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Abstract. In this paper, we present observational evidencedecades, by means of observations and numerical simulation
for the trans-polar propagation of large-scale Traveling lono-(e.g. Hocke and Schlegel, 1996 and references therein). The
spheric Disturbances (TIDs) from their nightside source re-interpretation of TIDs as being the ionospheric manifesta-
gion to the dayside. On 13 February 2001, the 32 m dishtions of AGWSs has been supported by a large number of re-
of EISCAT Svalbard Radar (ESR) was directing toward thesearchers. These gravity waves are generally accepted to be
geomagnetic pole at low elevation (3@uring the interval  generated in the auroral or sub-auroral region, as a result of
06:00-12:00 UT (ML~ UT +3h), providing an excellent Joule heating and Lorentz forces induced by auroral electro-
opportunity to monitor the ionosphere F-region over the po-jects and particle precipitation (e.g. Hall et al., 1999; Innis
lar cap. The TIDs were first detected by the ESR over theand Conde, 2002). The AGWSs/TIDs with horizontal scale of
dayside north polar cap, propagating equatorward, and were-1000 km are often referred as “large-scale” waves, propa-
subsequently seen by the mainland UHF radar at aurorayjating predominantly equatorward from high latitudes (Hun-
latitudes around geomagnetic local noon. The propagatiorsucker, 1982). Large-scale AGWs/TIDs play an important
properties of the observed ionization waves suggest the presele in the dynamics of the thermosphere as they propagate
ence of a moderately large-scale TIDs, propagating acrosaway from the source region, leading to global energy redis-
the northern polar cap from the night-time auroral sourcetribution (Yeh and Liu, 1974).
during substorm conditions. Our results agree with the theo- Based on classical gravity-wave theory, Richmond (1978)
retical simulations by Balthazor and Moffett (1999) in which claimed that a point source would result in an isotropically
poleward-propagating large-scale traveling atmospheric dispropagating disturbance. AGW/TID propagation equator-
turbances were found to be self-consistently driven by enward of the auroral region has been measured extensively
hancements in auroral heating. by experimental campaigns during the Worldwide Atmo-
Keywords. lonosphere (lonosphere-atmosphere imeraC_Z?:1?”Clsc;sgg\)/Itymas\/teresct:z(rj]ill)/(e.cgh'a\:\ggzwsst}clsggf;lavr\ggi?;le
tions; Polar ionosphere; Wave propagation) TIDs during magnetic storms have been reported by a num-
ber of authors (e.g. Shiokawa et al., 2007; Ding et al., 2008;
Valladares et al., 2009). However, theoretical and obser-
1 Introduction vational studies of AGW/TID propagation poleward of the
auroral region are relatively rare, partly due to the limita-
The investigation of Atmospheric Gravity Waves and/or tions in available observations of the thermosphere and the
Traveling lonospheric Disturbances (AGW/TIDs) has beenionosphere at extremely high latitudes. Using a fully cou-
the subject of continuous research interest since the paper ¢fled thermosphere-ionosphere-plasmasphere model, Baltha-
Hines (1960). Properties of AGW/TID have been investi- zor and Moffett (1999) investigated the morphology of large-
gated extensively by numerous authors through the past fouscale TIDs propagating poleward from auroral sources and
claimed that poleward-propagating large-scale traveling at-
mospheric disturbances could be self-consistently driven by

Correspondence td:. T. Cai enhancements in auroral heating. The modeling results of
BY (htcai@whu.edu.cn) Shiokawa et al. (2007) also imply that large-scale TIDs can
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tude (MLat)=75° N) and the EISCAT UHF radar at Tromsg
(69.6 N, 19.2 E, MLat=66.7 N). The fixed 42 m dish at
Svalbard and the EISCAT UHF radar at Tromsg were both
measuring along the local geomagnetic field lines and the
two radar sites are close to being longitudinally aligned. Dur-
ing the interval of 06:00-12:00 UT, the steerable 32 m dish
of ESR was operating at low elevation {30directed toward

the northern geomagnetic pole. The maximum range of the
32m dish of ESR exceeds 1000 km, covering a rather broad
horizontal range in the polar cap up+@0° MLat.

