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Using the simultaneous data ofTEC recorded at Waltair( 17.7"N) and Tokyo (35. 7"N)duringthe high solar activity pe
riod of March 1978 to December 1978 at 136.1123 MHz from the ETS-II satellite, a comparative study of the variations in
the diurnal and seasonal characteristics in TEC and the equivalent slab .thickness were studied. In general, the level of ioni
zation both during day and night at the low latitude station, Waltair, ismuch higher (30-40%) than that at the midlatitude
station, Tokyo. At Waltair there is a significant maintenance of nighttime ionization with a short-lived (around 0500 hrs)
day minimum as compared to a long duration day minimum (2200 to 0500 hrs )at Tokyo. The post-sunset increases in TEe
observed at Waltair are not seen at Tokyo. The seasonal variation in the build-up and decay rates of ionization and the day
maximum values in TEC at both the locations exhibit a significant semi-annual variation with equinoxial peaks around
April and October. The equivalent slab thickness ('t) at Waltair shows an irregular diu~ variation in contrast"to a nearly
constant (around 250 km) value of't at Tokyo in all the seasons. Significant early morning increases in 't observed atWaltair
are attributed to the earlier illumination of the topside of the iOnOsphere preceded by a significant decrease in the peak elec
tron density of the F-layer, particularly, in the equatorial region.

1 Introduction
It has been realized that the variations of the differ

ent ionospheric parameters significantly depend on
the geographic location of the observing station. Of
such parameters, the total electron content (TEe)
and the equivalent slab thickness (1:) are two, which
can be used to monitor the temporal and spatial be
haviour of the ionosphere. The TEC is very much
subjected to significant dynamical changes, particu
larly in the equatorial and low latitude regions 1,owing
to the changes in the electric fields. But at midlati
tudes, these effects are not significantly seen, where
the dynamical processes are mainly controlled by
neutral winds. The results on a comparative study of
the variations ofTEC and slab thickness at typical low
and midlatitude stations, namely, Waltair (17.7"N)
and Tokyo (35~7"N), are reported here. As the total
electron content is heavily weighted by the F-region
ionization, these anomalies are well reflected in the
TEC variations as well. Astudy of the equivalent slab
thickness, which is a measure of the skewness of the
ionospheric electron density profile, and is also be
lieved2 to be a measure of the neutral temperature of
the ionosphere, is of immense use in understanding
the nature of variations of the upper atmosphere.
With this objective in mind, a study has been carried
out on the relative variations of TEC and slab thick
ness parameters at the two locations.

2 Data and Method of Analysis
The mc data obtained at Waltair from the mea

surement of the Faraday rotation of the radio beacon
at 136.1123 MHz from the Japanese geostationary
satellite ETS-II during the high solar activity period
March 1978-December 1978 has been used in the

present study. The equivalent slab thickness which is
defined as 1: = NT!Nfl has been evaluated for
Waltair. Since simultaneous data of NJ'2 either from
Waltair or from Bombay (discontinuous) were not
available, the values of 1: were computed using the
hourly TEC values of Waltair and the N"y2 values of
Ahmedabad (long., 72.6"£) after making due time
correction for the longitude difference. As the differ
ence in the latitude of the two stations, namely Waltair
(17.7"N, 83.3°E) and Ahmedabad (23.1 "N, 72.6°E),
is not much, it can be expected that the 1oF2values at
both the locations are nearly equal. Hence, the Jon
data for the period March 1978-December 1978 of
Ahmedabad are used for the present study. Further;
the slab thickness for Waltair was also computed for a
few days, using the simultaneously available data of·
N"J'2 derived from the ionograins taken at Waltair.
The data of equivalent slab thickness (1:) derived from'
the N,yl values of Waltair and Ahmedabad, present
ed in Fig. 1, show similar characteristic variations and
thus the use ofN,yl data of Ahmedabad in conjunc
tion with Waltair TEe data to derive 't is justified. The
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Fig. 3-Seasonal variation of TEe at Waltair and Tokyo

upward reversal time for the E x B drifts as observed
by phase path techniques4 at Waltair is found to be
around 0200 to 0300 hrs LT indicating that the des
cent of the F-layer continues till early morning hours
at Waltair. Consequently, the loss of ionization will be
more due to higher recombination rates at the lower
altitudes. As such the TEC shows a steady decrease
till early morning hours.
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Fig. 2-Contour plots of monthly mean values of TEC as a func
tion oflocal time and month for the period March 1978 to Decem

ber 1978 at (a)Waltairand (b)Tokyo
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3 Results and Discussion
3.1. Diurnal Changes in TEC

