Ann. Geophys., 32, 55%62 2014

www.ann-geophys.net/32/553/2014/ Annales
doi:10.5194/angeo0-32-553-2014 Geophysicae
© Author(s) 2014. CC Attribution 3.0 License.

Occurrence of blanketing E layer (Esp) over the equatorial region
during the peculiar minimum of solar cycle 24

V. Yadav, B. Kakad, C. K. Nayak, G. Surve, and K. Emperumel
Indian Institute of Geomagnetism, New Panvel, Navi Mumbai, 410218, India

Correspondence tdv. Yadav (virendray.iig@gmail.com)

Received: 2 December 2013 — Revised: 29 March 2014 — Accepted: 7 April 2014 — Published: 26 May 2014

Abstract. A thin and highly dense sporadic E layer, which 1 Introduction

can occasionally block the upper ionospheric layers, is called

blanketing sporadic E (). We present the statistical sea- The ionospheric E region is characterized by the presence
sonal local time occurrence pattern ofyft equatorial sta-  of thin layers of enhanced ionization at heights of 100-
tion Tirunelveli (8.7 N, 77.8 E, dip latitude 0.7N) during ~ 120km, known as sporadic E {E At equator, E is patchy

the extended minimum of solar cycle 24 (2007-2009). Inand transparent to the radio waves reflected from layers
spite of nearly the same average solar activity during bothat higher altitudesRishbeth and Garriqtt1969. However,
2007 and 2009, considerable differences are noticed in theéometimes these layers are highly dense, known as blanket-
seasonal occurrence ofgduring this period. The percent- ing type sporadic E (&), which effectively blocks the up-
age of kg occurrence is found to be the highest during the per ionospheric layers to the radio waves. Occasionally, E
summer solsticex 50 %) for both 2007 and 2009, which can be very strong, causing scintillations in VHF radio sig-
is in general accordance with the earlier studies. The ochal (Rastogi and Mullen1981). Egp, at the equator, mid- and
currences of K, during the vernal equinox~33%) and  high-latitudes has been studied for over half a century, yet
January—February~(28 %) are substantial in 2009 as com- its seasonal occurrence pattern globally remains a puzzling
pared to those during the same seasons in 2007. We find thdgature Whitehead1989 19973 b) has discussed unsolved
during winter (January—February), 75% of Ep occurred  problems in understanding the formation af &t different
during or just after the period of sudden stratospheric warm4atitudes.

ing (SSW). We suggest that enhanceg &currence during Most of the Ep observations at mid-latitudes are ad-
winter (January—February) and the vernal equinox of 2009dressed by the well known wind-shear theowhitehead
could be associated with SSW-driven changes in the E regiod961 Axford, 1963. However, this theory fails at the
ambient conditions. Furthermore, the close associatiogf E dip equator where the Earth’s magnetic field is nearly
with counter equatorial electrojet (CEEJ) suggested by earhorizontal. It is reported that & is observed at equa-
lier studies is re-examined carefully using the scenariosgf E torial latitudes as well but its occurrence is less than
occurrence on non-CEEJ days. Such an exercise is crucidhat away from the equatoOfinloye, 1971 Abdu et al,

as we are unaware whether the physical mechanisms driv1996. Reddy and Devasid973 proposed theories to ex-
ing Esp and CEEJ are linked or not. We find that, of all the plain the formation of E, at equatorial latitudes, which
seasons, the association afEnd CEEJ is strongest during are based on the horizontal convergence of ions. The most
winter (November—December). widely observed features ofsgare its seasonal occurrence,
which indicates a peak during the local summBhdrgava
and Subrahmanyarl964 Oyinloye, 1969 Chandra and
Rastogj 1975 Devasia 1976 Devasia et aJ.2006, and

its anti-correlation with equatorial electrojet (EEJ) intensity
(Tsunoda 2008. The theories proposed for the formation
of Egp do not explain its seasonal dependence and the role
of EEJ. Based on long-term observations of meteors from
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mid-latitude stations, it is shown that the strength and oc-
currence of Elayer are closely related to the meteor influx =0
(Haldoupis et al.2007 Haldoupis 2011). Tsunoda(2008

(a) 2007

(b) 2008

(c) 2009
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suggested the transport mechanism for the formationspf E
at the equator and established the dependence of EEJ forthe, |~ —
first time.

