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Quiet-time intensifications along the poleward auroral boundary
near midnight

0. de ia Beaujardibre,' L. R. Lyons,2 J. M. Ruohoniemi,s E. Friis-Christensen,4

C. Danielsen,4 F. J. Rich,s and P. T. Newell'

Radar and optical measurements from Sondrestrom are combined with satellite and Goose Bay data in a
study of the poleward edge of the nightside auroral oval during a quiet period. The By and Bz components of the
interplanetary magnetic field were close to zero, and the B, component was -8 nT for more than 24 hours. On
a large scale, the convection and precipitation patterns remained almost constant during this period; on a small
scale, however, the conditions were quite dynamic. At 10- to 20-min intervals the arc that marked the poleward
auroral boundary intensified, and a new arc appeared poleward of it. About once per hour, stronger intensifica-
tions were observed. One such event is examined in detail. The auroral arcs first appeared to dim, and then
they brightened, with a factor of 10 increase in E region electron density. At the time of the brightening a new
arc formed poleward of all the arcs. The arcs then drifted southward at velocities of -270 m/s. A plasma drift
disturbance, characterized by a doubling of the southward velocity and a reversal in the east-west component,
propagated westward at 900 m/s through the fields of view of the Sondrestrom and Goose Bay radars. A simul-
taneous satellite overpass close to the radars revealed the presence of an energetic ion event similar to the
"velocity dispersed ion structures" observed on the Aureol satellite and presumed to be the signature of fast ion
beams within the plasma sheet boundary layer. The stronger arc intensification events observed by the
Sondrestrom radar are associated with an increase in plasma flow across the boundary between open and closed
magnetic field lines. We interpret this increased flow as the ionospheric signature of abrupt, localized increases
in the reconnection rate in the midnight sector.

I. INTRODUCTION (IMF) was unusually stable and almost exclusively sunward. This
IMF orientation, nearly antiparallel to the solar wind velocity, cor-

On the nightside, plasma and energy are generally transported responds to a vcry small interplanetary electric field, which should
from the region of open magnetic field lines in the polar cap to the lead to very small electric fields over the region of open polar cap
region of closed magnetic field lines containing the plasma sheet,. il ie.Lhnn ia.198]adHfmnc l 181hv

The rate of this transfer is controlled by the electric field along the aged l hat tisI nta tiontcorrespondsato geomagne

boundaryargued that this IMF orientation corresponds to geomagnetic

boundary of the aurora is generally expected to lie at or equator- quiescence. because the coupling of solar wind energy into the

ward of the open-closed field line boundary. and it is the feature magnetosphere is small.
closest to the field line boundary that can routinely be monitoredincoherent
closest the fnd. lscatter radar, the Goose Bay HF radar, the DMSP satellite, and
from the ground. ground-based magnetometers. as well as an all-sky camera and a

tn a previous paper Ide Ia Beaujardidre et al. 19911 we initi-scnigpomeratSdeto.Wehwtateetdscanning photometer at Sondrestrom. We show that repeated
ated a study of auroral activity and plasma transport in the vicinity auroral intensifications took place at this boundary at 10- to 20-
of this boundary by examining Sondrestrom radar data during two min intervals, and that larger intensifications took place every
substorm periods. Here we analyze the auroral activity and hour or so that were accompanied by enhanced equatorward flow.
plasma transport in the vicinity of the poleward boundary of the We address the following questions: To what extent is the
aurora during a prolonged quiet period, when the boundary ionosphere steady during quiescent periods of stable IMP? How
remained almost continuously within the Sondrestrom radar field does the poleward edge of the aurora change with time? What is
of view. During this period the interplanetary magnetic field the intensity of the plasma flow and how does it vary? What are

the temporal and spatial characteristics of very dynamic events
that propagated through the combined fields of view (FOV) of the

1SRI International. Menlo Park. California. Sondrestrom and Goose Bay radars'? Are these events associated2 Enviromental Technology Center. Aerospace Corporation, Los with small-duration episodes of increased reconnection rate in the
b Angeles. California.3 Applied Physics Laboratory. Johns Hopkins University. Laurel. magnetotail? In what way are these events distinct from

Maryland. substorms?
4Hollandervaenget. Dragoer. Denmark. We compare our results to global studies of energy transfer
5Geophysics Directorate. Phillips Laboratory. Hanscom Air Force rates between the solar wind, the magnetosphere. and the iono-

Base. Massachusetts. sphere (Baker et al., 1985, Baker. 1992; Bargat:c et al.. 1985.

