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ABSTRACT 
Combined observations by meridian scanning photometers, ali-

sky auroral TV camera and the EISCAT radar permitted a detailed 
analysis of the temporal and spatial development of the midday 
auroral breakup phenomenon and the related ionospheric ion flow 
pattern within the 71-75° invariant latitude radar field of view. 
The radar data revealed dominating northward and westward ion 
drifts, of magnitudes close to the corresponding velocities of 
the discrete, transient auroral forms, during the two different 
events reported here, characterized by IMF |Bv/Bz| < 1 and > 2, 

respectively (IMF B2 between -8 and -3 nT and By > 0). The spa
tial scales of the discrete optical events were " 50 km in lati
tude by ~ 500 km in longitude, and their lifetimes were less than 
10 minutes. Electric potential enhancements with peak values in 
the 30-50 kV r̂ nrje are inferred along the discrete arc in the IMF 
|BWB<! I < 1 case from the optical data and across the latitudinal 

extent of the radar field of view in the |Bv/Bz | > 2 case. Joule 
heat dissipation rates in the maximum phase of the discrete 
structures of " 100 ergs cur's - 1 (0.1 Wnr 2) are estimated from 
the photometer intensities and the ion drift data. These observa
tions combined with the additional characteristics of the events, 
documented here and in several recent studies (i.e., their quasi-
periodic nature, their motion pattern relative to the persistent 
cusp or cleft auroral arc, the strong relationship with the 
interplanetary magnetic field and the associated ion-drift/E-
field events and ground magnetic signatures) are considered to be 
strong evidence in favour of a transient, intermittent reconnec-
tion process at the dayside magnetopause and associated energy 
and momentum transfer to the ionosphere in the polar cusp and 
cleft regions. The filamentary spatial structure and the spectral 
characteristics of the optical signature indicate associated 
localized " 1 kV potential drops between the magnetopause and the 
ionosphere during the »ost intense auroral events. The duration 
of the events compares well with the predicted characteristic 
times of momentum transfer to the ionosphere associated with the 
FTE-related current tubes. It is «uggested that, after this 2-20 
minutes interval, the sheath particles can no longer reach the 
ionosphere down the open flux tube, due to the subsequent auper-



Alfvénic flow along the magnetopause, conductivities are lower 
and much less momentum is extracted from the solar wind by the 
ionosphere. The recurrence time (3-15 minutes] and the local time 
distribution (" 09-15 MLT) of the dayside auroral breakup events, 
combined with the above information, indicate the important roles 
of transient magnetopause reconnection and the polar cusp and 
cleft regions in the transfer of momentum and energy between the 
solar wind and the magnetosphere. 

1. INTRODUCTION 

The progress of theoretical and experimental studies related 
to solar wind-magnetosphere coupling at the dayside magn=topause 
during recent years has stimulated an increased interest in 
ground-based observations of the dayside, high-latitude iono
sphere (e.g. Cowley, 1986). One crucial question is to what 
extent the polar cusp and cleft regions contribute to the overall 
mass, momentum and energy transfer between the shocked solar wind 
(magnetosheath) and the ionosphere (e.g. Baumjohann and Pasch-
mann, 1987). Furthermore, the basic physics of the energy/momen
tum transfer processes at the dayside magnetopause is a matter of 
great controversy at present (e.g. Lundin, 1987). 

It is expected that ground-based remote sensing techniques, 
with their ability to continuously monitoring the temporal and 
spatial variations ot the ionospheric signatures. will have a 
great impact on this problem. Among the most relevant parameters 
to observe are the optical aurora, the ionospheric ion drift/E-
field and the associated magnetic field perturbations. Thus, 
si"jltaneous, coordinated observations of these parameters is 
•xpectad to be a most important project in the coming years. 

Distinct responses to change ir. the solar wind electric 
field havs bean documented by observing these parameters separa
tely or in combination (e.g. Rishbeth et al.. 1985; Lockwood et 
•1.. 1986; Etemadi et al.. 1988a: Lockwood and Cowley. 1939: Todd 
at «1.. 1988b: Sandholt at al.. 1985. 1986a.b: Clauer et ai.. 
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1984: Friis-Christensen, 1986), indicating a direct relationship 
between the solar wind - magnetosphere interaction process at the 
magnetopause and the polar cusp/cleft ionosphere. A minimum 
ionospheric response time of a few minutes in the early post-noon 
sector was reported by Etemadi et al. (1983a), Todd et al. 
(1938b), and Lockwood and Cowley (1989). In this study we focus 
on certain transient, intermittent ionospheric events near the 
dayside polar cap boundary and discuss the possible relationship 
with magnetopause flux transfer events and associated energy and 
momentum transfer to the cusp/cleft ionosphere, based on coordi
nated observations of the three parameters mentioned above. 

The optical signatures and the related ground magnetic 
impulses, named midday auroral breakup events by Sandholt et al. 
(1989a), have been reported in a series of papers (Sandholt et 
al., 1985; Oguti et al., 1988; Kokubun et al., 1988; Sandholt and 
Egeland, 1988; Sandholt, 1987, 1989; Sandholt et al. 1989a). 
These transient events form on the equatorward edge of the back
ground, stable cusp or cleft aurora, propagate poleward and fade 
within their lifetime of 2-10 min. They are observed as arcs or 
arc fragments in both 630 nm and 557.7 nm auroral emissions. Ion 
drift events related to the optical phenomenon have been reported 
by Lockwood et al. (1989 ), Sandholt and Egeland (1988), and 
Sandholt et al. (1989b). Some characteristics of these events 
are: i) occurrence in the 09-15 hrs MLT interval, ii) occurring 
almost exclusively during IMF B* < 0, iii) 2-5» poleward motion 
(velocity < 1.5 km S"' ) of the discrete auroral structure across 
the persistent cusp or cleft aurora, after a localized breakup 
near the cusp/cleft equatorward boundary, iv) longitudinal motion 
[velocity " 3-5 km s-') related to IMF B.. i.e. westward or east
ward corresponding to positive or negative B< , respectively, in 
the northern hemisphere, v) latitudinal width of arcs of " 50-
100 km, vl) longitudinal extent of arcs of " 500-1000 km, vii) 
lifetime " 2-10 «in., viii) quasi-periodic occurrence with recur
rence time " 3-15 min.. ix) enhanced westward ion drift/northward 
E-field IIMF B. > 0. northern hemisphere), i.e. V» " 2-5 km/» or 
E, ' 100-300 mV/n. x) precipitating electron flux with average 
energies " 0.3-2 keV, xi) 0-200 nT H-coaponent magnetic deflec
tion» in the form of single, aono-or bipolar pulses. The deflec-
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tion amplitude is determined by the the ionospheric Hall conduc
tance, electric field and latitudinal extent of the Hall current 
filament associated with the discrete auroral arc (from the Biot-
Savart law). 

