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Abstract. Simultaneous observations of atmospheric sodiuml Introduction
(Na) made by a resonance lidar and E-region field-aligned-

irregularities (FAl) made by the Indian MST radar, both lo- Outside the equatorial electrojet belt, sharp electron density

ca’Fed at Gadan_ki (133, 79.2 E) and hori_zontal winds ac- layers are formed by the wind shear mechanism (Whitehead,
quired by a SKIYMET meteor radar at Trivandrum (8%, 1961)  These layers are often composed of metallic ions

77 E) are used to investigate the relationship among sodiunzFeJr, Nat, Mg+, Ca* etc) and can survive for long time due

layer, FAl and neutral winds in the mesosphere and Iowertﬁ the larger lifetime of these metallic ions as compared to

thermosp'here region. The altitudes and descen@ rates Qf 5t of molecular ions (9 NO*) (Zhou and Morton, 2005).
higher altltudg (~95km) Na layer a”‘?' FAl agree quite well. These layers are popularly known as sporadic E (Es) layers
The descending structures of the higher altitude Na layeq, yq jonospheric community. These layers often turn unsta-

and FAl are found to be closely related to the diurnal tidal o 4 ifesting plasma irregularities and have been a topic of
phase structure in zonal winds observed over Trivandrum;niange scientific investigation in the recent past (see Math-

At lower altitudes, the descent rate of FAl is larger than that, .« 1998 for a review). The diurnal and semidiurnal atmo-
of Na layer and zonal tidal phase. These observations SUps'pheric tides are known to play a major role in the formation

port the hypothesis that the metallic ion layers are formed byof mid-latitude sporadic E layers, acting through their verti-

the zonal wind shear associated with tidal winds and subsez,| \vind shear forcing of the long-living metallic ions in the

quently get neutralized tq manifest in t_he form of descendingbwer thermosphere (Mathews and Bekeny, 1979: Haldoupis
Na layers. The descending FAI echoing layers are manifesg; 51 2006). Recent studies suggested that planetary waves
tation of the instabilities setting in on the ionization layer. In lay a role on Es generation as well (Haldoupis et al., 2002;
the present observations, the altitudes of occurrence of N ancheva et al., 2003). Besides tides and pIanetarS} wave’s

Iayer_ and FAIl echoes being low, we surmise that it is quite ravity waves having large amplitudes and wind shears can
possible that the FAIl echoes are due to the descent of alrea Iso affect the vertical motion of plasma locally (e.g., see

formed irregularities at higher altitudes. Chimonas, 1971).

Kane et al. (2001), using simultaneous observations of
electron density by the Arecibo (18.R, 66.8 W, dip
50°) incoherent scatter radar, Na lidar, and coherent radar
backscatter from the E-region field-aligned-irregularities
(FAI), made the first effort to link the plasma irregularities
with the electron density and Na density layers. Although
a clear picture on their relationship could not be established
with their limited observational data, their study opened up
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Table 1. The MST radar specifications and other important param-
eters used for the FAI observations.

Parameter Value

Frequeng 53 MHz

Transmitted peak power (maximum) 2.5 MW

Antenna 1024 3-element Yagi
Antenna area 130x130n%

Beam width (one-way half power)  °3

Beam direction 13.2 off zenith and due north
Receiver gain 120dB

Receiver bandwidth 1.7 MHz

Receiver dynamic range 70dB

Pulse width 16 us

Interpulse period 2000us

Pulse code Complementary code
Baud length lus

Coherent integration 4

Incoherent integration 1

Number of FFT points 128

neutral and ionized particles. Earlier, Haldoupis et al. (1996)
suggested that sharp horizontal conductivity gradients ass
ciated with patchy nighttime metallic ion layers could lea
to strong polarization fields which would be sufficient to ex-
cite two-stream instability occurring at the mid-latitude iono-
sphere.

