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Quantifying the Impact of  Solar Quantifying the Impact of  Solar 
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Quantifying the Impact of  Solar 
       Radio Bursts on GPS Operations
 AER scientists have provided communication 
and navigation outage forecasts to the Air Force for 
mission support since 2004.  These forecasts predict the 
likelihood of solar flares, from active sunspot 
regions, in discharging solar radio bursts.  
These bursts could potentially disrupt our 
highly utilized global positioning system 
(GPS) carrier signals.  With fading GPS 
signals, the accuracy 
of tracking and positioning informa-
tion used for aircraft operations and 
other mission critical activities is 
severely impacted.  Although solar 
flares are unavoidable events, 
mitigating their impact on military 
operations is attainable if given enough 
warning.
  
 The solar radio burst on December 6 was 
particularly intense and caused GPS signal fades in excess 
of 25 dB, intermittent loss of lock on several GPS satellites, 
and outage periods with complete loss of GPS positioning 
information lasting for several minutes.  Peak GPS position-
ing errors in the horizontal and vertical directions during 
the event reached approximately 20 and 60 meters, 
respectively. While deep signal fading of the GPS carrier 

signals was observed during the solar radio bursts on 
December 6, 13 and 14, only the December 6 solar radio 

burst was strong enough to substantially impact GPS 
tracking and positioning accuracy.

 
 As the world becomes increasingly 

dependent on GPS-derived naviga-
tion for cellular telephones, PDA’s, 
commercial aircraft operations, 
mapping, construction, surveying, 
vehicle tracking, and other 
societal uses, a better understand-
ing of the impacts of space 
weather on these resources is vital. 

 
 For more information, contact: 

Dr. Charles Carrano, Manager, 
Ionospheric Environments & Impacts 

Group, at +1 781.761.2288 or 
ccarrano@aer.com.

When we look up into the stars we see what 
appears to be clear, empty space between us and the 
twinkling light of the stars. But space isn’t empty.  It is filled 
with plasma, a superheated state of matter, emitted from 
our Sun which itself is a gravitationally bound plasma at 
the center of our solar system.  And the twinkling of the 
stars is, well, scintillation or just rapid variations in the 
apparent brightness of a distant luminous object as 
viewed through our atmosphere.  

 In this issue of Insight, AER’s Space Physicists 
explain how solar bursts can bring down a myriad of 
navigation-based tools and systems, the pitfalls when 
transferring space weather models from research to 
operations, and how to better characterize the scintilla-

tion environment for our customers’ communications, 
navigation and surveillance systems.   And don’t miss the 
announcement on our new partnership with Analytic 
Graphics Inc., the providers of AGI/STK software — an Air, 
Sea, Land AND Space analysis tool that will feature AER’s 
new Space Environment and Effects Toolkit, with a variety 
of useful algorithms/tools, in their next release.

 Of course climate change activities are 
on-going at AER so we wouldn’t miss the opportunity to 
tell you about them too!  So when you look up at that 
starry night, think plasma—it makes you feel like you’re 
not alone.  Enjoy.
  Maria Pirone, VP Commerical Division

Getting a Clear Signal from Space...Getting a Clear Signal from Space...Getting a Clear Signal from Space...
 The Earth’s ionosphere plays an important role in 
influencing radio propagation to far-reaching locations 
around the globe.  The ionosphere is the part of the upper 
atmosphere that is ionized by solar radiation and extends 
from about 70 – 1000 km in altitude.  However, radio 
signals that travel through it, observed from both ground- 
and space-based receivers, are subject to its dispersive 
nature.  Frequency-dependent effects and scintillation 
caused by small-scale plasma irregularities can greatly 
disrupt communication, surveillance and navigation 
systems.   In today’s highly mobile, globally connected 
society, mitigating these impacts is of great interest to a 
wide range of communities.

 Scientists at AER have been looking for ways to 
better characterize the ionospheric channel so they can 
develop tools to mitigate its impacts.  Scintillation activity 
has been monitored and studied by ground-based 
systems supported by the Air Force Research Lab’s Space 
Vehicles Directorate for many years.  A recent study 
conducted by AER, AFRL and the Kwajalein Range 
Services LLC in the Marshall Islands, used the phase-
derived total electron content (TEC) from a DOD radar’s 
tracking scans to construct a one-dimensional (1-D) phase 

screen through which they simulated the propagation of 
a radio wave.  They then compared these results with 
radar observations acquired from the tracking scans.   The 
result was that techniques developed for this study 
successfully simulated radar observations with a two-way, 
1-D phase screen. 
 
 This past summer the Air Force launched a new 
sensor called the Coupled Ion Neutral Dynamic Investiga-
tion or CINDI, onboard the Communications/Navigation 
Outage Forecast System (C/NOFS) satellite which will 
provide in-situ observations of the ionosphere.   Future 
enhancements to operational tools based on the 
Scintillation Network Decision Aid (SCINDA) software will 
incorporate these new observations, in conjunction with 
the phase screen theory, to provide improved character-
izations of the scintillation environment to users of systems 
reliant on transionospheric communications.

 For more information about the research 
mentioned in this article, contact: Ronald Caton, Staff 
Scientist, Ionospheric Environments & Impacts Group, at 
+1.781.761.2288 or rcaton@aer.com.
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