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...society may collapse.
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The SolarMax message applies to all people on this planet. All of us face 
risks from the Sun. These risks are different for different groups in society:

•	 Policy makers and the military face national security risks
•	 Industry	faces	financial	risks
•	 The general public faces personal and family risks

There is a lot we don’t know about our Sun, but:

•	 We are learning more every day.
•	 We are improving our detection capabilities.
•	 We can protect our vulnerable electricity grid.
•	 We can protect our vulnerable satellites.
•	 We can protect our vulnerable astronauts.
•	 We can protect our society.

This report shows you how.

... beautiful auroras may be visible in the tropics

... continents may lose 
electricity for months

In case of a severe solar storm...

What is the problem?
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... satellites may be lost

Image: “World without us” by 
Alan Weisman

Audience for this report

Do not despair, 
solutions exist!
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The Sun is a giant magnet which has an 11-year cycle. This can be observed by the 
number of sunspots on the surface of the Sun. At solar minimum, there are few or even 
no sunspots. Gradually, the number of sunspots increases, ending at solar maximum 
(SolarMax),	when	the	magnetic	poles	of	the	Sun	flip.	The	north	pole	becomes	the	south	
pole,	and	vice	versa.	Huge	explosions	known	as	“solar	flares”	and	“coronal	mass	ejections”	
can happen at any time during the solar cycle, but happen most often at SolarMax. These 
events hurl dangerous particles and radiation into space, sometimes towards the Earth.

What is SolarMax?

Large	solar	flares	and	coronal	mass	ejections	can	have	a	profound	effect	on	society:

•	 Satellites can stop functioning: No GPS, no satellite communication, no TV
•	 Power surges may knock out the power grid by blowing up transformers
•	 Electricity supply can be cut for weeks, at national or even continental levels
•	 Without electricity many other critical services become unavailable
•	 Problems with food and water supply, sewage, medical care, transport, heating, etc.
•	 Economies	crumble,	power	balances	shift,	major	global	crisis	could	take	place
•	 These problems may exist for months or even years.

Impacts on humanity
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Why should we care?

Scenario: In November 2015 a massive solar storm slams into the unprepared Earth. The storm 
destroys thousands of transformers, knocks out 75% of all satellites and damages vulnerable 
electronics like car computers and cell phones. It will take a year to repair the damage, worsened 
by communication and transportation failures. Millions of people in northern latitudes lose heating, 
water and food supply. Hospitals struggle to care for the sick and elderly without electricity and 
supplies. Food riots break out and economies collapse. In a few seconds, the modern digital economy 
is thrown back 100 years.

A Carrington-like event in 2015
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      J.M. Barrie

“All of this has 
happened before, 

and it will all happen 
again.”

On 13 March 1989 a large solar storm hit Earth. 
Again, auroras were observed at tropical latitudes. 
Geomagnetically induced currents destroyed 
many transformers in the North American power 
grid, causing outages across Canada and the US. 
Between 5 and 6 million people were left without 
electricity for over 9 hours. The associated direct 
and indirect costs were estimated between USD 
4 billion and USD 10 billion.

Quebec Event

British astronomer Richard Carrington 
observed	an	enormous	solar	flare	coming	
from a sunspot. Shortly thereafter Earth 
experienced the strongest geomagnetic 
storm ever recorded. Auroras were 
visible as far south as Cuba and Hawaii. 
Telegraph lines and railroads were 
badly damaged due to ground induced 
currents.

Carrington Event
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Another strong solar storm hit Earth 
in October 2003. More than half of 
the deep space and near-Earth space 
science missions experienced faults. The 
Solar and Heliospheric Observatory 
(SOHO) satellite failed temporarily. 
NASA’s Advanced Composition Explorer 
(ACE) satellite experienced damage and 
instruments aboard many spacecraft 
had to be shut down temporarily. 
Blackouts were experienced at latitudes 
as low as South Africa.

Halloween Storm



Scale Descriptor Effect

Average 
Frequency
of storm 

events/cycle

Cost of 
Prevention

USD**

Cost of 
Recovery

USD**

G1 Minor

Weak power grid fluctuations can occur. Minor impact 
on satellite operations possible. Migratory animals are 
affected at this and higher levels.  Aurora is commonly 
visible at high latitudes.