Coming to the low-latitude observations of E-region ir-
regularities, investigations suggested that the low latitude E
region irregularities are closely linked to the tidal and gravity

wave dynamics (e.g., Patra et al., 2005, 2009; Venkateswara.(z) =

Rao et al., 2008). Patra et al. (2009), based on their investi

First simultaneous observations of sodium and FAI at Gadanki

sphere and lower thermosphere (MLT) region and the plasma
irregularities in the E region, we have made a few case stud-
ies based on simultaneous observations of Na density and E
region FAI made at Gadanki (13.Bl, 79.2 E), a low lati-
tude station in the southern part of India. The intent of this
paper is to present the first simultaneous observations of Na
and E region FAI over Gadanki and to offer an in-depth anal-
ysis using concurrent wind measurements from Trivandrum
(8.5’ N, 77 E) using a SKiYMET meteor radar. These re-
sults are discussed in the light of current understanding on
their linkage.

2 Observations and data analysis
2.1 Resonance Na lidar

The lidar system located at Gadanki has been augmented
with the capability of probing Na atoms (Bhavani Kumar et
al., 2007). The Nd:YAG laser beam of wavelength 532 nm is
converted into 589 nm using a pulsed laser, which uses Ki-
ton red as laser medium. The 589 nm laser beam of energy

02_5 mJ per pulse is then transmitted into the atmosphere. The
d receiving system consists of 750 mm Newtonian telescope,

an interference filter and a photo multiplier tube (PMT) for
photon detection. The altitude and time resolutions of the
measurements are 300m and 2min (due to the integration
of 2400 shots), respectively. Na density is derived using the
equation given by Gardner (1989) as:

[Ny, 2) = NpAt] 2% ogn(zg)
[Nr(r,2) — NpAt] 23 oeii(h)

gation, surmised that metallic ions must be playing a CrUCialvvhere,nc(z) is the concentration of Na atoms in the range

role in the layer formation and thus in the instability process.
No experimental proof, however, could be provided so far.

interval (—Az/2, z—Az/2), zg is the normalization altitude
where molecular scattering is fairly high (~40 kn®; (,

On the other hand, Patra et al. (2005) could not find any clos%) is the number of photons detected in the range interval

link between the sporadic E layer as observed by ionosond
and the radar observed FAI. Their investigation was, how-
ever, based on limited observations, implying that much is

€ —Az/2,z4+Az/2), Nk (A, zg) is the number of photons de-
tected by the receiver arising due to Rayleigh scattering at
altitudezr, Np is the number of photons due to background

yet to be done. Similarly, the role of thin ion layers com- pojse and detector dark counts is the Rayleigh scatter-
posed of metallic ions also could not be studied due to lacking cross-sectionu(zz) is the atmospheric neutral density

of simultaneous rocket observations of such layers.

at altitudez g, o gn(zg)=2.938x P(x)I/T (zg), WhereP (zg)

With the advent of lidar techniques to measure Na, Fe antyng 7z ) are the atmospheric pressure and temperature at
Ca (Bowman et al., 1969; Granier et al., 1989), it was envis-aitityde ;5 taken from the CIRA model, andes is the
aged that it would be possible to study their presence and dyaffective back scattering cross-section of Na atoms corre-

namics using high temporal and vertical resolution capabili-

sponding to the laser line width of 2pm (1.7 GHz), which

ties of lidar techniques. In fact, such measurements have prqs 5,17 166 m? (Bhavani Kumar et al., 2007).
vided vital information on the sporadic appearance of metal

layers (Gardner et al., 1993). Sporadic Na layers have bee

R.2 Gadanki MST radar

observed and are believed to be related to sporadic E, as wind
shear is believed to be responsible for both sporadic E andFAI observations have been made using the MST radar lo-

subsequently the formation of sporadic Na layers by the neu
tralization of metal ions (Kane et al., 1993; Clemesha, 1995)

Considering the potential applications of Na measure-

cated at Gadanki (Rao et al., 1995). The radar operates at
53 MHz with a maximum peak-power aperture product of
3x10'9Wm?. For FAI observations, the antenna beam is

ments in understanding the neutral dynamics in the mesopointed at a zenith angle of 18lue magnetic north, which
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Fig. 1. Altitude-time cross section of intensity of echoes from FAI (top panel) and sodium density (bottom panel) for 18 February 2006.

