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Our Mission:  To provide space weather products and 
services that meet the evolving needs of the Nation. 
 
Our Vision:    A Nation prepared to mitigate the effects of 
space weather through the understanding and use of alerts, 
forecasts, and data products. 

Putting Science to Work to Protect the Nation’s Technologies from Space Weather 1 



Outline 

•  The Space Weather Prediction Center 
•  Space Weather Customers   
•  Products and Services for GPS and HF communication 
•  Plans for improvements for high latitude customers 
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NOAA Space Weather Prediction Center 
Boulder, Colorado since 1946 

Forecast Office: 
24/7 Products and Service  

–  Specifications:  Current conditions 
–  Forecasts: Conditions tomorrow and 

the days after  
–  Watches:  When conditions are 

favorable for storm 

–  Warnings: Storm is imminent 
–  Alerts:  When it is storming now 

28 February 2013 
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Space Weather Prediction 
Testbed:  
Research and Development 

–  Applied research 
–  New Products 
–  New data 
–  New models 
–  Transition from Research to 

Operations (R2)  

Data and Model Output 



Space Weather Services: 
 Critical to the World’s Economy and Security 

•  Electric Utilities 
•  Potential for significant disruption of service due to geomagnetic storm with 
major  consequences 
•  Emergency managers address potential impacts related to space weather events 
through simulated exercise 

• Aviation 
•  Polar route use – ~12,000 flights in 2012  
•  Next Generation Air Transportation System – GPS based 

• Communication 
• HF radio communication heavily relied upon by airlines, DOD, Emergency 
Managers, Search and Rescue, etc…   

•  GPS 
•  Single biggest source of error is ionosphere 
•  Strong growth in applications – surveying, drilling, precision  
   agriculture, navigation, aviation 

•  Space Systems 
•   World satellite industry revenues in 2008: >$144 billion  
•   Space weather support is critical for manned space flight and NASA robotic 
missions 4 



Product Distribution 

28 February 2013 5 AFFECTS User Workshop 

•  spaceweather.gov 

•  Web products 
–  Data, model outputs, 

forecasts, etc… 

•  Product Subscription 
–  Specific products 
–  Alert thresholds 
–  Automatic notification 

