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Space Weather Effects 
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Space Weather: Why worry? 

•  We’ve had large storms in the past (e.g. 1859, 1921), with no 
severe impact, why worry about it now? 

•  Because our vulnerability to solar storms has increased 
dramatically. 
–  Power grid 

•  More, and longer, power lines 

•  Power lines with higher kV rating 

•  Aging population of transformers 

–  Increased satellite dependence 

•  Navigation 

•  Communication 

•  Transaction timing 
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The Solar Activity Cycle 

•  Our Sun has a magnetic 
activity cycle 

•  Average cycle length is 
10.5 years 

•  Sunspots are areas 
where the magnetic flux 
breaks through the solar 
surface 

NASA:	  SOHO	  EIT	  304Å	  
•  Cycle	  24	  peak	  predicted	  to	  occur	  late	  2013	  
•  High	  risk	  of	  storms	  within	  ~3	  years	  of	  peak	  
•  Risk	  possibly	  skewed	  to	  aIer	  the	  peak	  (so	  2013	  –	  2016/17)	  

Cycle	  23	  SchemaPc	  
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Solar Storm Events 

•  Solar Flares 

•  Solar Particle Events 

•  Coronal Mass Ejections 
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Solar Storm Events 

Solar Flares  
–  A brief, intense burst of energy in the 

form of photons.  

–  Energy is released across the entire 
electromagnetic spectrum from 
gamma rays to radio waves. 

–  Travel time to Earth is 8 minutes. 

–  Strong flares interfere with radio 
communications. 

•  “Delta reroutes flights as solar 
storm hits Earth” – Jan 24, 2012, 
Wall Street Journal   

SOHO	  EIT	  195Å	  
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Solar Storm Events 

Solar Particle Events 
–  “Prompt” emission of solar 

energetic  particles (SEPs) along 
with flare 

–  SEPs also accelerated by shock 
waves as CMEs leave the Sun 

–  Proton energies can reach 1GeV 

–  Pose a hazard for humans in space 
and on polar flight routes 

Credit:	  Naval	  Research	  Lab	  
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Solar Storm Events 

Coronal Mass Ejections (CMEs) 
–  A large bubble of magnetized plasma is 

hurled into interplanetary space.  

–  Variable travel time: the fastest recorded 
travel time was 14 hours, the slowest 90 
hours. 

–  CMEs are a major threat to the power 
grid.   

NASA:	  SOHO	  EIT	  304Å	  
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SOURCE:	  hVp://sec.gsfc.nasa.gov/popscise.jpg	  

Flare	  
Magnetosphere	  

Solar	  Par*cle	  
Event	  

Photons	  arrives	  in	  8	  minutes	  

Arrives	  in	  15	  minutes	  –	  2	  hrs	  

CME	   Arrives	  in	  14-‐90	  hours,	  but	  can	  
affect	  Earth’s	  magne*c	  field	  for	  
days	  aJerward	  

Solar Storm Events 
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NOAA Geomagnetic Storm Scale 
Level	   Qualita*ve	  Strength	   Power	  System	  Effects	   Frequency	  

G5	   Extreme	   Widespread	  voltage	  control	  problems	  and	  
protecPve	  system	  problems	  can	  occur,	  
some	  grid	  systems	  may	  experience	  
complete	  collapse	  or	  blackouts.	  
Transformers	  may	  experience	  damage.	  

4	  days	  per	  cycle	  

G4	   Severe	   Possible	  widespread	  voltage	  control	  
problems.	  Some	  protecPve	  systems	  will	  
mistakenly	  trip	  out	  key	  assets	  from	  the	  
grid.	  

60	  days	  per	  
cycle	  

G3	   Strong	   Voltage	  correcPons	  may	  be	  required,	  false	  
alarms	  triggered	  on	  some	  protecPon	  
devices.	  

130	  days	  per	  
cycle	  

G2	   Moderate	   High-‐laPtude	  power	  systems	  may	  
experience	  voltage	  alarms,	  long-‐duraPon	  
storms	  may	  cause	  transformer	  damage.	  

360	  days	  per	  
cycle	  

G1	   Weak	   Weak	  power	  grid	  fluctuaPons	  can	  occur.	  	   900	  days	  per	  
cycle	  



AER Company Proprietary Information – Atmospheric and Environmental Research © AER, 2011 11 11 

Probability of storms is not constant in time 
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Geomagnetically-Induced Currents 

dB/dt	  -‐	  fluctua*ng	  magne*c	  field	  induces	  an	  electric	  field	  

transformer	  

induced	  current	  enters/exits	  through	  ground	  connec*on	  

induced	  current	  

induced	  current	  

I	  =	  V	  /	  R	  
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•  Transformers run alternating current (AC), but GIC are effectively 
direct current (DC) 

•  This extraneous DC can cause rapid, extreme heating in 
transformers 

•  Outright failure can occur rapidly 

•  If failure does not occur, cumulative GIC damage still reduces 
transformer lifetime 

Geomagnetically-Induced Currents 
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Geomagnetically-Induced Currents 

•  Characteristics that increase the likelihood of GIC damage 
–  Resistive ground 

–  Northern latitude 

–  Located near coast 

–  Single-phase transformer  

–  Length of power lines 

–  kV rating of power lines 
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Carrington-level risk map 
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Ground Resistivity 

Red = highest risk; Light yellow = lowest risk 
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Geomagnetically-Induced Currents 

•  GIC cause problems in power grids: 
–  Tripping of protective equipment 

•  Short-term outages 

–  Damage to transformers 

•  Long-term outages and/or reduced capacity 

•  Why is the risk so large? 
–  Transformers are huge, complicated pieces of equipment. 

–  The timescale for manufacture is 1 - 3 years. 

–  There is high demand from emerging economies (e.g. China, India), 
which could complicate restoration. 
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Power Grid Lines 
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AER’s toolkit for risk assessment 
•  StaPc	  relaPve	  risk	  maps	  

•  Historical	  storm	  scenarios	  

•  Simulated	  extreme	  storms	  
•  Up	  to	  Carrington-‐level	  

•  Working	  with	  PowerWorld	  and	  
Siemens	  PSSE	  to	  have	  E-‐field	  
scenarios	  available	  to	  grid	  
clients	  


