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Introduction =

This paper describes the three-dimensional (3-D) eleatesrsity mapping of the ionosphere given as output by t > X sy
assimilative IRI-SIRMUP-P (ISP) model for three differeggomagnetic storms. Results of the 3-D model ag * Roquetes g
shown by comparing the electron density profiles given by thodel with the ones measured at two testir-;% | Gibinganna

ionospheric stations: Roquetes (40.8N, 0.5E), Spain, amd\&o (40.6N,17.8E), Italy. The reference ionospher™ 3
stations from which the autoscaled foF2 and M(3000)F2 datavell as the real-time vertical electron densit
profiles are assimilated by the ISP model are those of El dsélo (37.1N,353.3E), Spain, Rome (41.8N,12.5E 30
and Gibilmanna (37.9N,14.0E), Italy (Fig. 1). Overall, tie@resentation of the ionosphere made by the ISP mo

is better than the climatological representation made Hy the IRI-URSI and the IRI-CCIR models. However -0 0 5 10 15 20 2 30 35 40
there are few cases for which the assimilation of the autedcdata from the reference stations causes either a _ longiude

strong underestimation or a strong overestimation of teéaenditions of the ionosphere, which is in these cases zgr els' er’:ﬁﬁ eoigntgz pﬁiﬂgaslt a"ggggecrgir;?;:rezrzas i‘:\';?g;r;“:gél Rgﬂ eSIarS
better represented by only the IRI-URSI model. This ISP egisesentation is mainly due to the fact that the g5 represent the ionospheric stations consideredtatess

reference ionospheric stations covering the region mappetle model turn out to be few, especially for disturbed

periods when the ionosphere is very variable both in timeiarspace and hence a larger number of stations woul~ Ty —

be required. The inclusion of new additional reference gpheric stations could surely smooth out this concern.
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Analysisand Results
In order to test the model for disturbed ionospheric condgi the three geomagnetic storms that occurred from 2
to 24 April 2008 (max Kp = 5), from 5 to 8 April 2010 (max Kp = 8)né from 2 to 4 May 2010 (max Kp = 6) 00:00 0610071200 1600 06:00 0600 1200 18100 0000
were considered. These periods were particularly seletiegst the model because most of the autoscaling Roquetes 56 April 2010 S. Vito 5-6 April 2010
computations made both by ARTIST at El Arenosillo, Roquetesl San Vito, and by Autoscala at Rome ands= ' ~

Gibilmanna were available. In particular, the attentiorsviacused on the positive and negative ionospheric phasé AL

characterizing the disturbed periods under study, as showig. 2. \/ w
The results of the test are shown in Figs. 3-4 where the electensity profiles obtained by the IRI-URSI and the

IRI-CCIR procedures, by the ISP procedure, and by the ARTdgstem are compared. The IRI-URSI and IRI- 0o
CCIR profiles were calculated to a maximum height of 1000 ésing IRI-2007 with the foF2 storm model option Roquetes 2-3 May 2010 S Vito 2:3 May 2010
checked “on” and all the other parameterizations selectatbéault, while the maximum height of the ISP profiles
is equal to 400 km because Autoscala models the topside aslagtia layer ending right at that height.
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Fig. 2. ARTIST foF2 values (grey circles), as obtained by the 15-min
ionograms recorded at Roquetes and San Vito from 23 to 24 2p€i8,
from 5 to 6 April 2010, and from 2 to 3 May 2010, compared to the
corresponding foF2 hourly median values (black squaresjipted by the
SIRM model, both at Roquetes and at San Vito, and here assasgdiet-
day value:. The positive anc negative ionospheri phase are highlightec by

red and blue circles respectively.
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e e e e, Summary and Discussion

S : : T e Figs. 3—4 show that the specification of the ionosphere ntadé¢he ISP model is far better than the
i i climatological specification made by only either the IRRBI or the IRI-CCIR models. For all the three
geomagnetic storms considered in this study, the ISP maatelfallow pretty reliably the positive and

negative phases affecting the ionosphere, both at S. ViloeaRoquetes. The IRI-URSI and the IRI-CCIR
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This suggests that at the moment for the IRI model the inctusf the foF2 storm model is not sufficient to
well represent the real conditions of a disturbed ionosph®n the other hand, Figs. 3—4 show that the
assimilation by IRI of data measured at some reference @ive® stations is very important to give as
Fig. 3. Comparison among some profiles obtained at S. Vito on 23 @ndpil 2008 by outputa rellable_lmage of the l_onosphere. .