is perpendicular to the earth’s magnetic field. As the MST meteor trail, the accuracy of determination of the zenith angle
radar beam is pointed at 13enith angle due magnetic north of the reflection point depends on the error in the phase de-
to get echoes from the FAI, the probing volume at 90-100 kmtermination and the experimental uncertainty in zenith angle
is ~20 km north of the overhead sky. Thus with respect to theis <3°. The spread in possible zenith angles for each me-
lidar observed probing volume, the radar probing volume isteor has been used in conjunction with the range to find the
separated by about 20 km. The radar specifications and othgrossible spread in heights. The average spreatBi® km
important parameters used for the FAI observations are givemlue to the phase uncertainty. Thus the range error due to
in Table 1. With the parameters given in the table, we havethe pulse length (13.33s pulse resulting in a range uncer-
obtained power spectral data from the range of 84—121.35 kntainty of 2 km) is also significant, giving a total uncertainty in
with range and time resolutions of 150 m and 4 s, respecheight of aboutt3.8 km for individual meteors. As it is not
tively. From the power spectrum of the returned signal, threeproductive to bin the resultant individual meteor height val-
low order moments, namely, total power, weighted mean fre-ues into divisions finer thar3 km, the radial velocity data
quency shift and Doppler width have been computed. Fromare usually grouped into one hour time bins and 3 km height
the total power, the signal to noise ratio (SNR) is estimated bins. The observations are grouped in altitude such that there
In the present work, the time altitude cross section of SNR iswill be sufficient number of meteor echoes to estimate mean-

compared with that of Na density. ingful winds. The instrument detects a sufficient number of
meteor echoes throughout the day to obtain a comprehen-
2.3 SKiYMET meteor radar sive picture of the wind field. The errors in hourly mean

zonal and meridional winds are dependent on meteor counts.

The SKiYMET meteor radar, located at Trivandrum, oper- Puring morning hours when hourly meteor count is roughly
ates at 35.25MHz with a peak power of 40kW (Deepa et100, the errors in zonal and mencﬁonal WI!‘]dS are in general
al., 2006). A detailed description of this radar, and the me-~0-08ms* and~0.01ms'*. During evening hours when
teor detection and data processing algorithm can be found ifourly meteor count is 30-40, the errors in zonal and merid-
Hocking et al. (2001). The complex correlation method hasional winds are~0.5m stand~0.2ms ™.

been adopted to measure the phase differences between the

receiving antennas in order to determine the echo arrival an-

gle and both the complex auto and cross correlation methods

to measure the rate of change of the relative phase in order

to determine the radial velocity of the meteor trail. For each
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Fig. 2. Altitude-time cross section of intensity of echoes from FAI (top panel) and sodium density (bottom panel) for 19 February 2006.

3 Results ing 19:00-21:301ST), however, is much smaller than that of
FAl (~1.4-1.6 kmh?).

Figure 1 shows the altitude-time variation of SNR of the Figure 2 shows observations made during 19:00-
E-region FAI echoes (top panel) and Na density (bottom24:001STon 19 February 2006. In this case, both FAl and Na
panel) observed during 19:00-24:00IST (Indian StandardPbservations show descending behavior. The descent rate,
Time, which is five and half hours ahead of Universal Time) however, is 1.4kmh' in Na density and 2kmh" in FAL.

on 18 February 2006. The FAI echo shows successive delNotably, the Na density shows a large variation. In particu-
scending structures at a time interval-ef.5h. These de- lar, there is a large enhancement of Na in the altitude region
scending echoing layers are confined to 89-95km. It may?0-95km during the early hours of the observational period.
be noticed that the second echoing layer commences only aft is noteworthy that the intensity of the FAI echoes is large
ter the first echoing layer descended to 89.5km. Similarly,Prior to the enhancement of Na concentration. The echoes
the third echoing layer commences only after the descent ofre rather diffused when Na density maximizes.

