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TELEGRAPH in 1840’s 
W. H. Barlow, “On spontaneous electrical currents observed in the wires of 
the electric telegraph”, Phil. Trans. R. Soc., 61, 1849 

“… in every case which has come under  
my observation, the telegraph needles  
have been deflected whenever aurora 

 has been visible” 



MAGNETIC STORM: 
March 24, 1940 

2011 March 1989 



MAGNETIC STORM:  
February 10, 1958 

“At almost the exact moment when  
the magnetograph traces leaped and  
the aurora flared up, huge currents  
in the earth, induced by the heavenly 
turbulence, manifested themselves  
not only in power lines in Canada but  
in cables under the north Atlantic.”*   

*John Brooks, “A Reporter at Large; The Subtle Storm,” New Yorker, February 19, 1959 

Voltage on first transatlantic telephone cable 

“…	
  Circuit breakers began tripping out  
in Ontario transformer stations,  
plunging the Toronto area into a tem- 
porary darkness broken only by the  
strange light of the aurora overhead”* 

First trans-Atlantic voice cable 
Clarenville, Newfoundland, to Oban, Scotland 

4 August 1972:  AT&T	
  L4	
  cable	
  Chicago	
  to	
  San	
  Francisco.	
  	
  	
  
Several	
  hour	
  power	
  supply	
  disrup>on	
  in	
  Plano,	
  Illinois,	
  repeater	
  sta>on	
  



EARLY WIRELESS COMMUNICATIONS 

“… times of bad fading practically always coincide with the appearance of large 
sun-spots and intense aurora-boreali usually accompanied by magnetic storms 
….”  These are “… the same periods when cables and land lines experience 
difficulties or are thrown out of action.”  
G. Marconi, Radio Communications, 1928. 

“The opinion has been expressed that the reason for shorter 
distances being covered by day is due to electrons 
propagated into space by the sun, and if these are 
continually falling like a shower upon the earth, in 
accordance with the hypothesis of Professor Arrhenius, then 
that portion of the earth’s atmosphere which is facing the 
sun will have in it more electrons than the part which is not 
facing the sun, and therefore it may be less transparent to 
long Hertzian waves.” 
G. Marconi, Smithsonian Annual Report, pp. 131-145, 1906 

1996 





The	
  Effect	
  of	
  Intense	
  December	
  2006	
  
Solar	
  Radio	
  Bursts	
  on	
  GPS	
  Receivers	
  
Alessandro	
  P.	
  Cerru>,	
  et	
  al.,	
  Space	
  Weather,	
  
2008.	
  	
  Cornell	
  University	
  

Number of receivers severely impacted by 
solar radio burst 
Yellow: all currently available geodetic 
quality receivers available through World 
Wide Web, including from the GPS receivers 
from the IGS and Continuously Operating 
Reference System (CORS) networks.  
Red: all receivers severely impacted during 
peak of solar radio burst: 19:30-19:40 UT. 

WAAS coverage and availability of the 
vertical guided approach service on 6 
December 2006. 



Syncom 3, 1963 

Telstar 1, 1962 

Sir Arthur Clark 



AT&T Telstar 1 
Launch: 10 July 1962 
Failed: February 1963 
Radiation Damage 

January 1994 



Spacecraft Anomalies and Failures 

KODAMA, Mars Odyssey 

Genesis 

ADEOS-2, Stardust, Chandra, 
Various GOES 

RHESSI INTEGRAL, Chandra, SMART-1 

NOAA-17 

POLAR 

SOURCE:	
  	
  Na>onal	
  Academy	
  Workshop	
  on	
  the	
  Societal	
  and	
  
Economic	
  Impacts	
  of	
  Severe	
  Space	
  Weather	
  Events	
  
Washington,	
  D.C.,	
  May	
  2008.	
  	
  	
  	
  	
  	
  	
  	
  Organizer	
  and	
  Chair:	
  
Professor	
  Daniel	
  Baker,	
  U.	
  of	
  Colorado	
  



!   May	
  22-­‐23,	
  2008	
  in	
  D.C.	
  
	
  The	
  Na:onal	
  Academies	
  

!   ~	
  80	
  aBendees:	
  academia,	
  
industry,	
  government,	
  industry	
  
associa:ons	
  	
  
!   AssociaBon	
  reps	
  aggregated	
  data	
  
and	
  helped	
  avoid	
  concerns	
  about	
  
proprietary	
  or	
  compeBBon-­‐
sensiBve	
  data	
  

!   Analyses	
  in	
  specific	
  areas;	
  e.g.,	
  
GPS,	
  power	
  industry,	
  avia:on,	
  
military	
  systems,	
  human	
  and	
  
robo:c	
  explora:on	
  beyond	
  low-­‐
Earth	
  orbit	
  

!   Econometric	
  analysis	
  of	
  value	
  of	
  
improved	
  SWx	
  forecasts	
  

The Societal and Economic Impacts of Severe Space 
Weather Events 

[	
  hHp://www.nap.edu/catalog.php?record_id=12507]	
  
Organizer and Chair:  
Professor Daniel Baker, U. of Colorado 



Low Frequency/High Consequence Events: 
Increasing Societal Vulnerability 

$1-­‐2	
  trillion	
  

4-­‐10	
  years	
  

PotenBal	
  loss	
  due	
  to	
  widespread	
  power	
  grid	
  
blackout	
  following	
  severe	
  geomagneBc	
  storm	
  

Recovery	
  Bme	
  from	
  a	
  widespread	
  power	
  grid	
  
blackout	
  following	
  severe	
  geomagneBc	
  storm	
  

“The	
  grid	
  is	
  becoming	
  
increasingly	
  vulnerable	
  to	
  
space	
  weather	
  events”	
  

SOURCE:	
  	
  Na>onal	
  Academy	
  Workshop	
  on	
  the	
  Societal	
  and	
  Economic	
  Impacts	
  of	
  Severe	
  Space	
  Weather	
  Events	
  
Washington,	
  D.C.,	
  May	
  2008.	
  	
  	
  	
  	
  	
  	
  	
  Organizer	
  and	
  Chair:	
  Professor	
  Daniel	
  Baker,	
  U.	
  of	
  Colorado	
  

Future	
  Direc:ons	
  in	
  Satellite-­‐derived	
  
Weather	
  and	
  Climate	
  Informa:on	
  for	
  
the	
  Electric	
  Energy	
  Industry	
  –	
  
Workshop	
  Report	
  Jun	
  2004	
  





New Drivers for Space Weather Understanding 

•  Civil Precision GNSS Users 

•  Next Generation Air Transportation System 

•  Increased Vulnerability of Power Grid 

•  Satellite/Launch Industry 

•  Exploration Missions to the Moon and beyond 

•  Commercial Space Enterprise 

•  Arctic Economic Development 

Evolving	
  landscape:	
  New	
  technologies	
  and	
  capabili:es	
  drive	
  
demand	
  for	
  space	
  weather	
  products	
  








