
Earth Planets Space, 59, 259–265, 2007

VHF radar studies of counter electrojet events during the northern winter
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A sequence of counter electrojet events during the winter solstice period of 1992 are studied along with control
quiet day observations at the magnetic equatorial location of Trivandrum (8.5◦N, 76.5◦E; dip 0.5◦N) using VHF
(54.95 MHz) coherent backscatter radar observations. Some of the unusual features observed on these days are:
(1) an unusual radar signal with reversed Doppler values corresponding to westward electric field, for a brief
duration of 5 min at approximately 1330 h, at the higher altitudes 112–117 km on 21 January 1992, as against the
usual observation of the signal at lower altitudes below 112 km during CEJ times; (2) type I plasma waves in the
late afternoon around 1800 h (after the CEJ event) at altitudes above 101 km (on 21 and 23 January 1992) when
the backscattered power is low, indicating the unusual tidal influences on the electric field behavior on certain CEJ
days; (3) distortions in the height structure of the vertical polarization electric field, attributed to the modulation
of the electrojet altitude structure by action of zonal neutral winds; (4) westward electric field, as seen by the
radar, even while the �H values are positive.
Key words: Equatorial electrojet, counter electrojet, ionospheric irregularities.

1. Introduction
One of the most important aspects of the equatorial elec-

trojet is the reversal of the normal eastward flow of current
during the morning (0600–0800 LT) and afternoon hours
(1400–1730 LT) observed on some magnetically quiet days.
This reversal to a westward current, as indicated by the hor-
izontal component of the geomagnetic field, going below
its nighttime level is referred to as the counter electrojet
(CEJ). On certain days, the H value decreases to less than
its normal value although it still remains above the night-
time level; this behavior is termed a partial counter elec-
trojet event. Several morphological studies on CEJ events
have been made in the past (Rastogi, 1974, 1989; Mayaud,
1977; Reddy, 1977, 1981, 1989; Forbes, 1981 and refer-
ences therein).

With the advent of VHF and HF coherent backscatter
radars, many workers (Crochet et al., 1979; Viswanathan,
1986; Somayajulu and Viswanathan, 1987; Somayajulu et
al., 1994) have studied the reversed electric field during
CEJ events. Somayajulu et al. (1994) presented simulta-
neous observations made near the magnetic equator dur-
ing CEJ events using radar, magnetometer and ionosonde
data, wherein they provided experimental evidence of the
theoretically predicted distortions in the altitude structure
of the vertical polarization electric field (Ez). Theoretical
studies carried out to gain an understanding of the physi-
cal processes underlying the CEJ phenomenon have used
two different approaches. In one approach, the reversal
of the global east-west electric field (Ey) in the equato-
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rial electrojet (EEJ) due to a combination of global scale
tidal wind modes has been shown to produce a CEJ event
in the late afternoon hours only (Schieldge et al., 1973;
Forbes and Lindzen, 1976; Marriot et al., 1979; Hanuise
et al., 1983). The two-dimensional computations of Sten-
ing (1977a, b) also indicate that the semidiurnal tidal modes
are capable of generating CEJ events. Somayajulu (1988)
has shown that the amplitudes and phases of the diurnal
and semi-diurnal components of H on CEJ days are dif-
ferent from those on normal electrojet days. In the sec-
ond approach, the possible reversal of Ez in the entire al-
titude range of the EEJ due to local interaction of (as-
sumed) height-varying winds has been considered (Rich-
mond, 1973a; Fambitakoye et al., 1976; Reddy and Deva-
sia, 1981; Anandarao and Raghavarao, 1987 and references
therein). The role of the return currents of the EEJ, in pro-
ducing counter electrojet effects has been examined by On-
wumechili (1992). Further, the role of height-varying winds
as an important source of the EEJ return currents has also
been discussed.