the second layer to 89 km. The descent rates of these echo- Figure 3 shows observations made during 01:00-
ing layers are-1.36 km 1, 1.6 kmh ! and 1.6 km h dur- 05:00IST on 21 February 2006. There is a data gap cor-
ing 18:00-19:251ST, 21:00-21:45IST and 22:00-23:00 IST.responding to the first patch of FAI occurrence. However,
From the bottom panel, we can infer that the altitude re-during the last part of the FAI observations, a clear Na layer
gions of the peak Na density and that of FAI are found to can be seen simultaneously with the FAI echo layer and time
be common. The thickness of the Na layer appears to exvariations of both are nearly similar. Interestingly, in both
pand with time and also enhanced density blobs are foundhe observations, a common descent rate (~1.5&hy ban

to occur with a quasi-period of 40-60min. The FAI echo be noted. It may be noted that in this case, both the FAI
peak occurs at 19:451ST, when background Na density i2choes and Na layer are at a higher altitude (above 95km)
around 8000 atoms cm, and the Na density increases to compared to those observed on 18 February 2006 and 19
over ~12 000 atoms ¢ in about 20 min. It remains near February 2006.

its peak level for about 15min before falling to the back- Using simultaneous measurements of meteor winds and
ground level in about 15 min. During 20:30-22:301ST, the the vertical distribution of atmospheric Na, Clemesha et
peaks in FAlI and Na density occur simultaneously. How- al. (2001) showed a clear role of tidal wind in the dynamics of
ever, during 23:00-23:30 IST, when the Na density increaseshe Na layer behaviour in consistence with the tides observed
from 9000 to 12 500 atoms cm, the FAI echo remains be- in the meteor winds. To examine whether the Na layer behav-
low —5 dB. The descent rate of the Na layer (0.8 knd dur- ior has any close relationship with the neutral wind system

Ann. Geophys., 27, 3411-3419, 2009 www.ann-geophys.net/27/3411/2009/
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Fig. 3. Altitude-time cross section of intensity of echoes from FAI (top panel) and sodium density (bottom panel) for 21 February 2006.

and also a possible link of these with the E region FAl layers, In order to investigate the relationship in more detail, we
we have analyzed the winds observed at Trivandrum. Théhave analyzed observations of Na density and SNR profile of
amplitudes and phases of diurnal tides are computed usin§Al along with the wind measurements made from Trivan-
hourly values of zonal and meridional winds observed over adrum. The panels in the first two rows of Fig. 5 show the
day at Trivandrum. The altitude profiles of diurnal tidal am- observations made at 20:00IST and 22:15IST on 18 Febru-
plitudes and phases are shown in Fig. 4. On 18-19 Februargry 2006. At 20:00 IST, the Na density shows peak values of
2006 and 19-20 February 2006, the diurnal tidal amplitude8000 atoms cm® and 4400 atoms cn¥ at altitudes~94 km

in zonal wind is in the range of 20-60 m’sand the diurnal  and~87 km, respectively. The FAI SNR, however, peaks at
tidal amplitude in meridional wind is observed to be as large93 km and 90 km with values of 10.4 dB areB.6dB, re-

as 100 m st or more. On 20-21 February 2006, diurnal tidal spectively. At 22:151ST, both FAI (13.6 dB) and Na density
amplitude in meridional wind is as large a0 ms™. In all (9600 atoms cm3) peak nearly at same altitude of 94 km.
the three cases, the diurnal tidal amplitudes in zonal windNote that at the base of the high altitude Na and FAI echo
are, in general, smaller than that in meridional wind at all layers, there is positive wind shear (eastward wind increas-
altitudes. The phase profiles observed in meridional windsing with altitude) of about 5.3 s km~1 and the peaks co-
show downward progression (~1kmb in all the three incide with nearly zero wind shears.

cases. On 18-19 February 2006, the zonal tidal phase de-
scends at the rate of 0.8 ki which is nearly equal to that
of Na density. On 19-20 February 2006 and 20—21 Februar
2006, zonal tidal phases descend at the rateslo? km 1
and 1.5 km i1, respectively, which are similar to the descent
rate (1.4 kmh?) observed in Na density. On 20-21 Febru

