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Abstract

A statistical analysis of the hourly daily values of the factor M(3000)F2 and the F2-layer critical fre-
quency foF2 is carried out first for each hour of the day through-out a given month of a given year at a
given station (hour-to-hour variation) and then for each day of a given month and year at a given station
(day-to-day variation). This analysis shows that these ionospheric characteristics are poorly correlated.
It is concluded that the daily values of the first characteristic cannot be estimated from the second by us-

ing a simple linear equation.
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1. Introduction

The basic ionospheric data used in pre-
dictions are the E, F, and F2 layer ordinary-
wave critical frequencies and the M(3000)F2
the maximum-usable-frequency factor for a
distance of 3000 km. The M(3000)F2 vari-
ability has received relatively little atten-
tion. It has been assumed that what is valid
for foF2 will also be valid for the other char-
acteristics of the F2 layer (Bradley, 1993).
On the other hand, ionospheric and geo-
magnetic phenomena can behave indepen-
dently of each other or being rather unpre-
dictable (Gulyaeva, 1992). Therefore, the
study of the day-to-day variations of these
characteristics is very important in order to
define quiet ionosphere.

The time variability of the F2-layer char-
acteristics is very complicated and cannot be
represented analytically. In the preparation
of F2-layer predictions, the first step is to
construct maps from which it is possible to
calculate the critical frequency f,F2 for a
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given condition. Predictions of M(3000)F2
are produced in a similar manner. There-
fore, it will be useful to establish the kind of
relationship that might exist between the
daily variations of the factor M(3000)F2 and
the daily values of fyF2. For this purpose a
statistical analysis of the correlation of the
daily values of the two characteristics for a
given month at a given station for each hour
of the day of the given month (hour-to-hour
variation), and for each day of the month
(day-to-day variation) has been carried out.
This paper describes some preliminary re-
sults obtained from such statistical analysis
at some mid-latitude European stations.

2. Data and analysis

In this work hourly daily values of the
factor M(3000)F2, hereafter called simply
M, and the corresponding values of foF2 are
correlated using the simple linear regression
relationship

M = ag + alfon (21)
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Table 1. Estimated values of the coefficients ay and a; in eq. (2.1) for each hour at a given month and

year. Daily data from the station of Slough.

Values of a, (Slough, 1976)

Values of a (Slough, 1979)

Hours
March  June Oct. Dec. March  June Oct. Dec.
0.00 2.60 2.68 2.69 2.60 1.93 2.10 2.01 2.17
1.00 2.78 2.72 2.66 2.45 2.00 2.19 2.11 2.41
2.00 3.08 2.49 2.51 3.07 1.85 2.27 2.02 2.52
3.00 2.71 2.48 2.70 2.50 1.84 2.35 2.13 2.55
4.00 2.94 2.07 2.92 2.87 1.88 2.29 1.88 2.64
5.00 3.19 1.38 3.14 2.75 243 2.20 2.21 2.67
6.00 2.52 1.35 2.78 2.53 242 2.11 2.47 3.25
7.00 2.95 1.03 2.32 3.58 2.55 2.02 2.72 3.00
8.00 2.97 1.60 2.78 2.93 2.46 2.26 2.78 3.18
9.00 2.15 0.90 2.39 343 2.42 2.34 2.68 3.50
10.00 1.72 0.83 2.44 2.94 2.38 2.19 2.69 3.84
11.00 2.12 1.17 2.67 4.39 2.25 1.76 2.79 3.80
12.00 1.93 2.68 2.14 447 2.29 2.28 2.62 343
13.00 2.20 1.88 3.22 4.03 2.36 2.17 2.74 3.48
14.00 3.07 2.13 3.42 3.60 2.44 2.17 2.86 3.51
15.00 2.71 1.54 3.03 345 243 2.12 2.81 3.64
16.00 2.94 1.18 2.46 3.20 2.51 2.62 2.64 3.89
17.00 3.04 2.67 3.04 3.57 2.73 2.80 3.22 3.21
18.00 2.94 2.86 3.16 3.36 3.10 3.02 3.09 3.32
19.00 2.76 3.07 3.75 291 1.89 3.05 2.67 3.48
20.00 3.12 3.40 3.36 3.16 2.10 2.83 2.65 3.06
21.00 2.84 3.15 2.73 3.21 1.88 2.77 2.16 2.69
22.00 2.92 2.80 2.83 2.78 1.56 2.49 1.80 2.52
23.00 2.79 2.94 2.72 2.79 2.07 2.16 2.09 2.38

