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Abstract. The spaced antenna medium frequency (MF)thermosphere (MLT) region (Vincent, 1984). The MF radar
radar at Tirunelveli (8. 7N, 77.8 E, geographic; 1N, operating at Tirunelveli has been providing useful data for
magnetic dip), the only one of its kind currently operat- more than a decade on mean winds, tides and planetary
ing close to the magnetic equator, has provided an opporwaves. Previous work using data from this site clearly re-
tunity to investigate the electrodynamical processes relatedealed that the MF radar echoes at 90 km and above are in-
to the equatorial electrojet (EEJ) and their influence on thefluenced by electrodynamical processes (Gurubaran and Ra-
radar scatterers at medium frequencies in the lower E-regiofaram, 2000; Ramkumar et al., 2002; Gurubaran et al., 2007).
heights (90-98 km). Making use of the full correlation anal- For radar systems operating in the vicinity of the magnetic
ysis that enables determination of useful geometrical paramequator, complexities in interpreting the drift measurements
eters from the ground diffraction pattern, the present workin terms of neutral winds arise due to the presence of the
delineates for the first time the characteristics of the radarequatorial electrojet (EEJ) that plays a dominant role in the
scatterers during the occurrences of equatorial sporadic eneration and movement of electron density irregularities in
(Esq) and blanketing sporadic EE(;) noticed in simul-  the lower E region (Kelley, 1989).

taneous ionospheric sounding records at Tirunelveli. The The EEJ is believed to be a seat of a variety of plasma
ground magnetometer data provide indirect information oninstabilities driven by the ambient zonal and vertical electric
the strength of the EEJ and afternoon reverse EEJ or courfields and background density gradient of various scale sizes.
terelectrojet (CEJ). The results presented in this work alsoAn understanding of the physics underlying these instabili-
reveal the height dependence of the radar echo intensity angles has come from VHF/HF radar observations (Fejer et al.,
some of the geometrical parameters at certain times, thug975; Crochet et al., 1979; Reddy et al., 1987; Tsunoda and
clearly bringing out the complex interplay of various phys- Ecklund, 1999; Abdu et al., 2002; Devasia et al., 2004). The
ical processes in the probing region. two-stream plasma instability gives rise to Type-I irregular-

Keywords. lonosphere (Equatorial ionosphere: Ionosphericities in plagma during the times o_f strong_ _electrojet currents
irregularities; Plasma waves and instabilities) — Radio sci-2ccompanied by large electron drift velocities (Farley, 1963).
ence (lonospheric physics) The gradient drift instability or cross-field instability is gen-

erated when vertical electron density gradient in electrojet
plasma is perpendicular to electrojet current and gives rise to
Type-ll irregularities (Farley and Balsley, 1973).
A phenomenon related to EEJ is the equatorial sporadic
. ; . ; . E, commonly referred to aB;,, which is a manifestation of
The partial reflection drift (PRD) technique has been yield- ' S
part ! ft ( ) 'qu y Type-Il echoes (Balsley et al., 1976). When the EEJ reverses

ing reliable estimates of upper mesospheric winds for more during th terelectroiet (CEJ diti the T I
than three decades. Despite the limitations common for an)pr uring the counterelectroje ( ) conditions, the Type-
choes as recorded in a VHF radar disappear because of the

radar technique, spaced antenna MF radar wind measure-

ments provide useful information on mean winds, planetary_weakenmg or even reversal of the ambient eastward electric

