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WHAT 

The term “space weather” refers to 
the variable conditions on the sun 
and in space that can influence the 
performance of technology we use on 
Earth. 

In order to protect people and                
systems that might be at risk from 
space weather effects, we need to 
understand the causes of space 
weather. 

WHEN 

A space weather event can happen at 
anytime. Storms in outer space occur 
near Earth or in Earth's upper                       
atmosphere, is referred to as space 
weather.  Rather than the more               
commonly known weather within our 
atmosphere (rain, snow, heat, wind, 
etc.), space weather comes in the 
form of radio blackouts, solar                     
radiation storms, and geomagnetic 
storms caused by disturbances from 
the Sun.  

WHERE 

The effects of space weather can hap-
pen anywhere on Earth. The sun is the 
main source of space weather.  

Sudden bursts of plasma and magnetic 
field structures from the sun’s atmos-
phere together with sudden bursts of 
radiation, or solar flares, all  cause 
space weather effects here on Earth. 

IMPACT 

Space weather can produce solar 
storm electromagnetic fields that 
induce extreme currents in wires, 
disrupting power lines, causing wide
-spread blackouts and affecting 
communication cables that support 
the Internet. Severe space weather 
also produces solar energetic parti-
cles and the dislocation of the 
Earth's radiation belts, which can 
damage satellites used for commer-
cial communications, global posi-
tioning and weather forecasting. 
Space weather has been recognized  

as causing problems with new                  
technology since the invention of the 
telegraph in the 19th century.  

A severe space weather event is likely 
when an intense flare occurs on the 
Earth-facing side of the sun. In 2003, 
this flare (left image) is followed             
immediately by an enormous                  
interplanetary blast wave called              
coronal mass ejection or CME that                    
propagates rapidly away from the sun 
towards Earth. Depending on severity 
and nature of the storm, the collision 
with Earth's magnetic field called a 
geomagnetic storm can affect                     
satellites, air travel and power grids.  

A catastrophic failure of commercial 
and government infrastructure in 
space and on the ground can be               
mitigated through raising public 
awareness, improving vulnerable 
infrastructure and developing                   
advanced forecasting capabilities. 
Without preventive actions or plans, 
the trend of increased dependency 
on modern space-weather sensitive 
assets could make society more                
vulnerable in the future.  

KNOW YOUR RISK 
 

 

S pace weather events are naturally occurring phenomena in the space environment that have the                  

potential to disrupt technologies and systems in space and on Earth. These phenomena can affect                  

satellite and airline operations, communications networks, navigation systems, the electric power grid, 

and other technologies and infrastructures critical to the daily functioning, economic vitality, and security of 

the global economy.  

SPACE WEATHER                                     

PREPAREDNESS OVERVIEW 
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PROTECTING YOURSELF BEFORE A                        
SPACE WEATHER EVENT 
 

P rotecting yourself today means having sources for information, preparing 
your home or workplace, developing an emergency communications 
plan, and  knowing what to do during a space weather event. Taking              

action today can save lives and during an actual event. 

The following section highlights various preparedness initiatives and actives that 
you and your family can practice now to prepare for a future space weather 
event. 
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GENERAL GUIDELINES 

The guidelines listed below are basic ways for you to start preparing yourself and your family now, before an event occurs.                  

Preparing saves lives in the future. 

BE INFORMED 

  
Be aware of your surroundings. Limit your contact with individuals who may be sick. 

 

Sign up to receive local emergency alerts and register your work and personal contact information with any 

work sponsored alert system. You can signup to receive emergency alerts on the City of Shawnee website at 

www.shawneeok.org.  

 Be aware of your environment and any possible dangers. 

MAKE A PLAN 

 Make a plan with your family, and ensure everyone knows what they would do in a flooding event. 

 Understand the plans for individuals with disabilities or other access and functional needs 
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A Watch is issued when the risk of a potentially hazardous space weather event has increased significantly, 

but its occurrence or timing is still uncertain. It is intended to provide enough advanced notice so those who 

need to set their plans in motion can do so. The purpose of a Watch is to give preliminary notification of pos-

sible space weather activity with a lead-time of hours to days. A Watch can be upgraded to a higher-level 

Watch. 

 

A Warning is issued when a significant space weather event is occurring, imminent or likely. A Warning is a 

short-term, high confidence prediction of imminent activity. The purpose of a Warning is notification of im-

pending space weather activity with a lead-time of minutes to a few hours. A Warning can be upgraded to a 

higher Warning if space weather conditions are expected to change sufficiently enough to warrant the up-

grade. 

 

 

Alerts indicate that the observed conditions, highlighted by the warnings, have crossed a preset threshold or 

that a space weather event has already started. 

KNOW THE TERMS 

Know the terms used to describe changing flooding conditions and what actions to take. These terms can be used to determine the 

timeline and severity of an approaching storm.  

WARNING 

! 

