
XA0202840

VARIABILITY IN EQUATORIAL BO AND Bl

J. O. Adeniyi1 and S. M. Radicella2

Physics Department, University ofllorin, Ilorin, Nigeria
2The Abdus Salam International Centre for Theoretical Physics, Trieste, Italy

Abstract: Variability of ionospheric profile parameters BO and Bl, below the F2 peak is
investigated for an equatorial station at two levels of solar activities. The whole 24 hours of the
day and the four seasons of the year are covered. Absolute and relative variability indices were
utilized in the study. Some evidences of correlations of variability index and profiles
parameters were observed. Daytime values of relative variability in Bl at solar minimum were
found to be greater than those of solar maximum.

Introduction

BO and Bl are the parameters which determine the thickness and shape characteristics of
ionospheric true height electron density profile below the F2 peak. Diurnal variations of BO and
B1 in equatorial and low latitudes, for the different seasons and at low and high solar activity
have been investigated (e.g. Adeniyi and Radicella, 1998a, 1998b; Adeniyi et al., 2000; Sethi et
al. 2000, Zhang et al. 2000). A new table of B0 and Bl has been deduced for use in the IRI
model (Bilitza et al., 2000). Good variability indices are usually very useful for users in
estimating the prediction capability of a model. In this paper, we investigate variability in B0
and Bl for Ouagadougou, Burkina Faso (Geographic latitude 12.4°N, longitude 1.5°W, dip
5.9°N). The period covered is 24 hours of the day for the months of January, April, June/July
and October in the years 1991 (Rz=146) and 1995 (Rz=18). These months represent December
solstice, March equinox, June solstice and September equinox respectively. For the year 1991,
ten days ionograms in each of the months considered were used while 15 days ionograms were
used in the corresponding months of 1995. Both standard deviation (absolute variability) and
percentage deviation from the mean (relative variability) were used as indices of variability for
this work

Results

1. Variability in B0
(a) Absolute variability
The results for absolute variability in B0 at low and high solar activities are shown in figures la
and lb respectively. Figures 2a-d show the comparisons of absolute variability at high and low
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solar activities. At low solar activity, absolute variability during daytime hours (0900-1800 LT)
is higher than at other hours (1900-0800 LT) of the day (figure la). The diurnal variation is
similar to that of B0 itself (figure lc) and is the same during all the seasons at this solar activity
period. At high solar activity, the diurnal variation of absolute variability (figurelb) differs
from that at low solar activity. This is more evident in figures 2a-d. Absolute variability at night
are sometimes as high as that of the daytime hours except during the march equinox when the
diurnal trend is similar to that of low solar activity (figure 2b). The similarity observed at low
solar activity between absolute variability and B0 itself is not present at high solar activity
(figures lb and Id). Minima in absolute variability of B0 occur around 0600-0800 hour LT and
2100-2300LT at both high and low solar activities (figures la and b and 2a-d). There seems to
be no strong seasonal effects on the values of absolute variability of B0 at both solar activities.
At all seasons except during the December solstice (January), absolute variability at low solar
activity is higher than that of high solar activity between 0800 and 1000 LT. Outside this time
interval, there is a tendency for absolute variability at high solar activity to be higher that that at
low solar activity most of the time (figures 2a-d).

(b) Relative variability
Figures 3a and b show the results of relative variability of B0 at low and high solar activities
respectively. Relative variability during the two solar activities shows no strong diurnal effects.
The range of variation during the daytime and at nighttime is about the same. Seasonal effects
are also not very strong. The comparisons of relative variability at low and high solar activity
are shown in figures 4a-d. When a significant difference exists between the two, the tendency is
for the relative variability at low solar activity to be higher than that of high solar activity.

