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Abstract

Comparisons between observed hourly monthly-median values of JoF, at Slough and Rome, and calculated
JoF, values using as an index of solar activity Ry, or T},, demonstrate that there is practically no difference in
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1. Introduction

It is well established that the ionospheric
electron density of the Fy-layer and thus the
critical frequency fyF, depend strongly on solar
activity. Traditionally sunspot number is con-
sidered as an index of solar activity, although
other indices, solar or ionospherically derived,
are also used. The sunspot number is conve-
nient for use because of its long series of reli-
able observations though the other indices have
also been regularly available for some decades.
All indices show the 11-year sunspot cycle and
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their behaviour with respect to fyF, seems
to be virtually identical. Indeed, Kouris and
Nissopoulos (1994) using all the available data
over at least two solar-cycles irrespective of
which solar-cycle they come or for the rising
or falling parts of a cycle, have shown that the
correlation of fy F, with respect to each of the
most used indices is practically the same, and
their standard errors of estimate are of the
same order. That means that the saturation ef-
fect and the hysteresis effect are not eliminated
by using one rather than another index.
Mikhailov and Mikhailov (1992) state that a
one-to-one correspondence could be obtained
if an ionospherically derived index is used. On
the other hand, Kane (1992) suggests using a
multiple regression equation of two variables,
one being a solar index and the other the geo-
magnetic A, index, but he concludes that even
solar flux ® and A, together do not explain the
JoF, variations. Sizun (1992) has proposed a
second-degree polynomial separately for the
rising and falling parts of a solar cycle to ac-
count for saturation and hysteresis effects,
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whereas Kouris and Nissopoulos (1994) have
demonstrated that a second-degree equation is
needed mostly during winter-time and night-
time in summer.

In the above papers it has also been shown
that the gain in using the quadratic relationship
instead of the linear one is very little. In the
present communication we show some more
facts which confirm the above mentioned de-
ductions and lead to some clear proposals to
use for the approach to follow in mapping of
F-layer characteristics.

2. Data

The data used in the present analysis are
hourly monthly-median values of fyF, mea-
sured at some European mid-latitude stations
from 1964 to 1986. They are fitted by the
method of least squares to the linear relation-
ship

JoFy = ap+a, Xip (2.1
and to the quadratic
foFy = bo+b Xpp+bo X1y (2.2)

respectively, and independently of the solar cy-
cle and of the rising or falling part of it. X,
stands for the twelve-month running mean val-
ues of the sunspot number R;,, the 10.7 cm so-
lar radio flux @y,, the ionospheric index IF, ,
the IG,, index and the Australian T),-index.
Thus, the coefficients a, and a; in the linear eq.
(2.1) and by, b, and b, in the quadratic eq. (2.2)
are determined for each hour of each month at
each station, and for each index of solar activ-
ity. It is therefore conceivable using the appro-
priate values of the coefficients ay, a;, by, b,
and b, to evaluate fF, at a given location at
any time of the day and month of the year.
In order to evaluate the reliability of egs.
(2.1) and (2.2), it is worth comparing observed
and estimated values as given by these models.
It is clear that we cannot expect a one-to-one
correspondence in either case, but the second-
degree law must give a better approximation
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than the linear one (Kouris and Nissopoulos,
1994). To this end, the values f, F, at the loca-
tion of Slough were estimated for some se-
lected hours: 8.00 h, 12.00 h, 16.00 h and
20.00 h and for each month during years of
high solar activity (1969 and 1980), medium
solar activity (1983) and low solar activity
(1976 and 1986). Two indices of solar activity
were chosen with the criterion of one being a
solar index and the other an ionospherically
derived index; thus R, and T}, were chosen.

Further, a comparison between estimated
values of fyF, and observed at the stations of
Rome and Slough during the year 1990 was
made in order to test the reliability of the val-
ues of the coefficients aq, a;, by, b; and b, as
determined for these locations from the analy-
sis using data measured at each station over the
period 1964 to 1986.

3. Results and discussion

Figures 1 to 3 show plots of the observed
versus expected values of fyF, at Slough for a
year of minimum solar activity (1986),
medium solar activity (1983) and high solar
activity (1980). The expected fyF, values are
those referred to 8.00 h and 12.00 h calculated
from egs. (2.1) and (2.2). Two indices of solar
activity were used, R, and Ty,, respectively. A
glance at these plots shows that the values are
near the 45° slope line, indicating a reasonably
good match and in any case within the stan-
dard error of £ 0.4 MHz (Kouris and Agath-
onikos, 1992). Moreover, it can easily be seen
that the results are practically the same
whether the index R, or T}, is used. This is
valid for any index solar or ionospherically de-
rived and is in agreement with what has been
found elsewhere using statistical analysis
(Kouris and Agathonikos, 1992). Furthermore,
we may note that the gain in using the
quadratic relation over the linear is very little
(figs. 1, 2 and 3). However, it was demon-
strated that a second-degree relationship is
needed especially during winter-time and
night-time in summer (Kouris and Agatho-
nikos, 1992; Sizun, 1992; Mikhailov, 1993;
Kouris and Nissopoulos, 1994).
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Fig. 1. Comparisons between JoF, values observed at Slough (1986) and

eq. (2.2), and the indices R;, and T, respectively.

