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ABSTRACT

In this paper, the analyses of the peak monthlyrgemetic storms observed between January — DeceRfligr
had been presented. This study is based on datadraetwork of ionosondes stations located withénEast Asian
latitudinal sector of 40-65°N. It was found tha¢ téffects of ionization depletion at an F2 layeximaum observed
at all stations during some of the events are assalt of rapid heating of the polar atmosphereidgrenergy
income from the magnetosphere. On the contraryptisitivestorm phases observed can be attributetlyp® an
eastward electric field, which will movethe miditiatle ionospheric F region plasma to higheraltitedeith lower
recombination, resulting in increases of the elestdensity. It is therefore suggested that thisoacmay be
responsible for the observed long-duration positaterm for the 19 February 2000 and "% October 2000
geomagnetic activities. On the geoeffectivenesghef F2 lonosphere with Interplanetary and Solar avin
parameters,the correlation percentage between therkical frequency deviation D(foF2) and IMF Beeahigher
at most ionosonde stations than between D(foF2) Bstd In relation to the flow speed V, all the &ias had a
good correlation (>58%) except at Petropaviovsk.@8rerage correlation percentage for the F2 ionosphagainst
the Dst, flow speed V and Bz are 40.5, 60.3 and d&spectively. This suggests that the plasma $joged is the
most geoeffective parameter with the F2 ionospherespective of the latitudinal position (low latde is not
considered here).For D(foF2)versi)s x Bz) = E the high latitude station of Salekhard had the heig

correlation percentage (71.4%), followed by Magadés0.4%), Tashkent (42.3%), Novosibirk (10%), and
Petropavlovsk (negligible). From these, the follogvivere deduced: (i) the increase in percentageetation of

(VV x Bz) = Eagainst D(foF2) is directly proportional to the im@se in the latitudinal position of each station
(i) the stations with more occurrences of electdmnsity enhancement are those whose altitudegra@er than
100m. (iii) an average value of 37.5% correlatian {{1” x Bz) = E versus D(foF2) showed that V is more
geoeffective, if it were to be Bz, the % value ddalve beer50%.

Keywords: magnetosphere, electric field, critical frequedeyiation, ionization, ionosphere, mid —latitude.

INTRODUCTION

Some excellent works on ionospheric storms hasphd#ished during the past four decades. It has diffieilt or
impossible to develop any unique theory thatcanagxphe ionospheric responses at all latitudesstorms in
general. Electrodynamic drifts, meridionalwindspidachanges in atmospheric heating andthermal eskpiaretc.,
have been invoked and suggested by many reseatdbessver, ionospheric storms represent large global
disturbances in the F region electron density gpoase to geomagnetic storms. Positive and negsttiven phases
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are used to describe increases and decreasesioantdspheric electron density during storms. Pasisitorm phases
occur more frequently in winter, and negative st@imses often occur in summer [1].So far mid- awdlatitude
F2-layer storm effects have been studied more sixtelythan high-latitude ones. This is partly due t
thedifficulties with ground-based ionosonde obseéovesduring geomagnetically disturbed periods. dditon,the
high-latitude F2 region is very variable, being osglyinfluenced by magnetospheric processes; in
particular,substantial electric fields are usuaglhgsent duringgeomagnetic storms. These eleceldsfiand the
corresponding horizontal plasma drifts can stropgiturb the electron density distribution at F2eldneights.
Neutral composition and temperature changesarettiee source of negative F2-layer storm effects.

Hence the aim of the present work is to study thgsigalmechanism and to estimate the contributibn o
variousprocesses that affects theionospheric F2r laysing the critical frequency foF2), during theak storm
activities (in each month of the year 2000) at Begal ionospheric stations in the East Asian georeig zone.

2.0 Data, Methodology and Plots

The OMNI data base is a convenient and widely usegrce for studying intense magnetic storms: see th
http://nssdc.gsfc.nasa.gov/iomniweb/ow/html Web. diter the purpose of this paper, twelve (12) st@wents
occurring in the year 2000 are being understudidsk 12 storms are the peak geomagnetic activityroicg in
each month of the year 2000 (see Table I). Alliatense, except for the one of January 23 (fomtloath of Jan.),
June 26 (for Jun.) and December 23 (for Dec.).Adiogrto [2], intense storms are those with peablsff of -100
nT or less, moderate storms fall between -50 a®® 41T, and weak storms are those between -30 a@hehF5
However, the interplanetary, geomagnetic and selad parameters data used are the plasma protositgetne
solar wind flow speed V(km/s), the average magritid B (nT), the IMF Bz (nT), the plasma temperrat T (K),
the low latitude magnetic index Dst (nT), plasmaaband the electric field (mV/m). All are from tl@MVNI
database and mostly from the IMP 8 Spacecraft. ligigted in Table | are the peak storm events ang fiar each
month, with corresponding values of flow speed, IBE (in GSM) and occurrence time at minimum peak Ds
value. Five (5) out of this twelve (12) geomagnaeiitivities are discussed in the next section. @hésFebruary 11-
14 (fig. 1), August 11-14 (fig. 3), September 16{1i§. 5), October 4-7 (fig. 7) and July 14-17 (fig), all in the
year 2000. 3 of these are part of the 9 great ggnet& storms that occurred during the Solar c¢8¢di.e between
1996 and 2006).Year 2000 also falls between thegerf rise and maximum of Solar cycle 23 [3].

Table I: Maximum Geomagnetic activity days for eachof the months in the year 2000 with corresponding
peak Dst and time, flow speed, and IMF Bz (in GSM).

Storm Date Month Peak Dst V (km/s) Bz Peak Dst time
Jan. 23, 2000 Jan. -97 360 -14.1 00.00
Feb. 12, 2000 Feb -133 568 -1.4 11.00
Mar. 31, 2000 Mar -60 396 -4.9 11.00
Apr. 7, 2000 Apr -288 571 -4.7 00.00
May. 24, 2000 May -147 642 -7.1 08.00
Jun. 26, 2000 Jun -76 540 -7.8 17.00
Jul. 15, 2000 Jul -301 1030 -3.7 00.00
Aug. 12, 2000 Aug -235 613 -13.9 09.00
Sept. 17, 2000 Sep -201 794 -5.8 23.00
Oct. 5, 2000 Oct -182 523 -10.4 13.00
Nov. 6, 2000 Nov -159 570 5.3 21.00
Dec. 23, 2000 Dec -62 323 -12.7 04.00

On the other hand, the lonospheric data used d¢erdisiourly values of the F layer critical freqagrioF2 obtained
from some of the National Geophysical Data Centar'Space Physics Interactive Data Research (SPiERyork
of ionosonde stations located in the East Asiatosgpredominantly Russia region). See Table lle hlayer
critical frequency foF2 is used because of itsdirelationship with the F layer peak electron dgrismF2 (which
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is a measure of positive or negative storm efféloteugh its significant increases or decreases tatheumean
position respectively). i.e

foF2(Hz) = 9.0x\/NmF2(m™?%) 0)