2. Variability in Bl
(a) Absolute variability
Figures 5a and b show the results of absolute variability in Bl, at low and high solar activity
respectively. At low solar activity, the values of absolute variability between 1600 and 0100 LT
are generally lower that those outside this period. This is true for all the seasons apart from the
June solstice. At high solar activity, the values of absolute variability between 0900 and 1900
LT are lower than those outside this time period (figure 5b). Absolute variability between 0900
and 1900 LT assumed almost a constant value. These trends are the same for all the seasons of
high solar activity. The diurnal variation of absolute variability in Bl is very similar to that of
Bl itself shown in figure 5d. This similarity between absolute variability in Bl and Bl itself at
low solar activity (figure 5c) is not as strong as that observed at high solar activity. The
comparisons between absolute variability in Bl at high and low solar activities are shown in
figures 6a-d. Absolute variability in B1 at low solar activity is higher than that of high solar
activity. The result is true for all the seasons.
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(b) Relative variability
The results for relative variability in B1 are presented in figures 7 and 8. At low solar activity
(figure 7a) relative variability during the daytime (0600-1800) is higher than that of the
nighttime most of the time at all seasons. At high solar activity, the case is reverse. Relative
variability at nighttime is higher than that of the daytime most of the time in all the seasons.
The diurnal variations of relative variability in B1 follow the same pattern as those of the
corresponding ones of absolute variability.

Figure 8a-d show the comparisons between relative variability at high and low solar
activity. Generally, at all seasons, relative variability at low solar activity is higher than that of
low solar activity. The differences between the two at all seasons are more prominent during
daytime than during the night.

3. B0, Bl and Variability index
Diurnal variation of absolute variability in B0 at low solar activity follows closely that of B0
itself, as mentioned under la above. A similar observation was made between Bl and
variability in B1 at high solar activity. For this reason, we examine the correlation between B0,
B1 and their respective absolute variability. The values of the correlation coefficient R between
these profile parameters and their respective absolute variability are shown below. All the
values of variability indices and their corresponding profile parameters for all the seasons were
used for the computations

Solar activity profile parameter R

B0 0.84
LOW

Bl 0.64

B0 0.55
HIGH

Bl 0.94

The correlation coefficient between B0 at low solar activity, B1 at high solar activity and their
respective absolute variability are quite high. The correlation between B0 at high solar activity
and its absolute variability has the lowest value but it is all the same greater than 0.5. These
results indicate that a linear relationship exists between this variability index and the profile
parameters themselves. Figures 9a-d show the regression lines, and equation, along with the
regression coefficients R2, of both B0 and B1 at both high and low solar activities.
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Discussion and conclusion

Daytime values of absolute and relative variability in Bl at solar minimum are higher than
those of solar maximum. This is very likely due to the presence of Fl layer at solar minimum
during the daytime. Bl is a shape factor of the F region and the presence of the Fl layer in a
fully developed form will obviously increase the variability of the shape of the F region
electron density profile. This point is also consistent with the fact that percentage deviation of
Bl from the mean value is consistently greater than that of BO at low solar activity. The linear
correlation observed in this study between variability indices and the profile parameters Bl and
BO may provide a model for the prediction of their variability. The reliability of such a
prediction will however depend on how high the correlation coefficient is.
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Figure Captions

Figure 1. Diurnal and seasonal variation of absolute variability in BO at (a) low and
(b) high solar activity.
Diurnal and seasonal variation of BO at (c) low and (d) high solar activity.

Figure 2. Comparisons between absolute variability in BO at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 3. Diurnal and seasonal variation of relative variability in BO at (a) low and
(b) high solar activity.

Figure 4. Comparisons between relative variability in BO at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 5. Diurnal and seasonal variation of absolute variability in Bl at (a) low and
(b) high solar activity.
Diurnal and seasonal variation of B1 at (c) low and (d) high solar activity.

Figure 6. Comparisons between absolute variability in Bl at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 7. Diurnal and seasonal variation of relative variability in Bl at (a) low and
(b) high solar activity.

Figure 8. Comparisons between relative variability in Bl at low and high solar
activity during (a) December solstice (b) March equinox (c) June solstice
and (d) September equinox.

Figure 9. Regression coefficients and Linear regression line between
(a) absolute variability in BO and BO.
(b) absolute variability in B1 and B1 at low solar activity.
(c) absolute variability in BO and BO.
(d) absolute variability in B1 and B1 at high solar activity.
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