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Introduction 
 
 This Open File contains field measurements and data for the characterization of climate, 
permafrost, and ecological conditions at 19 study sites in the southern Northwest Territories, 
northeast of Great Slave Lake. Of the 19 study sites, 16 were disturbed by forest fire in 2014 or 
2015 (burned - B), while three sites remained undisturbed/unburned (unburned - UB). Summary 
data and metrics are presented in the main document, and daily mean air, ground surface, and 
ground temperatures are provided as .csv files. This Open File supports ongoing research by the 
Geological Survey of Canada on post-fire permafrost dynamics in the Northwest Territories and 
accompanies Open File 9298, entitled “Electrical resistivity tomography surveys for characterizing 
permafrost conditions following wildfire, southern Northwest Territories, 2015-2018”. Additional 
details are available in Holloway (2020). 

 
 This Open File contains a .zip of the following files: 

1) B1.csv – daily mean ground surface and ground temperatures at B1 
2) B2.csv – daily mean air, ground surface, and ground temperatures at B2 
3) B3.csv – daily mean air, ground surface, and ground temperatures at B3 
4) B4.csv – daily mean ground surface temperatures at B4 
5) B5.csv – daily mean ground surface and ground temperatures at B5 
6) B6.csv – daily mean air, ground surface, and ground temperatures at B6 
7) B7.csv – daily mean ground surface and ground temperatures at B7 
8) B8.csv – daily mean air, ground surface, and ground temperatures at B8 
9) B9.csv – daily mean ground surface and ground temperatures at B9 
10) B10.csv – daily mean ground surface and ground temperatures at B10 
11) B11.csv – daily mean ground surface temperatures at B11 
12) B12.csv – daily mean air, ground surface, and ground temperatures at B12 
13) B13.csv – daily mean ground surface and ground temperatures at B13 
14) B14.csv – daily mean ground surface and ground temperatures at B14 
15) B15.csv – daily mean ground surface and ground temperatures at B15 
16) B16.csv – daily mean ground surface and ground temperatures at B16 
17) UB1.csv – daily mean ground surface and ground temperatures at UB1 
18) UB2.csv – daily mean ground surface and ground temperatures at UB2 
19) UB3.csv – daily mean air, ground surface, and ground temperatures at UB3 
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Study area and sites 
 

The following description of the study area and study sites is also provided in Open File 
9298, entitled “Electrical resistivity tomography surveys for characterizing permafrost conditions 
following wildfire, southern Northwest Territories, 2015-2018”. 

The monitoring sites were selected by applying a stratified random sampling scheme within 
seven areas burned by wildfire in 2014 or 2015 along Highways 1 and 3, mainly between Kakisa 
and Behchoko (Figure 1). The strata represented a range of vegetation types, fire severities, and 
fire histories. Further site selection occurred in the field, based on the presence of a frost table and 
other conditions indicative of permafrost. The sites were established in 2015 (n=16), 2016 (n=2), 
and 2017 (n=1) and were revisited annually from 2015 to 2019, with some exceptions due to 
logistical constraints (Table 1). The study sites are aligned along a transect that runs southwest to 
northeast, perpendicular to regional mean annual air temperature isotherms, the boundary between 
the sporadic and extensive discontinuous permafrost zones (Heginbottom et al. 1995), and the 
boundary between the Taiga Plains and Taiga Shield ecozones.  

The regional climate is subarctic and continental, with a mean annual air temperature 
(MAAT) of -4.0°C at Yellowknife (62.5°N) and -2.2°C at Hay River (60.1°N) (1991-2020 climate 
normal) (Environment and Climate Change Canada 2025). Mean total annual precipitation is 294 
mm at Yellowknife and 320 mm at Hay River, with snow fractions of 0.39 and 0.34, respectively 
(1991-2020 climate normal) (Environment and Climate Change Canada 2025). 

Fifteen sites are in the Taiga Plains ecozone, while four sites near Yellowknife are in the 
Taiga Shield ecozone. The Taiga Plains consist of a gently rolling sedimentary bedrock plain 
overlain by till and glaciolacustrine deposits. The vegetation is predominantly black spruce (Picea 
mariana) in the lowlands and mixed forest in the uplands, with understories commonly composed 
of mosses, lichens, sedges, and Labrador tea (Rhododendron groenlandicum). The Taiga Shield 
comprises undulating exposed igneous and metamorphic bedrock, with low-lying wetlands 
underlain by till and glaciolacustrine deposits. Jack pine (Pinus banksiana), black spruce, and 
paper birch (Betula papyrifera) occur in thin soils at upland sites, while black spruce dominates 
lowlands. Wetlands constitute 40% of the area, with peat thicknesses of 2 to 6 m (Gibson et al. 
2018). 

The southern part of the transect falls within the sporadic discontinuous permafrost zone, 
where permafrost thicknesses are less than 30 m and mean annual ground temperatures are greater 
than -1°C (Smith et al. 2008, 2015). The northern part of the transect is in the extensive 
discontinuous permafrost zone, where permafrost is less than 50 m thick and has mean annual 
ground temperatures above -2°C (Wolfe et al. 2015, Morse et al. 2016). 
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Figure 1. Map of study area in the southern Northwest Territories, Canada, including burned 
(n=16) and unburned (n=3) sites, major roads, 2014 and 2015 fire boundaries (Northwest 
Territories Centre for Geomatics 2015), ecozones (Government of Northwest Territories 2008), 
and permafrost distribution zones (Heginbottom et al. 1995). The sites marked with an asterisk (*) 
had no permafrost present when first established and sites labelled in blue include air temperature 
stations. Inset map shows the location of Yellowknife within Canada. 
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Table 1. Study site names, coordinates, descriptions, ecozones, dates visited, and estimated 
permafrost thicknesses. 

Site name / 
ID 

Latitude, 
Longitude (°) 

Description  
(e.g., soil moisture, landform, vegetation, 

local topography) 
Ecozone Dates visited 

(YYYY-MM-DD) 

Permafrost 
thickness 

(m) 

B1 
(SS33-9a) 

60.941,  
-117.366 

Mesic-subhygric.  
Peat plateau, lots of thermokarst.  

No slope. 

South Taiga 
Plains 

2015-06-16 
2015-08-16 
2016-05-17 
2016-09-01 
2017-08-29 
2018-09-03 

15-20 

B2 
(SS33-6c) 

60.958,  
-117.339 

Subhygric.  
Spruce forest, lots of mounding.  

No slope. 

South Taiga 
Plains 

2015-06-04 
2015-08-14 
2016-09-06 

None 

B3 
(ZF20-34b) 

61.608,  
-117.154 

Mesic-subxeric.  
Gradient from pine to spruce to bog.  

No slope. 

Central Taiga 
Plains 

2015-06-02 
2015-08-15 None 

B4 
(ZF20-6b-

1) 

61.689,  
-116.952 

Mesic-subxeric.  
Severely burned, all trees down.  

No slope. 