Many observational and theoretical studies of low-latitude Z 200
Esp were carried out during 1960s but there have been very%
few since the 1980s. The present work is motivated by

150

two observational aspects of equatoriah Eeported earlier: 100

(i) the occurrence of & is higher during low solar activity

periods Devasia 1976 Devasia et a).2006 and (i) the oc- 50 - [ ——

currence of B is likely on a counter equatorial electrojet —— T

(CEEJ) day Bhargava and Subrahmanyar®64 Chandra % 10 1 1 6 -

and Rastogi1l975 Sen Gupta and Krishna Murthy975

Devasia et a).2006. Figure 1. Occurrence of blanketingsHEgp) as a function of IST

The minimum of solar cycle 24 is extremely low as com- during (a) 2007, (b) 2008 and(c) 2009. Disturbed daysy( Kp >
pared to those of the previous few solar cycles and also pecu7-4) and data loss are shown by blue and white colour respectively.
liar due to several reasons. Many interesting observations are
reported during this minimunicher et al.2012. More than
500 sunspot-less days were observed during this solar minithese days are excluded from the analysis. Magnetically dis-
mum (de Toma et a).2010. Recent studies have shown that turbed days and non-availability of ionosonde data are rep-
the background ionospheric conditions were different duringresented by blue and white patches respectively in Fig. 1.
this solar minimum as compared to the previous solar mini-Sometimes the F layer trace is completely invisible in the
mum Solomon et al.2013. The occurrence of & has not  ionograms due to the presence of a strordayer known
yet been investigated during this peculiar low solar activity @s total blanketing & For the present study, sk events
period (2007-2009). with 4 MHz < fbEg < 8 MHz are chosen as partial blanket-

Secondly, if we assume that CEEJ ang) Bre two inde-  ing Es, and Ep events with fbls> 8 MHz are chosen as to-
pendent processes occurring predominantly in local summetal blanketing k. We also utilize ground-based observations
then it is likely that both the phenomena will be observed onof the geomagnetic field’s H-component with 1-minute res-
the same day. However, this does not imply that there is glution, recorded by digital fluxgate magnetometer (DFM)
cause and effect relationship between the two. Though unat Tirunelveli and Alibag (18N, 72.9 E, dip latitude
likely, it could well be a coincidence. Thus, we re-examine 14.1° N). Thesef/ observations are used to estimate EEJ dur-
the dependence ofsEon CEEJ by taking into account the ing 2007-2009Ratil et al, 19903 b; Chandra et a).2000.
occurrence of iyon non-CEEJ days_ Such an exercise is ex- 10 verify whether the observation station is within the EEJ
tremely important to establish their relation, which is not ad- belt, we compute the magnetic inclinatior) @t Tirunelveli
dressed in earlier studies. The data used and results are elabésing hourly magnetic field measurements during the period
rated in Sects. 2 and 3 respectively. The present observatiortnuary 2007 to December 2009. For better temporal rep-
are discussed in the light of existing theories in Sect. 4. The'esentation of the occurrence ofj=we divide a day into

results are discussed and conclusions presented in Sects.1§ min intervals, so we get 96 cells per day. Hpks ob-
and 6 respectively. served during the 15 min interval under consideration, then

that cell is marked as a cell withg Sometimes more than
one value of fbEis present during a 15 min interval due to
the availability of ionograms with 5/10 min sampling inter-
val. In such cases, the largest fpolalue during that 15 min
interval is assigned to the corresponding cell.

