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ABSTRACT

In this work, we have presented a Geomagnetic andspheric response to solar wind activity of treoagnetic
storm of April 14, 2006. The indicators used irsthiork; foF2, Dst, Bz and flow speed implies arnse storm in
the perturbation of both the Earth’s magnetic fieldd the peak electron density of the F2 layer, #meke
perturbation in turn could affect global communicatgiven that intense storms could occur simultarsty across
the globe. It was also noted that the time the enbment was observed at the lonospheric statiomesmonds to
the point when the Bz experiences a northward tatem. Also at this time, the Dst began to redixdts peak
minimum value as well as the intensification oftihg current, as indicated by the flow speed phdt.these points
to the fact that the southward turning of Bz mayehaeen accompanied by an increase in solar winchmyc

pressure which may have led to an enhanced couplatggeen the solar wind and the terrestrial magsetere
that significantly increased the geoeffectivenesshe solar wind. Moreover, the average lonosphediiectron

content enhancement observed at the high latittat®as of Petrropalvosk, Magadan and the mid-laté stations
of Khabarovsk and Tashkent between the hours d@@8@&nd 1200UUT could be attributed to the respanisine

charged particles to the neutral atmosphere intttermosphere, which automatically produces wavesdranges
in the thermospheric winds and composition. Onaberall, the storm event could be regarded as atieg phase
one.

Keywords: thermospheric winds, flow speed, lonosphericted&ccontent, magnetosphere, Earth’s magnetic.field

INTRODUCTION

It is extremely important to understand geomagnstilcms because of the effects they have on lif&carh. A
geomagnetic storm is a marked temporary disturbafidee earth’s magnetic field. It was discovergdBaron
Alexander von Humboldt and a colleague from May@L86til June 1807 when they observed local Berlagnetic
declination every half hour from midnight to morginThey used a microscope to identify which dii@ttihe
magnetic needle was pointing. On December 21, 186679 magnetic disturbances were recorded.
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(h)

Figure 1(a) — (g): showing the progressive stagefthe Sun’s outburst of ejecta [a-b], the action ofhe fast
moving solar wind from the Sun on the magnetospherfe-d], the CMEs effect on the ring current [e-f],and
finally the effect on the Earth, causing magneticterms [g-h]
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Humboldt noted that this magnetic disturbance vwa®rpanied by strong aurora lights. In the mornthg,aurora
was gone, the magnetic disturbances were goneghagdvere left with the discovery of geomagnetarst It was
initially thought that geomagnetic storms were et by the influx of a greater than normal amaainsolar
particles released from the sun during a flareapial mass ejection (CME). However, solar flared aoronal
mass ejection (CME) are related to geomagnetierstpobut not because of the increase influx of pladiinto the
earth’s magnetosphere. [1] defines geomagnetianstas intervals of time when a sufficiently intersal long
lasting interplanetary convention electric fieldads, through a substantial injection of energy ke
magnetosphere-ionosphere system to an intensifigdcurrent strong enough to exceed some key thtesif the
quantifying storm time index (Figure 1).

Geomagnetic storms are major disturbances of thgnetasphere that occur when the interplanetary etagfield
turns southward and remain southward for a proldrigee. The turning of the interplanetary fieldtb@ northward
direction restores it to its pre-storm state. Mdignstorm starts with a sudden increase of thensitg of the
geomagnetic field horizontal component, called S@©m Storm Sudden Commencement). Basically, the
southward interplanetary magnetic field causes mgrreconnection in the dayside magnetopausedlsapi
injecting magnetic and particle energy into thettéarmagnetosphere and modifying the large-scalg current
systems. Reconnection leads to a number of pheraonaemora, geomagnetic storms, and enhanced rimgnts.
Many recent studies have shown that the magnitaddsdifferent phases of the geomagnetic storm depeon
solar wind speed, Interplanetary Magnetic FieldE)Mhagnitude and the presence of large southwaedplianetary
field (IMF) Bz. Magnetic activity indices were dgsed to describe variation in the geomagnetic fegdsed by
these irregular current systems.

