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Abstract. A previous case study found a relationship be- an ionospheric proxy for the open/closed field line boundary
tween high spectral width measured by the CUTLASS Fin-is not a simple matter, if indeed it is possible at all.
land HF radar and elevated electron temperatures observeigey words. lonosphere (auroral ionosphere; ionospheric ir-
by the EISCAT and ESR incoherent scatter radars in the post- e '

o ) . . regularities)
midnight sector of magnetic local time. This paper expands
that work by briefly re-examining that interval and looking
in depth at two further case studies. In all three cases a re-
gion of high HF spectral width{ 200 ms'%) exists poleward 1 |ntroduction
of a region of low HF spectral width<(200 ms ). Each

case, however, occurs under quite different geomagnetic confpe Doppler spectral width parameter observed by coher-
ditions. The original case study occurred during an intervalent HF radars is associated with the turbulent characteristics
with no observed electrojet activity, the second study dur-of the plasma irregularities being illuminated by the radar.
ing a transition from quiet to active conditions with a clear |f one thinks of the spectral width (defined here as the full
band of ion frictional heating indicating the location of the \idth at half maximum) in terms of the power spectrum it
flow reversal boundary, and the third during an isolated subyescribes, then it is essentially a measure of how variable the
storm. These case studies indicate that the relationship bGDoppIer line-of-sight velocity has been during the integra-
tween elevated electron temperature and high HF radar spegpn period and within the spatial range of the radar obser-
tral width appears on closed field lines after 03:00 magnetication cell. However, the power spectra returned from the
local time (MLT) on the nightside. It is not clear whether radar sometimes contain two or more separate and well de-
the same relationship would hold on open field lines, sincefined peaks at different velocities. Under these circumstances
our analySiS Of th|S relationship iS I’eStriCted in Iatitude. We the Standard Spectra' W|dth parameter does not te” the Wh0|e
find two important properties of high spectral width data on story and the spectra themselves require inspection. For
the nightside. Firstly the high spectral width values occur onsome time now, the spectral width parameter observed by the
both open and closed field lines, and secondly that the powesyper Dual Auroral Radar Network (SuperDARN) coherent
spectra which exhibit high widths are both single-peak andyg radars (Greenwald et al., 1995), has been used as an iono
multiple-peak. In general the regions of high spectral widthspheric proxy for the position of the low-altitude cusp on the
(>200ms™) have more multiple-peak spectra than the re-gayside. It is thought that within the cusp region the spectral
gions of low spectral widths whilst still maintaining a ma- width is high & 150 ms't) and variable (Baker et al., 1990,
jority of single-peak spectra. We also find that the region1995: Pinnock et al., 1995, Anélret al., 1999, 2000a; Mi-

of ion frictional heating is collocated with many multiple- |an et al., 1999; Moen et al., 2001; Rodger, 2000; Milan and
peak HF spectra. Several mechanisms for the generation Qfester, 2001; Pinnock and Rodger, 2001), although this is not
high spectral width have been proposed which would pro-ajways the case (Rodger et al., 1995). This feature is believed
duce multiple-peak spectra, these are discussed in relation @, pe the result of the problems that the standard parame-
the data presented here. Since the regions of high spectrg fitting software (FITACF) (Villain et al., 1987) has fitting
width are observed both on closed and open field lines theyyto-correlation functions (ACFs) which lead to power spec-
use of the boundary between low and high spectral width agra that have several large peaks. Hence the spectral width
and line-of-sight velocity are both more variable where the
Correspondence tde. E. Woodfield spectra have multiple-peaks, and the errors associated with
(Emma.Woodfield@ion.le.ac.uk) the fitting of these parameters are increased (e.g. @sdr
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al., 2000a). The low-latitude boundary layer (LLBL) has the interval discussed. Alternatively the gradient could be re-
been associated with double-peak spectra from the Supetated to the central plasma sheet (CPS)/plasma sheet bound-
DARN radars (Schiffler et al., 1997; Huber and Sofko, 2000) ary layer (PSBL) boundary (Lewis et al., 1997; Dudeney et
and multiple-peak spectra (Baker et al., 1995). Regions ofal., 1998). In the first interpretation all high spectral width
ionospheric backscatter with similar spectral width featureswould occur on open field lines. In the second, the high spec-
to those seen in the cusp are also found frequently on théral width would be on both open and closed field lines. Since
nightside (Lewis et al., 1997; Dudeney et al., 1998; Lester ethe spectral width boundary is frequently observable by the
al., 2001; Woodfield et al., 2002). SuperDARN radars it would make a good ionospheric proxy
Several suggestions for mechanisms responsible for thesi®r a magnetospheric boundary. However, the veracity of the
multiple-peak spectra have been made. Looking at the cusproposals must first be investigated thoroughly and this paper
spectra, Andg et al. (1999, 2000a), have simulated high aims to further test them.
spectral widths in the radar data by the use of a time-varying The presence of the EISCAT (European Incoherent SCAT-
electric field with a frequency in the Pc1/Pc2 band (0.1 toter) and ESR (EISCAT Svalbard Radar) radars within the
5Hz). The occurrence of such waves is observed to increasfield-of-view of the CUTLASS radars (Co-operative UK
in a step-like manner when low-altitude satellites enter theTwin Located Auroral Sounding System) provides an ideal
cusp region (e.g. Maynard et al., 1991; Matsuoka et al.,opportunity for more detailed observations of the plasma
1993). Work by Schiffler et al. (1997), and following on from conditions where large spectral widths are found. The inher-
this, by Huber and Sofko (2000), on the double-peak spectrant differences in the technigues of incoherent and coherent
which these authors associated with the LLBL, has ruled outcatter supply more information on which to base conclu-
(i) oppositely moving plasma waves, (ii) a steady or step-sions. The CUTLASS radars cover a large area with data
like change in the velocity within the radar range cell within being taken continuously providing the basic parameters of
the integration time and (jii) factors relating to the propaga- returned power, line of sight velocity and spectral width. The
tion of the radar beams (both vertical propagation and sideEISCAT and ESR radars have a more restricted viewing area
lobe effects). Their preferred mechanism is the presence ofind operate for only part of the time, but provide more details
small scale £ 26 km) and shortlived< 4 s) vortices within  about the temperature and structure of the plasma as well as
the radar field of view. They suggested these vortices couldhe ion velocity and other parameters. Thus the two datasets
be formed either by the presence of the Kelvin-Helmholtzcompliment each other very well. Elevated electron tem-
instability or from the radial electric field produced around perature can be an indicator of precipitation (e.g. Kofman
a core of filamentary electron precipitation away from which and Wickwar, 1984) and could therefore be linked to small
ions spread radially (Davidson, 1965). Simulations by Andr plasma vortices. Similarly, ion frictional heating signatures
et al. (2000b) suggest that several plasma vortices within are an indication of changing conditions in the plasma, where
range cell could produce a multiple-peak spectrum. the difference in the relative velocities of the ions and neu-
Thus far, work on the mechanisms responsible for this featrals is significant (e.g. Rees and Walker, 1968; St-Maurice
ture of the spectral width has concentrated in and around thend Hanson, 1982; Davies et al., 1999). Such a region of
cusp area on the dayside. The mechanisms proposed for thiiffering velocities could lead to the Kelvin Helmholtz in-
feature on the dayside could also be responsible for the higlstability and general turbulence, which would in turn affect
and variable spectral width observed on the nightside. Certhe spectral width observed by coherent radars. Woodfield
tainly within the auroral oval there are likely to be filamen- et al. (2002) found in one case that high spectral width (as
tary field aligned currents that could generate vortical turbu-seen by the HF radar) was associated with elevated electron
lence. Also the velocity shear at the flow reversal boundarytemperature (as measured by incoherent scatter radars), but
(FRB) could be a source for the Kelvin-Helmholtz instability that high electron temperature was not necessarily associated
that in turn could generate small vortices in the ionosphericwith wide HF spectra. The analysis conducted in this case
plasma. Satellites have also detected the presence of electriemonstrated that high spectral width can occur on closed
field variations of the appropriate frequency in the region ofas well as open field lines, thus casting doubt on the pro-
the auroral oval (Gurnett et al., 1984; Gurnett, 1991). Thereposal that the spectral width gradient is an identifier for the
fore, all mechanisms proposed for the cusp/LLBL are alsoOCFLB. This paper extends the work by Woodfield et al.
possible on the nightside. (2002), briefly revisiting the first case study, and then intro-
Another feature frequently observed on the nightside is aducing two further case studies and looking in more detail at
sharp gradient between the areas of low200ms™!) and  the power spectra from the received backscatter.
high (> 200 ms1) spectral width (Lewis et al., 1997; Du-
deney et al., 1998; Lester et al., 2001; Woodfield et al., 2002)
which, in general, is not associated with a gradient in the2 Experimental overview
backscatter power, unlike cusp data (Milan and Lester, 2001).
This well-defined nightside gradient in spectral width has Three case studies are presented in this paper all of which
been given two different interpretations. Lester et al. (2001)make use of both coherent HF radar data from the Finland
suggested that the gradient is the radar representation of thedar of the CUTLASS, and low elevation incoherent radar
open/closed field line boundary (OCFLB), at least for part of data from the EISCAT mainland VHF system. Two of the
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was running common mode, which has a dwell time of 7s on
each beam and the scans are synchronised to start at beam 15
(for Finland) every two minutes. On 21-22 August 1998,
beam 9 was run in high time resolution mode to coincide
with the ESR beam. The dwell time was 2 s with the beams
scanned in the following order: 15, 9, 14, 9, 13, 9, 12, etc,
thus the temporal resolution of beam 9 was 4 s and for the
whole scan 64 s.

