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Outline  

ABC’s of GPS 

History (some) of measuring the 
ionosphere with GPS 

IT Coupling – GPS 

MI Coupling – GPS 

What’s on the horizon 



• at most 32 satellites 

• 6 orbital planes 

• 4~6 satellites per plane 

• 55o inclination angle 

• near circular orbit 

• ~ 20000 km altitude  

• ~12 hours round trip 

 (11 hour 58 min 2.05 sec) 
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Each GPS spacecraft 

• Carries highly accurate 
clock 

• Transmits its clock and 
position 

• Signals are transmitted on 
2 (or 3) frequencies 
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• Carrier 

• Doppler 

• Range 
Code modulation:  

• Identifies SV 

• Spread power 

• Range 
Navigation data 

• SV orbit 

• Error correction 

• SV health 

X 
GPS 
signal 
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Transmitted at SV: 

t ts tr 

Received at RX: 

Pseudorange: 

Carrier phase: 

φs 
φr φ 
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GPS Positioning  
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GPS Signal Multipath 

GPS ANTENNA 
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Elevation Refraction Range Delay 
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WHERE   refraction 

Index of Refraction in the Ionosphere 
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Wave front:  

     uniform phase 

     uniform amplitude 

Incident wave 

Ionosphere 

Ground 

Diffraction/interference pattern 

SV velocity vs 

Wave emerging from  

below irregularities: 

    non-uniform phase 

    quasi-uniform/non-uniform amplitude 
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3/18/2001, 8:45-9:30PM 

Lat: S7 o55' 20”  

Lon: W14o 25' 30” 

AFRL Hanscom, Ted Beach 

NAVSYS DSR-100 

fs =2MHz , 1 bit resolution, fIF = 309kHz 
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Occulted GPS 
Satellite 

Earth Earth 

LEO Satellite 

Orbit Altitudes : 

LEO Satellite = 775 km 

Typical occultation event last 
1-2 min, beginning with the 
signal path passing through 
the mesopause and ending 
with it grazing the Earth’s limb. 
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Earth Earth 

Received GPS frequency can be  
measured to an accuracy on the 
order of one part in 1013.  This 

translates to a bending accuracy of 
about 1 microdegree. 
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Near Solar Maximum     Geomagnetically Quiet     Local Night 

            Characteristics of  Nighttime MSTID with a  3% TECP   

Two TI 4100 receivers separated ~ 25 km in MA  P. Doherty and A. Coster 
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6/30/11 

In 1992 the IGS was based on about 20 geodetic receivers, 
400+ receivers are active and their data retrievable today  

IGS Network in 2007 

Based on this data JPL scientists first developed 
mapping of  TEC across the US  A. Coster, 2011 CEDAR/GEM tutorial 32 
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Solar Flare of  14 July 2000 

 Biggest Solar Storm in Nine 
Years 

Caused very large magnetic 
storm and ionospheric effects 

SOHO – Solar Flare SOHO – Coronal Mass Ejection 
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Florida site 
Florida site 

TEC Disturbances on 15 July 2000 
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Day 90, 2001 Day 101, 2001 



Mannucci et al., 2005, GRL 6/30/11 A. Coster, 2011 CEDAR/GEM tutorial 40 



Equatorial Anomalies  
Spread Poleward 

TEC Hole 

Poleward Electric Field Strips Away 
Outer Layers of  Plasmasphere 

Courtesy of  J.  Foster 
6/30/11 A. Coster, 2011 CEDAR/GEM tutorial 41 



6/30/11 A. Coster, 2011 CEDAR/GEM tutorial 42 



6/30/11 A. Coster, 2011 CEDAR/GEM tutorial 43 



(Merged image courtesy J. Goldstein) 

Sun 

April 17, 2002 
NASA IMAGE 

Plasmasphere Erosion Plume 

SAPS Channel 
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TEC	
  data	
  of	
  American-wide	
  GPS	
  Network（TEC-DAWN)	
  	
  
http://www2.nict.go.jp/y/y223/member/tsugawa/TEC-DAWN/	
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The following movie is to show  

that people have been  

concerned with the stratosphere for a 
long time … 
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http://www.youtube.com/watch?
v=6z7IoYeVAuc&feature=related 

Zombies in the Stratosphere 
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Solar activity 

Minimum: F10.7< 80 

Magnetic activity 

Quiet: Kp < 3 

Stratospheric Zonal wind 
at 60oN 

Stratospheric 
Temperature over the 

Arctic 
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• GPS TEC (Total Electron 
Content) data show 

large-scale picture of 
ionospheric behavior 

• Before the warming, TEC 
change is 10-20% from 

mean and vertical drift is 
small 

• The mean is Jan 1-14, 
2009 

drift 

Tstrat 

TEC 
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• During stratwarming, 
TEC increases in excess of 
50-100% in the morning 

• Large upward drift at 
Jicamarca 

• The magnitude of 
increase is similar to 

effects of severe 
geomagnetic storms TEC 

drift 

Tstrat 
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 J.‐N. Tu,  et al., JGR, 2007,  Extreme polar cap density enhancements 

along magnetic field lines during an intense geomagnetic storm    



Before	
  
onset	
  

Right	
  after	
  onset	
  

Late	
  expansion	
  
phase	
  

onset 

mid-latitude 
trough 

Narrowing of  
mid-latitude 

trough 
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Quiet day Disturbed day 

   Dramatic differences in GPS TEC distribution due to substorm activity; 

   Filling of the mid-latitude trough during the expansion phase and 
reappearance during the recovery phase; 

   Remotely sense the  dynamics of the inner edge of the plasma sheet. 6/30/11 A. Coster, 2011 CEDAR/GEM tutorial 56 



FHSU – 2009 

Hays, KS 

OSU – 2010 

OMD, OR 

2011 

Aleutian 
Islands, 

AK 
2012 

Azore Islands, 
Portugal 

MSI SuperDARN 
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E. G. Thomas (Space@VT) GPS TEC & SuperDARN 

A storm enhanced density (SED)  
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L. B. N. Clausen,VT GPS TEC & SuperDARN 

SAPS  Event 

CEDAR-GEM, 2011 

L. B. N. Clausen,VT 
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Yizengaw, et al., 2006b 

Ionospheric Tomography with GPS 

courtesy of  C. Mitchell 

Courtesy of  G. Bust 
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GLONASS orbit plane inclination: 65o 
24-hour satellite path for GPS (Green) 

and GLONASS (Red) 

COMPASS 

GALILEO 
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Sat 1 

Sat 25 

Skone, 2006 6/30/11 A. Coster, 2011 CEDAR/GEM tutorial 68 
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SUMMARY  

In this last decade, global GPS TEC maps have 
provided a paradigm shift in the way we study 
the ionosphere/plasmasphere/magnetosphere. 

GPS has played a key role in system science 
studies of the atmosphere. 

I believe that we are at a dawn of a new age with 
the combination of GNSS observations and other 
data sets. There are a lot of new discoveries 
buried in the data. 


