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Fig. 3. Diagram showing annual temperature cycles with seasonal fluctua�ons at 
and near ground surface as a func�on of burial depth and responding to surface 
and subsurface heat fluxes. a) the magnitudes of the temperature decreases with 
burial depth and a phase shi� in �me domain. b) the temperature varia�on as a 
func�on of burial depth and surface temperature: on the le� winter minimum, 
and on the right summer maximum, showing the impacts of surface down heat 
flux on the near-surface temperature varia�on. For example, at depth 0.5m, the 
annual minimum and maximum are -10.71 and -0.71 °C, respec�vely, with 5.71 ±

°C devia�on from annual air temperature mean of 5 °C with maximum and 
minimum of 35 and -45 °C respec�vely.
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Ground Surface Temperature Monitoring Data
The ground surface temperature (GST) data were collected using temperature data loggers (HOBO Water 

Temp Pro v2) that were deployed in 2022 field season. A total of 65 stations were set in the study area that 

recorded GST from July 2022 to September 2023 with a programed temperature record for every 30 

minutes. Two temperature logger were deployed at each station, one at near ground surface with burial 

depth of 10 – 20 cm, and a deeper logger in depth range from 40 to 70 cm depending on soil condition at 

the station (Fig. 4). Two temperature loggers (at GSC stations  #4 and 14) were set  >1 m above 

the ground and under shade to record the air temperature as reference ait temperature. For 

details of data collection and surface and topographic conditions, and quantitative measure for the impacts 

of vegetation on GST records, readers are referred to Chen et al. (2023). Table 1 summarizes the essential 

environmental variables and in-situ measured soil properties at each monitoring station. 

ABSTRACT
Finding renewable energy resources to meet government goals of achieving net-zero 

emissions by 2050 is one of the greatest challenges we are facing, particularly in the 

north. Northern communities are largely disconnected from the North American 

energy grid and rely instead on imported hydrocarbons for heat and electricity. 

Previous study (e.g  Grasby et al.., 2011) suggested that Yukon and NE BC as high 

potential regions for geothermal resources. Additional work shows the potential for 

geothermal energy to support northern communities (Grasby et al., 2012). Novel 

geophysical and remote sensing and ground surface temperature (GST) monitoring 

techniques for geothermal assessment have been developed as part of the Garibaldi 

geothermal project (Grasby et al., 2021; Chen et al. 2023). This study explore the 

feasibility of using remotely sensed multi-spectral images from Landsat 8 and GST time 

series from GST monitoring network to reveal the relationship between deep fault 

system and subsurface heat flow as a geothermal resource evaluation tool for Canada 

north. GSC and YSG have deployed a ground surface temperature monitoring network 

in the summer of 2022, and data from 65 stations were retrieved in the 2023 field 

season. Preliminary processing was performed to detect areas of elevated heat flow. 

Two sets of Landsat-8 multispectral images in the Burwash Landing area from different 

seasons have been collected and processed for feature extraction using ML algorithms. 

The GST data and features extracted from Landsat images were analysed to ascertain if 

the geothermal anomalies are related to specific geological features, such as deep fault 

systems. Here we report the preliminary results with emphasis on GST data analysis.

Figure 2. Landsat-8 true colour (BGR) images acquired from different times: Left: summer season (2014-07-22) for features 
associated with vegetation, water, soil and other land-surface properties; Right: Winter season (2014-02-17) for land surface 
temperature anomalies. The Yellow squires indicate the area of GST monitoring network, and red cross (GSC) and black cross 
(YGS) location of GST stations.

Fig. 4 a): a retrieved HOBO Pro v2 temperature prob from monitoring site;  b) 
configuration of a dual prob deployment at each station. 

Figure 5. GST time series from the 65 retrieved temperature loggers showing daily temperature cycles, 
seasonal variation and annual cycle. Although the air temperature plugged below  in winter, several °C
temperature loggers at deeper posi�on show temperature at around zero during almost en�re winter, 
differing from the others with similar burial depth. 

Figure 7. a) Recorded 76 ground surface temperature time series and 2 air temperature time series from 38 monitoring 
stations employed by GSC, b) 48 GST time series from 24 stations deployed by YGS. For the GST curves, the blue one is 
from the shallow temperature logger and black one the deeper logger.  The shallow GST curve shows clear daily 
temperature cycles during the summer season, but the daily variations are depressed in winter when snow cover 
blocked partly the weather forcing. The GST deeper curve receives less solar energy and mild cold weather forcing, and 
shows no daily cycle in general. The YGS 18 shallow temperature curve shows an unusual daily fluctuations in the first 
non-snow season because the daily variation is greater than air temperature (Figure 5). It is therefore, inferred that 
shallower logger was exposed directly under the sun strike. However, in the second non-snow season, it returned to 
normal (covered by leaves?). The GST curves from the deeper logger show two general styles, the V-shaped curve having 
a similar annual variation as the shallow curve (e.g., 3, 15 and 16 and YGS10 and 20). The U-shaped curve turns to flat 
around zero for the entire winter season (9, 20, 30, and YGS8 and 34), suggesting some thermal buffering effects
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Table 1. Summary table of the location of GST stations and other parameters 
for the temperature logger deployment and in-situ measured environment 
parameters of the soils.