An examination of the diurnal and seasonal behav
iour of TEe and the equivalent slab thickness at Wal
tair and Tokyo show marked differences. From the
contour plots of TEC drawn for the two different
stations presented in Figs. 2(a) and 2(b) and the sea
sonwise diurnal variation plots presented in Fig. 3, the
following characteristic differences in the diurnal var
iation ofTEC are observed. At Waltair the TEC starts

decreasing from its nighttime value of about 30 TEC
units around 0000 hrs to a day minimum value of
about 5 TEC units around 0400-0500 hrs LT. This
decay from 0000 hrs to 0500 hrs LTis steady and
gradual at the low latitude station, Waltair, whereas at
Tokyo the nighttime TEC is almost fhit at its minimum
level of about 10 TEC units during most of the nigh
ttime hours, i.e. from around 2200 hrs to 0500 hrs LT,
depicting a broad day minimum, in contrast to a short
lived and sharper day minimum in the pre-dawn peri
od at Waltair. The mean pre-sunrise downward-to-
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correspondingTEC and the equivalent slab thickness
values for Tokyo are taken from the published data
bulletin3 of March 1985. From the monthly mean di
urnal variation plots of TEC, the different diurnal
characteristics such as the day maximum, day mini
mum, diurnal ratio, build-up and decay rates of ioni
zation are computed for both the locations and a com
parative study of the different parameters is made. A
comparison of the variation in the diurnal and season
al features of the equivalent slab thickness at the two
stations has also been made.

Fig. )- Typical plots of slab thickness calculated using the N"y2.
dataof(a) Waltairand (b )Ahmedabad
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Further it can be observed from Figs. 2(a) and 2(b)
that the morning build-up of ionization at Waltair is
mostly linear between 0600 and 1000 hrs LT while at
Tokyo it shows a two-step variation with a sharp build
up between 0600 and 0800 hrs LT followed by a com
paratively reduced build up rate from 0800 to 1000
hrs. In general, the mid-afternoon maximum is much
broader at Waltair compared to that at Tokyo. The di
urnal peak is centred around 1200 to 1300 hrs LT at
Tokyo while it is delayed and occurs around 1600 to
1700 hrs LT at Waltair. From a comparison ofthe day
maximum values of TEC at the two stations, it is ob
served that the values at Waltair are in general much
higher particularly during winter and winter equi
noxes ( - 70 TEC units) compared to those at Tokyo
( - 40 TEC units). The higher values of TEC at Wal
tair are attributed to the additional contribution of the

plasma transported from the equatorial ionosphere
as a consequence of the fountain effect which is more
predominant, particularly during high solar activity
periods.

The phenomenon of a trough or depletion in noon
time electron content with peaks on either side of the
trough, commonly referred to as noontime bite-out,
is frequently observed at this low latitude station,
Waltair. Such a phenomenon is absent at Tokyo, the
midlatitude station. The manifestation of this pheno
menon at this low latitude station, Waltair, is attribut
ed to the E x B drifts associated with the equatorial
electrojet and counter electrojet current systems at
the equator coupled with the prevailing neutral winds.
Therefore, the occurrence of this phenomenon is res
tricted to the equatorial and low latitude regionss-s.
Byabout 1700 hrs LT, the TEC at Waltair starts dec
reasing rapidly and reaches about 50% ofits day max
imum value around 2000 hrs LT from where the nigh
ttime shouldering starts. However, at Tokyo the dec
rease starts earlier, i.e. from about 1400 hrs LT fol
lowed by a smooth decay to reach its day minimum
value by about 2200 hrs LT.

3.2 Post-Sunset Enhancements in TEC at Low Latitudes

Anomalous post-sunset. increases in TEC similar
to those observed in N"yl (Ref. 9) are consistently
seen at Waltair, particularly during winter and equin
oxial months (80% of the days) whereas such a pheno
menon is absent at Tokyo. The possible mechanisms
responsible fOfproducing the observed nighttime in
creases in TEC at this low latitude station, Waltair, are
primarily believed to be due to the electrodynamic
drift (E x B) at the equator and the movement of neu
tral winds. The increase in the equatorward wind ve
locity during these nighttime hours (i.e. around 2200
hrsLT) as reported by Stroble and McEleroy 10 results
in an increased flow of ionization across the ray path,

and may contribute for the observed increase in TEe.
More recently, Anderson and Klobucharll have the
oretically computed the post-sunset increases in elec
tron content at Ascension Island (lat. 80S) and the ver
tical drift at an equatorial station, Jicamarca, and
compared with the observed increases in TEe at As
cension Island. Their calculations were found to rep
roduce better the observed post-sunset enhance
ments in TEC by introducing both the meridional and
zonal components of the neutral winds in the post
sunset vertical drift model at the equator. The ob
served post-sunset upward drift at the equator is be
lieved to be due to the sudden increase in the conduc-.
tivity of theE-layer during the post-sunset hours and a
consequent development of the polarization electric
fields in the F-region altitudes that results in the
(E x B) vertical drift of the ionization at the equator.
This vertical transport of the plasma to higher alti
tudes at the equator results in the downward diffusion
of ionization along the field lines to produce the ob
served increases in the electron content in the sub