scale waves, tides and gravity waves in the mesosphere—low&eld (Fejer et a!., 1976). Rgstogl (197.2) showed thay
occurs at an altitude of maximum gradient in electron den-
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radio waves by the irregularities generated due to gradientocated experiments like digital ionosonde and coherent VHF
drift instability. It was subsequently shown thBj, disap-  backscatter radar would provide various clues to understand-
pears during a CEJ event (Rastogi, 1973). ing the complexities in the MF radar observations made at the
The other type of anomalous ionospheric reflection as eviimagnetic equator. Further, the current understanding of the
denced in the ground ionograms from an equatorial station i€EJ irregularities and the underlying physics has come from
the blanketing sporadic EEg,) which occurs mostly during the HF/VHF measurements. Whether MF radar observations
late afternoon hours and in local summer months (Chandrdnave any scope in understanding the equatorial plasma insta
and Rastogi, 1975). It is well establishég, occurs during  bility processes is yet to be explored.
periods of strong electrojet, whilg,;, occurs during weak or The present work makes use of the digital ionosonde oper-
reversed electrojet (Chandra and Rastogi, 1974). The occumting at Tirunelveli for the first time and reports the results
rence ofEy; is attributed to overdense reflection from thin from a case study that analyzes the MF radar echoes and
layers of enhanced ionization that effectively blanket the up-spaced antenna geometrical parameters on two selected days
per ionosphere from the probing ionospheric sounding fre-marked by distinct electrodynamical conditions. On one of
quencies. Blanketing occurs during a weak EEJ or CEJ, mosthese days, an afternoon CEJ occurred with the disappear-
often the latter. On certain occasions, CEJ can be considereance ofE,,. A blanketing sporadic-E event occurred in the
as a seat of both Type-I and Type-Il irregularities, just as thepresence of an afternoon CEJ on the other day. With the co-
daytime electrojet is a seat of both Type-I and Type-Il irreg- located ionosonde, it has become possible to associate cer-
ularities (Devasia et al., 2004). tain echo characteristics with the appearance or disappear-
The scattering or reflection processes responsible for thance ofE,,. For the first time, the MF radar observations
MF radar echoes at heights above 90 km considered in thiseported herein provide important insights of the drift veloc-
work are expected to respond to the changing electrodyities and derived geometrical parameters during the occur-
namical conditions depending on the local time. Spaced rerence of blanketing sporadic E. Another added feature in this
ceiver techniques at HF frequencies were used in the pastork is the examination of these derived parameters at vari-
to detect the plasma drift motions and decipher the natureus heights and inference of their height dependence.
of the irregularities responsible for producing fading in the
spaced receiver records (Chandra and Rastogi, 1973; Tab-
bagh et al., 1977). Chandra and Rastogi (1973) noticed tha2 Observational details
at times ofEy,, the records for the frequency of 4.7 MHz
at Thumba (8.5N, 76.% E) revealed fast fading, westward The 1.98 MHz radar operating at Tirunelveli has been yield-
drift and highly elongated ground diffraction patterns with a ing data on winds in the MLT region at heights between 68
small semi-minor axis. On the other hand, whep was  and 98 km since mid-1992. The radar transmits linearly po-
absent, the fading rates were too small implying slow fading,larized 4.5 km long pulses and receives the returns at three
the drift direction was reversed to the east and the groundpaced receiving antennas. The plane of polarization of the
diffraction pattern was almost isotropic. The recent reportstransmitted beam corresponds to “O” mode during daytime
that made use of the MF radar observations from Tirunelveliand “E” mode during nighttime. Two pairs of transmitting
were in conformity to the earlier HF spaced receiver find- dipole antennas are used, with one pair arranged parallel to
ings (Gurubaran and Rajaram, 2000; Ramkumar et al., 2002he geomagnetic north-south direction and the other pair or-
Gurubaran et al., 2007). thogonal to it. Separate inverted-V type dipoles receive the
The motivation for performing these studies lies in our echoes during day (for the “O” mode) and night (for the “E”
need for understanding how the combined neutral dynami-mode).
cal and plasma instability processes drive the lower E-region The full correlation analysis (Briggs, 1984) is used to de-
scatterers or irregularities that are responsible for the obtermine dynamical and several spaced antenna parameters.
served MF radar echoes. Below 90 km, it is anticipated thatEvery estimate obtained from this analysis at a time resolu-
neutral dynamics involving wave processes contributes to théion of around 2 min is based on a 256-sample set, wherein
generation of the radar scatterers, whereas above 90 km weach sample is a result of coherent integration of a predeter-
expect plasma instability processes to partly account for themined number of pulses. For the radar operating at 50 Hz
radar echoes and measured drifts. Ramkumar et al. (2003)ulse repetition frequency (PRF), the analysis is performed
examined the MF radar observations on day-to-day basis andith 32 coherent integrations during daytime, yielding a time
found the daytime wind and tidal characteristics to exhibit resolution of 0.64 s for each of the 256 samples and around
complex behaviour. On certain days, the dynamical param2.8 min for every wind estimate. During nighttime, the num-
eters revealed close connection to EEJ, whereas on certalper of coherent integrations is halved and at the same PRF,
other days the drifts at 98 km were different from those ex-wind estimates are obtained at 1.4min time interval. The
pected to be of EEJ origin. These peculiarities in observeddata analysis that invokes full correlation analysis has sev-
drift motions were also noticed in the later work by Gu- eral in-built rejection criteria: (1) signal amplitude too low,
rubaran et al. (2007). Systematic investigations with co-(2) SNR<—6dB, (3) fading time>6s, (4) at least one cross
