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Introduction and motivation

The last version of the International Reference lonosphere (IRI-
2020, Bilitza et al. 2022) model introduced a new option for the
topside ionosphere (COR2, Bilitza and Xiong 2021).

Reviews of Geophysics i
REVIEW ARTICLE The International Reference Ionosphere Model: A Review and
02002 IRE000T2 Description of an Ionospheric Benchmark

Key Pointsz Dieter Bilitza'2 (9, Michael Pezzopane? [, Vladimir Truhlik?, David Altadill* ©©, Bodo W. Reinisch®? [,
# Inicrnational Reference lonosphers and Alessio I?lgna]herl’

(IRI): Scientific background and
mathematical formalism

« Description of the lafest version of the 'Department of Physics and Astronomy, George Mason University, Fairfax, VA, USA, "Heliospheric Laboratory, NASA

model: RI-2022 Goddard Space Flight Center, Greenbelt, MD, USA, “Istituto Nazionale di Geofisica e Vulcanologia, Roma, Italy, *Institute of
s [RI Achicvements and plans for the Atmospheric Physics of the Czech Academy of Sciences, Prague, Czech Republic, *Observatori de 1'Ebre, CSIC, Universitat
fuuture: Ramon Llull, Roguetes, Spain, “Lowell Digisonde International, Lowell, MA, USA, "Space Science Laboratory, University of
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Correspondence to:

The topside ionosphere is the region extending from the F2-
layer peak (NmF2, hmF2) to the overlying plasmasphere:

U monotonic decrease of the electron density;

U diffusion of plasma along geomagnetic field lines;

U is the environment where LEO satellites fly.
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Validation of the IRI-2020 topside 1onosphere options through
in-situ electron density observations by low-Earth-orbit satellites
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IRI-2020 model runs along LEO satellites orbits;
IRI-2020 was run with the current four topside options;

The new topside option (CORZ2, Bilitza & Xiong 2021) and the NeQuick

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

However, both topside models showed room for improvement in the
description of the solar activity dependence, equatorial ionization

anomaly, seasonal variations.
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Year Doy hour(UT) latgeo(d longeo(A foF2(MHz) hmF2(km)

2008 216 5.655  27.53 -151.86 7.425 249.0 IRI-2020 topside ionosphere
1000
—— Bottomside
900. — COR2 i NeQuick (Nava et al. 2008)
—— NeQuick
ah- hnF2 &
800 N,(h) = 4NnF2—= >
€ ah HhnfF2 g
gt &P~ o

700- € ¢ b
- U COR2 (Bilitza and Xiong 2021)
£ 600
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] 1 e
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Topside

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

200 Gallagher et al. (2000) empirical plasmasphere models
) P 418 M N 1 S N A L A H2-layer  (Bilitza et al. 2024);

00, 1 peak

i U NeQuick topside includes an empirical plasmaspheric
o0 / | i extension through its effective scale height formulation
%9 1010 101! NmMFE21012

Electron density (el/m3) (Pignalberi et al. 2020).
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IRI-2020 runs

IRI-2020 model runs along altimeter satellites orbits with the same time rate of observations (median value in a 20 seconds

time window).

2 1340 km
VTECIRI-ZOZO = mkm Ne, bottomside(h)dh T hmg N e,topsicﬂew dl’

Same bottomside for all options : Different topside options :
U NmF2 A URSI coefficients (Rush et al. 1989) u COR2 (Bilitza and Xiong 2021)
U hmF2 A Shubin option (Shubin 2015) U NeQuick (Nava et al. 2008)

U STORM option activated (Fuller-Rowell et al. 2000)
U Bottomside thickness A ABT-2009 (Altadill et al. 2009)

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

of the profile .
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(a) NeQuick topside (b) COR2 topside

Joint probability
distributions
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Ratios vs magnetic latitude and
magnetic local time

Similar magnetic latitude vs magnetic local time patterns with

both topside options, but differences in magnitude;

Overestimation at low and mid latitudes during daytime,

particularly with the NeQuick topside;

Large overestimation at the equatorial morning overshoot at

sunrise;

Understimation at high latitudes, particularly with the NeQuick

topside.
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U Very similar magnetic latitude vs day of the year patterns with
both topside options A Strong seasonal control by the F2-layer

peak anchor point;

U At mid latitudes, overestimation during the local winter season
and underestimation in the local summer season A Suboptimal

representation of the ionospheric winter anomaly?;

ua At high |l atitudes no cl ear s
performance, with both models underestimating, particularly

with the NeQuick topside.
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Ratios vs geographic
coordinates

U At Southern mid latitudes, IRI-2020 shows

systematic longitudinal variations:

0 Underestimation over the Atlantic and Indian
Oceans;

o0 Overestimation over the Pacific Ocean.

At Northern mid latitudes, IRI1-2020 shows no clear
longitudinal patterns;

Slight overestimation around the geomagnetic
equator and underestimation at a little bit higher and
lower latitudes;

Differences between the two topside options at low
and mid latitudes over the Atlantic Ocean.
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Conclusions

IRI-2020 model provides a reliable description of VTEC up to 1340 km with both the COR2 and NeQuick topside options:
0 mean of residuals below 1 TECu and standard deviation around 7 TECu;
0 good agreement with observations for vVTEC below 30 TECu;

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

CORZ2 topside model improved (over NeQuick) the characterization of the solar activity dependence and the

characterization of the equatorial ionization anomaly region at daytime;

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

0 equatorial ionization anomaly and equatorial morning overshoot;
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