WATCH 

ALERT 

! 
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BEFORE AN EVENT: PLAN AND PREPARE 

Space weather can have an impact on our advanced technologies which has a direct impact on our daily lives. The main area of 
concern will most likely be our nation's electric power grid. Northern territories are more vulnerable to these effects than areas 
farther south.  Generally, power outages due to space weather are very rare events, but evidence suggests that significant effects 
could occur.  These power outages may have cascading effects, causing: 

• Loss of water and wastewater distribution systems 

• Loss of perishable foods and medications 

• Loss of heating/air conditioning and electrical lighting systems 

• Loss of computer systems, telephone systems, and communications systems (including disruptions in airline flights, satellite 

networks and GPS services) 

• Loss of public transportation systems 

• Loss of fuel distribution systems and fuel pipelines 

• Loss of all electrical systems that do not have back-up power 
 

The following guidelines are designed to help you plan and prepare for a space weather event: 

 
Build an Emergency Supply Kit. 

 
Make a Family Emergency Plan. 

 

Check with your doctor to ensure all required or suggested immunizations are up to date for yourself, your children 

and elderly family members. 

 

Consider installing a High-Efficiency Particulate Air (HEPA) filter in your furnace return duct, which will filter out most 

biological agents that may enter your house 
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DEVELOP A FAMILY                                                             
COMMUNICATIONS PLAN 

 Creating your Family Emergency Communication Plan 

starts with one simple question: “What if?”  

“What if something happens and I’m not with my family?” 

“Will I be able to reach them?” “How will I know they are 

safe?” “How can I let them know I’m OK?” During a                 

disaster, you will need to send and receive information 

from your family.  

Communication networks, such as mobile phones and 

computers, could be unreliable during disasters, and              

electricity could be disrupted. Planning in advance will 

help ensure that all the members of your household—

including children and people with disabilities and others 

with           access and functional needs, as well as outside                              

caregivers—know how to reach each other and where to 

meet up in an emergency. To learn more about creating a 

Family Communications Plan, obtain a copy of the City of                    

Shawnee / Pottawatomie County Department of                        

Emergency Management’s guidebook-Creating a Family                          

Communications Plan. 

SIGN UP FOR LOCAL ALERTS 

Public safety officials use timely and reliable systems to 

alert you and your family in the event of natural or                   

man-made  disasters.  

There is a multitude of wireless emergency alert apps for 

your phone, with most being free.  

You can learn more about emergency alerts by  download-

ing the City of Shawnee / Pottawatomie County                                   

Department of Emergency Management’s guide to                        

Understanding Emergency Alerts located under the                   

hazards tab on the City of Shawnee - Emergency                         

Management website. 

PREDICTING SPACE WEATHER / 
SPACE WEATHER ALERTING   
SERVICES 

Space weather prediction services in the United States are    

provided primarily by NOAA's Space Weather Prediction Center 

(SWPC) and the U.S. Air Force's (USAF) 557th Weather Wing, 

which work closely together to address the needs of their civil-

ian and military user communities.  

The SWPC draws on a variety of data sources, both space and 

ground-based, to provide forecasts, watches, warnings, alerts, 

and summaries as well as operational space weather products 

to civilian and commercial users. Sign up to receive email 

watches, warnings, alerts and more. 
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WATER - Ensure you have at least 1 gallon of water per person per day for at least 3 days. (Store a longer than 3

- day supply of water, if possible). An average person needs to drink about 3/4 of a gallon of fluid daily. Individual 

needs vary depending on age, gender, health, level of activity, food choices, and climate. You may also need 

stored water for food preparation. 

 

FOOD - Store at least a 3-day supply of non-perishable food for members of your household, including pets. 

Consider special dietary needs (e.g., infant formula). Include a non - electric can opener for canned food. 

 

FLASHLIGHT, RADIO, and CELL PHONE CHARGER - You will need to be able to charge these items                

without electricity. Your flashlight and radio should be either hand-cranked or battery-powered, and stored with 

extra batteries. Your cell phone charger should be hand-crank, solar, or able to be charged from a car outlet. 

 

MEDICAL - Include first aid kit, prescription and non-prescription/over-the-counter medications, and medical 

supplies. 

 

SANITATION - Pack supplies for sanitation, such as hand sanitizer, towelettes, paper products, diapers, and 

plastic bags, for use when water resources are limited. 

 

ASSISTIVE TECHNOLOGY - Include battery backup power for power - dependent mobility devices, oxygen, 

and other assistive technology needs. 

 

EXTRA CLOTHING, BLANKETS, and SLEEPING BAGS - Dress in layers to keep warm if you lose power. 

Ensure you have enough clothing, hats, mittens, and blankets or sleeping bags for everyone in the house. 

 

WOOD - Store a supply of dry, seasoned wood if you have a working fireplace or wood -burning stove with a 

safe flue or vent. 

ASSEMBLING AN EMERGENCY SUPPLIES KIT 

You may be without power and air conditioning / heat for several days. 