Similar analysis has been done for 19 February 2006 data
and the results are presented in the third and fourth rows
%t Fig. 5. It is apparent from the figure that the Na den-
sity shows a prominent peak at both 19:00IST and 20:30IST
with a value of 15000 atoms crd at 95 km and another less

. . " prominent peak at lower altitude just below 85 km. The FAl
ary 2006, the zonal phase descent rate is 1.5Kkkhich SNR also shows prominent peak at 95 km and a less promi-

is same as the descent rates of FAl echo peak and Na Iay?\rent one at~90km. It may be noted that there is a small

peak_. In the present observations, the zonal phase desce@g"t in the higher altitude peak of Na density at 19:00 IST
rate is found to be closer to the descent rate of Na layer pea nd similar split can be observed in FAl echoes at 20:30IST.

and the descent rgtes of FAI echpes are relatively larger tha'cllhe zonal wind shows a negative shear (wind decreasing with
those of Na density at lower altitudes (around 90km) anda titude) in the altitude region 88 km and 94 km with maxi-

gg Lhree have same descent rates at higher altitudes (arou um of 11mstkm-1 around 90km. However, peaks of
m). FAI and Na density coincide with nearly zero wind shear. At

www.ann-geophys.net/27/3411/2009/ Ann. Geophys., 27, 3411-3419, 2009
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Fig. 4. Altitude profiles of amplitudes and phases of diurnal tide in meridional (curve with circles) and zonal winds (curve with squares) over
Trivandrum for 19—20 February 2006 (top panels), 18-19 February 2006 (middle panels) and 20-21 February 2006 (bottom panels).

20:301ST, Na density peak occurs at lower altitude (92 km),variations of FAl echoes and Na density enhancement are re-
whereas FAI echo show a prominent peak at 95 km. The FAImarkably similar and in this case, they occurred at higher
peak coincides with nearly zero wind shear and Na densityaltitudes (above 95 km). (3) The descent rates of FAl echoes
peak coincides with weak negative wind shear. are larger than those of Na density. The zonal tidal phase de-
On 21 February 2006, the Na layer peaks at 95 km withscent rate is found to be close to the descent rate of Na layer.
6100 atoms cm3 and FAI echo layer also peaks nearly at However, on 20 February 2006, the descent rates of Na layer,
the same altitude (95 km) with a SNR of 20 dB (last row of FAI echoes and zonal tide are nearly same with 1.5kmh
Fig. 5). However, the zonal winds show eastward wind with (4) A comparison of wind shear over Trivandrum shows that
a weak positive shear of 1 mskm1. the high altitude FAI echo peak consistently coincides with
nearly zero wind shear.

4 Discussion and conclusion The descending rates of both Na concentration and FAI
echoes altitude are similar and are consistent with the find-
We have presented simultaneous observations of Na densiting of Kane et al. (2001). The correspondence between Na
FAI echoes, and neutral zonal winds in the low-latitude MLT and FAI echoes can be explained as the lidar observe sporadic
region and the results are summarized as follows: (1) BothNa associated with the Es layer (Clemesha, 1995; Friedman
FAI and Na density, in general, show double peaked strucet al., 2000) and the FAI echo is associated with the same Es
tures with more prominent peak altitudes greater than 90 km{Urbina et al., 2000). As for the Es layer formation, west-
and less prominent one at lower altitudes less than 90 kmward wind above and eastward wind below is most efficient
The altitude of the peak Na density and that of FAl are foundin converging the ionization to form layers at the lower E
to be nearly the same at higher altitudes and are not same=gion. In an event of descending layers formed by neutral
at lower altitudes. (2) The time variations of FAI and Na wind (possibly of tidal origin), the observed echoing region
density show sometimes similar and sometimes opposite beseems to be located either close to the tidal wind node or
haviour. It may be noted that on 20 February 2006, the timeabove. Chimonas and Axford (1968) suggested that while the