All three of the case studies presented herein utilise the
EISCAT mainland VHF radar (Rishbeth and Williams, 1985)
in CP4 mode. This consists of two low-elevation beams from
the VHF radar (which operates at a frequency of 224 MHz).
Beam one has an azimuth to geographic north of 3t
beam two has an azimuth of 359 The elevation of both
beams is 30 Only long pulse data has been included in
these studies, which for the elevation of the beam used covers
altitudes from approximately 280 km to 1050 km in 20 gates.
The ESR (Wannberg et al., 1997), which was running for 2 of

Geographic 0 E 15E 0E 45E the events studied, was directed at an azimuth of 264ith
mEm  EISCAT mainland VHF in split beam mode, Tromso an elevation of 30on 20 December 1998 and 3tn 21 to
BB  EISCAT Svalbard Radar (ESR), Longyearbyen 22 August 1998. The long pulse code from the ESR for this

scan covers altitudes from approximately 90 km to 470 km in
Fig. 1. Map showing the relative locations of the CUTLASS Fin- 27 gates.
land field of view, including beams 7 and 9, and the beams of the
EISCAT and ESR radars used in the following case studies.

3 Results

studies also use low-elevation data from the EISCAT Sval-3.1 20 December 1998
bard Radar (ESR).

The CUTLASS radars form the easternmost pair of the Su-This case study has been looked at previously by Woodfield
perDARN network (Greenwald et al., 1995). The two CUT- et al. (2002) and consists of a clear example of a steep gradi-
LASS radars are located at Pykkvibaer, Iceland (6.5 ent between low 4200 ms1) and high &200ms?) spec-
68.5 E geomagnetic coordinates), (Altitude Adjusted Cor- tral width in the post-midnight sector. This interval is briefly
rected Geomagnetic (AACGM) co-ordinates based on theevisited here. The IMF and solar wind parameters are pre-
work of Baker and Wing (1989) will be employed throughout sented in detail in Woodfield et al. (2002), but a brief descrip-
this paper) and at Hankasalmi, Finland (53\5 104.9 E). tion follows here. The IMF conditions were variable during
Only Hankasalmi data will be presented in this paper, and thghis interval, with periods of southwaisl, (in GSM coordi-
locations of the field-of-view and beams 7 and 9 are shownnates). The IMFB, component also underwent many rever-
in Fig. 1. In common mode both CUTLASS radars scansals between positive and negative. The solar wind speed
through 16 azimuthal beams (numbered 0 to 15) arranged@radually increased from-350kms™* at 00:10UT (a de-
symmetrically about the radar bore site with a beam width oflay time of 10 min was estimated and has been added to the
~3.25. Each beam is separated into 75 range gates (numtimes given here) to-420 kms® at 03:40 UT where it re-
bered O to 74, O closest to the radar). In standard commomained until decreasing to 400 kmisat 05:30 UT. The solar
mode these range gates are 45km in length with a distanceind density varied around 11 cr for the most part, ex-
to the first gate of 180km. The radars can operate at frecept for two sudden excursions to 7 cibetween 01:30 UT
guencies between 8 and 20 MHz. The operating modes usegnd 02:30 UT and then 05:30 UT to the end of the interval at
in the three case studies were different in terms of time res06:00 UT.
olution on the beams in each case, the spatial extent of the Observations of electron density, electron temperature, ion
range gates was as described above. On 20 December 19%8mperature and line-of-sight ion velocity from the ESR are
from 01:00 UT to 05:00 UT, the dwell time was 7 s on each presented in Fig. 2, panels (a) to (d), respectively. The spec-
beam, while the beams were not scanned successively as tral width and line-of-sight velocity data from the Finland
the common mode, but in the order 15, 5, 14, 5, 13, 5, 12CUTLASS radar are shown in panels (e) and (f) (the latitude
etc. This gives a time resolution of 14s on beam 5 andrange has been restricted to correspond to the ESR data in
224 s for a full scan. Then at 05:00 UT the scan order re-the other four panels). Negative (positive) velocities repre-
turned to consecutive beams and the temporal resolution fosent flow directed away from (towards) the Finland radar for
beam 9 from 05:00 UT to 06:00 UT was therefore reducedboth the CUTLASS and ESR data. An approximate conver-
from 224 s to 120s. On 22-23 November 1999, the radarsion for UT to MLT for the CUTLASS Finland and EISCAT
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Fig. 2. Data from 20 December 1998, 01:00 UT to 06:00 UT. Pa@lto (d) are observations from the ESR radar, electron density, electron
temperature, ion temperature and ion line-of-sight velocity (negative values are towards the radar) respectivég) Shamed CUTLASS
Finland, beam 9, spectral width data and pdfjethows the beam 9 line-of-sight velocity (negative values are away from the radar).