However, there are several areas where electrortiagnirference affects communication systems. elav, the
vulnerability of wireless communication links frosources of this interference is on the increase. ifbrease in
the number of transmission systems, band congeatidninternational interference activities posesigmificant
threat to the normal operation, availability anliatglity of these wireless systems.

This paper is therefore aimed at exploring the gegmetic storm of April 14, 2006 (which is one o€ thatural
phenomena affecting telecommunication industriesutph interference) by making a thorough investigainto
the interplanetary, geomagnetic and ionospheria@menon associated with the storm.

TABLE 1: lonosonde Stations

STATIONS | GEOGRAPHIC CO-ORDINATES
Petropalvosk 62, 137.2E
Podkamneya 61%8l, 162.0E
Magadan 60N, 151.0E
Tomsk 56.5N, 132.0E
Novosibirk 52.4N, 139.8E
Khabarovsk 48%\,135.7E
Tashkent 419N,141.7E

2.0 Data source and method of analysis

Data available are the measured parameter of satar plasma for the period of April 12-16, 2006;t[sT), flow

speed (km/s), and the imbedded Interplanetary Magheld (IMF) Bz (nT) associated with the storfApril 14,

2006. The component is particularly considered bseaaccording to [2], the IMF structures leadingrignse
magnetic storms have an intense and long durafisowthward component. Such a configuration tendadrease
the coupling between the solar wind and the magpéiere with the result that relatively more solandaenergy
can enter the magnetosphere [3]. These data artytalservations obtained from the National GeoptalsData
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Centers SPIDR OMNI IMF data http//spdr.ngdc.noaal.gdloreover, the lonospheric data used in thidgtu
consists of hourly values of foF2 obtained from soai the National Geophysical Data Centers SPIDpa¢8
Physics Integrative Data Research Source) glokmiank of ionosonde stations. These stations aratémkin Asian
sector of the world. The data span between Aprill&22006 and consists of hourly values $#i2f where §F2 is
the F2 ionospheric response of the magnetic stdhma.stations are highlighted below in Table 1.

The study is concerned with variations 2 due to the geomagnetic storm of April 12-16,&@0 Asia Sector
stations of the world. However, the F2 region resgoto geomagnetic storms is most convenientlyribest in
terms of D§F2 — the normalized deviations of the critical fregcy §F2 from the reference.

D(fF2)=[foF2-(bF2)ave] / (§F2) ave.  vooveveee... 0

Hence, the analyzed data consists of thg=Dfof respective hourly values g2 on April 14. The reference for
each hour is the average valgeZ for that hour calculated from the three quietsdaipril 12-16, 2006 following
the storm. The use of D(foF2), the normalized dewmis of the critical frequency rather than thdicai frequency
itself provides a first-order correction for temalpiseasonal and solar cycle variations.

RESULTS AND DISCUSSION

3.1 Interplanetary and Geomagnetic observations

Figure 2 showed the Interplanetary and Geomagoétervations. From the first panel indicating the-latitude
magnetic index Dst, It was observed that there avasild up of magnetic activity up till around 1@WT of April
13 indicating the presence of a magnetic shockhan interplanetary medium. Before this time, theraswo
significance disorder in the F2 region of the iqrtesre. However, at exactly 09.00UT of April 14, st recorded
its maximum depression value of —111nT indicatingiritense, single phase storm. It thereafter begaavery
through April 16.

From the second panel of the same figure showiagethbedded Interplanetary Magnetic Field (IMF) gltime z

axis (i.e. Bz), it was observed that the instaree Dst is about to decrease to its minimum peakevat around
00.00UT on April 14 coincides with the point at whithe Bz rotates southwardly from its original tharard

orientation. The Bz recorded its minimum peak vat@mund 07.00UT on April 14 to a value of -14.0fifus in the
interplanetary region following CIR, the southwdidld components caused by the magnetic waves aasec
magnetic reconnection, small injections of plasmi® the magnetosphere and prolonged recovery plaisie

storms. According to [2], events of this type ar@Wn as ‘high intensity’ long duration, continuoA& activity

(HILDCAA) events. It should be noted that the IMEustures leading to intense magnetic storms hatense
(>10nT) and long duration (>3hr) southward compdénBliote that the Bz experienced a southward turmingse

southward duration is more than 3hours and havingl@e of -14.0nT. According to [4], the duratiar fvhich Bz

is negative is important factor in the relationsbipsolar and interplanetary plasma parameters gathmagnetic
storms.