Central Taiga 
Plains 

2015-06-08 
2015-08-15 
2016-05-13 
2016-09-07 
2017-09-01 
2018-09-07 

10  
(patch) 

 
B5 

(ZF20-6b-
LK) 

61.692,  
-116.953 

Mesic-subhygric.  
Wet spruce forest near pond; one end has 

thick peat plateau and the other is a very wet 
marsh. 

Central Taiga 
Plains 

2015-06-11 
2015-08-18 
2016-05-13 
2016-09-05 
2017-09-02 
2018-09-06 

15 

B6 
(ZF20-12b) 

61.736,  
-116.834 

Mesic.  
Gradient from pine to black spruce to bog.  

No slope. 

Central Taiga 
Plains 

2015-06-14 
2015-08-13 
2016-05-15 
2016-09-03 
2017-08-31 
2018-09-08 

5 
(small 
patch) 

B7 
(ZF20-9c) 

61.796,  
-116.740 

Mesic-subhygric.  
Spruce forest with lots of mounds, and small 

section of unburned.  
No slope. 

Central Taiga 
Plains 

2015-06-10 
2015-08-19 
2016-05-14 
2016-09-04 
2017-09-01 
2018-09-05 

5-10 

B8 
(ZF20-4a) 

61.863,  
-116.597 

Mesic-subxeric.  
Gradient of burn severity from unburned to 

severely burned.  
No slope. 

Central Taiga 
Plains 

2015-06-02 
2015-08-17 
2016-05-14 
2016-09-02 
2017-08-30 
2018-09-09 

10-20 

B9 
(ZF46-18b) 

62.345,  
-116.482 

Mesic-subhygric.  
Pine with small area of black spruce.  

No slope. 

North Taiga 
Plains 

2015-06-09 
2015-08-12 
2016-05-11 
2016-09-14 
2017-09-05 
2018-09-12 

>5 

B10 
(ZF46-35c) 

62.450,  
-116.496 

Mesic.  
Pine and dwarf black spruce patch.  

No slope. 

North Taiga 
Plains 

2015-06-09 
2015-08-20 
2016-05-16 
2016-09-13 
2017-09-05 
2018-09-12 

>5 

B11 
(ZF46-1b-

1) 

62.480,  
-116.518 

Mesic-subhygric.  
Small valley, pine on top of hill, spruce in 

valley bottom (wet/boggy). Hill slope is 30° 
and valley bottom (60 m) is flat. Sandy. 

North Taiga 
Plains 

2015-06-06 
2015-08-20 
2016-05-15 
2017-09-06 
2018-09-11 

5 
(small 
patch) 

B12 
(ZF46-1b-

2) 

62.481,  
-116.520 

Mesic-subhygric.  
Small valley, pine on top of hill, spruce in 
valley bottom (wet/boggy). Transect goes 

North Taiga 
Plains 

2015-06-06 
2015-08-20 
2016-05-20 
2016-09-15 

5-10 
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through burned and unburned area. Hill slope 
is 30° and valley bottom (60m) is flat. Sandy. 

2017-09-06 
2018-09-11 

B13 
(ZF46-1c) 

62.485,  
-116.518 

Mesic.  
Spruce stand. Sandy.  

No slope. 

North Taiga 
Plains 

2015-06-10 
2015-08-19 
2016-06-03 
2016-09-15 
2017-09-05 
2018-09-10 

5-10 

B14 
(TIB-1) 

62.522,  
-113.382 Burned peatland with ice wedges. Taiga Shield 

2016-06-16 
2016-09-12 
2017-09-07 
2018-09-14 

>24 

B15 
(LL-PEAT) 

63.133,  
-114.004 Peatland in valley next to lithalsas. Taiga Shield 

2015-06-18 
2015-08-30 
2016-09-10 
2018-08-25 

>24 

B16 
(LL-

LITH2) 

63.132,  
-114.006 Lithalsa topped with spruce and birch trees. Taiga Shield 

2015-06-18 
2015-08-30 
2016-09-11 
2018-08-25 

>24 

UB1 
(KAK-UB) 

60.935,  
-117.072 

Mesic-subhygric.  
Unburned forest.  

No slope. 

South Taiga 
Plains 

2017-08-23 
2018-09-04 5 

UB2 
(HWY3-
UB-1A) 

62.029,  
-116.314 

Mesic-subhygric.  
Unburned forest.  

No slope. 

Central Taiga 
Plains 

2016-05-18 
2016-09-09 
2017-09-03 
2018-09-10 

>24 

UB3 
(UB-1) 

62.458,  
-114.532 Unburned peatland. Taiga Shield 

2015-06-07 
2015-08-11 
2016-05-31 
2016-09-16 
2017-09-07 
2018-09-13 

>24 
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Overview of data 
 

Data consists of direct and derived field measurements for the characterization of climate, 
soil, and ecological conditions at the 19 study sites (Table 2). 

Meteorological and ground temperature conditions are summarized based on sub-daily 
temperatures recorded at the study sites in the air, at the ground surface, and in the ground. Daily 
mean air, ground surface, and ground temperatures are provided in the .csv files for all study sites. 
Soil conditions are summarized at some sites from cores that were collected by drilling. Reported 
soil conditions include excess ice content, gravimetric moisture content, bulk density, grain size, 
and organic matter content. Ecological conditions in relation to burn severity and residual organic 
layer thickness are reported for the 16 burned sites. 
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Table 2. Summary of direct and derived field measurements made at 16 burned and three unburned 
study sites in the southern Northwest Territories from 2015 to 2019. 

Variable Measurement method or instrument; 
Calculation or derivation method 

Measurement frequency, 
parameters, reference 

Measurement accuracy, 
precision, error 

Direct climatic/meteorological measurements 

Air temperature HOBO Pro U23-003 Frequency: 2 hours Accuracy ±0.21°C, 
Precision ±0.02°C 

Ground surface temperature DS1922L Thermochron iButton Frequency: 4 hours Accuracy ±0.5°C, 
Precision ±0.0625°C 

Ground temperature HOBO Pro U12-008 Frequency: 2 hours Accuracy ±0.25°C, 
Precision ±0.03°C 

Snow depth DS1921G-F5 Thermochron iButton Frequency: 4 hours Accuracy ±1°C, 
Precision ±0.5°C 

Derived climatic/meteorological measurements 
Annual mean air temperature 

(AMAT) Mean of daily air temperature Hydrological year: 
September 1-August 31 - 

Annual mean ground surface 
temperature (AMGST) Mean of daily ground surface temperature Hydrological year: 

September 1-August 31 - 

Annual mean ground 
temperature (AMGT) at 1 m  Mean of ground temperature at 1 m Hydrological year: 

September 1-August 31 - 

Freezing degree days (air) 
(FDDa) Sum of daily air temperatures below 0°C Freezing season:  

October 1-April 30 - 

Thawing degree days (air) 
(TDDa) Sum of daily air temperatures above 0°C Thawing season:  

May 1-September 30 - 

Freezing degree days (ground 
surface) (FDDs) 

Sum of daily ground surface temperatures 
below 0°C 

Freezing season:  
October 1-April 30 - 

Thawing degree days (ground 
surface) (TDDs) 