2 Data and instrument description

CADI ionosonde data recorded at Tirunelveli (B\7
77.8E, dip latitude 0.7 N) during 2007—2009 is used in the
present study. The ionograms are recorded at every 15min

and occasionally at every 5/10 min. These ionograms are8 Results

manually examined to note the occurrence gf Bnd its

blanketing frequency (fbf, which is the minimum fre- The results based on theginformation retrieved from iono-
quency at which the F region trace starts appearing in thegrams are presented and discussed in this section. We discuss
ionograms. The events with fgE>4 MHz are considered the seasonal local time occurrence @f, Bnd their depen-

in the present study. The days wilh Kp>24 are taken dence on EEJ/CEEJ in Sects. 3.1 and 3.2 respectively. The
as magnetically disturbed days angh,Events occurring on  duration of Ep are detailed in Sect. 3.3. Here, the figures are
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plotted as a function of Indian Standard Time (IST), where = swoe Winler OF) - Winter(VD) - V.Equinox A Equinox
local time of the observation site LT =1S70.31 (hours). 2
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Daily information on the occurrence ofsfobtained from
ionograms at 15 min resolution is compiled for each year and .,
graphically presented in Fig. 1 for 2007—-2009. A red patch
indicates a 15 min interval whereyfwith fbEs >4 MHz is
observed on the ionogram during that time interval. White
and blue patches in the figure represent loss of ionosonde
data and magnetically disturbed days respectively. It should
be noted that the occurrence ofpHs primarily seen be- e B e e M S e e
tween 10:00 and 20:001ST, thus we calculate the SeasonaIlzligure 2. Seasonal percentage occurrence gf &ents as a func
i:oocrilsilrgr?gpggigaiggeog?:léererZ?ue:sf;oEr)ggliigr?ri%dr.n\i/r\w”g:ﬁ W etion of IST during(a) 2007 andb) 2009. The cross_symbols_indi- _
- . . ' " tate data loss on more than 25 % quiet days during that time bin.
make sure that the bin containg,ihformation from at least Horizontal dotted line represents 5 % occurrencegf E
75 % of magnetically quiet days of the corresponding sea-
son. It should be noted that we encountered frequent data loss
in 2008. Hence, for many of the 15 min bins in each season 4. Egyis more likely to occur during 13:00-18:00 IST with
of 2008, the percentage occurrence gf E not computed. a peak occurrence at around 16:00 (16.75)IST dur-
As we could not get a meaningful information on the occur- ing the summer solstice of 2009 (2007). For the win-
rence of Ep during 2008, we discuss the results for 2007 and ter solstice (January—February, November—December)
2009 hereafter. For the winter season, we compute the per-  of 2009, the peak & occurrence is seen at around
centage occurrence ofgseparately for January—February 14:001ST.
and November—December, as these months correspond to the ) )
same year and combining them together is not appropriate. - Total blanketing k events are predominantly seen dur-
Figure 2 illustrates the percentage occurrencegfa a ing 2009 as compared to 2007. Their percentage oc-
function of IST for summer solstice (May—August), winter currence is found to increase from259% in 2007 to
solstice (January—February, November—December), vernal 42 % in 2009.
equinox (March—April) and autumnal equinox (September—  peyasia et al(2006 have shown that the ¢5 occur-
October) of 2007 and 2009. We also compute the numbefence in the equatorial region is higher during low solar
of days with partial and total blanketing; For each season,  ¢tjvity than that during high solar activity. Also, at In-
which is shown in Fig. 3 for 2007 and 2009. We put the con- jan equatorial stations, the maximungBccurrence is pre-
dition that total duration of & event should be- 30minbe-  gominantly reported during the summer solstice with a mi-
tween 10:00-20:00 IST for aday to qualify asa day wkB E  nor secondary peak during the winter solsti@hgrgava
The percentage of number of days witly s mentioned over 54 Syuprahmanyari964 Devasia 1976. There are no re-
each barin Fig. 3, except for autumnal equinox of 2007, as its,orts of significant §, occurrence during the vernal equinox
estimated percentage is not reliable due to data loss of Morg, the Indian sector. Nevertheless, there is a report of an
than 25 %. Figures 2 and 3 yield the following important fea- equinoctial peak & occurrence at American and African
tures of the E observations: sectors during a high solar activity perio@yinloye, 1971).
The past investigations ofsk at low-latitude stations pro-
dvide two important observational aspects @f Bccurrence:
(i) the occurrence decreases as we move from low lati-
tude to equatorial stations where EEJ current is stronger
(Oyinloye, 1971, Abdu et al, 1996 and (ii) Esp at equatorial
2. It is observed that the occurrence ofpyEs maximum  egions is mainly seen during periods of CEEJ or weak EEJ
during the summer solstice of both 2007 and 2009.(Bhargava and Subrahmanyar964 Chandra and Rastqgi
This is in general agreement with the earlier studies on1973 Sen Gupta and Krishna Murth$975 Devasia et a.