For the purpose of these work, we concentrate @nlthe high and mid-latitude stations.The Hightlaté ones are
Salekhard (66.5%) and Magadan (60.2R), while the mid-latitude stations are Petropaslo(52.97N), Tashkent
(41.16N) and Novosibirsk (55.0M).1t is important to note that paucity of datanabst stations during the days
under investigation restricted the choice of iomuk®ostations. Moreover, the criterion used in siglgdhe stations
is such that storm variations represented realgdmm electron density and not simply redistributdf the existing
plasma. However, the F2 region response to a gewmstiagstorm is most conveniently described in teohshe
normalized deviations of the critical frequency 2dfom the reference, D(foF2) [4], where

D(foF2) = E—Lm2me i)

L foFliave

Table IlI: List of lonosonde Stations in the East Amn Sector

Geographic cord. Diff. between
Station Code Altitude (m) Lat. (°N) Long.(°E) LSTand UT (hrs.)
Petropavlovsk PK553 50 52.97 158.45 +12
Tashkent TQ241 480 41.16 69.13 +5
Salekhard SD266 66 66.59 66.61 +5
Novosibirsk NS355 111 55.04 82.55 +7
Magadan MG560 610 60.21 151.03 +11

Hence the data under analysis consists of D(foF2¢gpective hourly values of foF2 of February Bf(figure 2),
August 12-16 (figure 4), September 17-21 (figuré&®jtober 5-9 (figure 8) and July 15-19 (figure 14l),in the year
2000. The reference for each hour (for each storemt} is the average value of foF2 for that hodcudated from
the five quiet days preceding the storm.Furthermtive use of D(foF2), the normalized deviationgha critical
frequency rather than the critical frequency foi2If provides a first-order correction for temgpseasonal and
solar cycle variations, so that geomagnetic stoffects are better identified. Note that in analgzib(foF2)
variations for ionospheric storms, positive andateg storms are defined by changes in amplitusleppstulated
that the maximum absolute value of D(foF2), of mitvean 10% are regarded as intense activities.

3.0 February 12, 2000 Storm

3.1 Interplanetary and Geomagnetic Observations

In Figure 1 are the response plots of the geomagrieterplanetary and solar wind parameters fa $torm of
February 12, 2000. According to [6], the princigidfining property of a magnetic storm is the catof an
enhanced ring current, formed by ions (notably fptgns and oxygen ions) and electrons in the 10k&80energy
range, located between 2 to ¢aRd producing a magnetic field disturbance whid¢htha equator, is opposite in
direction to the Earth’s dipole field, thereby cagsa diamagnetic decrease in the Earth’s magfietat measured
at near-equatorial magnetic stations as low- ld¢éittnagnetic index, Dst.

From panel a of Figure 1, showing the average ptaeetary magnetic field B, the IMF Bz (in GSM) atite
plasma proton density, it was observed that botim@ plasma protondensity followed the same patteshmould be
noted that both variables began to drop southwaatliyhe instance the Dst (panel c) began its mativity

dropping to its peak minimum value of -133 nT ot F&2 around 1100UT. This is indicated by the weaitiine that
drops through the whole figure. It is well estatid that the Bz component of the IMF exerts thetrimportant
influence on the magnetoshere and high-latitudesphere, as it controls the fraction of the enéngthe solar
wind which is extracted by the magnetosphere. leantlore, when Bz is strongly negative, magnetic maeation
between the IMF and the geomagnetic field produpes fields which allowed for mass, energy and mume to
be transferred from the solar wind to the Earthagmetosphere. Here the IMF Bz experiences a sidaisaiave-
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like pattern until around 1800UT ofFebruary 11 wiiteturns totally southward, after it had experied@ shock in
the interplanetary medium, obtaining its peak mimmvalue of -14.1 nT.Note also the increase instilar plasma
flow speed (panel c) to a value of 568 km/s wittiie same period, as well as the increase in thamagproton
density.It should be noted also that the relativatw rising stream above 400km/s indicate thevakrdf shocks
[7]. According to [8] and [9], intense magneticrsts occur when the solar flow speed is substaptfaiher than
the average speed of 400km/s.
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Figure 1: Response plots of the geomagnetic, intdgmetary and solar wind parameters for the storm of
February 12, 2000 spanning Feb 11-14, 2000

It was also observed that before the actual storemte the Dst variations indicate that weak stormmuhated

throughout most of the period 0000UT on Feb. 1D@0UT on Feb 12; at which time the Bz orientatisn
northward. On the temperature panel (panel d)ag wbserved that immediately after the shock wpseréanced in
the interplanetary medium as indicated on the D&, phe plasma temperature abruptly rose to aevafuabout
380000K around 0600UT on Feb 11.The structure igf geomagnetic storm event is further made clelayethe

plasma beta (panel c). The plasma beta plot shawwtvely low value between 1200UT through 2300&iTFeb.
12. Given this low values which is coincident withw plasma temperature, and an enhanced plasmasfieed, the
profile of the plasma beta appears to presentericm for magnetic clouds. Hence, it can be stétetithe storm is
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generated by shocks from magnetic cloud origin wh$ccharacterized by low beta plasma, high IMF nitage
and large scale coherent field rotations oftenudiclg large and steady north-south components. Meryén due
course, it was discovered that the north-south corapt of the interplanetary magnetic field regudatee growth of
the ring current.

Regarding the electric field, the primary causegy@dmagnetic storm at the Earth, according to §8§, strong
dawn-to-dusk electric fields associated with thespge of southward magnetic fields Bs past thehBart a

sufficiently long interval of time. It was observé@m the figure (panel b) that the electric fietibe to a value of
8.00 mV/m at the instance the Bz turns southwarda$ been proposed by [10] that when the IMF temghward

and remains stably southward for several hours, digside eastward ionospheric electric field is agmed

throughout the entire interval of southward IMFdathat a similar enhancement of the westward ionesp

electric field is observed when the IMF turns nesind and remains stably northward. In this casejdhospheric
electric field enhancement lasts for longer thamolir without significant decay, so it is termed tbeg-duration

enhancement of the ionosphericelectric field.

3.2 lonospheric Response

Moreover, the ionospheric observations to the stofifrebruary 12, 2000 are shown in Figure 2, asgans 12- 16
February. From the figure, it was observed thategaly for all the stations, it was more of an amtement in the
foF2 ionosphere (i.e positive phase storm), butemymonounced at the high latitude stations of Magadnd
Salekhard, as well as at Petropalvosk. It is watthlglished that the Bz component of the IMF isrtiest important
influence on the magnetoshere and high and miti#tgiionosphere as it controls the fraction oféhergy in the
solar wind which is extracted by the magnetosphEherefore, the positive storm experienced at gk Bnd mid
latitude stations after storm commencement appedret caused by the short duration southward turningz

giving § Bz =-14 nT between 0600UT and 1100UT on February 1thus appear that this southward turning with

dEFz =-14 nT may have been accompanied by an increaslar wind dynamic pressure which led to an

enhanced coupling between the solar wind and thesteial magnetosphere that significantly increlasiee
geoeffectiveness of the solar wind [11].Accordimg[12], although negative IMF is important in eriabl the
extraction of solar wind energy and thus drivinglgll ionosphere/thermosphere disturbances, thewsoid energy
density must be high for coherent changes to be aeenid-latitudes. [13]recently found that vamats in mid-
latitude ionosphere are well correlated with vaoias in IMF.