The flow speed (or solar wind speed) plot [thirahglaof figure 2) shows the existence of a slowasirén the period
00.00UT April 12 with Vsw < 450km/s till 14.00UT ofpril 13. It thereafter begins to rise throughthe recovery
stage through April 16 to a value above 500km/scobding to [5], intense magnetic storms (Dst <-ID0accur

when the solar wind speed is substantially highantthe average speed of Vsw equals 400km/s. lalgasargued
by [6], in his work “Roles of Interplanetary ande@magnetic parameters in ‘Intense’ and ‘Very Ingémsagnetic
storms generation and their Geoeffectiveness” allatery intense storms are likely to have a plasloa speed

greater than 550 km/s within the storm intervat, it all flow speed greater than 550 km/s are waignse storms;
of which the present flow speed value agrees wighnginimum peak Dst value of -111nT)
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[7] and [8] have also shown that there are vaseatieejecta speeds, but it has been statisticatlyva that the ones
that are most effective in creating magnetic stoamesevents that are fast, with speeds exceedagrttbient wind
speed by the magnetosonic wave speed, therebyngaau$ast forward shock.
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Figure 2: Interplanetary and Geomagnetic observatins for April 12-14, 2006

3.2 lonospheric Response

The plot of the deviation of the critical frequericye. D(foF2) plot] for the Asian sector is as simin Figure 3(a)
& (b). The ionospheric stations under analysis uidel three high latitude stations of Petropalvosk.4®\),

Podkamneya (61%!), and Magadan (60°R), as well as four mid-latitude stations of Ton{56.5'N), Novosibirk
(52.8#N), Khabarovsk (48%\), and Taskent (41°R). The stations are classified based on theituditial positions.
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High latitude stations are stations whose latitatjyosition values are greater than or equal t6°58.while mid-
latitudes are between the value range of 20and 58.6N.

The D(foF2) plot is for five days spanning 12-16ril2006 representing two days before the stohm,dtorm day,
and two days after the storm (i.e storm recovemsyldt should be noted that an appreciable chéiuge the rest
position (i.e. from the 0.00 level on the y-axig)to a value greater than 0.50 is indicative oioscof geomagnetic
storm in such a station [either below the zero papression) or above it (enhancement)]

The F layer critical frequency foF2 is used becanfsis direct relationship with the F layer ped&atron density
NmF2 (which is a measure of positive or negatieensteffects through its significant increases arrdases about
the mean position respectively). i.e.

foF2 (Hz) = 9.0 ¥ [NmF2] (m®) ... (ii)

From the first panel of figure 3(a), reflecting thiot of the high latitude station of Petropalvoikkwas observed
that there is no immediate effect on foF2 followswygdden commencement. However, by around 09.00WSpof
14, an enhancement of foF2 became obvious reaehvwadue of above 0.50. It thereafter began to defiem this
point forward and throughout the remaining daystlmn plot. The same pattern was observed at thelatiidde
station of Khabarovsk (see second panel) as wdhehigh latitude station of Tashkent (fourth garle should be
noted that the instance the enhancement was olbisatvitese three lonospheric stations correspandset point
when the Bz (second panel of figure 2) experieacasrthward orientation, the Dst (first panel gjuiie 2) began to
reduce to its minimum peak value as well as thenisification of the ring current, as seen on tbevfspeed plot of
figure 2. All these points to the fact that thethovard turning of Bz may have been accompaniedrbpnerease in
solar wind dynamic pressure which may have lechterghanced coupling between the solar wind andetinestrial
magnetosphere that significantly increased the figeiazeness of the solar wind [9]

According to [6], there are a variety of causesaidthward IMFs in the high speed stream sheatlomegirstly, if
there is a preexisting southward component upstiafahe shock, shock compression will intensifystbomponent.
As these fields convect towards the driver gasomggihe drapping effect will intensify the fieldsrther for the
earth’s magnetosheath fields. Turbulent waves &ubdtinuities can also be associated with stramthward and
southward IMFs

However, the appearance of the positive phase statrie high latitude stations under investigaisoas a result of
energy being injected into the polar upper atmosphs the solar wind become geoeffective; whiduin launches
a Traveling Atmospheric Disturbance (TAD) which pagates with high velocity [10]. This TAD carrie®rg
equatorward-directed winds of moderate magnitudehigh latitudes, these meridonial winds drive &ation up
inclines magnetic field lines and cause upliftiffgttee F layer, leading to an increase in the iciizadensity i.e.
positive storm.