fields-of-view is achieved by adding2.5 h to the UT (the di- An analysis of the data between°™ and 72 N has been
rect conversion is given by: (MLT in hours) = (UT in hours) conducted to determine the relationship between spatially
—4.73 + (magnetic longitude in degrees)/15). There wereand temporally coincident measurements of electron and ion
two regions of high and variable spectral width in the CUT- temperature from the EISCAT and ESR radars and the spec-
LASS Finland data within this latitude and time range. The tral width measurements from CUTLASS Finland. This band
first started at 01:30 UT and moved poleward out of the lati-of latitude has been chosen as the altitude of the EISCAT
tude range shown at 02:30 UT. The second started where thend ESR measurements are close to 300 km. The CUTLASS
equatorward edge of the high spectral width moved back td=inland observations in this region were also expected to be
below 72 N at 03:00 UT and finished with the equatorward from around this height in the F-region. An investigation of
edge moving poleward beyond°/M at 04:45 UT. These re- the elevation angle data confirms that the scatter originates
gions of high width roughly coincide with regions of elevated in the F-region. Coincident data from the EISCAT radars
and structured electron temperature, more noticeably in the@nd the CUTLASS Finland radar during the interval 01:00 to
second interval. 06:00 UT are plotted in Fig. 3 as a scatter plot for data bins
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Fig. 3. Left column is electron temperature from the two main- Plue (dotted) and spectral width is in red.

land EISCAT beams and the ESR beam, vs. spectral width from

the CUTLASS Finland radar. The data is restricted t8 #l72°

latitude AACGM to cover only a small range of altitudes in the F- cided with high electron temperature in this interval.

region from all of the radar beams. Rda) EISCAT beam 1(b) The region of wave activity seen in the CUTLASS Fin-
EISCAT beam 2, andc) ESR. The right column shows the same |and line-of-sight velocity from 02:00 UT to 04:10 UT was
but for ion temperature. believed to be a field line resonance (FLR) by Woodfield

et al. (2002). Combined with magnetometer measurements

of the FLR from the IMAGE chain (Viljanen and Hakkinen,
of 100K (in the electron (or ion) temperature) and 25Ms  1997) the OCFLB was given a lower limit of 72.8 for the
(in the HF spectral width). The occurrence in each bin istime span 02:00 UT to 06:00 UT in Woodfield et al. (2002).
then colour coded to indicate where most of the observationghis conclusion was based on the fact that FLRs are only ob-
lie. The comparison of spectral width with electron temper- served on closed field lines. Thus we can reasonably assume
ature is in the left hand column and with ion temperature inthat the scatter plots in Fig. 3 are all derived from closed field
the right hand column. Figures 3a—c show the comparisonine phenomena.
for beams 1 and 2 of the VHF radar and the ESR beam, re- Figure 5 presents an example of CUTLASS Finland broad
spectively. There is a relationship between electron tempera291.5 ms!) single peak spectrum for range gate 34 of
ture and spectral width apparent in Fig. 3; when the electrorheam 9 (approximately 73 W) taken from the scan of
temperature is low there were very few occurrences of highbeam 9 at 02:02:35 UT (this fast Fourier transform (FFT) of
spectral width. There appears to be no obvious, similar trendhe ACF has been normalised). The fitted, normalised power
for the ion temperature in this interval. spectrum for the FITACF parameters of velocity and width

Figure 4 shows a time series comparison from the VHFhas been overlaid for comparison, where an exponentially

beam 1, gate 1 (gate numbering starting at O closest to thdecaying ACF has been assumed (Villain et al., 1987). The
radar) and CUTLASS Finland, beam 7, gate 29 which correspower fitted by FITACF, 35.3dB, was high and well above
spond to approximately 71°4 and 300 km altitude. The HF  noise levels £3 dB). The majority of the spectra with high
spectral width is shown in red (right-hand axis), the electronspectral width had only one peak (the number of peaks be-
temperature from EISCAT is in black and the ion tempera-ing defined here as those peaks with power above half that
ture from EISCAT is shown as the dotted blue line (both onof the maximum peak). In the high spectral width regions
the left-hand axis scale). This comparison further demon-the tendency was for either a cluster of spectra with many
strates that values of high spectral width200 ms 1) coin- peaks to occur over several minutes and range gates or for
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T ITACE v T ] wards passing OnT at 04:00 UT.
L Vit e Beam 9, gate 34 Data from thex-component of the IMAGE network (not
idth=291.5ms 20/12/1998 - . . X

08l Power=353dB 02:0235 UT shown) indicated quiet conditions unti#00:45UT when

I Velocity=87.0ms™ 73.79N (AACGM) 1 there was a deflection in the magnetic signature at the Bear
I ] Island station (BJN, 71°N) of —100 nT from the mean field
06 7 value. This was the station where the largest deflection was
seen, smaller deflections were seen poleward and equator-
ward, decreasing in magnitude the further in latitude away

