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Abstract. The aim of this paper is to advance the current magnetosphere leave signatures in the ionosphere that can
understanding of the spectral width parameter observed bye observed either from the ground or from space. Detecting
coherent high frequency (HF) radars. In particular, we ad-and tracking the ionospheric signatures of magnetospheric
dress the relationship of a frequently observed gradient, beprocesses is a task ideally suited to ground-based instruments
tween low 200 m/s) and high=200 m/s) spectral width, because of their large spatial and temporal coverage.

to magnetospheric boundaries. Previous work has linked this Of particular interest in the magnetosphere is the
gradient in the spectral width, in the nightside sector of mag-open/closed field line boundary (OCFLB). At ionospheric
netic local time, to the Polar Cap Boundary (PCB), and alsoaltitudes this is often referred to as the polar cap boundary
to the boundary between the Central Plasma Sheet (CPSPCB), the polar cap being the region in the ionosphere that
and the Plasma Sheet Boundary Layer (PSBL). The presenhaps to open field lines in the magnetosphere. Several iono-
case study investigates the former by comparison with thespheric proxies have been suggested for locating the PCB
630.0 nm optical emission. No suitable data were availablge.g. Blanchard et al., 1995; Doe et al., 1997; Rodger, 2000).
to test the second of the two hypotheses. It is found thaBlanchard and co-workers used DMSP satellite data to show
during the interval in question the spectral width gradient isthat a well-defined step in the intensity of the 630.0 nm emis-
within the region of the 630.0 nm optical emission. A com- sion at its poleward edge locates the PCB to an accuracy
parison of coherent and incoherent scatter radar data is alsef +0.9 invariant latitude in the pre-midnight sector. This
conducted, which indicates that values of high spectral widthstep indicates the change from high-energy precipitation on
are typically collocated with elevated F-region electron tem-closed field lines to the low energy, diffuse polar rain ob-
peratures. We conclude that the high spectral width region irserved within the polar cap itself.

the interval under study is associated with particle precipita- Recentwork has suggested that a marked gradient between
tion and also that the spectral width gradient is not a reliablegreas of high %200 m/s) and variable, and low<00 m/s)

method for locating the PCB. Doppler spectral width values measured by HF radars can
Key words. lonosphere (auroral ionosphere; ionospheric ir- 2150 be used as a proxy for the PCB on the nightside, since in
regularities) the case presented by Lester et al. (2001), it follows the pole-

ward edge of the 630.0 nm emission in the pre-midnight sec-
tor. This spectral width gradient occurs frequently in radar
i data both on the day and nightside (Baker et al., 1995; Du-
1 Introduction deney et al., 1998; Andret al., 1999). On the dayside, the

The magnetosphere is dynamic and the locations of differT€9iON of high spectral width poleward of the spectral width

ent plasma regimes within it evolve continually. The bound—gradient is a well-known signature of the cusp (e.g. Baker
P gimes . y. et al., 1995; Ande et al., 1999; Milan et al., 1999). On the
aries between the different regimes can move, for example, . o o d i
. . ; -hightside, in addition to the PCB, the spectral width gradi-
in response to coupling between the interplanetary magnet'%nt has been linked to the magnetospheric boundary between
field (IMF) and the geomagnetic field, and magnetospheric 9 b Y

substorms. In order to study the dynamical processes in ththe central plasma sheet (CPS) and plasma sheet boundary

magnetosphere it is necessary to follow the dynamics of th Fayer (PSBL) (Lewis etal,, 1997; Dudeney etal., 1998). This

lasma regimes. Manv of the processes that occur in thZ:)oundary is located between two regions of closed field line
P g ' y P plasma and will, therefore, map into the ionosphere equator-
Correspondence tde. E. Woodfield ward of the PCB.