The events described above should be distinguished from 
another category of dayside impulsive events with similar spatial 
and temporal scales which have been reported in several recent 
studies (e.g. Friis-Christensen et al. 1988, Glassmeier et al., 
1983; Potemra et al., 1988; Sibeck et al., 1983a,b; McHenry et 
al., 1989). Farrugia et al. (1989) show this second class of 
phenomena to be closely associated with solar wind dynamic pres
sure variations and consequent magnetopause motions. The typical 
inferred ionospheric signatures, i.e. a twin vortex convection 
pattern with related field-aligned current filaments separated by 
" 1000 km in the east-west direction, (cf. Friis-Christensen et 
al., 1988), occur on closed field lines near the polar cap boun
dary, predominantly on the dayside, and are propagating invari
ably tailward at speeds " 5 km/s. Poleward motions are not typi
cal. In contrast to this, the dayside breakup events occur fre
quently at noon (within 09-15 MLT; with no midday gap), they are 
observed during intervals of extremely steady solar wind flow, 
the pattern of motion is strongly influenced by the IMF-orienta
tion, and they are invariably moving poleward (northwest, north 
or northeast, depending on IMF Br.) Thus, when B\ is positive, 
northwestward motion is typical. also in the postnoon sector, 
i.e., sunward motions can occur in that case. These differences 
do not necessarily mean that the two phenomena are always unrela
ted, however (et. Sibeck and Gosling. 1989). 

Loekwood et al. (1989) found that the quasi-periodic auroral 
breakup events In the early postnoon sector were associated with 
bursts of enhanced ion flow, as observed at a similar longitude 
by EISCAT, and that the transient arcs and arc fragments marked 
the flow reversal boundary between westward (IMF B< > 01 flow to 
the south (collocated with the persistent cleft or cusp auroral 
and eastward flow to the north. This was shown to be conilstont 
with Southvood's model of the FTE-related ionospheric flow pat
tern I Southwood. 19R5: 1981). 

In this study, we examine the detailed temporal and spatial 
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evolucion of the auroral structures in relation to EISCAT ion 

drift observations, using all-sky TV data in combination with the 

photometer data. In addition, the associated geomagnetic signa

tures are obtained from a four-point meridian chain of magnetome

ter stations located in the invariant latitude range 67-76° . 

The four different data sets are presented in Section 2. 

These observations are then discussed in Section 3.1, with empha

sis on certain characteristic aspects of auroral electrodynamics 

in the cusp ionosphere. The relationships between the observed 

cusp auroral dynamics and localized, sporadic reconnection at the 

dayside magnetopause and magnetosphere-ionosphere coupling are 

elaborated in Section 3.2, and related to recently published 

models. The earlier search for ionospheric signatures of flux 

transfer events and the main findings of the present work are 

summarized in Section 4. The ground magnetic perturbations asso

ciated with one of the midday auroral breakup events discussed in 

the paper, are calculated in the Appendix, using the optical 

intensities in combination with the ion drift data. 

2. OBSERVATIONS 

Figure 1 shows the meridian scanned every 18 seconds by the 

photometers at Ny Ålesund. Spitzbergen (e.g. Sandholt et al., 

1985, 1986a), in relation to the two azimuths employed by the 

EISCAT program CF-4 (identical to the POLAR experiment described 

by van Eyken et al. (1984) and Willis et al. (1986), except that 

line-of-sight velocities, vi.,, are recorded every 10 seconds). 

The position marked on the photometer scan (dashed line) are for 

the given zenith angle at Hy Ålesund (HA) (positive to the 

north). for an assumed 630 nm emission altitude of 250 km. The 

solid circles and crosses mark the centres of the radar scatter

ing volumes for azimuth 1 and 2. respectively 1332* and 356* east 

ot geographic north at Troass. T). Vectors derived from the beaa-

swlnging technique are ascribed to the points marked by open 

circles, mid-way between the azimuths on the some L-shell. Solid 

squares mark the location of magnetometers at My Ålesund (NA). 
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Hornsund (H), Bjarnoya (B), and Tromsø (T). All positions and 

scans are mapped into an invariant latitude - MLT frame at 10.00 

UT on 12 January, 1988. The radar beamswings between these two 

azimuths with a 5-minute cycle. The joint radar-optical observa

tions described here were made on 12 January, 1988 between 09.00 

and 09.30 UT. This period is at the start of a longer period (2.5 

hours) during which 9 dayside breakup events, with associated ion 

flow bursts, are observed (Lockwood et al., 1989). In this study 

the multichannel meridian photometer data are combined with all-

sky TV camera images, in order to map the two-dimensional auroral 

distribution with high temporal resolution for two of these 

events. 

2.1 Photometer and radar observations 
Figure 2 shows meridian photometer scans at 630.0 and 557.7 

nm wavelengths for the interval 09.06-09.30 UT (panels (a) and 

(b)) and ion drift data in panels (c) to (i). This interval 

corresponds to roughly 11.45-12.15 MLT for the vector radar data 

and to about 12.15-12.45 MLT for the optical events between 

Hornsund and Ny Ålesund (Figure 1). 

The photometer data for this 25 min period show a red-domi

nated, persistent cusp or cleft arc, together with two major 

transient optical events at 09.09-09.12 UT and 09.20-09.28 UT. A 

clear poleward motion of the two transient structures is obser

ved. Assuming a red lins emission peak altitude of 250 km. north

ward velocities of 1.2 and 0.7 km-'s are derived for the inter

vals 09.09.33-09.11.43 and 09.21.35-09.24.10 UT, respectively. 

The green line emission is strongly and transiently enhanced 

during these intervals, with a peak intensity ' 15 kR at 09.22 

UT. Before and after the transient events the green line intensi

ties observed within the persistent arc are generally less than 1 

k*. This low background is typical for a limited region around 

local noon, characterized by a ainiaua of discrete auroral forms. 

often referred to as the «idday gap (e.g. Cogger et al.. 1977I; 

note, however, that there is no gap in the occurrence of discrete 

transient arcs, of the kind shown in figure 2 let. also Sandholt 

tt al. 1919a). 

In panel (c) . 2.3-ainute resolution vectors derived in the 
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way described by Willis et al. (1986) are shown for the first 7-9 
gates {for which the signal-to-noise ratio was sufficient). The 
latitude of the equatorward boundary of the persistent red-domi
nated cleft/cusp aurora is marked in this panel by the Jot-and-
dash line. In addition, the dashed lines give the locations of 
the transient optical structures as a function of time, deter
mined by the photometer traces and the TV images shown in Figure 
3. The events of enhanced westward ion drift are seen to be in a 
band of latitudes collocated with the cusp-like emission. The 
vectors show a rotation of flow towards north for the northern
most gates (7 and 8) in the 09.09-09.12 UT period, when the 
optical arc was intensifying and moving poleward, followed by a 
swing to enhanced westward flow preceding the onset of the second 
optical event at 09.20 UT. 

Care must be taken when interpreting the vector data because 
flow changes are taking place over time scales comparable with 
the radar beamswinging period. Etemadi et al. (1988b) have consi
dered the effects of the use of this technique with step-function 
changes in real flow speed, and note two effects. "Smoothing" 
causes the observed flow increase to be spread over a 5-minute 
period about the change, while "mixing" causes a spurious north
ward component to be introduced by real changes in westward flow 
(and vice-versa). If the flow is purely westward, only the smoo
thing effect need to be considered because the effect of "mixing" 
on the northward flow component is very small for the CP-4 beam 
geometry. The nature of the spurious "mixing" effects depends on 
the phase of the flow onset relative to the beamswinging cycle, 
and hence we would expect different effects for each event if 
"mixing" was * major factor. The lack of such variety in Figure 3 
of Lockwood «t al. (1989) confirms that "smoothing" is the domi
nant effect. In practice, we may regard the data as 3-point 
running means of 2.5 minute resolution observations, 

ror each sat of vectors at a given UT. the potential '.••.. 
across the north-south dimension of the radar field-of-view ii 
computed by integrating the observed northward electric field 
over the first 7 radar gates. Figure 3(d) shows the variation of 
Ota which, like the vectors from which it Is derived, is smoothed 
over a 7.3-minute period. Panels (e) to '1) of Figure 2 show the 
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10-second resolution line-of-sight velocities observed along the 

two azimuths by the EISCAT radar (dots are for azimuth 1 and 

crosses for azimuth 2) in gates 1-5 (cf. Figure 1). 