Esp (Bhargava and Subrahmanyd®64 Chandra and 2006. The average monthly sunspot number during 2007
Rastogj 1975 Devasia 1976 Devasia et a).20086). and 2009 was . b+5.0 and 31+2.9 respectively. Thus, both

2007 and 2009 were under the influence of nearly the same
3. The occurrence of &g shows a larger spread over local solar activity, but the seasonal local time occurrence pat-
time during the summer solstice of 2009 as compared tdern of Ep, is found to be considerably different during the
2007. two years. Specifically, the enhanceghBccurrence during

o«
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% Occurrence of

=o__ o

1. The occurrence of & is higher during 2009 as com-
pared to 2007, which is particularly due to the enhance
Esp occurrence during winter (January—February) and
vernal equinox of 2009.
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Figure 3. Number of days with partial blanketing s&  igyre 4. paily EEJ during(a) 2007 and(b) 2009. The “dash-
(4 MHz < fbEs < 8 MHz) and total blanketing £(fbEs>8MHz)  yotied” curve represents the maximum of monthly average EEJ.

for each season durin@) 2007 and(b) 2009. The percentage of giangard deviation in monthly average EEJ is in the range of 11—
number of days with & is given over each bar corresponding to o4 41 (12-23nT) for 2007 (2009). Vertical lines {h) show the
each season. SSW period of 16 January—16 February.

winter (January—February) and vernal equinox of 2009 asssws were observed from 16 January to 16 February 2009,
compared to 2007 is an interesting observation. In order tQynich are reported to be the strongest and most long-lived

understand this discrepancy, we examine the dependence gf the past 50 years{anney et al.2009. This SSW period
Esp occurrence on EEJ and CEEJ. The details of this investiig shown by vertical dotted lines in Fig. 4b. We find that dur-

gation are elaborated in the next section. ing winter (January—February) 44 % of B events occurred
during SSWs (16 January—16 February, 2009), whereas 31 %
3.2 EEJ/CEEJ dependence of & of Esp events occurred during the post-SSW (17-26 Febru-

ary, 2009) days. It is apparent that 75% ofpEvents,

. . o ) 4 _ which occurred during winter (January—February) of 2009,
ation with a minimum during solstice period&apley, 1973 are closely related to the SSWs. On the other hand, hardly

Okeke and Haman@00Q Chandra et 8l 2000. This semi- 5 oceyrrence of & is seen during the winter (January—

annual variation of EEJ strength is apparent irrespective oﬁiebruary) of 2007. Thus, we propose that SSW activity-

solar activity, with weaker EEJ strength during low solar (o|41e4 changes in the E region produce favourable ambient
activity periods. We examine the variation of EEJ Strengthconditions for the generation o&E

with local time and day of the year in 2007 and 2009 un- It has already been reported that the occurrence sgf E

der magnetically quiet conditions to find any peculiar dif- is more frequent during CEED¢vasia 1976 Devasia

ferences in their variations during these periods. Figure 4ot al, 2006. However, establishing such dependence is not
illustrates the daily variation of EEJ for 2007 and 2009.

