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Abstract

A first analysis of the possibility of interfacing regional and global electron density height profile models, over
a buffer zone, was performed considering the results obtained using different models such as IRI 90 (Bilitza,
1990), DGR (Di Giovanni et al., 1992) and RAL MPQ (Dick and Bradley, 1992). The differences AN - cm™>
of electron density as a function of altitude between different models were calculated using monthly median
experimental data measured at Rome station and values predicted by URSI, SIRM (Zolesi et al., 1993) and
EOF (Singer and Dvinskikh, 1991) mapping models for the same point. Composite ionograms are used to
roughly evaluate the performances of the three models considered.

Key words ionosphere — ionospheric modelling If inside the PRIME area we still adopt the
IRI model, having as input the data coming
from the regional models, the problem of inter-
facing in the buffer zone is only a problem of

i smoothing the ionospheric characteristics
PRIME (COST 238) a Project of the Euro-  gglyed by Harrison and Leitinger. If we adopt

pean Ur}ion (Bradley, 1992) is concerned with instead, other models such as DGR or RAL
de?ve.loplng 10nospheng maps and models MQP we have to consider the eventual discon-
within Europe so that in any final user soft-  invities of electron density at fixed heights as

ware package a smooth interface to interna- el a5 errors introduced by the different re-
tional adopted global maps and models must gional models.

be provided. Numerical and analytical smooth-
ing methods for interfacing f,F, and M3000F,
between regional and global maps have been .
proposed by Harrison (1992) and Leitinger 2. Data analysis
(1993) to be applied on the intermediate buffer ) o )
zone. Outside the PRIME area the standard den- Discontinuities of electron density between
sity height profile is the IRI model having as in-  different models in a fixed point and altitude
put the ionospheric data coming from global are analyzed in three steps, considering their
models and formulas such as CCIR, URSI, etc. differences AN - cm™ as a function of height.
In the first step, shows the behaviour of
ANem™ vs. height calculated comparing the
Mailing address: Dr. Bruno Zolesi, Istituto Nazionale electron density profile obtained using .IRI 20
di Geofisica, Via di Vigna Murata 605, 00143 Roma, Italy; (here assumeq as the. global mOdel) Wlth the
e-mail: ZOLESI@MARTE.INGRM.IT electron density profiles obtained using the
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other two models DGR and RAL MQP (as-
sumed as regional models). The input data ap-
plied are the median values measured at Rome
station (41.8°N, 12.5°E) during low solar activ-
ity 1986 for January and June at 00.00 and
12.00 h LT (table I and fig. 1).

A first analysis of the behaviour of AN in
1990, a period of very high solar activity, was
made but not presented here. In fact, median
values of fyF| are calculated using very few
data, so the graphs of this period not give a re-
alistic result because the values are not repre-
sentative of the month.

The second step is still a comparison of the
differences of electron density vs. height be-
tween IRI with DGR, fig. 2 and IRI with RAL
MQP, fig. 3. In this case, the input data are the
predicted values in the same geographical
point of Rome by the URSI model for IRI and

by the two regional models proposed in
PRIME, SIRM and EOF, both for DGR and
RAL MQP.

The aim of the third step is to give a rough
idea of the performances of the different mod-
els comparing their results with those coming
from composite ionograms processed with the
POLAN (Titheridge, 1985) procedure. Com-
posite ionograms were obtained applying a
simple tecnique to all the ionograms taken at
Rome during the same months, years and local
time as for the previous analysis (Zolesi et al.,
1994).

Of course, composite ionograms is a dis-
cussed method so they should not be consid-
ered the real experimental median ionograms.
Considering that many comparisons were made
in the past between profiles coming from mod-
els and profiles coming from individual iono-

Table I. Median monthly values measured and predicted at Rome station (41.8°N, 12.5°E) used as input data.

H JoF> M@O000)F,  foF), fHE hmF, Ri»
Median values taken at Rome station (41.8°N, 12.5°E)

January 1986 1200 5.8 3.67 3.70 2.85 207 14
0000 3.1 3.03 316 14
June 1986 1200 5.2 3.01 4.37 3.25 235 14
0000 4.2 3.02 317 14

Median values predicted at Rome station by SIRM
January 1986 1200 6.2 3.61 3.18 2.69 207 14
0000 3.1 3.01 316 14
June 1986 1200 5.6 3.02 3.58 3.35 235 14
0000 4.6 3.02 317 14

Median values predicted at Rome station by EOF
January 1986 1200 5.6 343 2.50 2.17 207 14
0000 2.5 2.93 316 14
June 1986 1200 5.2 2.87 4.40 3.10 235 14
0000 4.7 2.97 317 14
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Fig. 1. Electron density differences AN - cm™3
and between IRI and RAL models, dotted line,

grams (Kecic et al., 1994; Singer et al., 1992),
this analysis could give another contribution
without claiming to be a testing procedure for
electron density profile models.

Figure 4 shows for two different epochs the
differences AN - cm™ vs. height between the
models IRI, DGR and RAL MQP and the elec-
tron density profiles coming from composite

vs. altitude A between IRI and DGR models, continuous line,
using median monthly values measured.

ionograms using as input data for the models
the median measured values of table 1.

