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Impact: 
Permafrost changes due 
to a warming 
environment can have an 
impact on ecosystems, 
hydrological systems, and 
infrastructure integrity
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Below: Permafrost thicknesses across a 
latitudinal gradient from north to south 
(Adapted from Brown, R.J.E., 1970. 
Permafrost in Canada. 
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Environment
Thermokarst: landforms related to thawing of ice-
rich permafrost. Thermokarst processes may cause 
lakes to enlarge, peatlands to collapse and 
landslides or thaw slumps to develop. 

in 't Zandt, 2020

NASA

Thermal state of permafrost is sensitive to 
changing climatic conditions: Polar regions are 
warming faster than elsewhere.  

Carbon release from permafrost 
degradation: Further amplification of 
climate change.  



Environment: NWT

Abandoned section of Highway 4, east 
of Yellowknife. The paved road surface 
has continued to settle due to 
permafrost thaw after it was 
abandoned in 1999. 

Source: Kokelj and Wolfe (2018) 



Monitoring
Borehole data: Vertical temperature profiles can be used to 
determine: 
• the annual mean temperature at the permafrost surface; 
• thermal properties; 
• heat flow; 
• and thawing or freezing rates at the base of the 

permafrost. 

Source: Osterkamp and 
Jorgenson, 2009
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Monitoring 

Geophysics: Non-
invasive methods to 
study the subsurface

Source: Obu et al., 2019



Electrical Resistivity Tomography (ERT)

R = Resistance (Ohm) 
I = Current (Amps)
V = Voltage (Volts)

⍴ = Resistivity (Ohm.m) 
A = Area (m2)
l = Length (m)
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Source: Hilbich et al., 2008
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Electrical Resistivity Tomography (ERT)

Source: Lewkowicz et al., uOttawa

Source: Huack et al., Uni of Fribourg
Hilbich et al., 2008

Interpretation: Heat wave of 2003 reduced 
the resistivity and increased water content 
(melt). After recovering, from 2007 the 
resistivity has been decreasing, indicating 
increased water content and less ice. 



Electrical Resistivity Tomography (ERT)

R = Resistance (Ohm) 
I = Current (Amps)
V = Voltage (Volts)

⍴ = Resistivity (Ohm.m) 
A = Area (m2)
l = Length (m)

Pros:
• Non-invasive
• Cost-effective
• Only a small team 

required
• Adds a second 

dimension to any 
borehole data

• Easy to learn

Cons:
• Results only 

provide resistivity –
needs to be 
interpreted

• Requires ground 
truthing (e.g., 
borehole data)

• Salinity has an 
impact on 
interpretation

• Bedrock is difficult 
to interpret



Ground Penetrating Radar (GPR)

Source: Provac Australia

Source: Moorman, 2002

Electromagnetic radiation waves that are reflected from 
subsurface structures. E.g., differences in material, 
objects, pipes, voids, etc. 



Ground Penetrating Radar (GPR) - theory

Source: Moorman, 2002
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Electrical conductivity: the measure of the ease at which an 
electric charge or heat can pass through a material (𝜎, S m-1).

Dielectric permittivity: characterizes the degree of electrical 
polarization a material experiences under the influence of an 
external electric field.

The strength, or amplitude, of the reflection is determined by the contrast in the dielectric constants and conductivities of

Equation: velocoties

Source: EM Geosci
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Ground Penetrating Radar (GPR) - theory
Electromagnetic radiation waves that are reflected from 
subsurface structures. E.g., differences in material, 
objects, pipes, voids, etc. 

The different physical properties of water and ice make 
GPR a useful tool for mapping location and depth of 
thermal interfaces within permafrost terrain:

Layered Earth Buried conductor

Source: EM Geosci Source: EM Geosci

Buried conductor

Source: Davies and Annan, 1989



Ground Penetrating Radar (GPR) - example
Electromagnetic radiation waves that are reflected from 
subsurface structures. E.g., differences in material, 
objects, pipes, voids, etc. 

Source: Cambell et al., 2018

(top) GPR Data collected and 
processed:

(Bottom) Interpretation based 
on ground truthing:

The different physical properties of water and ice make 
GPR a useful tool for mapping location and depth of 
thermal interfaces within permafrost terrain:



Ground Penetrating Radar (GPR)

Pros:
• Non-invasive
• Previously applied in 

a number of 
different 
environmental 
settings

• Detailed 
representation of 
the subsurface

Cons:
• Results need to be 

interpreted
• Requires gradients –

silts and clays difficult 
to interpret

• Noise from diffractions 
of ice lenses

• Caution while mapping 
discontinuous 
permafrost! 

• Requires 
understanding of 
subsurface geology

Source: Provac Australia

Electromagnetic radiation waves that are reflected from 
subsurface structures. E.g., differences in material, 
objects, pipes, voids, etc. 

Ice layer



Take Home
1.There are different categories of permafrost

2. Changing permafrost conditions can have impact on 
environment

3. Geophysical techniques can offer non-invasive analysis of 
sub-surface

4. Monitoring permafrost using geophysics can help with 
understanding the potential impact on environment



Plan a Field Trip
Situation: We need to monitor Canadian Permafrost 
to better understand the changing conditions.

