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• Growing need for space weather services  
• Space weather types and their impacts
• Extreme space weather events
• Federal Government response

Overview 



Space Weather affects most critical infrastructure 
sectors - Impacts security, national economic security, 
and national public health and safety

Growing interdependencies across critical infrastructure systems 
have increased the potential vulnerabilities to space weather 
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Feb 2022 Geomagnetic Storm – Loss of 38 SpaceX 
Starlink Satellites

3 Feb - Launch of 49 satellites
3-4 Feb - Prolonged Geomagnetic 
Storm
SWPC model showed over 100%
increase in neutral density at 400 km
Increased neutral density at Very Low 
Earth Orbits (VLEO) altitudes 
enhanced the atmospheric drag on 
the Starlink satellites
● Unable to complete orbit raise 

resulting in atmospheric re-entry 
and loss of 38 satellites

Economic losses between $12-24M
https://drive.google.com/file/d/1mFd5iVxmFEVuLkYzm8eQy5c3vv5e2PYN

3 Feb 00Z

3 Feb 12Z

https://drive.google.com/file/d/1mFd5iVxmFEVuLkYzm8eQy5c3vv5e2PYN


Uses of Space Weather Watches and Warnings
Nov 2015

Sep 2017

Mar 2012

Nov 2015

Jan 2014

Mar 2012

Space Operations
• Postpone launch of 
satellite  
• Turn off/safe instruments 
and/or spacecraft in orbit

Electric Power Grid
• Adjust/reduce system load             
• Disconnect components 
• Postpone maintenance

Airlines
• Divert polar flights
• Change altitude

GPS/Navigation
• Postpone activities
• Redo survey
• Use backup systems

Sep 2017



The Nation's official source of space 
weather alerts, watches and warnings
(exclusive of the responsibilities of DOD) 

NOAA Space Weather 
Prediction Center

NOAA Space Weather Watches and 
Warnings are based on the NOAA Space 
Weather Scales:

Geomagnetic Storms (G-scale)
(Magnetic field)
Solar Radiation Storms (S-scale)
(Energetic charged particles) 
Radio Blackouts (R-scale)
(Electromagnetic radiation)

DoD services provided by USAF 557th Weather Wing 
at Offutt AFB, Omaha, NE 



Magnetosphere

Energetic 
Charged Particles

(S-scale)

Electromagnetic
Radiation (R-scale)

Space weather refers to the variable conditions on the Sun and in 
space that can influence performance and reliability of space and 
ground-based technological systems, and endanger life or health.

Ionosphere

Magnetic Field
(Magnetized Plasma)

(G-scale) 

93 Million Miles from Sun to Earth

What is space weather



Sunspots



The Solar Cycle



Image from NASA SOHO Satellite

- A violent explosion in the Sun's 
atmosphere with an energy equivalent 
of a hundred million hydrogen bombs.

Solar Flares Radio Blackouts (R Scale)

GPS Network Communications
Ground and Space-based

Radar

Impacts

• No warning time
• Duration: minutes to 3 hrs



Solar Radiation Storms (S Scale)

Impacts…
• Satellite Operations (range from loss of data to loss of   

satellite)
• Aviation (communications and exposure concerns)
• NASA – Both manned and robotic spaceflight

Warning time – minutes to a few hours
Duration: hours to days












April, 1972 December,1972

Apollo 17Apollo 16

Event would have caused 
Acute Radiation Sickness, 

without shielding and medical 
countermeasures

August, 1972

We got lucky!

Declassified: excerpt from U.S. Navy Report, Mine Warfare 
Project Office - The Mining of North Vietnam, 8 May 1972 to 14 
January 1973. (Knipp et al, Oct 2018)



Geomagnetic Storms (G-Scale) 
Coronal Mass Ejections (CMEs) create geomagnetic storms

• CME Sun-Earth transit: ~15 – 100 hours
• Geomagnetic storm duration: Hours to a day or two
• Creates ionospheric storms, geomagnetically
induced currents, aurora

Impacts:
• Electric Power Grid 
• Communications: Ground and Space-based
• GPS Systems
• Satellite operations
• Pipelines





Wang-Sheeley-Arge (WSA)-Enlil Solar Wind Prediction 
Model



Impacts on Electric Power Grid 

• CME impacts Earth’s magnetic field

• Fluctuations generate electric fields  
on Earth. These geomagnetically
induced currents (GIC) can flow into
power lines and transformers

• Leads to transformer saturation and
over-heating, voltage drops,
transformer damage, grid collapse

Vulnerability of US grid
• Northern latitude (location of aurora during geomagnetic storms)
• Areas of relatively high resistive igneous rock
• Very high voltage interconnected transmission network
• Proximity to oceans (conductivity of ocean salt water)  

Transformer winding failure



October 31 - Sun storm causes problems for Swedish power 
system. The solar storm has caused technical glitches in 
Sweden's power system in the past few days and may be to 
blame for a blackout that affected 50,000 people on 
Thursday, October 30.

