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Preparing vertical TEC Data for model 
validation 
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Atmospheric Propagation 

From Attila Komjathy, JPL 



Definition: 
 
TEC  = Total Electron Content  

(1016 x el/m2) 
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Standard TEC Data in Madrigal 
 

1.  Provided in 1 degree by 1 degree bins 
2.  Provided every 5 minutes 

3.  Vertical TEC data estimates and Errors on these 
estimates 

4. Geographic Lat and Long 
5. Only provides data where observations are 

available.  Does not attempt to model TEC where 
data is not available.  Uses all GNSS data available. 

6. New TEC products are on the horizon …i.e. 
GLONASS observations 



What is in HDF5 file of TEC - Using HDFView 





Line of Site TEC Data in Madrigal (only 2 
years as of today) 

 
1.  Provided for every receiver 

2.  Provided every 30 seconds (time) 
3. Receiver ID  
4. Satellite ID 

5. Receiver Lat and Long  
6.  Pierce Point altitude, Lat and Long 
7. Azimuth and Elevation to Satellite  

8. HDF5 format 





My recommendation (and Bill Rideout’s) 
 

Use globalDownload command to obtain 
multiple days (even years) of our TEC product. 
The globalDownload command is available in 

python, matlab, and IDL scripts. 
 

TEC data can be provided in HDF5 or ascii 
format.  HDF5 is faster. 



globalDownload.py  
--url=http://madrigal.haystack.mit.edu/madrigal 

 --outputDir=/Users/ajc/Dropbox-MIT   
--user_fullname="anthea_coster"  

--user_email=costera@mit.edu  
--user_affiliation=MIT  
--startDate=01/01/2003  
--endDate=01/03/2003  

--format=hdf5   
--inst=8000 

 

Succesful Example of running globalDownload.py  
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Total Electron Content (TEC) 
Estimation 

Dual-Frequency Measurements 



26 

GPS Phase Noise ~ 0.01-0.03 TEC 
MW3-MW1 



Problem 1:  GPS Biases 
•  GPS delay difference between two 

frequencies provides TEC 
•  Delay differences are also introduced 

by the satellite and receiver 
•  Satellite biases are determined by IGS 

community and are fairly stable 
•  Receiver biases are determined by 

individual user and most users 
estimate one bias over a 24 - hour 
period. 



Problem 2:  Mapping Function 

n  Mapping function 
used to map TEC 
(line of sight) to 
Vertical TEC 

n  Assigns V-TEC to 
pierce point 

n  Function of 
Elevation Range:  
                1 < Z < 3 



Importance of Bias Estimation 

n  L1-L2 Biases  
n  Sources: SV and RCVR hardware 
n  Variable changes possible 
n  Up to 6 TECu (for SV); 30 TECu (for RCVR 
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Model Data Comparisons 

n  Questions to ask: 
               Monthly Means or Medians? 
             Change bin sizes? 5 degrees by 5 degrees? 
             Change time averages? 15 minutes? 1 hour averge? 
             Pre-screen data for outliers, for geomagnetic activity? 
             Use GPS TEC model for daily comparison? 



Accounts for diurnal, seasonal, solar cycle,  
and spatial variations in TEC over NA. 

 

Average error of  NA is 1.2 to 2.6 TECu.  

EOF analysis and modeling of GPS TEC climatology over North America




GPS TEC data, Aug 30, 2017,  F10.7 = 87; Ap = 5 

NATEC model, Aug 30, F10.7 = 87; Ap = 5; Fbar=77 
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Questions with Madrigal 

n  Start with Bill Rideout 
brideout@haystack.mit.edu 