The data used are from the stations of
Slough, Lannion, Poitiers and Rome, for
the years of maximum solar activity 1979
and 1980, medium solar activity 1968 and
1969, low solar activity 1973 and minimum
solar activity 1976 and 1986. At a given sta-
tion and for a given year the daily data of M
and foF2 for the four characteristic months
March, June, October and December have
been analysed.

To assess the best interrelationship be-
tween the factor M and the critical fre-
quency foF2 two procedures are adopted
with the criterion that the correlation coeffi-
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cients be maximised and the coefficients a
and a, in eq. (2.1) be less variable. Indeed,
if the factor M and the critical frequency
JoF?2 are affected by the same solar activity,
diurnal, seasonal, annual and latitudinal in-
fluences, the coefficients a, and a, should be
virtually constant throughout the day and
throughout the month and the year. Consid-
ering a linear dependence on solar activity
(e.g. on R), then it can be written

M = by + bR (2.2)

f0F2 = Cp + ClR (2.3)
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Table 1. (continued) Estimated values of the coefficients ay and a; in eq. (2.1) for each hour at a given

month and year. Daily data from the station of Slough.

Values of 10 a; (Slough, 1976)

Values of 10 a, (Slough, 1979)

Hours
March June Oct. Dec. March June Oct. Dec.
0.00 1.11 0.88 0.73 1.23 0.90 0.71 0.90 1.02
1.00 0.51 0.79 0.92 1.74 0.81 0.61 0.73 0.44
2.00 —0.49 1.45 142 -0.17 1.10 0.54 0.90 0.10
3.00 0.83 1.59 0.82 1.84 1.18 0.46 0.73 0.23
4.00 0.24 2.78 0.61 0.87 1.18 0.65 1.44 0.27
5.00 -0.51 4.03 0.30 2.04 0.35 0.84 0.99 0.35
6.00 2.39 3.50 1.74 3.34 0.71 0.96 056 —1.41
7.00 1.15 4.17 269 —1.67 0.59 1.07 041 -0.62
8.00 1.02 2.88 1.41 1.46 0.57 0.76 029 -0.13
9.00 242 4.01 1.68 0.30 0.50 0.53 029 -0.24
10.00 2.94 4.19 1.60 1.11 0.47 0.73 023 -0.50
11.00 2.11 3.58 1.20 -142 0.50 1.25 0.10 —-0.48
12.00 2.44 0.58 206 -—1.51 0.43 0.62 020 -0.22
13.00 1.98 2.14 041 -0.86 0.36 0.72 0.10 -0.29
14.00 0.35 1.77 0.02 -0.06 0.29 0.73 0.00 -0.30
15.00 1.03 2.86 0.66 0.20 0.30 0.83 0.06 —0.41
16.00 0.74 3.54 1.61 0.65 0.30 0.23 021 —0.63
17.00 0.62 0.66 0.65 —047 0.16 004 -024 -0.11
18.00 0.64 0.47 0.16 —0.19 -021 -020 -0.16 -—0.28
19.00 0.83 005 -1.03 0.95 1.00 -0.19 027 —-0.68
20.00 006 -040 -0.11 -0.01 0.87 0.09 027 —-0.29
21.00 058 —0.02 138  —-0.59 1.08 0.01 0.86 0.12
22.00 0.37 0.55 0.66 0.90 1.46 0.22 1.31 0.36
23.00 0.53 0.27 0.75 0.73 0.75 0.63 0.79 0.53

and substituting for R in eq. (2.2), it be-
comes

M= bo - Coi‘l" ifofTZ =Aay + alfon
Cy Cq
(2.4)
with ag = bo — Co bl a, = bl
C1 €1