(Emma.Woodfield@ion.le.ac.uk) Several physical explanations for the creation of these re-
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gions of high spectral width have been suggested. Simula-g
tion runs through standard HF coherent radar analysis soft-
ware have shown that high spectral width values can be gen-
erated by broadband wave activity in the Pc1/Pc2 frequency,,
band (Ande et al., 1999, 2000a). The presence of suitable
waves has been verified by satellite measurements of the cusp
that show a step-like increase of wave activity in the fre-
quency band 0.2-2.2 Hz with electric field measurements of

a fewmV/m, coincident with cusp particles (e.g. Maynard

et al., 1991; Matsuoka et al., 1993). On the nightside, elec-
trostatic wave activity of a similar frequency range (assumed

to be driven by electron precipitation) increases across the
CPS/PSBL boundary (Dudeney et al., 1998). Work by Schif-

fler et al. (1997) and followed up by Huber and Sofko (2000) 60 N
has found SuperDARN double-peak spectra in the region |
of the low-latitude boundary layer (LLBL). These would
naturally lead to high spectral widths. They attribute the
generation of these double-peak spectra to small-scale vor-
tices (<26 km and<4 s lifetime) which are smaller than the Geographic 0 E 15E 30E 45 E

normal spatial and temporal resolution of the SuperDARN

radars. They suggest that these vortices may be formed in W Meridian Scanning Photometer (MSP), Longyearbyen
one of two ways. lon precipitation spreads radially through B EISCAT mainland VHF in split beam mode, Tromso
charge exhange collisions as it travels downwards in the B EISCAT Svalbard Radar (ESR), Longyearbyen
ionosphere (Davidson, 1965). Thus, if it is co-located with % IMAGE magnetometers used in this paper

electron precipitation (which does not suffer the same effect),

a radial electric field will be produced and hence, a vortexrig. 1. Map indicating the location of the fields-of-view of the in-

will be the result. Alternatively, vortices may form as a result struments used in this study. Only the IMAGE magnetometer sta-

of the Kelvin-Helmholtz instability to be found at velocity tions referred to in the text are plotted.

shears, which, when located within a range cell, would them-

selves be expected to produce a spectrum with more than one

peak (Andé et al., 2000b). Andr et al. (2000b) also mod- Site. In the standard operating mode the dwell time on each

elled the effect of a small vortex on the standard SuperDARNbeam is typically 7 s and the scan starts every two minutes in

fitting software and concluded that a vortex smaller than 5 kmstandard common mode operation. Each beam is separated

would not generate a clear multi-component spectrum in thénto 75 range gates. In standard common mode these range

radar data. gates are 45km in length with a distance to the first gate of
In this case study from 20 December 1998, one of thel80km. The radars can operate at frequencies between 8 and

CUTLASS (Co-operative UK Twin Located Auroral Sound- 20 Mhz. The fields-of-view of the two radars Overlap to fa-
ing System) coherent HF radars, part of the SuperDARN netcilitate bistatic velocity measurements.
work (Greenwald et al., 1995), is used to show that a gradient The radar field-of-view covers somex4.0° km?, although
between low and high variable spectral width is not neces-often only a proportion of this area produces ionospheric
sarily a good proxy for the open/closed field line boundary backscatter. There are two reasons for this, the first being that
on the nightside. We also demonstrate that elevated electrobF radio propagation in the ionosphere does not uniformly
temperatures caused by particle precipitation in the F-regiorilluminate the region. Secondly, if there are no field-aligned
may be related to the region of high variable spectral widthirregularities, then there will be no targets to scatter from and
during this period. hence, no backscatter. Therefore, care is required in deduc-
ing geophysical data from boundaries of backscatter, since
the edge may be due to the end of the region illuminated by
2 Experimental overview the radar and not the edge of the location of field-aligned ir-
regularities. However, in this interval, the boundary in ques-
The CUTLASS pair is the eastern most pair of the Super-tion is in the middle of a region of powerful backscatter from
DARN network (Greenwald et al., 1995). The two CUT- similar elevation angles and can, therefore, be assumed to be
LASS radars are located at Pykkvibzer, Iceland (6M.5 due to a change in the physical characteristics of the irregu-
68.5 E geomagnetic-altitude adjusted corrected geomagiarities being observed.
netic (AACGM) coordinates based on Baker and Wing In this study we only use Finland radar data, and the field-
(1989) will be employed hereafter) and at Hankasalmi, Fin-of-view from Hankasalmi is shown in Fig. 1. The radar was
land (58.6 N, 104.9 E). Both radars scan through 16 az- performing 7 s dwell time scans on each beam with standard
imuthal beams arranged symmetrically about the radar boreommon mode range gates, although the beam direction re-
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verted to beam 5 after each other beam to give a higher time
resolution for beam 5 until 05:00 UT when the scan resumedfz
its normal consecutive order. The time resolution for beam 95 -
from 01:00 UT to 05:00 UT was 224 s and from 05:00UT to ~ 6F
06:00 UT it was 120 s. During the dwell time, when sound-
ing in a particular beam direction, the radar transmits a 7-
pulse sequence repetitively (approximately 10 multi-pulse
sequences can be transmitted each second). Samples of the
returned signal are taken, correlated and integrated, so as t§Nf
give the auto-correlation function of the scattered signal for @ ZE
each range gate. As described more fully by Villain et al.  ~
(1987), the signal power, the rate of change of phase an-
gle and the rate of decay of the auto-correlation function are
parameterized, leading to an estimate of backscatter powerg