Station # Latitude Longitude
Bottom T 

(oC)

moisture 

(%)

Thermal 

conductivity 

(W/K/m)

Thermal 

emisivity

Depth A 

(cm)

Depth B 

(cm)
Data file Notes

1 61.3675 -139.0386111 7.7 50 1.251 1.179 70 20 1.csv GSC

2 61.37138889 -139.0652778 6.8 19.9 0.221 3.714 50 15 2.csv GSC

3 61.37083333 -139.0897222 7.8 19.6 0.587 NA 40 10 3.csv GSC

4 61.37222222 -139.1113889 4.9 21.9 0.249 0.159 45 15 4.csv GSC

5 61.37388889 -139.1377778 10.3 20 0.388 NA 50 20 5.csv GSC

6 61.38 -139.145 8.5 21 0.741 NA 50 20 6.csv GSC

7 61.39361111 -139.1383333 8.5 23.5 0.401 NA 50 20 7.csv GSC

9 61.41777778 -139.1319444 9.7 50 1.549 0.954 60 20 9.csv GSC

10 61.38833333 -139.1658333 2.7 35.5 0.282 0.178 45 10 10.csv GSC

11 61.39861111 -139.1744444 8.5 36.2 1.055 NA 50 10 11.csv GSC

12 61.41027778 -139.1836111 5.7 21.3 0.237 0.954 45 10 12.csv GSC

13 61.37 -139.1569444 6.9 30.5 0.3 0.258 65 10 13.csv GSC

14 61.37277778 -139.1530556 5.9 50 0.4 0.621 55 15 14.csv GSC

15 61.37027778 -139.1427778 5.6 35.5 0.186 1.781 40 10 15.csv GSC

16 61.36944444 -139.1519444 8 22.4 0.399 NA 40 10 16.csv GSC

17 61.36027778 -139.0194444 7.5 46.2 0.841 0.446 60 15 17.csv GSC

18 61.37055556 -139.0544444 7.6 23 0.002 0 40 10 18.csv GSC

19 61.37055556 -139.0811111 7.7 25.5 0.662 NA 40 10 19.csv GSC

20 61.37166667 -139.1 9.5 17.6 0.005 0 40 10 20.csv GSC

21 61.37055556 -139.1233333 4.9 21.5 0.514 0.831 40 10 21.csv GSC

22 61.37444444 -139.1363889 10 16.5 0.114 0.442 40 10 22.csv GSC

23 61.37888889 -139.1277778 10 21.2 0.587 NA 40 10 23.csv GSC

24 61.3825 -139.1183333 8.1 34.2 0.405 NA 45 10 24.csv GSC

25 61.38694444 -139.11 8.5 21 0.675 NA 40 10 25.csv GSC

26 61.39333333 -139.1030556 7.5 25.6 0.257 NA 50 10 26.csv GSC

27 61.41555556 -139.1977778 5.7 24.6 0.313 0.284 50 10 27.csv GSC

28 61.40333333 -139.1794444 5.4 33.5 0.466 0.296 50 10 28.csv GSC

29 61.39194444 -139.1719444 4.6 25 0.489 0.255 60 10 29.csv GSC

30 61.38222222 -139.1583333 3.6 35 0.723 0.352 40 10 30.csv GSC

31 61.36666667 -138.9972222 7.9 23.5 0.492 NA 45 10 31.csv GSC

32 61.37638889 -139.1461111 4.8 23.8 40 10 32.csv GSC

33 61.39805556 -139.1375 8.5 23.8 0.193 0.118 50 10 33.csv GSC

34 61.39444444 -139.1426111 6.5 28.01 0.597 NA 40 10 34.csv GSC

37 61.36777778 -139.1466667 6.1 28.1 0.542 0.786 45 10 37.csv GSC

38 61.36777778 -139.1377778 6.8 20.7 0.627 2.91 45 10 38.csv GSC

39 61.35861111 -139.1663889 6.1 50 1.653 1.752 55 10 39.csv GSC

40 61.36138889 -139.1616667 7.3 28.7 0.847 1.718 60 10 40.csv GSC

41 61.36805556 -139.1602778 4.8 50 0.963 0.618 42 10 41.csv GSC

YGS_1 61.418425 -139.230464 8.3 31 0.539 NA 51 11 YGS1.csv YGS

YGS_2 61.409261 -139.234276 8.2 28.8 0.576 1.05 50 11 YGS2.csv YGS

YGS_3 61.37734 -139.13254 8.4 28.54 0.843 NA 46 10 YGS3.csv YGS

YGS_4 61.35076 -139.17059 7.2 37.7 1.22 0.645 48 10 YGS4.csv YGS

YGS_8 61.35589 -139.16806 7.1 32 0.415 0.133 50 12 YGS8.csv YGS

YGS_9 61.423795 -139.229279 7.9 30.7 0.167 NA 47 10 YGS9.csv YGS

YGS_10 61.395975 -139.100383 7.3 32.1 0.465 NA 46 12 YGS10.csv YGS

YGS_11 61.388869 -139.107037 6.5 31.9 17:45 NA 38 10 YGS11.csv YGS

YGS_12 61.375488 -139.152015 7.8 42.1 0.04 0.083 48 12 YGS12.csv YGS

YGS_16 61.41325 -139.08607 5.6 27.2 0.435 NA 47 10 YGS16.csv YGS

YGS_17 61.40796 -139.09673 6.5 20.5 0.372 NA 48 10 YGS17.csv YGS

YGS_18 61.40178 -139.10049 7 26.2 0.255 NA 39 10 YGS18.csv YGS

YGS_19 61.37973 -139.12309 7.2 23.1 3.032 NA 48 11 YGS19.csv YGS

YGS_20 61.38467 -139.11562 7.4 21.1 0.335 NA 44 10 YGS20.csv YGS

YGS_21 61.399874 -139.234154 8.5 27 0.852 NA 48 12 YGS21.csv YGS

YGS_22 61.443507 -139.23273 8.5 21.5 0.574 1.586 45 11 YGS22.csv YGS

YGS_24 61.435281 -139.232077 8.4 27.5 0.326 NA 51 11 YGS24.csv YGS

YGS_25 61.36017 -139.16484 7.4 50 1.922 1.147 50 10 YGS25.csv YGS

YGS_26 61.36303 -139.15901 7.3 50 0.606 2.091 56 13 YGS26.csv YGS

YGS_27 61.36589 -139.1604 6.8 50 0.691 0.358 46 11 YGS27.csv YGS