•  Direct Contact 
–  Phone call 



28 February 2013 6 



0	
  

5000	
  

10000	
  

15000	
  

20000	
  

25000	
  

30000	
  

35000	
  

2005	
   2006	
   2007	
   2008	
   2009	
   2010	
   2011	
   8/2012	
  

N
um

be
r o

f S
ub

sc
rib

er
s 

International and U.S. Subscribers to NOAA's  
Space Weather Products 

International Subscribers 
U.S. Subscribers 

Interna'onal	
  and	
  U.S.	
  Subscribers	
  to	
  NOAA’s	
  
Space	
  Weather	
  Products 



Customers (Sample) 
Airlines Surveying and Mapping Electric Power Satellites 
Aer Lingus AE & E Trucking, Etc., LLC Allegheny Power Lucent Technologies 
Air Canada AEI-CASE Engineering Ameren Corporation AeroMap U.S. 
Air China Airmag Surveys Bechtel Nevada Aerospace Corporation 
Air Europa Associated Engineers, Inc Bonnevill Power Administration Alcatel Space 
Air Line Pilots Association Athens Group (oil & gas) Central Maine Power American Space Culture Foundat 
Air New Zealand Baker Hughes (drilling) Cleco Power LLC AMSAT-France 
AirMed Inc. Banks Engineering Dayton Power & Light Co. AT&T 
Airservices Australia Barr Engineering Co. DOE Western Area Power Admin. Ball Aerospace 
Alaska airlines Bennett DOMINION NUCLEAR CT Boeing 
Allied Pilots Association Black Hawk County Engineer Dominion Virginia Power Canadian Space Agency 
ALPA Japan Carver County Survey Office Elk Valley Coal Corona Space Surveillance Centre  
American Airlines Christopher B Burke Eng Ltd. Entergy Corp. DigitalGlobe 
American Eagle airlines Clarida Engineering Co. EnvaPower Echostar 
American Trans Air Consulting Engineer FirstEnergy Falcon Reconnaissance Systems 
Boeing / Flight Test DGR Consultants Fugro Chance Inc General Dynamics C4S 
British Airways Diamond Offhore Drilling, Inc. Maine Public Service Company Inmarsat 
Bushmail Earth Energy Consulting Manitoba Hydro Intelsat 
Cathay Pacific Airway Eastern Topographics N E Arizona Energy Servs Co ITT Space Systems Division 
Continental Airlines Excel Geophysics Nathaniel Energy Corporation Japan Aerospace Exploration Agency 
Emirates Geoconsultants, Inc. NB Power L-3 Communications 
FedEx GeoLogic Solutions, Inc. New Brunswick Power Lockheed Martin 
German ALPA GlobalSantaFe Drilling Co. New York Independent System Operator Loral Skynet 
Icelandic ALPA GRW Aerial Surveys, Inc. New York Power Authority Mabuhay Satellite Corporation 
Irish Aviation Authority Halcyon Exploration Company Northeast Utilities Malin Space Science Systems, Inc. 
Jet Aviation Business Jets J. D. Barnes Ltd. (survey) Ohio Valley Electric Corporation NAVSAT Info 
korean air Johnson Engineering PJM Interconnections LLC New Skies Satellites 
Lufthansa Jones, Wood & Gentry, inc PSEG Nuclear LLC NG Space Technology 
Lufthansa Cargo marine R/D Survey Puget Sound Energy North Star Data 
Northwest Airlines NC Geodetic Survey Soreq NRC Northrop Grumman 
Oslo Lufthavn AS Nexen Inc. (oil) Swedish Geological Survey Oceaneering Space Systems 
Qantas Airways NOVA Engineering & Consulting, Int'l. Texas-New Mexico Power Omnistar, Inc. 
Raytheon Aircraft Co. NYS Professional Engineer Transpower NZ Ltd ORBCOMM 
SCTA Old Dominion Freight Lines US NRC Orbital Sciences Corp 
SkyWest Airlines Olson Trucking We Energies PT Asia Cellular Satelitte 
Sun Country airlines Oxy (oil & gas) Western Area Power Admin. Raytheon 
Sundt air (Norway) Pape-Dawson Engineering Rockwell Collins, Inc. 
Swales Aerospace PGS Onshore SES Americom 
United Airlines Planning Consultants, Inc. SES ASTRA 
APLA, Argentina Portland Natural Gas Transmission  Sirius Satellite Radio 
ATA Airlines Raymac Surveys Skyway, Inc. 
NetJets Schlumberger Drilling & Measurements Space Engineering Development 
North American Airlines Seelye Space Imaging 

• Every Major Airline 
• Every Major US Power Company 
• Every Major Satellite Company 
• US Defense Dept. 
• NASA 
• US Dept. of Energy 
• US Department of Homeland Security 
• US Federal Aviation Administration 

• 32,000 Specific Customers 
• 15 – 20 Million Web Hits a day 
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Space Weather Scales 
Simplifies space weather 

•  Three Categories 
–  The G-Scale 
    Geomagnetic Storms 
    CMEs 

 
–  The S-Scale 
    Solar Radiation Storms 
    Energetic Protons 

 
–  R-Scale 
    Radio Blackouts 
    Solar Flares 



Typical Sequence of Events 
The Solar Flare (R-Scale) 

•  Little or no warning (a big 
challenge for researchers) 

•  Solar x-ray flux increases by 5 
orders of magnitude in 15 
minutes 

•  Flare can last hours 
•  X-rays absorbed in the 

ionosphere D-Region causing a 
large enhancement in D-Region 
Density 

•  Disruption of HF communication 

•  Airlines use HF for primary air-to 
ground communication  
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X-rays Enhance the D-region 
Blocking HF Frequencies up to 10 Mhz 

Commercial Airlines switched to higher frequencies 
or used Satellite Communications 

D-RAP 



Typical Sequence of Events 
The Radiation Storm (S-Scale) 

•  Proton flux increases by four 
orders of magnitude 30 minutes 
to a day after the flare 

•  Flux levels can stay high for 
several days 

•  Satellites and astronauts are 
vulnerable to energetic protons. 

•  Protons enhance the high latitude 
ionosphere D-region blocking HF 
communication. 

•  Airlines flying polar routes must 
divert outside the polar region 
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X-rays Enhance the D-region 
Blocking HF Frequencies up to 10 Mhz 

Commercial Airlines switched to higher frequencies 
or used Satellite Communications 

GOES EPS 
Energetic Solar Protons 

D-RAP 



Typical Sequence of Events 
Geomagnetic Storm (G-Scale) 

•  The sun erupts with with a 
massive Coronal Mass Ejection 
(CME)  

•  A billion tons of material are 
thrown into space and headed for 
Earth. 

•  Traveling at 2000 km/sec it will 
take 20 hours to reach arrive 

•  But will it hit Earth? 
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CME Analysis Tool 
•  Using coronagraph data from SOHO and Stereo, 

the forecasters have three views of the CME 
–  They must identify the size, speed, and direction 

•  The CAT tool allows forecaster to coordinate the 
three views and identify the parameters 
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The WSA Enlil Mode 
http://www.swpc.noaa.gov/wsa-enlil/ 

•  Once the CME parameters have been determined, 
they are used to initiate the WSA-Enlil model of 
the solar wind. 