In order to clearly show the wave signatures measured dur-
ing this interval, we have used values of ionospheric abso-
lute disturbances§F = F — F9, whereF represents one of
5 6 7 8 9 10 " 12 13 the ionospheric parameters: electron density and temperature
(Ne, Te), ion temperaturelf) and ion bulk velocity in the line

Fig. 1. AUJAL indices from WDC for Geomagnetism, Kyoto of.sight V). The.values of these disturbapces havg b_een ob-
(top panel) and Polar Cap index from WDC for Geomagnetism, {2ined by removing the backgrounéi which contain tidal

Copenhagen (bottom panel) in the interval of 05:00-13:00 UT ona@nd other long period variations. The backgrounds have been
13 February 2001. derived from the observed radar data by smoothing with a

moving rectangular time window. Since it was suggested by

Hocke (1996) that disturbances with peris@.5-3 h could
cross the polar region. In the polar cap, distinctive signa-be associated with tidal modes, a smoothing window width
tures in the neutral atmosphere, induced by gravity wavespf 2.5h has been employed in the present research. A zero-
were reported by Johnson et al. (1995), while MacDougallphase lowpass (Butterworth type) digital filter was applied to
et al. (1997) also described properties of polar cap gravityremove any high-frequency variationssif. Contours of the
waves in the ionosphere F-region. Recently, observationaheight dependent power spectral density (PSDjofwere
evidence of gravity waves in the southern polar cap has beenarefully checked and common maximum values of the esti-
presented by Innis et al. (2001). mated PSD over a range of periods from 100 to 250 min were

In this paper, we contribute further observations of found for all four ionospheric parameters at altitudes above

poleward-propagating AGW/TID generated somewhere on~250km (not shown). In this way, the low-pass filter was
the nightside during substorm conditions, which appear todesigned to allow variations i§iF with period longer than
have crossed the northern polar cap from the nightside and00 min to pass through. Relative fluctuatiods,/ F° (%)
subsequently arrived at dayside auroral region. The charwere calculated for each dfe, 7e and7;. Finally, the time-
acteristics of TIDs derived from observations of the ESR varying values oBF/F° (%) ( or § F for V;) at various alti-
and the mainland UHF radar are summarized in Sect. 2. Ifudes (geomagnetic latitudes) were analyzed, and the results
Sect. 3, the properties of the polar cap AGW/TID are com-are reported in the following sections.
pared with previous results. A brief summary is presented in
Sect. 4. 2.1 Field-aligned observations

AU/AL index (nT)

~ (=)

N

Polar Cap index

o

'
N

2.1.1 ESR 42mdish
2 Observations

Figure 2a showns a color-coded plot of the electron density
The AGWI/TID event presented in this paper was observedbserved by the field-aligned 42 m dish of ESR. The ESR ini-
during the period 06:00-12:00 UT on 13 February 2001. Thetially moved into the cusp around 09:20 UF12:20 MLT),
Kp index varied between'4and 3, suggesting moderate ge- as indicated by the temporal ionization increase accompa-
omagnetic activity. The AU/AL and Polar Cap Indices dur- nied by enhancements of electron temperature (not shown).
ing the time interval of interest are shown in Fig. 1. It can The backgrounds and absolute disturbances of electron den-
be noted that AL index exhibited two negative peaks aroundsity are also displayed in panel b and c, respectively. Fig-
06:00 and 09:20 UT, indicating temporal enhancements inure 2d summarizes the characteristics of electron density rel-
the strength of the westward electrojet. The Polar Cap in-ative fluctuations derived from observations of the 42 m dish.
dex varied somewhat during the interval, with its magni- Clear periodic signatures can be noted in the time variation of
tude being generally lower than 4 except for that at 06:00 UTthe fluctuations, having a period of around 120 min. The TID
(p=5.7). can also be identified by the inclined wavefronts of the ion-

