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International GNSS Service - IGS 

IGS directly manages ~400 permanent GNSS stations 

observing 4-12 satellites at 30 s rate: more than 250,000 STEC 

observations/hour worldwide, but there is lack of stations at 

some areas (e.g., over the oceans) 



IGS IONO WG activities 

The IGS Ionosphere Working group 
started its activities in June 1998 with 
the main goal of a routinely 
producing IGS Global TEC maps.  

This is being done now with a latency 
of 11 days (final product) and with a 
latency of less than 24 hours (rapid 
product). 

The IGS ionosphere product is a 
result of the combination of TEC 
maps derived by different Analysis 
Centers by using weights 
computed by Validation Center, in 
order to get a more accurate 
product. 

IGS 

Ionosphere 

Analysis 

Centers 
IGS 

Ionosphere 

Validation 

Center 

IGS 

Ionosphere 

Combination 

Center 

IGS 

Ionosphere 

Maps 

UWM 

CODE 
ESA 
JPL 
UPC 

IGS 

GNSS 

data 

JASON 
TEC  
data This has been done under 

the direct responsibility of 
the Iono-WG chairmans: 
  
1. Dr Joachim Feltens, ESA 
1998–2002, 
  
2. Prof.. Manuel Hernández-
Pajares, UPC, 2002–2007 
 
3. Prof. Andrzej Krankowski, 
UWM, 2008- 
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Andrzej Krankowski  

IGS IONO WG activities 

1. final GIMs   (please note that GIMs also include GPS and GLONASS stations and  
                                  satellites DCBs) 

- combination of CODE, ESA, JPL and UPC iono products conducted by UWM 
- temporal and spatial resolution - at 2 hours; 1 hour x 5 deg. x 2.5 deg (UTxLon.xLat.),  
- availability with a latency of 11 days  

 
UPC and ESA conduct test on 15-minute maps, which have been tested successfully in terms of 

accuracy and reliability.  
 

2. rapid GIMs  
- combination of CODE, ESA, JPL and UPC iono products conducted by UWM 
- temporal and spatial resolution - at 2 hours; 1 hour x 5 deg. x 2.5 deg (UTxLon.xLat.),   
-availability with a latency of less than 12 hours.  

 
UPC and ESA conduct test on 15-minute maps, which have been tested successfully in terms of 

accuracy and reliability.  
  
 

3. predicted GIMs for 1 and 2 days ahead (pilot product)  
- combination of ESA and UPC iono products conducted by ESA, 
- temporal and spatial resolution - at 2 hours; 1 hour x 5 deg. x 2.5 deg (UTxLon.xLat.), 

Products 



The IONEX format  body 
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     1                                                      START OF TEC MAP     

  2004     4    27     0     0     0                        EPOCH OF CURRENT MAP 

    87.5-180.0 180.0   5.0 450.0                            LAT/LON1/LON2/DLON/H 

  123  123  123  124  125  125  126  126  126  126  126  126  125  125  125  128 

  125  125  125  126  126  125  124  124  124  124  124  123  123  122  122  121 

  120  120  119  118  118  118  118  118  117  117  116  116  115  114  114  113 

  113  113  114  114  114  114  115  115  115  116  116  117  117  118  119  120 

  120  121  121  122  123  123  123  123  123 

    85.0-180.0 180.0   5.0 450.0                            LAT/LON1/LON2/DLON/H 

  129  129  130  131  132  132  133  133  134  134  134  134  134  134  134  136 

  135  136  130  129  129  129  128  128  128  127  126  124  123  122  121  120 

  119  118  117  117  117  117  116  116  115  115  114  113  112  111  110  109 

  109  110  109  109  109  110  111  111  112  112  113  113  115  116  117  118 

  120  122  123  125  126  127  128  129  129 

... 

   -87.5-180.0 180.0   5.0 450.0                            LAT/LON1/LON2/DLON/H 

   87   88   88   90   90   91   92   93   93   94   94   95   94   93   91   89 

   87   86   85   84   83   82   81   81   80   80   79   78   78   78   77   77 

   76   76   76   75   75   76   77   77   76   79   79   79   80   81   82   83 

   83   84   85   85   85   85   85   85   85   86   87   87   87   88   88   87 

   87   87   87   88   87   87   87   87   87 

     1                                                      END OF TEC MAP       

     2                                                      START OF TEC MAP     

... 

... 

    13                                                      END OF TEC MAP       

     1                                                      START OF RMS MAP     

  2004     4    27     0     0     0                        EPOCH OF CURRENT MAP 

    87.5-180.0 180.0   5.0 450.0                            LAT/LON1/LON2/DLON/H 

    7    7    7    7    7    7    7    7    7    7    8    8    9    9    9    6 

    8    8    8    6    6    7    7    7    7    6    6    6    6    6    6    6 

    6    6    7    7    7    6    7    6    6    7    7    7    7    8    8    9 

   10    9    8    8    8    8    7    7    8    8    8    8    7    7    7    7 

    7    6    6    7    6    7    6    6    7 

... 

    13                                                      END OF RMS MAP       

                                                            END OF FILE          

 

The IONEX 
(IONosphere inter 
EXchange) format 
allows to store the 
VTEC and its error 
estimates in a grid 
format. 