Klimas et al., 19921. Two timescales have been uncovered in
Copyright 1994 by the American Geophysical Union. these works: a dominant one, near I hour. and a secondary one

near 20 miin. The observations presented here might offer an illus-
Paper number 93JA01947. tration as to how this bimodal response is manifested in detailed
0148-0227/94/93JA-01947S05.00 local observations.
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2. EXPERIMENT DESCRIPTION AND OVERALL CONDITIONS electron particle detectors sensitive to the energy range 32 eV to

32 keV, which are always oriented toward local zenith [Hardy et

The Instruments al., 1984].

The observations took place on January 12 to 13, 1989. The

data are primarily from the Sondrestrom incoherent scatter radar Geophysical Conditions

located on the western coast of Greenland (66.99 N, 50.95 W) at The observations took place when the IMF was remarkably

an invariant latitude of 74.10 [Kelly, 1983]. A number of iono- constant and almost exclusively oriented in the sunward direction

spheric parameters are measured by the radar as a function of for a period of approximately 30 hours. Both the Y and Z compo-

height and latitude, including the electron density, the ion and nents were very small, as illustrated in Figure 1. The overall

electron temperatures, and the plasma velocity. The radar was plasma convection, as measured by the radars and the DMSP F8

operated in successive elevation scans in the direction perpendicu- and F9 satellites remained weak and stable. The maximum in the

lar to the local L shell, as described by de la Beaujardiere et al. F8 potential drop across the polar cap was 35 kV (at 2330 UT).

11991]. Either full or half scans to the south of the radar were per- More typically, it was -20 kV. The Kp index was small (2, 1-, I-)

formed, with resolutions of 5 and 3 min, respectively. The radar during the period of radar operation and had been < 2 for the pre-

was operated in this continuous elevation scan mode for a 10- ceding I I hours.

hour period centered near magnetic midnight. A number of criteria have been selected to classify a period as

The Goose Bay HF radar (53.4 N. 60.4 W) looks over north- "quiescent." (See Kerns and Gussenhoven 11990, and references

eastern Canada and Greenland [Greenvald et al., 19851. The therein].) For example, Lundin et al. (19921 have defined quies-

experiment mode was similar to that described by Ruohonierni cence as times when B_ -0: Hoffinan et al. 119881 have used an

et al. 119911. The phased-array antenna was stepped through 16 arbitrary threshold in the maximum AH magnetogram deviation

beam positions spanning a 500 azimuth sector centered on 5°N. and examined the DE global images. Indices used to define qui-

The scan repeat time was varied between 96 and 192 s. The fre- escent periods are also the AE or the hemispheric power index

quency used was 11.3 MHz. The radar detects backscatter from [Foster et al.. 19861. but neither are available for this study. We

decameter-scale plasma density irregularities in the high-latitude examined the magnetograms from the Greenland chains and

F region. The Doppler shifts in the signal can be used to infer the EISCAT cross. During the 24-hour period from 1800 UT on

line-of-sight component of the convective drift [Ruohonieni et al., January 12 to 0800 UT on January 13 (see Figure 1), the maxi-

1987]. mum JAHI deviations recorded were 80 y in the east coast

The DMSP F8 and F9 satellites were in operation at this time. Greenland chain (-0015 UT), 60 y in the EISCAT cross (-2100

Their orbits are sun-synchronous and circular near 840 km aiti- UT). and only 30 y in the Greenland west coast chain, which

tude. Their ascending and descending nodes were at 0600/1800 includes Sondrestrom. (at -21 15 UT). Therefore. this period

and 1030/2230 LT, respectively. They were equipped with an ion might not have passed the Hoffman et al. criteria, who have set

drift meter to measure the cross-track vertical and horizontal corn- AH thresholds at 20 and 35 y. We would not expect it either,

ponents of the ionospheric bulk flow (F. Rich and M. Hairston, because their study corresponded to periods of B large and posi-

Large-scale convection patterns observed by DMSP, submitted to tive whereas here, B: -AJ. The stringent criteria of Kerns and

Journal of Geophysical Research, 1993), and with ion and Gussenhoven 11990] for defining the ground state of the magneto-
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Fig. I. IMF components in GSM coordinates, January 12-13, 1989. The Sondrestrom radar operation period, centered around
magnetic midnight (diamond), is indicated at the bottom. The data are from the IMP 8 satellite, located at the GSM coordinates of
-36, 4, 14 R,.