. straightforward when we are unaware of whether the ob-
The dash-dotted curves indicate the peak monthly averaggqeq processes (i.esfand CEEJ) are driven by the same

EEJ strength. The white gaps seen in the figure represent, e nhysical mechanism or not. Thus, it is crucial to exam-
data loss and magnetically disturbed days. The EEJ strengtme the scenario of & occurrence on days without CEEJ as
is found to be weaker during the summer solstice of 2009

well, which was not investigated in earlier studies. Here, we
({(EEJpeak= 29:18) as compared to 200{HEJpeak= 39 jiide the quiet days of a season into two categories based
18). No noticeable difference between peak average EEJ aGn the presence or absence of CEEJ. A day with a minimum
tivity during equinoxes of 2007(EEJpeak=49+21) and ¢ FE < _10nT during 10:00-20:00IST is considered as a
2009 (EEJpeak= 50+ 20) IS observed. Howgver, fre_quent day with CEEJ, otherwise it is a day without CEEJ. The oc-
presence of strong CEEJ is observed mainly during Jangrence of i, is then verified for each quiet day of a given
uary and February of 2009, which coincides with a period g 50n for these two categories. The percentage occurrence
of strong sudden stratospheric warming (SSWpddhayaya ot e for each of these categories is estimated and shown in
and Mahajan2013. The occurrence of CEEJ during SSWS g ‘5 The number of & days in these categories for each

was reported in earlier studieSténing et al.1996 Rastogj season is given over the corresponding bars.
1999 Vineeth et al. 2009 Yamazaki et al.2012. Refer-

ring to Fig. 2 ofLabitzke and Kunz€2009, we note that

It is widely known that EEJ strength shows semiannual vari-

Ann. Geophys., 32, 553562 2014 www.ann-geophys.net/32/553/2014/
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Figure 5. Percentage of number ofsfdays for category | (with  Figure 6. Occurrence of E, and corresponding EEJ profiles as a
CEEJ) and category Il (without CEEJ). The number of days dis-function of IST for days under the category | of winter solstice of
played above each bar represents the numberggfdgys in the  2009. The EEJ profiles are represented by broken grey curves. The
corresponding categorRes is the ratio of percentage of days with solid black curve represents the average of all EEJ profiles shown.
Egp for category | to that for category IRqf for winter (January—
February), 2007 is not calculated due to fewegp Hays. Res for
autumnz_il equinox i_n 2007 is not calculated as there was large datgs found that the E, events have occurred mainly during the
loss during that period. evolutionary phase of CEEJ, which confirms the close link
between F, occurrence and CEEJ during winter (January—
o February, November—December) 2009. It also explains the
This indicates that the percentage occurrence gff@  early occurrence of & during this season. Here, we want to
category | (with CEEJ) is found to be higher for all sea- pnoint that theres value is not computed for winter (January—
occurrence of E, for category Il (without CEEJ) is also For a given season, if the percentage of days wigrisvery

is absent, the occurrence offs still likely. If we assume  efficiency of the above-mentioned dependence.
that Ep, is strongly dependent on CEEJ then one expects

a smaller percentage in category Il. Based on this, we de3.3 Duration of Egp

fine a parameteRgs that is the ratio of percentageyfoc-

currence of category | to that of category Rer approxi-  We examined the duration ofsiEevents in each season of
mately provides the efficiency ofsfand CEEJ association 2007 and 2009. The number of days is displayed as a func-
in different seasons. In generates is found to be> 1 for tion of duration of Ep events in Fig. 7. Most frequent du-
all seasons during 2007 and 2009, indicating the associaration is found to be 0.75h for both summer solstice and
tion of Esp with CEEJ. However, th&ef values mentioned  winter (January—February, November—December) of 2009.
in Fig. 5 indicate that th&ef is maximum (minimum) during  However, Ep events with duratior 2.5 h are predominantly
winter, November—December (summer) for both 2007 andseen during the summer solstice of 2009. The average time
2009. This shows the tendency of stronger association beduration of Ey with standard deviation is mentioned in each
tween Ep and CEEJ during winter (November—December) panel. It is seen that average duration gfi& higher in 2009

as compared to the other seasons. The secondary p&ak in as compared to 2007 during summer solstice, whereas it is
falls during winter (January—February) 2009, which indicatesfound to be shortest during the winter solstice of 2009.