0.4 HI ]
r : 1 from BJIN. Thex-component at BJN returned to previous

".F, ] values at 02:30 UT when wave activity with an amplitude
Fitted spectrum

Normalised arbitrary power units

02

T ] of ~25nT and frequency of2 mHz ensued in the stations
spectxum 4

from BJN to Ny Alesund (NAL, 76.ON). Similar patterns
- were seen in the stations south of BJN, but of smaller am-
-2000 -1000 0 1000 2000 plitude ~10 nT. This wave activity continued around a con-
Velocity, ms™! stant and small, 0-25nT, offset from the mean field, un-
til 05:20 UT when a sharp, short-lived-6 min) bay in the
Fig. 5. A typical normalised power spectrum (FFT of the ACF) x-component occurred. The bay was negative from Han-
from the high spectral width region observed by CUTLASS Fin- kgsalmi (HAN,~58.5 N) to Sgrgya (SOR;~67.1° N) and
land on 20 December 1998. This spectrgm is from beam 9, gatepositive from BJN to NAL. Following this bay, all of the
34 (~73.7 N AACGM) at 02:02:35UT. A fitted spectrum for the 0 aq ret-components steadily decreased. The magnitude
FITACF parameters (assuming an exponential ACF) is overlaid 3f the change was largest at BJN where the deflection started
the dashed ine. at~0nT at 05:20 UT to~100nT at 06:00 UT and then in-
creased in the same manner from the minimum at 06:00 UT.

spectra with two (sometimes three peaks) to be dotted iPuring this decrease, the stations from SOR to Gasluij
amongst the single spectra. There was a cluster of multiple(OUJ,~60.8 N) observed a wave signature30 nT ampli-
peak Spectra at latitudes grea’[er thars N3n the period tude from 05:20 UT to 05:30 UT, then with a smaller ampli-
02:00 UT to 02:30 UT. However, in the regionM™ to 72 N tude to 06:00 UT) with a frequency of4 mHz in all three
(roughly gates 29 to 31 for beam 9 of CUTLASS Finland) components. The amplitude of this wave was much reduced
where the scatter analysis was conducted, there were virtiat all the stations north of SOR, similar to the wave signature

ally no instances of multiple-peak spectra. observed in the first case study. It seems likely that this was
another FLR, although not as clear an example as the previ-
3.2 22to 23 November 1999 ous case, making it harder to identify where the last closed

field line was. Fortunately, as will be described shortly, there
During the interval 20:00UT on 22 November 1999 to was another signature of the OCFLB available to us in the
06:00UT on 23 November 1999 the WIND spacecraft wasEISCAT data which we have used.
located at approximately—(13, —67, 15) Rg in (x, y, z) Figure 6 presents data from this interval from beam two
GSM coordinates. Data from the WIND MFI and SWE in- of the EISCAT VHF radar and beam 9 of CUTLASS Fin-
struments are described below (data not shown) (Lepping eiand for the latitude range 7™ to 78. Panels (a) to (d) of
al., 1995; Ogilivie et al., 1995). The time delay from obser- Fig. 6 present the electron density, electron temperature, ion
vation at the spacecraft until incidence on the magnetopausteemperature and line-of-sight ion velocity from the EISCAT
is estimated at 3 15min. From 20:00UT to 03:30UT VHF beam 2, respectively (equivalent to altitudes of approxi-
B, (GSM) varied between 0 and6 nT. From 03:30 UTB, mately 280 to 510 km). From 20:00 UT to 23:00 UT the elec-
moved almost linearly from OnT te8 nT at 06:00 UT when  tron density in the latitude range 708 to 74 N was large
it turned sharply northwards again within a few minutes. (> 2.7 x 10t m=3). At 23:00 UT the electron density de-
The B, component was positive and relatively large4(  creased, although remaining structured, until 02:00 UT when
to +7nT) from 20:00 UT until 02:00 UT, when it became it returned to levels prior to 23:00 UT. The electron temper-
~0nT for 30 min before rising steadily to7 nT at03:30 UT.  ature observations (Fig. 6b) exhibited complex structuring
It remained at+7 nT until 04:30UT when it decreased to from 23:00 UT until the end of the interval at all latitudes.
—4nT at 06:00UT and then turned sharply in a few min- The electron temperature enhancements at 23:00 UT coin-
utes to+8nT. The solar wind velocity was 45820 ms™* cided with the first evidence of enhanced ion temperature
throughout the interval. The proton density was steady atwhich appeared to move equatorward (panel c). The sub-
~6cn 3 from 20:00 UT to 03:00 UT after which 3 bursts sequent electron temperature enhancements (after 02:00 UT)
of enhanced density occurred, each approximately 1h irwere particularly large. From panel (c) we have identi-
duration and 12cm? in magnitude. In summary, the so- fied three intervals when strong and consistent ion frictional
lar wind and interplanetary magnetic field (IMF) conditions heating was observed. lon frictional heating occurs when
were relatively stable wittB, northwards from 20:00 UT un- the imposed electric field changes direction or magnitude.
til ~03:30 UT when there was a steady chang®tsouth-  This changes the ion flow vectd%, but has little immediate
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Fig. 6. Data from 22 to 23 November 1999. Pan@}to (d) incoherent scatter data from EISCAT beam 2,3%9ectron density, electron
temperature, ion temperature and ion line-of-sight velocity (negative values are away from the radar), respectivéh) dpaotial width
from beam 9 of CUTLASS Finland, and par{8l line-of-sight velocity (negative values are away from the radar) from the same.

effect on the velocity of the more numerous neutral atoms,ity shear presented in panel (d). The second ion frictional
V,. The ions then collide with the neutrals causing an ionheating signature started at 70M at 00:45 UT and moved
temperature enhancement that is proportional to the squarsteadily poleward reaching 75! at 01:30 UT. The third ion

of the vector difference(V; — V,)2. Momentum transfer frictional heating signature moved equatorward from 76.0
from ions to neutrals (ion drag) causes the neutral velocityat 04:15UT to 70.5N at 06:00 UT. These last two features
V,, to become more aligned (in both magnitude and direction)were in the same region as shearing in the velocity as well
with the new velocity and thugV; — V,,)2 and the ion heat-  as depletions in the F-region electron density. In general, the
ing is reduced (e.g. Rees and Walker, 1968; St-Maurice andine-of-sight ion velocities were highly variable and struc-
Hanson, 1982; Davies et al., 1999). The first of the ion fric- tured during this interval.

tional heating signatures was the equatorward moving feature Previously Lockwood et al. (1988) have shown that such

that moved from 786N at 23:00 UT to 70.5N at 23:30 UT.