DE LA BEAUJARDIERE ET AL.: QUIET-TIME INTENSIFICATIONS 289

sphere were not met either. Therefore, our data set corresponds to ments. often called blobs or patches. are seen to drift equatorward
quiet conditions, but it does not correspond to a period of absolute through the radar beam. Auroral arcs are identifiable from the
quiescence. enhancements in density below -200 km. The poleward auroral

Figure 2 shows the overall condition at Sondrestrom, which oval boundary is a clear and well-defined feature.
was on the nightside (0200 UT corresponds to magnetic mid- By examining the radar data in conjunction with the all-sky
night). The poleward edge of the auroral precipitation, as mea- camera (ASC) and the meridian scanning photometer, we can
sured by the presence of ionization below 150 km altitude, establish how the arcs move and when new arcs appear. During
remained almost entirely within the Sondrestrom radar field of radar scan I the most poleward arc (labeled A) has a maximum
view between 720 and 740 latitude. This is illustrated by the top electron density of 0.8 x 10l electrons M-3.and its poleward edge
panel in Figure 2 which displays the electron density at 150 km at 73.5* marks the poleward boundary of the auroral zone. A faint
altitude as a function of UT. The Polar Anglo-American Conju- arc lies south of it. During scan 2. three minutes later, arc A has
gate Experiment (PACE) magnetic latitude [Baker and Wing. dimmed considerably: its electron density is decreased by 56/ to
1989] is used throughout the paper. This coordinate system is 0.35 x 1011 electrons M-3. This arc dramatically intensifies dur-
based on the International Geomagnetic Reference Field (IGRF) ing scan 3, when the peak electron density is 10 times larger than
1985 and is a smoothed variation of the corrected geomagnetic during scan 2. A new arc, arc B. appears one degree poleward of
coordinate system. the pre-existing arc A. During scan 4, arc B has brightened, and

The northward plasma velocity at 72.6' is shown in the bottom arc A has become fainter.
panel of Figure 2. The velocity was generally small, below Between scans I and 2. the individual arcs do not appear to
250 m/s. and mostly southward from 2315 to 0545 UT. However. move much. However, between scans 2 and 4. they move south-
there were repeated instances of enhanced southward flow, up to ward at a velocity of about 270 m/s. The poleward boundary of
500 m/s (e.g.. near 0000, 0200. 0500 UT and a smaller enhancc- the auroral oval moves poleward between scans 2 and 3, despite
ment near 0300 UT). the southward motion of the arcs. as a result of the appearance of

During the period of the Sondrestrom radar observations the the new arc.
Goose Bay radar detected echoes due to the presence of F region The north-south (N-S) component of the plasma drift for these
irregularities between 700 and 78o of PACE latitude. Also, the four scans is also shown in Figure 3. During the first two scans
particle precipitation boundaries, as well as the precipitation this component is rather small, of the order of 100 to 200 m/s. It
intensities, measured by the two DMSP spacecraft did not change then increases, more than doubling in magnitude in the next two
appreciably. scans. The arc intensification and the formation of a new pole-

ward arc are associated with this increase in the southward plasma
3. PRECIPITATION INTENSIFICATION EVENTS velocity, which reached almost 500 m/s.

Sondrestrom Radar cind Optical Data Data from the Sondrestrom scanning photometer and the ASCconfirm the radar scenario: first the dimming of the poleward-

Although large-scale patterns of convection and precipitation most arc, and then its brightening and the appearance of a new arc
remained constant for the several hours shown in Figure 2. on a poleward of it. Figure 4 displays four ASC photographs taken
small spatial and temporal scale, conditions were quite variable, during the time of the Figure 3 data. The first photo, at 0152 UT.
Figures 2 and 3 illustrate this point. Figure 3 shows data from shows that the visual aurora almost totally disappeared during the
four consecutive radar scans. These are half elevation scans per- period when the auroral precipitation was very weak (scan 2).
formed from south to north with a 3-min cycle time. The upper The second photo (0154 UT) shows the brightening of arc A. The
part of Figure 3 displays the electron density in the magnetic third (0156 UT) shows the appearance of the new arc, arc B.
meridian plane. At F region heights, electron density enhance- poleward of arc A. The fourth (0158 UT) shows the intensifica-
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Fig. 2. Overview of the Sondrestrom observations during the period of .lanuary 12-13. 1999: Flectron density at 15(0 km altitude.
northward component of the ion drift at 72.60 Polar Anglo-American Conjugate Experiment (PACE) geomagnetic latitude.
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Fig. 3 Electron'density contour plots and north-south ion drifts, measured by the Sondrestrom radar during each consecutive ele-
vation scan, at; i function of PACE geomagnetic latitude. The start and end times for each scan are indicated on the top. The ver-
tical bars in the ý'elocity panels are the statistical uncertainties.