From the figure (i.e figure 2), the significant ieases of the mid-latitude ionosphericF region tedacdensity
experienced over Petropaviovsk, Tasshkent and Nuivsls started to occur at 1200 UT on 12 Februa®X0
almost immediately after the SSC (as indicatedhenDst plot in figure 1), and lasted formore thanotnrs during
the daytime. This case may beclassified as a lamgtidn positive storm phase. Observe also thae#iter the F2
region experiences a short term depletion levelltout 10% in all the stations for just about 5 kolefore they
began to pick up again. It was further shown tlighe ionospheric stations experiences depletiothé F2 layer at
the exact time the Dst recorded its minimum pedlesdi.e 1100UT on February 12).0One striking featis the
electron density depletion recorded at all statenmsind 0600UT of each day between 12-16 February.

4.0 August 12, 2000 Storm

4.1 Interplanetary, Geomagnetic and lonospheric Olervations

The Interplanetary and Geomagnetic observationthéostorm of 12 August 2000 are presented in Figure 3,
spanning August 11-14.

From the first panel (i.e., panel a) of the figstewing the respective plots of B, Bz and protonsitg, it was
observed that the average magnetic field B attaitseedeak value of 33.6 nT around 0900UT on Audist This
coincides with the peak depression value on the Bdplot to a value of -28.7 nT, as well as theimum peak
value on the Dst plot (panel c). Note also that Bzeorientation was mostly southward throughout whmle of
August 11 through 1700UT of August 12. However ttes storm began to recover, the Bz turned northveadi
maintain this posture till the 2300UT of August T#4e instance the Bz abruptly turned northward valae of 10.7
nT, which also corresponds to the Dst value ofrZ4around 0000UT on August 11 marked the onseh@f3ISC
during which little energy was entering the mageptere, regardless of the speed and number derfigirticles
in the solar wind. More importantly, it was discos@ that SSC is not a necessary condition for ansto occur,
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and hence the initial phase is not an essentialfefl4]. It is thus evident, that the most ess¢feature of a storm
is the significant development of a ring currerd &8 subsequent decay.
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Figure 2: The lonospheric observations of the stornof February 12, 2000

From panel c¢ of the figure, showing the plots @& flow speed, it was shown that the flow speed snlydrose from
515km/s around 1900UT on August 11 to 613 km/dhefd¢ame day, and thereafter to 644 km/s aroundlWB0®
has been agreed that the power required to buildhapstorm time ring current and to supply the idet$on
associated with various auroral and ionosphericifestations of storms and substorms must be exadtimately
from the kinetic energy of solar wind flow. Therefp the observed increase in the flow speed valse j
immediately after SSC can be attributed to the ecsivn of the solar wind which is initially in eteemagnetic
form to mechanical energy of particle motion (eitflew or thermal); whereas the energy suppliedthy solar
wind is initially all in mechanical form. Accordint [15],energy flow from the solar wind to the matpsphere
and ionosphere must therefore proceed in two steshanical energy from the solar wind is converted
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electromagnetic energy (and can be viewed as siardlie magnetic field primarily of the magnetotaahd this
electromagnetic energy is converted to mechanioakrgy of particles in the plasma sheet, ring currand
ionosphere. Thus, the observed higher plasma paeasity and higher flow speed combine to form ahmlarger
solar wind ram pressure.Moreover, the 11 August02®gent thus indicates thatthe magnetosphere iy mare
sensitive to solar winddynamic pressure variatiaten the IMF is stronglysouthward than when it isakly
southward.
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Figure 3: Response plots of the geomagnetic, intdgmetary and solar wind parameters for the storm of
August 11-14, 2000

Given the low values of plasma beta (panel b) andberature (in panel d) which is coincident withesranced
plasma flow speed between 1100UT and 2300UT on stutR, the profile of the plasma beta appears ésgnt a
criterion for magnetic clouds. Hence, it can béestahat the storm of August 12, 2000 is generhteshocks from
magnetic cloud origin which is characterized by losta plasma, high IMF magnitude and large scateremt field

rotations often including large and steady northts@omponents. Given the variations of the soladwparameters
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under investigation, it is safe to suggest that hee magnetospheric process played the leadirgimothe
enhancement in the ring current
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Figure 4: The lonospheric observations of the stornof August 12-16, 2000

Moreover, according to [16] magnetic clouds that geoeffective have a southward and then north@rdice
versa) magnetic field directional variation. Whéxe tmagnetic cloud has a very high velocity, it coespes the
plasma ahead of it and forms a “collissionless"céh®ehind this shock is a sheath, which contagestdd plasma
and compressed magnetic fields. These intenselsimeagnetic fields in turn, can also cause magrstcms.
Regarding the ionospheric response (i.e Figur§sfhad suggested that the response of the ionosph2 region
to magnetospheric disturbances is different frorat tbf the lower ionosphere. The difference is daethe
differences in physical mechanisims responsibléiferchanges of the electron concentration (e)l&\hithe E and
D regions the primary reason of the (e) changethasvariation of the ionization rate because ofpuascular
intrusions, there is no considerable change ofidh&ing source intensity in the F2 region duringogagnetic
disturbances. From the figure (i.e figure 4), spagrAugust 12-14, 2000, it was observed from théB2) plot
that there is a decrease in the ionospheric foFZetbpalvosk and the high latitude station of dsded. However,
there is an enhancement (i.e positive storm) ahKea#, Novosibirk and Magadan. From the Bz ploFigure 3
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(panel a), a change in Bz éBz = -16.8 nT was observed between 0300UT and 08GfXUAugust 12 which appear
to coincide with increases in both plasma density fflow speed. This change in Bz could lead toetkiglanation of
ionospheric responses observed at some statiorrs after it occurred. This is because [12] havewshthat a
southward turning with a change in Bzaiz = -11.5nT results in foF2 showing a marked daseein amplitude,
reaching a minimum value few hours after the soatidwturning. Hence, the positive storm experienaed
Tashkent, Novosibirk and Magadanafter storm commem®nt appear to be caused by the short duratithward
turning of Bz givingdBz = -16.8 nThetween 0300UT and 0800UT on August 12