that Kp is moderately associated with CEEJ during this sea-

son. In 2009, the peak percentage occurrencespisEob-

served around 14:00IST during winter (January—February4 Discussion

November—December), which is nearly 2h earlier as com-

pared to that during the summer solstice. Thus, we examinettiere, we discuss the formation ofin the equatorial region
the temporal variation of EEJ and occurrence gffér days  in the light of existing theories. First, we checked the varia-
under category |. Figure 6 shows the occurrenceggfdad  tion of dip angle (inclination) at Tirunelveli between January
corresponding EEJ profiles for days of category | during win-2007 and December 2009 to confirm that the observations
ter (January—February, November—-December) of 2009. Thef Eg, presented here are within the EEJ bel3f) (Abdu
solid line in the figure shows the average of all EEJ profiles. Itet al, 1996. We calculate inclination by using the relation

www.ann-geophys.net/32/553/2014/ Ann. Geophys., 32, 5582 2014
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2007 " Winter (F) Winter (ND) V. Equinox A. Equinox during weak electric fields. LatéReddy and Devasi@d 973
14f A%0.7Ar orshr LIO0GLAC 1] 003:047Rr 1| 0.0420.46 hr proposed that shear in meridional wind can cause the conver-
gence of ionization along magnetic field lines. The common
drawback of the above theories was that none of them could
explain the observed peakgoccurrence during the summer
. T T | . solstice.Reddy and Devasiél981) proposed the formation
02009 [ [ s of CEEJ due to the action of local east—west winds with ver-
tical shear. As Eyand CEEJ are often observed together, the
authors suggested that such winds might be playing a role
in the formation of Ep. However, how height varying zonal
winds produce convergence of ionization at the equator to
0511522523051152252305115225230511522523051152 2523 form ESb IS nOt d|SCUSSed.
Esh duration (hr) Recently,Tsunodg2008 suggested thatdgis transported
Figure 7. Seasonal number of days witlfevents as a function of to the equator frpm an Oﬁ'equator_'al station where they are
duration of Ey, events. Average duration ofgalong with standard ~ formed due to wind shear mechanism. The author has shown
deviation for each season is shown at the top in each panel. that such a transport occurs only when the neutral wind speed
at the off-equatorial station is greater than a certain threshold
speed Tsunoda2008 see Eq. 2), which is determined by the
vertical polarization electric field linked with EEJ. In the case
I =tan(Z/H), whereZ and H are the vertical and hor- of strong EEJ, the associated polarization electric field will
izontal components of the geomagnetic field respectively.also be larger resulting in a larger threshold speed. Thus, for
Here, we use the monthly average of midnighand H val- Esp to be transported to the equator from the off-equatorial
ues to compute inclination for the corresponding month. Theregion, larger equatorward winds are required. In support of
inclination at Tirunelveli varies approximately from 1°2® this theory, there aredg observations reported b§handra
1.75 during this period. This shows that the observation sta-and Rastog{1979. For the formation of k, at the equator,
tion is well within the influence of EEJ and observeghBre  the authors have also suggested the transport mechanism of
associated with physical processes in the equatorial E regiononized Ey, layer from off-equatorial latitudes to equatorial
Wind shear theory is widely known and accepted as apdatitudes in the presence of horizontal wind with a significant
plicable for the formation of Eand Ep at mid latitudes  north-south component. However, they could not establish
(Whitehead 1961 Axford, 1963 Whitehead 1989 19971. the link between weak EEJ andgoccurrence, which is ad-
According to this theory, if there is westward wind at higher dressed byrsunodg2008) for the first time.
height and eastward wind at lower height in E region at mid- It should be noted that the theories discussed here assume
latitudes, then in the presence of inclined geomagnetic fieldhe presence of metallic ions (FeMg™) rather than the
lines, ions accumulate due to Lorentz force. Electrons are unusual molecular ions (p, NO™) in the E layer due to their
affected by these zonal winds as they are magnetized. Howonger lifetime MacDougall et al.2000. This eliminates the
ever, they follow the ions along the inclined field lines. This possibility of neutralizing the medium by the process of dis-
results in vertical convergence of ionization in a thin and sociative recombination and helps to maintain the enhanced
dense layer, which is thesglayer. This theory fails at the dip  ionization in a thin layer. Vaporization of meteors is the ma-
equator where the magnetic field is nearly horizoriRaddy  jor source of metallic ions in the Earth’s atmosphere which
and Devasigl973. It should be noted that a small increase in takes place at a height of around 90-110 khikih et al.,
inclination can slightly enhance efficiency of the wind shear2004 Roddy et al. 2004. Rocket observations have con-
mechanism to form &. However, that will not be sufficient firmed the presence of metallic ions in the E regidikin
to explain the observed differences igpccurrence dur- and Goldbergl1973 Zbinden et al. 1975 Kopp, 1997. In
ing 2007 and 2009. The equatorial Byer is known to be the past there was no evidence that could show a strong
associated with EEJ and its formation is explained based oseasonal dependence of meteor inplaunger et al(2009
two-stream instabilityFarley Jr, 1963 Buneman1963 and used long-term VHF radar observations from high-latitude
gradient drift instability Rogister and D’Angelp1970. The  stations in both hemispheres along with a low-latitude sta-
radar observations ofdgare in good agreement with these tion. They showed that the meteor counts peak around lo-
theories Phanikumar et al.2008 Maruyama et a).20086. cal summer at the high-latitude stations in both hemispheres,
However, the formation of &, i.e. highly dense thin layers whereas the equatorial station shows a semi-annual variation
at the equatorial E region, requires the convergence of longwith two peaks close to the local summer and winter. Similar
lived metallic ions.Closs (1971) proposed that a suitable observations are reported iBhanikumar et al(2012 us-
electric field of appropriate magnitude can produce a convering meteor data from Thumba (8.8, 77 E), an equatorial
gent flow of metallic ions and cause blanketing. This theorystation close to the 5 observation site. They have reported
was not given much attention as thg Events were observed a summer maximum and equinoctial minimum in meteor