1700 per cycle
(900 days per 

cycle)
Negligible Negligible

G2 Moderate

High-latitude power systems may experience voltage 
alarms, long-duration storms may cause transformer 
damage. Corrective actions to satellite orientation 
may be required; possible changes in drag affect orbit 
predictions.  Aurora has been seen as low as 55° 
geomagnetic latitude.

600 per cycle
(360 days per 

cycle)
Millions Millions

G3 Strong

Voltage corrections may be required, false alarms 
triggered on some protection devices. Drag may 
increase on low-Earth-orbit satellites and corrections 
may be needed for orientation problems. Intermittent 
satellite navigation and low-frequency radio navigation 
problems may occur.  Aurora can been seen as low as 
50° geomagnetic latitude.

200 per cycle
(130 days per 

cycle)
Millions 10s Millions

G4 Severe

Possible widespread voltage control problems and some 
protective systems will mistakenly trip out key assets 
from the grid. Satellite navigation degraded for hours, 
low-frequency radio navigation disrupted, and aurora 
can been seen as far south as Alabama and northern 
California.

100 per cycle
(60 days per 

cycle)
10s Millions 100s Millions

G5 Extreme

Widespread power grid voltage control problems 
and protective system problems can occur, some grid 
systems may experience complete collapse or blackouts. 
Transformers may experience damage. Satellite 
navigation may be degraded for days, low-frequency 
radio navigation can be out for hours, and aurora can 
been seen as far south as Florida and southern Texas.

4 per cycle
(4 days per cycle) 100s Millions Billions

X* Carrington

Widespread power grid collapse and extended blackouts. 
Transformers experience catastrophic damage. Oil 
and gas pipeline currents can reach hundreds of amps, 
causing leakages, supply malfunctions and possibly fires. 
Many – if not most – satellites are damaged beyond 
recovery.

Seldom Billions Trillions

	*	Not	an	official	NOAA	level;	indicative	only

Source: European Commision 
Joint Research Center, 2012

Dutch Government Disaster Preparedness Card
Source: http://www.crisis.nl

Space Weather
•	 Switch off the gas and electricity.
•	 Unplug all electrical devices.
•	 Go home as soon as you can or stay at 

home.
•	 Store enough food and water in 

preparation for a blackout.

** Team SolarMax best estimate

To communicate the seriousness of space weather events on Earth, the US National Oceanic and Atmospheric 
Administration (NOAA) has developed space weather severity scales. We propose adopting these scales in all public 
communication about space weather, allowing society to learn to assess the impact solar events may have.

What can we do about it?

Space Weather Severity Scales Disaster Preparedness
Many	governments	provide	disaster	preparedness	 information	to	their	citizens.	We	propose	adding	specific	
information regarding space weather to this information.

Policy Brokers
Policy brokers are actors with a neutral position on 
a	specific	topic.	They	are	the	intermediaries	between	
scientists and policy makers. They translate complex 
issues into politically comprehensible topics. They 
then work with the different political factions to 
define	workable	and	effective	government	programs	
and policies. Traditionally, the role of a policy broker is 
taken	by	government	officials,	but	nonpolitical	parties	
also play an important role, like the International 
Space	University	 through	 this	 team	 project	 report.	
We propose to spread this document among policy 
makers in our network and work with solar science 
organizations like the UNCOPUOS International 
Space Weather Initiative, the ESA Space Situational 
Awareness organization, and the National Oceanic 
and Atmospheric Administration. 



Awareness campaign
When considering risk management on a national or international 
scale	you	use	the	sequence	“detect,	deflect,	mitigate,	respond,	recover”.	
Stakeholders will not apply these steps until they develop a sense of 
urgency. This sense of urgency can be triggered by a well-targeted 
awareness campaign. The SolarMax awareness campaign focuses on 
public, political, and industry awareness, with messages tailored to each 
of these audiences.

Comics

Websites

Social Media

Movie Storyboard

Infographics: NOAA

Infographics
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Solutions to mitigate the risks of space weather exist today. Problems can be prevented if we 
look at smart ways to use existing technology to protect the most vulnerable assets. Most of 
the technologies shown as examples on these pages can readily be applied to Earth and space 
infrastructures, preventing problems and costs in case a solar event hits our fragile planet.

