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Abstract

A long-duration incoherent scatter radar (ISR} experiment was conducted at Millstone Hill and
Svalbard from October 4 - Nowmber 4, 2002, Along with the simultaneous GUVI/TIMED
neutral composition measurements, this 30-day run enabled us to study a number of
thermosphere-ionosphere-magnetosphere phenomena. This paper focuses on the day-to-day
variability and quasiperiodic oscillation of the ionosphere. The day-to-day varability under quiet
magnetic conditions in electron density Ne, ion temperature T1 and electron temperature le,
respectively, changed with local time and height, with the largest variability in Ne and the
smallest in Ti. Midnight through dawn was the period of largest vardability. Quasiperiodic Ne
oecillations were present with periods > 1 day. Some of these oscillations were correlated with
changes in the neutral composition originating from geomagnetic activity, which altersd the
global atmospheric circulation as a result of high latitude heating processes as indicated in
Svalbard ion temperature enhancements. However, the wave-type oscillation of Ne exhibits a
downward phase progression which persists up to 600 km and prevails until a large storm
appears to impose an upward phase progression.



1. Introduction

From October 4 1o November 4, 20602, a 32 oon-
secutive day Incoberent scatter radar (ISR ) campalgn
was ponducted by the EISCAT Svwalbard Radar (ESR)
and the Mllstope HIl Radar, This ex periment, which
was the Jomgest ever attempted by Inepherent seatier
radars [oompared 1o a typleal < Seday operation),
provided a unlgue gpportunity to sty many Impor-
tant onesphere-thermosphere phenomena, eg., the
ionospheric varlability [Forbes et al., 2000; Rishbeth
and Mendille, 1] and long-lasting space weather
events. The experiment covered hoth geomagnetl-
cally quidet and active periods, Tacllitating tleoretl-
cal moddel testing and validation, Day-to-day lonoe-
spheric oecillations [Forbes and Zhang, 1997; Aladil
and Apostoloy, 2001; Pancheva et al., 2002] may also
be studied throweh analyses of ths long and coniin-
s time serles of data. The glohal newiral atmo-
sphere was simultamemsly monitored by the TINED
spacecrall In a 625 km clrewlar orbit abowe Earil,
The Global Uliravielet Imager (GUVID instrumeent
onboard the spacecmll produces [ar-uliraviolet imag-
Ing specirograms of plotons emitted om the wpper
atmesphere, providing dayside neptral compoesition
information pee, eg., Christensen et al., J03].

This paper prsents results fom both radars and
frpm tle TIMED /GUVT Istrument.  We [ocus on
the lommplerk day-to-day varlahility and gsclllation
and thelr changes with aliltvude under gquiet and active
meagmetle comditions.

2. 30-day ISH experiments

At Millstone Hill [42.6°N, 288 5°E, Invariant Lat.
53A%) a 68-m zenith antenna was wsed 1o ponting-
osly measum eleciron density Ne, eleciron tem pera-
ture Te, lon temperature T1, and lne-ol-sieht veloe-
ity Vo with Imterleaved single pulses and alternating-
oopded pubes, The data Integratlon time was 4 min
For the EISCAT Svalbard radar (T8.1°K, 1G0FE, In-
variamt Lat. TH.17), the CP2 program was wsed [or
most of the ecperiment with the fixed geomagnetlc
field aligned anienna, and the steerable antenna was
polnted vertically as well as towand the east and the
wiesl of the Beld. For this study we 1se only the Gxoed
feeld-alligmed data.

3. Solar-geophysical conditions

The dally solar 10T ¢m radie Do Isdes FLOT,
hpiarly Dt Indesx, and Fhourly ap Indee ave shown
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in Figum 1. F10T warled bhetween 135 to 180 units
from O¢tober 4 to November 4, 202 [day mumbers
2TT-308), whereas lts Bl-day average was avound 1TH
units and tended to decrease. The ndex, which was
larger mear the middle of the month, also shoewved a
gradisal ol pge with a 2T-day perlodicity, which orig-
Inated from the solar sy modical rotation. Oetober 21
[day 2d) may he set as 8 good relerence day, slnee
F1O7 did mot change In the previous two days and
meagnetie activity was vy quiet on that day as well
as the prior 3 days. Magmetle dieturbanees wers -
tleeabile on three oocasions: on day 280 Dst dropped
to =L n'T wlere It stayed lor abowt 1 Tull day helore
it recovered; on day 28T a sharp amd belel drop In Dst
gecurred; on Oetober 24 [(day 207), a major storm
was launched with a Dst main phase of 12 howrs and
recovery phase of several days, causing severe lonmp-
spheris storms.

