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PRODUCT OF THE 
National Science and Technology Council 

 
October 2015 

 

4 

1.1 Develop Benchmarks for Induced Geo-Electric Fields  
Geomagnetic storms can induce geo-electric fields in the Earth’s crust, driving electric currents in long 
conductors on or near the Earth’s surface. These induced geo-electric fields present a risk to the reliable 
operation of electric power systems and may affect gas and oil pipelines, railways, and other 
infrastructures that have long conductive paths. For example, a geo-electric field induced by a space-
weather event can produce electric currents (i.e., geomagnetically induced currents [GICs]) that could 
affect electric-grid system stability, with the potential to damage or cause the failure of essential electric 
power transmission components. Depending on the severity of the geomagnetic storm, cascading 
system failure or damage could lead to regional interruptions of electrical power distribution and result 
in complications with recovery and restoration efforts. To be useful, geo-electric field benchmarks 
should characterize the induced geo-electric field at the Earth’s surface (E-field). This parameter can 
feed directly into vulnerability studies conducted by industry and the private sector. 

At a minimum, the E-field benchmarks and associated confidence levels will define the following: 

• Amplitude of the induced E-field; and 

• Time dependence of the induced E-field. 

At a minimum, these benchmarks will be developed for the following event occurrence rate and 
intensity level: 

• An occurrence frequency of 1 in 100 years; and 

• An intensity level at the theoretical maximum for the event. 

All benchmarks will state the assumptions made and the associated uncertainties and provide sufficient 
means to account for regional differences across the United States. 

The following actions will be taken to develop induced geo-electric field benchmarks: 

1.1.1 The Department of the Interior (DOI), the Department of Commerce (DOC), and the National 
Aeronautics and Space Administration (NASA), in coordination with the Department of 
Homeland Security (DHS), the Department of Energy (DOE), and the National Science 
Foundation (NSF), will: (1) assess the feasibility of establishing functional benchmarks using 
currently available storm data sets, existing models, and published literature; and (2) use 
the existing body of work to produce benchmarks for specific regions of the United States. 

Deliverable: Develop Phase 1 benchmarks 

Timeline: Within 180 days of the publication of this Action Plan 

1.1.2 DOI, DOC, NASA, and NSF, in coordination with DHS and DOE, will assess the suitability of 
current data sets and methods to develop a more-refined (compared to Phase 1) set of 
benchmarks. The assessment will also identify gaps in methods and available data, project 
the cost of filling these gaps, and project the potential improvement to the benchmarks 
based on filling each gap. 

Deliverable: Complete assessment report 

Timeline: Within 1 year of the publication of this Action Plan 
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GIC-driven half-cycle saturation of 
power transformers can cause: 
Ø  Leakage magnetic fields. 

àTransformer heating 
Ø  Harmonic currents. 

 à Relay tripping 
Ø  Increased reactive power 

consumption. 
 à Voltage instability 

� Chapter�1–Space�Weather�and�the�Power�System�

�

GMDTF�Interim�Report:�Affects�of�Geomagnetic�Disturbances�on�the�Bulk�Power�System–February�2012� 5�

spanning�a�long�distance�(approximately�1,000�km�or�620�miles)�using�high�voltage�(735ͲkV)�AC�
power�lines.�The�power�system�is�VͲshaped,�with�La�Grande�generation�on�the�western�axis,�and�
ChurchillͲ�Falls/Manicouagan�on�eastern�axis�(see�Figure�3).��
�

Figure�3:�HydroͲQuébec�transmission�system�

�

The�AC�network�covers�a�large�geographic�area�of�Québec�(from�subͲauroral�to�auroral�zones),�
and�most�of�the�network�rests�on�the�Canadian�Shield�–�a�large�area�of�low�conductivity�igneous�
rock.22�Given�this�low�conductivity,�the�GICs�flowed�through�the�path�of�least�resistance:�that�is�
the�high�voltage�overhead�transmission�lines.�Figure�4�shows�the�storm’s�geomagnetic�intensity.�
�
During� the� geomagnetic� disturbance,� seven� SVCs� tripped�within� 59� seconds� of� each� other,�
leading�to�voltage�collapse�of�the�system�25�seconds�later.��
�

�������������������������������������������������������
22�Igneous�rocks�(from�the�Greek�word�for�fire)�form�when�hot,�molten�rock�(magma)�crystallizes�and�solidifies.�The�melt�
originates�deep�within�Earth�near�active�plate�boundaries�or�hot�spots,�and�then�rises�toward�the�surface.�Igneous�rocks�are�
divided�into�two�groups�(intrusive�or�extrusive),�depending�on�where�the�molten�rock�solidifies.�
http://vulcan.wr.usgs.gov/LivingWith/VolcanicPast/Notes/igneous_rocks.html��

Hydro-Québec	March	1989	



Space Weather Bootcamp 2018 

Physics of GIC 
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Many large solar eruptions are associated with coronal mass 
ejections (CMEs) releasing 1012-1013 kg of solar corona material at 
speeds of 200-3000 km/s. CMEs drive the most significant 
geomagnetic activity and GIC. 

STEREO B 304 Angstrom 
EUV and white light 
coronagraph March 12, 
2012 
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Russell	(IEEE	Trans.	on	Plasma	Science,	2000)	

≈	1	MA	current	into	the	
ionosphere	

Which	powers	electric	
currents	in	the	system	
that	generate	the	ground	
magnetic	field	variations	

0.1-10	TW	of	power	
going	in	
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Geomagnetically induced current (GIC) 

Physics of GIC 
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The GIC systems science 
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Pulkkinen et al. (2017) 

Marti et al. (2013) 
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Extreme GIC 
• Current focus of the GIC work is to understand 

the Carrington storm-like extreme events. 
• Extreme events are driving the Federal Energy 

Regulatory Commission and National Space 
Weather Action Plan proceedings. 

10 
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Extreme GIC 
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Pulkkinen et al. (2015) 

While the impact is highly system dependent, I use 
the following rule of thumb: “0.1 V/km - nobody 
cares, 1 V/km - hey pay attention, 10 V/km - lights 
out.” 

“The magic” 8 V/km 

IMAGE magnetometer 
chain 
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October, 2003 

March, 1989 INTERMAGNET network of geophysical 
observatories 

What is this? 
What is this? 

Pulkkinen et al. (2012) 



Space Weather Bootcamp 2018 

GIC that affect high-voltage 
power transmission systems are 
being addressed on three primary 
levels at GSFC: observations, 
forecasting and extreme event 
analyses. 

Observations 
We are in the process of 
establishing a network of GIC 
observation sites across the US. 
The work is carried out in close 
collaboration with the US power 
transmission industry. 

Forecasting 
We have developed state-of-the-
art GIC forecasting system called 
“Solar Shield.” Solar Shield was 
developed further in collaboration 
with the Department of Homeland 
Security. 

Extreme event analyses 
Our extreme GIC event analyses 
have provided scientific guidance 
in the NERC/FERC geomagnetic 
disturbance standards 
development work. 
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NASA GSFC Geomagnetically 
Induced Currents (GIC) Activities 
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Pulkkinen et al. 
(Space Weather, 
2017) 
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Conclusions 
• GIC offers many science, engineering and 

applications challenges. 
• Applied science challenges can boost basic 

research work. 
• There are many urgent open science questions 

pertaining to GIC à many interesting 
challenges for YOU! 
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