Have a family discussion; think through what three days without                  

power, water, or air conditioning would feel like. Gather the basic                 

supplies your family would need if grocery stores and other services are 

unavailable; if power, water, and gas is interrupted; or if you                   

cannot leave your home. Be sure to review your emergency supplies eve-

ry fall. Basic emergency supplies should include the following, most of 

which you probably already have in your home.  

NOTE* It is important to consider the unique needs of your family,     
including access and functional needs, and the needs of children and 
pets. You may need to include: extra water; special food, such as infant 
formula or pet food; and supplies or equipment, such as diapers, glasses, 
or  medical equipment. 

The following are items to store in your Emergency Supplies 
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TYPES OF SPACE WEATHER EVENTS AND MEASUREMENT SCALES 

TYPES OF EVENTS 

Strong space weather events are caused by interaction of the Earth with emissions from the Sun. The Sun continually streams out a 
solar wind consisting of charged particles, or plasma, travelling at high speeds throughout interplanetary space. The solar wind    
carries the solar magnetic field into space where it can interact with the magnetic field of planets like the Earth. Sometimes the 
solar wind gets particularly fast or turbulent and its magnetic field can trigger changes in the Earth's magnetic field and ionosphere–
the region of the upper atmosphere that can conduct electricity. Such changes were termed Geomagnetic Storms as far back as the 
19th century because they caused strong episodic gusts of compass needles that were unexplained until the 20th century when the 
solar wind was finally  discovered.  

The largest space weather events are caused when the Sun experiences a giant magnetic eruption from a sunspot region. These 
eruptions are announced by an immediate burst of electromagnetic radiation, including X-rays and ultraviolet light, called a solar 
flare. The impact of solar flare X-rays on the Earth's ionosphere causes a prompt loss of its ability to reflect long-range radio waves, 
resulting in a so-called Radio Blackout event. Following the X-ray flare, solar magnetic eruptions sometimes accelerate huge                   
quantities of charged particle radiation into interplanetary space. If these particles impact the Earth's atmosphere they trigger solar 
radiation storms that can sometimes penetrate down to the ground. Most large eruptions also produce a coronal mass ejection 
(CME), a gigantic cloud of plasma and concentrated solar magnetic field hurling through space at millions of miles an hour. When a 
CME impacts the Earth's magnetic field, it can trigger the largest magnitude geomagnetic storms. For more details on each of these 
aspects of solar-driven space weather, see the links below. To see how space weather forecasters quantify each of these aspects, 
see the Space Weather Scales link in the side panel to the right.  
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RADIO BLACKOUTS 

Radio Blackouts are caused by bursts of X-ray and           

Extreme Ultra Violet radiation emitted from solar flares. 

Radio blackouts primarily affect High Frequency (HF) (3-

30 MHz) communication, although fading and dimin-

ished reception may spill over to Very High                  

Frequency (VHF) (30-300 MHz) and higher  frequencies. 

These storms are a consequence of enhanced                   

electron densities caused by solar flare emissions. The 

emissions ionize the sunlit side of Earth, which                

increases the amount of energy lost as radio waves pass 

through this region. 

Radio blackouts are among the most common space 

weather events to affect Earth. Minor events occur, on 

average, 2,000 times each solar cycle. Blackouts are by 

far the fastest to impact our planet. The X-rays creating 

radio blackouts arrive at the speed of light–8 minutes 

from Sun to Earth, making advance warnings difficult. 

When flares occur, however, SWPC measures their  

intensity and forecasts their duration. Usually the radio 

blackouts last for several minutes, but they can last for 

hours. The impacts of Radio Blackouts are felt by                  

industries relying on HF radio communication and low             

frequency signals, primarily the aviation and marine               

industries. 

MEASUREMENT SCALES 

The NOAA Space Weather Scales report three categories of solar effects. These scales communicate current and future space weath-

er conditions, and their possible effects on people and systems. Similar to the Saffir-Simpson Hurricane Wind Scale and the Enhanced 

Fujita (EF) tornado wind scale, the NOAA space weather scales correlate space weather events with their likely effects on technologi-

cal systems. The scales describe the environmental disturbances for three event types:                 

The scales have numbered levels, analogous to hurricanes, tornadoes, and earthquakes, that convey severity. 
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RADIO BLACKOUTS SCALE 

Scale Description Effect 
Physical 

Measure 

Average Frequency 

(1 cycle = 11 years) 

R1 MINOR 

• HF RADIO: Weak or minor degradation of HF radio communication on 

sunlit side, occasional loss of radio contact. 

• NAVIGATION: Low-frequency navigation signals degraded for brief         
intervals. 

M1 

(10-5) 

2000 per cycle 

(950 days per              

cycle) 

R2 MODERATE 

• HF RADIO: Limited blackout of HF radio communication on sunlit side, 

loss of radio contact for tens of minutes. 

• NAVIGATION: Degradation of low-frequency navigation signals for tens 
of minutes. 