moving bands of ion frictional heating associated with ve-

This was a weak signature that was collocated with a velocyyjty shear such as those identified above, follow the motion
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4000 600 hot ions can be on closed field lines and so can be considered
as the minimum latitude limit for the OCFLB
3000 Figure 6f presents the line-of-sight velocity from CUT-
400 LASS Finland beam 9. The overall form of the CUTLASS
velocity data was similar to that from the VHF system in
2000 Fig. 6d. The CUTLASS and VHF velocity data both show
- very complex flows from 20:00 UT to 00:15 UT. An inves-
~ 1000 200 £ tigation of the global plasma velocity pattern during this
g = time was performed using the spherical harmonic potential
2 5 fitting of the “potential map” technique (Ruohoniemi and
54000 600 = Baker, 1998), utilising all the northern hemisphere Super-
o I DARN radars. The flow patterns from 20:00 UT to 23:00 UT
% 3000 ¥ were highly complex, although it appeared that the locations
= 00 S of the EISCAT and CUTLASS radar beams were essentially
< in the region of anti-sunward flow out of the polar cap and
2000 as such the location of the FRB could not be located unam-
500 biguously during this time. The CUTLASS data indicated
1000 that the FRB was close to 70 shortly after 23:30 UT and
remained there until the majority of the ionospheric scat-
ter disappeared at 00:15UT. When the ionospheric scatter
0 & — - ~ m % returned at 00:30 UT the FRB identified from spatial plots
20 22 00 102 04 06 of the CUTLASS line-of-sight velocities from both radars

moved poleward following the motion of the second ion fric-
Fig. 7. Line plots from overlapping radar cells betweg) EIS- tional heating signature. The latitude range of particular in-
CAT beam 1, andb) EISCAT beam 2, and appropriate CUTLASS terestis 731N to 72 N as this is the latitude range in which
Finland range cells, within the 7N to 72° N latitude range. Elec-  direct comparison between electron temperature and spectral
tron temperature is in black, ion temperature in blue (dotted) andwidth is made. The OCFLB was located poleward of K2
spectral width is in red. from 20:00 UT to~23:15 UT (also reasonable since the pre-

vailing IMF and solar wind conditions would indicate that the

polar cap was reasonably small at this time), from 23:15UT
of the FRB. The width of the ion frictional heating region to ~01:15UT the OCFLB was equatorward of°a2, then
is controlled by the length of time for which the difference for the remainder of the interval (01:15 to 06:00 UT) the
in velocity between the ions and neutrals is significant andOCFLB was located poleward of 7R&. This interpretation
hence(V; — V,)2 is large. If the electric field conditions re- agrees with that obtained from the ion frictional heating sig-
main stable then the width of the ion frictional heating band natures, namely that in the latitude rangé Kito 72 N the
will reflect the length of time it takes the neutrals to align field lines are closed from 20:00 UT to 23:15 UT, open from
with the ions. When the polar cap is contracting (expand-23:15UT to 01:15UT and closed again from 01:15UT to
ing) the FRB is the poleward (equatorward) edge of the re-06:00 UT.
gion of hot ions (Lockwood and Fuller-Rowell, 1987a, b). In  To consider the HF spectral width data in Fig. 6e we
this case study it seems reasonable to use these ion friction&lave split the dataset into two distinct subintervals, 20:00 to
heating signatures (particularly the last two) as ionospheri23:15 UT and 01:15 to 06:00 UT. The first of these subinter-
proxies for the FRB. The FRB can in turn be used as a repvals contained a large region of high spectral width with an
resentation of the OCFLB. The FRB will always be equa- ill-defined boundary. In the second, a very definite boundary
torward of or equal to the latitude of the OCFLB with two between high and low spectral width existed and moved in
possibilities to cause separation of the two. Regions of highatitude with time. Thus we avoid the interval of open field
conductivity such as may well occur in the auroral region lines from 23:15UT to 01:15UT. The HF spectral width in
equatorward of the OCFLB tend to cause a deviation in thethe first subinterval (20:00 to 23:15 UT) did not appear to be
plasma flow such that it avoids the high conductivity region related to any elevated electron temperatures. In the second
and thus moving the FRB equatorward also. The second possubinterval a well defined gradient in the spectral width was
sibility is viscous interaction with a convection cell on closed evident, with high values poleward of low values. The equa-
field lines, close to the OCFLB (e.g. Lockwood et al., 1988). torward boundary of the region of high spectral width fol-
Fox et al. (1994) demonstrated how such viscous cells couldowed the motion of the velocity shear and previously iden-
actually often be driven by nightside reconnection, as sugdified ion frictional heating features where they were present.
gested by Lockwood and Cowley (1992). Therefore, whenln between the last two ion frictional heating features (01:15
the polar cap is contracting the poleward edge of the regiorto 06:00 UT) the high values of spectral width appear to be
of hot ions shows is a reasonable proxy for the OCFLB, butrelated more to the electron temperature enhancements, as in
when the polar cap is expanding the equatorward edge of théhe first case study.



E. E. Woodfield et al.: Nightside studies of coherent HF Radar spectral width behaviour 1407

20:00 UT to 23:15 UT 01:15 UT to 06:00 UT 1.0 T o ——————

I Velocity=-389.9 ms™ 72.0°N (AACGM)1

Spectral Width, mst

14 12 10 8 6 4 2 O i
T T T . 06

No. of occurrences

3000 [y T | T (c)]3000 [ FITACF values Beam 9, gate 31 1
i 1 1 [ Width=394.5ms" 23/11/1999
2500 | L] ] 12500 0.8 [Power=36.7 dB \ 00:52:42UT
o [ - 1 « :Velocity=—65.9 ms”’ 72.5°N (AACGM):
@ 2000 | ] o [ ' ]
3 [ = ™ 1 2 06| 7]
< 1500 | - 5 [ ' ]
2 i ] <3 - (a) !
5 s g 0al | ]
3000 L 4 . .
s ) ] c 2 [ \ :
S 2500 | ] g 5 ;
s [ ] B - I ~—Fitted spectrum 1
5 ] ks 2 02 ; " .
i ’ En 1 w H L g \ ]
2000 ®EH 1 a | FFTspectrum . R ]
[ "o S 1.0[* AR P el
1500 ¢ " 1 § " I FITACF values: Beam 9, gate 30 1
= [ Width=336.7ms' 23/11/1999 ]
0 100 200 300 400 500 100 200 300 400 500 4 0.8[Power=333dB 00:52:42UT 4
©
£
o
=z

L FFT spectrum
Fig. 8. Electron temperature from the EISCAT mainland beams !
vs. spectral width from the CUTLASS Finland radar, the data L
is restricted to 71 to 72 latitude AACGM. Left column, data 0.2
from 20:00 UT to 00:15 UT, right column, data from 00:15UT to I [
06:00 UT. Top row, EISCAT beam 1, bottom row, EISCAT beam 2. —[...-

-2000 -1000 0 1000 2000
Velocity, ms’