tropical latitudes. Since the magnitude of this vertical
drift at the equator is smaller compared to that during
daytime hours, the ionization lifted up at the equator
reaches relatively lower altitudes and thus the dump
ing of plasma occurs only at lower latitudes close to
the equator. Further, it is interesting to note that these
nighttime enhancements are significantly seen only
during high solar activity periods, wherein the post
sunset vertical drifts at the equator, centred around
1900 to 1930 hours are reported12 to be higher as
compared to those during low solar activity period
and thus may account for the observed nighttime in
creases in TEe. Further, it may be stated here that this
phenomenon is observed significantly only at the sub
tropical latitudes like Waltair and is not reported eith
er at the equator 13 or at the crest region 14 and thus the
sub-tropical dumping of ionization followed by the
post-sunset vertical drift at the equator appears to be
justified. However, these enhancements are also con
trolled by the zonal and meridional components of
the prevailing neutral winds 15.

3.3 Seasonal Variation in TEC

With a view to making a quantitative study of the
build-up and decay rates ofionization, the time rate of
change of electron content is computed by fitting a
straight line to the build-up region (0600-1000 hrs
LT) and the decay (1600-1900hrsLT)ofthemonthly
mean diurnal plots of TEC for each of the months.
The month-to-month variation of the build-up and
decay rates thus computed are pr~sented in Fig. 4
along with the day maximum and day minimum va
lues ofTEC for each of the months. It is seen from Fig.
4 that all the parameters listed above excepting the
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WINTER EQUINOX
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Fig. 5-Contour plots of monthly mean values of slab thickness as
a function of local time and month for the period April 1978 to De

cember 1978 at(a)Waltairand(b)Tokyo
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Fig. 6-Seasonal varition ot slab thickness at Waltmr and Tokyo

day minimum values of TEC exhibit a significant se
mi-annual variation at both the stations (Waltair and
Tokyo) with equinoxial peaks around April and Oc
tober and a trough around August. The average day
maximum values ofTEC during all the 10 months of
observation at Waltair are found to be 30-40% higher
than those at Tokyo. The day minimum TEC values at
Waltair vary between 2 and 6 TEC units with higher
values around February, Setpember and October,
and minimum during summer months. But at Tokyo,
the day minimum values varied from a minimum of 4
TEe units to a maximum of 15 TEC units with a signi
ficant summer maximum.

The semi-annual variation observed in the differ

entparameters ofTEC referred to earlier, is attribut
ed to the strong control of sun's radiation on the level
of ionization during equinoxial months. The diurnal
ratios are found to be smaller at higher latitudes com
pared to those at equatorial latitudes because of the
relatively smaller change in the sun's zenith angle at
higher latitudes 16. Further, near the equator and low
latitude regions the diurnal ratios increase markedly
because the magnetic field prevents the vertical trans
port of ionization to lower loss regionsl6•

3.4. Equivalent Slab Thickness
Measurements of the electron density at the peak of

the ionosphere (Nm) have been obtained for several
decades. More recently, it has also been possible to
obtain continuous records of the TEC of the ionos

phere (NT) using radio signals recieved from geosta
tionary satellites. The ratio of these two quantities
gives the effective or slab thickness of the ionosphere2
('t = N/Nm) which is a measure of the skewness of the
electron density profile of the ionosphere. With a
view to studying the slab thickness parameter ('t) at
the low and mid latitude stations, the data ofTEC and
N"f2 from the two locations were used to compute
the hourly values of 'to The values thus computed are
presented as contour plots in Figs. 5(a) and 5(b) for

the two locations, Waltair and Tokyo, for the period
from March 1978 to December 1978. At Waltair[Fig.
5(a)) the slab thickness is generally found to vary be
tween 250 and 600 km (excepting in winter early
morning hours where the equivalent slab thickness is
as high as 1000-2000 km) whereas at Tokyo the diur
nal variation of 't (Fig. 6.)is found to lie in the range
250-350 km. At Waltair, the slab thickness reaches a
minimum value (75-150 km) around 0400 hrs LT.
During summer months the daytime values both at
Waltair and Tokyo are found to be higher (400-650
km for Waltair, 200-300 km for Tokyo )compared to
winter and equinoxial months (300-400 km for Wal
tair, 250-300 km for Tokyo). The most interesting
feature in the diurnal variation of equivalent slab
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