M5 

(5 x 10-5) 

350 per cycle 

(300 days per             

cycle) 

R3 STRONG 

• HF RADIO: Wide area blackout of HF radio communication, loss of 

radio contact for about an hour on sunlit side of Earth. 

• NAVIGATION: Low-frequency navigation signals degraded for about an 
hour. 

X1 

(10-4)  

175 per cycle 

(140 days per             

cycle) 

R 4 SEVERE 

• HF RADIO: HF radio communication blackout on most of the sunlit 

side of Earth for one to two hours. HF radio contact lost during this 
time. 

• NAVIGATION: Outages of low-frequency navigation signals cause                 
increased error in positioning for one to two hours. Minor disruptions 
of satellite navigation possible on the sunlit side of Earth. 

X10 

(10-3) 

8 per cycle 

(8 days per cycle) 

R 5 EXTREME 

• HF RADIO: Complete HF (high frequency) radio blackout on the entire 

sunlit side of the Earth lasting for a number of hours. This results in no 
HF radio contact with mariners and en route aviators in this sector. 

• NAVIGATION: Low-frequency navigation signals used by maritime and              
general aviation systems experience outages on the sunlit side of the 
Earth for many hours, causing loss in positioning. Increased satellite 
navigation errors in positioning for several hours on the sunlit side of 
Earth, which may spread into the night side. 

X20 

(2 x 10-3) 

Less than 1 per 

cycle 

NOTE: The vast majority of "5" level events will not cause catastrophic damages to the electric grid.  On average, the Earth 
is impacted by such storms about four times during every 11-year solar cycle, so many large storms have impacted the planet since 
the Carrington Storm with much less signification impact. 
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SOLAR RADIATION STORMS 

Solar radiation storms occur when large quantities 

of charged particles, protons and electrons, are            

accelerated by processes at or near the Sun. When 

these processes occur, the near-Earth satellite             

environment is bathed with high energy particles. 

Earth's magnetic field and atmosphere offer some 

protection from this radiation, but the amount of 

protection is a function of altitude, latitude, and 

magnetic field strength. The polar regions are 

most affected by energetic particles because the                  

magnetic field lines at the poles extend vertically 

downwards, allowing the particles to spiral down 

the field lines and penetrate into the atmosphere, 

increasing ionization. 

Energetic protons reach Earth a half hour to                   

several hours after a solar eruption. Solar radiation 

storms can last from a few hours to days,                       

depending on the magnitude of the eruption. Solar                    

radiation storms can occur at any time during the 

solar cycle but tend to be most common around 

solar maximum. 

Solar radiation storm impacts include loss of HF 

radio communications through the polar regions, 

navigation position errors, elevated radiation             

exposure to astronauts, and to passengers and 

crew in aircraft at high altitudes and latitudes, and 

damage to satellite systems. 

GUIDE TO SPACE WEATHER PREPAREDNESS | 11                     



1 | PROTECT YOURSELF BEFORE AN EVENT 

SOLAR RADIOATION STORMS SCALE 

Scale Description Effect 

Physical                

measure 

(Flux level 

of >= 10 

MeV                

particles) 

Average                         

Frequency 

(1 cycle = 11 years) 

S1 Minor 

• BIOLOGICAL: None. 

• SATELLITE OPERATIONS:  None. 

• OTHER SYSTEMS: Minor impacts on HF radio in the polar regions. 

10 50 per cycle 

S2 Moderate 

• BIOLOGICAL: Passengers and crew in high-flying aircraft at high                   

latitudes may be exposed to elevated radiation risk. 

• SATELLITE OPERATIONS:  Infrequent single-event upsets possible. 

• OTHER SYSTEMS: Small effects on HF propagation through the polar 

regions and navigation at polar cap locations possibly affected. 

102 25 per cycle 

S3 Strong 

• BIOLOGICAL: Radiation hazard avoidance recommended for astro-

nauts on EVA; passengers and crew in high-flying aircraft at high                    
latitudes may be exposed to radiation risk. 

• SATELLITE OPERATIONS:  Single-event upsets, noise in imaging               

systems, and slight reduction of efficiency in solar panel are likely. 

• OTHER SYSTEMS: Degraded HF radio propagation through the polar           

regions and navigation position errors likely.  

103 10 per cycle 

S4 Severe 

• BIOLOGICAL: Unavoidable radiation hazard to astronauts on EVA;    

passengers and crew in high-flying aircraft at high latitudes may be               
exposed to radiation risk. 

• SATELLITE OPERATIONS:  May experience memory device problems 

and noise on imaging systems; star-tracker problems may cause                     
orientation problems, and solar panel efficiency can be degraded. 

• OTHER SYSTEMS: Blackout of HF radio communications through the 

polar regions and increased navigation errors over several days are  
likely. 

104 3 per cycle 

S 5 Extreme 

• BIOLOGICAL: Unavoidable high radiation hazard to astronauts on EVA 

(extra-vehicular activity); passengers and crew in high-flying aircraft at 
high latitudes may be exposed to radiation risk. 

