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ABSTRACT 

Peary caribou is the most northern designatable unit of the caribou species and its population 

declined by 70% over the last three generations. The Species at Risk Public Registry of Canada 

identifies difficult grazing conditions through the snow cover as being the most significant factor 

contributing to this decline. The project concentrates on this specific aspect and developed a tool 

for its assessment, using SNOWPACK (a Swiss snow cover simulation model). Three critical 

times of year are identified by Environment Canada for Peary caribou, which are calving (April – 

June), breeding (July – October) and foraging (November – March). These periods were analyzed 

by comparing snowpack characterization parameters with Peary caribou populations, to ultimately 

spatialize the retained parameters at a regional scale across the Arctic. 
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INTRODUCTION 

Climate change has been observed in the Arctic for more than three decades (Screen and 

Simmonds, 2010). Associated physical impacts are very diverse, including impacts on permafrost 

(Romanovsky et al., 2010), glaciers (Gardner et al., 2013), sea ice (Stroeve et al., 2011) and 

snowpack (Derksen and Brown, 2012). The impacts on the snowpack are again very diverse: 

intense spring melting (Derksen and Brown, 2012), heat waves, extreme precipitations, rain-on-

snow. Particularly, those may lead to the observed increasing formation of dense snow layers and 

ice crusts, which have an important impact on food access for some ungulates (Putkonen and Roe, 

2003), among which the Peary caribou. This designatable unit has been categorized as an 

endangered species by the Species at Risk Public Registry of Canada, its population having 

drastically dropped (70%) over the last three generations and numbers are still decreasing. The 

main element being pointed out in order to explain this decline is difficult grazing conditions 

through the snow cover. The present project is aiming to determine and create a snowpack 

characterization tool for the assessment of Peary caribou access to food on ground. The project 

takes part in a main assessment by Environment Canada on Peary caribou’s survival, which 

includes assessment of food spatial distribution and changes in the sea ice formation over the 

years. 
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DATA AND METHODS 

The first objective was to identify a procedure for the combination of SNOWPACK with a 

climate model (CRCM 45 km was chosen), including preliminary validations and evaluations for 

the input parameters to SNOWPACK. The second objective was the assessment of specific 

snowpack characterization parameters for Peary caribou access to food on ground. The ultimate 

objective was the spatialization of the retained snowpack parameters over the study site and the 

determination of a preliminary downscaling approach; we can see the study site, which covers 

Peary caribou’s habitat, corresponding to a main part of the Canadian Arctic Archipelago (CAA), 

at the following figure: 

 

Figure 1. Study Site 

Three main types of spatial data were used: meteorological data, a DEM and caribou 

populations. Meteorological data was taken from the Canadian Regional Climate Model 

(CRCM4.2); it has a spatial resolution of 45 km and a temporal resolution of three hours. Also 

meteorological data was taken from weather stations across the study site. The DEM used comes 

from the Canadian Digital Elevation Data (CDED); it has a spatial resolution of three seconds in 

latitude, and six seconds in longitude. Finally, Peary caribou populations were provided by 

Environment Canada, for 19 specific regions across the CAA; they were acquired by plane and 

helicopter, with the collaboration of local communities. We can see at the next figure how these 

three types of data were used within the project; we can also see what place the objectives have in 

relationship with them: 
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Figure 2. Organization Chart 



36 

 

RESULTS AND DISCUSSION 

As a result for the first objective, the coupling procedure of SNOWPACK with CRCM was 

defined. For their part, the validations gave good results for three of the CRCM parameters that 

were compared with in situ data, which are air temperature, incoming longwave radiations and 

incoming shortwave radiations. For the three other parameters, which are relative humidity, wind 

speed and precipitations, the validation’s results were weak; the conclusion is that it is due to the 

fact that we are trying to compare 45 km-wide pixels with punctual (station-based) information. 

Validations were performed to assess the impact and sensibility of CRCM parameters on snow 

profiles, which led to the conclusion that SNOWPACK’s output can be very impacted / sensible to 

weather data alteration, depending on the meteorological parameter. 

 

As a result for the second objective, the main snowpack characterization parameter identified 

was snow density, which was refined as average density, maximum density and over-threshold 

density (thresholds of 300, 350 and 400 kg/m³ were tested). This last parameter was again refined 

as the number of occurrences, the cumulative density and the cumulative thickness. The best 

qualitative correlation between caribou populations and density was obtained for the cumulative 

thickness of layers reaching a threshold of 300 kg/m³. Here is the graphical result: 

 

Figure 3. Peary Caribou Populations in Comparison with Cumulative Thickness (cm) for all Winter – All 

Sites 

From the figure above, we can see that the top caribou populations (eight in total) are associated 

with low cumulative thickness values, i.e. below 4,000 cm. Furthermore, the top cumulative 

thickness values (10 in total) are associated with low caribou populations, i.e. below 3,000 

individuals. Actually, if we put aside the point associated to 20,000 cm of cumulative thickness 

and 3,000 individuals, we can say that a cumulative thickness value of between 5,000 and 10,000 

cm seems to be a reached value associated to near-zero caribou populations, leading to 

unfavorable snow conditions for access to food on ground. 

 

Many other approaches were tried; the best preliminary result was obtained with combining 

three aspects: a standardization was integrated between islands, to bring every mean to the same 

level, grain type was introduced, and lastly maximum caribou population indicators were 

outputted by interval of the snowpack indicator; here is the associated graph: 
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Figure 4. Maximum Peary Caribou Indicator by Snowpack Indicator Interval for all Winter – All Sites 

As a result for the last objective, the spatialization software result is divided into four parts: the 

creation of a CRCM pixels database, the creation of SNOWPACK input files, the generation of 

snowpack profiles and the shapefile (ESRI format) gerenation. Here is an example of a possible 

raster output, generated from the shapefile deliverable, for the whole study area, for the 

cumulative thickness of layers over 300 kg/m³ (all winter), for 2011: 

 

Figure 5. Raster Output Result Example – Cumulative Thickness (cm) for all Winter for 2011 

Finally, since pixels assessed so far in the project are 45 km wide, and since an assessment with 

finer areas of interest would be interesting for caribou population movements, a preliminary 

downscaling approach was defined. It is essentially based on the using of the DEM at a finer 

spatial resolution, at five km at least. The thing is that it is related to a treatment time being far too 

important for a basic computer for the study area, so the preliminary approach suggests the 

assessment of smaller areas, or the using of supercomputers. 
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