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THE BEHAVIOUR OF IONOSPHERIC TOTAL ELECTRON CONTENT OVER ANKARA
by

Y. Kabasakal Tulunay

Middle East Technical University (METU)
Department of Physics, Ankara, Turkey

ABSTRACT

R

Total Electron Content (TEC) was determined between October, 1975 and
August, 1976 from measurements of the Faraday rotation of a plane polarized
wave transmitted at 140 MHz from the geostationar& satellite 532_6, located
at approximately 35°E over the equator. The computed results are presented
as diurnal variations for single days and monthly means. Maximum daytime

TEC values were observed in April (R 20 x 1016 el/mz) and minimum in

——-

January (= 9 x 1016 elimz); maximum night-time values were observed in

6

April (= 10 x 101 el/mz) and minimum in January and February

(~ 3 x 1016 el/mz)- The response of TEC to the high magnetic activity

associated with substorms was found to depend greatly on the time of day

when the storm occurred.
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INTRODUCTION

In this investigation, the diurnal and monthly mean diurnal
variation of the total electron content (TEC) with local mean time (LT)
and the response of TEC to high magnetic activity have been studied.

While the geostationary satellite ATS 6 (Davies, et al., 1972) was
located at 35°E longitude, the Faraday angular rotation of its plane-
polarized 140 MHz transmissions was measured by a polarimeter 1n-;he Electrical
Engineering Department of the METU, Ankara (QOON, 33°E, L =1.,5, between
October 1975 and August 1976. The input to the recording system was a cross-
yagi antenna (Oranc and Gerceker, 19753. The polarization anglé—;as re-
corded on a strip chart recorder. The location of the sub-ionospheric point
was (36°N, 33°E).

The Faraday rotation angles were obtained by cﬁe standard method (Klobuchar,
1975%), and hence the TCC was computed. The "n7'"' ambiguity was removed by
making use of the critical frequency data obtained from the WDC-C1 for two
ionosonde stations near the sub-ionospheric point. 0T
RESULTS
MEAN DIURNAL VARIATION

In the investigation of large-scale variations of ionospheric electron
content, hourly averages of TEC were plotted in local time (LT). The most
striking feature of the daily TEC curves is the large day-to-day
variability in both their shape and in the peak TEC value. This is seen by
comparing figures 1(a) to 1(g) which are representative of the usual re-
cordings. Magnetically quiet times were selected as indicated on the top of
each figure by the small values of the three-hourly magnetic activity indices KP
for the particular day (lower scale) and for the previous day (upper scale). Sun-
rise and sunset times as observed on the ground and at an altitude of 400 km are also

inAdicated by arrows. From the examples in the figures the following

characteristic bzhaviour of the TEC data can be summarized :

* (Private Communication)
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(1) At sunrise, a small reduction in TEC occurs.
(1i) Immediately following sunrise for some six hours the TEC-LT | 1
curves have approximately the slme'shape each day
corresponding to a rapid increase in TEC.

(iii) During the interval LT ~ 07-19h the TEC-LT curves show a
seasonal dependence. In particular, they either assume a
double-humped appearance characteristic of an equatorial
anomaly (Fig. 1g) in August or else a single maximum (Fig. 1c)
in February or more than two maxima (Fig. 1la, e) 1n.2ftober
and in May.

(iv) In the hours following sunset, TEC generally becomes
approximately constant (Fig. 1a, b, ¢, d, g)-.
(v) Usually, around LT ~ 24h a small but distinct maxim;;.was k
observed (Fig. 1d, e, g) in April, in May and in August.
MEAN MONTHLY VARIATION

Monthly mean curves are shown in Figs. 2(a-d). The number of

available TEC data for each hour is also given in the middle of each curve. As
seen from the figures, the smallest TEC was observed in January after which

TEC increased progressively reaching a maximum in April. Over this

interval the TEC curves developed a distinct maximum between LT =~ 10-12h,

then decreased slightly up to LT : 14-16h. The smallest TEC was observed

just before sunrise. Total electron content data exhibited a maximum

in April and a second maximum in June declining to a minimum in January.