• SATELLITE OPERATIONS:  Satellites may be rendered useless, 

memory impacts can cause loss of control, may cause serious noise in 
image data, star-trackers may be unable to locate sources; permanent 
damage to solar panels possible. 

• OTHER SYSTEMS: Complete blackout of HF (high frequency)                           

communications possible through the polar regions, and position errors 
make navigation operations extremely difficult.  

105 Fewer than 1 per 

cycle 

12 | GUIDE TO SPACE WEATHER PREPAREDNESS  



1 | PROTECT YOURSELF BEFORE AN EVENT 

GEOMAGNETIC STORMS 

A geomagnetic storm is a major disturbance of Earth's magnetosphere that occurs when there is a very efficient exchange of                   

energy from the solar wind into the space environment surrounding Earth. These storms result from variations in the solar wind 

that produces major changes in the currents, plasmas, and fields in Earth’s magnetosphere. The solar wind conditions that are 

effective for creating geomagnetic storms are sustained (for several to many hours) periods of high-speed solar wind, and most 

importantly, a southward directed solar wind magnetic field (opposite the direction of Earth’s field) at the dayside of the                          

magnetosphere. This condition is effective for transferring energy from the solar wind into Earth’s magnetosphere. 

The largest storms that result from these conditions are associated with solar coronal mass ejections (CMEs) where a billion tons or 

so of plasma from the sun, with its embedded magnetic field, arrives at Earth. CMEs typically take several days to arrive at Earth, 

but have been observed, for some of the most intense storms, to arrive in as short as 18 hours. Another solar wind disturbance 

that creates conditions favorable to geomagnetic storms is a high-speed solar wind stream (HSS). HSSs plow into the slower solar 

wind in front and create co-rotating interaction regions, or CIRs. These regions are often related to geomagnetic storms that while 

less intense than CME storms, often can deposit more energy in Earth’s magnetosphere over a longer interval. 

Storms also result in intense currents in the magnetosphere, changes in the radiation belts, and changes in the ionosphere, includ-

ing heating the ionosphere and upper atmosphere region called the thermosphere. In space, a ring of westward current around 

Earth produces magnetic disturbances on the ground. A measure of this current, the disturbance storm time (Dst) index, has been 

used historically to characterize the size of a geomagnetic storm. In addition, there are currents produced in the magnetosphere 

that follow the magnetic field, called field-aligned currents, and these connect to intense currents in the auroral ionosphere. These 

auroral currents, called the auroral electrojets, also produce large magnetic disturbances. Together, all of these currents, and the 

magnetic deviations they produce on the ground, are used to generate a planetary geomagnetic disturbance index called Kp. This 

index is the basis for one of the three NOAA Space Weather Scales, the Geomagnetic Storm, or G-Scale, that is used to describe 

space weather that can disrupt systems on Earth. 

During storms, the currents in the ionosphere, as well as the energetic particles that precipitate into the ionosphere add energy in 

the form of heat that can increase the density and distribution of density in the upper atmosphere, causing extra drag on satellites 

in low-earth orbit. The local heating also creates strong horizontal variations in the in the ionospheric density that can modify the 

path of radio signals and create errors in the positioning information provided by GPS. While the storms create beautiful aurora, 

they also can disrupt navigation systems such as the Global Navigation Satellite System (GNSS) and create harmful geomagnetic 

induced currents (GICs) in the power grid and pipelines. 
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GEOMAGNETIC STORMS SCALE 

Scale Description Effect 
Physical                

measure 

Average                         

Frequency 

(1 cycle = 11 years) 

G1 Minor 

• POWER SYSTEMS: Weak power grid fluctuations can occur. 

• SPACECRAFT OPERATIONS: Minor impact on satellite operations                    

possible. 

• OTHER SYSTEMS: Migratory animals are affected at this and higher levels; 

aurora is commonly visible at high latitudes (northern Michigan and Maine). 

Kp = 5 1700 per cycle 

(900 days per cycle 

G2 Moderate 

• POWER SYSTEMS: High-latitude power systems may experience voltage 

alarms, long-duration storms may cause transformer damage. 

• SPACECRAFT OPERATIONS: Corrective actions to orientation may be 
required by ground control; possible changes in drag affect orbit                            
predictions. 

• OTHER SYSTEMS: HF radio propagation can fade at higher latitudes, and 

aurora has been seen as low as New York and Idaho (typically 55°                             
geomagnetic lat.). 

Kp = 6 

600 per cycle 

(360 days per               

cycle) 

G3 Strong 

• POWER SYSTEMS: Voltage corrections may be required, false alarms   

triggered on some protection devices. 

• SPACECRAFT OPERATIONS: Surface charging may occur on satellite  
components, drag may increase on low-Earth-orbit satellites, and                           
corrections may be needed for orientation problems. 