The line-of-sight velocities, vin , observed by the radar 

show that the onset of the first event is marked by two cycles of 

pulsations of period 80 s. These observations are to the south 

of both the transient optical feature and the channel of flow, 

which is enhanced during the event onset (see the vector data-

panel c) . Gates 1-5 are presented because only they had suffi

cient signal-to-noise ratio to give reliable iru< values (see 

analysis of errors by Bromage, 1984). Such pulsations are also 

present, although less clearly defined, after 09.15 UT, at the 

onset of the second event. The vioi indicate that the largest 

northward flows in the first event may decay rapidly (09.07.30-

09.10.00 UT at azimuth 1 and 09.10.00-09.12.30 at azimuth 2). The 

onset of enhanced westward flow in the second event is difficult 

to detect because of the superposed pulsations. However, the rise 

in vi os for azimuth 1 commencing near 09.12.30 and the decrease 

for azimuth 2 commencing near 09.15.00 could both be interpreted 

as such an onset. For gate 5, the two azimuths are 315 km apart 

and hence we would, with this interpretation of the vi o> data, 

predict a westward propagation of the flow onset of 2 kms-'. This 

is close to the westward ion velocity observed in the vector data 

for this range gate following the onset. 

2.3 All-aky TV obaarvationa 
Figure 3A «hows a representative TV image sequence of the 

transient optical event initiated near 09.20 UT. We notice a 

localized structure (arc-fragmentI appearing near the horizon in 

the east at 09.20.17 UT (second frame). The location of the 

western edge of this structure is estimated to be * 200 km to the 

south and * 300 km to the east of Ny Ålesund, in geomagnetic 

coordinates, at 09.20.17 UT. During the next minute the lumino

sity expanded towards the northwest and reached the photometer 

scanning plans at ' 09.21.35 UT (cf. also Figure 2). with the 

peak 557.7 nm Intensity at 28* south of zenith. Both the aoving 

transient and the cuap/clsft aurora further south are characteri

zed oy long field-aligned rayt with sharp lower borders. The 
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09.22.00 UT picture is seen to be most pronounced in this re
spect. By 09.24.45 UT (picture 9) the transient form reached its 
maximum east-west elongation, in the phase of fading intensity. 
The location was then slightly south of zenith. 

Figure 3b shows the same sequence in the form of auroral 
intensity contours in geographical coordinates. The plot is 
obtained from digitized TV images and is based on an assumed 
emission altitude of 130 km. This means that the contours are 
relevant for the low-altitude, discrete auroral component only. 
From this plot we derived a westward propagation velocity of 3.1 
km s-' for the lower border of the leading edge of the transient 
structure, between 09.20.55 (frame 3) and 09.22.00 UT (frame 5). 
After this time the velocity decreased significantly. 

2.3 The optical events: 
Occurrence frequency and spatial distribution 
The two events presented in this article (cf. Figure 2) are 

two of a series of 9 similar events that occurred between 09.00 
and 11.30 UT on 12 January, 1988 (Lockwood et al., 1989, their 
Figure 3) . The average recurrence time within the interval is 
then " 15 min. After 10 UT IMF B< was changing between negative 
and positive values which contributed to a reduced occurrence 
frequency within the interval. Prior to 10 UT, when IMF B* was 
consistently southward, the recurrence period was 7 min. 

During condition» similar to those for 09.00-10.00 UT (IMF 
Bi < 0. B» >> 0) on November 24, 1987. 15 events vere recorded 
from the photometer profiles within 06.15-08.30 UT (09.45-12.00 
Mt/T) . corresponding to an average recurrence time of 9 minutes 
(cf. Sandholt st al., 1989a). The quasi-periodic nature of the 
optical «vent* is an important property which suggests a link 
with (lux transfer events at the magnstopause. Rljnbeek et «1 . 
(1984) found that the nsan repeat period of FTEs was 8 min. for 
stable southward IMF. In stost of the optical cases, characterized 
by lower auroral intensities than those analyzed here, clear 
ground magnetic signatures are not observed by visual inspection 
of the standard magne tograias obtained by fluxgala instruments. 

The local elms distribution of the optical events as w«li as 
the tins history of one individual event (cf. also Figure 3) are 



schematically illustrated in Figure 4. This occurrence pattern is 

based on observations from one single ground station as it rota

tes with the earth from prenoon to postnoon hours (i.e. it is not 

a snap-shot). The initial phase (breakup) is usually outside the 

field of view of the meridian scanning photometers and is there

fore not detected by that technique. All-sky TV observations 

provide the necessary complementary information, summarised by 

Figure 4b. The TV observations are mainly sensitive to the green 

line (557.7 nm) emissions and show the luminosity tends to elon

gate in the east-west dimension during the rapid westward motion 

of the event (Phase I - see Figure 7). The second poleward-moving 

phase (II) is when the optical intensities fade. 

2.4 Meridian chain magnetometer data 

Figure 5A shows H-component magnetograms from Ny Ålesund 

(HA), Bjørnøya (B), and Tromsø (T), located as indicated in 

Figure 1. The 08-09 UT (11.30-12.30 MLT) period was very quiet in 

terms of magnetic and auroral activities. A smooth negative (H-

component) bay is seen at Ny Ålesund from " 09.10 UT onwards, 

while the corresponding deflection at Bjørnøya is positive. 

Maximum amplitudes " 100 nT are observed at both stations. The 

Tromsø trace shows a negative H-component, but weaker than at Hy 

Ålesund. Positive H-component deflections are observed at Horn

sund (Figure 5C). These magnetograms indicate a rotational con

vection reversal near the meridian of the magnetometer chain, 

when taking into account all three components (Figures 5B, C). 

Several short-lived pulses are superposed on this rather smooth 

DP2/DPY-like deflections. From the Ny Ålesund (Figure 5A, B) and 

Hornsund (Figure 5C) traces we notice in particular the perturba

tions around 09.10 and 09.23 UT (marked by the first 2 arrows!, 

which corresponds to the transient optical events reported above 

(Figure 2). Positive H-deflections occurred at both stations. 

Peak values were ~> 40(09.12 UT) and 30 nT<09.23 UT) at Ny 'l=sund 

and 35 and 75 nT at Hornsund, after subtracting the background 

perturbation. In the 09.12 UT case ^ Z " 0 at Hy Ålesund and 3C 

nT at Hornsund, indicating the discrete aurora near zenith at fly 

Ålesund to be the source of the deflection. At 09.22-09.23 \IT _Z 
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is negative at Ny Ålesund (- 45 nT) and positive at Hornsund (75 

nT), consistent with a Hall-current filament associated with the 

discrete aurora located between the two stations (cf. Figure 3B). 

Further analyzis of the magnetic deflection during the 0920 UT 

event is given in the Appendix. 