4. Variation pattern and quiet-time
variability

Flgure 1 also shows 1le whole set of alternating
code ISR data for Milktone HOlL. The day-to-day
chamges can be seen learly even lor quiet geomagnetic
gonditlons. The varlability was recently discussed by
Rishbeth and Mendille [3001] based on long-term F2
peak data. Ohr ISR Ne varlahility [delimed quantl-
tatively as stamdard deviatlons divided by averages),
as shown In Flgure 2 for ap< 10, tended 1o maximlze
about L km abewee the peak, althowgh the maxil-
mum absolute varlability (standard deviation of the
average | B present near the peak, suggesting the sig-
nificance of nom-clemical prooesses. Chemical com-
positon efflects contribute 1o the MNe warlabllity in
tle F2 region through changes In the /N2 ratho
which can be slgnificant even under quiet conditions
(mext section). Nomcemical canses nclude dynam-
leal changes of vertieal lon motlons (nexd section)
Imdiseed by winds and E = B «drifis; eg., Mendilk
ot al. [2002] suggested the wind varlability effect on
thee lomospleric varlability. Apother Interesting case
Is tiles and waves In the mesosphere/lower 1lermo-
sphere [MLT) meglon which can be dymamically o
pld upward to gemerate lonospherle perturbations
and long pedod osclllations [Forbes, et al., 1993]). We
will disgiss the quasiperiedic lonospherle oscillations
ohserved durlng the JM-day rum In the mext sectlon.

The varlahility In Te & smaller than that in Ne.
Drise toy thee strong antl-gorpels ten hetwesn Ne amd Te
[Schunk and Nagy, 1978; Zhang et al., 3004] which
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can be spen in Figure 1, tle wery warlable Ne mear
the F2 peak can lead to mone varlability In Te tlere.
Ag for T1, the magnetospherie eat e comtributes to
the temperatinre nerease at high altitudes. T hepelors,
changes 1o the lon heat Aux, along with the Te varl-
ability and lon-electvon epergy coupling, may capse
Tl varlabllity Inerease with belght. At low altitedes
Tywever, sinoe lons are In ¢lpse thermal contact with
meutrals wlhise temperature B less varlable, T1 ex-
hihits les variabllity than Te and MNe.

The varlability In Ne amd Te was larger from lo-
cal midnght throweh dawn than dorisg other perl-
ouls. Caleulations for Millstone Hill Indicate that the
magmetie oo jugate lomesplere | =100 kn ) suncise oo-
curmd between the Millstome Hill midonight and sun-
ke through day 207, thus effects of photoelesinons
from the conjugate lompsphere eould lead to much of
the oleerved vadahility

For Svalbard, the average diurnal vadation [Flg-
ure 3 for ap< 1) In Me was characterized by two max-
ima, one around (G0 T (L0 50T or 12 Magnetic LT)
wiwen the radar s In the dayskde cusp amd plhobolon-
kation Is strong, amd a secomdary one aroumnd 1R
UT when the so-called “Universal Time Effect™ of the
pelar lomsphere was present. The efflect has been ex-
plalmed in terms of the meuiral wind that hlows acoss
the magnetic pole toward the geographic pole [King
el al., 1968]. Thi latter maximum in the nightside
experdences more varlahility than the max imum in the
sunlit dayslde. The varlability [see ermor bars mepre-
senting standard deviationg) In the three parameters,
especially in T1, was more drastle than lor Millstone
Hill due to the eguent particle precipltation asd var-
fous heating processes originating from the magmeio-
sphere. The elec tron temperature Te reaclhed a mind-
i argiand (K T'T as a pesult of the kigh Ne.

5. Day-to-day oscillation

As mentioned earlier, some of the bmsplenc varl-
ability may result from long peried oposphede gsell-
latlgne, To examine the day-to-day osclllation, i s
desirable to remove the dlurnal and higher ogeeney
components In the data. Our approach was to oom-
puie the hourly hinmed average, de-tremd the average
owver the M) days, run through a low-pass flier with
a bamd-widih of 3 days, and compute a 24-hour run-
nimg average. Resulis [rom this procedure for hoth
gites are shown In Figure 4, along with the daytime
CUVT eolummn O N2 The TIMED satelliie fles over
Millstgee HIl at a lpcal tlme which shifis daily by
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A min. Uncertainty in the OfN2 data Is expected
tor be less than L0 for lower O N2 values and lati-
tisdes helow polar reglons. Ne was low boelore day 284
(e data belore day 284 were obtalmed with the sl
gle pulse obsorvations), lollowed by a period of high
Ne for 11 days. It then returned back to a low level.
MNe was generally higher between days 284- 2086 than
I other days, perhaps mirroring a stoonger ETTV o
during the 2T-day cyele of the solar rotation.

The F2 reglon 07 Is largely produoced throoseh O
pletodoniza tion and kss 1o N2, so chemleal processes
make Ne proportional o 0/N2, Ne was low [ 10205
below the trend e lor the 30 days) on days 283 and
247288 decreased dramatieally between days 207
P [ Al below the relerence trend) when the long-
lasting Det drop was present, and was low agaln on
day M2, These Ne decreases correlated well with the
corresponding O/N2 drops.  Around day 22 Tew-
ever, there appeared a high We bhut o significant
O /N2 Inerease, sugpesiing possible mon-chemleal of-
fogis.