Solutions exist

Geomagnetically induced currents have a destructive impact on the terrestrial power grid, and 
are the most immediate threat to our society. To counter these, we propose to migrate to a 
robust smart power grid. Robust smart grids can automatically take preemptive actions based 
on	 space	 weather	 forecasting.	 Such	 upgrades	 would	 involve	 a	 significant	 commitment	 from	
power companies and governments, but recovery costs from a “Carrington-level” solar event are 
estimated at 5.5 times that of the investment to protect the grid.

Protecting the power grid

Awareness of the solar threat among affected industries is limited.  In an effort to close that gap, 
we	identified	several	low	cost,	multi-industry	recommendations,	such	as:

•	 Create awareness with industry customers, clients and leaders
•	 Prioritize resilience into future engineering in early design stages
•	 Educate industry drivers like insurance, medical, and energy lobbies
•	 Advocate data sharing between scientists, industry, and the general public

Industry awareness

Recent	 research	 into	 using	 magnetic	 fields	 to	 shield	 spacecraft	 from	 radiation	 is	 showing	
promising	results.	These	magnetic	fields	are	generated	on	board	the	spacecraft	itself,	using	large	
magnets. An alternative method is the “Water Walls” concept of ISU guest lecturer Marc Cohen. 
This concept is a closed loop life support system that doubles as a self-sustaining radiation 
shield on the walls of a spacecraft. Military and commercial satellite developers have developed 
radiation hardening concepts to protect vulnerable electronics on unmanned spacecraft. Of 
course these measures come at an additional cost to the spacecraft customers, but these costs 
easily outweigh the cost of replacing satellites after having been damaged.

Protecting the spacecraft

Several methods exist to protect crew members from radiation, even when complex methods 
like active magnetic shielding are not yet operational.  A practical solution is to measure radiation 
profiles	of	spacecraft	and	designing	the	interior	such	
that the crew living spaces are in the least 
vulnerable positions. This can be as simple as 
placing the crew deep inside the spacecraft 
with supplies positioned around them as 
a natural protecting buffer. A study into 
the design of a possible habitat for the 
2018	 Inspiration	 Mars	 fly-by	 mission	
revealed that smart interior design 
reduces the crew’s radiation dose by 37%.

Protecting  HUMAN spaceflight
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Conclusion
One of our recommendations is to improve our space weather detection capabilities. The better 
we can detect changes in the behavior of the Sun, the better we can predict potential risks to the 
Earth.	The	current	fleet	of	solar	observing	spacecraft	is	aging	rapidly	and	new	missions	need	to	be	
developed to replace these older detection platforms. The solar observation constellation proposed 
below is an example of a new detection platform:

The Heliocentric Orbit Continuous Monitoring Constellation (HOCOMOCO) is a constellation of 
small satellites, in multiple elliptical solar orbits. It is designed to monitor solar weather and improve 
our	ability	to	predict	and	protect	against	severe	solar	events.	To	complete	the	mission	objectives,	the	
constellation must be operational for the full 11 years of an entire solar cycle. The main goals are to:

•	 continuously	monitor	the	solar	wind	and	map	the	Sun’s	magnetic	field	so	as	to	determine	the	
trajectories	of	energetic	particles	relative	to	the	Earth;	and

•	 help to identify how and where satellite failure modes occur.

Scientific	instruments	will	measure	magnetic	field	strength	and	orientation,	particle	energies,	particle	
composition, plasma properties, and subsystem component degradation and failure.

Space weather detection

Space weather destroys stuff.

What is the problem?

Solar events have happened before and will happen again.

Space	weather	can	harm	our	infrastructure,	national	security,	finances,	and	personal	well-being.

Why should we care?

•	 Spread public awareness and support for space weather research.
•	 Spread political and industry awareness and funding for space weather research.
•	 Conduct further research to better understand and mitigate space weather risks.
•	 Implement proposed solutions to protect most vulnerable infrastructures.
•	 Improve capability to detect space weather risks.

What can we do about it?

With this document we have answered a few very basic questions. To take the next step we rely on 
policy makers and industry to fund the required research and subsequent actions to protect society 
as we know it.

What do we intend  
with this document?

“Extinction is the rule. 
Survival is the exception.”

Carl Sagan



This report was written as part of the 2013 Space Studies Program of the International Space University at its 
central campus in Strasbourg, France. Participants from 17 countries contributed to the writing of this summary 
and the associated report. 

The SolarMax team would like to acknowledge Johns Hopkins University Applied Physics Laboratory for supporting 
this	project.
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