2.5 IMF data 

15 second averaged IMP-8 IMF data (cf. Figure 6) reveal a 

stable total field intensity (15-18 nT) during the 06.00 to 11.35 

UT interval on 12 January, 1988. IMF B^ (GSM coordinates) was 

invariably negative between 08.05 and 09.50 UT. Both the Bj and 

BY components were increasing between 09.00 and 09.30 UT, from-

8 to - 3 nT and from 11 to 16 nT, respectively. Bx values between 

- 7 and - 12 nT were observed. The total field was approximately 

constant, between 17 and 18 nT, during this interval. We notice 

two shorter intervals of significant IMF reorientations, super

posed on the general, slow trend during this period, at 09.06-

09.08 and 09.16-09.19 UT, characterized by IMF |Bv/B2| < 1 (̂ Br -

- 7 nT) and 3(^Bi Z 5 nT), respectively. The IMF was observed at 

a satellite location of Xsn • - 4.5 Rt , Isn = - 33 RE, ZS M = 8 

RE , for which the satellite to ionosphere lag is estimated to be 

less than 5 minutes. 

3. DISCUSSION 

3.1 Coordination of the optical, geomagnetic, 
ion drift and IMF obaervationa 

The main characterisecs of the optical and geomagnetic aspects 

of the 09.09-09.12 and 09.20-09.25 UT events (within the 12.30-

13.00 MLT interval) on 12 January, 1988 are their small-scale, 

tranaiant, quasi-period nature and their location near the polar 

cap boundary. The first, short-lived structure moved nearly due 

north, whereas the second showed a strong westward component. In 

both caaea the auroral structure had a velocity very similar to 

tl• vector ion drift obtained in the radar gates closest to it. 

Their spiky magnetic signatures are superposed on a more large-
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scale, sir.ooth trend, i.e., DP2/DPY mode deflections associated 
with the dayside region 1 current and cusp system. The discrete 
spatial structures as well as the spectral properties of the 
optical emission (cf. Appendix) strongly indicate the existence 
of associated filamentary field-aligned currents, in addition to 
the more large-scale region 1 cusp currents, associated with the 
persistent cusp auroral arc. In this section, we combine these 
data to understand the field-aiigned current structures and the 
momentum they may transfer to the ionosphere during these tran
sient events (Southwood, 1988). A peak value of " 1 keV for the 
precipitating electron flux average energy is derived from the 
photometric intensities within the discrete structure at 09.21.50 
UT (cf. Appendix). The spatial scale of the optical arc observed 
by the TV (predominantly at 557.7 nm) during 09.22-09.23 UT is 
500 km (east-west) times 50 km (north-south) . Electron energy 
fluxes " 1-10 ergs cnr !s-' and average energies " 0.5-1 keV 
within this region are indicative of significant upward directed 
field-aligned current (cf. Sandholt et al., 1989b). The details 
of the inferred filamentary current structure are not known in 
this case since no direct measurements of field-aligned currents 
are available. However, measurements from the HILAT satellite 
during a similar event (in terms of local time, electric field, 
optical emissions, and IMF orientation) did show pairs of small-
scale up- and downward directed currents, superposed on a larger-
scale region 1 current collocated within the cusp electron preci
pitation (cf. Sandholt and Egeland, 1988; Sandholt et al., 
1989b). The oppositely directed field-aligned current filaments 
were connected by a northward ionospheric Pedersen current in 
that case. Current amplitudes " 10 uA/m2 were inferred for these 
filaments from the HILAT magnetometer data. Electron precipita
tion energy fluxes " 5-10 ergs cm-' a-' and northward electric 
fields ' 200 mV nr' were observed within the structures. The 
optical intensities in this HILAT case were " 1 and 5 kR at 557.7 
nm and 630.0 nm. respectively, which are comparable with the 
intensities measured in the late phase of the second of the two 
events studied here (09.23.00 UT): however in the maximum phase 
(' 09.21.SO UT) higher intensities and somewhat different opti
cal spectral composition were observed. indicating a harder 
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electron distribution. Another difference between the HILAT case 

and the present events should be noticed. The former structures 

are totally confined within the latitudinal range of the cusp 

persistent arc and the coincident dayside region 1 current sys

tem. They don't sove north of the cusp poleward boundary, as the 

present events do. As discussed later, we infer that a larger 

transient potential difference between the magnetopause and the 

ionosphere forms during the events studied in the present paper. 

The Ny Ålesund and Hornsund magnetograms for the 09.20-09.25 

UT event show positive ^H and opposite polarities of the Z-compo-

nent of the deflection, superposed on the smooth background 

perturbation, indicating an eastward Hall current filament con

sistent with westward ion flow observed by EISCAT between the two 

stations. The peak current amplitude was probably located within 

the discrete auroral arc fragment observed 50-100 km south of Ny 

Ålesund. The height-integrated Hall conductance within the arc, 

in the photometer scanning plane, changed from 3 mhos at 09.21.50 

UT to " 0.5 mho at 09.23.00 UT, as determined from the photometer 

intensities. Fair agreement was found between the calculated and 

observed magnetic deflection at Ny Ålesund (cf. Appendix). In 

this calculation we used J> = 1 mho as an average value within 

the 70 second interval, E» > 150 mV/m, obtained from radar gates 

6-8, to model the effect of the zone of enhanced Kail current 

covering the latitudinal range from 50 to 250 km south of Ny 

Ålesund, comprising both the isolated discrete arc and the inten

sified ccsp emission further south (cf. Figure 2). 

During the 09.09-09.12 UT (" 12.30 MLT) event, corresponding 

to IMF |Bt/B*| < 1 (B/ I - 8 nT). the discrete optical aurora oc

curred as a chin sheet elongated in the east-west direction. This 

form moved poleward at a speed of 1.2 km/s, comparable with the 

ion drifts measured at the radar gates closest to the structure 

(peak v,,i for gates 4 and 5 were 1.1 and 1.3 kms -', away from 

the radar). Also notice the shore duration of this event, i.e.. 

fading away after 2.5 minutes. This is in good agreement with the 

predicted ionospheric signatures of FTEs at local noon (Lockuood 

and Cowley, 1989 and Section 3.2 below). 

A latitudinal zone of enhanced westward Ion flow was obser

ved to be collocated with the persistent cusp aurora in the 
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interval " 09.18-09.25 UT, when the IMF was characterized by 
|B>/Bz | between 2 and 3. A significant increase of the westward 
flow velocity occurred between radar gate 4. near the cusp equa-
torward boundary, and gate 7, during 09.17-09.30 UT (cf. Figure 
2). The corresponding northward E-field gradient, " 100 mV m" ' 
across a latitudinal distance 50 to 200 km is consistent with 
downward directed field-aligned current in that region, according 
to the current continuity equation. Under the actual conductivity 
conditions, i.e. moderate gradients in the region of the persis
tent cusp arc, this equation is given by the following approxima
tion: 

j, , 1 £ p <5Ex/tfX (1) 

where X denotes distance in the northward direction. A field-
aligned current amplitude " 1 pA/m2 is derived for the present 
case, corresponding to an estimated J> " 2 mhos within the per
sistent cusp arc and the E-field gradient given above. According 
to this interpretation, a downward field-aligned current with 
large temporal variation, related to the E-field gradient in 
Figure 2, is collocated with the persistent cusp auroral arc. The 
location and direction of this current is consistent with a 
recent statistical study of the region 1 current pattern near 
noon (cf. Erlandson et al., 1988). Downward region 1 current is 
expected at cusp/cleft latitudes at 13 HLT, during strongly 
positive IMF Bt conditions. 