Vertleal lon drifis, Mtered amd averaged In the
same manner as Ne, exhibit day-to-day fectoa tons,
with downward drifis largely oorresponding to low
Me. The merkdional wind s an Importamt contrib-
utor to the deift. Tle southward wind, which can
be strengtlemed dudng storms amd substorms, drives
loms dow nward along the fekd line thmegh the drag
foroe 1o alttudes where the lon loss mie ls higher,
and carfes the newtral comstitpents which have a low
CHIN2 ratlo, away [rom the magnetic pole n the global
cleeulation. These direct and Indiect effects on the
leseal lonesphers, which were recently discussed Ty
Hawamura et al. [3002], need to be carelully exam-
Imed In the fuiwe with Millstone Hill radar steerahle
antenna experiments which can provide rellahle wind
estimates.

High latitude heating B an Important deiver of
global neutral atmesplerk cleculations. As a good
Imdicator of various eating processes due 1o precipl-
tating parti¢les, enhaneed elecirie felds, ete., high Ti
values were obhserved by tle ESR on days 281-282,
JAT-2RR FOT-FOA, ), and 201 (for high altitudes).
These high Tl days eolncided well with those Ior Bil-
stome HI, and with doops In O/N2, vertcal drifis,
and Ne. During large storms [days 207-208) the T
Icrease appeanx] prior to the Ne decpease. It could
be camsed by the electrk Beld enhancement which oo
curred prior to tle onset of the Ne decrease In the
storm main phase. The simultanesus appearance of
high T1ower Svalbard and Millstome Hill doss mot mec-



essarily mean the Ingreases were cased by the same
alectre fleld spume. Localkeed electrie helds, such as
the Sub-Auroral Polarkzation Stream assoclated fGelds
[Foster and Vo, 2002], could give rse to the T1 en-
haneement over Milktone HilL

The wave-iype =1 day escllations in Ne have clear
phase propagations, as shown by white curves in Flg-
e 4 which min throweh peal maximum or minimem
Ne on the time axk at various helghis, Arownd day
202, the phase at the topside s at least & hours earlier
than at the bottomekde, and the elevated Ne does ot
soem 1o he correlated with any obyvlous geomagnetls
condithens, It might bhe pessible, however, that this
feature 15 associated with the wertieal propagation of
large seale MLT wawes such as the 2-day planetary
wave [Forbes and Zhang, 1997]. Aladil and Apos-
tolov (A1) have ldentified such propagating slgna-
tures from lomsonde hottomslde Ne profiles hetween
U230 km, and evaluated several mechankms for the
downward or upward wave progression. The down-
ward phase, as shown here, persists wp to G km and
spems o prevall diring most of our experlments. Ti
was Interrupied during the sewere lonespherle storm
commenging on day 2T, where Ne was greatly re-
dueed and the decrease hegan earlier at ow altitudes
than at high ones [upward phase). Geomagnetle lore-
Ing alters not only the lonesphere it alo the lower
atmesphere In terms of the tldal patiern of winds
[Balan et al., 3WM; Goncharenke et al., 206M]. We
mote that slmulianeos MLT data ave very critical to
confirm the wave effecis In the lomsphere, Tndeed,
glmulia meo s olsera tlons n tle MLT, thermosplers
and longsphere reglons, such as reporied by Balan
et al. [200d] for a 10-day campalgn In Japan cover-
Ing magnetleally guiet and highly actie oonditions,
will provide solid evidence for tle MLT lmpact on
the lomspherie varlalility and oscillations. It is also
I portant to develop sophisticated technlgues In or-
der to characterke the waves and elaborate the moles
ol chemistry and dynamics observed In long-duration
ER experiments.

6. Summary

Fday ISR ex periments were oondicted Tom Q-
toher 4 to November 4, 2602 at Milktone Hill and
Svalbard. Data [mom this long-duration experiment,
alpng with the slmulianeous GUVIL/TIMED data, en-
abled s to stisdy many thermosphere lomssp ene-
meagme tosphere phenome na.

This paper has locused on the lonospherle day-
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toeday varlability and quasiperiodie osellation, and
the relevant chemistry and dynamies. The day-to-
day varlability umder gquiet magnetie conditions in
MNe, Ti, and Te, respectively, changed with local time
and helght, with the largest varlab@ity in Ne and the
smallest In T The Ne and T varlahility tended to
In¢rease with lelght while the Te varlahility was rel-
atively large slightly abowve tlhe F2 peak. Midnight
through dawn was the perled of largest varlahility.
Chuasiperiodic eecillations In Ne were present with pe-
rlewds = 1 day. Some of these oscillations were corme-
lated with chamges In the neuiral compesition orlgh
nating from geomagnetic activity, which alered the
global atmespheric ciculation as a result of high lat-
Itude heating processes as Indicated In enhanee ments
af the Svalbard lon temperature. However, the wawve-
type oarillation of Ne exhibits a downward phase poo-
grsslon which persists up to 600 km and prevalls over
il e perineent wntll a large storm appears to Impose
an upward plase progression.
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