The very different nature of the two subintervals of spec-
tral width behaviour becomes apparent when comparing thesig. 9. Two typical normalised power spectra (FFT of ACF)
time series for collocated EISCAT and CUTLASS Finland from the high spectral width region observed by CUTLASS Fin-
data. This has been done for both the VHF beams and itand on 23 November 1999. These spectra are from beafa) 9,
presented in Fig. 7a beam 1 (gate-T7,1.4 N corresponding  gate 31 ¢72.5 N AACGM), (b) gate 30 {-72.0° N AACGM) at
to beam 7, gate 29 of CUTLASS Finland) and (b) beam 200:52:42 UT. Fitted spectra for the FITACF parameters (assuming
(gate 1,~71.3 N corresponding to beam 8, gate 28 of CUT- an exponential ACF) are overlaid as dashed lines.
LASS Finland). As in the first study, a height of 300 km is
assumed since the elevation angle is indicative of F-region
scatter. As before, the spectral width is in red, electron tem-on frictional heating does not show up in a scatter plot anal-
perature is in black and ion temperature is in blue (dotted). Atysis. Figure 8 panels (a) and (b) show the relationship during
00:15 UT in both VHF beams there is a large spike in the ionthe interval 20:00 to 23:15UT and panels (c) and (d) show
temperature corresponding to the poleward motion of the rethe data from 01:15UT to 06:00 UT. The upper panels (a)
gion of ion frictional heating. As this passes through the lat-and (c) are for EISCAT beam 1, the lower panels (b) and (d)
itude from which these cells are taken, the spectral width beare for beam 2. There are two different relationships demon-
haviour changes distinctly from being high to being generally strated by these figures. The data from 01:15 UT to 06:00 UT,
low. Then, a few minutes after 05:30 UT when the ion fric- when the observations were from a closed field line region,
tional heating returned equatorward, the spectral width apshow a similar pattern to that found in the first case study,
peared to be returning to its former wider behaviour just be-while the other data (20:00 to 23:15 UT) show virtually no
fore 06:00 UT. Within the interval of 01:15 UT to 06:00 UT, relationship with HF spectral widths: spectral widths (low
the OCFLB is poleward of the cells from which the data in and high) are seen but at low electron temperatures.
Fig. 7 is taken, thus the observations were again made on Figure 9 shows two typical types of spectra from the HF
closed field lines. The scatter plots for electron temperaturescatter region with high spectral width during the second ion
and HF spectral width generated in the same way as for thérictional heating event. Panel (a) shows a very wide but sin-
first case study are presented in Fig. 8. The ion temperaturgle peak spectrum from gate 31 of beam~972.5 N) and
comparison in the region 7N to 72 N is similar to that  panel (b) show a similarly wide spectrum from gate 30 of
in Fig. 3 (i.e. with no clear effect on spectral width) and is beam 9 ¢72.0° N) but with two main peaks. Both spec-
therefore not shown here. The ion frictional heating signa-tra are from the same scan of beam 9 at 00:52:42 UT. As
tures pass through this region only briefly and thus the ob-n Fig. 5, the spectra are normalised and a fitted spectrum
served correspondence between large spectral width and throduced from the FITACF values is overlaid for compari-
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Fig. 10. Data from 21 to 22 August 1998. Panétg to (d) are observations from the ESR radar, electron density, electron temperature,
ion temperature and ion line-of-sight velocity (negative values are towards the radar) respectively(ePstmeivs CUTLASS Finland,
beam 9, spectral width data and paffgshows the beam 9 line-of-sight velocity (negative values are away from the radar) both at high time
resolution.

son. This figure demonstrates the variability in the numbernumber of peaks in the spectrum as those with more than
of peaks of the spectra seen in high spectral width region®r equal to half the power or the main peak). This phe-
and how large widths can come from both single and mul-nomenon has been well studied on the dayside in the cusp
tiple peak spectra. Panel (b) also demonstrates that whefe.g. Andg et al., 1999; 2000a). In the regions where there
the spectrum has more than one peak the FITACF velocis no ion frictional heating essentially all the HF spectra are
ity does not show the whole story. This is generally re- single peaks with only a few being multiple-peak. All the
flected by an increase in the parameter which indicates thether high spectral widths from the entire interval are as in
estimated error in the FITACF fitting (Andret al., 2000a). the previous case study, mainly single-peak spectra with a
In particular the third ion frictional heating signature (from few double or triple peak spectra distributed widely. The
04:15UT to 06:00 UT) has very large spectral widths, oftenvery high spectral widths at the end of the interval from
over 1000 mst. The spectra from this last heating signa- ~04:30 UT could be related to the cusp since the strongly
ture have typically more than one peak (again identifying thepositive B, component in the IMF would shift the cusp to
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earlier MLT. There are several indicators that this could be Electron temperature

cusp data even at this early MLT (04:30-06:00 UT corre- 3000 T T T

sponds to about 06:45-08:15 MLT): the presence of large and

variable spectral widths in the CUTLASS data (e.g. Baker 2500

et al.,, 1995), the poleward moving forms in the velocity

data (this is clearer in the EISCAT ion velocity data) (e.g. [

Thorolfsson et al., 2000; Lockwood et al., 2000), the increase 2000 L

in electron density following the depletion due to the passage L

of the ion frictional heating region (likely due to cusp precip- 1500

itation, Yeoman et al., 1997; Newell and Meng, 1992). Per-

haps most indicative is the oppositely directed motion of the « 3000 i -
FRB and the ions from-04:30 UT. This behaviour is con- & ! o
sistent with a non-adiaroic OCFLB implying that there is re- 3 2500 o,
connection occurring in this local time sector which opens © Q
field lines and moves them into the polar cap. It is hard to g 2000 F a
separate the spectra found in the presence of ion frictional g L g
heating and those located in the cusp in this final part of the = i 6 3
data, indeed some of the ion frictional heating may be due to 5 1500 3
large flows observed in the cusp. However, the more pole- E - (b) 4

ward in the region of hot ions one looks, the more clustered g 3000 g

the multiple-peak spectra are and the more peaks they have. 2

It seems likely therefore, that the truly multiple-peak spec- 2500

tra are related to the cusp, and in the region of ion frictional 0
heating the spectra are single, double and occasionally triple- 2000

peak.

3.3 21to 22 August 1998

The final case study presented here is taken from 21:00 UT 0 100 200 300 400 500
on 21 August 1998 to 01:00UT on 22 August 1998. The
ionospheric flows in this interval have been studied previ-

ous!y as an example of isolated substorm plas_ma flow beFig. 11. Electron temperature from the two mainland EISCAT
haviour (Yeoman et al., 2000). The CUTLASS Finland radaryeams and the ESR beam, vs. spectral width from the CUTLASS

was running a high time resolution mode on beam 9 which isgjnjand radar. The data is restricted t& 7 72 latitude AACGM
ideal for comparison with the low elevation mode of the ESR to cover only a small range of altitudes in the F-region from all of
that was running during the SP-UK-CSUB EISCAT and ESR the radar beams. Ro(a) EISCAT beam 1(b) EISCAT beam 2,
campaign at that time. The mainland EISCAT VHF systemand(c) ESR. 1.

was running in split beam, CP4 type mode during the night

time runs undertaken.