The lonospheric response plot at Podkamnneya (gareel of figure 3(a), Novosibirk (first panel oigkire 3(b)),

Tomsk (3(b) second panel) and high latitude stadioMagadan (last panel) reflects more of a negagtivase storm.
These observed decrease in foF2 during the stonralased to the neutral composition disturbancesatidg at
auroral and high latitudes causes expansion ohéutral atmosphere, and enhanced neutral windg dasturbed

composition. However, enhancement in the mean mtaleenass in the neutral composition disturbanceeads
to an increase in the loss rate of ions, resuliting decrease of the ionospheric plasma densityttargla negative
storm. [11] had shown that negative ionosphericnsteffects are indeed correlated with the regioremfianced
molecular mass.
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Fig. 3(a):Variation in D(foF2) in Asian Sector during the storm of 12-16 April, 2006

152
Pelagia Research Library



Adebesin, B.Oet al Adv. Appl. ci. Res., 2012, 3(1):146-155

NOVOSIBIRK

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00

040 A
030 A
020 A
010 A

i LA\ N .
-010 A \/W W\/J
-0.20 4
-0.30 4
,040 .

-0.50 A
-0.60 4

-0.70 -
Time (UT)
TOMSK

D(foF2)

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00
0.40 ~

~ 0o 'v\/\/\/\/\/“/\/\/\/\n/\
& o0 \Pvf
E’nm-
-040 A
-0.60 -
080 4
Time (UT)
MAGADAN
00:00 06:00 12:00 18:00 0000 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 0000 06:00 12:00 18:00 00:00
0.40
0.30
< 020
L ol M~ N /f\ [ij
o % AV = v
e 010 N/
O -020
-0.30
-040
-0.50
-0.60

-0.70

Time (UT)

Fig. 3(b): Variation in D(foF2) in Asian Sector duting the storm of 12-16 April, 2006
CONCLUSION

The complex processes of interaction between thesigheric plasma and the neutral gas was studiddZy\by
solving a couple of systems of ionospheric and aprheric equations. Their calculations showed ttdg@ease in
[OJ/[N,] in the lower thermosphere as a result of the ghaim turbopause level, triggers a complex chain of
reactions in the ionospheric system. However, [b8pduced the concept of the change in neutral pomition
during magnetic storms and suggested that an eahwt in [Q] at the F region altitudes may result from an
increase in the turbopause altitude caused byasorg mixing in the lower thermosphere.

The ionosphere varies greatly because of changésarsources of ionization and it responds to ckang the
neutral part of the upper atmosphere in which iemsbedded. This region of the atmosphere is knosvitha
thermosphere since it responds to solar EUV radiatine ionosphere varies over the 24 hours pdvitdieen
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daytime and night time and over the 11 year solatecof solar density. On shorter time scales, rsélaay

radiation can increase dramatically when a sodef occurs. This increase the D and E regiongation. During
a geomagnetic storm, the auroral source of iommnatiecomes much more intense and variable and éspan
lower latitudes.

The other main sources of variability in the ionosge come from charged particles responding tontheral
atmosphere in the thermosphere. The ionospherendspio the thermospheric winds: they can puslothesphere
along the inclined magnetic field lines to differdatitude. The ionosphere responds to the comipositf the
thermosphere, which affects the rate that ionsed@ctrons recombine during a geomagnetic stormeleegy input
at high latitudes produces waves and changes immtispheric winds and composition. This produces libe
observed increases (positive phase) and decrassgatiye phase) in the electron concentration.