In the present work, the 54.95-MHz VHF backscatter
radar observations corresponding to 2.7-m scale size field-
aligned irregularities, that were made prior to, and during
and after the CEJ events on magnetically quiet days are
presented. In the equatorial electrojet region, two types
of plasma waves, type I and type II, are observed. Type
I waves are attributed to the two-stream instability mecha-
nism (Farley, 1963) and type II waves to the gradient drift
instability mechanism (Reid, 1968). The type I irregulari-
ties are characterized by phase velocities nearly equal to the
ion-acoustic velocity (Cs) of the medium and appear more
or less simultaneously at all radar elevation angles when the
threshold condition is exceeded (Farley, 1985). For type I
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waves, the observed phase velocity is independent of the
zenith angle, while for type II waves, it shows a cosine θ

dependence (where θ is the elevation angle). Type II irreg-
ularities have phase velocities proportional to the electron
drift velocity and are observed even for very small elec-
tron drifts; whenever the electron density gradient and the
electric field are in the same direction. Type I spectra are
very nearly Gaussian, narrow and the Doppler frequencies
are high. Type II spectra are skewed and generally broad.
When the electrojet is strong, spectra are mostly type I.
The presence of type I waves is identified by the appear-
ance of a well-defined peak in the spectrum close to the
ion-acoustic velocity of the medium (Ravindran and Reddy,
1993). Type I spectra are generally seen at the higher EEJ
altitudes (>100 km), while type II spectra are seen at lower
altitudes below (100 km), when composite spectra are ob-
served. In addition to radar data, the magnetic field varia-
tions at Trivandrum have also been examined for the days
of study.

2. Experimental set-up
The study has been carried out using VHF backscatter

radar observations at the magnetic equatorial location of
Trivandrum (0.5◦N). Detailed specifications, data recording
and the analysis procedure for VHF backscatter radar (op-
erating at 54.95 MHz) has been described in Reddy et al.
(1987). The parameters estimated from the radar Doppler
spectra are the power (zeroth moment); mean Doppler fre-
quency (first moment) and the width of the spectrum (sec-
ond moment). The power is a measure of the strength of
the scattering centers present in the volume illuminated by
the radar; mean Doppler frequency gives the mean drift ve-
locity of the irregularities; the width of the spectrum is a
gross indicator of the strength of turbulence. For the Trivan-
drum radar geometry, a negative (positive) Doppler shift
corresponds to the westward (eastward) drift of irregular-
ities in the presence of an eastward (westward) electric field
(Reddy et al., 1987). The expressions for the drift velocities
and electric field are given as:

The line of sight velocity of the irregularities,

Vp = (λ/2) f̄D (1)

where λ is the radar wavelength, f̄D is the mean Doppler
frequency. The E-W electron drift velocity,

Vey = (Vp)/ cos(θ) (2)

Ey = Vey(1 + α)B/ρi (3)

where Ey is the global E-W electric field and B is the
geomagnetic field.

ρi = (νi/�i ) (4)

where νi and νe are the ion and electron collision frequen-
cies, and �i and �e are the ion and electron gyro frequen-
cies, α = νi νe

�i �e
. The vertical polarization electric field,

Ez = Vey B (5)

The horizontal component of the earth’s magnetic field is
obtained from a flux gate magnetometer operated at Trivan-
drum by the Indian Institute of Geomagnetism (IIG), Bom-
bay.

Fig. 1. Time variations of �H on three quiet CEJ days of 21, 22 and 23
January 1992 along with the control quiet day variations on 07 January
1992. The control day variations are shown in each panel as a dashed
curve.

3. Results
In this section, the radar observations made during a se-

quence of CEJ events in the International Equatorial Elec-
trojet Year (IEEY) observational campaign of January 1992
are presented along with the magnetic field variations.
3.1 Daytime variation of �H on CEJ days

Figure 1 shows the time variations of �H values (devia-
tions in the horizontal component H of the earth’s magnetic
field strength from its average value over 0000–0400 IST)
at Trivandrum during three CEJ days of 21 January (Ap=7),
22 January (Ap=7) and 23 January (Ap=4), 1992 (shown
as solid line curves in the three panels of the figure). In all
figures, IST refers to Indian Standard Time corresponding
to 82.5◦E longitude. For comparison, �H variations on the
control quiet day of 07 January 1992 (Ap=8) are shown (as
dashed line) in the same figure in all the panels.