line-of-sight velocity and spectral width, respectively, of the & 15__ “\r\/\“/\l\

particular scattering targets occupying each radar range gateZ sk ""/\(\I/

The spectral width is the particular parameter of interest in§ 6F

this paper. It is strictly a measure of the correlation time kLY
of the radar signal. For example, the scattering properties MI\/WM )
of the ground remain fairly uniform with time and hence, W\\\[ ! 91

the spectral width of ground scatter is typically small. For  01% 02% 03% 04%° 05% 06%
ionospheric scatter the coherence in the signal and hence, ut

the spectral width is normally related to the variation in the

plasma flow in the radar scatter volume. In this paper, weFig- 2. Solar wind and IMF data from the WIND SWE and MFI

concentrate on identifying specific regions of radar scattef"Sttuments on 20 December 1998. The times shown are at the
that have a characteristic spectral width spacecraft, a time delay ef 10 min to the ionosphere has been

. ’ calculated. The top three panels display components of the inter-
Observations from two of the European Incoherent SCAT-planetary magnetic field in GSM coordinates. The bottom three

ter (EISCAT) radars have also been included in this workpanels indicate solar wind bulk velocity, density and pressure, re-
(Rishbeth and Williams, 1985). The VHF radar at Tromsg spectively. WIND was located at approximately @, 60Rg,
(66.4 N, 103.3 E) and the UHF EISCAT Svalbard Radar 10REg), (X, Y, Z) in GSM coordinates during this interval.

(ESR) (75.0N, 113.0 E), (Wannberg et al., 1997) provide

estimates of a variety of plasma parameters including elec- ]

tron temperature and ion velocity. The VHF radar at Tromsg3 Observations

was operating in split beam mode for the majority of the in- .

terval 01:00 to 06:00 UT on 20 December 1998; the two pole-3-1  Interplanetary conditions

ward pointing beams are shown in Fig. 1. Beam one has an, . i L i
azimuth of 345.0 clockwise to geographic north and beam The interval under investigation takes place on the morning
two has an azimuth of 3535 Also shown is the equator- of 20 December 1998, from 01:00 UT to 06:QO UT. The IMF
ward pointing ESR beam which has an azimuth of 161.6 and solar W'nd_ glgta taken by the_MFI (Lepping et al., 1995)
All three beams were at an elevation of 30.00nly data and SWE (Ogilivie et al., 1995) instruments on the WIND

from the modes of operation described above are included inﬁ,pacecraft are shown in Fig. 2. Th? spacecraft was located
this investigation. at (40Rg, 60Rg, 10RE), (X, Y, Z) in GSM coordinates

) ] o . from which point a time delay of- 10 min from the satel-
Optical observations from the meridian scanning pho-|ite to the magnetopause has been estimated. This time delay
tometer (MSP) at Longyearbyen on Svalbard (780 pas not been added to any of the times referred to for the
113.0 E, AACGM) are employed. The MSP observes at gpacecraft. The component of the interplanetary magnetic
four different wavelengths, 427.8nm, 486.1nm, 557.7NMge|q (B,) is northwards at the spacecraft from 00:30 UT un-
and 630.0nm. Only the 557.7 nm (green line) and 630.0 nmyj| 02:25 UT, when it becomes weakly southward at first and
(red line) emissions are utilised in this study. The photometeknen more strongly southward after 02:50 UT. At 03:00 UT,

scans from an elevation of fat an azimuth of 45t0 0" el-  p_ then returns northward until 03:40 UT when it becomes
evation at an azimuth of 225Each scan takes two seconds yariaple until 05:35 UT, after which it becomes increasingly

and repeats every 16s.

