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Introduction and motivation

The last version of the International Reference Ionosphere (IRI-

2020, Bilitza et al. 2022) model introduced a new option for the 

topside ionosphere (COR2, Bilitza and Xiong 2021). 
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The  topside ionosphere is the region extending from the F2-

layer peak (NmF2, hmF2) to the overlying plasmasphere:

ü monotonic decrease of the electron density; 

ü diffusion of plasma along geomagnetic field lines;

ü is the environment where LEO satellites fly.
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The  topside ionosphere is the region extending from the F2-

layer peak (NmF2, hmF2) to the overlying plasmasphere:

ü monotonic decrease of the electron density; 

ü diffusion of plasma along geomagnetic field lines;

ü is the environment where LEO satellites fly.

Motivation : Since the topside ionosphere gives the largest contribution to 

the total electron content (TEC), it is very important to test the 

performance of the new IRI -2020 topside model



Background study

ü IRI-2020 model runs along LEO satellites orbits;

ü IRI-2020 was run with the current four topside options;

ü The new topside option (COR2, Bilitza & Xiong 2021) and the NeQuick

topside (Nava et al. 2008) provided the best performance;

ü However, both topside models showed room for improvement in the 

description of the solar activity dependence, equatorial ionization

anomaly, seasonal variations.

Pignalberi et al. (2025a)
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Goal: Extending the validation of IRI -2020 topside models through

independent dataset, specifically vertical TEC (vTEC) from altimeter

satellites



ü NeQuick (Nava et al. 2008)

ü COR2 (Bilitza and Xiong 2021)

ü COR2 topside merges with the Ozhogin et al. (2012) or the 

Gallagher et al. (2000) empirical plasmasphere models 

(Bilitza et al. 2024);

ü NeQuick topside includes an empirical plasmaspheric

extension through its effective scale height formulation 

(Pignalberi et al. 2020).

IRI-2020 topside ionosphere
Year   Doy   hour(UT)   latgeo(Á)    longeo(Á)     foF2(MHz)    hmF2(km)

2008   216       5.655        27.53      -151.86           7.425           249.0
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vTEC from altimeter satellites

ü Double-frequency altimeter;

ü 1340 km altitude;

ü 66Áorbit inclination;

ü 0 - 24 Local Time;

ü observations above the sea.

TOPEXĄ 2000-2001

JASON-1 Ą 2002-2012

JASON-2 Ą 2008-2019

JASON-3 Ą 2016-2022

1340 km

e
0 km
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Dataset

ü More data in the Southern hemisphere due to the continentsô 

distribution;

ü More data for low and mid solar activity levels;

ü Local time and seasonal distributions are uniform.



Altimeter vTEC biases estimation

ü vTEC biases between different altimeter satellites estimated by 

Azpilicueta  and  Nava (2021)  On the biases in the TEC series of 

satellite altimeters, Journal of Geodesy,  

https://doi.org/10.1007/s00190-021-01564-y;

ü They implemented a novel technique to compute daily vTEC curves for 

a representative day of each month. By computing such curves for the 

27+ year period for a set of sites globally distributed, very precise 

intermissions biases were obtained ;

ü Based on comparison with DORIS vTEC data they indicated that 

Jason 1 (data version E) has a bias smaller than 0.5 TECu and 

suggested that J1E could be used as the data series marking the 

absolute reference . 

https://doi.org/10.1007/s00190-021-01564-y
https://doi.org/10.1007/s00190-021-01564-y
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IRI-2020 model runs along altimeter satellites orbits with the same time rate of observations (median value in a 20 seconds

time window).

IRI-2020 runs

F2 1340 km

IRI-2020 e, bottomside e,topside
0 km F2

vTEC ( ) ( )
hm

hm
N h dh N h dh= +ñ ñ

Same bottomside for all options :

ü NmF2 Ą URSI coefficients (Rush et al. 1989)

ü hmF2 Ą Shubin option (Shubin 2015)

ü STORM option activated (Fuller-Rowell et al. 2000)

ü Bottomside thicknessĄ ABT-2009 (Altadill et al. 2009)

Different topside options :

ü COR2 (Bilitza and Xiong 2021)

ü NeQuick (Nava et al. 2008)

Differences among the IRI -2020 vTEC values modeled with the two topside options are only due to the topside part 

of the profile . 



Statistics on the entire dataset (2000 -2022)

ü Residual = IRI vTECïAltimeter vTEC Ą Absolute variations

ü Ratio = IRI vTEC / Altimeter vTEC Ą Normalized variations

Ç IRI-NeQuick

Ç IRI-COR2



Joint probability

distributions

x-axisĄ altimeter vTEC distribution

y-axisĄ IRI-2020 vTEC distribution

x-y planeĄ joint probability distribution

Bisector

ü Good agreement with altimeters up to about 30 TECu; 

ü Very similar performance between the two topside options below 60 TECu;

ü Slight overestimation at low vTEC;

ü Overall underestimation at high vTEC. NeQuick option shows the largest

underestimation.

Median

First quartile

Third quartile



Residuals time series



Ratios vs solar activity

ü Similar performance between the two topside options  for low 

and mid solar activity years;

ü Both topside options overestimate for low solar activity;

ü NeQuick understimation for high solar activity, COR2 

overestimation for high solar activity.



Ratios vs magnetic latitude and 

magnetic local time

ü Similar magnetic latitude vs magnetic local time patterns with 

both topside options, but differences in magnitude;

ü Overestimation at low and mid latitudes during daytime, 

particularly with the NeQuick topside;

ü Large overestimation at the equatorial morning overshoot at

sunrise;

ü Understimation at high latitudes, particularly with the NeQuick

topside.



Ratios vs magnetic latitude and 

day of the year (season)

ü Very similar magnetic latitude vs day of the year patterns with 

both topside options Ą Strong seasonal control by the F2-layer 

peak anchor point;

ü At mid latitudes, overestimation during the local winter season 

and underestimation in the local summer season Ą Suboptimal

representation of the ionospheric winter anomaly?;

ü At high latitudes no clear seasonal variations in the modelsô 

performance, with both models underestimating, particularly 

with the NeQuick topside.



Ratios vs geographic

coordinates

ü At Southern mid latitudes, IRI-2020 shows 

systematic longitudinal variations:

o Underestimation over the Atlantic and Indian 

Oceans;

o Overestimation over the Pacific Ocean.

ü At Northern mid latitudes, IRI-2020 shows no clear  

longitudinal patterns;

ü Slight overestimation around the geomagnetic 

equator and underestimation at a little bit higher and 

lower latitudes;

ü Differences between the two topside options at low 

and mid latitudes over the Atlantic Ocean.



Pignalberi, A., Azpilicueta, F., Nava, B., Pezzopane, M., Bilitza , D. (2025) Validating the International 

Reference Ionosphere model through altimeter-satellite vTEC observations: implications for the topside
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Additional information in…
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Conclusions

ü IRI-2020 model provides a reliable description of vTEC up to 1340 km with both the COR2 and NeQuick topside options:

o mean of residuals below 1 TECu and standard deviation around 7 TECu;

o good agreement with observations for vTEC below 30 TECu;

o underestimation for vTEC above 30 TECu, particularly with the NeQuick topside.

ü COR2 topside model improved (over NeQuick) the characterization of the solar activity dependence and the 

characterization of the equatorial ionization anomaly region at daytime;

ü There is still room for improvements in the description of the:

o equatorial ionization anomaly and equatorial morning overshoot;

o seasonal variations at mid latitudes;

o dependence on solar activity. 

alessio.pignalberi@ingv.it
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