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correlation function (CCF) maximum lies outside end points, overhead current above Tirunelveli is composed of both Sq
(5) percentage time discrepansyd5%, (6) ground diffrac- and EEJ, it is required to eliminate the Sq contribution be-
tion analysis breaks down, (7) at least one CCF maximumnfore we proceed any further. The magnetic field variation at
<0.2 and (8) apparent velocity magnitudd00 ms L ortrue  a station outside the electrojet has only the Sq contribution.
velocity magnitude-200 ms'1, to name a few. The analysis The difference inA H values between the electrojet station,
produces 19 error codes corresponding to each of the rejecFirunelveli (TIR) (8.7 N, 77.8 E) and an off-electrojet sta-
tion criteria. By examining the error codes, it can be ascer-tion, Alibag (ABG) (18.64 N, 72.87 E), is considered, so as
tained what criterion out of the 19 contributed to the rejectionto eliminate the Sq and magnetospheric currents, that would
of the data, whenever it happens. lead to the electrojet strength alone. The spaced antenna
Besides horizontal velocities, the full correlation analysis and the geometrical parameters representing the shape and
enables determination of several geometrical parameters coprientation of ground elliptical diffraction pattern, that were
responding to the ground diffraction pattern for a given ac-examined on these days, are the signal-to-noise ratio (SNR)
quisition of the data. Useful information on the scatterersrepresenting the intensity of the MF radar echo, the pattern
can be obtained by examining the geometrical parameterdifetime, the pattern scale size, the axial ratio and the pattern
namely, the pattern lifetime, pattern scale, axial ratio and pat-orientation.
tern elongation. The pattern life time has the effects of the We categorized the observations into two cases, both oc-
mean wind removed and hence represents random changearring during geomagnetically quiet days: (i) a CEJ day
of the scattering echoes alone. It depends primarily on thevhen theE,, disappeared in the afternoon hours (26 June
atmospheric turbulence below 90 km and on electrodynami2007) and (ii) a CEJ day when th&,, disappeared and a
cal conditions prevailing in the EEJ region above that height.blanketingE;event occurred in the afternoon hours (18 June
This parameter can therefore be used to infer the stability2007). On the latter day, th&,, was of considerable inten-
of the reflecting medium (Lesicar, 1993). The pattern scalesity (10-15 dB greater than the other day) for a brief period
is a measure of the extent of the irregularities defining thein the morning hours.
diffraction pattern. Larger the pattern scale, greater is the
extent of the semi-major axis of the ground diffraction pat-
tern, and leads to elongation in a preferable direction. The3 Results
smaller pattern scale indicates isotropic nature of the scatter-
ers (Lesicar, 1993). The axial ratio is the ratio of semi-majorIn Fig. 1 we show in contour form the response of the hourly
to semi-minor axes of the characteristic ellipse. The patterraveraged SNR (bottom panels) for receiver 1 in the height
elongation renders information about the orientation of theregion 80-98 km on the two selected days along with the
pattern referenced to the geomagnetic north. strength of the EEJ{ HTir— A Hagg] (top panels). On both
This work probes the linkage of MF radar echoes with EEJthese days the SNR values were greater (15-20 dB) at heights
with supporting data available from the co-located magne-above 90 km, primarily due to the EEJ irregularities gener-
tometer and the vertical incidence ionosonde. Because thated by the primary electric field which is eastward during
radar is operated close to the magnetic equator, the echode normal EEJ conditions. Reduction in SNR values in the
from the lower E-region heights are presumed to be relatedifternoon hours at these heights occurred when the EEJ re-
to the EEJ. The work examines potential underlying mech-versed and became westward. It was seen separately in the
anisms that influence the geometrical parameters and theipnograms that th&,, disappeared when the CEJ conditions
relation to electrodynamical processes, in order to get moreprevailed on these days. On 18 June 2007, blankdingas
insights of the nature of the scatterers under varying geophysnoticed in the ionograms during the afternoon hours. The
ical conditions. simultaneous increase in SNR observed at lower E-region
The 20-min average of the horizontal component of the ge-heights is attributed to the enhanced ionization layer that
omagnetic field variationsA H) from the co-located digital is expected to form during a blanketirig, event. Around
fluxgate magnetometer is made use of in the present work08:00IST on 18 June 2007, ti&, was of unusually greater
The N-S field variation £ H) recorded on the ground rep- intensity and the SNR values at 96 and 98 km clearly show
resents the height-integrated current density, which over thenhancements around this time. An anomalous increase in
magnetic equator corresponds to the intense east-west cuBNR can be noticed at heights between 86 and 92 km at
rent of EEJ origin. A digital ionosonde has been operatingl7:00IST after the blanketing, disappeared in the iono-
from Tirunelveli since June 2006. We make use of the iono-grams. The hourly averaged SNR plots shown in Fig. 1 por-
grams available from this site in order to track the appearancéray well the overall behaviour of the MF radar echoes during
and disappearance &, at the time resolution of five min-  the varying electrodynamical conditions observed on 18 and
utes for the days of interest. 26 June 2007.
For the present work a few geomagnetically quiet days In the four-figure sets (Figs. 2a, b, c and d and 3a, b, ¢
during June 2007 were identified during which the EEJ con-and d), we present the results for SNR, the geometrical pa-
ditions were different from one day to the other. Because theameters and the bulk zonal and meridional velocities for the
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Fig. 1. (top) A H determined from the ground magnetometer data from Tirunelveli and Alibag and (bottom) daytime SNR in the height range
80-98 km on 26 June 2007 (left panels) and 18 June 2007 (right panels).