Two procedures are followed to study the
relationship between the hourly daily values
of M and f,F2:
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1) the linear regression eq. (2.1) is fitted
by the method of least squares to the M val-
ues of each hour of the day throughout the
given month of a given year at a given sta-
tion and the corresponding values of the
critical frequency f,F2 (hour-to-hour varia-
tion);

2) the same linear regression is fitted by
the method of least squares to the M hourly
daily values of each day of a given month
and year at a given station, and the corre-
sponding foF2 daily values (day-to-day vari-
ation).
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Table II. Correlation coefficients when the linear regression eq. (2.1) is fitted to the daily values of
M(3000)F2 and f,F2 of a given hour of all days of a given month and year.

Corr. coeff. (Slough, 1976)

Corr. coeff. (Slough, 1979)

Hours
March June Oct. Dec. March June Oct. Dec.
0.00 0.54 0.60 0.34 0.56 0.42 0.40 0.44 0.55
1.00 0.48 0.36 0.50 0.45 0.46 0.37 0.47 0.25
2.00 -0.28 0.60 0.64 —0.08 0.78 0.44 0.50 0.06
3.00 0.40 0.64 0.38 0.47 0.69 0.35 0.35 0.13
4.00 0.12 0.63 0.31 0.24 0.59 0.47 0.50 0.11
5.00 -0.14 0.65 0.09 0.47 0.21 0.59 0.28 0.09
6.00 0.89 0.67 0.30 0.54 0.38 0.62 025 -0.31
7.00 0.46 0.76 062 -0.24 0.41 0.57 025 —-0.22
8.00 0.36 0.66 0.49 0.26 0.54 0.55 0.50 -0.13
9.00 0.51 0.72 0.62 0.12 0.65 0.36 0.68 —0.34
10.00 0.64 0.64 0.66 0.28 0.71 0.43 057 -0.75
11.00 0.61 0.58 0.58 -0.39 0.74 0.65 039 -0.64
12.00 0.60 0.17 0.75 -=0.70 0.65 0.32 050 —-0.31
13.00 0.53 0.55 027 -0.46 0.53 0.44 0.19 -0.40
14.00 0.12 0.36 0.02 -0.04 0.47 0.37 001 -0.52
15.00 0.39 0.70 0.40 0.06 0.53 0.55 0.14 -0.57
16.00 0.45 0.79 0.62 0.22 0.47 0.17 047 -0.71
17.00 0.30 0.20 029 -0.21 0.24 002 —-040 -026
18.00 0.41 0.28 0.09 -0.07 -041 -020 -024 -0.33
19.00 0.39 0.03 —-0.55 0.32 0.65 —0.17 025 —0.49
20.00 006 —-022 -0.07 0.00 0.48 0.10 026 —0.14
21.00 034 -0.01 043 -0.18 0.55 0.01 0.51 0.08
22.00 0.23 0.37 0.27 0.24 0.62 0.12 0.65 0.23
23.00 0.31 0.22 0.34 0.37 0.35 0.38 0.35 0.34

3. Results and discussion

Examples of the statistical analysis ac-
cording to the procedure referring to the
hour-to-hour variation are reported in table I,
where only some results from the data of
the station of Slough are listed. Table II
shows the corresponding correlation coeffi-
cients. In figs. 1 and 2 are illustrated the
trends of the coefficients a, and a,, respec-
tively in various months and years, for the
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station of Slough, Lannion and Poitiers. Fig-
ure 3 illustrates the distribution of the corre-
sponding correlation coefficients versus
time of day. It can be easily seen from fig. 3
that the correlation is poor and contradic-
tory. This fact leads to the conclusion that
no linear correlation between M and f,F2
can be established having a significative
value for prediction purposes. On the other
hand, figs. 1 and 2 show that the coefficients
ay and a; have the same trend of variation
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Fig. 1. Showing hour-to-hour variations of the coefficient ag in eq. (2.1) for March and for June for a