On the control day (without CEJ effects) of 07 January
1992, the magnetic field variations exhibit the usual in-
crease (in �H) in the morning hours, reach a peak value
of ∼115 nT around 1130 h, then decrease gradually and
reach the night-time level by ∼2230 h. This is typical of the
quiet day �H variations at the equatorial location of Trivan-
drum. The �H variations on the partial CEJ day (wherein
�H values show a depression and do not become negative
with respect to the average night-time level) of 21 January,
1992 (top panel) show the usual increase up to 1030 h. The
peak value of �H is 106 nT. This is followed by a decrease
until �H attains a minimum of about 25 nT around 1430 h.
On this day, �H values start increasing from the night-time
level at 0330 h. The �H values after attaining a minimum
value around 1430 h recover from the depression by 1600 h
and thereafter show an increase, before falling again around
1830 h.

On the CEJ day of 22 January, 1992 (middle panel) the
�H values show the morning increase from 0700 h, attain a
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Fig. 2. Daytime variations of mean Doppler frequency ( f̄D) obtained
at 104 km for the days shown in Fig. 1. Note the presence of type
I irregularities as evidenced by high f̄D values around 1800 h on 21
January 1992.

Fig. 3. Same as Fig. 2 but for 99 km.

peak value of 120 nT at 1130 h, thereafter falling off steeply
to below the night-time level at 1530 h. The maximum neg-
ative value of 20 nT is observed at 1630 h. The field recov-
ers to the night-time level by 1830 h and again decreases
beyond that time.

On the other partial CEJ day of 23 January, 1992 (bottom
panel) �H values start increasing from 0630 h, reach a peak
value of 120 nT at 1130 h and then fall off steeply to attain
values close to the night-time level around 1600 h. After
the depression, �H values show an increase similar to that
observed on 23 January 1992, also as in the case of 21
January 1992.

On 21 January 1992, one notable feature is that �H
values start increasing from night time level as early as
0330 h, unlike the usual increase from ∼0630 h on 21
January 1992. The peak in �H is attained earlier on the

Fig. 4. Same as Fig. 2 but for 101 km.

Fig. 5. Same as Fig. 2 but for 107 km.

CEJ days than on the control day. The �H variations show
a depression and thereafter increase on 21 and 23 January
1992.
3.2 Daytime variations of VHF radar measured f̄D

values on CEJ days
Figure 2 shows the time variations of the mean Doppler

frequency ( f̄D) of the 2.7-m scale size electron density ir-
regularities at 104 km (which is close to the EEJ peak alti-
tude) measured with the coherent VHF backscatter radar for
the days shown in Fig. 1. The variations in f̄D for the other
altitudes of 99, 101 and 107 km are also shown in Figs. 3,
4 and 5, respectively. At the radar operating frequency of
54.95 MHz, the Doppler shift of 1 Hz corresponds to the
line-of-sight (along the radar antenna beam direction which
is towards the west) velocity of 2.7 m s−1. The f̄D values
shown here are the hourly averaged values during the times
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Fig. 6. Sample VHF Doppler spectra observed at 0909, 1330 and 1630 h
for 104 km on 07 January 1992.

Fig. 7. Same as Fig. 6 but for 21 January 1992 at 0913, 1330 and 1615
h. Note in particular the absence of signal at 1330 h and the reversed
(positive) near Gaussian Doppler spectrum at 1615 h.

when no significant fluctuations are seen in the backscat-
tered Doppler values. At other times of the CEJ event du-
ration (when the westward electric field−Ey was present,
corresponding to the radar observed + f̄D values) and also
at times after the CEJ event, the f̄D values are plotted in the
figures at ∼5-min intervals, unless otherwise stated. The
f̄D values for all of the days and all heights are plotted as
described above. The error in f̄D computation is within ±1
Hz.

The time variations of f̄D on the control day of 07 Jan-
uary 1992, shown in the top panel of Fig. 2, clearly depict
the behavior of the quiet day electric field (eastward), in-
creasing up to 1030 h (typically about 0.6 mV/m). It can be
seen from the figure that f̄D attains a peak value of around
−115 Hz with a broad maximum that persists up to ∼1200
h and thereafter decreases to a small f̄D value at 1500–1600
h. In the figure, ND indicates no data, and NS indicates no
signal condition.