ISP (green), ARTIST (red), IRI-CCIR (gray) and IRI-URSI 4bk). Red or blue circles However, focusing our attention on some plots, we can setetiieae are some cases for which the ISP
close to the lower right angle of the plot identify profileslbnging to the positive or profiles strongly underestimates (see the 5 April 2010 aBA®T of Fig. 4) or strongly overestimates (see
negative ionospheric phase respectively. the 5 April 2010 at 16:30 UT and the 6 April 2010 at 13:45 UT of.H) the profile measured by ARTIST.
In reality, some ISP overestimations are artificial ancheatdue to an underestimation made by the
autoscaling performed by ARTIST that tends to cut off theoignram trace when this is weak, as it is the case

— — . . . 7 . models can represent properly only the negative ionospipiase characterizing the 6 April 2010. On the
G IIE I Im wmEsiEiaw wwasAsiiiie Wisiionisw  contrary, Pezzopane et al. (2011) showed that for geomigghigtquiet days, mostly for quasi-stationary
s - - T ] s ionospheric conditions, the electron density profilesa@oted from the IRI-URSI and from the ISP matrixes
:‘:S | E&} | E | were pretty similar, and both of them were in good agreeméttt tive electron density profile measured by

bt o bl ARTIST.
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1soour 1ssaur Roaues - A 2010 16000 of the ionogram recorded at Roquetes the 5 April 2010 at 16IBQ(Fig. 5). With regard to the other
o TR o] 17 1 overestimations and underestimations that are computed gemerally by the ISP model, these are mainly
5 E ZZ ] i caused by the large control that the foF2 values assimilayd@P have in the calculation of Reff. In fact, if
e ! E i for example the autoscaled foF2 values are lower than thgtlerm foF2 values given by SIRM, then the
% 1 & = calculated Reff will be lower than the smoothed sunspot remitl2 that is used by SIRM to calculate the
i N e i) foF2 long-term prediction. As a consequence, the foF2 an80RIQ)F2 values of the grid, calculated by the
o oo e300 aut SIRMUP procedure using this value of Reff, will be overalvier than those given by SIRM, and not only
o ik | ] in correspondence of the points of the grid from which theoscaled foF2 values were assimilated. It
e |l | means that in this case, if in some regions of the grid thefod& values tend to be close to the long-term
I | -l 1 ] values, the ISP model for those regions will underestintageréal conditions of the ionosphere. This is just
= [ = - what happens at Roquetes on 5 April 2010 at 15:30 UT (see Fighére the underestimation made by the
RO E R eI R AN ISP model is caused by a low value of Reff calculated in vidtithe low foF2 values autoscaled at Rome
o S T o IO and Gibilmanna. Vice versa, if for example the autoscald@fealues are higher than the long-term foF2
- bt ol | values given by SIRM, the calculated Reff is higher than theathed sunspot number R12 that is used by
g :: -l -l ] SIRM to calculate the foF2 long-term prediction. As a consstge, the foF2 andM(3000)F2 values of the
ia :EE 1 EE grid calculated by the SIRMUP procedure using this value eff,Rwill be overall higher than those given
~— R — R — J by SIRM, and not only in correspondence of the points of thd fiom which the autoscaled foF2 values
AT e i i i e il i e were assimilated. It means that in this case, if in some regaf the grid the real foF2 values tend to be
o] T e ] o] ] close to the long-term values, then for those regions theniS&el will overestimate the real conditions of
. ;-: % E the ionosphere. This is just what happens at Roquetes oni628410 at 13:45 UT (see Fig. 4), where the
H ol |- 1 overestimation made by the ISP model is caused by a high wédlReff calculated in virtue of the high foF2
T o] ot value recorded at El Arenosillo.
TZ;_ o 3:; — — o This kind of problem is of course more likely to happen fortdibed conditions, when the probability to
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s roguency b have a very variable ionosphere both in time and in spaceeiater. The inclusion of additional reference
ionospheric stations covering more and more the region etpy the model could surely smooth out this
misrepresentatian

Fig. 4. Same as Fig. 3 for profiles obtained at Roquetes on 5 and 62Q1D.