The interplanetary magnetic field (IMF) is a vectprantity with three dimensional components, two afuthese
components are Bx and By which are oriented paril¢he ecliptic. The third component Bz is pergienlar to
the ecliptic and is created by waves and otheuxdhiainces in the solar wind. When the interplaneataagnetic field
(IMF) and geomagnetic field lines are oriented agifgoor anti-parallel to each other they can mengeeconnect
resulting in the transfer of energy, mass and maomerirom the solar wind flow to magnetosphere. Strengest
coupling with the most dramatic magnetosphere &ffeccurs when the Bz component is oriented southvighe
north-south component Bz plays a dominant rolesigianining the amount of solar wind energy to bedferred to
the magnetosphere to produce geomagnetic storm.

However, the F2 layer is often profoundly affectbdgring the magnetic storms, with severe effectsradio

propagation. At mid-latitudes the F2 layer electdamsity initially increases then often decreasénduthe storms
main phase, and recovers in 2-3 days. The geomaggietm is the most important phenomenon in thegex

chain of solar terrestrial relations and space heratThe storm is triggered by solar wind ener@ptared by the
magnetosphere and transferred and dissipated imigheatitude ionosphere and atmosphere [14]. &lpesiods of
increased energy deposition set up complicated ggwgaim the complex morphology of the electric terapge

winds and composition and affect all lonosphericap@ters. One of the main characteristics of trstudhed
ionosphere is a great degree of variability, whighhave experienced in this study. Due to manyanteng factors,
each storm shows a different course. Sometimesjrtlividual course departs markedly from the gangattern.

The response of the lonospheric F2 region to magpeteric disturbances is different from that of theer
ionosphere. The difference is due to the differenicephysical mechanisms responsible for the chamdehe
electron concentration /e/. While in the E and Bioas the primary reason of the /e/ changes ivdhniation of the
ionization rate because of corpuscular intrusidinete is no considerable change of the ionizingaodensity in
the F2 region during geomagnetic disturbances anthe electron concentration variations are duéndirect
factors, such as changes in neutral compositiordgndmical processes [10].

It should also be noted that one of the signifidaatures of the negative phase is its equatot dhifng the storm
from auroral latitudes to middle latitudes. In masises, the negative phases demonstrate a wethymoed
dependence on the intensity of the magnetic diahab as expressed by various geomagnetic indiaasever,
positive phase sometimes are observed several hetore the beginning of the magnetic disturbanhihvcaused
this particular ionospheric storm [10]. All thessafures are important for understanding the phlysiezhanisms
operating in the ionosphere during magnetic distndes. While negative phases are almost alwayswausat high
latitudes and nearly as positive phases at micdilieidies.

Geomagnetic activity, as we know is a measure efd@hergy which the geomagnetic field interceptsnfiihe
passing solar wind and funnels into the magnetaspt®olar wind energy, besides heating the uppeoshere,
also seems to ionize principally the topmost F2tagf the ionosphere, which becomes a region ofsitian and
interaction between the ionospheric and magnetogpplsmas [3]. Because of this unique positibe, tariation

154
Pelagia Research Library



Adebesin, B.Oet al Adv. Appl. ci. Res., 2012, 3(1):146-155

of the peak electron density of the F2 layer appéaracquire the signature of the impact of tharselind. The
terrestrial implication of these is that the veapid field change during a magnetic storm induaeeri in the earth
and are easily channelled through conducting natenithin the earth. This current is referred to as
geomagnetically induce current (GIC).

We have therefore presented a Geomagnetic andgdbeons response to solar wind on the Geomagnaiitnsof
April 14, 2006; the indicators used being foF2,,[B# and flow speed implies an intense storm inpigurbation
of both the Earth’s magnetic field and the peaktetsn density of the F2 layer, and these pertunbaiti turn could
affect global communication given that intensem®ocould occur simultaneously across the globe.

Moreover, the average lonospheric electron contmtancement observed at the high latitude statmins
Petrropalvosk, Magadan and the mid-latitude statiohKhabarovsk and Tashkent between the hours8000T
and 1200UUT could be attributed to the responsehef charged particles to the neutral atmospheréhén
thermosphere, which automatically produces wavesdiranges in the thermospheric winds and compasi@n
the overall, the storm event could be regardedragative phase one.
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