The selected data are observations from the EISCAT Svalization fluctuations in panels ¢ and d, which are very similar

bard radar (ESR, P8, 16 E, corrected geomagnetic lati- to the characteristics of TIDs induced by upward propagating
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) Fig. 3. Time series of the TID quantitiesse/NQ,8Te/ TS,

8Ti/Ti°,8Vi) from the fixed field-aligned 42 m dish. The top panel

Fig. 2. From top to bottom(a) overview of electron densityNe) is for 522 km and bottom panel for 450 km.

observed by the fixed field-aligned 42 m dish of ESR as a function

of UT and altitude;(b) Ne background by applying a zero-phase . . . .
filter with a moving window of 2.5 h(c) electron density absolute ~ Figure 3 shows the time series of TID quantities
disturbancesj Ne by subtractingVe background from the observed (8Ne/Ng.8Te/ T2, 8Ti/ T,8V;) detected by the 42m dish
density displayed in pandh); and (d) fractional electron density ~ at two arbitrary altitudes in the ionospheric F-region. It is
fluctuations,s Ne/Ne (%) in relative to the background level dis- clearly seen that wavelike structures were also found in the
played in pane(b). fluctuations of electron temperature, ion temperature and ion
velocity. In addition, the time variations éfV; seem to be
roughly in anti-phase with the time variationséi¥e/ N2, in
agreement with a key property of AGW-induced TIDs out-
lined theoretically by Kirchengast (1997). We believe, there-
fore, that this behaviour, together with the observed wave-

AGW with downward progressing wavefronts. According to
the theory of gravity waves, the group velocity of large-scale
AGWs in the ionospheric F-region usually has a slightly up-

ward tilt, while the phase velocity has a sharply dOVVm’v"’lrdfront inclination of the relative fluctuations in electron den-

tiit. Thus, the phase velocity of TIDs induced by an upward sity (Fig. 2d), provides convincing evidence that AGWs were

propagating AGW has a downward component, leading to 'n'cresponsible for the observed TID.

clined wavefronts observed in the contours of the ionospheri

fluctuations. 2.1.2 EISCAT UHF radar

The physics of the gravity wave-TID relationship has been
theoretically elucidated by Kirchengast (1996) and Kirchen-Figure 4 shows field-aligned electron density measurements
gast et al. (1996), who concluded that AGWs could be estabfrom the EISCAT UHF radar at Tromsg in the same format
lished as the cause of an observed TID by using the “polaras Fig. 2. The blank period from 06:00-10:10 UT is due to
ization information” obtained along a single incoherent scat-an unfortunate data gap. Periodic fluctuations are also clear
ter beam. Furthermore, the characteristics of high-latituddn the interval of~10:10-14:00 UT at altitudes higher than
TIDs from different causative mechanisms were numerically~250 km in panels ¢ and d and the period is once again about
compared in detail by Kirchengast (1997) and the TID infor- 120 min. Inclined wavefronts of the TID, similar to those in
mation derivable from ISR data was found to show featuresFig. 2d, are evident in the bottom two panels of Fig. 4. The
which distinguished different meachanisms sufficiently to al- time series of TID quantitiesVe/ N2, 8Te/ T2, 8T/ T, 5 Vi)
low their identification, especially for AGW-induced TIDs. displayed in Fig. 5 once again provide convincing evidence
In our case, however, geomagnetic conditions (Fig. 1) werehat the observed TID must be associated with an upward
such that the observed TID could have been biased by othepropagating AGW.
ionospheric activity, such as wavelike variationsBhx B It seems, therefore, that the TIDs shown in Figs. 2 and 4
drift strength or fluctuations in particle precipitation inten- correspond to the ionospheric compressions and rarefactions
sity. Hence, some additional features of the TID need to beas an AGW, which were seen sequentially by the two field-
checked to convincingly establish AGWSs as the source of thaligned radar beams as the AGW propagated equatorward
observed signatures. from somewhere poleward of Svalbard. The periods of the
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by the ESR 42m dish (in Fig. 2d) as the causative AGW
moved equatorward. The density enhancement observed at
Tromsg around 13:30 UT (l_n Fig. 4d) Seems to Corresponq:ig. 6. The same as Fig. 2 but for the ESR 32m dish, which was
with the enhancement indicated at the rightmost edge ot)perating in low-
Fig. 2d. Electron density disturbances observed at Svalbarehagnetic pole.
earlier than 09:00 UT are missed by the mainland UHF radar
as it was not in operation until 10:10 UT.