The drift velocity of the discrete auroral structure/current 
filament to the north of the persistant cusp arc was found to be 
comparable with the ion drift velocities measured in radar gates 
6-8 during the 09.21-09.33 UT interval. The observed 3 km/a west
ward drift is in the same direction a- the westward (main compo
nent) JrxB force related to the northward ionospheric Pedersen 
current (jr) within the auroral/current filament. This force 
balances the trictional force associated with ion-neutral colli
sions. The energy transfer to the ionosphere in the form of Joule 
heat dissipation is given by 
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Uj = i x B-v E I j p - E x = r p E 2 , 2 ) 

where VH = (ExB)/B 2. 
By inserting the maximum >> value l̂ . 5 mhos) r obtained at 

09.21.50 UT (cf. Table l. Appendix), and Ex = 150 mV/m, we obtain 
for the corresponding Joule heat dissipation rate Uj 1 0.1 W m-2 
(100 ergs en -'s-' ) . Taking the area to be 50 km by 500 km, it 
alone is hence associated with a total power of ~ 10^ W, a factor 
10 larger than that due to particle precipitation (cf. Appendix). 

The northward electric field within the east-west elongated 
arc, during quasi-steady state conditions, is given by ( Mark
lund, 1984): 

A £ P E lK ' E H E J I J 
E « — • E + • E + (3) 
X __A X _A Y _A 

Lp Lp Lp 
where superscripts A and E denote quantities measured within and 
outside the arc, respectively. Equation 3 is based on current 
continuity at the equatorward boundary of an elongated slab of 
enhanced conductivity associated with the auroral arc. 

In general the last term in Eq. 3 is the major one in the 
cusp, i.e., most cuap arcs are Birkeland current arcs, according 
to the terminology introduced by Marklund (1984). Polarization 
electric fields usually play a minor role in this region, as is 
evident from the character of the ground magnetic field deflec
tions. In the discrete arc discu-sed here (09.21-09.23 UTI the 
(irst tarn in Eq. 3 could be a significant fraction of the Birke
land currant term, due to the relatively large background values 
of lr and E« . During the transient magnetometer deflections, 
observed in association with the discrete, transient cusp auroral 
structures, soae contribution nay avan ba due to the second term 
in Eq. 3, but this tar» is invariably minor for the large IHF 
| B T / B I | cusp case*, characterized by E< < E< . 

A crucial question concerning the relationship between the 
ion flow obaarvations and the optical events is the closure of 
the nat downward currant inferred at cuap latitudes south of the 
discrete arcs. The observed relationship between the temporal 



17 

changes in the ion flow pattern and the optical events indicate a 

direct connection between the two phenomena (Lockwood et al., 

1989, their Figure 3). Figure 7 schematically illustrates the 

relationship between the ion flows, auroral structures, and the 

inferred filamentary field-aligned currents discussed above. 

Figure 7b is a schematic of an event, which initially moves 

westward (phase I), before moving poleward (phase III, from which 

we predict variations in potentials across the radar field-of-

view, R, (Jio and vie corresponding to westward and northward 

flow, respectively) of the type shown in Figure 7a, relative to 

the passage of the discrete auroral structure through the photo

meter scan, P. Most of the optical events observed between 09.00 

and 11.30 UT were indeed preceded by enhancements in the cross 

cusp/cleft potential drop, or at least that part of it within the 

radar f ield-of-view, .}i a (cf. the 09.20 UT event in Figure 2) as 

predicted in Figure 7a. Such enhancements are therefore consis

tent with the onset of localized field-aligned electric fields 

and the auroral brigbtenings, as indicated in Figure 7c. 

The peak of the longitudinal potential drop inferred between 

the two radar azimuths l$i.) usually lags the >>n (north-south 

potential) peak, as shown in Figure 7a, based on the observations 

reported by Lockwood et al. (1989). This pattern is consistent 

with a dominating westward drift component in the early phase of 

the event, with subsequently increasing northward drift component 

in the fading phase. corresponding to an increased tilt of the 

flow pattern (cf. Figure 7b). The 09.20-09.25 UT case (̂ H > 0. iD 

< 0) is explained by a strong and long-lived phase I. followed by 

a weaker phase II. The negative Z-deflection at 09.20-09.25 

refers to a current filament to the south of Ny Ålesund. 

It is interesting to note that Figure 7b predicts the onset 

of an event for Bi > |B< | (strong phase I) slightly to the south 

of the radar (as shown) would give initially weak northward flow 

at R. prior to the strong westward flow. However, this will be 

superposed on the flow caused by phase II of the preceding event, 

which is also northward. If. however. the event centre were 

initially immediately north of the radar. the onset of phase I 

would give weak southward flow. This would detract fron the 

northward flow caused by phase II of the previous event. There-
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fore radar and magnetometer signatures of these events are com
plicated by the fact that they do not tend to occur in isolation 
but rather in a sequence and only a few minutes apart. 

3.2 Relationship with solar wind - Magnetosphere coupling and 
the associated momentum transfer 

The two model categories of solar wind-magnetosphere coup
ling at the dayside magnetopause with most relevance to the 
present work are the so-called boundary layer dynamo model and 
the merging/reconnection models. As pointed out by Cowley (1986) 
and Lundin (1987) neither of these descriptions seem to exclude 
the other. 

The boundary layer model assumes the existence of an injec
ted dynamo plasma (cf. Lemaire, 197"/; Schindler, 1979), generat
ing an electric field which is considered to be responsible for, 
e.g., acceleration of auroral particles and to power the dayside 
region 1 current system, with the associated energy dissipation 
in the dayside auroral oval ionosphere (Lundin, 1984; Meng and 
Lundin, 1986; Lundin, 1987) . Baumjohann and Paschmann (1987) 
noted that any such interaction has aspects of both reconnection 
and viscous-like interactions, but is by its nature a non-steady 
process. 

Several investigations indicate that viscous-like interac
tions at the magnetopause boundary layer cannot explain the large 
cross polar cap potentials observed during negative INF BY inter
vals (e.g. Wygant at al., 1983; Mozer. 1984; and reviews by 
Cowley, 1982, 1984; and Bau»Johann and Paschnann, 1987) . 

According to the quasi-steady state reconnection concept 
(e.g.. reviews by Axford, 1984; Sonnerup at al., 1981; Cowley, 
1982. 1984; Faschaann et al.. 1986), when applied to the dayside 
magnetopause, the convective flow and associated dayside region 1 
current system are driven by the solar wind electric field ap
plied to an extended X-type neutral line at the magnetopause (cf. 
Stern. 1913; Saunders, 1919). 

Southwood 11987) considered the possibility chat patchy or 
sporadic reconnection (cf. review by Oaleev et al.. 1986). as 
evidenced by FTts. at tiaes could be the doa1nant node of eonen-
tum transfer. This suggestion Is strengthened by Galeev «r al. 
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(1986), who considered a localized spontaneous process to be much 
more general and typical for the magnetopause than quasi-statio
nary reconnection (cf. also Schindler, 1979). According to the 
model of Southwood (1985, 1987), based on the Russell and Elphic 
(1979) concept, FTE-related isolated current tubes generate a 
twin vortex ionospheric flow pattern convecting through the 
dissipative ionosphere. The jxB force associated with the Peder
sen current in the central part of the tube, fed by field-aligned 
currents along the tube flanks, balances the frictional force due 
to ion-neutral collisions. The typical ionospheric scale size of 
the FTE-related tube should be a few hundred kilometers, based on 
a simple flux mapping from the magnetopause and flux conserva
tion. 