Data from the ESR are presented in Fig. 10 along withline-of-sightion velocities and F-region density depletion the
the high time resolution observations from beam 9 of CUT-€levated ion temperature is due to ion frictional heating. The
LASS Finland. Panels (a) to (d) show electron density, elecdon frictional heating could indicate (as in the second case
tron temperature, ion temperature and line-of-sightion veloc-study) the motion of the FRB as the substorm expansion
ity from the ESR data, respectively. Panels (e) and (f) showphase destroys open flux in the polar cap.
the spectral width and line-of-sight velocity from CUTLASS  Once the CUTLASS Finland ionospheric scatter becomes
Finland beam 9. The onset of the substorm growth phase bgaredominant over the ground scatter&1:40 UT the equa-
gins at~21:15 UT, with expansion onset from 22:50 UT and torward edge of the region of scatter moves equatorward
full recovery by~23:40UT (Yeoman et al., 2000). There in accordance with previous substorm growth phase studies
are two equatorward moving auroral forms observed betweelfLewis et al., 1997), although this is out of the latitude range
21:20 and 22:20 UT in the electron and ion temperature dataf Fig. 10e and f. The line-of-sight velocities (where there
(panels (b) and (c) of Fig. 10). These features are typicals ionospheric scatter) are comparable to those seen by the
of the growth phase of an isolated substorm (Persson et alESR and VHF radar as shown by Davies et al. (2000), the
1994). Then, after the expansion phase onset at 22:50 UESR data is presented in Fig. 10d. Yeoman et al. (2000) as-
identified by Pi2 pulsations in the IMAGE ground magne- cribed the first dropout of ionospheric data (at 23:00 UT) to
tometer network (Yeoman et al., 2000), there is a polewarda reduced number of irregularities due to suppressed elec-
expanding auroral form seen in the electron and ion tempertric fields. The second (at 23:10 UT) they assume to be due
ature, the substorm associated auroral bulge. Given the larg® the changing HF propagation conditions as the substorm