From the time differences between the fluctuations in2.2 ESR observations in the polar cap
panel d of Figs. 2 and 4, we estimate the southward com-
ponent of the AGW/TID phase speed to bel90ms? The electron density detected by the ESR 32m dish on 13
(=8.% latitudes per 80 min). A significant attenuation of February 2001, as a function of geomagnetic latitude and UT,
the underlying wave can be inferred from the TIDs displayedis shown in Fig. 6a and the derived backgrounds (b), absolute
in the two Figures, since the magnitude of the relative elec{c) and relative (d) ionization fluctuations are also presented.
tron density fluctuations in the ionospheric F-region changedduring the plotted interval, the steerable 32 m dish was op-
from ~30 % at Svalbard to less than 10 % at Tromsg. Thiserating at low elevation (30, covering a rather broad hori-
is probably because of AGW energy dissipation due to dayzontal range in the polar cap up t80° MLat. The spatial
time ion drag, molecular viscosity and thermal conductivity resolution along the radar beam was 36 km, leading to a hor-
during propagation. izontal resolution of 31 km and vertical resolution of 20 km.

UT (h)

elevation mode, directed toward the northern geo-
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Periodic positive/negative electron density perturbations 1000
are clearly presented in the bottom two panels of Fig. 6.
These density perturbations were first detected at higher lat-
itude (~80° MLat) in the dayside of the northern polar cap, 900
propagating gradually to lower latitudes. The period of the
density disturbances is estimated to €20 min, which |
is consistent with the disturbances observed by the field- 800 ;

q

—O

750

aligned dishes at Svalbard and Tromsg, suggesting a clear
linkage between the density fluctuations shown in the bot-
tom panel of Figs. 2, 4 and 6. =
Figure 6¢c and d show a significant positive perturbation

in electron density around 07:00 UT. Panel a shows that this 450~ 6004
corresponds to an oblique structure of density enhancement,
starting from 80 MLat and disappearing at77.5 MLat.

This electron density structure is accompanied by an equa- 350 500
torward motion, which subsequently reverses (not shown). i

700F—

Range (km)

These signatures are very similar to the characteristics of the
Tongue of lonization (TOI) which has been reported as be- 250o
ing frequently observed near the dayside discontinuity region

(e.g. Middleton et al., 2005 and references therein). In or-

der to be certain that our analysis is only restricted to wave
phenomena, this interval has been excluded from our subsé=ig- 7. Wave number components estimated along the two ESR
quent dission, and only the remaining periodic density fluc-radar beams using the method described by Ma et al. (1998), see
tuations (TIDs) in the interval 08:00-12:00 UT in Fig. 6 are text for dt_etalls. The Igft-hand p_anel is forthefleld-e_lllgned 42 m dish
focused on in the following sections, during which time the and the right-hand side panel is for the low-elevation 32 m dish.
ESR radar saw no obvious signatures of TOI.

Periodic fluctuations in electron/ion temperature are lesserable supporting evidence for our hypothesis, strongly sug-
recognizable in the ESR 32m radar data, probably due tgesting the presence of southward-propagating TIDs during
the contaminating effect of electrodynamical processes in théhis period.
dayside polar cap under conditions of moderately geomag-
netic activity. Values of field-alignedV; are not available,
since the ion velocity measured by the steerable 32 m dish i8 Discussion
nearly perpendicular to the local geomagnetic field lines.