Sum of daily ground surface temperatures 
above 0°C 

Thawing season:  
May 1-September 30 - 

Freezing n-factor (nF) 
Ratio of freezing degree days in the air and 

at the ground surface 
Freezing season:  

October 1-April 30 - 

Thawing n-factor (nT) Ratio of thawing degree days in the air and 
at the ground surface 

Thawing season:  
May 1-September 30 - 

Surface offset (SO) AMGST-AMAT Hydrological year: 
September 1-August 31 - 

Nival offset (NO) AMGST(F)-AMAT(F) Freezing season:  
October 1-April 30 - 

Thermal offset (TO) TTOP-AMGST Hydrological year: 
September 1-August 31 - 

Maximum snow cover depth Interpreted from iButton stake Lewkowicz (2008) Error: 10-20 cm 

Snow depth days (SDD) Sum of snow depth days - - 

Soil characteristics 

Excess ice content (EIC) Volumetric proportion of ice present that 
exceeds the pore volume of thawed sample  Kokelj and Burn (2003) - 

Bulk density (bD) Dry density - - 
Gravimetric moisture content 

(GMC) 
Amount of water present relative to dry 

sample mass van Everdingen (2005) - 

Mean grain size Microtrac S3500 laser particle size analyzer - - 

Grain size distribution Microtrac S3500 laser particle size analyzer - - 

Organic matter content 
LECO thermo-gravimetric analyzer with 

integrated balance, TGA701; Loss on 
ignition 

Heiri et al. (2001) - 

Direct environmental characteristics 
Height of adventitious roots 

(ARH) Mean of three measurements Measured along linear 
transects - 

Residual organic layer thickness Soil pits - - 

Derived environmental characteristics 

Depth of burn Calculation using height of adventitious 
roots and residual organic layer thickness Walker et al. (2018) - 

Pre-fire organic layer thickness Sum of residual organic layer thickness and 
depth of burn - - 

Proportion of organic layer lost Proportion of depth of burn to pre-fire 
organic layer thickness - - 
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Climatic/meteorological conditions 
 
Air temperature 
 

Air temperatures were measured at six sites (B2, B3, B6, B8, B12, UB3) within radiation 
shields installed at heights of 1.5 m using Hobo Pro U23-003 loggers. Each of these sites represents 
air temperatures for a cluster of nearby sites, located within a maximum radius of 20 km. Air 
temperature data were aggregated from bihourly measurements to daily maximum, minimum, and 
mean values using a custom R script (Way et al. 2018). Air temperatures for sites without stations 
were estimated using a weighted average, based on linear distances with the two nearest stations. 
For site B14, there was no site within 20 km to use for a weighted average, so the air temperature 
from site UB3 (60 km away) was used. Values at B14 and UB3 were expected to be similar as 
they are at the same latitude. Between-site regression analyses had an r2 >0.94, indicating that air 
temperatures are regionally, rather than locally, controlled. Aggregated and infilled air 
temperatures were used to calculate annual mean air temperatures (AMAT), surface offsets (SO), 
nival offsets (NO), and freezing and thawing degree days (FDDa, TDDa). 
 
Ground surface temperature 
 

Ground surface temperatures were measured with DS1922L Thermochron iButton 
temperature loggers installed at a depth of 5 cm at each site (Table 2). A second set of temperatures 
was recorded in unburned ground at each of the seven sites where such areas existed. Ground 
surface temperatures were aggregated from sub-daily measurements (taken every 4 hours) to daily 
maximum, minimum, and mean values using a custom R script (Way et al. 2018). Ground surface 
temperatures were infilled using the relation with the air temperature at that site, where the relation 
had an r2>0.8. Aggregated and infilled ground surface temperatures were used to calculate annual 
mean ground surface temperatures (AMGST), surface offsets (SO), nival offsets (NO), thermal 
offsets (TO), and the number of freezing and thawing degree days at the ground surface (FDDs, 
TDDs). 
 
Ground temperature 
 

Ground temperatures were measured using Hobo Pro U12-008 loggers with four external 
thermistors (accuracy ±0.25°C; precision ±0.03°C). Thermistors were installed at the frost table at 
the time of instrumentation and at several depths within the active layer at all sites and, where 
possible, within plastic casing installed in boreholes drilled into the permafrost using the water jet 
technique. Bihourly ground temperature measurements were aggregated to daily maximum, 
minimum, and mean values using a custom R script (Way et al. 2018). Gaps in the ground 
temperature record were infilled using a cubic spline interpolation (Riseborough and Burgess 
1996). For gaps smaller than 10 days, the 10-day period on either side of the missing data was used 
to generate the relationship. For gaps larger than 10 days, a 30-day period on either side was used. 
To infill gaps at the beginning of the ground temperature record, a linear relationship was generated 
from the 20 days following the missing data. Aggregated and infilled ground temperatures were 
used to calculate annual mean ground temperatures (AMGT) at ~1 m depth and thermal offsets 
(TO). 
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Table 3. Depths of temperature loggers installed at study sites. The sensor depth used to calculate 
AMGT at ~1.0 m is shown in bold. GST corresponds to ground surface temperature. 

Site Instrumentation 

B1 Burned: GST, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.5, 3.1 m 
Unburned: GST, 0.1, 0.3, 0.5, 0.7, 1.0, 1.5, 2.0, 2.4 m 

B2 Burned: GST, 0.15, 0.4, 0.5, 0.7, 0.9 m 
Unburned: GST, 0.15, 0.5, 0.7, 0.9 m 

B3 Burned: GST, 0.25, 0.5, 0.75, 1.0 m 
Unburned: GST, 0.25, 0.5, 0.75, 1.0 m 

B4 Burned: GST  

B5 Burned: GST, 0.5, 0.75, 1.0, 1.5, 2.0, 2.5 m 

B6 Burned: GST, 0.15, 0.3, 0.45, 0.5, 0.6 m 

B7 Burned: GST, 0.2, 0.4, 0.6, 0.8 m 
Unburned: GST, 0.2, 0.4, 0.8 m 

B8 Burned: GST, 0.2, 0.4, 0.5, 0.6, 0.8 m 
Unburned: GST, 0.2, 0.4, 0.6, 0.8 m 

B9 Burned: GST, 0.15, 0.3, 0.45, 0.6 m 

B10 Burned: GST, 0.2, 0.4, 0.8 m 

B11 Burned: GST 

B12 
Burned: GST, 0.25, 0.5, 1.0, 1.5, 1.9 m 
Unburned: GST, 0.5, 0.75, 1.0, 1.5 m 

B13 Burned: GST, 0.2, 0.4, 0.6, 0.8 m 
Unburned: GST, 0.1, 0.2, 0.4, 0.6 m 

B14 Burned: GST, 0.2, 0.5, 1.0 m 

B15 Burned: GST, 0.75, 1.5, 2.2 m 

B16 Burned: GST, 0.75, 1.0, 1.5, 2.0, 2.2, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 m 

UB1 Unburned: GST, 0.15, 0.35, 0.45, 0.55 m 

UB2 Unburned: GST, 0.25, 0.5, 1.0, 1.5 m 

UB3 Unburned: GST, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 7.4 m 

 
  



 

10 
 

Summary metrics  
 

Annual freezing and thawing degree-day (FDD and TDD) totals were calculated for the air 
(FDDa and TDDa) and ground surface (FDDs and TDDs) from the temperature records by summing 
daily mean temperatures below and above 0°C, respectively (Table 4). For this calculation, the 
freezing season was assumed to be October 1 to April 30, and the thawing season was assumed to 
be May 1 to September 30 (Smith et al. 2015).  

