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Abstract: The variability of total electron content (TEC) measured over Havana using ATS-6,
SMS-1 and GOES-3 geosynchronous satellite signals has been investigated for low, middle and
high solar activity periods from 1974 to 1982. The obtained results show that standard deviation is
smooth during nighttime hours and maximum at noon or postnoon hours. Strong solar activity
dependence of standard deviation with a maximum values during HSA has been found.

Introduction

Satellite radio beacon signals have been widely used for determining the total electron content

(TEC) between a radio transmitter on board a satellite and a receiver at a ground station. In order to
investigate the variability of this parameter data obtained by means of the Faraday rotation
technique from Havana, Cuba, Geo. Latitude 23°N, Geo Longitude 278Έ; Dip 54.6°N; Modip:
44.8°N were used. The technique used to convert slant to vertical values assumes a fixed correction

height of about 360 km.
In the analysis the following variability parameters have been used: Median, Standard Deviation

(s), Standard Deviation in % of median (v), Upper Quartile (UQ), Lower Quartile (LQ), and

Interquartile Difference (IQ).

Results

TEC Seasonal Variation

The variations of TEC monthly median values are higher in winter than in summer months of high
solar activity (Fig. 1), indicating that seasonal anomaly effect is observable during daytime

behaviour.
The daytime seasonal anomaly effect, is not observed, neither during middle nor during low solar
activity (Fig. 2). However the nighttimes behaviour of TEC in Havana at LSA, indicates some
nighttimes winter anomaly effect. This effect, which is not normally observed, has been interpreted
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to be caused by an intense inter-hemispheric coupling process at night (Jakowski et al., 1981; 1983)
It can be seen that, in general, there is a semiannual variation in the TEC from Havana with peak
values at the equinoctial months.

TEC Variability

The TEC variability at high (H), medium (M) and low (L) Solar Activity was analysed. We took as
representative months for each station: January (winter), April (spring), July (summer) and
October (fall). With the aim to study and establish the variability behaviour of total electron
content over Havana variability indexes of a long TEC data set were calculated and analysed.

TEC Absolute Variability

The corresponding standard deviation behaviour of TEC for the four seasons of the year at high,
middle and low solar activity is shown in figure 3. The Standard Deviation (s) is smooth during
nighttimes and after predawn increases, reaching maximum values at noon or postnoon hours. The
observed increase reaches 3.8-14.1 (E+16 m-2).
It can also be seen that the values of "s" during winter months are lower than those of the summer
and equinoctial months during the morning hours. The diurnal variation of "s" shows strong
dependence of solar activity. The "s" values are higher during HAS and minimum during LSA,
being more remarkable in spring and summer.

TEC Relative Variability

It has been found that variability index "v" presents the maximum values at hours of minimum
TEC after an increase starting from 00:00 LT (Fig. 4). This increase is more remarkable during
winter and the equinoctial month. The variability index behaviour at summer is more irregular with
less defined maximums. It can also be seen that the values of "v" during winter of MSA are the
highest. The relative variability is higher during dawn and sunset: 22-46 %, being 15-32 % in the
rest of the day. In general, periods of low solar activity leads to higher levels of the variability
index, mainly in equinoctial months.

TEC Diurnal Variation of the Quartiles Difference

In figures 5 to 8 diurnal variation of IQ, UQ and LQ for the four seasons of the year at low, middle
and high solar activity is shown. From these figures we can note that diurnal IQ variability in



65

general is higher during winter and minimal in summer. Lower and upper quartiles variability has a
similar behaviour to interquartile variability, showing an absolute maximum around 20 LT. It
should be pointed out that, in general, the values of the UQ, LQ and IQ variability are higher
during Equinoxes at low and middle solar activity.

TEC Inter - Quartile Difference

IQ variation for four time periods and all seasons of the year during low, middle and high solar
activity is shown in Figs. 9,10. It can be seen that inter - quartile variability is higher during Dawn:
68-86% mainly in equinox and at minor level during Sunset: 46-57%, being 20-39 % in the rest of
the day. The dawn maximums are well defined during equinox, but during solstice TEC IQ
behaviour is more irregular.

Conclusions

The daytime seasonal anomaly effect is observed during HAS.
The variability indexes behaviour in summer is more irregular with less defined maximum.
In general, periods of minimum Solar Activity lead to higher levels of the IQ variability.
The values of the UQ, LQ, and IQ variability are higher during equinoxes at low and middle solar
activity.
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Figure 1. Diurnal variation of the mean values of TEC in winter, summer, spring and fall during high solar
activity.
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Figure 2. Diurnal variation of the mean values of TEC in winter, summer, spring and fall during low and
middle solar activity.
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Figure 3. Standard deviation (s) of TEC values for all seasons of the year during low, middle and high solar
activity
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Figure 4. Diurnal variation of variability index "v" of TEC values for all seasons of the year during low,

middle and high solar activity
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Figure 5. Diurnal variation of the interquartile difference IQ (%), upper quartile UQ (%) and lower quartile of
the TEC values during winter of low, middle and high solar activity.



69

40η

Figure 6. Diurnal variation of the interquartile difference IQ (%), upper quartile UQ (%) and lower quartile of
the TEC values during summer of low and high solar activity.
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Figure 7. Diurnal variation of the interquartile difference IQ (%), upper quartile UQ (%) and lower quartile of
the TEC values during spring of low, middle and high solar activity.
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Figure 8. Diurnal variation of the interquartile difference IQ (%), upper quartile UQ (%) and lower quartile of
the TEC values during fall of low, middle and high solar activity.
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Figure 9. Four time periods variation of interquartile difference IQ (%) of TEC values during fall (on the left)
and spring (on the right) at low, middle and high solar activity.
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Figure 10. Four time periods variation of interquartile difference IQ (%) of TEC values during winter (on the
left) and summer (on the right) at low, middle and high solar activity.