By (nT)

Velocity (ms-1)

PN WW
aooioO;
Pressure (nPa)

southward. The component B,) is positive until a sudden,
Observations from the IMAGE network of magnetome- large jump from+6nT to —6 nT at 02:20 UT. It is variable

ters (Viljanen and Hakkinen, 1997) supply information about after this until another extended period of positive values be-

ionospheric currents during the interval. The locations of thegins at 04:35UT. Tha componentB, is approximately in

IMAGE stations employed in this paper are also plotted in antiphase with, throughout the interval.

Fig. 1. The solar wind velocity at the spacecraft increases from
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Fig. 3. HF radar data from CUTLASS Finland beam 9, 20 De-
cember 1998(a) Doppler spectral width(b) line-of-sight velocity ~ USing elevation angle data. The SuperDARN radars typically
(blue is towards the radar{c) backscatter power. MSP data from identify data with spectral widths below 20 m/s and veloc-
Longyearbyen(d) 630.0nm, red emission, from an assumed al- ity magnitude below 50 m/s as arising due to ground scat-
titude of 250km,(e) 557.7 nm, green emission, from an assumed ter. In general, this approach is highly effective. However,
altitude of 110km. All 5 panels have the spectral width gradient for the particular F-region scatter interval between 01:30 UT
at 200 m/s overlaid on them in white for comparison. The intervalsand 05:30 UT of interest here, the standard method led to the
marked *G.S” have been identified as ground scatter. misidentification of some of the ionospheric scatter between
68° N and 78 N as ground scatter. Consequently all ground
scatter was identified by studying the elevation angle data.
~350km/s at 00:00UT to~420km/s at 03:30UT, after The F-region backscatter power, panel (c) of Fig. 3, is con-
which it decreases te- 400 km/s. The density and pressure gstently high throughout the interval 02:00 UT to 05:00 UT.
values indicate a trough between 01:20UT and 02:20 UTThe position of the poleward edge of the F-region backscat-
with the density decreasing sharply from 12¢hto 7cm™>. et varies between 72and 84, while the equatorward edge
At 02:20 UT, the density and pressure recover quickly to their,emains fairly static between 6and 69.

previous levels where they remain until 05:20 UT when an- | the Doppler spectral width data, Fig. 3a, there is an area

other sharp decrease is observed. of low spectral width & 200 m/s) equatorward of a large area
of high (> 200 m/s) but variable spectral width. A typically
3.2 CUTLASS data sharp nightside gradient in width; 60+ 30 m/s/degree, ex-