year of minimum solar activity (1986) and a year of maximum solar activity (1980) and selected loca-
tions.
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Fig. 2. Showing hour-to-hour variations of the coefficient a, in eq. (2.1) for March and for June for a
year of minimum solar activity (1986) and a year of maximum solar activity (1980) and selected loca-

tions.
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Fig. 3. Distribution of the correlation coefficients from the regression analysis of hourly daily data for
selected locations, months and years.
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Table III. Standard error of estimate.

Standard error (Slough, 1976)

Standard error (Slough, 1979)

Hours
March June Oct. Dec. March June Oct. Dec.
0.00 0.11 0.08 0.09 0.07 0.15 0.10 0.12 0.12
1.00 0.06 0.11 0.07 0.09 0.13 0.11 0.09 0.12
2.00 0.12 0.07 0.07 0.07 0.08 0.10 0.11 0.12
3.00 0.10 0.09 0.08 0.16 0.12 0.10 0.13 0.12
4.00 0.13 0.14 0.10 0.18 0.16 0.11 0.17 0.16
5.00 0.22 0.22 0.16 0.17 0.14 0.11 0.21 0.20
6.00 0.08 0.20 0.24 0.21 0.16 0.13 0.13 0.21
7.00 0.14 0.23 0.14 0.17 0.16 0.15 0.15 0.18
8.00 0.17 0.17 0.18 0.15 0.14 0.11 0.09 0.12
9.00 0.28 0.20 0.18 0.13 0.12 0.13 0.07 0.13
10.00 0.23 0.23 0.19 0.18 0.10 0.14 0.07 0.08
11.00 0.17 0.24 0.15 0.19 0.10 0.14 0.05 0.11
12.00 0.21 0.17 0.14 0.12 0.10 0.16 0.07 0.12
13.00 0.21 0.19 0.10 0.12 0.11 0.12 0.09 0.11
14.00 0.19 0.13 0.08 0.11 0.10 0.16 0.07 0.08
15.00 0.17 0.10 0.11 0.15 0.09 0.08 0.07 0.08
16.00 0.10 0.11 0.14 0.16 0.12 0.09 0.06 0.09
17.00 0.13 0.16 0.13 0.14 0.11 0.12 0.07 0.08
18.00 0.12 0.09 0.11 0.14 0.07 0.07 0.08 0.12
19.00 0.17 0.10 0.11 0.15 0.10 0.09 0.12 0.14
20.00 0.10 0.11 0.12 0.20 0.19 0.08 0.09 0.20
21.00 0.13 0.11 0.13 0.14 0.14 0.11 0.14 0.14
22.00 0.10 0.12 0.10 0.12 0.17 0.13 0.13 0.14
23.00 0.10 0.09 0.09 0.09 0.16 0.11 0.15 0.12

and virtually the same values for a given
month and year at different stations, but
they show a high variability form hour-to-
hour during low solar activity and summer
time. Therefore, an estimation of the daily
values of the factor M from those of f,F2 fol-
lowing this procedure hardly can be ob-
tained. To assess the reliability of this state-
ment, it is worthwhile to calculate the stan-
dard errors. It is found that these errors are
lying between 0.1 and 0.2. As an example
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the standard errors of estimate for Slough
and for the years 1979 and 1976 are reported
in table III.

The results obtained when the second
procedure is adopted, i.e. when the day-to-
day variation of the hourly daily values of M
and fyF2 for a given month and year at a
given station are considered using the linear
regression of eq. (2.1), do not differ sub-
stantially from those obtained by using the
first procedure. In table IV some coeffi-
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Table IV. Estimated values of the coefficients
Daily data from Rome.

ag and a; in eq. (2.1) for each day of a given month.