Freezing and thawing n-factors were calculated using the following equations (Klene et al. 
2001, Karunaratne and Burn 2004): 

𝑛𝑛𝐹𝐹 =
𝐹𝐹𝐹𝐹𝐹𝐹𝑠𝑠
𝐹𝐹𝐹𝐹𝐹𝐹𝑎𝑎

;  𝑛𝑛𝑇𝑇 =
𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠
𝑇𝑇𝑇𝑇𝑇𝑇𝑎𝑎

 

where nF is the freezing n-factor, FDDs is the surface freezing degree-day total, and FDDa is the 
air freezing degree-day total, and nT is the thawing n-factor, TDDs is the surface thawing degree-
day total, and TDDa is the air thawing degree-day total (Table 4). 
 Surface (SO), nival (NO), and thermal offsets (TO) were calculated using the following 
equations:  

𝑆𝑆𝑆𝑆 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 − 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 
𝑁𝑁𝑁𝑁 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹 − 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹 
𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 

where AMGSTF and AMATF are the mean ground surface and mean air temperatures measured 
during the freezing season, and TTOP is the annual mean temperature at the top of permafrost 
(represented by the AMGT at 1 m depth) (Smith and Riseborough 2002) (Table 5).  
 
Snow depth and duration 
 

Snow cover depth and duration were assessed at each site from temperature data collected 
using vertically arranged DS1921G-F5 Thermochron iButton temperature loggers fixed to a 
wooden stake (typically at heights of 10, 20, 30, 40, 50, 60, and 80 cm) (Lewkowicz 2008) (Table 
6). iButtons covered by snow experience smaller diurnal temperature variations than those exposed 
in the air above (Lewkowicz 2008). Snow depths were inferred using the absolute differences 
between the 2-day future running mean and the standard deviation between the highest iButton 
(typically 80 cm) and all other heights on the stake. Snow was deemed to be present at a certain 
height if: 

• the temperature recorded was below a temperature threshold of 1°C; 
• the maximum temperature recorded in the subsequent 24 hours was below the 

temperature threshold of 1°C; 
• the difference in 2-day future running means was below the temperature threshold of 

1°C; and, 
• the difference in the 2-day standard deviation was below a threshold of 1°C. 

If snow was present at one height, and not at the height above, snow depth was assumed to be mid-
way between the iButtons. Given the vertical spacing of the iButtons, the accuracy of snow depth 
is ± 5 or 10 cm. Daily snow depths were used to derive maximum snow depth and snow-depth 
days (SDD). 
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Table 4. Annual freezing and thawing degree days for the air and ground surface and freezing (nF) 
and thawing (nT) n-factors at burned and unburned areas of the study sites, if applicable. Values 
of nF are for freezing seasons that ended in the calendar year listed. Dashes indicate that no data 
are available.  

Site Year FDDa TDDa 
FDDs 
(B) 

TDDs 
(B) 

nF  
(B) 

nT  
(B) 

FDDs 
(UB) 

TDDs 
(UB) 

nF  
(UB) 

nT  
(UB) 

B1 

2016 2432 2075 83 1583 0.03 0.76 139 1712 0.06 0.83 
2017 2537 2136 207 1086 0.08 0.51 326 1482 0.13 0.69 
2018 2935 1789 111 1456 0.04 0.81 21 985 0.01 0.55 
2019 2414 - 51 - 0.02 - 156 - 0.06 - 

B2 

2016 2432 2075 - - - - - - - - 
2017 2537 2136 - - - - - - - - 
2018 2935 1789 - - - - - - - - 
2019 2550 - - - - - - - - - 

B3 

2016 2491 2089 - - - - - - - - 
2017 2748 2167 - - - - - - - - 
2018 3045 1798 - - - - - - - - 
2019 2654 - - - - - - - - - 

B4 

2016 2501 2092 356 1656 0.14 0.79 - - - - 
2017 2743 2169 663 1842 0.24 0.85 - - - - 
2018 3018 1781 689 1508 0.23 0.85 - - - - 
2019 2688 - 553 - 0.21 - - - - - 

B5 

2016 2501 2092 320 1346 0.13 0.64 - - - - 
2017 2743 2169 550 1571 0.20 0.72 - - - - 
2018 3018 1781 308 1685 0.10 0.95 - - - - 
2019 2598 - 184 - 0.07 - - - - - 

B6 

2016 2506 2094 225 1569 0.09 0.75 - - - - 
2017 2740 2171 590 1633 0.22 0.75 - - - - 
2018 3003 1772 349 1563 0.12 0.88 - - - - 
2019 2709 - 221 - 0.08 - - - - - 

B7 

2016 2533 2069 131 1886 0.05 0.91 98 1274 0.04 0.62 
2017 2784 2142 270 1750 0.10 0.82 214 1343 0.08 0.63 
2018 3050 1745 211 1586 0.07 0.91 88 1502 0.03 0.86 
2019 2734 - 237 - 0.09 - 91 - 0.03 - 

B8 

2016 2567 2038 310 1831 0.12 0.90 357 1297 0.14 0.64 
2017 2840 2105 277 1608 0.10 0.76 326 1221 0.11 0.58 
2018 3110 1709 391 1581 0.13 0.93 422 1081 0.14 0.63 
2019 2699 - 210 - 0.08 - 290 - 0.12 - 

B9 

2016 2799 1940 109 1153 0.04 0.59 - - - - 
2017 3072 2006 236 997 0.08 0.50 - - - - 
2018 3312 1617 304 933 0.09 0.58 - - - - 
2019 2956 - 171 - 0.06 - - - - - 

B10 

2016 2850 1919 195 1853 0.07 0.97 - - - - 
2017 3123 1985 152 1769 0.05 0.89 - - - - 
2018 3357 1598 334 1541 0.10 0.96 - - - - 
2019 3042 - - - - - - - - - 

B11 

2016 2866 1912 99 1508 0.03 0.79 - - - - 
2017 3139 1979 86 1702 0.03 0.86 - - - - 
2018 3371 1591 113 1564 0.03 0.98 - - - - 
2019 3057 - - - - - - - - - 

B12 

2016 2866 1912 475 1175 0.17 0.61 403 1431 0.14 0.75 
2017 3139 1979 463 1154 0.15 0.58 351 1561 0.11 0.79 
2018 3371 1591 724 855 0.21 0.54 411 1287 0.12 0.81 
2019 3028 - 411 - 0.14 - 210 - 0.07 - 