heights 86, 90, 94 and 98 km, determined from the full cor- nified by the absence df,,. This day is characterized by a
relation analysis for the two selected days. In both cases, theveak EEJ followed by partial/weak CEJ as seen in the top
top panel of each figure represents the strength of daytim@anel on the left in Fig. 1. The EEJ magnitude on this day
EEJ [AHTirR—AHpapc]- Figures 2a and 3a depict the SNR was weak A H~11 nT) compared to the other selected day
(the points correspond to the measurements made at near and so was CEWH~—5nT) that commenced at 15:20 IST
min time intervals) plotted in the four panels below the EEJand lasted till 18:00 IST. The afternoon depression was at its
plot. Figures 2b and 3b depict the snapshots of sample ionopeak at 16:05 IST.
grams for selected times corresponding to the appearance or The ionograms showed the presence Bf, from
disappearance dfy, and appearance @,. Figures 2cand  (7:30IST to 16:00IST. Two sample ionograms correspond-
3c show the behavior of geometrical parameters, namely, thghg to times 07:35IST and 16:05IST are shown in Fig. 2b.
pattern life time f), the pattern scale lengtmf, the pat- g started weakening from the time @H reversal and
tern axial ratio and the pattern elongation (angle in degreeganished just before the time the CEJ reached its peak. As
marked with reference to geomagnetic north) depicted in thesan be seen on this day marked by a normal afternoon CEJ
four panels from bottom. The geometrical parameters showRyithout blanketing, the SNR values in the lower E region
on the left panels are for 86 and 90 km, while those on thefollowed AH (refer to Fig. 2a) and the pattern lifetimes at
right panels are for the heights, 94 and 98 km. The zonal anghese heights (shown in Fig. 2c) had an inverse relation with
meridional velocities are plotted in the four panels from the A g7, particularly for the heights 94 and 98 km (refer to the
bottom (zonal velocities on the left and meridional velocities panels on the right in Fig. 2c). During morning hours (08:00
on the I’Ight) in FlgS 2d and 3d. All SpeCified times are in to 10:00 |ST), when the EEJ was growing, the pattern life-
Indian Standard Time (IST). times were around 2s at 94 and 98 km, whereas in the af-
ternoon hours this parameter was in the range 3-5s. It is
Case-I: Quiet CEJ day marked with iy, (26 June 2007  evident from the observations that the SNR increased grad-
(A,=3) (Fig. 2a—d)) ually with E;, and remained high (20-30dB) tifl, was
stronger. The SNR became very small (0-5dB) when the
This day serves as a clear example for the behavior of MFE,, disappeared. On the other hand, the pattern lifetime was
radar echoes during the times of CEJ without blanketing.smaller (-2 s) whenE,, was fully developed and remained
The behavior of MF radar scatterers during different phasesmall till the weakening ofty,, indicating the presence of
(growth and decay) of, can be studied from this day sig- plasma turbulence and hence randomness of the medium at
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Behavoir of SNR with height — 26 June 2007
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Fig. 2a. Temporal variation of electrojet strength (top panel) given ~yifjr— A Hagg] and SNR for 86, 90, 94, and 98 km on 26 June
2007 (four panels from the bottom).
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Fig. 2b. lonograms recorded at 07:35 (left) and 16:05IST (right) on 26 June 2007, showing vAsipaenditions. (left) lonogram sample
depicting the presence @fs,; and (2) (right) ionogram indicating the absenceZgj trace.

