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Figure 4: Long Term Temperature Observation Sites across Canada (Red-Observes Temperature, Blue-Observes Precipitation) [3] 

 

Table 1: Observed Changes in Annual and Seasonal Mean Temperature between 1948 and 2016 for Six Regions and for All 
Canadian Land Area5 [3] 

                                                                 

5 Changes are represented by linear trends over the period. Estimates are derived from the gridded station data. There is a lack of 
data for northern Canada (Figure 3). 
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Figure 9: Winter Road Climate Risk and Vulnerability Review Framework Concept Map22 

At the time of writing, the factors related to climate, road characteristics and operational characteristics 

have been incorporated into the framework.  

Within the category of climate factors, air temperature and snow have been incorporated into the 

framework, as these parameters have emerged as the most significant factors for winter road 

construction, operations and maintenance. This was consistent with the literature review as well as 

through the consultations with provincial and territorial government officials. Within operational 
characteristics, since the weights of the various types of vehicles travelling across the network establishes 

the weight limits the roads need to sustain, it was one of the first parameters incorporated into the 

framework. Consultations with provincial and territorial governments also revealed that the controlling 

parameter for being able to open road segments is whether the over ice segments have accumulated 

sufficient thickness to carry the designated weight limits, while the over land segments are often the 
controlling parameter for mid-season interruptions, as well as season closures. The work completed to 

date focused on incorporating models for over ice segments, as well as integrating the road season 

opening into the framework. Opening date is a very important parameter when assessing present and 

future road effectiveness, and historical information on this parameter is available from many operations.   

                                                                 

22 Yellow coloured items are incorporated into this iteration of the framework; Orange coloured items are incorporated into this 
iteration of the framework; Red coloured items have been identified as important, but have not been incorporated into this iteration 
of the framework; Grey coloured items have not been incorporated into this iteration of the framework. 
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There are two key steps within the winter road climate risk and vulnerability review framework: 

1. Establishment of baseline operating conditions; 

2. Projecting operational conditions using future climate models: 
2.1 Compare observed climate data with the predicted historical climate by climate models to 

determine a calibration/transfer function (this step is usually referred to as statistical 

downscaling), and integrate the calibration/transfer function into future climate 

projections; 
2.2 Downscale calibrated future climate projections from monthly averages to daily 

temperatures; 

2.3 Project future operating conditions using downscaled future daily temperature data and 

parameters from baseline operating conditions. 

 
The steps are discussed in detail in the sections that follow. 

3.1.1 Establishment of Baseline Operating Conditions (Step 1) 

Step 1 in the process described in Section 3.1 to create a winter road climate risk and vulnerability 

framework is to establish baseline operating conditions.  The method for doing this is illustrated in Figure 
10. The framework proposes to examine the known weak links within each network in detail. Depending 

on the location of the weak link, whether it is over ice or over land, the proposed analytical method is 

different due to the differences in operating conditions.   

As mentioned in the previous section, the parameters incorporated to date focus on integrating models for 

the on-ice segments of the network, which are the controlling factors for determining winter road season 
opening, since the over ice segments are the slowest within winter road networks to accumulate sufficient 

thickness to carry the designated weight limits.    













https://climate-scenarios.canada.ca/?page=main
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Figure 14: Graphical Comparison of the Resolutions of a Global Model versus a Regional Model [3] 

3.1.2.1.2 Step 2.1 Comparison of Observed Climate Data with Climate Models 

As discussed in earlier sections, climate models typically have a predicted historical climate as shown in 
Figure 15 in grey, and projections of future climate as shown in Figure 16 in colour, under various RCP 

scenarios.  

 

Figure 15: Example of Predicted Historical Climate from Climate Models of a Location Near the Eureka Weather Station, Nunavut 
(https://climatedata.ca) 

https://climatedata.ca/
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Figure 16: Example of Projected Future Climate from Climate Models of a Location Near the Eureka Weather Station, Nunavut 
(https://climatedata.ca) 

Step 2.1 compares the observed climate data with the predicted historical climate by climate models to 

determine whether they correlate well, or whether a calibration/transfer function is needed to better 

correlate the results. This step is usually referred to as statistical downscaling.  

An example of this analysis is provided in the case study of the James Bay Winter Road (Appendix D). 

The calibration/transfer function is then integrated into future climate projections to produce a calibrated 

dataset.  

3.1.2.1.3 Step 2.2: Downscale of Calibrated Future Climate Projections from Monthly Temperature 

Averages to Daily Temperatures 
Step 2.2 requires the downscaling of the calibrated future climate projections (usually in the form of 

monthly temperature averages) to daily temperatures in order to calculate FDD under future climate 

scenarios.  