B13 

2016 2866 1912 - - - - - - - - 
2017 3139 1979 108 1515 0.03 0.77 122 1161 0.04 0.59 
2018 3371 1591 101 1436 0.03 0.90 125 1171 0.04 0.74 
2019 3028 - 59 - 0.02 - 58 - 0.02 - 

B14 

2016 - - - - - - - - - - 
2017 3000 2053 426 1521 0.14 0.74 - - - - 
2018 3281 1622 843 1049 0.26 0.65 - - - - 
2019 3026 - - - - - - - - - 

B15 

2016 3216 1958 1175 1786 0.37 0.91 - - - - 
2017 3331 2033 1454 1748 0.44 0.86 - - - - 
2018 3596 1560 1734 1419 0.48 0.91 - - - - 
2019 3396 - 1395 - 0.41 - - - - - 
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B16 

2016 3216 1958 1396 1460 0.43 0.75 - - - - 
2017 3331 2033 1390 1489 0.42 0.73 - - - - 
2018 3596 1560 2032 1171 0.56 0.75 - - - - 
2019 3396 - 1930 - 0.57 - - - - - 

UB1 

2016 - - - - - - - - - - 
2017 - - - - - - - - - - 
2018 2920 1774 - - - - 713 989 0.24 0.56 
2019 2532 - - - - - 484 741 0.19 0.49 

UB2 

2016 - - - - - - - - - - 
2017 2908 2030 - - - - 1294 1859 0.44 0.92 
2018 3179 1666 - - - - 2200 1627 0.69 0.98 
2019 2772 - - - - - 1508 - 0.54 - 

UB3 

2016 2899 2021 - - - - 935 1625 0.32 0.80 
2017 3000 2053 - - - - 970 1664 0.32 0.81 
2018 3281 1623 - - - - 1031 1386 0.31 0.85 
2019 3026 - - - - - 406 - 0.13 - 
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Table 5. Annual mean air temperature (AMAT), annual mean ground surface temperature 
(AMGST), annual mean ground temperature (AMGT), surface offset (SO), nival offset (NO), and 
thermal offset (TO) summary metrics from air, ground surface, and ground (~1 m) temperatures 
at study sites (all values in °C). Metrics are calculated over hydrological years, from September 1 
to August 31, with the Year column indicating the calendar year at the end of the hydrological 
year. Dashes indicate that no data are available. 

Site Year AMAT 
AMGST AMGT SO NO TO 

B UB B UB B UB B UB B UB 

B1 

2016 -0.7 4.3 4.3 0.0 0.0 5.0 5.0 14.4 12.5 -4.3 -4.3 

2017 -1.0 2.8 3.2 0.1 0.0 3.9 4.2 13.7 11.8 -2.7 -3.2 

2018 -2.3 4.1 3.3 0.7 -0.1 6.4 5.5 15.9 13.8 -3.2 -3.4 

2019 -2.3 1.8 2.4 0.0 - 4.1 4.7 19.3 - -1.8 - 

B2 

2016 -0.7 4.8 - 4.4 3.3 5.5 - 12.4 9.9 -0.5 - 

2017 -1.0 4.3 3.2 3.6 2.9 5.3 4.2 13.8 - -0.7 -0.3 

2018 -2.3 4.7 - 4.4 2.9 7.0 - 18.4 9.3 - - 

2019 -2.3 3.3 2.0 2.7 - 5.6 4.3 15.9 - -0.6 - 

B3 

2016 -0.8 4.4 3.8 4.3 3.6 5.3 4.7 12.7 13.3 -0.1 -0.3 

2017 -1.6 4.3 4.0 3.9 3.3 5.9 5.6 13.3 13.6 -0.3 -0.7 

2018 -2.4 5.1 4.1 4.5 3.9 7.4 6.4 16.8 16.0 -0.5 -0.2 

2019 -2.7 3.7 - 3.3 3.4 6.4 - 12.6 - -0.5 - 

B4 

2016 -0.9 3.7 - - - 4.6 - 11.6 - - - 

2017 -1.6 3.1 - - - 4.7 - 10.4 - - - 

2018 -2.6 2.8 - - - 5.4 - 12.6 - - - 

2019 -2.8 2.7 - - - 5.5 - 10.9 - - - 

B5 

2016 -0.9 2.9 - -0.2 - 3.8 - 11.9 - -3.2 - 

2017 -1.6 2.6 - 0.6 - 4.2 - 11.1 - -1.9 - 

2018 -2.6 - - - - - - 14.0 - - - 

2019 -2.8 3.9 - 3.1 - 6.7 - 13.8 - -0.8 - 

B6 

2016 -0.9 3.6 - 0.4 - 4.5 - 12.8 - -3.3 - 

2017 -1.6 2.8 - 0.4 - 4.4 - 11.6 - -2.3 - 

2018 -2.6 3.8 - 1.8 - 6.4 - 14.6 - -2.0 - 

2019 -2.8 3.1 - - - 5.9 - 13.2 - - - 

B7 

2016 -1.0 5.0 3.0 1.7 0.6 6.0 4.0 13.0 14.8 -3.3 -2.3 

2017 -1.8 4.1 3.2 2.1 1.6 5.9 5.1 13.4 15.0 -2.0 -1.6 

2018 -2.8 4.3 4.5 3.0 2.9 7.1 7.3 14.9 18.6 -1.3 -1.5 

2019 -3.0 3.5 3.3 2.4 2.3 6.5 6.3 13.0 17.2 -1.1 -1.0 

B8 

2016 -1.3 4.3 - 1.6 0.1 5.5 - 12.0 12.7 -2.7 - 

2017 -2.1 3.9 2.3 1.6 0.1 6.0 4.4 13.4 13.7 -2.2 -2.2 

2018 -3.1 - - 2.5 0.2 6.1 - 15.9 13.9 - - 

2019 -3.2 3.1 2.3 - 0.1 6.3 5.5 17.7 12.7 - -2.2 

B9 

2016 -2.2 3.0 - 0.7 - 5.2 - 16.1 - -2.3 - 

2017 -3.0 2.5 - 1.0 - 5.6 - 15.5 - -1.5 - 

2018 -4.0 2.1 - - - 6.1 - 16.4 - - - 
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2019 -4.2 1.5 - - - 5.8 - 16.8 - - - 