Ann. Geophys., 27, 3411-3419, 2009 www.ann-geophys.net/27/3411/2009/
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Fig. 5. Altitude profiles of echoes from FAIl, Na density over Gadanki and zonal wind shear over Trivandrum at 20:00 and 22:151ST on 18
February 2006, 19:00 and 20:30IST on 19 February 2006 and 04:00 IST on 21 February 2006.

tidal wind node continues to descend in the collision domi-ciding. Of the three cases presented here, only on 19 Febru-
nated lower E region, the Es layer would be left behind sinceary 2008, the zonal winds are westward when FAl echoes
the ion-neutral collisions slow down the descent rate of theand Na density show descending layer similar to that of tidal
ionization layer. These sporadic E layers also contain metalwinds. Patra et al. (2007) suggested that if the upper part
lic ions, which have longer life time than the molecular ions. of the layer (say, single peak electron density layer) provid-
The long-lived ions can then form layers near the nodes ofing negative electron density gradient turns unstable, then
the tidal wind and move with the downward directed phaseaccording to gradient drift instability (GDI), the differential
velocity. At altitudes below 90 km, ion transport is impeded drift of the electron and ion required for instability growth
and the ions are dumped in the layer region. Richter andshould be eastward. This is either possible through down-
Sechrist (1979) suggested that neutral Na atoms might theward electric field or westward neutral wind. The GDI,
be produced from Na+ through cluster ion reactions. which is responsible for FAI echoes, could still be produced
Our results show that descending structures observed irven if the westward winds are not present, but if the down-
the time-altitude cross section of Na density are more closelyvard electric field is sufficient. As an alternative, the Na
related to the downward progression of diurnal tidal phase inlayer formation may have taken place during daytime, when
zonal winds which is consistent with the current understand-wind conditions are suitable for the formation of sporadic
ing on the formation of ionization layers (Whitehead, 1961). ionized layers.
Clemesha et al. (2001) observed that descending structures of Our results show that the altitudes of sodium enhance-
Na density were closely related to those of meridional windments and FAI echoes are not the same at lower altitudes
profile over two closely spaced sites {Z3 45 E) in Brazil- (below 90 km). The descending structures of Na density and
ian sector. FAI echoes are similar only at high altitudes (above 90 km).
In the present work, the westward winds and the descendFriedman et al. (2000) found that all the enhanced Na lay-
ing structures of FAI echoes/Na density are not always coin-ers were having associated ion layer only above 100 km and
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below that altitude, some Na enhancements occurred withouChimonasG.: Enhancement of sporadic E by horizontal transport
the presence of ion layers. They also observed a special event within the layer, J. Geophys. Res., 76, 4578-4586, 1971.
that sporadic Na layer peak occurred prior to the ion layer atClemeshaB. R.: Sporadic neutral metal layers in the mesosphere
the same altitude. The observations presented in the presentand lower thermosphere, J. Atmos. Terr. Phys., 57, 725-736,
study, however, correspond to altitudes below 100km. On _ o _
22 February 2006, the altitudes and descending rates of bothcmeshaB. R. Batfta’ P.P., ?‘r('jd S'rgon'Ch’ dpl M'a.s'mlultane(.)ush
FAI and Na den;ity remarkably coincide with eagh qther and ;noe_isf(;in;]ergt;g n,mAe é\e;ors\g;:; essgs.,sg;)’rie';;flégl %grls. nthe
with the zonal tidal phase descent rate. On this night, FAIDeepa]V_, Ramkumar, G., Antonita, M., Kumar, K. K. and Sasi. M.
echo and Na layer are observed above 95km. On the other \ : vertical propagation characteristics and seasonal variability
two nights, though the descent rates of Na layer and FAl are of tidal wind oscillations in the MLT region over Trivandrum
nearly similar and they occur at nearly the same altitudes, the (8.5° N, 77 E): first results from SKiYMET Meteor Radar, Ann.
temporal variation of the structures differ in detail. This re- Geophys., 24, 2877-2889, 2006,
veals that the formation of sporadic Na layer below 100 km  http://www.ann-geophys.net/24/2877/2006/.
is complex and needs further investigation. Friedman,J. S., Gonzalez, S. A., Tepley, C. A., Zhou, Q., Sulzer,