Alternative FTE concepts have been presented by Southwood et 
al. (1988) and Scholer (1988), arguing that enhancenent and 
subsequent reduction in the reconnection rate could give rise to 
elongated shells of connected field lines which are consistent 
with the observed magnet)pause FTE signatures. In these models 
there is nothing to determine the longitudinal scale size at the 
magnetopause. A similar longitudinal elongation at ionospheric 
heights is expected. An elongated FTE-related plasma configura
tion is also discussed by Lee ana Fu (198S) and Lee et al. 
(1988), related to their multiple X-line reconnection model. 

Another FTE modal with ionospheric predictions of relevance 
to the present observations has bean reported by Kan (1988). FTEs 
are proposed to ba initiated by a three-dimensional tearing of 
the magnetopause current sheet, with the intermittent nature 
determined externally by IMF fluctuations and internally regula
ted by the ionospheric line-tying affect. Among the inferred 
ionospheric signatures are Intense, multipla, elongated field-
aligned currant sheets and associated auroral arcs fanning out 
from the cusp region along enhanced convection channels, resul
ting in spiky alaetric field latitude profiles. The convection 
channel predicted by this nodal is different from the Southwood 
model since no convection reversal is Introduced Ran (1988) 
notes that the currant intensity of the paired FTE field-allgnad 
currants need not ba equal. Quite to the contrary, a net field-
aligned current 1* expected in order to account for the twisted 
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field lines (Wright, 1987) indicated by the magnetopause observa
tions (Saunders et al., 1984). Related to this, we note that the 
HILAT case presented by Sandholt and Egeland (1988) indicate 
small or zero net field-aligned current associated with transient 
and quasi-periodic cusp structures similar to those discussed 
here. 

Moses et al. (1988) reported on DE-2 ion flow observations 
and model calculations of electric field concentrations along 
portions of the dayside polar cap boundary, collocated with cusp 
particle precipitation, which they call multiple "throats". They 
note that the transient, discrete auroral structures reported by 
Sandholt et al. (1986a) may well correspond to these electric 
field concentrations; both signatures considered possibly FTE-
related. 

The characteristics of the dayside auroral breakup events, 
reported here and elsewhere (cf. Introduction), i.e., the spatial 
and temporal scales, the quasi-periodic nature, the pattern of 
motion relative to the persistent cusp or cleft auroral arc, the 
strong relationship with the IMF orientation, the associated ion 
flow/E-field events as wall as the magnetic signatures, we consi
der to be very strong evidence in favour of a transient, inter
mittent reconnsction process at the dayside magnetopause that 
constitutes a plasma-field entity along which energy and momentum 
is transferred from the magnetoaheath to the ionosphere in the 
polar cusp and cleft regions. From the present observed cases we 
note in particular the following points: 
i) The motion pattern and the lifetime of the events seem to be 

determined by the IMF |0t/Bt| ratio, i.e., the optical/radar 
events show due poleward motion, during IMF |B»/Bi| < 1 
intervals, and are more short-lived than those with dominat
ing longitudinal motion, occurring during IMF |B</Bi| > 1 

periods. This pattern agrees «all with model predictions of 
the period of time that newly-opened flux tubes related to 
transient reconnection will Impart «omentua to the ionosphe
re, depending on their direction of motion. Flux tubes that 
move poleward into the polar cap do seem to wrap themselves 
sooner over the front of the lobe and hence Impart somentun 
for a shorter time than those moving along the polar cap 
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boundary (cf. Southwood, 1987; Lockwood and Cowley, 1989; 
Lockwood et al., 1988b). However, study of a larger number 
of events is needed in order to be conclusive on this point, 

ii) The discrete auroral luminosity seems to persist for as long 
as the predicted momentum transfer (2-10 minutes) and indi
cates the existence of ' 1 kV potential drops between the 
magnetopause and the ionosphere, located near the flow 
reversal associated with the polar cap boundary. It is also 
interesting to notice that the red line emission also fades 
away when the momentum transfer stops. Thi.' could well be 
because the flow at the magnetopause turns super-Alfvénic, 
implying that the sheath particles can no longer reach the 
ionosphere down the open flux tube (Reiff et al., 1977). The 
geometrical limitation on the particle access to the iono
sphere applies dirpctly only to ions since the electron 
thermal velocities are far above the tailward convection 
speed. However, as charge quasi-neutrality is generally 
obeyed in the cusp (Burch, 1985), the region of intense 
electron flux entry is normally limited to the ion entry 
region (cf. Newell and Heng, 1987). This observation strong
ly support the notion that the cleft/cusp particles generate 
the conductivity which enables the ionosphere to extract 
momentum from the magnetosheath flow via field-aligned 
currenta along newly-connacted flux tubea (P.H. Reiff, 
private communication 1988). That momentum ia only coupled 
into the ionosphere in thia relatively narrow region, has 
recently been deduced by Lockwood et al. (1988) and Lockwood 
and Cowley (1989) fro» the rapid response of convection to 
change* In the IMF, observed using EISCAT and AHPTB. 

illj Fast waatward motion waa observed 1- the early phaea of the 
09.20-09.25 UT (' 13.00 HLT) event, after the Initial break
up near the cusp equatorward boundary. This fits well with 
the predicted field tension force Cor positive IMF Bi . After 
a few minutes the westward aotlon decreased (cf. Figure 31. 
followed by mainly poleward drift In the fading phase of the 
arc. consistent with the effect of antlsunward aagnetosheath 
flow becoming increasingly Important, as predicted by Saun
ders (19(9). 



iv) The longitudinal elongation of the optical events, i.e., 50Q 
km east-west times 50 km north-south, is in good agreement 
with the sheet geometry in Kan's model or in models of the 
effects of variations in reconnection rate (Southwood ec 
al., 1988; Scholer, 1988) or of multiple X-lines (Lee and 
Fu, 1985; Lee et al., 1988). In the isolated flux tube model 
by Southwood (1987) the optical signature is expected to be 
coincident with the upward field-aligned current at the 
poleward boundary of the central ion flow region. This means 
that the discrete optical structure could represent a rather 
small fraction of the total latitudinal extent of the event, 
as is indicated by the simultaneous radar observations pre
sented here and by Lockwood et al. (1989) (cf. also point 
viii). 

v) Enhancements in the latitudinal potential drop across the 
radar field of view with petk values " 40-50 kV during IMF 
|B»/Bz| > 1 intervals, coincident wlln the occurrence of the 
filamentary auroral field-aligned current structures, could 
be associated with temporal and spatial variations in the 
more large-scale region 1 current-cusp current system or 
more directly related to the discrete aurora i.e., by 
constituting different elements of the FTE-related flux 
tubes proposed by Southwood (1987). During cases characteri
zed by IMF |Bt/Bi | < 1 and poleward auroral and ion veloci
ties * 1-1.5 km/a, potential drops * 25-35 kv are inferred 
along the elongated arcs. Assuming the auroral arcs are 
asaociated with FTB flux tubes and that the luminosity marks 
their longitudinal seal*, these potentials should be closely 
related to the PTE potentials. 