B10 

2016 -2.4 4.5 - 2.4 - 6.9 - 15.8 - -2.1 - 

2017 -3.3 4.4 - 3.0 - 7.6 - 16.2 - -1.3 - 

2018 -4.2 3.8 - 3.1 - 8.0 - 15.6 - -0.7 - 

2019 -4.4 3.1 - 2.4 - 7.5 - 13.9 - -0.7 - 

B11 

2016 -2.5 3.8 - - - 6.2 - 16.5 - - - 

2017 -3.3 4.3 - - - 7.6 - 17.8 - - - 

2018 -4.2 4.6 - - - 8.8 - 18.8 - - - 

2019 -4.5 - - - - - - - - - - 

B12 

2016 -2.5 - - -0.2 0.6 - - 11.9 14.1 - - 

2017 -3.3 1.7 3.2 -0.2 2.5 5.0 6.5 13.5 17.0 -1.9 -0.7 

2018 -4.2 - - -0.4 2.1 - - 14.6 16.6 - - 

2019 -4.5 1.1 2.3 0.0 1.9 5.6 6.7 14.5 - -1.2 -0.4 

B13 

2016 -2.5 2.7 2.3 - - 5.2 4.7 14.9 16.4 - - 

2017 -3.3 3.5 2.5 - - 6.8 5.8 17.2 17.4 - - 

2018 -4.2 4.0 3.0 3.7 1.4 8.2 7.3 18.5 18.4 -0.3 -1.7 

2019 -4.5 3.2 2.3 3.0 1.2 7.7 6.7 19.5 - -0.1 -1.0 

B14 

2016 - - - - - - - - - - - 

2017 -2.7 2.9 - -0.2 - 5.6 - 12.3 - -3.1 - 

2018 -3.9 1.3 - -0.8 - 5.1 - 11.9 - -1.3 - 

2019 -4.3 1.4 - -0.1 - 5.8 - 11.5 - -1.5 - 

B15 

2016 -3.3 1.8 - - - 5.1 - 9.9 - - - 

2017 -5.7 0.7 - -1.1 - 5.1 - 8.9 - -0.5 - 

2018 -5.0 -0.4 - -2.4 - 4.6 - 9.0 - -2.0 - 

2019 -5.6 -0.5 - -2.5 - 5.1 - 9.1 - -2.0 - 

B16 

2016 -3.3 0.2 - - - 3.5 - 8.7 - - - 

2017 -5.7 -1.0 - -1.1 - 4.7 - 9.2 - -0.1 - 

2018 -5.0 -1.9 - -1.9 - 3.0 - 7.5 - 0.0 - 

2019 -5.6 -2.5 - -1.8 - 3.0 - 6.5 - 0.8 - 

UB1 

2016 - - - - - - - - - - - 

2017 - - - - - - - - - - - 

2018 -2.2 - 1.1 - -0.6 - 3.3 - 12.5 - -1.7 

2019 -2.3 - 0.9 - -0.5 - 3.4 - 10.4 - -1.4 

UB2 

2016 - - - - - - - - - - - 

2017 -2.6 - 1.3 - -0.9 - 3.9 - 7.6 - -2.2 

2018 -3.5 - -1.0 - -1.3 - 2.4 - 4.8 - -0.2 

2019 -3.6 - 0.1 - -0.6 - 3.7 - 6.6 - -0.7 

UB3 

2016 -2.2 - - - -0.8 - - - 9.4 - - 

2017 -2.6 - 1.7 - -0.8 - 4.3 - 9.6 - -2.6 

2018 -3.9 - 1.5 - -1.0 - 5.3 - 11.3 - -2.5 

2019 -4.3 - 2.2 - -0.6 - 6.5 - 12.5 - -2.7 
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Table 6. Annual maximum snow depth and total snow depth days at study sites. Dashes indicate 
that no data are available. Sites B2, B11, B15, and B16 are not included as no data are available. 

Site Year Maximum snow depth  
(cm) 

Snow depth days  
(m days) 

B1 

2016 55 58 
2017 55 38 
2018 70 71 
2019 45 38 

B3 

2016 45 49 
2017 55 42 
2018 55 66 
2019 45 49 

B4 

2016 - - 
2017 - - 
2018 70 71 
2019 55 52 

B5 

2016 45 47 
2017 55 37 
2018 70 65 
2019 45 44 

B6 

2016 45 46 
2017 55 45 
2018 55 61 
2019 55 57 

B7 

2016 45 44 
2017 70 47 
2018 55 68 
2019 55 47 

B8 

2016 55 55 
2017 70 60 
2018 70 73 
2019 55 53 

B9 

2016 70 101 
2017 70 69 
2018 70 64 
2019 100 57 

B10 

2016 70 71 
2017 70 82 
2018 - - 
2019 55 45 

B12 

2016 45 59 
2017 70 74 
2018 55 66 
2019 70 50 

B13 

2016 55 60 
2017 70 66 
2018 50 61 
2019 55 46 

B14 

2016 - - 
2017 - - 
2018 - - 
2019 55 45 

UB1 

2016 - - 
2017 - - 
2018 70 91 
2019 55 52 

UB2 

2016 - - 
2017 - - 
2018 - - 
2019 45 55 

UB3 

2016 45 49 
2017 70 54 
2018 45 46 
2019 45 48 
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Soil conditions 
 

Soil samples from the active layer and upper permafrost were collected at most sites using 
a motorized SIPRE corer with a 75 mm diameter core barrel. At certain sites where coring was not 
possible due to substrate conditions or logistical constraints, soil samples were collected from pits 
that were dug within the active layer. Samples were packaged and shipped in original frozen 
(permafrost) or unfrozen (active layer) condition to the University of Ottawa for laboratory 
analysis, including estimates of excess ice content (EIC), bulk density (bD), gravimetric moisture 
content (GMC), grain size distribution, and organic matter content (Tables 7 and 8). Samples were 
sectioned into increments of up to 15 cm to allow for characterization along the soil profile.  

 
Excess ice content 

 
Excess ice refers to ice that is present in excess of the thawed soil’s pore space and is 

commonly determined by measuring the volume of supernatant water after a sample is thawed 
(French 2017, Lewkowicz et al. 2024). Permafrost samples were placed into glass beakers, 
weighed (Ww), and allowed to thaw and settle for 24 hours. Once the samples had thawed, the 
volumes of supernatant water (Wv) versus sediment (Sv) were measured, and excess ice (EIC) was 
calculated using the following equation: 

𝐸𝐸𝐸𝐸𝐸𝐸(%) = [
𝑊𝑊𝑣𝑣 × 1.09

𝑆𝑆𝑣𝑣 + (𝑊𝑊𝑣𝑣 × 1.09)] × 100 

where Wv is the volume of supernatant water (cm3), multiplied by 1.09 to estimate the equivalent 
volume of ice, and Sv is the volume of saturated sediment (cm3) (Kokelj and Burn 2003).  

 
Dry bulk density 

 
The samples were dried at 105°C for 24 hours and then weighed (Wd). Bulk density (bD) 

was calculated using the following equation: 

𝑏𝑏𝑏𝑏 =  
𝑊𝑊𝑑𝑑

𝑆𝑆𝑣𝑣 + 𝑊𝑊𝑣𝑣
 

where Wd is the dry mass of the sample (g), Sv is the volume of saturated sediment (cm3), and Wv 
is the volume of supernatant water (cm3).  

 
Gravimetric moisture content 

 
The sample’s wet (Ww) and dry (Wd) masses were compared to calculate gravimetric 

moisture content, (van Everdingen 2005): 

𝐺𝐺𝐺𝐺𝐺𝐺(%) = �
𝑊𝑊𝑤𝑤 −  𝑊𝑊𝑑𝑑

𝑊𝑊𝑑𝑑
� × 100 

where Ww is the wet mass (g) and Wd is the dry mass (g) of the sample.  
 