[15]had proposed that changes in the large-scaeldri field during magnetic storms, both substoatated and
directly driven by the solar wind, can trap padghlell inside geosynchronous orbit. Recent stsltbbservations
in the inner magnetosphere have shown, however thiBaabundance of ionospheric ions (particularly i® high
and is highly correlated with substorm activity.i§ © dominance coupled with the fact that a signifidaattion of
H* is also ionospheric in origin, suggests that thase of the intense ring current during great stoisnthe
enhanced outflow of ionospheric ions.
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Figure 5: Response plots of the geomagnetic, intdgmetary and solar wind parameters for the storm of
September 17, spanning 16-19, 2000
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Figure 6: The lonospheric observations for Septemlyel 7-21, 2000

5.0 Solar, IMF Activity and lonospheric Observatiors to the September 17, 2000 Storm

The solar and interplanetary magnetic field agégitand the lonospheric observations to the stdr&eptember 17,
2000 storm are presented in figure 5 and figuregpectively. According to [17], while investigatittge roles of
interplanetary and geomagnetic parameters in timergéon of ‘intense’(-250nk peak Dst< -100nT) and ‘very
intense’ (peak Dst< -250nT)magnetic storms, it wagealed that the interplanetary magnetic field @ays a
prominent role alongside Dst in the generationndése storms. Moreover, the interplanetary eledigld (-V x
Bz) associated with high speed streams and the wiha density Np, (which is a function of the solgind ram
pressure) also plays an important role in the cumgent intensification. He went further to propdisat in regards to
the geoeffectiveness of the flow speed V, the B3 Bs interval (B) with the average magnetic field B, it was
observed that generally for all the storms, thevfipeed is the most correlated, showing a coroglatoefficient of
50.9% with B,Furthermore, the result shows thatyintense’ storms whose main feature is a plaftonaspeed
greater than 550 km/s has a negligible correlabetween the flow speed and the magnetic field Bereas,
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‘intense’ storms have a 58.7% correlation betwdentivo parameters. [17] finally argued that allrivéntense’
storms are likely to have a plasma flow speed graatin 550 km/s within the storm interval, but abbtflow speed
greater than 550 km/s are ‘very intense’ storm [@lst assertion is true for the storm of SepteriFe2000. From
Figure 5, the Dst plot (in panel c) revealed th@imum peak value for these storm event (i.e., 20}, and the
corresponding flow speed value (same panel c) tege®4 km/s. The high value recorded by the averaggnetic
field B (panel a) together with the increment ie flow speed V value (27.5 nT) around 2300UT gbtSmber 17
also points to the fact there is a good correlatietween the two parameters, especially when isfiest the
‘intense’ storms condition.

It must be noted that the plasma temperature (péradl figure 5) showed a tremendous increase talaevof
920518 K, at the instance of the minimum peak valfithe Dst around 2300UT of September 17; whico al
heralded the high flow speed rate, as well as ¢hs@ud turning of the electric field (Figure 5- gam) and low
plasma beta.Note also that the temperature waallyitminima between 0000UT of September 16 andOl8D of
September 17. All these appear to indicate thasttien is as a result of interplanetary ejectehefrhagnetic cloud

type [18].

It has been said that the dominant solar/coronahi&swvthat occur near the maximum sunspot phaseafdlar cycle
are impulsive ejecta, often referred to as coromads ejections (CMESs). These events have diffepagds, but the
ones that are most effective in creating magnetimss are fast events, with speeds exceeding theeaitnwind
speed by the magnetosonic wave speed, thus formifagt forward shock. As a fast plasma and fiefdcstire
propagates from the sun through interplanetary espiacsweeps up and compresses the slower plasthdiedd
ahead thus creating a ‘sheath’ between the shogkhaninterplanetary manifestation of the ejectais Tondition
holds for the storm of September 17, 2000. It derdfore be said that the sheath created is asult oé the Bz
southward orientation around 1700UT on Septembefel® hours to the storms main phase. This is sx#uan
intense storm (like the one under investigatiorehiehas a long-duration southward field intervalseither the
sheaths or the ejecta itself, a main phase magviollt is also important to note that in severatasions; more than
one interplanetary structure can be associatedtivittorigin of intense storms, which are complexature. These
complex structures have been studied by differeiensists e.g. [8]. Also, most of these reportethptex structures
involve a fast forward shock followed by a magnefioud, and usually another high speed streamusdan the
magnetic cloud [19].

In a work by [20], while studying the variation tbeten Dst and IMF Bz during ‘intense’ and 'very imse’
geomagnetic storms, it was observed that ‘verynidé storms are more likely to experience shockthie
interplanetary magnetic field region faster tharieénse storms with a flow speed >400 km/s. It was abserved
that ‘intense storms recover faster than the ‘vietgnse ones.

Regarding the lonospheric observations (as indiceté-igure 6), it was observed from the D(foF23tthdepletion
at an F2 layer maximum (negative ionospheric stowa¥y predominant at all the five ionospheric stetimf
Petropalvosk, Tashkent, Salekhard, Novosibirsk Biagjadan. However, it is pertinent to state thatehgas a
transient positive phase storm at Magadan betw86AWT and 1400UT on September 19. This could teerasult
of composition changes, which directly influences thlectron concentration in the F2 region. Howetbe
circulation may spread the heated gas to lowetutdgs, which may eventually result in the obsergederal
negative storm.

It could also be explained on the bases of [5] kaion, that during geomagnetic disturbances, gelamount of
energy is deposited into the thermosphere at hagitudles that leads first of all, to an increasehef neutral gas
temperature (depletion on the atoms-to-moleculs)raBoth factors may contribute to a decreas¢hefelectron

concentration (the negative phase of an ionosplstdan) in the high latitude ionosphere. The enetgposit

thereafter produces a strong enough storm-induicedla&tions which is directed equatorward and maiyncide or

conflict with the quite-time circulation. Accordilyg the gas with depleted [O]/fNis brought far the latitude in
order for the negative storm to spread equatorw@bserve that at all the stations (except Tashkbkat,is short of
data) recorded their main electron concentratiopledion between the hours of 2100UT of Septemberdd

0300UT of September 18.
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Figure 7: Response plots of the geomagnetic, intdgmetary and solar wind parameters for the storm of
October 5, 2000, spanning October4-7.