YGS_28 61.37019 -139.15753 7.3 25.2 0.502 2.854 56 12 YGS28.csv YGS

YGS_29 61.345299 -139.170735 5.4 22.8 0.678 NA 48 14 YGS29.csv YGS

YGS_33 61.36887 -139.15967 6.3 35.5 0.592 2.895 55 10 YGS33.csv YGS

YGS_34 61.36741 -139.16003 5.1 50 0.14 0.298 48 12 YGS34.csv YGS

Uncorrected heat flow estimates (background LST)
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SUMMARY
The GST data were retrieved in the late September 2023 and the GST monitoring network was deployed in July, 
2022 summer field season. The poster presents the raw data and results of preliminary data analysis and 
parameter estimation without environmental corrections. Uncorrected data suggest spatial patterns for the high 
average winter temperature data points and high heat flow estimates. The relation between GST and LST remains 
to be interpreted. It seams that GST records from the monitoring network provide useful insights for better 
understand the heat flow and its spatial variation. However, direct observations of deep soil properties, permafrost 
distribution, as well as heat flow estimates from geothermal wells could help calibrate and interpret the GST data 
and integrate with other data.

Figure 6. a) Cross plot of  temperature mean vs. standard deviation of all time series of the data set in the study area, showing a 
positive correlation between the two. This means that higher average temperature is likely accompanied by a higher standard 
deviation. As a reference, the mean and standard deviations from air temperature are also plotted in the graph. Stations with high 
mean and standard deviation are usually associated with station with less vegetation or shade.  b) Map view of the uncorrected heat 
flow estimates from retrieved GST data (Eq. 3). The thermal conductivities are from the in-situ measurements. Study (Chen et al. 
2023) suggested that environmental factors, such as vegetation, soil moisture, elevation and shadiness, have significant impacts on 
the GST. There are no corrections made to the recorded temperatures at all sites prior to the heat flow estimation. The other factor 
that affect the heat flow estimation is the latent effect. Data logger near water table or close to permafrost could be affected. The 
winter snow may not provide sufficient insulation to allow a steady state in temperature for accurate estimation for heat flow directly 
from raw data. 
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Figure 8. Map view of estimated land surface temperature (LST) from Landsat-8 
(2014-02-17) at around 10 am in 2014 winter. The crosses are the GST sites of (red: 
GSC and black YGS) from July, 2022 - September 2023. 

Figure 9. Map view showing the average winter temperature on the background of Land 
Surface Temperature from Landsat images. High temperature sites are colour coded 
(RED). It is interesting to know that the high average winter temperature sides are 
concentrated in west-centeral part of the study area. Please know that there is no 
environmental fact corrections mode on the recorded GST temperature.

Figure 10 Map view showing the uncorrected heat flow estimates on the 
background of Land Surface Temperature from Landsat images. High heat flow 
sites are also concentrated in western-central part, and may or may be coincident 
with high Land Surface temperature on the map. The sites with heat flow>30 are 
marked by red. The aligned high LST strips in NNE-SSW in the river valley may 
represent some subsurface geological features that requires further study.
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Figure 1. A geological map showing regional geological setting and location of the study 
area. The study area of the Burwash Landing is within the Denali fault zone (Map 
modified from © 2023, Government of Yukon)
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