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ABSTRACT 

 

Since the late nineties different entities have been generating and distributing Global 

Ionospheric Maps (GIMs). In this time, multiple new application have arisen from the 

determination of electron content distribution and time evolution at global scale: from the 

more direct correction used by GNSS users up to measurement of solar EUV flux rate during 

solar flares, at global scale ([5], [10]). Moreover specific applications to precise real-time 

positioning and potential detection of tsunamis at regional and continental scales ([7], [3]) 

are also active fields of work. However, the latency to access the GNSS data and the 

computational time was too high to make real time GIMs. Nowadays thanks to the internet, 

which allows having real time access to permanent GNSS receiver’s raw data, the maturity of 

the ionospheric modelling techniques and the computational power of modern computers we 

are able to compute different real-time ionospheric products. Indeed, they can be computed 

at regional, continental and global scales [9], in particular generating real time GIMs.  

 

In this paper, we make a review of four real time GIMs generated by the following entities:  

- Centre national d'études spatiales (CNES): Based on the estimation of spherical harmonics, 

as defined by the RTCM special committee ([11] stage 2 SSR messages). 
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- Technische Universität München (TUM): Based on the development of a near real-time 

data adaptive filtering framework for global modelling of the vertical total electron content 

(VTEC, [13]). 

- Universitat Politècnica de Catalunya (UPC): Based on a Tomographic Model of the 

Ionosphere electron content (TOMION) which is and assimilative model of global GPS data 

([4], [8]).  

- Chinese Academy of Sciences (CAS): The global ionospheric TEC is modeled based on the 

spherical harmonic function by combing the real-time multi-GNSS raw observations and the 

1-day predicted GIM and DCB with a compromise and sophisticated weight ([12]). 

 

We compared the performance of the previous four RT-GIMs between them and two 

reference GIMs, IGSG and UQRG ([6]). Two different well-established techniques for 

traditional GIMs is used for the assessment: the standard deviation to altimeter data  (direct 

Vertical Total Electron Content, VTEC, measurements) and the ∆STEC (slant TEC referred 

to the highest elevations one) observed with GNSS receivers, which were not involved in the 

generation of the RT-GIMs. 

 

The altimeter observations provide direct and independent VTEC measurements. There is a 

small offset of a few TECu between the altimeter data and RT-GIMs [1] due to the altitude of 

the satellite not including the entire ionosphere, and to any potential altimeter calibration 

bias. Although, this has no impact to the TEC variation, with differences between models 

much larger, and therefore we are using the standard deviation as a quality factor. 

 

The ∆STEC consists in, for a fixed receiver and for all the satellites in view from the 

considered receiver, calculating the difference of the slant TEC for every observation with 

the observation at the maximum elevation of the satellite [2]. Using an independent receiver 

ensures validating the real error of the RT-GIMs and not the model fitting error. 

 

This paper will present the results of the comparison of the different models, allowing 

assessing the current readiness level of the real time GIMs and the performance of them.  It 

will also show the different current techniques. One important point reviewed will be how 

the obtained information, e.g. the real time GIMs, are made available to the end users, 

including format differences (such as IONEX and RTCM) and latency. Finally, we will show 

possible future applications of this technology by the different institutes.     

 

Key words:  Ionosphere, GNSS, RT-GIM, Comparisons, Model Validation, Vertical TEC 

 

References:   

 
[1] Azpilicueta, F., & Brunini, C. (2009). Analysis of the bias between TOPEX and GPS vTEC 

determinations. Journal of Geodesy, 83(2), 121-127. 

[2] Feltens, J., Angling, M., Jackson‐Booth, N., Jakowski, N., Hoque, M., Hernández‐Pajares, M., 

Aragón-Àngel, A., Orús, R., & Zandbergen, R. (2011). Comparative testing of four ionospheric 

models driven with GPS measurements. Radio Science, 46(6).  

[3] Galvan, D. A., Komjathy, A., Hickey, M. P., Stephens, P., Snively, J., Tony Song, Y., Butala, M. 

D. & Mannucci, A. J. (2012). Ionospheric signatures of Tohoku‐Oki tsunami of March 11, 2011: 

Model comparisons near the epicenter. Radio Science, 47(4). 



[4] Hernández-Pajares, M., Juan, J. M., & Sanz, J. (1999). New approaches in global ionospheric 

determination using ground GPS data. Journal of Atmospheric and Solar-Terrestrial Physics, 

61(16), 1237-1247. 

[5] Hernández‐Pajares, M., García‐Rigo, A., Juan, J. M., Sanz, J., Monte, E., & Aragón‐Àngel, A. 

(2012). GNSS measurement of EUV photons flux rate during strong and mid solar flares. Space 

Weather, 10(12). 

[6] Hernández-Pajares, M., Roma-Dollase, D. , Krankowski, A., Ghoddousi-Fard, R., Yuan, Y., Li, 

Z., Zhang H., Shi, C., Feltens, J., Komjathy, A., Vergados, P., Schaer, S.C., Garcia-Rigo, A., 

Gómez-Cama, J. M. (2016). Comparing performances of seven different global VTEC 

ionospheric models in the IGS context, IGS Workshop, February 2016, Sydney, Australia. 

[7] Juan, J. M., Hernández-Pajares, M., Sanz, J., Ramos-Bosch, P., Aragon-Angel, A., Orus, R., 

Ochieng, W., Feng, S., Jofre, M., Coutinho, P., Samson, J., and Tossaint, M. (2012). Enhanced 

precise point positioning for GNSS users. Geoscience and Remote Sensing, IEEE Transactions 

on, 50(10), 4213-4222. 

[8] Orus, R., Hernández-Pajares, M., Juan, J. M., & Sanz, J. (2005). Improvement of global 

ionospheric VTEC maps by using kriging interpolation technique. Journal of Atmospheric and 

Solar-Terrestrial Physics, 67(16), 1598-1609. 

[9] Prieto-Cerdeira, R. P., & Béniguel, Y. (2011, May). The MONITOR project: architecture, data 

and products. In Ionospheric Effects Symposium, Alexandria VA. 

[10] Singh, T., M. Hernandez-Pajares, E. Monte, A. Garcia-Rigo, and G. Olivares-Pulido (2015), GPS 

as a solar observational instrument: Real-time estimation of EUV photons flux rate during strong, 

medium, and weak solar flares, J. Geophys. Res. Space Physics, 120, 10,840–10,850, 

doi:10.1002/2015JA021824. 

[11] Proposal of new RTCM SSR Messages SSR Stage 2: Vertical TEC (VTEC) for RTCM standard 

10403.2 differential GNSS (global navigation atellite systems) services –version 3 developed by 

RTCM special committee no. 104 (2014). 

[12] Zishen Li, Yunbin Yuan, Ningbo Wang, Hernandez-Pajares, Manuel ,Xingliang Huo, SHPTS: 

towards a new method for generating precise global ionospheric TEC map based on spherical 

harmonic and generalized trigonometric series functions. Journal of Geodesy, 89,4, 331-345,doi: 

10.1007/s00190-014-0778-9 

[13] Schmidt, M., Dettmering, D., Mößmer, M., Wang, Y., & Zhang, J. (2011). Comparison of 

spherical harmonic and B spline models for the vertical total electron content. Radio Science, 

46(6). 

 

 

 

 

 
 

 