It is important to mention that the simultaneous existence M- P-, Collins, S. C., and Grime, B. W.: Simultaneous atomic and
of large echo intensity and Na concentration is not expected, lon Igyer en_hancements gbserved n the MESOpAUSE region over
as the lidar observe neutral metal atoms, whereas FAl is as- Arecibo during the Coqui Il sounding rocket campaign, Geo-

. . . L. . phys. Res. Lett., 27, 449-452, 2000.

sociated Wlth. sporadic E consisting of metal ions. The FAI Gardner C. S., Kane, T. J., Sneft, D. C., Qian, J., and Papen, G.
echoes are first observed by the radar. When the remnant ¢ . simultaneous observations of sporadic E, Na, Fe, and Ca+
metal ions are neutralized to form neutral metal layers, li- |ayers at Urbana, lllinois: three case studies, J. Geophys. Res.,
dar begins to observe them. There are occasions, when FAI 98, 16868-16873, 1993.
echo enhancement occurs prior to that in neutral Na densityGranier C., Jegou, J. P., and Megie, G.: Iron atoms and metallic
Sometimes, the Na density and FAI echo intensity maximizes species in the Earth’s upper atmosphere, Geophys. Res. Lett., 16,
simultaneously. This suggests that not all the metal ions are 243-246, 1989.

neutralized to neural atoms and both metal atoms and neutrdf@ldoupis, C. and Pancheva, D.: Planetary waves and mid-
metal ions may coexist. latitude sporadic E layers: Strong experimental evidence

. . . _ for a close relationship, J. Geophys. Res., 107(A6), 1078,
To understand the relationship among sporadic Na, Spo d0i:10.1029/2001JA000212, 2002.

rad_ic E, FAI and neutral _winds further, simultangous Obser'rialdoupis,c., Schlegel, K., and Farley, D. T.: An explanation for
vgtlons of Na.concentratlon, FAI, echoes, s_poradlc_E, neutra type 1 radar echoes from the midlatitude E-region ionosphere,
winds are being planned. In this connection, an ionosonde Geophys. Res. Lett., 23, 97-100, 1996.

has recently been installed at Gadanki, which would provideHaldoupis,C., Meek, C., Christakis, N., Pancheva, D., Bourdillon,
vital information on the sporadic E. The MST radar, which  A.: lonogram height-time-intensity observations of descending
is being upgraded to an active phased array system, would sporadicE layers at mid-latitude, J. Atmos. Solar-Terr. Phys.,
also be capable of providing neutral winds in the MLT re- 68, 539-557, 2006.

gion through the measurements of low altitude FAI and me-Hocking, W. K., Fuller, B., and Vandepeer, B.: Real time deter-
teor echoes. These observations are expected to throw more mination of meteor-related parameters utilizing modern digital

: : technology, J. Atmos. Sol. Terr. Phys., 63, 155-169, 2001.
light to develop much deeper understanding on the complex
processes of the MLT region. Kane,T. J., Gardner, C. S., Zhou, Q., Mathews, J. D., and Tepley,

C. A.: Lidar, radar and airglow observations of a prominent spo-

. . radic Na/ sporadic E layer event at Arecibo during AIDA — 89, J.
AcknowledgementsThe support of the NARL technical staff in Atmos. Terr. Phys., 55, 499-511, 1993.

conducting observations presented here is gratefully acknowledgeqcane T. Grime. B.. Franke. S.. Kudeki. E.. Urbina. J. Kelley, M
Topical Editor C. Jacobi thanks two anonymous referees for LA . I £ o . i
their help in evaluating this paper.

and Collins, S.: Joint observations of sodium enhancements and
field aligned ionospheric irregularities, Geophys. Res. Lett., 28,
1375-1378, 2001.