Mean grain size and grain size distribution 
 
Dry samples were passed through a 2 mm sieve to determine the proportion of gravel 

present in the sample. Only three sites had particles >2 mm, and at two of these (B9 and B13), 
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gravel made up less than 10% of the total sample. At B8, the soil profile contained 36-86% gravel. 
Once this coarse fraction was removed, grain size distributions were determined using a Microtrac 
S3500 Laser Particle Size Analyzer (LPSA), which measures particles from 0.02 to 2800 μm in 
diameter. Organic matter was removed from the fine fraction using 30% hydrogen peroxide (H2O2) 
(Verret et al. 2019), as the LPSA does not differentiate between mineral and organic material. The 
remaining mineral soil sample was dispersed using a 5% hexametaphosphate solution before a 
sample aliquot was introduced into the LPSA chamber. Duplicates were analyzed for 5% of the 
samples to evaluate the precision of the instrument, which was within 2 ̶ 4%. The LPSA generated 
a grain size distribution for each sample as sand, silt, and clay, along with an estimate of the mean 
sediment grain size in µm. 

 
Organic matter content 

 
Loss on ignition was performed using a LECO thermo-gravimetric analyzer with an 

integrated balance (model TGA701). Subsamples were placed in crucibles within the instrument 
and then subjected to increases in temperature up to 105°C to ensure that the sample was dry and 
up to 550°C for combustion of organic matter. The samples were weighed at 105°C and 550°C, 
when the variation in sample mass reached 0.1%. The accuracy of the loss on ignition analysis was 
determined from a calcium oxalate standard, with an analytical error of ±0.13%. The organic 
matter content was calculated using the following equation: 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (%) = (𝐿𝐿𝐿𝐿𝐿𝐿105 −
𝐿𝐿𝐿𝐿𝐿𝐿550
𝐿𝐿𝐿𝐿𝐿𝐿105

) × 100 

where LOI105 is the mass of the sample at 105°C (g) and LOI550 is the mass of the sample at 550°C 
(g).  

 
These soil and core characteristics are useful for characterizing the study sites, 

understanding the frost susceptibility of these sites, and parameterizing thermal modelling efforts 
for this study region. 
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Table 7. Sediment characteristics from soil and core samples collected in 2016 or soil pits dug in 
2016 or 2017. Mean sediment grain size, proportion of sediment as gravel, sand, silt, or clay, and 
organic content are presented for mineral samples. Bulk density, gravimetric moisture content, and 
excess ice content are presented for organic and mineral samples, where data is available. Dashes 
indicate that no data are available. Sites B15, B16, and UB1 are not included as no data are 
available. 

Site Depth 
(cm) Soil type 

Mean 
grain size 

(µm) 

Grain size proportion (%) Organic 
content 

(%) 

Bulk 
density 
(kg/m3) 

Gravimetric 
moisture 
content  

(%) 

Excess ice 
content 

(%) Sand Silt Clay 

B1 

24-39 Organic - - - - - 0.2 639 0 
39-53 Organic - - - - - 0.2 509 0 
55-65 Organic - - - - - 0.2 553 0 
65-78 Organic - - - - - 0.1 1253 0 
78-94 Organic - - - - - 0.1 1476 0 
94-100 Organic - - - - - 0.1 922 13 

100-117 Organic - - - - - 0.1 907 0 
117-129 Organic - - - - - 0.1 789 0 
145-159 Organic - - - - - 0.1 150 0 
159-174 Organic - - - - - 0.1 671 0 
174-189 Organic - - - - - 0.1 790 0 
189-203 Organic - - - - - 0.1 814 0 
203-214 Organic - - - - - 0.1 864 0 
214-225 Organic - - - - - 0.1 971 0 
225-238 Organic - - - - - 0.1 768 0 
238-251 Organic - - - - - 0.1 860 0 
251-263 Organic - - - - - 0.1 626 0 
263-275 Organic - - - - - 0.2 332 0 
275-297 Mineral 55 26 64 10 21.1 0.2 239 8 
297-310 Mineral 21 7 66 27 6.9 0.8 89 7 

B2 20 Mineral - - - - - - 345 0 
40 Mineral 193 92 9 0 1.5 - 24 0 

B3 0-15 Mineral - - - - - - 216 0 
30-35 Mineral 85 65 29 6 1.2 - 6 0 

B4 

0-16 Organic - - - - - - 121 0 
16-20 Mineral 52 34 60 6 1.9 - 11 0 

20 Mineral 51 24 65 9 2.6 - 21 0 
35 Mineral 56 32 61 8 1.7 - 11 0 
56 Mineral 51 41 41 18 2.1 - 11 0 

B5 

25 Mineral 56 31 61 8 1.7 - 17 0 
35-40 Mineral 53 27 64 9 2.2 - 23 0 
43-58 Mineral 54 29 64 8 1.3 - 59 29 

50 Mineral 64 41 52 7 3.8 - 29 0 
58-72 Mineral 65 41 54 5 1.2 - 41 24 
72-86 Mineral 86 51 46 3 0.9 - 40 18 

B6 (1) 

50 Mineral 79 85 14 1 48.4 - 36 0 
60-65 Mineral 112 66 27 7 2.0 - 13 0 

75 Mineral 12 30 37 32 3.3 - 20 0 
100 Mineral 33 26 42 32 2.9 - 16 0 

B6 (2) 

70-82 Organic - - - - - 0.2 503 0 
82-93 Organic - - - - - 0.2 513 0 
93-108 Organic - - - - - 0.2 446 11 

108-122 Organic - - - - - 0.3 365 13 
125-137 Organic - - - - - 0.2 461 11 
137-141 Organic - - - - - 0.2 462 0 

B7 35 Mineral 184 79 20 2 1.3 - 12 0 
45-50 Mineral 206 79 20 1 6.7 - 16 0 

B8 
15 Organic - - - - - - 336 0 

35-40 Mineral 206 82 16 2 2.5 - 6 0 
40 Mineral 185 75 21 4 2 - 14 0 

B9 (1) 10-15 Mineral 218 76 20 5 - - 7 0 

B9 (2) 
 Organic - - - - - - 332 0 

35 Organic - - - - - - 483 0 
75 Mineral - - - - 1 - - 0 

B10 30 Mineral - - - - - - 47 0 
38 Mineral 273 85 15 1 2 - 11 0 
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50 Mineral 513 91 9 0 2.7 - 5 0 
B11 25 Mineral 460 96 4 0 0.5 - 13 0 
B12 38 Organic - - - - - - 427 0 

B13 
15 Organic - - - - - - 485 0 
30 Mineral 564 95 5 0 0.7 - 20 0 
50 Mineral - 81 17 2 - - - 0 

B14 

0-18 Organic - - - - - - 123 0 
18-31 Organic - - - - - - 316 0 
31-64 Organic - - - - - - 467 0 

50 Organic - - - - - - 334 0 
64-93 Organic - - - - - - 569 0 
93-99 Organic - - - - - - 588 0 
99-124 Organic - - - - - - 372 0 

