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Overview
1. Space Weather Hazards: Geomagnetically Induced Currents (GIC) 

2. Studying GICs in Alberta

• Industry Collaboration

• Data and Methods

3. Phase and Polarization Characteristics of Geoelectric Field

4. Conclusions + Future Work

• Proposed research involving industry collaboration
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Adapted from www.swico.it/category/geo-mag/

geomagnetic 
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Geomagnetically Induced Currents (GICs)

GIC

Electromagnetic Induction

B(t) → E drives GIC

GIC
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Fort Chipewyan

[Credit: Darcy Cordell]

Trichtchenko et al., 2019
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Studying GICs in Alberta, Canada: 
Importance of Earth Conductivity 



Fort Chipewyan

[Credit: Darcy Cordell]

Trichtchenko et al., 2019
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Studying GICs in Alberta, Canada: 
Importance of Earth Conductivity 

Sensor Locations and the Alberta 
Interconnected Electric System (AIES)

AIES >240 kV transmission lines

AltaLink substation with GIC data

- Ellerslie (89S)

CARISMA FGM station 

- GMD → Geoelectric Field 

Nearby Cities and Towns
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Geoelectric Field Validated by Hall Probe GIC 
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Geoelectric Field Validated by Hall Probe GIC 

Role of 3D Earth conductivity on the phase and polarization characteristics of 

geoelectric field?
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Correlation between Ex and Ey from Same Driving dB – Different Location Dependent Z
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Electric Field Bearing: April 24th, 2023 – MSTK
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Electric Field Bearing: April 24th, 2023 – MCMU 
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Electric Field Bearing: April 24th, 2023 – FCHP
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Reproduceable results: Nov 4th, 2021 – MSTK
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Reproduceable results: Nov 4th, 2021 – MCMU



Synthetic Z: 100 Ω m Halfspace (1D)



Summary

Validate that large GIC is being driving in the Alberta network during moderate GMD events
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Phase and polarization characteristics of E is greatly influenced by the 3D impedance 

tensor, such that in a specific geological region Ex and Ey may be highly correlated

Implies that polarized E creates large GIC by adding together or cancelling based on the 

topology of the network



Proposed Project with Power Industry Collaboration  

Relationship of research objectives 
categorized within three research themes.

[www.carisma.ca]

[www.auc.ab.ca]

[Cordell et. al, 2021]
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Questions?
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Surface Impedance Measurements

[After Love, et al 2020]
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Surface Impedance and Phase: MSTK
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Surface Impedance and Phase: MCMU
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Surface Impedance and Phase: FCHP
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Synthetic Z: MT Site on N-S oriented conductor
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Synthetic Z: MT Site on N-S oriented conductor
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Synthetic Z: MT Site on N-S oriented resistor
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Synthetic Z: MT Site on N-S oriented resistor
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Synthetic Z: MT Site on conductor oriented 45˚ W of N
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Synthetic Z: MT Site on conductor oriented 45˚ W of N
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Synthetic Z: MT Site on resistor oriented 45˚ W of N
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Synthetic Z: MT Site on resistor oriented 45˚ W of N