Mathews, J. D. and Bekeny, F. S.: Upper Atmosphere Tides and

References the Vertical Motion of lonospheric Sporadic Layers at Arecibo,

J. Geophys. Res., 84(A6), 2743-2750, 1979.

Bhavani Kumar, Y., Narayana Rao, D., Sundara Murthy, M., and Mathevs, J. D.: Sporadic-E: current views and recent progress, J.
Krishnaiah, M.: Resonance lidar system for mesospheric sodium Atmos. Terr. Phys., 60, 413-435, 1998.
measurements, Opt. Eng., 46(8), 1, doi:10.1117/1.2767271Pancheva, D., Haldoupis, C., Meek, C. E., Manson, A. H., and
2007. Mitchell, N. J.: Evidence of a role for modulated atmospheric

Bowman, M. R., Gibson, A. J., and Sandford, M. C. W.: Atmo- tides in the dependence of sporadic E layers on planetary waves,
spheric sodium measured by a tuned laser radar, Nature, 221, J. Geophys. Res., 108(A5), 1176, doi:10.1029/2002JA009788,
456-457, 1969. 2003.

Chimonas, G. and Axford, W. I.: Vertical movement of temperate Patra, A. K., Yokoyama, T., Yamamoto, M., Nakamura, T.,
zone sporadic E layer, J. Geophys. Res., 73, 111-117, 1968.

Ann. Geophys., 27, 3411-3419, 2009 www.ann-geophys.net/27/3411/2009/


http://www.ann-geophys.net/24/2877/2006/

S. Sridharan et al.: First simultaneous observations of sodium and FAI at Gadanki 3419

Tsuda, T., and Fukao, S.: Lower E region field-aligned irreg- Richtet E. S. and Sechrist Jr. C. F.: A meteor ablation-cluster ion
ularities studied using the Equatorial Atmosphere Radar and atmospheric sodium theory, Geophys. Res. Lett., 6, 183-186,
meteor radar in Indonesia, J. Geophys. Res., 112, A01301, 1979.
doi:10.1029/2006JA011825, 2007. Urbina,J., Kudeki, E., and Franke, S. J.: 50 MHz radar observations
Patra, A. K., Venkateswara Rao, N., and Choudhary, R. K.: of mid-latitude E-region irregularities at Salinas, Puerto Rico,
Daytime low-altitude quasi-periodic echoes at Gadanki: Un- Geophys. Res. Lett., 27, 2853-2856, 2000.
derstanding of their generation mechanism in the light of Venkateswara Rao, N., Patra, A. K., and Rao, S. V. B.: Some
their Doppler characteristics, Geophys. Res. Lett., 36, L05107, new aspects of low-latitude E-region QP echoes revealed by
doi:10.1029/2008GL036670, 2009. Gadanki radar: Are they due to Kelvin-Helmholtz insta-
Patra, A. K., Sripathi, S., Rao, P. B., and Subbarao, K. S. V.: Si- bility or gravity waves?, J. Geophys. Res., 113, A03309,
multaneous VHF radar backscatter and ionosonde observations doi:10.1029/2007JA012574, 2008.
of low-latitude E region, Ann. Geophys., 23, 773-779, 2005, Whitehead,). D.: The formation of the sporadic-E layer in the tem-
http://www.ann-geophys.net/23/773/2005/. perate zones, J. Atmos. Terr. Phys., 20, 49-58, 1961.
Rao, P., Jain, A., Kishore, P., Balamuralidhar, P., Damle, S., andZzhou, Q. H. and Morton, Y. T.. Incoherent scatter radar study
Viswanathan, G.: Indian MST radar 1. System description and of photochemistry in the E-region, Geophys. Res. Lett., 32,

sample vector wind measurements in ST mode, Radio Sci.,, L01103, doi:10.1029/2004GL021275, 2005.
30(4), 1125-1138, 1995.

www.ann-geophys.net/27/3411/2009/ Ann. Geophys., 27, 3411-3412009


http://www.ann-geophys.net/23/773/2005/