.
1Y)

No. of days
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counts with winter counts lying in between. Recently, using 80
an extensive data base from both the Northern and Southern
Hemispheres, it has been established that the meteoric influx
peaks around May—Aug and shows a good correlation with
sporadic E layer intensitiesl{bbins et al, 2011 Haldoupis
2011, and references therein). In order to assess the differ-z o0}
ence in the meteor influx during 2007 and 2009, we usedé ;
the radio observations of daily meteor counts recorded atg3 4o}
Mie (35.0° N, 136.6 E, dip latitude 29.8N), Japan (Fig. 8). § |
These data are obtained from the International Project for Ra-= 3% \~.
dio Meteor Observatiorhftp://www.amro-net.jp/radio.htjn )
It should be noted that Mie is a mid-latitude station and hence
the seasonal distribution of meteors may differ from that of 17 %

the equatorial observation station, Tirunelveli. However, the ° |

difference between average meteor activity during 2007 and o — -Feb' e 4 VR TRV s —
2009 can be assessed from Mie observations to get an ap- Months

proximation of meteor influx during this period. The average
meteor count for 2009 is- 46 % higher than for 2007. If we

assume that metallic ions solely control the occurrence Odip latitude 29.8 N), Japan for 2007 and 2009. Vertical lines show
Es, then the percentage occurrence @b &hould be nearly e peginning and end of the vernal equinoctial period.
the same for both summer and winter solstices at equato-