There are many methods for performing downscaling, including statistical downscaling (delta change, 
enhanced change factors, synoptic map) and dynamic downscaling methods. 

As of FY2021-2022, the research team is still exploring different downscaling methods to be used for the 

framework.   

3.1.2.1.4 Step 2.3: Projections of Future Operating Conditions 

Step 2.3 proposes to project FDD with the downscaled future daily temperature data, then integrate the 
projected FDD with the baseline operating parameters (Step 1) to project winter road seasons opening 

dates for the year 2025, 2030, 2040, 2050 and 2070. 

https://climatedata.ca/


https://www.ouranos.ca/en/program/climate-simulation-and-analysis/
https://climatedata.ca/about/
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Figure 17: Weather Stations and Distribution across Canada 

Many sources reviewed for this research expressed that there was a lack of key winter road operational 

data. During FY 2021-2022, detailed discussions were held with federal, provincial and territorial 

stakeholders to better understand the types of data collected within their jurisdictions. Table 6 

summarizes the most current information gathered on the availability of data for this research. 

Types of Data Province of 
Ontario33 

Province of 
Saskatchewan34 

Province of 
Manitoba35 

Province of 
Alberta 

Northwest 
Territories36 

Historical 

opening dates 

Available in 

the forms of 

open to light 

weight, open 
to partial 

weight and 

open to full 

weight (2015-

2021) 

Available in the 

forms of open to 

partial weight 

(2005-2020) 

Available in 

the forms of 

open to 

partial weight 
(2004-2020) 

Not yet 

determined 

Portions of the 

network data is 

available in the 

forms of open 
to light weight, 

open to partial 

weight and 

open to full 

                                                                 

33 Data is provided to the province and ISC Ontario via self-reporting by winter road communities. 

34 Official data from the province. 

35 Official data from the province. 

36 Official data from the territory. 
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Figure 20: System Wide Vulnerability Assessment for Saskatchewan (Fond du Lac to Uranium City, 2005-2020) 

 

Figure 21: System Wide Vulnerability Assessment for Saskatchewan (Wollaston Lake, 2005-2020) 
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Figure 28: Season Length Analysis for Manitoba Historical Closing Dates (2015-2021) 

This analysis is very effective in providing a different type of system overview of a winter road network, in 

the forms of how the winter road season may be changing over time. It is proposed that this analysis be 
completed for the rest of the province of Manitoba, the Province of Alberta and the Northwest Territories 

in the future.  

 Route Profile and Overview Analysis 
A third type of analysis proposed for the winter road module also uses historical opening and closing 
dates for each winter road segment, in conjunction with FDDs calculated from temperature records of 

nearby weather stations.  

A series of case studies were completed for the province of Ontario, to assess the effectiveness for this 

type of method for risk and vulnerability, including an example of 12 route profiles for a single route, 

Wapekeka, and route summaries for 16 different routes in Ontario.  

The 12 route profiles for Wapekeka are shown in Figure 29 and indicate that there is a very large 

variation in FDDs for opening to light and partial weight in the past four years.  The figure shows that, in 

contrast, FDDs at open to full weight are consistently between 1,800 and 2,000 in the same period. The 

total number of days operating under full weight has been decreasing, with 2020-2021 being the shortest 

season with less than 10 days. This may be due to a combination of factors including climate, as well as 
COVID19 related pandemic impacts. In addition, while there are variations of how early each winter road 

seasons starts, the season closure seems to be between 80 to 100 days after January 1 of each year 

(mid-March to Mid-April).  
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Figure 29: Example of 12 Route Profile Graphs (for a Single Route, Wapekeka in Ontario) 

Figure 30 and Figure 31 presents the key profiles for 16 different winter road routes, thus providing an 

example of a system overview and comparison. As shown in Figure 30, it appears that North Caribou 

Lake is able to open the route to full weight at an average FDD of around 600 while other routes needed 
at least 1,300. Figure 30 also shows that Marten Falls may be more vulnerable compared to other routes 

in the case study, since it has a lower average FDD at closing and max FDD, therefore might be located 

in a region that is experiencing more rapid warming.  
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Figure 30: Example of Route Summaries Using 3 Key Profiles (for 16 Routes in Ontario) 