6.0 October 5, 2000 Storm

6.1 Interplanetary, Geomagnetic and lonospheric Ol&rvations

The Interplanetary and geomagnetic observationslaoe/n in figure 7 spanning October 4-7. From thet plot
(panel c), the Dst got to its first minimum peakueaof -182nT at 1600UT on October 5. It could #iere be argue
that the solar wind became geoeffectivea day befilogestorm day. According to [15], if a new majarticle
injection occurs, it leads to a further developmeinthe ring current with Dst index decreasingshbuld also be
noted that the increases in both plasma densitye{pgand flow speed around this period are indlieaif arrival of
a shock in the interplanetary medium. It was alsseoved that the solar wind speed increased tovihedstorm
day, far above a value of 350km/s. [21] had progcsarlier that moderate or strong storms occurrdg when
solar wind speed was above ~350km/s. The plot #iftereshows the arrival of another shock in therplenetary
medium making the Dst, (which originally is setting to recover) to reach its second minimum vafued67nT at
~0500UT on October 6. According to [22], a majarst occurs when the IMF experiences more than thoees
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and more than 10n T southward component. This rihdu indicated by the first decrease in Dst atQl6D of
October 5. Therefore, the Dst plot presents a dosidp main phase event taking over 24 hours teldgyv
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Figure 8: The lonospheric observations for Octobeb-9, 2000

The first step of the main phase with Dst -182 tafts at 2100UT on October 4. Also, the second istegsociated
with the sharp southward turning of Bz at 0000UTQxtober 6, reaching a value of -5.7 nT (see paradlfigure

7). Also, after Bz had reached its peak value a@ 8T around 0400UT October 6, it began rotatingatals the
north direction, whereas this decrease in the giterof the southward component of the IMF is faled by a
recovery in Dst. The long duration of Bz in the thovard direction for over 12 hours is an indicattbat the storm

361
Pelagia Research Library



ADEBESIN, B. Olufemiand et al Adv. Appl. Sci. Res., 2012, 3(1):349-370

event is intense in nature. According to [5], tivFI structures leading to intense magnetic storma hatense
(>10nT) and long duration (>3hr) southward compadnen
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Figure 9: Response plots of the geomagnetic, intdgmetary and solar wind parameters for the storm of
July 15, 2000, spanning July 14-17, 2000

The Dst profile for this storm event also appearpresent a Type 2 intense geomagnetic storm. Henvevlype 2
storm must satisfy the following two conditions [18) the first decrease in Dst should partly sdbsbefore the
second decrease follows sometime later. If M reprssthe magnitude of the first Dst decrease, wWRitpuantifies
Dst recovery, then M > R >0 nT.Furthermore, R/M.4.(ii) The two peaks in Dst must be separatedhbye than
3 hoursi.e. T + T1 > 3 hours. Here, T is the darabf recovery for the first storm, while T1 isetiduration of the
main phase of the second storm. Presently witlb#teplot here, M = 182nT, R = 138nT, this implieattM > R >
OnT and R/M (138/182 = 0.76) < 0.9. Also, T + T114 hours (between 1500UT of October 5 and 0500UT of
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October 6). Therefory\T = T + T1 = 14 hours > 3 hours. These resultsioonthat the intense storm of October 5
is a Type 2 storm.Moreover, the structure of thengggnetic storm of October 5, 2000 is illustratedtfer by the,
plasma beta, electric field and plasma temperatumas observed that there is a high value ofrptadeta and
plasma temperature on October 5. Hence, it camfieeréd from this that the shock was followed bgogg which
was not a magnetic cloud type [3].

lllustrated in Figure 8 are the ionospheric respsn® the October 5, 2000 storm. The figure depiutse of a
positive phase storm at the high latitude statimi@alekhard and Magadan, as well as the mid-lati#ustations of
Tashkent, Novosibirk and Petropalvosk. Howeverrelie a preceeding negative phase storm observét dato
high latitude stations of Salekhard and Magadanwel$ as at Petropalvosk between 0000UT and 06000T
October 5, as well as between 0000UT and 0600UJabdber 6.
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Figure 10: The lonospheric observations for July 189, 2000

However, theobserved mid-latitude F2-layer posititem effect in the “daytime' could be attributedhe vertical
plasma drift increase, resulting from the intemactof background (poleward) and storm-induced (tqueard)
thermospheric winds, but not to changes of (O) @) concentrations. This is because different lortjital
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sectors marked by the storm onset as ‘night-tinmel 2daytime' demonstrate different F2-layer positiv
stormmechanisms. Neutral composition changes in'iight-time' sector with increased (O) and,)Mbsolute
concentrations, while ()O)storm/(N,/O)quietapproxl at F2-layer heights, are shown to conteibargely to the
background MF2 increase at lower latitudes lasting during dagti hours. Storm-induced surges of the
equatorward wind give rise to an additionahf2 increaseabove this background level.

7.0 Geomagnetic Storm of 15 July 2000

7.1 Solar and IMF Activity on 14-18 July

A major magnetic storm was observed on 15 July2@ifif®the Dst values down to -300 nT.The storm begyaund
1600 UT, 15 July 2000. The Dstreached its minimwiue (-300 nT) around 2300 UT on the same day. Rego
of the storm took about 3 days. Figure 9 showsrdsponse of Interplanetary, Geomagnetic and Solad w
parameters for July 14-18, 2000. This kind of evantording to [19] is known as the ‘Bastilla evemt which case
it consists of an interplanetary shock driven byagnetic cloud, whose intense magnetic field retfdem south to
north smoothly. While the Bz is pointing southwaitdcauses a very intense fall in the Dst valuachéng its
minimum peak value of -301 nT. It should be noteat immediately after the shock, there was a suddenn the
plasma temperature (panel d), plasma density (@@nek well as an increase in the value of the fpeed to ~880
km/s. On July 14 the solar wind shows a fairly,flEdthough high, speed with a falling density aghperature.

On the 14 day, the plasma parameters stay fairly flat watibut 1530 UT when there is a clear forward shoitk w

a speed increase to over 700 km/s. This is follotwed sudden density increase and temperature afecreear
1700 UT. On the 15th, there is a declining spedd arlarge forward shock arrives near 1400 UT.sT$iock is
clearly identified by the abrupt and strong speetaase from about 600 km/s to over 900 km/s. $hack has a
strong density and stronger temperature enhance®@arthe 18 day, the speed continues to be quite high, with an
interesting and substantial decrease occurring@ita0140 UT and lasting until 0210 UT. During thicrease, the
density also falls and the electric field increasBus storm is interplanetary ejecta of the maignedbud type [18],
which could be as a result of possible associdiietveen CME and an interplanetary event. Associaidd this
flare was a full halo CME, observed by the LASC®&tinment, with an expansion speed of 2177km/s.

7.2 lonosphere Disturbances Following the GeomagnetStorm on 15 July 2000

In Figure 10 is the lonospheric response to themggmetic storm of 15 July 2000 From the ionosphBfioF2)
plot, it was observed that generally for all thatisins under consideration,there is a decreadeeielectron density
(NmF2) at a maximum of the ionospheric F2 layeeréby resulting in a negative phase storm. Noté tea
appearance of the short-lived positive storms (eoéent) at the high latitude station of Magadatween
0100UT and 0800UT 15July and 2200UT 18July till 0600UT 14 July up to 28% as well as the mid-latitude
station of Tashkent between 1500UT and 2200UT dhJuy 2000 up to 29% could be as a result of enbeiyg
injected into the polar upper atmosphere as ther seihd become geoeffective; which in turn launchdsaveling
atmospheric disturbance (TAD) which propagates with velocity [23] and the references therein.sTHAD
carries along equatorward- directed winds of magenaagnitude. At high latitudes, these meridionadds drive
ionization up inclined magnetic field lines and sawplifting of the F layer, leading to an increaséhe ionization
density.