On 21 January 1992 (second panel from top), f̄D in-
creases and attains a peak value of approximately −125 Hz
at 1000 h. It thereafter falls off, reaching a value of −25
Hz at 1230 h before the radar signal disappears. The sig-
nal again appears at ∼1607 h with a westward electric field
(corresponding to + f̄D values of about 10 Hz). Later, f̄D

values became negative gradually with time (correspond-
ing to eastward electric field). The values increase to about
−125 Hz at 1800 h, which corresponds to the presence of
type I irregularities (Ravindran and Reddy, 1993). This in-
dicates a larger eastward electric field at these times (quite
comparable to the daytime+Ey magnitude), even though
�H values are close to zero. This field of higher Ey magni-
tude continues until ∼1830 h and thereafter the radar signal
disappears. On the CEJ day of 22 January 1992 (third panel
from top), the f̄D increases up to 1000 h, reaches a peak
value of ∼135 Hz and starts falling off by 1100 h. It reaches

Fig. 8. Sample VHF reversed Doppler spectra (corresponding to westward
electric field presence) observed on 21 January 1992 at 1327 h for the
altitudes of 112, 114 and 227 km. The spectra are neat and Gaussian in
shape.

a low value at ∼1345 h, and then the signal disappears. The
signal briefly reappears at ∼1800 h with negative f̄D val-
ues corresponding to eastward electric field. In the case of
the partial CEJ day of 23 January 1992 (bottom panel), the
Doppler shifts observed after the event are initially of low
value (negative). They later show a sharp increase in mag-
nitude and by 1800 h, type I echoes are seen as in the case
of the 21 January 1992, partial CEJ event.

The observations described up to this point correspond
to 104 km (in terms of the spectral characteristics in Fig. 2
for the four days of observations). Similar features are seen
at other altitudes (Figs. 3, 4 and 5) also. The only point of
difference is that type I irregularities are not observed at the
altitude of 99 km.

Around 1330 h on 21 January 1992, the signal appears
for a short duration of 5 min at higher altitudes (>110 km)
before disappearing again. During this time the signals
(corresponding to westward electric field) are observed at
the higher EEJ altitudes of 112, 114 and 117 km only. This
data is recorded at 20-s intervals, and the observed signal is
quite strong with a near constant f̄D value of about +20 Hz
(10–15 dB above noise level) at the higher altitudes above
112 km.
3.3 Typical Doppler spectra observed on 21 January

1992 in comparison with those observed on the
control day

In this section the unusual radar signatures observed on
the partial CEJ day of 21 January 1992 are discussed in
detail in terms of the sample Doppler spectra obtained at
different times and in relation to the corresponding spectra
on the control quiet day. Sample Doppler spectra observed
at different times on the control quiet day of 07 January
1992 and the partial CEJ day of 21 January 1992 are shown
in Figs. 6 and 7, respectively. The spectra shown here are
the received echo power at different times as a function of
Doppler shift in the range of −200 to +200 Hz observed at
the altitude of 104 km. The relative power of the Doppler
spectrum is plotted. Each power spectrum is normalized
with respect to the peak power at that time. The signal
to noise ratio varies in the range of 10–15 dB before the
signal disappears in the afternoon hours on the partial CEJ
and the control day. The spectral samples presented here
correspond to morning, noon and afternoon times on the
two days.

The Doppler spectrum observed on 07 January 1992 at
0909 h is a broad one, indicating an admixture of both type
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Fig. 9. Altitude profiles of the vertical polarization electric field Ez

(downward) on 21 January 1992 around 1330 h. These profiles are
obtained with a temporal resolution of 20 s.