ists between these two regions and is shown by the white line
The Doppler spectral width, line-of-sight irregularity drift in Fig. 3a. This boundary has been overlaid on all the other
velocity and backscatter power from beam 9 of the Finlandpanels of Fig. 3 for comparison. A plot of the spectral width
radar from 01:00 UT to 06:00 UT on 20 December 1998, aredistributions for each range gate from 20 to 60, covering a
shown in panels (a) to (c) of Fig. 3 (positive velocities are latitude range from 67°3N to 83.0 N, is shown in Fig. 4. A
directed towards the radar). To convert UT to magnetic lo-bin width of 20 m/s has been used. The data are taken from
cal time (MLT) in the region of magnetic latitude covered the interval of F-region scatter from 01:30 UT to 05:30 UT
by the CUTLASS Finland field-of-view, add approximately and have been normalized to the total number of observa-
2.5h to the UT. F-region backscatter is observed from 02:0Qions in each range gate. The very low spectral widths are
to 05:00 UT northward of 65N during this time. The scat- not aresult of ground scatter since the time interval and range
ter shown between 01:00UT and 01:30 UT, and also fromgates chosen contain only F-region scatter. There is an ob-
05:45UT to 06:00 UT, has been identified as ground scatterious change from distributions peaked between 0 to 20 m/s
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Y observation in Sect. 3.4.
7 3.3 Meridian scanning photometer data
40 [ [/ (@ beam 9. gate 25 ] The optical data for two wavelengths, 630.0nm and
i 1 557.7 nm, taken from the Longyearbyen MSP for the inter-
val 01:00 UT to 06:00 UT on 20 December 1998 are shown
7 1 in Fig. 3d and 3e, respectively. These have been plotted as a
30 1 E function of magnetic latitude, assuming an altitude of 250 km
1 for the emission at 630.0 nm and 110 km for 557.7 nm. The
assumed altitudes are seen to be reasonable in the discussion.
There is structure in both the 630.0 nm and 557.7 nm emis-
sions from 01:00 UT until 01:40 UT when a sudden decrease
to very low intensity emission occurs. This lack of emission
1 lasts until 02:40 UT. Coincidentally, the time-span of this
(b) beam 9, gate 39 ] marked drop in intensity is the same as the density decrease
] observed by WIND when a time lag of 20min from the
spacecraft is included. It may be possible that the two events
1 are related in some way, with the additional delay of 10 min
o 2(‘)0 o W?O(‘)‘ b ‘A‘K‘)(‘)‘ e a result of the reaction time in the nlght5|d§ |oqosphgre to
Spectral Width (ms™) the change at the magnetopause. The opt_lcal mtens_lty _de-
crease between 01:40 UT and 02:40 UT hails the beginning
of the region of ionospheric scatter observed by the Finland
HF radar. The region of ionospheric scatter expands quickly
to cover latitudes from 6/ up to 83 N, then the pole-
ward edge of it contracts dramatically just before 02:40 UT
to 76 N. The 630.0 nm emission then takes the form of a nar-
row band of high intensity, i.e. above 3 kR, which is approxi-
o mately 2 wide in latitude at 02:40 UT. The peak intensity of
up to range gate 3071° N), to those distributions where  iha main emission moves equatorwards fromN%o 71° N,
the peak is around 250 m/s above range gate~40X N).  qgyring the interval 02:40 UT to 04:20 UT. After this, the peak
In between 71N and 76 N, a transition between these tWo gmission moves polewards to /M, once again becoming
extremes is observed; this corresponds to the latitude regioﬂarrow, reaching its maximum latitude at 05:40 UT. Above
within which the 200 m/s gradient moves during this inter- e main latitude of emission there are several equatorward
val. Figure 5 presents the distributions of the spectral Wldthmoving features starting at 03:10 UT, 03:45UT, 03:55UT
for range gates 2569.9°N) and 39 (- 75.3 N) of Fin- 544 04:00 UT. The first and last of these moves fromN6
land beam 9 for the interval 01:30 UT to 05:30 UT; the black , 73 N, while the intermediate features move fron? R6to

lines on Fig. 4 show their location. It is clear that the more 73 N The approximate rate of motion is 0.& 0.05° per
northerly range gate 39 shows a much more rounded distribuqinute (170 m/s).

tion, with a significant percentage-€6%) of spectral width The 557.7 nm emission, although active simultaneously

values larger than 200 m/s, while range gate 25 has virtually it the 630.0 nm emission, has a constant poleward edge at

no data points above 100m/s. Therefore, we feel justifiedzz \yith 4 broader region of high intensity, above 3kR, and

in using a value of 200 m/s when locating the spectral width, 5 japje structure equatorward of this latitude. The same re-

gradient in the time series plots of Fig. 3. The form of the duction in luminosity between 01:40 UT and 02:40 UT is ob-

rounded distribution for gate 39 resembles closely that of the;o 1\ ad in the 557.7 nm emission, as are the same equatorward

spectral width distribution identified by Baker et al. (1995), moving features from 03:10 UT to 04:00 UT. The peak of the

as being a proxy for the location of the cusp on the dayside.of the 557.7 nm emission is located at approximatelyN'2
The line-of-sight velocity data (Fig. 3b) indicates that the from 02:40 UT until 04:10 UT, when it moves southwards to

highest velocities are at the poleward edge of the F-regiorv(® N at 05:00 UT, as the intensity starts to decrease until it is

backscatter, and that these velocities have a component thatligsyond the interval of interest. The equatorward edge of the

directed towards the radar (in blue). The strong bursts of flowemission is south of the field-of-view from 02:50 UT until

with components towards the radar that occur at 03:10 UTthe end of the interval.