vi) The magnetic signatures of the 09.10 and 09.20 UT events 
reported her* «how monopolar ((-component deflections related 
to Hall current filaments located n*ar the discrete arcs. 
This observation could s**m to be in favour of the shoe: 
currant model by Ran 11911). However. a more large-scale 
twin vortex convection pattern with lass distinct «agnatic 
signatur** is usually involved. Bipolar «-component deflec
tions, indicating convection reversal». and the additional 
signatures consistent with the Southwood t19871 flow r*'-
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tern (cf. also McHenry and Clauer, 1988), are observed when 
the movement of the structure relative to the station is 
favourable, as in the 10.55-11.00 UT case (Figure 5c) and 
the Dec. 10, 1983 case shown in Figures Al and A2 (cf. also 
Oguti et al., 1988). We note that it is not surprising that 
the magnetic deflections do not look exactly like the pre
dictions of McHenry and Clauer (1988). The reasons are 
revealed by these combined radar-photometer-TV camera data, 
namely: events cause major changes in conductivity distribu
tions which are also far from uniform; events have a 2-phase 
motion, and not a uniform motion over the magnetometer, and 
events are sufficiently closely spaced that their effects 
are superposed (i.e. their repetition period can be less 
than the period for which they impart momentum to the ionos
phere) . 

vii) The recurrence time (3-15 minutes) and the local time dis
tribution (' 09-15 MLT) of the dayside auroral breakup 
events (cf. Sandholt et al., 1989a), combined with the above 
information on the related ion drift events, indicate the 
important contribution of the polar cusp and cleft regions 
in the overall momentum and energy transfer between the 
•olar wind and the magnetosphere. For example. Lockwood et 
al. (1989) duduced the «vent at 10.50 UT Is associated with 
a potential of at least 80 kV. Here we have deduced the 
optical structure alone is associated with a power of over 
10* W, deposited as Joule heating. In addition to dayside 
transient reconnection, other mechanisms could play an 
Important rols at the tail flanks, contributing to the total 
snsrgy and Momentum transfer to the magnetosphere Icf. 
Oguti, 1989). 

viii) Allowing for propagation delays between the IMP-8 satellite 
and the ionosphere, it la possible that the 09.10 and 09.20 
UT «vanta could hava been initiated by changes of the orien
tation of an IMr of constant aaplitude. the IHP-S satellite 
having observed temporary southeastward and northward excur
sions (Bj still negative I. respectively. These observations 
could be consistent with the Idea that FTEs are associated 
with changes In the raconnection rate, caused by IMP flur-
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tuations, as proposed by Kan (1988), Southwood et al. 
(1988) and Scholer (1988). Honever, we note that studies f 
FTEs at the magnetopause have nearly always failed to find 
such IMF triggers and hence the variations in reconnectior 
rate and the recurrence period have been thought to aris. 
from an internal "magnetospheric clock", rather than from 
structure in the IMF. If anything, the observations pres. .i-
ted here imply that the internal clock may "lock on" to :MF 
changes if they are almost separated by tha natural int* nal 
recurrence period of " 8 min (Rijnbeek et al., 1984). 

4. SUMMARY 

Despite the considerable effort that has been made in the 
search for ionospheric signatures of flux transfer events in 
recent years, definitive experimental evidence has been difficult 
to obtain, although both ion drift events (cf. Goertz et al., 
1985; Todd at al., 1986, 1988a), optical observations (Sandhclt 
et al., 1985, 1986a; Sandholt. 1987) and geomagnetic perturba
tions (Lanzerotti et «1., 1986) have been interpreted in terms of 
FTEs. Simultaneous direct oagnecopauae and ground-based observa
tions of the phenomenon have not yet been documented although 
inferences have bean made by Coertz et al and Lockwood et al. 
11988b). The search for ground magnetic signatures (cf. McHenry 
and Clauar, 1987) has been particularly embarrassing, in part due 
to difficultias in separating affects of solar wind dynamic pres
sure pulaaa and FTE signatures (cf. Friis-Christensen et al.. 
1988; Farrugia at al.. 1989). partly due to the small spatial (in 
latitude) and temporal scales of tha central Hall current fila
ment, associated with tha discrete auroral precipitation and the 
complex evolution and structure of these events. The rather con
fusing situation resulting froa such problems has. in view of the 
high occurrence rate of the nagnetopausa pheninenon. led to a 
widespread scepticism concerning the existence of FTE signatures 
in ground-base*' data, We note that such signatures oust exist. 
however, only «ten the evolution, notion end conductivity diatri-
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bution and variation during the events are understood can they be 
identified with certainty. 

The observations reported here and by Lockwood et al. (1989) 
i.e., coordinated optical, ion drift and geomagnetic data, are 
considered to be strong evidence of transient reconnection at the 
dayside raagnetopause, commonly referred to as FTEs. Furthermore, 
the observed relationship between the optical signature, called 
dayside auroral breakup events, and the ion drift observations is 
found to be consistent with a convecting twin-vortex flow/current 
pattern in the ionosphere, similar to that proposed by Southwood 
(1985, 1987). The geomagnetic signatures are also in accord with 
this interpretation. However, the detailed field-aligned current 
configuration during the events is not known at present. Diffe
rent configurations occur, associated with different IM"7 orienta
tions. The configuration shown in Figure 7 of this paper is one 
possibility. Related to this, we note that the details of the E-
field structure associated with the discrete auroral forms will 
be a major objective during forthcoming campaigns, based on 
observations with upgraded radar technique. 

Magnetic flux transfer rates (cf. Lockwood et al., 1989) and 
associated induced electric potentials, have been derived from 
the optical and ion drift data. 

The 3-10 minute period of the optical signature during the 
individual events appear to mark the time of momentum transfer to 
the cusp/cleft ionosphere. The optical observations, i.e., spec
tral composition and spatial structure, indicate the onset of 
field-aligned potential drops 1 kV between the magnetopause and 
the ionosphere during the events. 

The present results show that, in general, ionospheric 
signature of the transient magnetopause reconnection process is 
most easily identified in the opti-al data, due to the signifi
cant emission intensities relative to the background cusp/cleft 
emission, the specific motion pattern, the temporal scale and the 
good temporal and spatial resolution of the optical instruments. 
The present events would hardly been identified from the magneto
meter data alone, due to the small amplitudes in comparison with 
the background disturbance level in most cases, and the unsatis
factory station network. A dense l< 100 km) network of stations 
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is necessary in order to analyze the magnetic signatures proper
ly, as pointed out by McHenry and Clauer (1987). 

The most characteristic features of the interplanetary 
magnetic field during the 2 hour period (12.30-14.30 HLT) series 
of events observed on 12 January, 1988, are the large Bv compo
nent, the stable amplitude and the changing orientation (IMP-3) 
few minutes preceeding some of the more pronounced events. Bt 
changed from large negative values (09.00-0930 UT) to fluctua
tions around zero later in the period. During the first part of 
the interval the recurrence period is about 7 min and this may 
indicate some role during the period of consistently southward 
IMF, of the IMF By component in triggering the magnetopause 
instability leading to topological connection of interplanetary 
and geomagnetic field lines {cf. Galeev et al., 1986 and referen
ces therein). Other external influences on the magnetopause 
reconnection process, such as solar wind dynamic pressure varia
tions seem to be involved at times, but not always. In the ab
sence of external modulations of the recurrence rate, we expect 
events to regularly repeat due to an internal magnetospheric 
period of 8 min anyway. The 09.30-11.00 UT period shows events 
can be triggered individually with longer recurrence times (here 
" 20 min) by brief southward excursions of the IMF. 