I and type II spectra, with the spectral peak occurring at
−100 Hz, while on the partial CEJ day of 21 January 1992
and around the same time, the spectrum indicates a strong
type I presence with less significant radar power returns at
type II Doppler frequencies of approximately −50 Hz. The
presence of type I is revealed by the peak approximately
−100 Hz, and the broad spectrum encompassing a range of
lower frequencies with significant relative power reveals the
contribution from type II waves (Viswanathan, 1986). The
spectrum at 1330 h on 07 January 1992 is broader, with a
weak type I presence along with significant type II Doppler
frequencies. In contrast, on 21 January 1992 at 1330 h,
the radar signals are not observed in this altitude region
of the EEJ and, hence, only a noise spectrum is shown
as a horizontal line in the middle panel of Fig. 7. The
noise level (N) is obtained by averaging the power values
in the range +150 to +200 Hz. When the backscattered
power is less than N +2σ (where σ is the standard deviation
for the positive Doppler frequency band) the spectrum is
taken as noise and shown as a horizontal line. At 1630
h on the control day (as can be seen on the last panel of
Fig. 6), the spectrum is entirely type II in nature, with a
peak Doppler value of approximately −50 Hz, indicating
reduced value of the eastward electric field in the afternoon
hours; the observed spectrum at 1615 h on the partial CEJ
day (last panel of Fig. 7), however, is a nearly symmetrical
Gaussian type II spectrum (as no peak is seen near the
type I frequency region at approximately −100 Hz). The
spectrum is also very narrow (spectral width is small), with
a reversed Doppler shift (small+ f̄D values) corresponding
to the presence of a weak westward electric field.

Figure 8 shows the Doppler spectra observed around
1327 h on 21 January 1992. The spectra are clearly indica-
tive of the eastward drift velocity of the irregularities (and
hence the electrons) at higher altitudes of 112–117 km only,
in the presence of a westward electric field. The backscat-
tered signal is absent at lower altitudes below 110 km. The
spectra shown in Fig. 8 are quiet narrow, with f̄D being +20
Hz and the estimated Ey (Reddy et al., 1987) being around
−0.26 mV/m (westward). The altitude structure of the ver-
tical polarization electric field Ez (which is proportional to
the phase velocity of the irregularities) at ∼1330 h on 21

Fig. 10. Doppler spectra obtained at 104 km between 1615 and 1815 h on
21 January 1992.

January 1992 is shown in Fig. 9. The profiles are shown at
close intervals of 20 s. The negative Ez values correspond
to the downward field. The profiles significantly differ from
those observed during normal electrojet times, when Ez val-
ues generally show a monotonic increase and decrease on
either side of the peak value around 105 km (Viswanathan,
1986). In addition, Ez values (during the CEJ event) are al-
most constant with altitude, the magnitude being around −4
mV/m in all of the profiles shown, whereas the normally ob-
served peak values of Ez close to noon hours lie in the range
(positive (upward) values) of 10–15 mV/m. However, there
are some deviations from this constant value of −4 mV/m,
as can be seen at 1329 and 132920 h.

Figure 10 shows sample Doppler spectra observed at dif-
ferent times at an altitude of 104 km after the signal reap-
pearance at 1607 h on 21 January 1992. At the top row of
the figure, three spectra (positive Doppler shift) are shown
for 1615, 1637 and 1703 h, while the bottom row shows
spectra (negative Doppler shift) corresponding to 1730,
1806 and 1815 h. At 1615 h, the spectrum is narrow with a
low positive Doppler shift, indicating a negative Ey value.
However, by 1637 h, the spectrum becomes slightly broader
in comparison with that at 1615 h. Moreover, the backscat-
tered signal power increases, while the computed f̄D value
still remains positive. The Doppler shift is close to zero at
1703 h, with a near symmetrical broad spectrum. Interest-
ingly, at 1730 h, the spectrum (extreme left panel of bottom
row of the figure) is broad, with a negative Doppler shift of
low values, corresponding to low magnitudes of eastward
electric field. It is to be noted in particular that with time,
negative Doppler shift values increase from type II to type
I frequencies—when the two stream instability sets in—in
the presence of the enhanced electric field, as can be seen
in the middle and extreme right panels at 1806 and 1815 h
(bottom row of the figure). Moreover, the type I spectrum
observed on this day in the late afternoon hours is compa-
rable in magnitude to that observed close to the noon hours
when the Ey value is typically about 1 mV/m. On 23 Jan-
uary 1992 also, type I (negative Doppler shift) spectra are
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observed at these time.

4. Discussion
VHF radar observations are analyzed for partial and full

CEJ events of 21–23 January 1992 in terms of the Doppler
frequency shift measurements of type I and type II irregu-
larities (Fejer and Kelly, 1980) and the backscattered power
variations at several altitudes in the EEJ. The observations
reveal the differences and common features noticed on the
CEJ days and the control quiet day of 07 January 1992.