• OTHER SYSTEMS: Intermittent satellite navigation and low-frequency 

radio navigation problems may occur, HF radio may be intermittent, and 
aurora has been seen as low as Illinois and Oregon (typically 50°                           
geomagnetic lat.). 

Kp = 7 

200 per cycle 

(130 days per                

cycle) 

G4 Severe 

• POWER SYSTEMS: Possible widespread voltage control problems and 

some protective systems will mistakenly trip out key assets from the grid. 

• SPACECRAFT OPERATIONS: May experience surface charging and               

tracking problems, corrections may be needed for orientation problems. 

• OTHER SYSTEMS: Induced pipeline currents affect preventive measures, 

HF radio propagation sporadic, satellite navigation degraded for hours, low-
frequency radio navigation disrupted, and aurora has been seen as low as 
Alabama and northern California (typically 45° geomagnetic lat.). 

Kp = 8, 

including a 9- 

100 per cycle 

(60 days per cycle) 

G5 Extreme 

• POWER SYSTEMS: Widespread voltage control problems and protective 

system problems can occur, some grid systems may experience complete 
collapse or blackouts. Transformers may experience damage. 

• SPACECRAFT OPERATIONS: May experience extensive surface charging, 

problems with orientation, uplink/downlink and tracking satellites. 

• OTHER SYSTEMS: Pipeline currents can reach hundreds of amps, HF (high 

frequency) radio propagation may be impossible in many areas for one to 
two days, satellite navigation may be degraded for days, low-frequency 
radio navigation can be out for hours, and aurora has been seen as low as 
Florida and southern Texas (typically 40° geomagnetic lat.). 

Kp = 9 4 per cycle 

(4 days per cycle) 
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UNDERSTANDING SPACE WEATHER 

The sun is the main source of space weather. Sudden bursts of plas-

ma and magnetic field structures from the sun's atmosphere called 

coronal mass ejections (CME) together with sudden bursts of                  

radiation, or solar flares, all cause space weather effects here on 

Earth. 

Space weather can produce electromagnetic fields that induce ex-

treme currents in wires, disrupting power lines, and even causing 

wide-spread blackouts. Severe space weather also produces solar 

energetic particles, which can damage satellites used for commer-

cial communications, global positioning, intelligence gathering, and 

weather forecasting. 

The strongest geomagnetic storm on record is the Carrington Event 

of August-September 1859, named after the British astronomer 

Richard Carrington. During this event currents electrified telegraph 

lines, shocking technicians and setting their telegraph papers on fire; and Northern Lights (electrically charged particles from the 

sun that enter Earth's atmosphere) were visible as far south as Cuba and Hawaii. 

Another significant space weather event took place on March 13,1989; a powerful geomagnetic storm set off a major power black-

out in Canada that left six million people without electricity for nine hours. According to the North American Electric Reliability    

Corporation (NERC), the flare disrupted electric power transmission from the Hydro Québec generating station and even melted 

some power transformers in New Jersey. 
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HELIOPHYSICS AND SPACE WEATHER 

The sun and its atmosphere consist of several zones, or layers, from the inner core to the outer corona. Beyond the corona is the solar 

wind, which is an outward expansion of coronal plasma that extends well beyond the orbit of Pluto. This entire region of space                  

influenced by the sun is called the heliosphere. Controlled by the Earth’s magnetic field, the magnetosphere acts as a shield                         

protecting the planet from solar wind. The shape of the Earth's magnetosphere is the direct result of being impacted by solar wind, 

compressed on its sunward side and elongated on the night-side, the magnetotail. The shock wave where the solar wind encounters 

Earth's magnetosphere is called the bow shock, which slows and diverts the solar wind. Solar activity lead to solar eruptions, which 

includes such phenomena as sunspots, flares, prominences, and coronal mass ejections that influence space weather, or near-Earth 

environmental conditions. Modern society depends heavily on a variety of technologies that are susceptible to space weather. CMEs 

for example can cause geomagnetic storms that can disrupt satellite communications and navigational equipment, and even cause 

blackouts. 

The diagram below illustrates many of the components of “space weather”: 
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ANATOMY OF THE SUN 

The diagram below illustrates the components that make up the sun: 
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CORONAL MASS EJECTION 

The outer solar atmosphere, the corona, is 
structured by strong magnetic fields. Where 
these fields are closed, often above sunspot 
groups, the confined solar atmosphere can  
suddenly and violently release bubbles of gas 
and magnetic fields called coronal mass                    
ejections. A large CME can contain a billion tons 
of matter that can be accelerated to several 
million miles per hour in a spectacular                        
explosion. Solar material streams out through 
the interplanetary   medium, impacting any 
planet or spacecraft in its path. CMEs are                
sometimes associated with flares but can occur 
independently.   