the lower E-region heights. The pattern orientation can be WheneverA H reversesk,, weakens as seen in the iono-
seen strongly aligned in the north-south direction even atgrams (sample is shown in Fig. 2b) and vanishes completely
heights as low as 86 km during the times (10:00 to 15:00 IST)just before the time of CEJ maximum. Several of the SNR
when the EEJ was strong. The axial ratio and the patterrvalues in the lower E region heights fall below the threshold
scale do not appear to show any dependence on EEJ on thile to the absence of scatterers. The antenna parameters at
day, though in general these parameters were smaller at Q%hese times could not be retrieved because of the rejection
and 98 km than those estimated for 86 and 90 km. criterion (SNR<—6 dB) built in the analysis. The vertical

line shown in Fig. 2a, ¢ and d indicates the time (16:05IST)
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Behavior of Geometrical parameters on 26 June 2007
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Fig. 2c. [AHTIR—AHpgg] (top panels) and temporal variation of various geometrical parameters for 86, 90, 94 and 98 km (remaining
panels) on 26 June 2007. See text for more details.
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Fig. 2d. [A HTir— A Hppg] (top panels) and zonal and meridional velocities at 86, 90, 94 and 98 km (remaining panels) on 26 June 2007.
See text for more details.
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Behavoir of SNR with height — 18 June 2007
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Fig. 3a. Same as Fig. 2a but for 18 June 2007.

at which E,, disappeared in the ionograms. No useful data~30nT). The CEJ occurred from 13:15IST to 18:15IST.
could be retrieved after 16:05IST (except for one point asThe sample ionograms shown in Fig. 3b were obtained at
seenin Fig. 2c and d) and till 18:30 IST, because of low SNRtimes 07:551ST and 14:55IST. The ionogram at 07:55IST
throughout this time interval. When the error codes were ex+eveals stronge,,, whereas the one at 14:55IST shows the
amined, it was found the error code 10, that corresponds tg@resence of blanketing; layer.
the criterion that the apparent velocity is ten times greater The increase in SNR in the morning hours (between 06:00
than the true velocity, had contributed to the rejection of sev-and 08:00 IST) prominently seen at heights 94 and 98 km (re-
eral data points at heights above 90 km in the morning hourder to Fig. 3a), occurred during the development of strong
(between 08:00 and 10:00 IST) when g was strong, and  E, as observed in the ionograms. The duration over which
error code 2 (SNR—6 dB) had contributed to the rejection strong E, appeared in the ionograms is indicated by the
of data in the afternoon hours (after 16:00 IST) wheniilyg vertical lines in Fig. 3a, ¢ and d. It may be noted that the
was not seen in the ionograms. morning E,, observed at this time was stronger by 10-15dB
The zonal velocities shown in Fig. 2d revealed a tran-than at similar times on 26 June 2007. The SNR after reach-
sition from westward to eastward flow at 11:00IST at 94 ing a peak at 08:00 IST appears to level off at 94 and 98 km.
and 98 km, while they remained mostly westward at 86 andAt lower heights, the SNR decreased for a brief duration at
90 km. The meridional velocities were smaller in magnitudearound 07:30 IST and later recovered. Thg intensity re-
(around zero speed) in the morning hours at 94 and 98 kmduced to a moderate level at 08:30 IST and remained at this
They tend to attain larger values immediately after noon.level till its disappearance in the afternoon hours. With re-
Like pattern scale size and axial ratio, both zonal and merid-gard to the geometrical parameters depicted in Fig. 3c, the
ional velocities in the lower E-region heights do not show pattern lifetimes initially increased prior to 08:001ST and
any apparent dependence on the EEJ variation on this day. later attained smaller<2 s) values. The longer pattern life-
times in the morning hours are probably due to specular re-
Case-Il: Quiet day marked with occurrence of strd@fig (18 flectors associated with strorfg,, occurrence. The pattern
June 20074 ,=5) (Fig. 3a—d)) scales were mostly in the range 300—400 m and the axial ra-
tio was between 2 and 3. Both these latter parameters were