Even though TID signatures in other ionospheric param-3.1 Properties of the polar cap AGW/TID
eters §7¢/T2,8Ti/ T2, 8V;) are absent, we suggest that the
periodic electron density fluctuations detected by the low-Components of wave number and phase velocity along the
elevation dish of ESR (Fig. 6d) can be interpreted as iono+adar beam can be estimated by means of the phase differ-
spheric oscillations due to a cross polar cap AGW propagatences between the signals at different altitudes (Ma et al.,
ing from the nightside to the dayside. As the AGW propa- 1998). Figure 7 shows the wave number compongnt,
gating sunward (equatorward) in the dayside polar cap, theleduced from the field-aligned measurements of the ESR
induced TIDs were first recorded by the 32 m low-elevation42 m dish and the component along the look direction of
dish at higher latitudes<80° MLat) and then at lower lati- the ESR 32m dishk ow_gim, respectively. Wave numbers
tudes. After the AGW wavefront crossed the dayside bound-shown in the figure were estimated by means of spectral anal-
ary of the polar cap, the associated TID was consecutivelyysis of time series of electron density fluctuations at vari-
measured by the field-aligned 42 m dish in the cusp and lateous altitudes observed by the radar dishes during the whole
by the UHF radar at Tromsg (under the dayside auroral ovalperiod. It can be seen that the vertical component stayed
as it continued propagating southward. approximately constant at altitudes above 350 km, implying

Readers must keep in mind that, although the elevatiorthat the polar cap AGW/TID maintained a rather stable in-
of the 32m dish was relatively low, the fluctuations shown clination during the time interval of interest. The vertical
in Fig. 6d must inevitably correspond to a mixture of hori- wavelength is estimated to bé500 km. Cross-spectral anal-
zontal and vertical variations in the plasma. Therefore, oneysis of field-aligned measurements yields a vertical phase
must be careful in making interpretations of causative mechspeed of 62msl. The resulting vertical wave number
anisms for the observed electron density disturbances. In ous negative, implying downward propagation of the phase.
case, however, the field-aligned observations at Svalbard and/ithin the range window from 400 to 900 km along the
Tromsg summarized in Sect. 2.1 provide additional consid{ow-elevation radar beam, the wave numbgfy,_gim varied

<
400
8 01 2 3 4 5
) Kigwem  (107°m)

2 4 6
k| (10°m’

Low Elm
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slightly. Cross-spectral analysis of the measurements from 603
the 32 m dish suggests a component of 158 tfer phase
speed towards the radar. Because of the low elevation of the
32 m dish, the wave numbeéfqw_em can be used to make a
rough estimate of the horizontal wavelength which is found
to be~980 km. These propagation characteristics suggest a
moderately large-scale polar cap AGW/TID. Assuming that
the AGW/TID was in form of a monochromatic planar wave,
its vector of phase speed in the meridional plane could be de-
termined from the components measured in the two different
directions (non-parallel). Calculations yielded a phase speed Z=°
vector of 60 ms?! with a sharply downward tilt83°) in

the meridional plane.

The electron density measurements from the 32m dish
used in the present work was integrated in two minutes. As-
suming a typical horizontal phase speed of 200thaver
the polar cap (MacDougall et al., 1997), the displacement
of the AGWI/TID within this integation period would be of
order of 2 minc200 ms* = 24 km, smaller than the spatial
resolution of the radar~31 km). Therefore, provided that
the horizontal speed of the AGW/TID is not extremely high,
the observations of the 32 m dish would constitute an accept-
able snapshot of the spatial distribution of the TIDs at a fixed
time. With this assumption, we are able to examine the hor- Geom. Lat. (%)
izontal structure of the AGW/TID field in the dayside polar
cap, using measurements from the low-elevation dish of therig. 8. Spatial variations of electron density perturbations mea-
ESR. sured by the ESR 32m dish in dayside polar cap. From top to