Values of ay (Rome, 1980)

Values of a, (Rome, 1986)

Da
g March June October December March June October December
1 2.6728 2.1546 2.7547 2.2159 2.6588 2.806 2.7915 2.9357
2 2.9521 1.8922 2.8740 2.5772 2.9190 2.755 3.1278 2.8240
3 2.7985 2.6613 2.6947 2.4930 2.6184 2.907 2.7119 2.9043
4 2.7799 2.8380 2.5294 2.5579 2.9866 2.803 2.6651 3.0792
5 2.5416 2.8289 2.0901 2.6323 2.7807 2.703 2.7534 3.0865
6 2.5840 2.4992 2.2531 2.6256 2.8262 2.871 2.9000 3.1018
7 2.6429 2.0977 2.2255 2.5451 2.7110 2.933 2.8900 3.0086
8 2.4904 1.9326 2.5389 2.3981 2.7313 2.565 2.7039 2.9760
9 2.7257 2.2643 2.4129 2.7912 3.0021 2.729 2.7266 3.0449
10 2.7052 2.2429 2.4211 2.4091 2.8475 2.699 2.5974 2.7867
11 2.6348 2.3375 2.2128 2.5600 2.9304 2.748 2.7891 2.9636
12 2.7613 1.4429 2.3850 2.3234 2.8538 2.585 2.7963 2.9960
13 2.6370 2.3932 2.3759 2.4969 2.6757 2.874 2.7250 2.7523
14 2.6791 2.0132 2.6899 2.7204 2.5377 2.282 2.7210 3.1573
15 2.8637 2.1300 2.4023 2.4246 2.9674 2.378 2.8395 2.9512
16 2.9921 2.6164 2.5410 2.3300 2.8495 2.884 2.5335 2.7828
17 2.8857 2.2341 2.7726 2.5113 2.8467 2.731 2.8499 2.9725
18 2.7133 2.4989 2.4513 2.3361 2.8548 2.479 2.8542 2.8241
19 2.9469 2.7916 2.3624 2.6004 2.7137 2.310 2.9408 2.9533
20 2.6791 2.7526 2.4203 2.5051 2.9772 2.542 2.6963 2.9847
21 2.1386 2.7656 2.4001 2.4309 2.8655 2.773 2.8033 2.6783
22 2.4206 2.9924 2.4654 2.5994 2.6216 2.761 2.7820 2.9580
23 2.5208 2.8110 2.3181 2.7842 2.5983 2.685 2.6399 2.8793
24 2.7820 2.6590 2.6219 2.8590 2.7887 3.128 2.8577 3.0130
25 2.6396 2.3230 2.5835 2.7413 2.7322 3.140 2.8708 2.9140
26 2.4315 2.1192 24771 2.6635 2.7130 2.818 2.8398 2.9373
27 2.4437 2.1133 2.8520 2.7694 2.8396 2.945 2.8704 3.2805
28 2.6317 2.4044 2.9243 2.6352 2.8190 3.237 3.0092 3.4288
29 2.5884 2.7242 2.8554 2.5811 2.7939 2.678 2.8172 3.5865
30 2.3191 2.5256 2.6950 2.5349 2.8022 2.853 2.8071 3.4296
31 2.3825 2.2523 2.5260 3.6244 2.7121 3.4199

cients obtained using data from Rome for
the years 1980 and 1986 are reported. The
corresponding correlation coefficients are
listed in table V; whereas in fig. 3 the linear
correlation coefficients using data from
Slough and Lannion are shown. Figures 4
and 5 illustrate the trends of the coefficients
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ao and ay, respectively in different months
and years, for the stations of Slough, Lan-
nion and Poitiers. It can be seen from these
figures that the coefficients a, and a, could
be considered practically constant. How-
ever, it seems that the coefficient a; has a so-
lar activity dependence with higher values at
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Table IV. (continued) Estimated values of the coefficients ay and a; in eq. (2.1) for each day of a given
month. Daily data from Rome.