The observed decrease in foF2 during the storelased to the neutral composition disturbancestinigat auroral
and high latitudes causes expansion of the neatirabbsphere, and enhanced neutral winds carry Hesur
composition. However, enhancement in the mean rat@decnass in the neutral composition disturbanceeads
to an increase in the loss rate of ions, resultimg decrease of the ionospheric plasma density tang a
negativestorm. [7] had shown that negative ionosphgtorm effects are indeed correlated with thgiaoe of
enhanced molecular mass.Observations have showeneraj good correlation between (@Q/Nand negative
ionospheric storms [24]. Numerical simulation ougpiniom global first principles models such as Tiermosphere
lonosphere General Circulation Model (TIGCM) [25ktCoupled Thermosphere lonosphere Model (CTIM) (i.
[26]) have shown clear association of decreasethénmean molecular mass with increases in NmF2nguri
geomagnetic active periods. However, whether thepositional perturbation is fully responsible fhetnegative
storm effects is still an open question. Some hauggested that perturbations in neutral gas coniposre the
main cause for negative ionospheric storms e.g.j2file others have suggested that vibrationallsited N,, as it
can enhance the O+ recombination rate, may be taatdn explaining the negative storm effects [28].
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On simultaneity, it was observed that between 120@dd 1500UT 18 July, 1200UT and 1400UT f&luly, as
well as 1200UT and 2300UT 1 duly 2000, there are some degrees of simultairettye observed decrease in foF2
at all the stations. Note that lack of average lyodata marked the areas where there appear tajpénghe plots.
Note also that no data was recorded at Salekhdhihitie plotted period.

8.0Morphology and Discussion

Now we consider the effects of ionization deplesiban F2 layer maximum (negative ionospheric stobsérved at
all stations during the respective storms of'3&ptember 2000 and15luly, 2000; as well as the ionospheric
stations of Petropalvosk and Salekhard during ttwersof 13" August, 2000. It was first suggested by [29] amel t
references therein, that neutral composition chargéhe thermosphereas a main reason for the alsxia NmF2
duringnegative ionospheric storms. Later it becapparent thatphysical mechanisms are driving teisrahse.
Rapid heatingof the polar atmosphere during enarggme fromthe magnetosphere generates a verscaha of
the air(upwelling) through the surfaces of constaessure. According to them, thisascent leadsdeviation from
the diffusive equilibriumand to an increase in thean molecular mass, that is, to adecrease inatiee of the
atomic oxygen density (O) to themolecular nitrogig) and molecular oxygen ¢gpdensities.

Expansion of a heated region also leads to a foomaft pressure gradients changing the thermospheric
circulation.An increased equatorward wind howevends the air with a changedcomposition to the redd
latitudes, increasing therethe mean molecular msseover, originating gradient winds usuallyplayneore
important role at night because they are addecetbttkground wind in the global atmospheric cirdoigday-
night). The winds often have the form of waves atling atmospheric disturbances (TADs), when the
energycomes in the form of a single pulse. Atmosphdisturbancesare shown in the ionosphere infdhm of
traveling ionospheredisturbances (TIDs) registénednograms. As aresult, the atmospheric regiah wichanged
compositionreaches mid-latitudes at night and ttotates together withthe Earth into the dawn se@arce the
photoionization rateis proportional to the O densithereas the loss rate isproportional to theul Q densities,
the increase in themean molecular mass leads &creabke in the electrondensity (NmF2) at a maximéinne
ionospheric F2 layer.The velocity of TAD motion s@terably exceeds the windvelocity; therefore thesTcaused

by heating of the polaratmosphere are first reggst@t mid-latitude stations and arethen followgéib ionospheric
storm.Hence, the reason for the observed negaih@spheric storm.The F peak electron density imltklatitude
ionosphere may be reduced by a factor of 2-5 duraggtive storm phases.

However, positive storms have not been well undedstncreases in the ionospheric F region electtensity
during positive storms show different charactersstiand several mechanisms have been proposedglgireihe
observations. Positive storms may be classified s#veral categories, depending on duration, Itioa,and
latitude[10]. It must be noted that the type ofregfiently observed positive storm is the daytimertstiuration
increases in the mid-latitude ionospheric electdemsityi.e the one experienced at the mid-latitetigions of
Tashkent and Novosibirk between 0100UT and 04009 TAlugust during the storm of August 12, 2000 (figdye
as well as the one at Petropalvosk and Magadaneket@800UT and 1000UT T5July during the storm of July
15, 2000(figure 10). However, short-durationincesasccur a few hours after a storm sudden commes@ég5C)
or a substorm [30] and[31]. The simulationsof [18hd the references therein, show that atmospheric
disturbances(large-scale gravity waves) are lauwh@heheauroral zone during storms or substorms teael to
themid-latitude ionosphere. The traveling atmosighelisturbancesmove the F region ionization upwésd
higheraltitudes along the geomagnetic field limesulting inslower loss rates and higher electremsities.Note that
the increases in the mid-latitude ionospheric Fregtlectron density and total electron content (JEEE often
observed in local dusk sector during magneticstaunms termed dusk effect. This is because the ugiivf theF
layer by an eastward electric field and convergeinctheeast-west direction might be responsibletfa dusk
effect.

However, the resultant density enhancements aedoatorwardedge of the dusk-sector ionospheriggtrauere
termedstorm-enhanced density (SED). [32]have coetbareasurementsof SED with the Millstone Hill radhe
globalGPS receiver network, and the DMSP satellitdgey findthat the SED density enhancements indtlmsk
sector areassociated with the erosion of the qiéesmasphere bysubauroral polarization streamrildizids and
that theSED plumes can map directly into the plagheric tailobserved with the IMAGE spacecraft.r@tdime
increases of the F region electron densityare @bgealso in the nightside (near midnight) mid-ladi#éionosphere.
It was proposed that downward plasmafluxes from glesmasphere into the underlying ionospherecoaltse
significant enhancements in the Fregion electramsithe [33] showed that a persistentelectric fietth also cause
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strong positive storm phasesnear midnight at midaliéudes.The F region electron density in the aqgual
ionosphereand at the anomaly latitudes can bedsettordecreased during magnetic storms. Moref84rfound
that increases in NmF2 over the equatorduring tlénnand first recovery phases of storms seemto bem
common than decreases; the increases in NmF2werprieted as the consequence of a downward mottoedf2
layer and reduced fountain effect caused by anemtbmvestward electric field. Furthermore, [10] atine
references therein showed that atomic oxygen cdrat@n increases inthe equatorial thermosphere beayhe
main reason for apositive NmF2 storm effect. [3Bjlevinvestigating the mid-latitude ionosphericétiecfield and
F region electron density during astorm, foundrgdancrease of the electron densityover Arecibd asignificant
decrease of the electrondensity over the equatbrsaggested that an enhancedeastward electricd@lged the
disturbances in the ionosphere.