The top panels of Fig. 3a, ¢ and d showiTir—A Hasgl gmaller on this day than on 26 June 2007. Interestingly, the

representing the daytime electrojet strength. This is a goo
example for a CEJ day marked by a characteristic increas
in electrojet strength in the morning hours followed by an
afternoon strong depression H (peak negative value of

attern orientation seems to deviate away from its preferred
orth-south direction when thg,, was strong in the morn-
ing hours.
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Fig. 3c. Same as Fig. 2c but for 18 June 2007.

In contrast to the observations on 26 June 2007Etheon  90km) the SNR rather decreased to reach a minimum be-
18 June 2007 began to weaken at 14:00 IST and a blanketinyveen 15:00 and 16:00IST and later increased. At the time
E; appeared at 14:401ST. THg, event lasted till 15:25IST.  of blanketing, the echo intensities were distinctly different
The appearance and disappearancé g@f are indicated in  between the two height regions. The smaller SNR at lower
the form of vertical lines in Fig. 3a, ¢ and d. The SNR re- heights contributed to the rejection of data during this period.
veals distinct height dependence in the afternoon hours wheimterestingly, the SNR started increasing at around 15:00 IST
the blanketingE; was in progress. While the SNR at 98 km at 90 km and about 30 min later at 86 km to reach large val-
increased between 14:00 and 15:00IST and later decreasedks ¢20dB) at 17:00IST. Referring to Fig. 1, it may be
to reach a minimum at 16:00IST, at lower heights (86 andnoted that there was an anomalous rise in the echo intensity at
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Fig. 3d. Same as Fig. 2d but for 18 June 2007.

intermediate heights (84—90 km) immediately after the blan-the CEJ was in progress accompanied by blankefinghe
keting E, layer event. It is not known whether this anoma- zonal drifts had decelerated, but interestingly large equa-
lous enhancement in SNR is related to the blanketing eventtorward velocities were observed around this period. The
Previous studies reported on the behavior of SNR and geor_neridional drift speeds at the highest altitude sampled by the
metrical parameters during the afternoon hours on CEJ daydadar exceeded 75m/s at 16:00IST whep was about to
wherein the geometrical parameters were shown to deviardisappear in the ionograms. The equatorward motions later
from the expected behaviour (shorter pattern lifetimes, patdecelerated and turned poleward at 16:301ST.
tern elongation along north-south direction and low SNR val-
ues), soon afteA H reversed and the electric field control
was lost (Ramkumar et al., 2002; Gurubaran et al., 2007).

In the present scenario with information available on theThe MF radar at Tirunelveli operates close to the magnetic
occurrence of blanketing;, we observe an increase in SNR, gquator, wherein the electric fields associated with the equa-
high pattern life time and randomization of pattern orien- yorig| electrojet control the electron drifts and also drive the
tation at 98km in the afternoon hours wheély, occurred. o kinds of plasma instabilities, namely, the two-stream and
The SNR continued to remain high at 98 km alone, whereagyradient drift instabilities. Past VHF radar observations have
the lower heights of 90km and 94km were marked by acategorized the radar echoes as Type | and Type II, primar-
drop in SNR, followed by a rise around 16:00IST after the iy in terms of the irregularities these instabilities produce.
disappearance of blanketing, as mentioned earlier. The Thege jrregularities have distinct Doppler spectral signatures.
obser.vat|ons on this day prqwde ey|dence for the Presence is also well established that the normal daytirig, as
of height dependent scattering regions below the electrojeteen in the ionograms is caused by the gradient drift instabil-
when probed by the MF radar. ity mechanism (Rastogi, 1972; Balsley et al., 1976). When