b Values of a; (Rome, 1980) Values of a; (Rome, 1986)
a
’ March June  October December March June  October December
1 0.0148 0.0472 0.0095 0.0630 0.1455 0.0445  0.1154 0.0930
2 —0.0098 0.0889 —0.0013 0.0295 0.0803 0.0470  0.0340 0.1417
3 0.0023 -0.0026  0.0146  0.0322 0.1422  0.0352 0.1265  0.1119
4 0.0007 -0.0177 0.0162 0.0317 0.0731 0.0486  0.1410 0.0629
5 0.0182 —0.0209 0.0580 0.0282 0.1073 0.0854  0.1035 0.1021
6 0.0153 0.0121 0.0503 0.0411 0.0693 0.0528  0.0905 0.0779
7 0.0148  0.0622  0.0536  0.0470 0.0956  0.0207 0.1029  0.1187
8 0.0267 0.0868 0.0270 0.0632 0.1136 0.0981  0.1364 0.1225
9 0.0059 0.0476 0.0325 0.0194 0.0700 0.0567  0.1258 0.0902
10 0.0096 0.0354 0.0291 0.0495 0.0941 0.0628  0.1546 0.1296
11 0.0182 0.0183 0.0385 0.0424 0.0748 0.0837  0.1156 0.1081
12 0.0060 0.1454 0.0292  0.0447 0.0915 0.1253  0.1249 0.1073
13 0.0162 0.0299 0.0356  0.0445 0.0959 0.0659  0.1094 0.1560
14 0.0148 0.0750 0.0135 0.0221 0.1378 0.1407  0.1034 0.0567
15 0.0032 0.0581 0.0294 0.0487 0.0704 0.1273  0.0986 0.1081
16 =0.0132 —0.0022 0.0278 0.0555 0.0957 0.0510  0.1592 0.1571
17 —0.0049 0.0419 0.0025 0.0394 0.0945 0.0753  0.0967 0.1295
18 0.0114 0.0067 0.0195 0.0505 0.0959 0.1066  0.0979 0.1476
19 —0.0175 —0.0260 0.0328 0.0122 0.1283 0.1629  0.0772 0.1310
20 0.0066 —0.0225 0.0360  0.0219 0.0874 0.1184  0.1187 0.1138
21 0.0511 -0.0193 0.0357 0.0421 0.0852 0.0633  0.0995 0.1870
22 0.0245 —0.0417 0.0294 0.0336 0.1219 0.0675  0.1076 0.1176
23 0.0229 —0.0247 0.0440 0.0230 0.1336 0.0823  0.1305 0.1312
24 —0.0032 -0.0119 0.0314 0.0242 0.1046 —0.0067 0.1120 0.0825
25 0.0043 0.0264 0.0240 0.0287 0.0929 —0.0048  0.1043 0.1292
26 0.0148 0.0505 0.0297 0.0333 0.1036 0.0729  0.0893 0.1280
27 0.0181 0.0472 0.0131 0.0215 0.0818 0.0174  0.0715 0.0312
28 0.0012 0.0254 0.0061 0.0388 0.0886 —0.0324 0.0715 —0.0009
29 0.0040 —0.0048 0.0117 0.0298 0.0941 0.0592  0.0730 —0.0000
30 0.0230 0.0145 0.0175 0.0296 0.0885 0.0655 0.0874 —0.0001
31 0.0164 0.0460 0.0364 —0.0484 0.1137 0.0006
low solar activity (fig. 5). From fig. 3 and In table VI the standard errors of esti-
table V it can be seen that there exists a bet- mate for Rome and for the years 1980 and
ter correlation between M and fyF2 when 1986 are listed.
the day-to-day variation is examined but yet A comparison of these values with those
poor. To compare further the two proce- reported in table III for Slough and the
dures the standard errors are calculated. years 1976 and 1979, shows that they are of
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Table V. Correlation coefficients when the linear re
of M(3000)F2 and foF2 of a given day for a given mo

gression eq. (2.1) is fitted to the hourly daily values
nth and year.