tion of arc B. Although the timing of the radar scans was such bly between 72.6' and 73.70 magnetic latitude. The Sondrestrom
that arc A appeared moro intense than arc B, the scanning photo- magnetometer H (north) component slowly decreased by about
meter and the ASC data revealed that the maximum intensities for 20 nT during the time when the plasma drift was largc. This ,
arcs A and B were compqrablc. decrease %,as not characterized by tile abrupt variation that typi-

The ASC photograph• also reveal that the arcs were aligned cally accompanies a substorm expansion phase and the presence
approximately along L s ells throughout this time period. Thus, of a current wedge overhead of the station. Micropulsations were
the arcs seen by the rad r in the meridian plane are not patchy recorded at Sondrestrom during this event, but at a very low level
auroral forms. I (R. Arnoldy, private communication. 1992).

As mention.", !*iE6ienland West Coast magnetometer chain Similar sequences of events, that is, brightening of the
recorded very small magnetic deviations for this event. The lati- poleward-most arc and appearance of a new arc poleward of it,
tudinal reversal from westward to eastward electrojet was proba- occurred repeatedly during the night. This is illustrated by
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I) 77

"74

S235000 003000 011000 015000
•UT

0152 0154 Fig. 5. PACE latitude of the aurora poleward boundary, as a function of
time, for the 2330 to 0230 UT time interval, on January 12-13. 1989. The
circle and cross symbols indicate times when a new arc appeared at the
poleward edge of the auroral oval, and when an arc intensity reached a
maximum, respectively. The two downward pointing arrows indicate that
the boundary moved beyond the radar field of view.

in Figure 5) correspond to the formation of a new arc, as seen in
the 6300 photometer data, but the radar data showed only a widen-
ing of the arc.

Overall, episodes of arc brightening and new-arc formation
occurred 9 times during this 3-hour period, at irregular intervals

A .,that varied from - 10 to -20 min. Similar sequences of events
were observed for nearly 5.5 hours during the night, from 2330 to

"0500 UT. Further toward the dusk and dawn sectors the electron
precipitation was softer, and the poleward auroral oval boundary

0156 0158 could not be located because it was difficult to distinguish
between transported density patches and locally produced ioniza-

Fig. 4. Sondrestrom all-sky camera photographs taken during the time

period of the four scans shown in Figure 3. North is at the top, east to the tion from soft electron precipitation.
right. Most of the auroral brightening episodes marked in Figure 5

were not as intense as that of Figure 3. They typically corre-
sponded to an increase in electron density from 0.4 to 1.4 101tFigure 5 which shows during a 3-hour period how the latitude of electrons in-3 . Once every hour or so, the intensity of the auroial

the poleward edge of the auroras changed as a function of time.

The boundary is plotted at the latitude where the density falls brightening was much larger than usual, and was associated with a

below 0.3 x 101 electrons m- 3 at an altitude of 150 km. change in electric field, as exemplified in Figure 3. These
stronger intensifications occurred around 0000, 0200. and 0310

(Adopting a different height and density threshold would not stogrienfcaosocuedrud00,02,ad030
(a ffe reourconclusiont) Theigh aondadensitaythreshold w ourdar n UT; the last one, starting near 0400 UT, corresponded to continu-
affect our conclusions.) This boundary stayed within the radar

ous activity for 1 hour.
field of view for the whole time period, except for two scans near

2340 UT, but it constantly moved back and forth.
A scan-by-scan examination of the density contour plots indi-

cates that most boundary poleward motions were due to the for- In many respects, the larger intensification events have the
mation of a new arc and that they were accompanied by an arc same characteristic signature as substorms: magnetogram H coin-

brightening. To illustrate this point, we have drawn a special ponent decrease, and auroral arc dimming followed by significant
symbol (a square within a circle) around the data points in Figure auroral intensification. The subsequent brightening of a more
5 each time a new arc appeared, and a different symbol (a square poleward arc (arc B in scan 4) following the initial arc brightening
with a cross) each time an arc reached its maximum intensity. In (arc A in scan 3) is also characteristic of substorms. Indeed, the
most instances, both occurred either at the same time, or within existence of substorms at very high latitudes during periods of
one radar scan. The rapid poleward jumps of the boundary were overall magnetic quiescence, has been reported before (Akasofu.
usually followed by a more gradual equatorward motion of the 1973]. In other respects, however, these intensifications do not fit
boundary as the arcs drifted equatorward as, for example, between under the substorm label. Here the intensifications are observed
0050 and 0120 U T. on the most poleward arc, whereas during normal substorms it is