Figure 8 showes a series of spatial snapshots of relativéottom, panels present relative electron density disturbances vs. ge-
perturbations in electron density measured by the 32 m distpmagnetic latitude at selected interves) 10:11 UT;(b) 10:24 UT,;
at five times around 10:30 UT. A positive density perturba- (¢) 10:31UT;(d) 10:48 UT ande) 1106 UT.
tion was first seen around 79.8ILat at 10:11 UT (panel a)
and then became evident20 %) around 10:24 UT (panel b)
covering more than 200 km horizontally along the meridian. (~02:00LT). These signatures may be regarded as imply-
As time went by, the positive ionization enhancement movedng the existence of geomagnetic activity taking place some-
gradually equatorward. Panel e shows the rarefactions obwhere on the nightside. There is strong evidence that high-
served after the passage of the ionization bulge.By comparatitude AGW sources are localized in or near the auroral oval
ing the peak-to-peak variations of the enhancement seen ife-g. Sakanoi and Fukunishi, 1999; Oyama et al., 2001). Per-
Fig. 6d with those in the neighbouring panels, the meridionalvious statistical investigations also revealed that polar cap
component of the horizontal phase speed for this southwardgravity waves frequently originate from sources in or near
propagating ionization feature is roughly estimated to bethe midnight-dawn auroral oval (Innis and Conde, 2002) and
130msL. Calculations based on the comparison of the otherthat the horizontal phase progression is from the nightside
panels in Fig. 6 exhibit similar characteristics. to the dayside (Johnson et al., 1995). Therefore, we sug-

We lack any azimuth information about the propagationgest that the polar cap AGW/TID observed here is likely to
of these polar cap AGW/TIDs due to the absence of any obhave been generated in the nightside auroral region during
servations outside the plane defined by the two dishes of théubstorm conditions (Davis, 1971). The resulting wavess,
ESR. Nevertheless, the sunward component (equatorward #ropagating poleward across the polar cap from nightside to
the dayside) of the horizontal phase speed in the meridiaflayside, were detected by the ESR radar when Svalbard was
can be inferred clearly by combining the observations fromin the right position.

ESR (the 32 m and 42 m dishes) and the mainland UHF radar,

which implies that the observed polar cap AGW/TID must be 3.2 Comparison with previous results

from somewhere on the nightside (Innis and Conde, 2002).

One should remind that the strength of westward electroject§ he propagation properties of the observed ionization waves
show a temporal increase (decrease of AL index) at 06:00 UTsuggest the presence of a moderately large-scale AGW/TID
in Fig. 1, accompanied by a sudden enhancement of the Poldraveling across the northern polar cap. Generally, large-
Cap Index derived from geomagnetic data obtained at Thulescale TIDs have been observed predominately at mid- and

(%)