Correlation coefficients (Rome, 1980)

Correlation coefficients (Rome, 1986)

Da
d March June October December March June October December
1 0.3300 0.3050 0.1264  0.7629 0.7656 0.3693  0.7969 0.5921
2 -0.2760 0.5768 —0.0140 0.6765 0.5103 0.2459  0.2061 0.8016
3 0.0589 —0.0256 0.2260  0.6796 0.6633 0.2032  0.6506 0.7014
4 0.0168 —0.1476 0.2838  0.5631 0.4633 0.3344  0.7836 0.3528
5 0.4761 —0.1979 0.6596 0.5811 0.5802 0.3367  0.7997 0.6544
6 0.3520 0.1339 0.7347  0.6242 0.4701 0.4915  0.7151 0.4190
7 0.2802 0.4819 0.7049 0.7679 0.5553 0.1293  0.5926 0.5857
8 0.5331 0.3406 0.4913 0.7401 0.6439 0.5117  0.7383 0.5954
9 0.1689 0.3573 0.5459 0.2626 0.6336 0.3594  0.8245 0.4965
10 0.2296 0.3479 0.5437  0.7165 0.6669 0.3598  0.8799 0.6981
11 0.3268 0.1265 0.5698 0.5284 0.5872 0.3162  0.8093 0.6020
12 0.1211 0.5966 0.6014 0.6887 0.6343 0.5284  0.7296 0.5008
13 0.4407 0.2429 0.6749  0.6536 0.7233 0.4121  0.5930 0.6701
14 0.2940 0.5881 0.3219 0.3722 0.6202 0.6485  0.5947 0.3954
15 0.0683 0.5309 0.5196  0.7770 0.4984 0.4196  0.5803 0.6752
16 —0.2545 —0.0242 0.5736 0.7984 0.5600 0.3281  0.8175 0.8514
17 —0.0880 0.2192 0.0712  0.6238 0.5120 0.4336  0.5222 0.5564
18 0.2313 0.1090 0.4552  0.7090 0.5550 0.5950  0.7390 0.6631
19 —0.3943 —0.2229 0.6281 0.2013 0.5609 0.7098  0.6617 0.5994
20 0.1001 —0.2525 0.7219 0.1686 0.5840 0.4261  0.7043 0.5178
21 0.6850 —0.2541 0.7487 0.7995 0.5290 0.4212  0.6932 0.6388
22 0.3899 —0.2728 0.5844  0.5902 0.6487 0.4049  0.8377 0.5836
23 0.4286 —0.1978 0.8164 0.4522 0.7742 0.3065 0.7845 0.6724
24 —0.0805 —0.1598 0.5522  0.4774 0.6953 —0.0451 0.7622 0.4939
25 0.0949 0.2162 0.4526  0.5136 0.4683 —0.0375 0.6357 0.7384
26 0.2787 0.2982 0.5982  0.5503 0.5223 0.3629  0.5874 0.6999
27 0.3812 0.3395 0.3429 0.5850 0.5314 0.0914  0.5328 0.2282
28 0.0270 0.1944 0.1847  0.5761 0.5405 —0.1812 0.6773 —0.2497
29 0.0846 —0.0370 0.3020 0.4758 0.6370 0.1740  0.4584 —0.0013
30 0.5557 0.0983 0.5071 0.5254 0.5017 0.2977  0.6679  —0.0500
31 0.3968 0.7919 0.6443 —0.1016 0.6746 0.3552

the same order and therefore we may con-
clude that the two procedures do not give
different results.

