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What is this?
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What is this?
Two Global Ionospheric Maps (UQRG) of 
vertically integrated electron number density (AKA 
Vertical Total Electron Content, VTEC) of the 
partially ionized part of the Earth atmosphere 
(ionosphere) computed from worldwide Global 
Navigation Satellite System (GNSS) 
multifrequency measurements by one IGS 
Ionosphere Associate Analysis Center, and 
provided in IONEX format.

It corresponds to days 09 May 2024, 00h (left 
figure in previous slide) and 11 May 2024, 00h 
(right figure),  one day before and during the 
larger ionospheric storm happened so far in 21 
years, respectively.

Do you wish to check the VTEC GIM in RT? 

It is also possible from IGS centers! For example:

99
http://chapman.upc.es/tomion/real-time/quick/last_results.uadg/RT-DAILY-VTEC-MOVIE.gif
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Some hints during +25 years of IGS Ionosphere WG

t0(day 56, 1998): Definition of a robust format for VTEC GIMs

t1(day 152, 1998): The common IGS VTEC GIM started

t2(2009): External validation of IGS VTEC GIMs and beyond

t3(2012): The International GNSS RT Service started

t4(2018): A new campaign of IGS VTEC GIMs external validation

t5(2020): The external validation for RT-GIMs started

t6(2021): The external validation of RT-GIMs is extended
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 t0(day 56, 1998): Definition of a robust format for VTEC GIMs
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 t1 (day 152, 1998): The common IGS VTEC GIM started

Feltens, Joachim. "The activities of the ionosphere working group of the International GPS Service (IGS)." GPS solutions 7 (2003): 41-46.

 t1 t0
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 t2

t2(2009): External validation of IGS VTEC GIMs and beyond

 t1 t0
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t2(2009): External validation of IGS VTEC GIMs and beyond
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t2(2009): External validation of IGS VTEC GIMs and beyond
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t2(2009): External validation of IGS VTEC GIMs and beyond
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 t3

t3(2012): The International GNSS RT Service started

 t2 t1 t0
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t4(2018): A new campaign of IGS VTEC GIMs external validation

 t4 t3 t2 t1 t0
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t4(2018): A new campaign of IGS VTEC GIMs external validation



14

t4(2018): A new campaign of IGS VTEC GIMs external validation
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 t5

t5(2020): The external validation for RT-GIMs started

 t4 t3 t2 t1 t0
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t5(2020): The external validation for RT-GIMs started
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 t6

t6(2021): The external validation of RT-GIMs is extended

 t5 t4 t3 t2 t1 t0
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t6(2021): The external validation of RT-GIMs is extended
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t6(2021): The external validation of RT-GIMs is extended
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t6(2021): The external validation of RT-GIMs is extended
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& products beyond GIMs borned below IGS Iono. WG umbrella...
IGS ROTI Maps Product (since 2015)

 The ROTI Maps processor operates routinely 
since  January, 1, 2015

  It was processed and collected  data and 
resulted product from 2010 up to now

 ROTI Maps product available on NASA CDDIS

Ionospheric irregularities intensification 
and extension captured by IGS ROTI 
Maps. Moderate geomagnetic storm, 

August 2021 

ROTI Maps for Southern Hemisphere

ROTI Maps for Low Latitudional 
region

ROTI Maps for Northen Hemisphere

Cherniak et al., GPS Solution, 2018
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& products beyond GIMs borned below IGS Iono. WG umbrella...



23Conclusions and potential evolution considering recent results
-The International GNSS Service Ionosphere Working Group has been improving the generation, 
assessment and consistent combination, providing millions of VTEC GIMs (i.e. tens of thousands 
millions of VTEC value and VTEC error RMS estimations) since it started in June 1st, 1998.

-This successful experience of friendly collaboration, motivation and learning in common between 
worldwide research teams has been extended to 24/7 real-time service with a similar success.

-New operative ionospheric products for the community were created under the IGS Ionosphere 
WG unmbrella: ROTI maps (distributed through CDDIS) and RT GNSS Solar EUV flux rate proxy. 

-Recent results suggest potential ways of extending the ionospheric products, for instance, towards:
i) The generation of GIMs of electron density. One motivation is its high sensitivity as potential 
tracers to natural hazards, e.g. to detect tsunami signatures from the tomographic model used to run 
some of IGS GIMs (Alfonsi et al. 2024), and also from GNSS LEO POD data (Yang et al. 2022). 
ii) The generation of GIMs of VTEC gradient: it has been recently demonstrated (Liu et al. 2022) that 
the VTEC GIMs are able to provide realistic VTEC gradients, important e.g. for civil aviation.
iii) The generation of GIMs of Space Weather activity semaphors, once it has been recently 
demonstrated that they can be realistically generated from the VTEC GIMs (Liu et al. 2021) and that 
which forecasting might facilitate precise warnings of SW activity affecting GNSS users.
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THANK YOU Prof. Oscar Lucas Colombo 
(July 16, 1942 — June 1, 2024). 

Rest in peace

And the comprehensive Tsunami Early-Warning Cubesat mission looking 
for international support  

https://ntrs.nasa.gov/api/citations/20230003987/downloads/NASA%20TM%2020230003987.pdf
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