Significant grid problems 
have occurred…

Information Notice No. 90-42:  
FAILURE OF ELECTRICAL POWER EQUIPMENT   

DUE TO SOLAR MAGNETIC DISTURBANCES

Specific events occurred at the Three Mile Island    
Unit 1, Hope Creek Unit 1, and Salem Unit 1  
nuclear power plants. …inspection of the generator  
step-up transformer… severe overheating, melted low
-voltage service connections in phases A and C, 
and insulation discoloration in phase B. On 
September 19, at Salem Unit 2 nuclear power
plant, a second solar storm damaged the generator
step-up transformer.      Sep 1990
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Space Weather Event Alert & Notification – Power Grid
• SWPC provides warnings to Reliability Coordinators through the North American 

Electric Reliability Corporation (NERC) Hotline

NERC is the electric reliability organization for North America, subject to oversight by the 
Federal Energy Regulatory Commission and governmental authorities in Canada

NERC Reliability 
Coordinators



FEMA 
Operations 

Center (FOC)

Notify
Leadership
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West (FAOC)
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National Watch 
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FAOC- East
NAWAS / WAWAS 

(S5, G5 only)

Notification / Action

Space Weather Event Alert & Notification – Emergency Response 

S4-S5  Radiation Storms

G4-G5  Geomagnetic Storms

• Directly or indirectly cause or exacerbate a major disaster or emergency.

• Interfere with or seriously degrade FEMA’s response & recovery 
capability.

Emergency notification system (ENS)
FEMA MERS Operations Center (MOC)
National Operations Center (NOC)
National Warning System (NAWAS)
Washington Metropolitan Area Warning 
System (WAWAS)



Visible Aurora, Sep 2 

“All our exchanges, from the northern coast of the Island of 
Cuba gave glowing descriptions of the Aurora Borealis - as 
bright in the tropics as in the northern zones”
New Orleans Daily Picayune, September 7, 1859

~18 hours later…
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Extreme Events: Carrington – Sep 1-2, 1859



23 July 2012 – Near miss Powerful solar flare on 
23 July, 2012

…far side of Sun“Using a well-proven geomagnetic storm forecast model, 
we find the 23-24 July event would have produced a 
geomagnetic storm that was comparable to the largest 
events of the 20th Century.” Baker et al. 2012



• Future L1: Space Weather Follow On (SWFO) 2025; NOAA 
operational mission to fly coronagraph and solar wind monitor in 
rideshare with NASA Interstellar Mapping and Acceleration Probe 
(IMAP)

• European Space Agency (ESA) and NOAA                                  
partnership being explored for coordination                                     
(with ESA going to L5 and NOAA to L1)

• COSMIC-2A - six satellites in low-inclination orbits 
launched in June 2019
● Providing ~8,000 radio occultation (RO)                     

measurements daily
● NOAA also acquiring commercial RO data                              for 

operational use

NOAA Response – Future observation commitments 



Operational Space Weather Modeling at NOAA – A Sun-to-
Earth Continuum

Predict and 
understand the 
geomagnetic 
response to 
changes in solar 
wind; provide 
regional 
predictions of 
geomagnetic 
storms 

Predict and 
understand 
details in the 
mesosphere, 
exosphere, and 
ionosphere, to 
understand links 
between the 
lower and upper 
atmosphere

Characterize and 
predict the 
regional electric 
field and the 
associated 
currents that 
impact electric 
power grids 

Predict and 
understand the 
structure of the 
solar wind as it 
propagates from 
the Sun to Earth 

GMU/AFRL 
WSA/Enlil

U. Michigan  
Geospace

NOAA/CIRES 
WAM-IPE

NOAA/USGS
E-field

Operational 2011
Upgraded 2019

Operational 2016 
Upgraded Feb 3 

2021

Operational 
Transition Begins 

March 5, 2021

3D Operational
Sept 2020

The space weather 
community working 
together on a 
modeling
framework that 
captures critical 
domains of the Sun-
Earth system, 
beginning at the Sun 
and ending at  
Earth’s surface.

Supporting a space 
weather 
watch/warning 
paradigm similar to 
terrestrial weather. 



NOAA SPACE WEATHER PREDICTION CENTER

Joint NOAA-USGS Geoelectric Field Model



Energy Sector
In response to new government directives, grid owners 
must:

• Develop plans and implement operator action in 
response to geomagnetic storms

• Perform vulnerability assessments and develop 
corrective actions as necessary to address the threats 

DOE conducting pilot demo to test neutral blocking devices 
(to block geomagnetically induced currents) at the power 
grid of the federally owned Tennessee Valley Authority 
(TVA)



Outlines the necessary actions 
departments and agencies should take to 
prepare for, and respond to, a notification 
of an impending space weather event

FEMA CONOPS for Space Weather

IS-66: Preparing the Nation for 
Space Weather Events 
Independent Study course is 
available at FEMA Emergency 
Management Institute as of 
9/19/2022

https://training.fema.gov/is/courseoverview.aspx?co
de=IS-66&lang=en
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July 2019 – National Threat and Hazard 
Identification and Risk Assessment (THIRA)



White House Office of Science and Technology Policy 
leads development of national policy

Oct 2015: National Space Weather 
Strategy and Action Plan

Oct 2016: Executive Order 13744 of 
October 13, 2016: Coordinating 
Efforts To Prepare the Nation for 
Space Weather Events 

Mar 2019: Update to National Space 
Weather Strategy and Action Plan
• Executive Order on Coordinating 

National Resilience to 
Electromagnetic Pulses  



Promoting Research and Observations of Space Weather to 
Improve the Forecasting of Tomorrow Act or the PROSWIFT Act
– To help implement the priorities established in the National Space 
Weather Strategy and Action Plan

Passed by Congress by unanimous consent and signed                                               
by President on October 21, 2020

● Codifies many actions in National Strategy and Action Plan
○ Develop a strategy for coordinated observation of space weather
○ Develop formal mechanisms to transition research to operations
○ Support grants for multidisciplinary science centers that advance 

solar and space physics research

● Creates new Space Weather Advisory Group (non-gov only)



Questions
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