rial latitudes. This contradicts earlier observations, as the E
occurrence is predominantly seen in local summer in both
hemispheresReddy and Matsushitd 969. The increased winter (January—February, November—December). It should
meteor deposits do not produce appreciable changespin Ebe noted that in winter (January—February), the CEEJs are
occurrence during summer in 2007 and 2009. This indicateglriven by the SSW-induced changes in the E region. Dur-
that although the presence of metallic ions is a prerequisite tang winter (January—February, November—-Decembey)iE
maintain enhanced ionization in a thin layer, the local wind closely associated with CEEJ, which is controlled by local
pattern in different seasons plays a crucial role in the initia-wind conditions. Hence, we suggest that thg &bserved
tion of the convergence process and hence the formation oduring this season are generated locally. On the other hand,
Esp. Nevertheless, the increased meteor input might be playthe summer solstice shows a peak occurrence (gf It
ing a major role in sustaining the ionization, hence we finddoes not show strong dependence on CEEJ. So, we suggest
that average time duration ofsfzand number of days with that the Ep transport mechanism given by Tsunoda (2008) is
total blanketing are higher during 2009 than in 2007. prevalent during summer and contributes positively towards
In view of the theories summarized above, we understangeak Ep occurrence in this season.
that the Ep observed at the equatorial region is either formed It should be noted that whether it is transported or locally
locally (Reddy and Devasjd 973 or transported from the generated &, in both processes the local winds play a cru-
off-equatorial regionChandra and Rastqgi975 Tsunoda  cial role in Ep formation. We observe considerableybc-
2008. However, the contribution from each of the above- currence during the winter (January—February) and vernal
mentioned processes tedoccurrence observed in the dif- equinox of 2009 as compared to 2007, which is attributed
ferent seasons is not known. We have attempted to gather thi® the presence of appropriate wind conditions during this
information based on the seasonaj Bccurrence, estimated period. However, why such a favourable wind pattern was
parameteRes and earlier proposed theories. The higlRgy present during those periods is unknown. The answer to
values for winter (January—February, November—December}his question probably lies in the presence of SSWs during
show the close association betweep &d CEEJ during this  January—February 2009, which are found to be the strongest
season. In earlier studies, it has been suggested that the physver the past 50 yeardl@nney et al.2009 and caused an
ical process of formation of CEEJ involves the local interac- increase of 70 K in temperature within 7 days at 10 hPa over
tion of height varying zonal wind with the electrojet plasma, the North Pole l(abitzke and Kunze2009. The SSW ac-
which can significantly modify the polarization electric field tivity continued for longer duration and the increase in tem-
(Richmond 1973 Stening 1985. Somayajulu et al(1993 perature at the 30 hPa level was observed until March 2009.
have shown that the zonal winds are considerably different orfThus, we speculate that the enhanceggldecurrence during
CEEJ and non-CEEJ days. We propose that the physical prahe winter (January—February) and vernal equinox of 2009
cess involving formation of & and CEEJ are closely linked is a result of the appropriate ambient wind conditions at the
(Reddy and Devasjdl98]) and the presence of east-west E region, which are linked with SSWs. As various factors
winds with vertical shear assists the formation gf &uring like solar activity, meteor deposits, strength of EEJ, CEEJ,

700

P SRR

Figure 8. Radio observations of daily meteor counts (circles) along
]yvith 5-day average of the counts (curves) at Mie (350136.6 E,
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winds and location of observation station (inclination) play the contribution of each of these parameters dpfar-
an important role in the formation ofsk, a quantitative es- mation and for better understanding of physical pro-
timation of the increase indg occurrence due to change in cesses involved in its generation, we need simultaneous

each of these parameters is not straightforward. For a better  Egp, meteor influx and wind observations at the equato-
understanding, we need the background wind observations at  rial E region.
E region altitudes.

5 Summary and conclusions
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