and 03:50UT are associated with pronounced velocity en-

hancements in anti-sunward flow. There is evidence of long3.4 Magnetometer data

period wave activity (ULF) in the line-of-sight velocity data,

from 02:10 UT to 04:00 UT between 6&nd 74. The pe- A 150nT negative bay is observed in thé-component

riod of the wave is approximately 10 min. We return to this (north-south) data from Sgrgya (SOR, 6™l 106.7 E)

% Occurrence

il

20

Fig. 5. Two histograms displaying spectral width distributions for
(a) beam 9, range gate 25-69.6° N), and(b) beam 9, range gate
39 (~ 75.3 N). Each histogram is normalized to the total number
of observations from that gate.
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Fig. 6. The north-south component measurements from five of theFig. 7. Data from the EISCAT Svalbard Radar, 20 December 1998,
IMAGE magnetometer stations filtered between 100s and 1000 s¢a) electron density(b) electron temperaturég) ion velocity. Data
20 December 1998. from CUTLASS Finland on a reduced latitude scale from Figd3,
line-of-sight velocity ande) spectral width “G.S” denotes intervals
of ground scatter.
to Pello (PEL, 63.3N, 105.24 E) in the image chain from
00:00 UT to 01:10 UT (not shown). This enhanced westward
electrojet decays to previous levels by 01:10 UT and is, therewidth from beam 9 of CUTLASS Finland for the same range
fore, assumed to have no effect on the spectral width boundef magnetic latitudes. The ESR UHF beam was pointing in
ary indicated in Fig. 3a. Data from five of the magnetometersthe same vertical plane as beam 9 of CUTLASS Finland, in
of the image chain for the period 01:00 UT to 06:00 UT on the opposite sense during this interval, at an elevation af 30
20 December 1998 are shown in Fig. 6. The magnetomeThe altitude range covered by the data in Fig. 7 is from ap-
ter data have been band pass filtered using a range of 100@oximately 90 km at 74N to 390 km at 70N. Although
to 1000s. A wave, matching the frequency of the one ob-not shown here, the data from the EISCAT VHF beams show
served by the Hankasalmi radar 2 MHz), is recorded by very similar results to those from the ESR. It is evident from
magnetometers of the image chain starting at 02:20 UT. Thd~ig. 7c and 7d that the line-of-sight ion velocities from the
amplitude of the wave observed by the magnetometers isncoherent radar agree well with the irregularity drift veloci-
largest at the stations of Bear Island (BJN, 7N3108.9 E) ties observed by CUTLASS Finland. (Note that all the data
and Hopen Island (HOP, 72.81, 115.9 E). There is a sharp shown have positive velocities towards the HF radar at Fin-
decrease in the amplitude of the wave between HOP andand and that the range of magnetic latitudes shown is dif-
Longyearbyen (LYR, 750N, 113.0 E) and a slower de- ferent from Fig. 3). This is consistent with previous results
crease to the south of HOP. Measurements of the latitudinalhat the phase speed of F-region irregularities is equal to the
variation of the amplitude and phase of the wave area are&omponent of the ambient plasma flow in their direction of
consistent with the wave being a field line resonance (FLR)propagation (Davies et al., 2000 and references therein). One
with the resonating field line poleward of HOP and equator-can observe the same field line resonance signature as seen
ward of LYR. Since FLRs only occur on closed field lines, a from Hankaslami and the same flow bursts at 03:10 UT and
lower limit for the OCFLB can be set at 72.8. 03:50 UT.