Figure 6 shows the scanning photometer intensities at 557.7 the most equatorward arc that brightens at substorm onset
and 630.0 nm for this time period. Each new arc that appears in [Akasofu, 1973; Samson et al., 1992]. Also, the events do not
the radar data is also evident in both wavelengths of the scanning show the abrupt decrease in the magnetogram H component typi-
photometer data, with a few exceptions-as when short-lived new cally associated with substorms.
arcs are only seen in the photometer data or when a new arc is too We can further confirm that the perturbation observed at
close to a pre-existing arc to be resolved in the photometer data. Sondrestrom did not propagate poleward from lower latitudes by
For example, the radar scans at 0112 and 0143 UT (dotted circles examining a fortuitous DMSP overpass that crossed the radar
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Fig. 6. Sondrestrom scanning photometer measurements at two wavelengths (557.7 and 630.0 nm) from 0000 to 0300 UT, on
January 13, 1989. The abscissa is proportional to the photometric elevation angle. The heavy lines correspond to even universal
time hours, and the traces are 2 min apart.

FOV from north to south a minute or two before the auroral inten- during which the intensification of arc A occurred. (The time of
sification was observed. The DMSP ion and electron spectro- scan 2, between the letters B and E. is marked at the bottom of
grams versus time, PACE latitude and magnetic local time (MLT) Plate I.)
are displayed in Plate 1. The precipitation regions indicated in Throughout the pass, the intensity of the ion and electron pre-
Plate I correspond to the classification of Winningham et al., cipitation is very weak, as are the average energies. The precipi-
(19751 and Newell et al. [1990]. The region where discrete auro- tation characteristics are similar to those observed during the
ral arcs are seen, labeled BPS (boundary plasma sheet), occupies passes that occurred before and after. There is no evidence of any
the invariant latitudes between 73.00 and 67.40 (0152:32 and significant auroral intensification during this pass. Specifically,
0154:49 UT). The central plasma sheet (CPS) follows, much nar- there is no evidence during radar scan 2 for an intensification that
rower (1.3°), and almost exclusively threaded by proton precipita- would have occurred equatorward of arc A and propagated pole-
tion. Note that our use of Newell's terminology does not imply a ward so as to be observed during radar scan 3. This rules out the
one to one mapping between these particle populations and the possibility that an auroral intensification first occurred at a lower
actual regions in the magnetosphere from which they may origi- latitude, closer to the equatorward boundary of the discrete auroral
nate [Sandahl and Lindqsvist, 1990; Galperin and Feldstein, 1991], region, and subsequently moved to higher latitudes.
and, in particular, this "BPS" may not be related to the plasma This DMSP pass provides another way to determine the orien-
sheet boundary layer described by Eastman e al. 119851. tation of the poleward edge of the auroral electron precipitation.

The map in Figure 7 indicates the geometry of the satellite pass This boundary is seen at the same PACE latitude, 73.60, by both
and of the Sondrestrom and Goose Bay radar data. It shows a two- the satellite and radar, even though the satellite crosses it several
dimensional snapshot of the line-of-sight plasma velocity mea- degrees east of Sondrestrom, as shown in Figure 7. Therefore
sured from both radars. The satellite crossed the Sondrestrom these data confirm that the auroral forms are east-west aligned.
radar FOV during scan 2, just prior to the arc intensification, and The DMSP ion precipitation shows an unusual signature close
it was still within the auroral region at the beginning of scan 3, to the poleward auroral oval boundary (0151:48 to 0152:31 UT
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Fig. 7. Two-dimensional plot of the Goose Bay line-of-sight velocity, as a Deam 10 v-
function of PACE coordinates (magnetic longitude and latitude) from

0201:23 to 0204:35 UT. The radar beams are numbered from east to west. (2
The Sondrestrom radar field of view, and the DMSP-F9 trajectory for the
pass shown in Plate 1. are also mapped. The points A through F along the 7>

satellite trajectory are those from Plate I. 73 .

73.1

between the A and D arrows in Plate 1). At the most poleward -

latitudes of this ion event the ion distribution is monoenergetic.
An examination of the individual spectra revealed that only one

detector energy channel is affected, at 12.2 keV, with a number W) 71.

flux around 106 (cm 2 s sr eV)-l. This monoenergetic trail is seen 1

over approximately 1.20 in latitude, and then evolves into an ion >
793

dispersion curve, with the lowest energies seen at the lowest
latitudes.