Figures 4 and 5 illustrate plots of JoF, ob-
served values at Slough in June and December
during the period 1964 to 1986 versus esti-
mated values using Ry, or T,, respectively,
and the linear and the quadratic models. It is
clear from these figures that a hysteresis effect
is always present, though the discrepancies be-
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predicted using eq. (2.1) and

tween points referring to the rising part of the
sunspot cycle 20 or 21 and those referring to
the falling part are nearly always less than the
estimated mean standard error, even in winter
(December) where it seems that the hysteresis
effect is more significant (Apostolov et al.,
1992). On the other hand, the hysteresis cycle
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Fig. 2. Comparisons between f,F, values observed at Slough (1983) and predicted using eq. (2.1) and

eq. (2.2), and the indices Ry, and T, respectively.

seems to be contracted when the second-degree
law is adopted as it can easily be seen from
figs. 4 and 5.

Furthermore, the results of the present anal-
ysis show clearly (figs. 4 and 5) that there is no
difference as far as the hysteresis effect is con-
cerned, when a solar index (e.g., Rj;) or an

ionospherically derived index of solar activity
(e.g., Ty,) is used, contrary to what is claimed
by some research workers (e.g., Mikhailov and
Mikhailov, 1992). At this stage, we may also
observe that the hysteresis effect was still pre-
sent even when a multiple regression equation
of two variables was used, one being an index
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Fig. 3. Comparisons between JoF, values observed at Slough (1980) and

eq. (2.2), and the indices R, and Ty, respectively.

of solar activity and the other the geomagnetic
A, index (Kane, 1992). The discrepancies be-
tween rising and falling parts in that case are at
least of the same order as those shown in the
results of the present analysis. Indeed, Kane
(1992) had to conclude that even solar flux and
A, together do not explain JoF, variations. On
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predicted using eq. (2.1) and

the other hand, discrepancies of the same order
were still present when a separate quadratic
law for the rising and the falling part of a
solar-cycle was used (e.g., Sizun, 1992, figs. 5
to 8). These facts indicate that the reasons for
the discrepancies between observed and esti-
mated values of fy F, due to saturation and hys-
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Fig. 4. Plots of f,F, values observed at Slough for 18.00 h during 20 and 21 solar cycles, when X, = R,

in egs. (2.1) and (2.2).

teresis effects should be sought in other causes
and phenomena such as the variable thermo-
spheric neutral composition and the dynamical
processes that take place in this part of the
ionosphere (Kouris et al., 1993).

It is interesting to see how fyF, observed
values and those calculated from eqgs. (2.1) and
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(2.2) were distributed against both time and lo-
cation. For this purpose, f, F, experimental data
which had not been used in determining the
coefficients ay, a,, by, by and b, in eqs. (2.1)
and (2.2) were examined. These are hourly
monthly-median values measured during 1990
at the stations of Slough and Rome. They were
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Fig. 5. Plots of f,F, values observed at
in egs. (2.1) and (2.2).

compared with the corresponding estimated
values from egs. (2.1) and (2.2). The results are
reported in figs. 6 and 7, respectively.

It is clear from these figures that there exists
very close agreement between observed foF»
values and those calculated from egs. (2.1) and
(2.2), and also that this agreement is better
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Slough for 18.00 h during 20 and 21 solar cycles, when X, = T},

when the second-degree equation is used than
the linear one. Moreover, it can be seen from
these figures that there is virtually no differ-
ence in using Ry, or T,. Thus, any index of so-
lar activity may be used. The choice of the in-
dex should be based on availability, reliability
and predictability.
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Fig. 6. Comparisons between fyF, values observed at

eq. (2.2), with R, and T, respectively.

From this last point of view we may note
that R, has advantages over the other indices.

Indeed, we may note that:

1) the prediction of R;, is accurate and

readily available well in advance;

2) it is the only index that can be used for
all retrospective series of fyF, data;

3) the

discrepancies
monthly-median values of fuF, and estimated

Slough (1990) and predicted using eq. (2.1) and

between observed

using R, are virtually identical to those

when the estimated values are calculated using

any other index of solar activity, and they
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are mostly within the standard error of
+ 0.4 MHz;
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4) it offers an easier comparison
new and old mapping models.

As regards the most useful relation
mapping the F-layer characteristics,
state that a second-degree relationship

between

to use in
we may
is neces-

sary regardless of rising or falling solar-cycle
or of the cycle itself, which will account to
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alues observed at Rome (1990) and predicted using eq. (2.1) and

some extent for saturation and hysteresis ef-
fects. However, attention should be paid to the
fact that the coefficients of the adopted second-
degree eq. (2.2) must be evaluated for each
hour of each month at a given location by re-
gression analysis of data measured over at least

two solar cycles.
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4. Conclusions

The results of the present analysis show that
there is no difference in the expected monthly-
median values of fyF, when these are esti-
mated using a solar index (e.g., Rj;) or an
ionospheric index of solar activity (e.g., o).
Thus, any index of solar activity may be used.
The choice of the approach to follow in map-
ping the F-layer characteristics should be
based on availability, reliability and pre-
dictability of the index, and Rj, has all these
advantages over any other index.

Regarding the law to apply, it can be ob-
served that a second order relation between
foF» and R, is necessary in particular epochs
of the year. Then, a greater accuracy, of the or-
der of about 0.1 MHz is obtained but a small
saturation effect and hysteresis effect remain.
Moreover, the analysis has shown that for reli-
able results the coefficients of eq. (2.2) should
be evaluated where possible using a long pe-
riod of data.
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