The reversed Doppler signal observed prior to the max-
imum depression in �H (when the magnetic field is sig-
nificantly positive) for a brief duration of 5 min at ap-
proximately 1330 h on 21 January 1992 at higher altitudes
of 112–117 km is a new observation. Somayajulu et al.
(1994) observed the reversed Doppler corresponding to the
westward electric field (during CEJ times) only at altitudes
<112 km. This indicates the presence of negative electron
density gradients in association with the westward electric
field in the altitude region of 112–117 km, thus satisfying
the condition �N. E>0 for the generation of type II irregu-
larities (Fejer and Kelley, 1980). At altitudes below 110 km,
the gradients and electric fields are not in same direction.

At this time of ∼1330 h, distortions in the altitude pro-
files of the vertical (downward) polarization electric field
Ez are observed (refer to Fig. 9). The profiles are nearly
constant in altitude, with a magnitude of −2.6 mV/m, in
contrast to the normally expected Ez profile of a gradual in-
crease followed by a decrease, with a peak value at ∼105
km. Somayajulu et al. (1994) showed the reversals in the
drift velocity of the electron density irregularities and dis-
tortions in the altitude structure of the EEJ during CEJ oc-
currences in summer months in the presence of strong blan-
keting Es layers. They reported that the striking character-
istic is the reversal of the irregularity drift velocity at higher
(107–112 km) and lower (90–100 km) altitude regions (cor-
responding to westward electric field) and the normal west-
ward drift (typical of daytime conditions and eastward elec-
tric field presence) at the altitudes in between. The obser-
vations reported in the present study also provide experi-
mental evidence for the theoretically predicted distortions
(Reddy and Devasia, 1981) in the altitude structure of the
polarization electric field in the EEJ due to local effects of
shearing zonal neutral winds.

During the duration of CEJ, when the radar shows re-
versed Doppler signals, as shown in the spectra at different
times, the �H values are positive. Reddy et al. (1980a)
studied some features associated with the occurrence of
CEJ and the lunar phase-dependence of such events using
VHF radar measurements of irregularity drift velocities and
ground-based magnetometer observations at Trivandrum.
They demonstrated that on some occasions �H values do
not show the afternoon depression, which is characteristic
of a partial CEJ event, even though VHF radar observa-
tions indicate the presence of a depression or ‘bite-out’ in
the backscattered signal strength and f̄D values. The im-
plications of such observations on CEJ days bearing a re-
lationship on the lunar phase have been presented in detail
in terms of possible distortions due to local wind-generated
currents in association with that due to large-scale electric

field in the altitude structure of the electrojet.
In the present study, the enhanced �H values observed

during evening times on certain CEJ days coinciding with
the appearance of type I waves, as seen by the radar, is
a unique observation. Such observations of type I waves
in the evening sector have been made only during the CEJ
events studied here, and such a feature is not seen on non-
CEJ days. This is possibly an indication of unusual tidal
influences on CEJ days.

Large phase variability of Sq (H) has been reported at
equatorial latitudes (Sastri, 1982; Last et al., 1976) and mid
latitudes (Brown and Williams, 1969), which are likely to
be caused by some drastic changes in the tidal winds on
certain days. Globally, the duiurnal S1(1, −2) mode seems
to be mainly responsible for the generation of dynamo re-
gion electric fields necessary to drive the normal quiet day
Sq current system. Stening (1995) suggested that chang-
ing admixtures of semi-diurnal tidal modes (2,2), (2,3) and
(2,4) can cause reversal of the EEJ and that the combination
of the current systems associated with these modes can be
superimposed over the current system due to (1, −2) mode
to produce the observed effects.

With the CEJ-associated changes being detected at higher
latitudes also (Stening 1977b, 1995), a system based on
global tidal modes is more appropriate to explain the ob-
served features. The present study focuses attention on cer-
tain unusual observations made on the CEJ days studied.
Further studies using magnetometer, ionosonde and radar
observations with better spatial and temporal resolution are
necessary to address specific aspects of CEJ in a quantita-
tive manner. Such studies can reveal the possible physical
processes responsible for the day-to-day variability in CEJ
occurrence.
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