
Space	Weather	Near	An	Average	Sized	Star:	
From	Physics	to	Technology	Impacts		
in	the	Coupled	Geospace	System		

Dr.	Philip	Erickson	
Atmospheric	and	Geospace	Sciences	Group	
MIT	Haystack	Observatory	
WesBord,	MA	01886	USA	
	
Thanks:	D.	N.	Baker,	L.	LanzeroN,	J.	Thayer,	A.	Viljanen,	
MIT	Haystack	AGS	Group,	NSF,	NASA	

1	

IEEE PES Boston  July 20, 2016 



2	

Space	Weather	Near	An	Average	Sized	Star:		
From	Physics	to	Technology	Impacts		
in	the	Coupled	Geospace	System		

Outline: 
•  Space weather history 
•  The geospace system 

•  Space weather technology impacts 
•  Some general comments 
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March 10, 2011 

February 20, 2011 

(courtesy L. Lanzerotti, NJIT) 
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Telegraphs in the 1840s 

Space weather 
Ionosphere	daily	variaVons	inducing	daily	ground	current	variaVons	

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” 

(courtesy L. Lanzerotti, NJIT) 
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The ‘Carrington Event’: Aug 27 – Sep 7, 1859 

Carrington	sunspot	drawings	(Carrington,	1863)	
Rare	white	light	intensificaVon	seen	

Magnetometer	traces	
Greenwich	Royal	Observatory	

Greenwich,	England	

SVll	the	largest	geomagneVc	disturbance	on	record	at	Earth		
(and	largest	for	~500	years)	

“two patches of intensely bright and white 
light broke out, in the positions indicated in 
fig. 1 ...      My first impression was that by 
some chance a ray of light had penetrated a 
hole in the screen attached to the object 
glass, for the brilliancy was fully equal to 
that of direct sun-light”

R. C. Carrington
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The ‘Carrington Event’: Aug 27 – Sep 7, 1859 

LocaVons	where	aurora	was	visible	
(Green,	2008)	
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The ‘Carrington Event’: Aug 27 – Sep 7, 1859 

Boston	MA	to	Portland	ME	telegraph	line	
Sept	2,	1859	
	
“We observed the influence upon the lines at the time of 
commencing business — 8 o’clock — and it continued so 
strong up to 9 1/2 as to prevent any business from 
being done, excepting by throwing off the batteries at 
each end of the line and working by the atmospheric 
current entirely!” 

NY Times 
 
 
Operator exchange: 
 
BOS: Mine is also disconnected, and we are working 
with the auroral current. How do you receive my writing? 
 
POR: Better than with our batteries on.. 
 
Very well. Shall I go ahead with business? 
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Telegraph and Radio Disturbances in the 19th, 20th Centuries 

(LanzeroN,	2001)	

• 	Breit	and	Tuve	(1925),	Appleton	
and	Barned	(1925)	idenVfy	
ionospheric	radio	reflecVon	
layer	

• 	CorrelaVon	between	HF	
propagaVon	and	solar	acVvity	
first	idenVfied	in	1932	(Marconi	
hinted	at	this	earlier)	

	
• 	Serious	impacts	to	transatlanVc	
communicaVons:	Wavelength	
diversity	used	to	combat	
transmission	corrupVons	

• 	Sunspot	number	used	as	a	early	
form	of	space	weather	
predicVon	by	HF	operators	-	
conVnues	today	as	a	tool	by	the	
amateur	radio	community	
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Atlantic Telegraph Cables 

Space weather on the first Atlantic telegraph cable 
	
“…	the		beginning		of	cable	service	was	far	from	reliable….earth’s	magneVc	currents,	
lightning,	the	aurora	borealis	…	 	the	[galvanometer]	into	wild	and	rapid	gyraVons.”		
T.	Rowe,	Connec&ng	the	Con&nents,	2009.	

Old telegraph cables from Trinity Bay into telegraph station 
Today: A Newfoundland Provincial Historical site 

(courtesy L. Lanzerotti, NJIT) 



10	

Magnetic Storm: March 24, 1940 

Numerous Problems (Transformer Tripping; Reactive Power Surges) on Systems 
             e.g.: Philadelphia Electric; Public Service NJ; Central Maine; 

  Northern States Power (MN); Eastern MA Electric 
Transformer Tripping, Ontario Hydro Electric Commission   

 4 Transformer Banks, Chats Falls, Niagara District (220kV) 
 6 Transformer Banks, Abatibi System (132 kV) 

 
  
Widespread effects on Radio- and Landline-telephony 

Leads to: 
Major industrial conference 
Power and telecom companies 
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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 temporary 
darkness broken only by the  
strange light of the aurora overhead”* 
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Man-Made Space Weather 

Van	Allen	inner,	
outer	radiaVon	belts	

	
Start	at	~400	km	alVtude	
First	discovered	1958	

(Explorer	1,	3)	

Starfish	Prime	
9	July	1962	

Telstar	1	
Bell	Systems	
launched	10	July	1962	
failure	early	1963	
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Space Weather and Technology 

As	the	complexiCes	of	technical	systems	increase,	as	
new	technologies	are	invented	and	employed,	human-
built	systems	themselves	become	more	suscepCble	to	
the	effects	of	Earth's	space	environment.	

