and ability to build partnerships. 

 

14. References 

Bélanger, É., Leblond, M., and Côté, S.D. 2018. Habitat selection and population trends 

of the Torngat Mountains caribou herd: Behavior and Survival of Torngat Caribou. The 

Journal of Wildlife Management,. doi:10.1002/jwmg.21583. 

Busseau, B.-C., Royer, A., Roy, A., Langlois, A., and Domine, F. 2017. Analysis of snow-

vegetation interactions in the low Arctic-Subarctic transition zone (northeastern 

Canada). Physical Geography, 38: 159–175. doi:10.1080/02723646.2017.1283477. 

Domine, F., Barrere, M., and Morin, S. 2016. The growth of shrubs on high Arctic tundra 

at Bylot Island: impact on snow physical properties and permafrost thermal regime. 

Biogeosciences, 13: 6471–6486. doi:10.5194/bg-13-6471-2016. 

Domine, F., Picard, G., Morin, S., Barrere, M., Madore, J.-B., and Langlois, A. 2019. Major 

Issues in Simulating Some Arctic Snowpack Properties Using Current Detailed Snow 

Physics Models: Consequences for the Thermal Regime and Water Budget of 

Permafrost. Journal of Advances in Modeling Earth Systems, 11: 34–44. 

doi:10.1029/2018MS001445. 

Fauchald, P., Park, T., Tømmervik, H., Myneni, R., and Hausner, V.H. 2017. Arctic greening 

from warming promotes declines in caribou populations. Science Advances, 3: 

e1601365. 

Fortin, V., Jean, M., Brown, R., and Payette, S. 2015. Predicting snow depth in a Forest–

Tundra landscape using a conceptual model allowing for snow redistribution and 

constrained by observations from a digital camera. Atmosphere-Ocean, 53: 200–211. 

doi:10.1080/07055900.2015.1022708. 

Loranty, M.M., Abbott, B.W., Blok, D., Douglas, T.A., Epstein, H.E., Forbes, B.C., Jones, B.M., 

Kholodov, A.L., Kropp, H., Malhotra, A., Mamet, S.D., Myers-Smith, I.H., Natali, S.M., 

O&amp;apos;Donnell, J.A., Phoenix, G.K., Rocha, A.V., Sonnentag, O., Tape, K.D., and 

Walker, D.A. 2018. Reviews and syntheses: Changing ecosystem influences on soil 

thermal regimes in northern high-latitude permafrost regions. Biogeosciences, 15: 5287–

5313. doi:10.5194/bg-15-5287-2018. 



 
 

 

A r c t i c N e t  F i n a l  R e p o r t       P a g e  17 | 18 

Myers-Smith, I.H. et al. 2011. Shrub expansion in tundra ecosystems: dynamics, impacts 

and research priorities. Environmental Research Letters, 6: 045509. doi:10.1088/1748-

9326/6/4/045509. 

Wang, Z., Kim, Y., Seo, H., Um, M.-J., and Mao, J. 2019. Permafrost response to vegetation 

greenness variation in the Arctic tundra through positive feedback in surface air 

temperature and snow cover. Environmental Research Letters, 14: 044024. 

doi:10.1088/1748-9326/ab0839. 

Way, R.G., and Lewkowicz, A.G. 2018. Environmental controls on ground temperature 

and permafrost in Labrador, northeast Canada. Permafrost and Periglacial Processes, 

29: 73–85. doi:10.1002/ppp.1972. 

Whitaker, D. 2017. Expanded Range Limits of Boreal Birds in the Torngat Mountains of 

Northern Labrador. The Canadian Field-Naturalist, 131: 55. doi:10.22621/cfn.v131i1.1957. 

Wilcox, E.J., Keim, D., de Jong, T., Walker, B., Sonnentag, O., Sniderhan, A.E., Mann, P., 

and Marsh, P. 2019. Tundra shrub expansion may amplify permafrost thaw by advancing 

snowmelt timing. Arctic Science, 5: 202–217. doi:10.1139/as-2018-0028. 

Zhang, Y., Chen, W., and Cihlar, J. 2003. A process-based model for quantifying the 

impact of climate change on permafrost thermal regimes. Journal of Geophysical 

Research, 108. doi:10.1029/2002JD003354. 

 

15. Publications List  

See online submission in the intranet system. 

 

16.  Metadata and DATA 

 The project's overall data management, data sharing and dissemination plan are 

developed in concert with the Nunatsiavut Government, the NunatuKavut Community 

Council, Parks Canada and the Kativik Regional Government. Thus, the above 

organizations will be consulted prior to publishing of data in open repositories but overall 

this project is committed to free and open provision of research data where permitted. 

Generated research data that forms the basis of publications will be published in open 

access (e.g. no paywall) peer reviewed journals to ensure access is available to 

community members throughout the IRIS regions. We also commit to placing copies of 

all research reports and presentations online on a project website, if licenses permit, and 

at the culmination of this project to publishing in open access data journals with specific 

details about datasets in open repositories. 
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 The specific data management plan for this project will be to publish research 

data and metadata products in Nordicana D to ensure communities and governments 

will have access to all output research data produced by this project. The choice of 

Nordicana D is because of the many Nunavik related datasets stored in that repository. 

Permafrost specific data will also be published in the Global Terrestrial Network on 

Permafrost's open database. Data and metadata will be published online in repositories 

during year 2 and will then be updated with the research data collected in year 3. Data 

formats will be comma space delimited, geotiff, shapefile and/or excel files. Specific 

data products that will be published in open access repositories (e.g. Nordicana D) will 

include logger data collected at monitoring stations (typically ground surface 

temperature data), gridded climate and vegetation data products (shapefiles or 

.geotiffs), and ground photographs of biodiversity plots. We will also publish full 

coordinates of research locations to ensure accurate revisitation. Where possible, we 

will use open access tools (e.g. R, QGIS, Google Earth Engine) and will publish data 

processing code to ensure reproducibility of research results. Back-ups of research data 

will also be permanently stored on external hard drives to be situated at network 

investigator home universities. 
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