An especially complex and large coronal mass 
ejection in January 2002 made even seasoned 
solar physicists gasp with awe. An instrument 
onboard the SOHO spacecraft observed the 
particles blasting into the corona. The plain blue 
disk blocks out the Sun and the area right 
around it. Areas of white indicate the greatest 
intensity of matter; the reds somewhat less; 
blues, even less. An extreme ultraviolet image 
of the Sun (blue) was superimposed  in the                               
foreground to give a sense of scale. 

SOLAR FLARE 

solar flare is an intense burst of radiation coming from 
the release of magnetic energy associated with                    
sunspots. Flares are our solar system’s largest                          
explosive events. They are seen as bright areas on the 
sun and they can last from minutes to hours. We                   
typically see a solar flare by the photons (or light) it                    
releases, at most every wavelength of the spectrum. 
The primary ways we monitor flares are in x-rays and 
optical light. Flares are also sites where particles 
(electrons, protons, and heavier particles) are                          
accelerated. 
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PROTECTING YOURSELF DURING A                             
SPACE WEATHER EVENT 
 

T he following section highlights actions and initiatives that you and your 
family can take during a space weather event. 
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Follow energy conservation measures to minimize use of electricity, which can help power companies avoid imposing 

rolling blackouts during periods when the power grid is compromised 

 
Follow the Emergency Alert System (EAS) instructions carefully. 

 
Disconnect electrical appliances if instructed to do so by local officials. 

 

Restrict phone usage to emergency situations only to keep lines open for emergency personnel and improve thier re-

sponse time. 

 
Avoid using elevators. 

 

 

Review evacuation plans, supply lists such as medications, and family contact lists. 

DURING AN EVENT: SURVIVE 

Since space weather has limited direct physical impacts on Earth, most of the actions taken during a solar storm are to mitigate 

the secondary impacts of an event, such as power outages, loss of water supply, etc. The actual storm can last anywhere from 

minutes to hours, but the resulting impacts can last for hours to weeks or longer. Conservation during and after a storm is key in 

the rare case of an extreme storm. 

 

Follow these guidelines during a space weather event: 
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PROTECTING YOURSELF AFTER A                                    
SPACE WEATHER EVENT 
 

T he following section highlights steps and measures to take after a                       
space weather event. 
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AFTER AN EVENT: THROW OUT UNSAFE FOOD / RECOVER 

As stated in the previous section of this guidebook, most of the actions taken during a solar storm are to mitigate the secondary 

impacts of an event, such as power outages, loss of water supply, etc. Therefore, one of the primary concerns following a space 

weather event is food safety. 

 

Follow these guidelines after a space weather event: 

  

Throw away any food that has been exposed to a temperature of 40° F (4° C) or higher for 2 hours or more or that has 

an unusual odor, color, or texture. When in doubt, throw it out! 

 

Never taste food or rely on appearance or odor to determine its safety. Some foods may look and smell fine, but if they 

have been at room temperature too long, bacteria causing food-borne illnesses can start growing quickly. Some types 

of bacteria produce toxins that cannot be destroyed by cooking. 

 
If food in the freezer is colder than 40° F and has ice crystals on it, you can refreeze it. 

 

 

If you are not sure food is cold enough, take its temperature with a food thermometer. 
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FOOD SAFETY FOLLOWING A POWER OUTAGE 

The following table is intended for use in a power outage. 

 

WHEN TO SAVE FOOD AND WHEN TO THROUW IT OUT 

 FOOD Held above 40 °F for over 2 hours 

MEAT, POULTRY, SEAFOOD  

• Raw or leftover cooked meat,  

• Poultry,  

• Fish or Seafood;  

• soy meat substitutes 

 

Discard 

THAWING MEATS OR POULTRY Discard 

• Meat,  

• Tuna,  

• Shrimp, 

• Chicken, or  

• Egg Salad 

Discard 

• Gravy,  

• Stuffing,  

• Broth 

Discard 

• Lunchmeats,  

• Hot Dogs,  

• Bacon,  

• Sausage,  

• Dried Beef 

Discard 

PIZZA (with any topping) Discard 

CANNED HAMS LABELED “KEEP REFRIGERATED” Discard 

CANNED MEATS AND FISH (opened) Discard 
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 FOOD Held above 40 °F for over 2 hours 

CHEESE 

Soft Cheeses:  

• Blue/Bleu,  

• Roquefort,  

• Brie,  

• Camembert,  

• Cottage,  

• Cream,  

• Edam,  

• Monterey Jack,  

• Ricotta,  

• Mozzarella,  

• Muenster,  

• Neufchatel,  

• Queso Blanco,  

• Queso Fresco 

 

Discard 

Hard Cheeses:  

• Cheddar,  

• Colby,  

• Swiss,  

• Parmesan,  

• Provolone,  

Safe 

DAIRY 

• Milk 

• Cream 

• Sour Cream 

• Buttermilk 

• Evaporated Milk 

• Yogurt 

• Eggnog 

• Soy Milk 

Discard 
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 FOOD Held above 40 °F for over 2 hours 