The daytime zonal velocities at 96 and 98 km depicted inthe normal eastward electric field reverses as occurs during a
Fig. 3d clearly follow theA H curve with largest westward counterelectrojet event, the Type Il echoes recorded by VHF
drift motions observed when H was at its maximum. Data radars disappear, and the Esq disappears as well in the iono-
gaps between 11:00 and 12:30IST at these heights were prigrams (Rastogi, 1973; Fejer et al., 1976).
marily due to signal saturation that the analysis takes into ac- The blanketing sporadic E as observed by the ionosonde is
count and the corresponding data points are rejected. Wheoharacterized by several multiple reflections and sometimes

4 Discussion
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almost totally blanketing the F layer. In a recent work, Deva-the scatterers that are responsible for the MF radar echoes
sia et al. (2004) used VHF radar observations from Trivan-are largely driven by the same plasma instability process that
drum and demarcated the characteristics of Type Il echoesauses the Type Il echoes for VHF radar and produggs
due toE ,andE,;, during CEJ events in terms of their height observed by the ionosonde. The full correlation analysis de-
of occurrence, signal strength and associated Doppler spe¢ermines shorter pattern lifetimes 2 s) during such condi-
tral characteristics. An important observational feature re-tions clearly indicating the unstable nature of the scattering
ported in this study is the explosive and extremely variablemedium. A remarkable feature noticed during the afternoon
nature of the VHF radar echoes duringiys eventthatwere  hours on 26 June 2007 is the weakening of SNR by 20-30 dB
associated with small zonal drifts and significant distortionsat 94 and 98 km that led to the rejection of useful data points
in the height profile of the drift velocity of the Type Il irregu- due to poor SNR criterion. The disappearanc&gfand the
larities. The radar echoes and the spectral features observeuthward deflection of the horizontal component of the geo-
during the strongz,;, event were attributed to the sharp den- magnetic field at Tirunelveli confirm that the primary electric
sity gradient present in the intensg, layers that would pro-  field had reversed and had not provided favourable condi-
vide favourable conditions for the growth of the instability tions for the gradient drift instability mechanism to operate.
even though the zonal drifts were small. The presence oPrevious observations by Chandra and Rastogi (1973) that
height-varying Doppler velocities was suggested to be duanade use of HF spaced receiver records from Thumba re-
to the modulation of electrojet current by the electric fields ported fast fading, westward drift, highly elongated pattern
generated by height-varying winds with large shears. due to preferential orientation in the N-S direction with a

MF radars are potential tools to probe the mesospheresmall semi-minor axis whef, was present. Whef,, dis-
lower thermosphere region as they provide continuous windappeared in the ionograms, it was noticed that fadings were
measurements at a time resolution of typically two minutes.slow, the drift was eastward and the ground diffraction pat-
The MF radar observations made at Tirunelveli have posedern was almost isotropic.
problems in interpreting the drift measurements in terms of The MF radar observations during the afternoon hours on
winds in the probing region 94-98 km (Ramkumar et al., 18 June 2007 were made when a blanketifjgevent was
2002). Because the variation in the drift velocities, especiallyin progress. As soon aSH reversed, theE,, disappeared
in the zonal component, often correlates well wil#, the in the ionograms and was quickly replaced by fg layer
measured zonal drifts at these heights are expected to beith its characteristic multiple reflection traces. Theg,
dominated by the electric field that drives the EEJ. It is puz-event lasted for about 50 min. The MF radar echoes revealed
zling that there are several occasions when the zonal velocivery distinct height behaviour during the afternoon hours on
ties are eastward that cannot be attributed to the electric fielthis day. The SNR at 86 and 90 km reveals gradual reduc-
drive alone (Ramkumar et al., 2002; Gurubaran et al., 2007)tion in its values asA H was approaching its minimum at
During normal EEJ conditions and at EEJ heights, the verti-16:00 IST. On the other hand the SNR at 98 km clearly re-
cal electric field is upward and drives the EEJ producing theveals a rising trend resulting in a peak that coincided with
westward electron drift motion. Whether the ambient verti- the appearance of blanketirfg, in the ionograms. When
cal electric field is downward directed at certain times thatcompared to the explosive nature of the VHF radar echoes
can drive an eastward drift at the radar probing heights is yeteported by Devasia et al. (2004), the MF radar echoes ap-
to be ascertained. pear to have responded differently to thg, event, as they