In June, July and August TEC was almost constant during LT = 09-18h. In !
summary, the winter TEC-LT curves exhibit sharp mid-day maxima, whereas
the summer curves corresponding to long hours of daylight exhibit
approximately a constant TEC over most of the dny. The monthly curves have, .i §
on the average, apprcximately the same rate of increase of TEC following E |

sunrise. The rate of decrease of TEC following sunset is slower in summer
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THE EFFECT OF MAGNETIC ACTIVITY ON TEC

In order to investigate the changes in TEC during geomagnetic storms,

g —

examples selectcd from various months are presented in Figs. 3 (a-c). On

all these selected days, 3-hourly (3h)Kp indices exceeded 3. In each figure

a TEC curve for the day before each selected day is also shown on the same f
scale, as an indication of the magnetically quiet behaviour of the data. In

all these examples, TEC enhancements are rapid in the interval LT = 10-13h.

The temporal variations of TEC associated with Kp were studied during the

relatively strong substorm activity that occurred betweeu 1.11.1975 and

20.11.1975. 1In Fig. 4 (a, b, ¢) TEC values averaged over three-hourly

intervals are plotted against universal time (UT). Each figure also shows the

3h - Kp variation for the same period. The results of comparing each day

with that of the previous (undisturbed) day can be summarized as follows;

the three hourly averaged TEC-UT curves varied smoothly with maximum values

being observed between LT = 11-14h on the quiet periods. It was found that

an increase in Kp in the evening hours was followed by an enhancement in

TEC in the first half of the next day, and that the TEC maxima became

narrower and shifted to earlier hours, i.e. to LT = 8-11h. Generally, in

the afternoon, TEC was decreased compared with that of the previous day fl
(e.g. 2-3.11.1975). 1f Kp increased in the morning (e.g. 9.11.1975), there was

an enhancement in TEC, but again maximum TEC values occurred around LT

~ 11h. This enhancement in TEC, associated with high magnetic activity, does }
not continue into the day following the substorm. On the contrary, there is b
then a decrease in TEC as a whole (e.g. 4.11.1975). The stomrms occurring in
the afternoon Jo not cause any distinct variations in TEC (e.g. 5.11.1975).
Furthermore, there were no enhancements of TEC during substorms which followed
the mainstorm on 3.11,1975,
DISCUSSION

Total Electron Content observations of other workers, which refer to differ-

ent geographical locations, have exhibited different behaviour diurnally, ‘ '
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seasonally, and with magnetic activity (e.g. Kane 1975, Davies et al.,
1977). 1In the present observations,Ankara TEC values exhibited both mid-
latitude and low-latitude characteristics, in particular, midnight maxima
and equatorial anomaly characteristics. The winter anomaly in topside
electron content has not been observed in Ankara data, but a tendency to-
ward the semi-annual anomaly is obvious since the largest TEC values were
observed in March and April.
The behaviour of TEC in magnetic storms, as observed at Ankara, was
very dependent on the time of day when the storm occurred. This observation
is different from that of Papagiannis et al. (1971) who observed for (39°N,
70°H, L:=2.51) variations in TEC around dusk due to high magnetic activity.
They concluded that the main changes observed in TEC occurred around dusk, and
therefore they argued that these changes in TEC can be associated with changes in
the dawn-dusk convection electric field. Although the observations reported here
were made at almost the same geographical latitude as those of Papagiannis et al.
(1971), the present results indicate that the response of TEC to high magnetic
activity is very dependent upon location.
The nzghttime maxima, especially those observed in the diurnal spring
and summer TEC-LT curves in Fig. 1, support the suggestion that horizontal
plasma fluxes (Ebel et al. 1976) give rise to local TEC enhancements at
night. by
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FIGURE CAPTIONS

FIGURE 1 (a-g)

FIGURE 2 (a-j)

FIGURE 3 (a-c)

FIGURE 4 (a-c)

10

Some typical examples of daily TEC variation in local
mean time (LT) on magnetically quiet periods. G1, G2
indicate ground level sunrise and sunset respectively;
Al, A2 sunrise and sunset respectively at 400 km
altitude. Top scales : previous day and same day
values of 3h-Kp.

Monthly averaged TEC variation in local mean time
(LT). <C1, G2 indicate ground level sunrise and sunset
respectively; Al, A2 sunrise and sunset respectively
at 400 km altitude.

TEC variation in local mean time (LT) on occasions of
high magnetic activity is shown by the solid line,
and for low magnetic activity (on the previous day)
by the dashed line. G1, G2 indicate ground level
sunrise and sunset respectively, Al, A2 sunrise and
sunset respectively at 400 km altitude.

Temporal variation of TEC during a magnetically active
period in November 1975. On the upper part of the
figures changes in the 3h-K, magnetic activity index
are plotted in universal time (UT).
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