Another type of positive storms is the long-durnaitn@rease in the F region electron density or TE@iadleand
low latitudes. [36] found that positive regionsoged at lower magnetic latitudes in equatorial fsoofspreading
negative regions over a couple of days. Theysugdetitat thermospheric disturbances originatinghiepolar
region spread equatorward with the progress ofgponeating positive phases in front of the spregdisturbances
by the effect of wind and negative phases bythecefif enhanced molecular composition

The possible mechanisms that may beresponsiblethfer observed long-duration positive storm at ak th
ionosphericstations from the D(foF2) plots durihg 2" February 2000 (Figure 2) and at Tashkent, Salekaad
Novosibirk during the 8 October 2000 geomagnetic activities (Figure 8) naw be fully explained. Awidely
accepted mechanism for daytime positive stormphasesid-latitudes is equatorward wind disturbantaisican
uplift the F region plasma [30], [31] and [37].dnrcase, the respective solar wind flow speed hadttectric field
plots in figure 1 (storm of f2February) and figure 7 (storm df ®ctober 2000) measurements show that there was
no large equatorward wind during thedaytime, sodlleetron density increases cannot be attributedtatorward
disturbance winds.

Another mechanismproposed by [10] and the refemenherein, is related to changes in the mean mialecu
mass.Enhanced heat inputs in the auroral zone glgtormscause upwelling and drive equatorward wihas
carryaway energy absorbed by the upwelling. Thigrgyn isreleased by the compressional heating due to
downwellingat lower latitudes. The upwelling, equatard winds, anddownwelling cause increases inNH®
ratio at highlatitudes and decreases in th#ONratio at low latitudes.This shows that the pesitphase thus
observed may not be caused by adecrease in ferhitio for some reasons. One of the most strikaagon is that

if theenergy transfer is carried by equatorwardtma¢uwvinds, itwill take several hours for disturlb@nwinds
originating inthe auroral zone to reach middletlmtes to cause thedecrease of the mean molecuts: idawever,

on the contrary, the observed positive phase stémteccur just after theSSC, and any variationmolecular mass
caused bystorm-associated winds at middle latiteda&l not begenerated within such a short time.

However, the only process that can quickly propad¢mbhigh to low latitudes without obvious delacarding to
[10]is the penetration ofelectric fields. [35] af@B] suggested that a storm-time enhanced eastieatde field
uplifted the ionospheric plasma particles, causirdgcrease of the electron density over the ecuradaan increase
of the electron density at the anomalylatitudes.e@stward electric field will movethe mid-latitu@@ospheric F
region plasma to higheraltitudes with lower recamaltion, resulting in increases of the electron dendt is
therefore suggested that this action may be redglenr the observed long-duration positive stdion the 12"
February 2000 and™October 2000 geomagnetic activities.

It has been shown that the fast solar wind ionthén magnetosheathhave limited entry into the magpéere
andinstead tend to flow down the flanks of the neagsphere.This leaves a slow solar wind compoihents better
ableto convect into the inner magnetosphere. Thestclestrack the prevailing two-cell convectioattern. The
particlesremain at low energies as they convect the polarcap. When they reach the convectionrsaveegion
theyexperience strong heating as they head sunBame ofthe particles of the dawn side appeardsscto the
duskside to produce the most energetic solar wordributionto the symmetric ring current. The biggss of
theseenergized particles occurs when they agaoh rdee subsolarregion where they first enter. Ad fhoint the
ionsappears to reenter the reconnection regionaa@deitheracceleration around the flanks via thve-l&itude
boundarylayer or back over the cap and into thetimafa newreconnected field lines. The issue aespis also
importantto the heavy ions within the solar windhiehh show ahigher percentage of penetration intoitmer
magnetosphere than for the solar wind protons [39].
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Figure 11: Showing the Regression plot for lonospmieD(foF2) variations with (a) Dst (left column),
(b) with plasma flow speed V (middle column), andd) with IMF Bz (right column) for each of the 5

ionospheric stations

9.0 Geoeffectiveness of lonosphere with Interplanaty and Solar wind parameters.
Figure 11 showed the Regression plot for lonospbéfoF2) variations with Dst, plasma flow speedavid IMF

Bz respectively for each of the 5 ionospheric statj and is made clearer in Table Ill. Table IliiWever, presents
thedeviation of the ionospheric critical frequerffoF2) variations for each of the 5 geomagnetizratevents at
the 5 stations with corresponding values of Dstwfspeed and Bz, atDstminimum peak value. Moreguesented
in Table IV are the Correlation coefficients of BiR) variations during each of the 5 storm evegtsrest the Dst,
V, Bz and (V x Bz) respectively; for each of thetations.

Table IlI: Deviation of the ionospheric critical fr equency D(foF2) variations for each of the 5 storravents for
each of the 5 stations at peak Dst time, with coreponding values of Dst, flow speed and Bz

Peak lonospheric stations D(foF2) variations
Storm Date Peak Dst V (km/s) Bz Dst time Petropavlovsk  Tashkent Salekhard Novosibirsk Magadan
Feb. 12, 2000 -133 568 -1.4 11.00 -0.39 0.05 -0.14 0.34 1.63
Jul. 15, 2000 -301 1030 -3.7 23.00 -0.20 -0.20 0.00 -0.23 -0.27
Aug. 12, 2000 -235 613 -13.9 09.00 -0.46 0.19 -0.51 0.33 0.08
Sept. 17, 2000 -201 794 -5.8 23.00 -0.29 0.00 -0.03 -0.21 -0.45
Oct. 5, 2000 -182 523 -10.4 13.00 0.04 0.36 -0.30 0.19 0.21

It was observed from the Table (i.e Table V) thith regards to the ionospheric response correlatiith Dst, the
high latitude station of Magadan recorded 73.2%llpWved by Novosibirsk with 59.7 correlation pertage. The
least was recorded at Salekhard (i.e 13%). Iniogldb the flow speed V, it was observed thatlad stations had a
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good correlation (above 58%) with the F2 ionospheri¢gh the exception of only Petropaviovsk thatareted a
rather negligible correlation percentage. The dati@n percentage between D(foF2) and IMF Bz howegeorded
85.8% at Salekhard and 68.0% at Tasskent. Petmyskvtecorded a negligible correlation percentaaye las well.
The calculated averaged value for each plottechbbri(i.eDst, VandBz) is the sum total for eachalde divided
by 5 (i.e., number of stations). Note that the agercorrelation percentage for the F2 ionospheatsigthe Dst,
flow speed V and Bz are 40.5, 60.3 and 46.4 resmdgt The implication of these is that the plasfioav speed is
suggested to be the most geoeffctive parameterthiétt-2 ionosphere, irrespective of the latitudp@dition (This
is yet to be established for low latitudes, as latitude is not considered here).