All these results suggest that the correla-
tion between the daily values of M and f,F2
is rather poor, although the correlation
between the monthly median values of the
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factor M and fF2 is significantly higher
(Kouris, to be published). Finally, if a com-
parison is made between daily observed M
values and estimated using eq. (2.1), it
can be seen that the matching is very loose
(fig. 6), and that because of the poor corre-
lation between M and f,F2.
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Fig. 4. Day-to-day variation of the coefficient a, in eq. (2.1) for March and for June for a year of mini-
mum solar activity (1986) and a year of maximum solar activity (1980), and selected locations.
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Fig. 5. Day-to-day variation of the coefficient a; in eq. (2.1) for March and for June for a year of mini-
mum solar activity (1986) and a year of maximum solar activity (1980), and selected locations.
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Fig. 6. Observed daily M(3000)F2 values versus estimated daily values.
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Table VI. Standard error of estimate.

Standard error (Rome, 1980)

Standard error (Rome, 1986)

Da
Y March June October December March June October December

1 0.1277 0.1369 0.1780 0.2193 0.1787 0.1638 0.1325 0.2320

2 0.0953 0.1377 0.2132 0.1218 0.2097 0.2080 0.1890 0.1853

3 0.1136 0.1184 0.1613 0.1357 0.2069 0.2036 0.1867 0.1765

4 0.1277 0.0925 0.1622 0.1805 0.2407 0.1639 0.1387 0.2945

5 0.1021 0.0974 0.1896 0.1599 0.2461 0.2838 0.1209 0.2206

6 0.1174 0.0919 0.1380 0.1906 0.2447 0.1872 0.1447 0.2558

7 0.1406 0.1100 0.1435 0.1315 0.1748 0.1715 0.1856 0.2105

8 0.1303 0.1519 0.1412 0.1946 0.1964 0.1897 0.1537 0.2501

9 0.1027 0.1270 0.1507 0.2386 0.1378 0.1776 0.1293 0.2094
10 0.1149 0.1366 0.1508 0.1602 0.1702 0.1317 0.1077 0.2308
11 0.1347 0.1077 0.1857 0.2258 0.1793 0.2252 0.1224 0.2293
12 0.1255 0.1267 0.1266 0.1725 0.1893 0.1936 0.1818 0.2257
13 0.0945 0.1278 0.1152 0.1903 0.1435 0.2015 0.2524 0.2226
14 0.1330 0.1039 0.1231 0.2096 0.2351 0.1650 0.2460 0.2736
15 0.1242 0.0774 0.1618 0.1558 0.1869 0.3038 0.2053 0.1949
16 0.1368 0.0857 0.1357 0.1604 0.1910 0.1912 0.1559 0.1505
17 0.1470 0.0959 0.1295 0.1631 0.2037 0.1571 0.2522 0.2820
18 0.1232 0.0683 0.1376 0.1768 0.1991 0.1378 0.1718 0.2357
19 0.1056 0.0802 0.1178 0.2220 0.2174 0.1283 0.1825 0.2506
20 0.1460 0.0555 0.1249 0.2069 0.1794 0.1987 0.2080 0.2681
21 0.1172 0.0738 0.1142 0.1328 0.1986 0.1689 0.1890 0.2417
22 0.1721 0.1068 0.1536 0.1900 0.1858 0.1800 0.1291 0.2098
23 0.1361 0.0813 0.1162 0.1763 0.1554 0.1705 0.1871 0.2131
24 0.1149 0.0750 0.1796 0.1775 0.1520 0.2027 0.1695 0.2149
25 0.1210 0.1066 0.1872 0.1783 0.1998 0.1285 0.2183 0.1789
26 0.1615 0.1060 0.1684 0.2035 0.1873 0.1750 0.2383 0.1965
27 0.1329 0.1206 0.1440 0.1146 0.2139 0.2159 0.2393 0.1998
28 0.1216 0.1024 0.1193 0.2120 0.2200 0.1857 0.1445 0.2393
29 0.1110 0.0840 0.1342 0.2068 0.1801 0.2622 0.2977 0.6028
30 0.0863 0.1459 0.1087 0.1932 0.2446 0.1556 0.2156 0.3612
31 0.1005 0.1303 0.1755 0.6728 0.2574 0.4158
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the height of the maximum electron density.
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