		--	LanzeroN	
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Sun-Earth System Overview 
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Solar Output 
Variability 
As a Function 
Of Wavelength 
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A Natural Plasma: Earth’s Upper Atmosphere 

•  Plasma is the fourth state of matter 
•  The universe is filled with plasma 
•  Extreme ultraviolet output from the 

Sun creates a plasma in Earth’s 
heavily magnetized upper 
atmosphere through ionization 
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The Solar Cycle: Solar Variability 
X ray wavelength 
(Coronal images) 
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The Solar Cycle: Solar Variability 
Magnetograms 
(Fe XII / Fe+11 transition @ 19.5 nm) 
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The Solar Cycle: Long-Term Variations 
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Predicting Solar Variability 

Heading into Solar Cycle 24: 
May 2005 Predictions 
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Predicting Solar Variability 

Heading into Solar Cycle 24: 
May 2005 Predictions January 2016 : The Reality 
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Solar Cycle: The Recent Past 
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Solar Phenomena 

Solar	Wind	

Sunspots	 GranulaVons	

Flares	



24	

Coronal Mass Ejections 
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The Halloween 2003 Storm 
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Earth’s Magnetosphere 

Atmospheric	Response	
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Geomagnetic Storms and the Aurora 

March 12, 2012  Abisko Park  Northern Sweden 
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Aurora from High Altitude (ISS = 350 km) 

September 2011  (Don Pettit, ISS Astronaut) 
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Space Weather Effects 
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Upper Atmosphere Circulation, 
Electrodynamically Powered by Solar Wind 
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Upper Atmosphere Circulation 

SuperDARN	
HF	Radar	Scader	
ConvecVon	monitor	
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The Ionosphere and Thermosphere 
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Electrodynamics are Not Local, but Global 

Circuit	analogy:	
Both	ends	of	the	
magneVc	field	line	
mader	

CondiVons	are	very	
different	day	to	
night,	seasonally,	
etc.	etc.	

Log	
electron	
density	
as	a	
funcVon	of	
alVtude	
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The Global Electric Circuit 

Bering et al., Physics Today, 1998 

First numerical model to address the complexities of 
the 3D GEC was developed by Hays and Roble 
[1979] and Roble and Hays [1979]. 

Courtesy J. Thayer, Frontiers in Earth System 
Dynamics project (UC Boulder) 
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GEC Properties 

VerVcal	electric	field	at	the	
surface:	100-300	V/m	

Kirkby, Surv Geophys 2007 

Total	global	
current	

The	GEC	involves	many	aspects	of	
solar-terrestrial	physics:		
Ø  GalacVc	cosmic	rays		
Ø  Solar	wind	IMF	
Ø  Magnetospheric	potenVals	and	

parVcles	
Ø  Ionosphere	processes	
Ø  Radon	emissions	from	solid	earth	
Ø  Cloud	formaVon	and	electrificaVon	
Ø  Atmospheric	aerosols	
Ø  Charge	generaVon	from	oceans	
Ø  Atmospheric	dynamics…		

Courtesy J. Thayer, Frontiers in Earth System 
Dynamics project (UC Boulder) 
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Geomagnetically Induced Currents (GICs) 

Measure B(t) on the ground; 
compute dB/dt 
 
Apply conductivity model to get 
horizontal E field 
 
Apply DC description of power grid 
 
Solve Ohm’s law for driven currents 
in transformer neutrals and 
transmission lines 
 

courtesy A. Viljanen, FMI 
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GIC Modeling Challenges 

courtesy A. Viljanen, FMI 
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GIC Modeling Challenges 

courtesy A. Viljanen, FMI 



39	

Grids are Global, so Measurements Should Be Too 

GPS derived global total 
electron content (MIT Haystack) 

SuperMAG: Networks of 
Magnetometers 
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Space Based Measurements of B and J 
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The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. Restart your computer, and then open the file again. 
If the red x still appears, you may have to delete the image and then insert it again.

4 August 1972:   
AT&T L4 cable Chicago to San Francisco 

PJM Perspectives (2015) 
DO: reduce west-east transfers if GIC > 10 amps at detection station 
DO: raise voltages and anticipate reactive asset loss during storms 
DO NOT: be concerned with transmission congestion by geomagnetic 
activity 
        (Congestion loss ~$918M 1st 6 months 2015; PJM billings ~$50B/
year) 
 
Unremarked upon: Potential degradation of transformer oils by 
cumulative space weather events. 

Economics of Space Weather 
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Prediction or Mitigation? 
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In Any Case… 

Heliophysics is key both to basic understanding 
and to national space weather preparedness. 
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Reference Article 
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Thanks for Your Attention! 