Spectral Width, ms™!
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progresses (Gauld et al., 2002). Then, as the substorm suligh spectral width can occur on both open and closed field
sides, the ionospheric scatter returns and moves poleward. lines. That more than one generating mechanism probably
The beam-swinging analysis performed by Yeoman etexists is unsurprising in such a dynamically complex region
al. (2000) on the data from the two VHF beams indicatesas the ionosphere. The question following from this is can
the location of the FRB for the majority of the interval we associate particular mechanisms with specific geophysi-
from 22:30UT to 23:30UT. The FRB moves equatorward cal conditions and/or locations and perhaps specific forms of
of 72° N at approximately 22:45UT and then returns pole- the power spectra. This has been done on the dayside with
ward of 72 N at about 23:05 UT, for the rest of the interval multiple-peak spectra associated with the cusp (Baker et al.,
it would seem to be above 7Rl given the absence of mag- 1995; Andé et al., 1999, 2000a) and for double-peak spec-
netic activity before the substorm onset and the expanded aura associated with the LLBL (Schiffler et al., 1997; Huber
roral bulge later on. Little backscatter is observed betweerand Sofko, 2000). The aim here is to apply similar proce-
71°N and 72 N during these 20 min, thus for the majority dures on the nightside. The physical mechanisms proposed
of the interval which is analysed and presented as a scattdor the dayside, namely temporal electric field variations in
plot of electron temperature and HF spectral widths as forthe Pc1/Pc2 frequency band (Aedet al., 1999, 2000a) and
the other two cases (Fig. 11), the data are from regions of themall scale vortices in the plasma (Schiffler et al., 1997; Hu-
ionosphere threaded by closed field lines: Fig. 11a is for theber et al., 2000; Andr et al., 2000b) are equally applicable
EISCAT beam 1 data, Fig. 11b for the EISCAT beam 2 andto the nightside.
Fig. 11c for the ESR. F-region scatter is assumed from the The analysis of the 20 December 1998 case study indi-
range of the data although the elevation angle data in thisates a relationship between electron temperature and spec-
interval is unclear. The form of the relationship between tral width, namely that high spectral width is associated with
electron temperature and spectral width does not resemblelevated electron temperatures, but not vice versa. This anal-
that of case study at all. Firstly the overall electron tempera-ysis took place at~-300km, 72N to 72 N and on closed
ture level is~1000 K higher than previously. This could be field lines in the post-midnight sector. The spectra that are
attributed to the increase in solar radiation due to the timeobserved in the region of high spectral width are primarily
of year although the electron density is not increased. Secsingle-peak spectra with a cluster of multiple-peak spectra
ondly, there is no distinct absence of low spectral widths atbetween 02:00 to 02:30 UT and73° N to ~83° N. There are
high electron temperatures, as in the pre-midnight UT halfmore observations of multiple-peak spectra in the high spec-
of the second case study. If there is any dependence, it igral width region than in the low spectral width region. In
that spectral widths decrease slightly with increased electrorthe region of detailed investigation betweer? Rland 72 N
temperature. there are virtually no multiple-peak spectra. Elevated elec-
The spectra observed in this final case study show manjron temperature in incoherent scatter radar data is a good
multiple-peak examples, particularly in the region of high indicator that there is particle precipitation present (Kofman
spectral width observed fromy23:45 UT in the main band and Wickwar, 1984) and this is often also related to field
of scatter from~70° N to ~75°. It is interesting in this case aligned currents. Since high spectral widths are associated
that there are multiple-peak spectra in the presence of highvith high electron temperatures in this interval in the region
spectral widths and elevated electron temperatures, but we dé1° N to 72 N, it is reasonable to say that the large spec-
not see the relationship between high widths and high temtral widths could be related to precipitation. It should be
peratures as in the first study. It is possible that the smallenoted that this is not a straightforward conclusion, because
integration time for the CUTLASS Finland data in this case there are many low spectral widths at high electron temper-
is showing up more of the multiple-peak spectra that mayatures, but there are no high spectral widths at low electron
not be observable in the larger integration times of the othetemperatures. Thus, at this time, elevated electron tempera-
cases. ture appears to be necessary, but not sufficient, to give high
spectral widths. This perhaps shows us that several processes
are in progress that have different effects on the ionospheric
4 Discussion plasma. The lifetime and drift of the backscatter targets could
have an effect on the data that were observed, however the
The three case studies presented in Sect. 3 cover a varidiletimes of the irregularities are short, of the order of sec-
set of geophysical conditions all of which have high spec-onds and will not have a large effect. It would appear, from
tral width data from the CUTLASS Finland coherent HF the one-sided nature of the electron temperature to spectral
radar. There is evidence that the turbulence creating theswidth relationship, that not all high temperature electrons are
large widths is generated by more than one physical mecherelated to large widths but high temperatures are required if
anism, although it is possible to have a dominant mechathere are to be large widths. This could lead to the conclu-
nism. The evidence presented in the three case studies can b®n that different processes are involved, one which shows
summarised in three key points, (i) high widths200 ms'1) up as high electron temperature and is related to large spec-
originate from both single and multiple-peak spectra, (ii) thetral widths and one which just has a high electron tempera-
relationship between electron temperature and high spectrdlre signature. At this time we can only speculate as to what
width is not consistent in the different intervals, and (iii) this difference maybe. If, for example, the high tempera-
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ture is indicative of precipitation, then there could be vor- where we find the large spectral widths are related to high
tices caused by the mechanism suggested by Schiffler anelectron temperatures. However, the power spectra in the re-
Sofko (2000). These would be discrete objects and may nogion of the second ion frictional heating event and FRB have
cause large widths in every range cell analysed but would almore than one peak (typically two peaks) and such a velocity
be within the region of high electron temperature. There isshear could cause vortices by the Kelvin-Helmholtz instabil-
also optical auroral activity in this region at this time veri- ity. In the last hour and a half of the data it is difficult to
fying the presence of particle precipitation (Woodfield et al., tell which of the spectra are related to ion frictional heating
2002). Whether there is likely to be filamentary particle pre- and which are due to the cusp. The spectral width parameter
cipitation, suitable for the generation of vortices of a scalefrom the FITACF software in this last section of the data is
size less than that of the radar cell, remains unclear, but theery large as FITACF reaches the limits of its ability to fit to
fact that precipitation is present is supporting evidence thathese difficult spectra. Itis likely that part of this is early cusp
high spectral widths may be generated in this fashion. Theactivity due to the large, positivB, at this time. Other indi-
fact that there are almost no multiple-peak spectra in the reeations that these data are from the cusp are the presence of
gion 7 N to 72 N however, does not support the vortex poleward moving forms (e.g. Thorolfsson et al., 2000; Lock-
idea and also the region of optical activity extends equatorwood et al., 2000), the increase in electron density probably
ward of the high spectral width values. The comparison withdue to soft precipitation such as is observed in the cusp re-
ion temperatures is unrevealing except to say that there is ngion (Yeoman et al., 1997; Newell and Meng, 1992), and
obvious correlation between the spectral width and the iorthe rotational (as opposed to shear) nature of the FRB at this
temperatures in this interval. As the second case shows, thisme, indicating a non-adiaroic OCFLB at this time.
is not always the case. The third case study is an example of spectral width be-
The second case study, 22 to 23 November 1999 is splihaviour during an isolated substorm following a prolonged
into two parts, the first (20:00 UT to 23:15UT) has a poorly period of northwards IMF. The previous two case studies
defined boundary between high and low spectral width. Theconsidered alone would lead one towards the conclusion that
line of sight velocities in this interval are also highly vari- the electron temperature to spectral width relationship found
able indicating a highly turbulent plasma environment. Thein the first case study happens on closed field lines. The
vast majority of the coherent power spectra in this part of thethird case study does not give the same result, on this occa-
interval have only one peak indicating that neither the tem-sion there is no obvious relationship between the two param-
poral electric field, nor the vortex mechanism for generatingeters, despite the analysis being performed on closed field
high spectral width is likely to be present. It seems that thelines for the vast majority of the data. This may be related
high spectral width is due simply to the variation of the line- to the overall higher electron temperature, in general nearly
of-sight velocity about a central value during the integration 1000 K larger than the other two studies. This could be due
time in a regime where the velocity is very variable. The to the time of year in which this case study occurs. The so-
analysis of electron temperature and spectral width for thisar illumination, and hence atmospheric ionisation, is high in
part of the interval indicates no clear relationship betweenAugust whereas in the other two studies, conducted in late
the two parameters. This is not to say that there is no precipNovember and December, the illumination is low. Although
itation going on as the structure in the electron density andone might expect the observed electron density to also be
electron temperature indicate that there most likely is precipincreased in summer, this need not be the case since other
itation. The first subinterval of this case study is probably onprocesses may deplete the electron density. In particular, in
closed field lines given the geophysical conditions and thethis case there is ion frictional heating also present and this
possible FRB motion equatorward a23:00 UT (shown in  is known to reduce the electron density. The spectra are also
the ion temperature) during this time. This conflicts with the somewhat different in this case, showing more multiple-peak
first case study electron temperature comparison results sinaexamples.
that was also on closed field lines. The main difference be- The first case study and the second part of the second
tween these two intervals is the data location in MLT, in this study are the times during which there is a coincidence be-
case the data are from the pre-midnight sector. tween elevated electron temperature and the high HF spec-
The second part of the interval (from 01:15UT to tral width. These intervals are both approximately located
06:00UT) has a clear example of ion frictional heating at between 03:00 MLT and 08:00 MLT whereas the other inter-
a velocity shear indicating the location of the FRB. This in vals are in the range 22:00 MLT to 03:00 MLT. The discrimi-
turn gives an approximate location for the OCFLB. The be- nating factor seems to be whether the data are from before or
haviour of the spectral width parameter changes dramaticallyfter ~03:00 MLT on the nightside. The physical origin of
as the FRB passes poleward of the region being analysedhis difference is not clear.
Once the analysis is on closed field lines again (01:15UT to
06:00 UT) the relationship of electron temperature to spec-
tral width is similar to the first case study. The power spec-5 Summary
tra at the latitudes being analysed for this relationship again
have mainly single peaks. Therefore, as in the first interval, Three intervals of data with combined measurements from
there is no evidence for the presence of vortices in the regiothe CUTLASS Finland coherent HF radar and the EISCAT
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and ESR radars have been investigated. A comparative an&aker, K. B. and Wing, S.: A new magnetic coordinate system for
lysis of electron temperature data from the incoherent scat- conjugate studies at high latitudes, J. Geophys. Res., 94, 9139—
ter radars and spectral width data from the Finland coherent 9143, 1989.

radar performed at an altitude 6f300km, 72N to 72 N Bakgr, K. B., Greenwald, R. A., Ruohoniemi, J. M., Dudeney, J. R.,
finds a relationship between the two parameters in two of the Finnock, M., Newell, P. T., Greenspan, M. E., and Meng, C.-
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case studies. The following key points have been identified: Geophys. Res. Lett., 17, 11, 18691872, 1990.
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1061, 1965.
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