Making use of the co-located digital ionosonde, the neither had the sharp buildup nor undergo random variations
present work aims at understanding the characteristics of théke the VHF radar echoes. It may also be noted that the
MF radar echoes and it has become possible to categorize thmntours shown in Fig. 1 reveal a descent of the enhanced
echoes and relate them to the specific ionospheric conditionscho intensities from 98 km to heights as low as 84 km. The
noted in the ionosonde records. Two magnetically quiet daysanomalous enhancement in SNR at 86 km immediately after
were selected and on each of these days an afternoon CEle blanketingE; event is a puzzling observational feature
occurred. On one day (26 June 2007) fig echoes disap- reported in this work.
peared in the afternoon hours, whereas on the other day (18 The drift velocities in the zonal and meridional directions
June 2007) theEy, was replaced by an intendg;, event. determined from the full correlation analysis were also exam-
Additionally, during the morning hours on 18 June 2007, theined in this work. The geomagnetic activity index was very
E,, was stronger by 10-15dB than at similar times on thequiet (4 ,=3) on 26 June 2007 and the EEJ did not develop
other day. then (largest value was10nT). On 18 June 2004, was

The increase in SNR in the lower E-region heights duringonly 5 and the EEJ was intense with a peak value 85 nT.
the morning hours and its weakening when the CEJ was irBased on the electrojet strength, one may anticipate that the
progress in the afternoon hours could be clearly related tarift speeds at the highest height probed by the MF radar
the appearance and disappearancg,gfas seen in the iono- would be more westward on 18 June 2007 than on 26 June
grams. Becausg,, itself is believed to be a manifestation 2007. Though observations on 18 June 2007 revealed west-
of Type Il echoes (Balsley et al., 1976), we may argue thatward drift motions at 98 km with speeds exceeding 50 m/s,
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the motion field was eastward directed with greatest speedS Conclusion

in the range 40-50 m/s on 26 June 2007. As heights de-

creased, the eastward motions turned westward on the wedWF radar observations made from Tirunelveli on two counter
EEJ day. This observation is baffling to the authors and itelectrojet days during the summer of 2007 were presented in
cannot be ascertained at this stage whether the motions déhis work and the nature of the scatterers in response to differ-
tected at 98 km on 26 June 2007 represent neutral wind or &nt electrodynamical conditions that prevailed on these days
component of electron drift driven by an oppositely directedwas investigated. Availability of ionograms obtained from
electric field. the co-located digital ionosonde has provided additional in-

Using the VHF radar data from Pohnpei, Tsunoda ands'ghts _|nto the electric field control of the _ragar scatterers.
In particular, the MF radar echo characteristics at lower E-

Ecklund (1999) reported a counterstreaming westward cur- " ) .
( ) rep g region heights depend strongly on the ambient electrodynam-

rent region at 93 km below the normal eastward electrojet., | diti d Id b lated to th q
Because normal echoes could not be sustained by the grao‘é-:.a conditions a]r: cou etre az 0 dilaplp()e?rance an
ent drift instability driven by a westward electric field, it was isappearance of norma,, strongE,, and blanketinge;,

inferred then that the same gradient drift instability could actaSItOblfsker\éed n tg.e |og|(\)|sRo?det records. S(?me mtrrl]gumg re-t
on potential large-scale plasma density structures driven b ults like descending cafures, anomalous ennancemen
neutral turbulence leading to Type Il echoes, even when th h echo mtgnsny at 86 km and large mer|_d|onal drifts, all ob-
electrons were streaming eastward below the base of the E 'rve'd during .the occurrence of blankgtlﬁgand. eastward
region. The MF radar observations on 26 June 2007 prese rifts in the height region 94_98 kT“ noticed _durlng the weak

a case for an eastward drifting or counterstreaming region i EJ day, call for further investigation of the link between the

the height region 94-98 km that needs to be explored furthe dyi;?]:jiirsscattermg process and equatorial E-region electro-
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