This type of ion signature is rare but not unique in the DMSP
data. It might be similar to the velocity-dispersed ion structures 0100 0200 0300 0400
(VDIS) studied by Bosqued [1987] and Zelenyi et al. [1990]. UT
These structures are seen at the poleward edge of the auroras and Beam 4
have been interpreted as being due to the fast ion beams that drift '7 17" ., -

earthward with velocities of 800 to 1800 km s-I in the plasma 7.J.
sheet boundary layer (PSBL) [Zelenyi et al., 1990; Ashour- "
Abdalla et al., 1992] after being energized in the distant tail ,
current sheet [Lyons and Speiser, 198•1. If this is the case, then i 7.
the poleward edge of the ions (mark( is expected to be very --
close to the open-closeo field line boundary. This boundary is <W 73.0
indicated in Figure 7 as a tentative identification of the polar cap E ,W,
boundary.

The drift meter data for this pass are displayed in Plate I. top • ,
panel. The horizontal drift, measured in the direction normal to I 7:.
the satellite trajectory, reverses from northwestward to southeast- 7, 7 7,,
ward as the satellite crosses the boundary. This confirms that the
poleward edge of the ion event marks a significant boundary. 69

09.1

Propagation of the Electric Field Perturbation 0100 0200 0300 0400
Through the Sondrestrom and Goose Bay Fields of View UT

To map out the electric field changes in time and space for this Fig. 9. Stack plots of the Goose Bay line-of-sight plasma drifts for each
event, we now consider the Sondrestrom and Goose Bay radar data gate along beams 10 and 4 (as numbered in Figure 7), with positive

velocity for flow away from the radar. Along the ordinate axis, the tick
velocity variations displayed in Figures 8-10, Plate 2, and mark separation indicates 500 m s-1 and the PACE geomagnetic latitude
Figure II. Sondrestrom velocities at three latitudes are shown in of each gate is given. Oblique lines through the velocity perturbations
Figure 8 as a function of time. Although the behavior at 70* dif- indicate how the perturbations propagate across the radar field of view.
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15 . . . . . , , i 74.0 3 4 ..

+ Beam. 1 73.5 1 km/,

+ Beamm 4

e- 0o 73.0

2 72.5 .. Y

E 5 + Beam7

2 013000 015000 021000 023000

I" .UT
o + Beam 10 Fig. II. Sondrestrom radar velocity vectors displayed as a function of time

and PACE latitude. JanuarY 13. 1989. The numbers at the top refer to the

four scans in Figure 3.

at 0215 UT, the line-of-sight velocity is large and <0 at low lati-
0 20 30 40 50 tudes. and >0 at high latitudes. The Sondrestrom radar data sup-

PACE GEOMAGNETIC LONGITUDE -deg E port this assumption. The eastward plasma drift was calculated
Fig. 10. Arrival time of the velocity perturbation as a function of PACE from the E region ion velocity using a technique described by
longitude, showing a westward propagation of the disturbance front from It. la Beaujardiere et al. 11977 1. and the velocity vectors are plot-Sondrestrom tlower rightl through four Goose Bay beams•. ted as a function of time and latitude in Figure I I. Complicated

fers slightly from that at the other latitudes, there is a clear indica- velocity rotations versus time as well as latitude are evident. The
vector rotations during scans 3 and 4 correspond to a negative

tion that the velocity perturbation is traveling southward through electric field divergence across the arc system, and thus to an
the field of view. From 740 to 700 the perturbation propagates at enhanced upward Birkeland current. Therefore, the Goose Bay

The Do r v y a g tand Sondrestrom data are consistent and show that the electric
marked1a Dope voity angu to G are shownbinFigure9.tak pothose field perturbation is associated with an auroral intensification.marked 10 and 4 in Figure 7) are shown in Figure 9. Stack plots I a ese rmFgrs7 ,I n lt httevlc

of eloityverus imeareshwn or eveal ate frm 0.*t It can be seen from Figures 7. 9. 10 and Plate 2 that the veloc-of velocity versus time are shown for several gates from 70.5 to ity perturbation covered a large portion of the Goose Bay FOV
80t PACE latitude. A southward velocity perturbation. similar to with a maximum extent within the FOV of both radars of approx-
that at Sondrestrom (Figure 8). is evident -0200 UT. The pertur- imately 300 in longitude by 90 in latitude. This area corresponds

bation is first directed away, then toward the radar. It propagates to a square roughly 1000 9 000 kinm and the actual perturbation

westward from Sondrestrom through the field of view of Goose co ave coverld a l area. Furthe whlehtgh-