•  The model will predict if and when the CME will 
hit Earth 
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Typical Sequence of Events 
Geomagnetic Storm (G-Scale) 

•  The CME arrives at Earth 
•  The magnetosphere is energized 
•  Electrons and protons are 

accelerated into the upper 
atmosphere and ionosphere of 
the polar regions 

•  Currents in the ionosphere induce 
currents in the electric power 
lines (power outage) 

•  The ionosphere is energized  
disrupting HF communication and 
GNSS navigation 

•  There is Aurora 
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US TEC:  An Assimilative model for GPS users in the US 
September 26, 2011 Geomagnetic Storm 

0900 UT 1900 UT 

US-TEC: 
For Single Frequency GPS/GNSS:   
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FAA’s Wide Area Augmentation System 
(WAAS), a system of GPS signal 
corrections for aircraft navigation, was 
impacted.  During the geomagnetic 
storm, the WAAS procedures were 
unavailable. 



Customer Requirements (GPS/GNSS) 

•  Navigation: 
–  Shipping through the NW passage saves 6000km off of a 22000km trip 

from New York to Hong Kong (28%) 
•  Avoiding ice and navigating in the arctic requires reliable GPS positioning information 

–  Oil and mineral exploration in arctic regions  
•  Drilling and surveying require precision GPS/GNSS 

•  Communication: 
–  US Airlines use polar routes extensively (12000/year US – Asia) 

•  Space Weather at High 
     Latitudes is Stronger than  
     at lower latitudes 
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“When Aurora is Strong, GPS is wrong” 



Next Steps:  Go North 
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•  NA TEC (North America TEC) Test Product:  An 
expanded version of US-TEC that includes Alaska 
and Mexico 



ROTI:  For Precision GPS/GNSS 
GPS Rate of TEC Index 
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Quiet Conditions 
Kp ≤ 1 

Storm Conditions 
Kp ≥ 6 

ROTI:  Prepared by Propagation Research 
Associates and NASA Jet Propulsion Lab 

•  An index of GPS/GNSS 
accuracy 

•  Based on ground-base 
observations of single 
frequency GPS/GNSS 
observations (1-30 sec 
sample rate) 



–  30-40 minute forecast based 
on ACE solar wind and 
interplanetary magnetic field 

–  Currently running in real-time 
at NOAA at 
Helios.swpc.noaa.gov/ovation 

–  Updates every 5 minutes 

–  Model has been upgraded to 
include bigger storms 

–  OVATION Developed at Johns 
Hopkins University, APL 

–  Fully operational by October 
2013 

–  Situational Awareness 

–  Tourism 

28 February 2013 20 
Newell et al..,  Annales Geophysicae (2002) 20: 1039–1047 

Short-term Aurora Forecast 



Medium-Term Aurora Forecasts 
(Under Development) 

•  Three day auroral forecast on a three-hour cadence 
•  Driven by forecasts of Kp (new product) 
 

11.03.13 Second General Meeting 

Developed at Johns 
Hopkins University, APL 

SWPC Kp Forecast for 
16 February 2013 
Date           Time       Kp 
02/16/2013  12:00       2 
02/16/2013  15:00       2 
02/16/2013  18:00       3 
02/16/2013  21:00       3 
02/17/2013  00:00       3 
02/17/2013  03:00       4 
02/17/2013  06:00       4 
02/17/2013  09:00       5 
02/17/2013  12:00       6 
02/17/2013  15:00       5 
02/17/2013  18:00       5 
02/17/2013  21:00       4 
02/18/2013  00:00       4 
02/18/2013  03:00       5 
02/18/2013  06:00       3 
02/18/2013  09:00       3 
02/18/2013  12:00       2 
02/18/2013  15:00       2 
02/18/2013  18:00       1 
02/18/2013  21:00       1 
02/19/2013  00:00       1 
02/19/2013  03:00       1 
02/19/2013  06:00       1 
02/19/2013  09:00       1 

Kp = 3 Kp = 7 
Kp = 9 



Make it Simple 

•  Customers want 
products that are 
easier to interpret 

•  Proposed new 
product for 
precision GPS 
users 
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Prepared by Propagation Research Associates 
and NASA Jet Propulsion Lab 



AFFECTS Project 
•  Improve CME and solar wind analysis 
•  New geomagnetic forecasts 
•  Global ionosphere product 
•  Ionosphere forecast product 
•  Ionosphere Index (I-Scale) 
•  SWPC Contribution 

–  Direct access to satellite data (ACE, GOES…) 
–  CAT for analyzing CMEs 
–  WSA-Enlil, for propagating CMEs 
–  Coupled Thermosphere Ionosphere Plasmasphere with 

electrodynamics (CTIPe)  
•  Physics-based model for testing and improving the SWACI 

ionosphere model. 
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Questions? 
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3 Day 
Forecast of 
Aurora 