Table IV: Correlation coefficient of D(foF2) variations during each of the 5 storm events versus D3¢, Bz
and (V x Bz) respectively; for each of the 5 statits. [The averaged is the mean correlation coeffigiefor each
variable plotted against D(foF2)].

Latitude D(foF2) D(foF2) D(foF2) D(foF2)  No of +ve No of -ve
Position  Altitude (m) vs Dst vs V vs Bz vs (VxBz) =E phase storm phase storm
Petropavlovsk Middle 50 0.044 0.009 0.044 0.032 2 3
Tashkent Middle 480 0.523 0.886 0.680 0.423 3 2
**Salekhard High 66 0.130 0.673 0.858 0.714 2 2
Novosibirsk Middle 111 0.597 0.867 0.349 0.100 3 2
Magadan High 610 0.731 0.581 0.389 0.604 3 2
*averaged 0.405 0.603 0.464 0.375

** > no data available for this station during the July 15, 2000 storm

It has been said that the solar wind is regardethadriver for all forms of geomagnetic storms.wdoer the
relationship between solar wind induced dawn-due&tec fields E and the flow speed is given by &x Bz (i.e.,
these electric fields are caused by a combinatisolar wind velocity and southward IMF). Meanwhi[é0] had
suggested that of these two parameters, the sotdHWé is probably the more important because ofatr greater
variability. In spite of this (i.e., to show thishdity), a correlation column was also created\fox Bz against the
deviation of the F2 critical frequency D(foF2) fitie 5 stations (see Table 1V). From the Table i whserved that
the high latitude station of Salekhard had the é#glpercentage correlation with 71.4%, followedNbggadan
(60.4%), Tashkent (42.3%), Novosibirk (10%), andréf®mvlovsk (negligible). From these, the followimgre
deduced: (i) the increase in percentage correlation x Bz against D(foF2) is directly proportiortal the increase
in the latitudinal position of each station (ithe highest % is from the highest latitude statbSalekhard). (ii) the
stations with more occurrences of electron deresityancemet (positive phase storms) are those vatiitseles are
greater than 100m. (iii) an average value of 37ce¥telation for V x Bz versus D(foF2) showed thasiV that is
more geoeffective, otherwise (i.e., if it were ®Bz), the percentage value would have e&090.[33] hadshowed
that a persistent electric field can cause stramgitipe storm phases near midnight at middle ld&tu

CONCLUSION

The effects of ionization depletion at an F2 layexximum observed at all stations during the resgestorms of
17" September 2000 and15uly, 2000; as well as at Petropalvosk and Satektaring the storm of 12August,
2000, could be attributed to the rapid heating loé tpolar atmosphere during energy income from the
magnetosphere, which generates a vertical ascethieddir (upwelling) through the surfaces of consgressure.
This ascent in turn leads to a deviation from tifeusive equilibrium and to an increase in the meaolecular
mass, that is, to a decrease in the ratio of tbeniat oxygen density (O) to the molecular nitrogé&y)(and
molecular oxygen (€) densities, which could be as a result of incréaspiatorward wind.

However, for positive storms,it must be noted tihat type of a frequently observed positive storrthes daytime
short-duration increases in the mid-latitude iot@sjc electron densityi.e the one experienced etntid-latitude
stations of Tashkent and Novosibirk between 010@od 0400UT 12 August during the storm of August 12,
2000, as well as the one at Petropalvosk and Magheaveen 0800UT and 1000UT™3uly during the storm of
July 15, 2000. Meanwhile, the possible mechanidratmay beresponsible for the observed long-durgiasitive
storm at all the ionospheric stations from the B#p plots during the 1% February 2000 (Figure 2) and at
Tashkent, Salekhard and Novosibirk during tfie0gtober 2000 geomagnetic activities (Figure 8) marexplained
on the basis that the respective solar wind flogespand the Electric field plots in figure 1 (stosfil2" February)
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and figure 7 (storm of "5 October 2000) measurements show that there wdarge equatorward wind during
thedaytime, so the electron density increases ¢drmattributedtoequatorward disturbance windofgmsed to the
general theory that a widely accepted mechanisnddgtime positive stormphases at mid-latitudesisagorward
wind disturbancesthat can uplift the F region pla$g0] and [37].

A good reason for these is that if theenergy tremisfcarried by equatorward neutral winds, ittéke several hours
for disturbance winds originating inthe auroral edo reach middle latitudes to cause thedecreaskeomean
molecular mass. However, on the contrary, the eksepositive phase started to occur just after #@Sand any
variations of molecular mass caused bystorm-assatiginds at middle latitudes could not begeneratigioin such
a short time. However, the only process that cacktyupropagate fromhigh to low latitudes withouivious delay
according to [10]is the penetration ofelectricdiel An eastward electric field will movethe midiiatle ionospheric
F region plasma to higheraltitudes with lower rebamtion, resulting in increases of the electronsitg. It is
therefore suggested that this action may be regen®r the observed long-duration positive stdion the 12"
February 2000 and™October 2000 geomagnetic activities.

On the geoeffectiveness of lonosphere with Intergtiary and Solar wind parameters, it was obserkiatl with
regards to the ionospheric response correlatioh Wit, the high latitude station of Magadan recdrd8.2%
followed by Novosibirsk with 59.7 correlation pentage. The least was recorded at Salekhard (i.9.18%elation
to the flow speed V, it was observed that all tfati@ens had a good correlation (above 58%) withRBeéonosphere,
with the exception of only Petropavlovsk that remat a rather negligible correlation percentage. ddreelation
percentage between D(foF2) and IMF Bz however dmmbr85.8% at Salekhard and 68.0% at Tasskent.
Petropaviovsk recorded a negligible correlatiorcpretage here as well.Note that the average cdaomelpércentage
for the F2 ionosphere against the Dst, flow speah¥ Bz are 40.5, 60.3 and 46.4 respectively. W@ication of
these is that the plasma flow speed is suggestdak tthe most geoeffctive parameter with the F2 sphere,
irrespective of the latitudinal position (This i®tyto be established for low latitudes, as lowtdde is not
considered here).

On the relationship between solar wind induced dewusk electric fields E and the flow speed whichiigen by E
=V x Bz, a correlation column was created for Bxagainst the deviation of the F2 critical freqoe®(foF2) for
the 5 stations, it was however observed that tigh fatitude station of Salekhard had the higheste#age
correlation with 71.4%, followed by Magadan (60.4%ashkent (42.3%), Novosibirk (10%), and Petropesk
(negligible). From these, the following were dediicg) the increase in percentage correlation of Bz against
D(foF2) is directly proportional to the increasetle latitudinal position of each station (ii) th&ations with more
occurrences of electron density enhancemet (pegiitase storms) are those whose altitudes areegthah 100m.
(iif) an average value of 37.5% correlation for \Bx versus D(foF2) showed that it is V that is mgemeffective,
otherwise (i.e., if it were to be Bz), the percgeataalue would have beeb0%.
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