Figure 31 shows that the average number of operating days within a season for Deer Lake, Eabametoong 

and Marten Falls (shown with red rectangles around their names) have consistently been under the 30 

days minimum threshold window and may be more vulnerable to climate change. Figure 31 also shows 

that North Caribou Lake has been able to open in early January to full weight with the longest operating 
window among all case study routes, thus could be examined in more depth to identify whether there are 

practices that can help more vulnerable operations adapt to climatic changes. 
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Stakeholders from Manitoba and Saskatchewan have confirmed that the case study results are in line 

with their field observations and that this type of analysis would be extremely valuable for planning and 

preparation purposes. It is proposed that this analysis be completed for the rest of the province of 
Manitoba, the Province of Alberta and the Northwest Territories in the future.  
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Appendix A: Winter Road Network in the Rest of the 
World as per Literature Scan 

As per [2], this list is non-exhaustive due to a variety of reasons including the non-official status of many 

roads and language barriers. 
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Appendix B: Maps of Winter Roads under Provincial 
and Territorial Jurisdiction 

 

Figure 33: Winter Road Network in Northern Ontario (Dashed Red Lines, https://www.mndm.gov.on.ca/sites/default/files/en_-
_northern_ontario_winter_roads_map_2019.pdf) 
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Figure 34: Winter Road Network in Southern Manitoba (https://www.gov.mb.ca/mit/winter/pdf/reports/southern_dispatch_map.pdf) 

 

Figure 35: Winter Road Network in Northern Manitoba (https://www.gov.mb.ca/mit/winter/pdf/reports/northern_dispatch_map.pdf)  
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Figure 36: Winter Road Network in Saskatchewan [1] 
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Figure 37: Winter Road Network in Saskatchewan (Wollaston Lake Winter Road, https://www.saskatchewan.ca/government/news-
and-media/2007/february/08/ice-road-construction-underway-in-far-north) 

 

Figure 38: Winter Road Network in Saskatchewan (Athabasca Winter Road, https://www.saskatchewan.ca/government/news-and-
media/2007/february/08/ice-road-construction-underway-in-far-north) 
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Figure 39: Winter Road Network in Alberta (Fort Chipewyan Winter Road, La Loche Winter Trail, Lac La Biche Winter Trail, 
https://www.rmwb.ca/en/roads-and-construction/resources/Documents/winter-roads-map.PDF) 
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Figure 40: Winter Road Network in Alberta (Little Red River Cree Nation Winter Roads41) 

                                                                 

41 The winter road routes and segments on this map are estimated, as official maps were not available at the time of publication. 
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Figure 41: Winter Road Network in the Northwest Territories42 [12]  

 

 

                                                                 

42 The Tuktoyaktuk winter road has been converted into an all season road as of 2017.  
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Figure 45: a) Plot Comparing Snow on Ground Recorded at the Baker Lake Ice Site Measurements with Values Recorded at the 
Baker Lake Weather Station, and b) Variation of Mean Daily Temperature Recorded at the Baker Lake Weather Station and the 
Calculated FDD 
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Figure 47: a) Plot Comparing Snow on Ground Recorded at the Eureka Ice Site Measurements with Values Recorded at the Eureka 
Weather Station, and b) Variation of Mean Daily Temperature Recorded at the Eureka Weather Station and the Calculated FDD 
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Appendix D: Case Study - James Bay Winter Road 
(Ontario) 

The James Bay Winter Road was selected as a case study for the proposed winter road climate risk and 

vulnerability review framework as discussed in Section 3. This winter road network was selected due to 

the availability of data, as well as past research by U of T for comparison purposes.  

The work described in this appendix includes Step 1 and Step 2.1 from the process described in Section 
3.1 to create a winter road climate risk and vulnerability framework. 

As shown in Figure 50, the James Bay Winter Road connects the communities of Moose Cree, Albany, 

Kashechewan and Attawapiskat to the rail lines at Moosonee [9]. 

 

Figure 50: James Bay Winter Road Northern Ontario (https://www.mndm.gov.on.ca/sites/default/files/en_-
_northern_ontario_winter_roads_map_2019.pdf) 

Historical data from the Moosonee weather station (Figure 51, [40]) has been used to estimate the 

opening date of the James Bay Winter Road (assuming that the season opening is controlled by the over 

ice portion of the winter road network).  
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Figure 51: Location of Moosonee Weather Station 

The Moosonee weather station has daily surface temperature data from 1932 and snow on ground data 

from 1956. Data from some years are missing from this weather station as seen in Figure 52. Figure 52 

shows the variation of FDDs between 1940 and 2020 with a clear decreasing trend after 1990. It is also 

clear from Figure 52 that the winter road season in 2009-2010 was the warmest season with a total of 
only around 1,400 FDDs. 

 

Figure 52: Variation of FDD at Moosonee Weather Station44 

                                                                 

44 In this plot, the FDD accumulation for each year starts from the first day after October 1st when the mean daily temperature is 
below zero for seven consecutive days and continues until May 31st of the following year. 
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