Example of IGS Final GIM: 2010-141 DOY 

4 Analysis Centers (CODE, ESA, 
JPL, and UPC) and a Validation 
Center (UPC) have been 
providing  maps (at 1 hours x 5 
deg. x 2.5 deg in UT x Lon. x 
Lat.), weights and external 
(altimetry-derived) TEC data.  

From such maps and 
weights the Combination 
Center (at first ESA, then 
UPC, and since 2008 - 
UWM) has produced the 
IGS TEC maps in IONEX 
format.  

TEC map 

Units: TECU 

RMS map 



Example of IGS RAPID GIM: 2010-141 DOY 

Units: 0.1 TECUs 

TEC maps RMS maps 



IGS Predicted GIM 

Example of IGS PREDICTED GIM 

June 20, 2010 November 20, 2010 

IGS Final GIM 
June 20, 2010 November 20, 2010 



Current updates  
and future plans of IGS IWG 

  

The following actions to be considered: 

- Higher temporal resolution  - 15 min 
 
 

New IGS Ionosphere Associate Analysis Centers (IAACs) 
(from January 2015) 

Natural Resources Canada (NRCan) 

Institute of Geodesy and Geophysics, Chinese Academy 
of Sciences, Wuhan, China 

Wuhan University, China 



Recommendations  

after 2016 IGS Workshop 

Ionosphere Working Group  

 
Starting a new official/operational product – TEC fluctuation 
changes over North Pole to study the dynamic of oval 
irregularities (carried out by UWM) 



GNSS networks 

International GNSS Service - IGS 
IGS/EPN (EUREF Permanent Tracking Network) 

IGS polar stations IGS Antartic stations 

PBO Network –  

Plate Boundary Observatory 

POLENET - The Polar Earth  

Observing Network  



High latitude TEC fluctuations  

Monitoring of the TEC fluctuations 
using GNSS data 

ROT = 9.52  1016 el/m  (i - k)  

For detecting of the phase fluctuation occurrence the Rate of TEC 
(dTEC/dt) is more preferred (Wanninger, 1993):  

ki - differential carrier phase sample with 30 sec interval 

t = tk – t i= 1 min. 

As a measure of ionospheric activity we used also the Rate of TEC Index 
(ROTI) based on standard deviation of ROT (for 5 minut intervals), 
proposed by Pi et all, 1997:   

22 ROTROTROTI 



TEC fluctuation service for creating ROTI maps   

The locations of the stations in the North 
Hemisphere  used for ROTI map 

construction 

     Due to strong 

connections between the 

Earth’s magnetic field and 

the ionosphere, the 

behavior of the fluctuation 

occurrence is 

represented as a function 

of the magnetic local time 

(MLT) and of the 

corrected magnetic 

latitude. The grid of ROTI 

maps in polar coordinates 

with cell size 2 degree 

(magnetic local time) and 

2 degree (geomagnetic 

latitude). 

Each map, as a daily map, demonstrates ROTI 

variation with geomagnetic local time (00-24 MLT).  



In the updated version more than 700 permanent stations (from IGS, 

UNAVCO and EUREF databases) have been involved into processing for 

the ionosphere fluctuation service. Such number of stations provides 

enough data for representation a detailed structure of the ionospheric 

irregularities pattern.  

The proposed format to store the ROTI values 

The sample of ROTI-ex format body 

For ROTI data storing it is proposed simple ASCII format based on grid 2 x 2 

degree - geomagnetic latitude from 89o to 51o with step 2 and corresponded 

to magnetic local time (00-24 MLT) polar coordinates from 0 to 360. 



TEC fluctuation service  
for creating ROTI maps   

The TEC fluctuation service operation diagram and status 

Under 

construction, 

testing 
In operation 



Variability of ROT values over chain of selected European GNSS stations 

Geomagnetic storm 23 -29 October 2011.  

The interplanetary geomagnetic field Bz 
component, density and pressure of 
solar wind and Dst index variations for 
23 -29 October 2011. 

Variability of ROT values over chain of 
selected European GNSS stations (23-28 
October 2011).  
Right vertical axis shows the number of 
satellite (PRN). 

Ionospheric irregularities observed using GNSS networks: 

case study  



ROTI maps 
Geomagnetic storm 23 -29 October 2011. 

Evolutions of the daily ROTI for 23 – 28 October 2011 



The interplanetary geomagnetic field 
Bz component, density and pressure 
of solar wind and Dst index variations 
for 30 May – 5 June 2013. 

Variability of ROT values over chain of selected 
European GNSS stations (30 May – 4 June 2013).  
Right vertical axis shows the number of satellite 
(PRN). 

Variability of ROT values over chain of selected European GNSS stations 

Geomagnetic storm 30 May – 5 June 2013. 



Evolutions of the daily ROTI maps for 30 May – 4 June 2013 

ROTI maps 
Geomagnetic storm 30 May – 5 June 2013. 



Regional TEC maps for ILT 

- temporal and spatial resolution - at 15 min x 0.5 deg. X 0.5 deg (UTxLon.xLat.),  
- availability with a latency of 3-5 min.  



ASG-EUPOS system 

Presently this segment is 

composed of the following set of 

reference stations:  
 

- 81 stations with the GPS 

module,  

- 18 stations with the 

GPS/GLONASS 

   module,  
Products (services) 



May 1,  2010 

May 2, 2010 

May 3, 2010 

TEC changes over Poland 



Javad Sigma G3T 

Scintillation receivers 

Scintillation measurements  

July 28, 2011 

Septentrio PolaRx3 and Leica G25  