dN/N
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low-latitude regions, which propagate from high latitudes MacDougall et al. (1997). The period in our case (around
(e.g. Shiokawa et al., 2007; Ding et al., 2008). Simulta- 120 min), however, is significant longer than what has previ-
neous observations of large-scale TIDs in both hemispheresusly been observed in the polar cap (Johnson et al., 1995;
are presented by Valladares et al. (2009), propagating fronMacDougall et al., 1997). A noticeable discrepancy of wave
both auroral regions toward the geographic equator duringperiods, between observations from satellite and ground-
the Halloween storm. The large-scale TID reported in thebased instruments over the cap, was also reported by Mac-
present paper distinguishes itself as having poleward propabougall et al. (1997). Doppler shifting of the waves, as
gation from night-time auroral source. Our results suggestseen by a fixed observer was proposed by MacDougall et
that a poleward-propagating large-scale TID can cross thal. (1997) to give an acceptable explanation for the dis-
polar cap from the nightside to the dayside and then prop<repancies. In our case, the ion bulk velocity along the
agate equatorward, following which it would be expected toline of sight from the 32m dish indicated continuing anti-
be observable in the dayside mid- and low-latitude regions. sunward (poleward) plasma convection during the interval of
In the polar cap, the observed AGW/TID in our case seems~08:00-11:00 UT (not shown). If we follow the idea that
to be persistent with relatively little dissipation over a wide the resuting period of the AGW/TID has been systemati-
vertical range, from~230 km up to the topside of the iono- cally shifted to lower frequency due to anti-sunward plasma
spheric F-region. This is in agreement with the low attenua-convection, the actual value of the wave period could be
tion of upward energy fluxes for polar cap gravity waves atestimated. Average value of the ion velocity measured by
altitudes from 250 to 560 km sampled by orbital passes of thehe 32 m dish during the interval 0£08:00-11:00UT is
DE-2 satellite (Johnson et al., 1995). A moderate level of en-around 450 ms!. Assuming that the horizontal phase pro-
ergy dissipation for AGWSs in the polar cap was also reportedgression of the AGW/TID was anti-parallel to the ion bulk
by Innis (2000). convection, the actual wave speed would have been 158—
In our case, the ESR radar detected significant relative ion450cos180= 608 ms . Because of the low elevation of
ization fluctuations (typicat20 % with some values 40 %) the 32m dish, the phase speed component and the ion ve-
in the ionospheric F-region over the dayside polar cap, whilstocity along the radar beam are used here in order to make
Johnson et al. (1995) found little or no evidence of sucha rough estimation. Since this wave velocity is nearly four
plasma density oscillations from their in-situ observations oftimes larger then the directly calculated value of 158H's
AGWs. On the other hand, MacDougall et al. (1997) found the period that would be measured on a fixed location if this
that significant raising of lowering of the ionosphere, and wave would propagate in a stationary medium would be four
predicted that noticeable ionization fluctuations would ex-times shorter, i.e. 120 min /<4 30 min, which is only slightly
ist near the bottom of the F-region, where density gradienionger than the value of 850 s estimated from DE-2 obser-
with altitude is high. Our results provide direct observationsvations by Johnson et al. (1995). On the other hand, even
of spatial distributions of ionization fluctuations at most alti- under magnetically quiet conditions with negligible plasma
tudes over the polar cap, induced by AGW. convection, southeastward directed AGW/TIDs with central
The magnitude of electron the relative fluctuation in elec- period of 72 min have ever been observed in auroral region
tron density over the polar cap in our case is considerablyaround magnetic local noon (Ma et al., 1998). We note that
larger than the typical fluctuations observed in the auroralall of the gravity wave groups analyzed by MacDougall et
oval (e.g. the cases reviewed by Hocke and Schlegel, 1996l. (1997) were sampled on the nightside of the polar cap,
Ma et al., 1998 and references therein), which is generallywhilst the AGW/TID in our case was detected on the day-
not higher than 10%. On the other hand, TIDs induced byside around magnetic local noon. Since the period might be
the cross polar cap AGW were detected at auroral latitudesengthened due to spatial spreading effect of the wave packet
in the altitude range from 300 up to 650 km (Fig. 4) with a (Francis, 1974), a lower frequency might be expected at the
magnitude of only 6-8%. This could be explained by the dayside if the source regions of AGW/TID were assumed to
dissipation of the wave during its horizontal propagation duebe located somewhere on the nightside. Thus, it seems that
to daytime ion drag, molecular viscosity and thermal con-the combined effects of Doppler shifting and period length-
ductivity. An alternative interpretation of the large ionization ening may give a reasonable interpretation for the apparent
fluctuations observed over the polar cap would be attributediscrepancy between our observations and those reported in
them to spatial resonance effects due to neutral wind speedsrevious studies.
being comparable with the group speed of the observed TID Readers should also keep in mind that different source
(Kelley, 1989). One may also note that the background elecmechanisms could also affect the observed wave spectrum.
tron density in the polar cap (Fig. 6a) is much smaller thanConcerning the large-scale TIDs, the apparent period in our
that in the auroral oval (Fig. 4a) whilst the absolute ioniza- case should be a typical one, since large-scale TIDs with
tion fluctuations in the two regions (panel ¢ of Figs. 4 and 6) much longer period~3 h) have ever been observed as re-
are comparable with each other. viewed by Hunsucker (1982).
The horizontal phase speed of our observed polar cap
AGWI/TID is comparable with the typical values reported by
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