Equatorward moving structures are evident in the electron
density and electron temperature data, Fig. 7a and 7b, re-
spectively, from 03:40 UT to 04:10 UT. These structures are
The first three panels of Fig. 7 show the electron density,observed by the ESR, while equatorward moving structures
electron temperature and ion velocity, respectively, observedre also observed by the MSP, although not simultaneously
by the ESR from 01:00 UT to 06:00 UT. The last two pan- and at a lower latitude. The equatorward motion is observed
els of Fig. 7 present the line-of-sight velocity and spectralat the same time as strong velocity towards Hankaslami, and

3.5 Incoherent scatter data
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Fig. 8. Scatter plots of electron temperature from the incoherentFig. 9. Line plots comparing co-located and simultaneous mea-
scatter radar data against spectral width from CUTLASS Finland.surements of electron temperature from the three incoherent scatter
The data used has been restricted to betwe8N7nd 72 N. The ~ beams and spectral width from bean(&), ESR UHF,(b) EISCAT
colours indicate the frequency of observations within the bin they VHF beam 1,c) EISCAT VHF beam 2. The locations of these in-
outline. tersecting measurements have been chosen within the rafige 71

to 72 N, and at an altitude of 300 km.

also in the latter part of the interval when the spectral width

. High spectral width values measured by CUTLASS Finland
gradient moves equatorward.

are collocated with elevated electron temperatures although
The ESR observed two pronounced regions of structuredihe reverse is not the case. Figure 9 shows a direct compar-
elevated electron temperature in the F-region, Fig. 7b, angson of simultaneous, co-located observations for the ESR
this is replicated by the two VHF beams from Tromsg, from UHE beam and beams 1 and 2 of the mainland VHE system
01:00UT and 01:45 UT, and 03:10 UT and 04:20 UT, Fig. 7b. (4 to c, respectively) with the HF radar data. The analysis
The ESR beam is at F-region altitudes below approximatelyfrom both Figs. 8 and 9 shows that although high spectral
73 N. These regions are clearly seen to be co-located withyidths from the HF radar are associated with high electron
the areas of high spectral width observed by CUTLASS Fin-temperatures, there are also regions of elevated electron tem-
land at these times, Fig. 7e. Figure 8 shows a comparison Oerature associated with very low spectral width. Also, note
the electron temperature from the incoherent scatter radargat the elevated electron temperature feature is spatially ex-

and spectral width from the Finland radar in the regionM1  tended in longitude as it occurs in all three incoherent scatter
to 72 N, which restricts the altitude range of observation to radar beams.

a small slice of the F-region around 300 km. This is done for

two reasons: first, to ensure the values are solely from the

F-region and second, to avoid any effects due to the under4 Discussion

lying increase of electron temperature with altitude found in

the topside F-region. Panels (a) to (c) of Fig. 8 show scat-A previous case study in the pre-midnight sector (Lester et
ter plots of electron temperature from the ESR and beamsl., 2001) concluded that the well-defined gradient between
1 and 2 of the EISCAT VHF system, respectively, versus co-low (< 200 m/s) and high= 200 m/s) spectral width can be
located and simultaneous HF scatter spectral width. The datased, with caution, as an ionospheric proxy for the PCB. This
have been collected into bins of 50 m/s and 100 K, with theconclusion was based on the fact that the gradient would,
colouring indicating the number of observations in each bin.at times, follow the poleward edge of the 630.0 nm optical