Bay. The propagation in the magnetic west direction is displayed latitude echoes received from Goose Bay were somewhat limited.

in Figure 10. which shows the arrival time at a PACE latitude of the electric field perturbation clearly extended at times to latitudes

72.50 of the southward velocity increase at several longitudes t olectrd fie p olarbati on dary exte rred from to d es

across the FOV of the Sondrestrom and Goose Bay radars. These
measurements.

data are consistent with a uniform westward propagation speed of

-900 m/s. Note from Figure 9 a similar perturbation occurring Estimate offthe Reconnection Rate
near 0310 UT which is also seen in the Sondrestrom radar d. ia
near 0300 UT and which propagates through the FOV of both The reconnection electric field, as mapped into the ionosphere.
radars. can be evaluated by measuring the plasma velocity perpendicular

As was seen at Sondrestrom, the disturbances also move to the estimated location of the polar cap boundary. in the bound-
southward through the Goose Bay field-of-view. This is evidenced ary reference frame Ide la Beaujardihre et al., 19911. In the pre-
by the beam 4 data. since this beam is almost parallel to the mag- sent case, we can readily estimate the flow rate across the pole-
netic meridian. (See. for example on Figure 9 between 710 and ward boundary of the aurora using the Sondrestrom data. This
74*). This southwestward motion is consistent with a propagation flow is in general small, consistent with the small interplanetary
front that is inclined with respect to the north-south direction, and electric field during this time period. It increases significantly
that propagates westward. during the periods of enhanced southward velocity associated with

Plate 2 illustrates how this perturbation travels through the the stronger auroral intensifications. On the basis of DMSP data.
* Goose Bay field-of-view. Four consecutive panels are shown the actual boundary between open and closed field lines may have

(0201 to 0211 UT). similar to those of Figure 7. except that the been - 2* in latitude poleward of the poleward auroral boundary as
color-coded values were calculated by subtracting. at each gate. detected from E region density enhancements. The Sondrestrom
the average from the measured Doppler velocity. First, a region latitude coverage was purposely limited during this time period to
of enhanced "away" flow moves in from the east, filling in nearly increase the experiment time resolution near the poleward bound-
the entire southern half of the FOV by the time of the first panel. ary of the aurora. Thus the Sondrestrom radar was not scanning to
It is replaced by a region of significantly enhanced "toward" flow the polar cap latitude inferred from DMSP. However. assuming
that can be seen to move from east to west. that the location of the polar cap boundary did not have large v An-

Going back to Figure 9, one can see from beam 10. which ations with time or longitude, we can use the Goose Bay electric
makes a significant angle (-32*) with respect to geomagnetic field.
north, that the east-west plasma velocity might have reversed as Figures 7 and 9 show that the electric field at the boundary was
the disturbance passed across the Goose Bay FOV. For example, generally quite weak, consistent with a small reconnection electric
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field. Figure 9 indicates that the propagating electric field struc- et al. 119931 observed rapid bursts in plasma convection using the

ture extended to latitudes above the polar cap boundary. During European incoherent scatter (EISCAT) radar. However. those

the time of the southward perturbation the reconnection electric observations were mostly point measurements and gave little

field in the ionosphere increased substantially, reaching peak val- information on the spatial and temporal evolution of the convec-

ues of the order of 25 mV mi-. This value for the reconnection tion bursts.

electric field is only an estimate, but it is clear that the reconnec- De la Beaujardlire and Heelis [ 19841. using AE-C and Chat-

lion rate increased in association with the velocity disturbance anika radar data, observed sudden increases in the equatorward

structure. Since the southward plasma drift increased over a broad convection. These events were located at the poleward edge of

latitudinal range. an error in the polar cap boundary would not the auroras, and they might be similar to the events reported here.

change this conclusion. However, the cycle time of the Chatanika radar mode during these

observations was too long to estimate how these electric field

4. SUMMARY ..\NDC()NCLiSIONS perturbations propagated. and how the associated auroral

Observations at the poleward boundary of the aurora were precipitation evolved.

made during a quiet period that lasted about 30 hours. During this Sergeev et al. t119901 described regions of enhanced southward

period the IMF was oriented almost exclusively sunward. The ionospheric convection that propagate southward through the