BUTTER / MARGARINE  Safe 

BABY FORMULA (opened) Discard 

EGGS 

• Fresh eggs 

• Hard-cooked in shell 

• Egg dishes 

• Egg products 

Discard 

CUSTARDS AND PUDDINGS Discard 

CASSEROLES, SOUPS, STEWS Discard 

FRUITS 

Fresh fruits, cut 
Discard 

FRUIT JUICES (opened) Safe 

CANNED FRUITS (opened) Safe 

• Fresh whole fruits,  

• Coconut, 

• Raisins,  

• Dried fruits,  

• Candied fruits,  

• Dates 

Safe 

OPENED VINEGAR - BASED DRESSINGS Safe 

FISH SAUCES (OYSTER SAUCE) Discard 

OPENED CREAMY - BASED DRESSING Discard 

SPAGHETTI SAUCE (opened jar) Discard 
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 FOOD Held above 40 °F for over 2 hours 

BREAD, CAKES, COOKIES, PASTA, GRAINS 

• Bread,  

• Rolls,  

• Cakes,  

• Muffins,  

• Quick Breads,  

• Tortillas 

Safe 

• Refrigerator Biscuits, 

• Rolls,  

• Cookie Dough 

Discard 

• Cooked Pasta,  

• Rice,  

• Potatoes 

Discard 

PASTA SALADS WITH MAYONNAISE OR                             

VINAIGRETTE 
Discard 

FRESH PASTA Discard 

CHEESECAKE Discard 

BREAKFAST FOODS 

• Waffles,  

• Pancakes,  

• Bagels 

Safe 

PIES / PASTRIES 

• Pastries (cream filled) 
Discard 

• Pies (custard, cheese filled, or chiffon; quiche) Discard 

• Pies, fruit Safe 
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 FOOD Held above 40 °F for over 2 hours 

VEGETABLES 

• Fresh mushrooms 

• Herbs 

• Spices 

Safe 

GREENS (pre - cut / pre - washed / packaged) Discard 

VEGETABLES (raw / whole) Safe 

VEGETABLES (cooked / tofu) Discard 

VEGETABLES JUICE (opened) Discard 

CANNED FRUITS (opened) Discard 

BAKED POTATOES Discard 

COMMERCIAL GARLIC IN OIL Discard 

POTATO SALAD Discard 

FROZEN FOODS (WHEN TO SAVE AND  WHEN TO THROW IT OUT 

FOOD 
Still contains ice crystals and feels as 

cold as if refrigerated 

Thawed. Held above 40 °F for 

over 2 hours  

MEAT, POULTRY, SEAFOOD 

• Beef 

• Veal 

• Lamb 

• Pork  

• Ground meats 

• Poultry / ground poultry 

• Variety meats (liver, kidney, 

heart, chitterlings) 

• Casseroles, stews, soups 

Refreeze Discard 

DAIRY 

• Milk 
Refreeze. May lose some texture. Discard 
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FOOD 

Still contains ice crystals and feels as 

cold as if refrigerated 

Thawed. Held above 40 °F for 

over 2 hours  

EGGS (out of shell) / EGG 

PRODUCTS 
Refreeze Discard 

ICE CREAM / FROZEN YOGURT Discard Discard 

CHEESE (soft and semi - soft) Refreeze. May lose some texture. Discard 

HARD CHEESES Refreeze Refreeze 

SHREDDED CHEESES Refreeze Discard 

CASSEROLES (containing milk, 

cream, eggs, soft cheeses) 
Refreeze Discard 

CHEESECAKE Refreeze Discard 

FRUITS Refreeze 
Refreeze. Discard if mold, yeasty 

smell, or sliminess develops. 

• Home or commercially                Refreeze. Will change texture and flavor. 
Refreeze. Discard if mold, yeasty 

smell, or sliminess develops. 

VEGETABLES Refreeze 
Discard after held above 40 °F for 6 

hours. 

• Home or commercially                     Refreeze. May suffer texture and flavor loss. 
Discard after held above 40 °F for 6 

hours. 

BREADS / PASTRIES 

• Breads  

• Rolls 

• Muffins 

• Cakes (without custard fillings) 

 

Refreeze 

 

Refreeze 

• Cakes  

• Pies 

• Pastries (with custard or 

cheese filling) 

Refreeze Discard 
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FOOD 

Still contains ice crystals and feels as 

cold as if refrigerated 

Thawed. Held above 40 °F for 

over 2 hours  

• Pie crusts (commercial and 

homemade bread dough) 
Refreeze. Some quality loss may occur. 

Refreeze. Quality loss is                            

considerable. 

OTHER 

• Casseroles (pasta, rice based) 
Refreeze Discard 

• Flour 

• Cornmeal  

• Nuts 

Refreeze Refreeze 

• Breakfast items (waffles,                

pancakes, bagels) 
Refreeze Refreeze 

• Frozen meal 

• Entrée 

• Specialty items (pizza, sausage 

and biscuit, meat pie,                     

convenience foods) 

Refreeze Discard 
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