124-153 Organic - - - - - - 520 0 
153-167 Organic - - - - - - 237 0 
167-199 Organic - - - - - - 492 0 
199-218 Organic - - - - - - 264 0 
239-254 Organic - - - - - - 322 0 
254-289 Organic - - - - - - 278 0 
289-312 Mineral 26 10 58 33 7.3 - 120 40 
312-325 Mineral 58 30 44 26 3.6 - 82 30 

UB2 

0-15 Organic - - - - - - 429 0 
15-20 Organic - - - - - 0.1 12307 84 
20-35 Organic - - - - - 0.1 736 0 
35-47 Organic - - - - - 0.2 313 0 
47-58 Mineral 31 15 64 21 12.4 0.7 79 10 
58-70 Mineral 31 16 62 22 2.7 1.0 59 17 

60 Mineral - - - - - - 380 0 
70-82 Mineral 43 27 60 14 1.8 1.0 65 29 
82-91 Mineral 40 21 66 13 2 1.0 61 27 
91-103 Mineral 27 11 72 17 1.6 1.0 46 16 

103-115 Mineral 24 9 74 18 1.7 0.8 46 30 
115-121 Mineral 33 14 69 17 2.2 - 87 46 
121-133 Mineral 31 13 69 17 2.2 0.7 87 42 
133-143 Mineral 33 14 72 14 2 0.7 89 36 
143-153 Mineral - 17 72 12 1.4 1.4 - 0 

UB3 

0-4 Organic - - - - - - 153 0 
4-9 Organic - - - - - - 655 0 

9-19 Organic - - - - - - 700 0 
25-33 Organic - - - - - - 759 0 
33-50 Organic - - - - - - 379 0 
45-50 Organic - - - - - - 537 0 
50-60 Organic - - - - - - 650 0 
60-70 Organic - - - - - - 981 0 
70-81 Organic - - - - - - 1067 0 
81-90 Organic - - - - - - 795 0 
90-99 Organic - - - - - - 805 0 
99-110 Organic - - - - - - 696 0 

110-120 Organic - - - - - - 700 0 
120-130 Organic - - - - - - 606 0 
130-145 Organic - - - - - - 635 0 
145-161 Organic - - - - - - 574 0 
161-175 Organic - - - - - - 597 0 
175-185 Organic - - - - - - 555 0 
185-195 Organic - - - - - - 387 0 
218-239 Organic - - - - - - 469 0 
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Table 8. Summary of sample type and number, mean sediment grain size of mineral samples, 
proportion of sediment as gravel, sand, silt, or clay, organic matter content of mineral samples, 
bulk density, gravimetric moisture content, and excess ice content from soil and core samples at 
the study sites. Dashes indicate that no data are available. Sites B15, B16, and UB1 are not included 
as no data are available. 

Site Soil 
type 

Depth 
(cm) 

Number 
of 

samples 

Mean 
grain 
size 

(µm) 

Grain size proportion (%) 
Organic 
matter 
content 

(%) 

Bulk 
density 
(kg/m3) 

Gravimetric 
moisture 

content (%) 

Excess 
ice 

content 
(%) Sand Silt Clay 

B1 
Organic 24-275 18 - - - - - 0.1 772 0.7 

Mineral 275-310 2 38 16 65 19 14.0 0.5 164 7.5 

B2 Mineral 20-40 2 193 92 9 0 1.5 - 185 0 

B3 Mineral 0-35 2 85 65 29 6 1.2 - 111 0 

B4 
Organic 0-16 1 - - - - - - 121 0 

Mineral 16-56 4 53 33 57 10 2.1 - 13 0 

B5 Mineral 25-86 6 63 37 57 7 1.9 - 35 11.8 

B6 
Organic 70-141 6 - - - - - 0.2 458 0 

Mineral 50-100 4 59 52 30 18 14.2 - 21 5.8 

B7 Mineral 35-50 2 195 79 20 2 4.0 - 14 0 

B8 
Organic 15 1 - - - - - - 336 0 

Mineral 35-40 2 196 79 19 3 2.3 - 10 0 

B9 
Organic 35 2 - - - - - - 408 0 

Mineral 10-75 2 218 76 20 5 1.0 - 7 0 

B10 Mineral 30-50 3 393 88 12 1 2.4 - 21 0 

B11 Mineral 25 1 460 96 4 0 0.5 - 13 0 

B12 Organic 38 1 - - - - - - 427 0 

B13 
Organic 15 1 - - - - - - 485 0 

Mineral 30-50 2 564 88 11 1 0.7 - 20 0 

B14 
Organic 0-289 13 - - - - - - 376 0 

Mineral 289-325 2 42 20 51 30 5.4 0.2 101 35 

UB2 
Organic 0-47 4 - - - - - 0.1 3446 21 

Mineral 47-153 11 33 16 68 17 3.0 0.9 100 23 

UB3 Organic 0-239 20 - - - - - - 635 0 
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Ecological characteristics and conditions 
 

Pre-burn conditions were inferred from long-term climate records, measurements at the 
three unburned sites, and at the unburned portions of some burned sites.  Burn severity varied both 
between and within sites.  

The depth of burn and burn severity were derived from the heights of black spruce 
adventitious roots and the residual soil organic layer (Table 9). Black spruce adventitious roots 
provide an estimate of the thickness of the organic mat that was consumed in the fire (Kasischke 
and Johnstone 2005, Boby et al. 2010). Three adventitious root heights were measured at 2 m 
intervals along 80 or 160 m-long linear transects, where a black spruce tree was present within 2 
m. Residual soil organic layer thicknesses were assessed by digging small pits at each site. The 
depth of burn was calculated using the following equation (Walker et al. 2018): 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷ℎ 𝑜𝑜𝑜𝑜 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐴𝐴𝐴𝐴𝐴𝐴 + 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝐴𝐴𝐴𝐴𝐴𝐴 + (0.03 𝑥𝑥 𝑆𝑆𝑆𝑆𝑆𝑆) 
where ARH is the adventitious root height (cm), the unburned ARH from adjacent unburned stands 
is 3.7 cm (Walker et al. 2018), and SOL is the residual soil organic layer thickness (cm). The 
proportion of organic layer lost to fire varied from 6 to 68%, with sites with thicker pre-fire organic 
layers seeing lower proportions of loss. The depth of burn at the sites varied from 9 to 36 cm, 
representing moderate to high burn severity. 
 
Table 9. Mean adventitious root height, residual soil organic layer, depth of burn, pre-fire organic 
layer thickness, and proportion of organic layer lost at eight study sites. Sites B2, B3, B6, B7, B11, 
B14, B15, and B16 are not included as no data are available. 

Site Mean adventitious 
root height (cm) 

Residual soil 
organic layer (cm) 

Estimated depth of 
burn (cm) 

Estimated pre-fire 
organic layer 

thickness (cm) 

Percent of organic 
layer lost (%) 

B1 5 297 18 315 6 

B4 17 10 21 31 68 

B5 5 20 9 29 32 

B8 9 21 13 34 39 

B9 9 80 15 95 16 

B10 31 28 36 64 56 

B12 5 101 12 113 11 

B13 4 33 9 42 21 
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