DMSP ion and electron energy fluxes and the large-sc:de precipi- STARE radar beam. These events differ from those described

tation boundaries did not change appreciably during the observa- here, in that the data correspond to active conditions, and no well-

tion interval. The potential drop across the polar cap remained defined auroral structures could be identified in associatiou with
very small. The small ionospheric electric fields are consistent them (although the optical ASC data were contaminated by

s, ith the fact that the electric field carried by the interplanetary moonlight).

medium is almost zero. However, this orientat; in does not corre- Similar events in terms of auroral precipitation were reported

spond to a minimum in the area of open polar cap field lines, this by Pidovkin 119911. Auroral motions mapped out from a chain of

area would have been smaller if B- had been positive, and thus the ASC showed a behavior similar to what we have here: at the

poleward boundary of the auroras remained within the radars poleward edge of the auroral oval, arcs were usually drifting

field-of-view during most of the observation interval. equatorward, and new arcs were being formed poleward of the

Despite the overall conditions of quiet auroral activity and pre-existing arcs. But again, these obserations took place during

small electric fields. midnight sector observations revealed that active conditions.

the electric field and auroral precipitation were quite dynamic. Therefore events similar to ours have been observed before.

Intciisifications of the poleward most arc were observed every 10 but each observation was made with a different set of instruments.

to 20 nin. These intensifications were associated with the with different spatial and temporal resolutions, and under different

polcward appearance of a new arc. Individual arcs drifted geophysical conditions. We thus cannot conclude with certainty

equatorward. whether any of the previously reported events are the same as
Approximately once per hour. stronger intensification events ours.

took place that had the following characteristics: Interestingly. the intensification events reported in the present

I. Fading of the most poleward arcs. followed by a rapid paper are similar in many respects to transient events observed at
increase in precipitation (E region electron density increases by Svalbard near noon using optical instruments [e.g.. Sandholi.

approximately an order of magnitude). 1990: Fael ce al.. 19921: in the noon sector, at -10-mm intervals.
2. Formation of a nes, arc poleward of the pre-existing arcs. arcs brighten, move poleward. and new arcs are formed equator-

and equatorward motion of all arcs at a velocity of-27) mi. s . ward of the pre-existing arc system. Coincident EISCAT obser-

3. Propagation of a southward plasma drift disturbance vations show that these transient events are associated with

through the Sondrestrom and Goose Bay FOV. The plasma E x B increases in the poleward plasma convet ,ion ILockwood et al..
southward drift more than doubled. and the disturbance propa- 19891. As expected, the dayside events have plasma convection

gated we,,tward at speeds of- It(X) in s . and arc motion that arc poleward around noon. whereas these

4. This electric field disturbance is associated with an increase motions are equatorward during our events near midnight. Also.

in the plasma flow across the poleward boundary of the auroral the new arc that appears is equatorward of the pre-existing arcs

otal and appears to he associated with a local increase in the around noon. and poleward around midnight. Therefore it is

r,,,connection rate. tempting to draw a parallel between the dayside and nightside
5. A DMSP pass revealed the simultaneous presence. pole- events, and to associate the nightside events with transient

ward of the auroral electron boundary. of ion precipitation similar increases in plasma transfer from open to closed field lines and the

to the velocity-dispersed ion structure events that have been asso- dayside events with transient increases in plasma tiansfer from

ciated with the PSBL. closed to open field lines.
Previous studies have also shown that nightside auroral activity Williams ct al. 119931 and Sergeev et al. 119901 also associated

can take place at very high latitudes during geomagnetically qui- the transient events they observed with rapid increases of the
escent periods. For example. substorms have been observed on nightside reconnection rate. The data we present give support to

contracted ovals IAkasofi. 19731 and auroral brightenings that this interpretation. The ion-dispersion signature in the DMSP data

repeat every 5 or 10 minutes have been observed at the boundary indicates that the increase in reconnecti--n might be associated

between diffuse and discrete auroras [Sergeev et ial.. 19861. with enhanced energization in the distant tail current sheet, as

Although the intensification events described here resemble sub- would be expected from an enhancement in the cross-tail electric

storms, they are probably a separate class of phenomena because field ILvons and Speiser. 19821. The ion fluxes could have been

the initial auroral breakup occurs along the poleward-most auroral large enough to be detected by DMSP because the electric field in

arc rather than along a more equatorward arc. the distant tail increased significantly. In a way similar to recon-

These events are probably not rare, and they have some nection on the dayside. our events are also associated with propa-

resemblance to other events described in the literature. Williams gating electric field structures having enhanced vorticity that are
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