A detailed analysis of the differences given
by the three models, using predicted values of
different mapping prediction methods as URS]I,
EOF and SIRM is reported in the Proceedings
of PRIME workshops held in Eindhoven in
1994 (Zolesi et al., 1994).

885



Bruno Zolesi and Ljiljana R. Cander

00:00 12:00
——  IRI(ursi) — DGR(sirm)
AN cm 3
5
4)(10 T 17T l T T 1T T T T I T T 11 4X105 T T 17T l T T T T T T7T I T T 171
5| ] B - :
2x10° |- - ext0®  /\ -
B I i
- Z NN i
Jan 0 . — 0
R — —] L ~
- - - > — ___ —
—2x10° | — —2x10° —
"'4)(105 _l 11 1 I | .| l | | l 111 I_ —4)(106 _| 11 [ | S | | 11 11 [ P11 |_
100 200 300 400 500 100 200 300 400 500
4)(105 T T 11 ] T T 1T T l T T T ] | L 4)(105 T T T | T T T1 I T T TT I 1T T
2x10° |- —  2x10° —
/\ B X / = N
Jun 0 — 0 |V A
- ~— - ~ -
—2x10° |— — —2x10° |~ —
_4)(105 ~I | - | | I | | 11 1 l 111 l_ —4)(106 | I I | | | | | 1111 | 111 l—
100 200 300 400 500 100 200 300 400 500
Km h Km h

IRI(ursi) — DGR(eof)

Fig. 2. Electron density differences AN - cm™ vs. altitude & between IRI and DGR models using median
monthly values predicted by URSI and SIRM models, continuous line, and by URSI and EOF models, dotted

line.

3. Discussion

The models of electron density profile stud-
ied in this analysis, besides IRI, were DGR and
RAL MQP because their software was avail-
able and because these two models were pre-
sented during PRIME Workshops for PRIME
applications.

It is evident that a clear difference between
the electron density profile given by IRI and
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that obtained by the other two models exists
during the night hours and increases during
noon, depending on different methods applied
to calculate the electron density of the F; re-
gion. This trend is emphasized when the input
data come from long term mapping models
such as SIRM or EOF, introducing their errors
and performances.

If a regional electron density is adopted in
the PRIME area, a smoothing procedure should
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Fig. 3. Electron density differences AN - cm™> vs. altitude h between IRI and RAL models using median

monthly values predicted by URSI and SIRM models,
line.

be applied in the buffer zone for every fixed
height. The approach proposed by Harrison
(1992) to switch a ionospheric characteristic
from a regional to a global model is based on a
simple weighting function:

Co=wC, +(1-wCg 3.1

where Cwis the ionospheric value predicted by

continuous line, and by URSI and EOF models, dotted

the regional model, Cg the value predicted by
the global model and

() = % [cos (%x) + 1] (32)

is a function of b the width of the buffer
zone, and x the distance from the border of the
regional zone. This procedure may be adopted
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Fig. 4. Electron density differences AN - cm™> vs. altitude 4 between IRI, DGR and RAL profiles, using me-
dian measured values, and profiles obtained by composite ionograms inverted with POLAN.

from all those users who only need reflection
point data so a constant width buffer zone of
5 degrees may be used. Otherwise, to have a
smooth transition between the regional and
global model and to avoid strong changes in
the required gradients by the same applications
such as raytracing, the formula proposed by
Leitinger (1993) should also be applied to in-

terface electron densities at fixed heights:

f(¢, Mexp(oed) + g(9, A)exp (—ad)
exp (ad) + exp (—od)

N(g, 1) =

(3.3)
where N is the value in the buffer zone; fand g
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the values coming from the models to be
joined; ¢, A (geographic) latitude and longi-
tude; « the parameter which determined the
width of the buffer zone and d the distance
from the centre, positive on the side of /. nega-
tive on the side of g.

4. Conclusions

The difference between IRI and RAL MQP
is not so large because the latter model is an
analytical approximation of the former. Results
obtained comparing the profiles given by com-
posite ionograms, even if this method is still
under discussion, confirm the good perfor-
mances of the three models also under median
conditions. In any case, the decision to adopt a
regional model for the electron density profile
should depend not only on the possible perfor-
mances of the different models, but also on the
ease and practicability to interface mapping
and electron density profile models. Great cau-
tion should be applied in the analysis of diur-
nal hours of high solar activity because of the
rare occurrence of fyF;, with a frequent pres-
ence of L, not giving sufficient data to calcu-
late suitable median values.

A meeting held in July 1994 at the Atmo-
spheric Physics and Radiopropagation Labora-
tory of ICTP (International Center of Theoreti-
cal Physics) devoted to the discussion on the
F'; layer, pointed out the importance of this pa-
rameter for the electron density profile models.
Considerations on global and regional models
have been made concerning the seasonal oc-
currence and the latitudinal behaviour of this
layer (Bilitza, 1995).
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