508 E. E. Woodfield et al.: A case study of HF radar spectral width in the post midnight magnetic local time sector

emission, which has been proposed as a proxy for the PCH the gradient is related to a magnetospheric boundary, then
(Blanchard et al., 1995). Blanchard et al. had establishedt is more likely to be an indicator of the boundary between
that the poleward edge of the 630.0 nm emission can be useithe CPS and PSBL (Lewis et al., 1997; Dudeney et al., 1998)
as the ionospheric footprint of the PCB with an accuracy ofsince both of these regions are assumed to be on closed field
4+ 0.9 in the pre-midnight sector. Lester and colleagues didlines.
note that during dynamic intervals, e.g. a weak substorm, the The incoherent scatter radar data from the EISCAT facil-
relationship between the spectral width gradient and the poleities show an interesting effect to consider further. A first
ward border of the red line emission broke down. look at Fig. 7b and 7e seems to indicate a correspondence
The poleward boundary of the 630.0 nm emission in thisbetween regions of elevated electron temperature and high
interval is confused by the presence of several equatorwardpectral width. Upon further comparison of the F-region
moving arcs poleward of the main region of 630.0 nm emis-electron temperature data from the EISCAT and ESR data
sion, Fig. 3d. However, the spectral width gradient is gener-with the spectral width values, we find that regions of high
ally significantly equatorward of both the equatorward mov- spectral width are associated with regions of high electron
ing arcs and the poleward edge of the main region of emistemperature, but not vice versa. Only data betweetN71
sion. Notably, the spectral width gradient is equatorward ofand 72 N are used to eliminate the underlying change in
the intense emissions seen af Rbwhich are not subjectto the electron temperature with altitude that is present in the
error resulting from assuming an altitude, since all emissionF-region. This latitude range also restricts both CUTLASS,
at this latitude is directly overhead. In general, the motion inEISCAT and ESR radars to F-region altitudes. If one as-
time of the location of the gradient does not follow either the sumes that elevated electron temperatures are linked to elec-
main poleward boundary, or the equatorward moving arcstron precipitation, then there is a relationship here between
This could be a result of the altitude structure of the opti- F-region electron precipitation and high spectral widths in
cal emission changing with time; nevertheless, the spectralhe F-region. Following from this interpretation it is possi-
width gradient stays equatorward of the emissiorfabdhe ble that the relationship between elevated electron tempera-
zenith. Thus, we assume that the non-correspondence of thtere and high spectral width on closed field lines is a signa-
spectral width boundary and poleward edge of the 630.0 nnture of small-scale vortex activity resulting from precipita-
emission is not a result of the assumed altitude applied to théion. The work of Newell et al. (1996) has characterised the
observations of the 630.0 nm emission in order to map it tochange from structured to unstructured electron precipitation
magnetic latitude. The electrojet activity in the vicinity of (on a scale of>5-10km) as boundary “b4s”, as observed
Scandinavia seen at 00:00 UT, prior to the interval discussedby DMSP satellites. The decrease in correlation between
here, has been assumed to have no long lasting effect thatuccessive electron spectra above this boundary means that
would affect the alignment of the spectral width gradient andthere are spatial stuctures5-10 km at the satellite altitude
poleward edge of the 630.0 nm emission over Scandinaviaon closed field lines. These could be the signature of filamen-
Although the spectral width gradient is, for the most part, tary electron precipitation which could generate small-scales
equatorward of the poleward edge of the 630.0 nm emissionyortices. This case study cannot, however, directly demon-
the one exception to this, between 04:30 UT and 05:00 UT, isstrate this.
due to an ambiguity in determining the location of the spec-
tral width gradient. The difference between this case study ,
and that of Lester et al. (2001) could be a result of the dif-> Conclusions
e s mao Contiay 0 prvious case stuy, th boundry beer
servations shown in this paper indicate that much of the higharge anq smaf values o HF radar speptra .W'dt or this
i S ! . data set is located exclusively on closed field lines. It follows
spectral width region is actually located on closed field lines. : . .
Hence, we conclude that Lester et al. (2001) were correct intha.t the sp_ectral Wldt.h boundgry Is not a reliable means O_f lo-
o o : ; . cating the ionospheric footprint of the open/closed field line
advising caution in using the gradient between high and Iowboundary
spectral width as a proxy for the PCB. Furthermore, we con- )

. . . There is, however, evidence for a relationship between
clude that in the post-midnight sector the gradient between . : .
. . . igh spectral width and elevated electron temperature in the
large and small spectral width values is exclusively on close

field lines during this case study. -region during this interval, leading us to believe that there

. o i could be a link between electron precipitation and high spec-
During this interval we have another means of finding the . . . .
e . ' . tral width. Further data will be looked at to define this re-
minimum latitude for the PCB, namely the field line res-

onance seen in both the IMAGE magnetometer data andf, 505 R B SH 8 SO0 SO L CLETE
the Finland and EISCAT radar line-of-sight velocity data, y g

Fig. 6. These observations set a lower limit for the OCFLB ing high spectral widths on the nightside.
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