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THE BEHAVIOUR OF IONOSPHERIC TO TAL ELECTRO N CONTENT OVER ANKARA

by

Y. Kabasakal Tulun ay

Middle East Technical University (METU )
Department of Phys ics , Ankara, Tu rkey

ABSTRAC T

Total Electron Content (TEC) was determined between October, 1975 a nd

August , 1976 from measurements of the Faraday rotation of a plane polarized

wave transmitted at 140 MHz from the geostationary satellite ATS 6, located

at approximately 35°E over the equator. The computed results are presented

as diur nal var ia tions for single days and monthl y means. Maximum daytime 
V

16 2TEC values we re observed in April (~ 20 x 10 el/in ) and minimum in

January (~ 9 x io 16 el/rn2); maximum night-time values were observed in 
- 

-

16 2April (~ c 10 x 10 el/rn ) and minimum in January and February
(~ 3 x io16 el/rn2). The response of TEC to the high magnetic activity

associated with substorius 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 th. total electron content (TEC) with local wean 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 V

located at 35°E longitude, the Faraday angular rotation of its plane-

polarized 140 MHz transmissions was measured by a polarimeter in the Electrical

Engineering Department of the METU, Anka ra (4O°N , 33°E, L = 1 .45), between

October 1975 and August 1976. The input to the recording system was a cross-

yagi antenna (Oranc and Gerceker, j975*)• The polarization angle was re-

corded on a strip chart recorder. The location of the sub-ionospheric point

was (36°N, 33°E).

The Faraday rotation angles were obtai ned by the standard metho d (Klobucha r ,

1975*), and hence the TEC was computed. The “nir” ambiguity was removed by

making use o f the cr itical frequency data obtained from the WDC-C1 for two

iono sonde stations near the sub-ionospheric point .

RESU LTS

MEAN DIURNAL VARIATION

In the investigation of large-scale variations of ionospheric electron

content , hourl y 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. Ma gnetically quiet times were selected as indicated on the top of

each figure by the small values of the three-hourly magnetic activity indices K

for the parti cular day ( lowe r 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 ~re also

indicated by arrows. From the examples in the fi gu res the fo l lowing

chsractsri~ tic behaviour of the TZC data can be suimnarized :

* (Private Coimaznication) 
V

________________ — — S
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-
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(i) At sunrise, a small reduction in TEC occurs.

(ii) Ii~~ediately following sunrise for some six hours the TEC-LT

curves have appro xima tel y the same shape each day

corresponding to a rapid increase in TEC. V

(iii) During the interval L T -  07-19h the TEC-LT curves show a

seasonal dependence. In particular, they either assume a

double-humped appearance cha racteristic of an equatorial

anomaly (Fig. ig) in August or else a single maximum (Fig. ic)

in February or more than two maxima (Fig. la, e) in October

an d in May.

(iv) In the hours following sunset, TEC generally becomes

approximately constant (Fig. la, b, c, d, g).

(v) Usually, around LT 24h a small but distinct maximum was

obse rved (Fig. id, e, g) in Apri l , in May and ii~ August.

MEAN MONTHLY VARIATION 
V

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

V

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

just before sunrise. Total electron content data exhibited a aximum

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

sunmary, the winter TEC-LT curves exhibit sharp mid-day maxima , whereas

the sunmse r curves co rresponding to long hours of daylight exhibit

approximately a constant TIC over most of the day. Th. monthly curves have ,

on th. average , apprcximately the same rate of increase of TIC following 1:
sunrise . The rate of decrease of TEC following sunset is slovsr in suismer

• . - - ~~VhaVn 1J~ fl 1~ j  p~  —
~~~~ 

- - . ~ -. . - -~ 
-



THE EFFECT OF MPICNETIC ACTIVITY ON TEC

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

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

all these sel ected days , 3—hourly(3h)K indices exceeded 3. In each figure V

a TEC curve for the day before each selected day is also shown on the same

scale, as an indication of the magnetically quiet behaviour of the data. In

all these examples, TEC enhancements are rapid in the interval LT = 1O-13h.

The temporal variations of TEC associated with K~ were studied during the

relatively strong substorm activity that occurred betwee i 1.11.1975 and

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

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

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

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

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

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

an increase in K 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-llh. Generally, in

the a f te rnoon , TEC was decreased compared with tha t of the previous day

(e. g. 2—3. 11.1975) . 11 K~ increased in the morning (e.g. 9.11.1975), there was

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

liii. This enhancement in TEC, associated with high magnetic activity, does

not continue into the day following the substorm. On the contrary, there is

then a decrease in TEC as a whole (e.g. 4.11.1975). The storms occurring in

the af ternoon Uo no t cause any distinct variations in TEC (e.g. 5.11.1975).

Furthermore, there were no enhancements of TEC during substonns which followed

the mainstorm on 3.11.1975. V

DIXUSSION

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

ent geographical locations, have exhibited d i f fe rent  behaviour diurnally,

__ _V LV . V .

~~~~~~ V 
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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seasonally, and with magnetic activity (e.g. Kane 1975, Davies at al.,

1977). In the present observations,Ankara TEC values exhibited both mid-

lat i tude 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- . V

ward the semi-annual anomaly is obvious since the largest TEC values were

observed in March and Apri l.

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 at. (1971) who observed for (39°N,

70°W, 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 nighttime maxima, especiall y those observed in the diurnal spring

and summer TEC-LT curves in Fig. 1, support the suggestion tha t horizontal 
V ,

p lasma fluxes (Ebel et al. 1976) give rise to local TEC enhancements at

night. 
—
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FIGURE CAPTIONS

FIGURE 1 (a-g) Some typical examples of daily TEC variation in local
mean time (LT) on magnetically quiet periods. Cl, 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-5.

FIGURE 2 (a- j) Monthly averaged TIC variation in local mean time
(LT) . CI , G2 indicate ground level sunrise and sunset

V 
respectively; Al , A2 sunrise and sunset respec tively
at 400 km altitude.

FIGURE 3 (a-c) 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. Gi, G2 indicate ground level
sunrise and sunset respectively, Al , A2 sunrise and
sunset respectively at 400 km altitude.

FIGURE 4 (a-c) Temporal variation of TEC during a magnetically active
period in Novembe r 1975. On the upper part of the
figures changes in the 3h-K~ magnetic activity indexare plotted in universal time (UT ) .
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