Task: We will pick a location to apply geophysical 
techniques based on limited funding.  

Action: A field trip to conduct a geophysical survey 
either with Ground Penetrating Radar (GPR) or 
Electrical Resistivity Tomography (ERT). 

Result: Through monitoring the changes to 
permafrost, we can better understand the potential 
environmental and infrastructure changes in the area. 

GPR

ERT
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Atlas of Canada, 5th edition). 

Field Trip? 
A

Site A: Mould Bay, NWT
Continuous Permafrost (90-100%) with 
borehole data available. Remote location. 

Site B: Churchill, Manitoba
Continuous Permafrost (90-100%) with 
borehole data available. Small (mainly 
indigenous) population (>1k). Tourism.

Site C: Yellowknife, NWT
Extensive Permafrost (50-90%) with 
possible borehole data available.  
Population 20,000 with industry links. 

Site D: Uranium City, SK
Sporadic Permafrost (10-50%) with no 
borehole data available. Tiny population.

Site E: Baker Lake, NU
Continuous Permafrost (90-100%) no 
borehole data available. Small Inuit 
population (2,000) with industry links.

B

C

D

Continuous: 90-100%
Extensive discontinuous: 50-90%
Sporadic discontinuous: 10-50%
Isolated: 0-10%
Isolated (mountains): 0-10%

E Which one location should we 
choose and why? 
Which method (ERT or GPR) 
should we use? 
There are no right or wrong 
answers, so feel free to 
express yourself!



Field Trip - Vote 

GPR

ERT
Site A: Mould Bay, NWT
Continuous Permafrost (90-100%) with 
borehole data available. Remote location. 

Site B: Churchill, Manitoba
Continuous Permafrost (90-100%) with 
borehole data available. Small (mainly 
indigenous) population (>1k). Tourism.

Site C: Yellowknife, NWT
Extensive Permafrost (50-90%) with 
possible borehole data available.  
Population 20,000 with industry links. 

Site D: Uranium City, SK
Sporadic Permafrost (10-50%) with no 
borehole data available. Tiny population.

Site E: Baker Lake, NU
Continuous Permafrost (90-100%) no 
borehole data available. Small Inuit 
population (2,000) with industry links.



Assignment
Situation: We need to monitor Canadian Permafrost 
to better understand the changing conditions.

Task: We will pick a location to apply geophysical 
techniques based on limited funding.  

Action: A field trip to conduct a geophysical survey 
either with Ground Penetrating Radar (GPR) or 
Electrical Resistivity Tomography (ERT). 

Result: Through monitoring the changes to 
permafrost, we can better understand the potential 
environmental and infrastructure changes in the area. 

Assignment: 

Write a research grant. In no more than 2 pages, 
describe your plan for monitoring Canadian 
Permafrost at a specific location using geophysical 
techniques. 

Specifically, it would be interesting to tackle the 
following points: 
• What is the problem that you have to address? 
• Why you have chosen that specific location?
• What impact do you hope to monitor? 
• Why is this impact important to this specific 

location?
• Which geophysical technique would you choose 

(ERT or GPR) and why?

There are no right or wrong answers to the choice of 
specific locations. The assignment is for you to try 
and communicate ideas clearly and succinctly. 

Next week: Data!www.philheron.com/permafrost
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Glossary
Permafrost: ground with a temperature remaining at or below 0°C for at least two consecutive years. 
Active layer: The top layer of ground subject to annual thawing and freezing in areas underlain by permafrost.
Ice-rich permafrost: Permafrost containing excess ice, defined as the volume of ice in the ground which exceeds 
the total pore space that the ground would have under natural unfrozen conditions.
Thaw slump: A slope failure feature caused by the melting of ground ice and downslope sliding and flowing of 
the resulting debris.
Thermokarst: landforms related to thawing of ice-rich permafrost. Thermokarst processes may cause lakes to 
enlarge, peatlands to collapse and landslides or thaw slumps to develop. 
Talik: A layer or body of unfrozen ground in a permafrost area.

ERT: Electrical Resistivity Tomography. In Permafrost monitoring, high electrical resistivity may indicate high ice 
content, and lower resistivity may indicate water content (however, requires ground truthing). 
Resistivity: measure of the difficulty of a current to flow through an unit length (Ohm.m). 
GPR: Ground Penetrating Radar. The measurement of electromagnetic radiation waves that are reflected from 
subsurface structures (e.g., structures that have differing conductivity and dielectric permittivity properties)
Electrical conductivity: the measure of the ease at which an electric charge can pass through a material (𝜎, Sm-1).
Dielectric permittivity: characterizes the degree of electrical polarization a material experiences under the 
influence of an external electric field.
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Permafrost: 
ground with a 
temperature remaining at 
or below 0oC for 2 or 
more years
Photo:
partially thawed Arctic 
permafrost near Mould 
Bay, Canada (2019)

Sensitivity: 
Permafrost condition is 
sensitive to changing 
climatic conditions (e.g., 
rising air temperatures 
and changing snow 
regimes)
Impact: 
Permafrost changes due 
to a warming 
environment can have an 
impact on ecosystems, 
hydrological systems, and 
infrastructure integrity
Monitoring: 
Geophysical techniques 
can aid monitoring
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