APPENDIX 
Relationship between the optical and geomagnetic signatures 

Auroral intensities derived from photometer recording along 
the magnetic meridian i» used to derive the characteristic energy 
and the energy flux of the precipitating electrons, assuming a 
Maxwellian energy distribution (cf. Rees and Luckey. 1974; Rees 
and Roble, 1986). This technique requires a stable aurora in 
magnetic zenith. In such cases ionospheric conductances can be 
estimated from the optical spectral information. In the first 
step we derive the electron energy flux (e) and the characteris
tic energy (a • E.../2) of the electron energy distribution 
function. The following formulas from Rees and Roble (19B6) are 
used: 
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where a is given in keV. Relations Ala-lc apply to the range 
0.1 < a < 2.0. When using formulas Alb-lc in deriving electron 
precipitation parameters related to the dayside aurora one must, 
however, take into account the possible contribution to the 427.8 
nm emission from resonance scattered sunlight. In the present 
work we checked the possible contamination from scattered sun
light by calculating the electron spectral parameter a using the 
red to green line ratio and comparing with Eq. Ale ( Rees and 
Luckey, 1974). 

The height-integrated conductivities £p and EH are then 
derived by the following formulas from Robinson et al. (1987): 

40E (keV) . 
I (mho) - — • e (erg cm s"1) (A2a) 

P 16 • E 2 

ave 
EH<niho) - 0.45 ' E a v e ) ° ' 8 5 Ep(mho) (A2b) 

Assuming a belt current with infinite length and finite 
width in the ionosphere and that the ground magnetic field per
turbation is due to the Hall component ot the ionospheric cur-
rente (equivalent to en assumption that the conductivity hetero
geneity is not significant. or the current is infinitely long; 
cf. Fukushima. 1969; Friis-Christensen. 19861. the horizontal 
(Bi) and vertical (Bj) components of the deflection vector on the 
ground can be expressed as (Biot-Savart's law): 

"I B 1 L g /I2n) £ : 
H o i J H 

2 2 
E h/(h «X ) dX (A3al 
N 
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_B 1 L g / (2 n) 
Z o 2 

2 2 
£ E X/(h +X ) dX (A3b) 
H N 

where h represents the current altitude, and the integration by 

dX is carried out across the current belt. 

For the ground reflection factors we use gi = g2 = 1 (A 

current sheet lying above a perfectly conducting Earth corre

sponds to gi = 2, gz = 0). Assuming a uniform current belt, 

relations A3a and A3b can be written as follows: 

.iBH (nT) 1 200-(tan~
1(X 2/h)-tan"

1(X 1/h) ) £H(mho) -EN(V/m) (A4a) 

^B z (nT) 1-200 <ln< (t^+Xj)/<h2+X2) EH(mho) • E^IV/m) (A4b) 

The above indicated procedure will then be applied to the 

09.20-09.25 UT auroral event. The westward moving auroral struc

ture (Figures 3A,B) reached the photometer scanning plane around 

09.21.35 UT and caused the photometer intensities at 09.21.50 UT 

as given in Table 1. The corresponding electron parameters (a and 

E) and the resulting ionospheric conductances are also noted in 

the Table. During the next minute the photometer intensities were 

slowly decreasing and the intensity peaks moving towards the 

magnetic zenith (" - 10' SZ). In the calculations here we have 

not corrected for the effect that the aurora was located slightly 

off the magnetic zenith. From Table 1 we notice a decrease of 5j 

from 3.0 to 0.4 mho within the 70 second interval considered. 

In the next «tap we insert typical values for Hall conduc

tance, northward electric field (E.I and latitudinal extent of 

the resulting Kail current belt for the 09.22-09.23 UT interval. 

For It we use 1 mho as an average value. The radar measured E. '_ 

150 mV/m (3 km f-• westward drift) in gates 6. 7. and 8 (cf. 

Figures 1 and 2) at 09.23.10 UT. A decrease of E» fron ' 150 to 

50 mV m-< 13 to 1 km s- • westward ion flow) was observed from 

gates 6 to 4. Thus, a Hall currant belt characterized by the 

average value» Ei - 1 mho. E» • ISO mV a-< and latitudinal extent 

ot 200 km (from 230 km to 50 km south of Ny Ålesund) Is derived 

from the optical and radar measurements. Inserting these values 
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in formula A4a,b we obtain: zfiu = 20 nT and j.Bz = - 50 nT. The 

observed peak values at this time are iH = 30 nT and iZ = - 45 

nT, i.e., deviation from the background perturbation (cf. Figure 

5B). The negative D-component is consistent with a tilted cur

rent/flow pattern with respect to geographic east-west, as indi

cated schematically in Figure 7b. 

The relationship between the optical and magnetic events is 

illustrated by the additional case reported in Figures Al and A2. 

Figure Al shows scanning photometer traces for a 25 min period 

near local noon (~ 08.30 UT) on Dec. 10, 1983, elucidating a 

characteristic behaviour of the optical events. These photometer 

records were obtained at Longyearbyen, " 115 km to the south of 

Ny Ålesund (nearly along the magnetic meridian). The zenith angle 

position corresponding to 630.0 nm emission at 250 km altitude 

above Ny Ålesund (magnetometer site, cf. Figure A2) is marked on 

the horizontal axis of the photometer stack plot. Notice the 

initial equatorward excursion of discrete emission maximizing at 

08.18 UT, well equatorward of the pre-existing cusp arc (close to 

the latitude of Hornsund), followed by a poleward motion and 

subsequent decay around 08.23 UT, close to the latitude of Ny 

Ålesund. The average velocity of poleward motion during this 5 

min interval was 1.1 km s-' . The associated magnetic deflection 

at Ny Ålesund maximized at 08.18 UT, with J 1 50 nl and negative 

j,D and zZ, consistent with an eastward Hall current filament 

located to the south of the magnetometer station. 

At this time the Hornsund magnetograms show a similar H-

component peak as in Ny Ålesund, but with *Z nearly zero, indi

cating a Hall current filament overhead, associated with the 

discrete aurora. A smaller initial negative H-deflection raxi-

mized (in amplitude) at Hornsund at 08.14 UT (cf. also the Ny 

Ålesund trace in Figure A3). Indicative of a poleward moving 

vortex pattern during the event. 

The equatorward excursion of the discrete emission relative 

to the pre-existing cusp arc equatorward boundary In the early 

phase of the event (0S.14-OS.1S UT) is in accordance with FTE 

model predictions of an Initial equatorward bulge on the polar 

cap boundary (cf. Cowley. 19S6. his rigura UAl . 

An alternative lnterpretetion Is that the Initial phase with 
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equatorward auroral expansion is produced by a solar Hind dynamic 

pressure pulse, although no indication is seen in the ISEE-2 

magnetosheath magnetic field data. In any case, the subsequent 

poleward motion is most likely FTE-related. ISEE-2 observations 

of the external magnetic field, within the magnetosheath, show 

the following values during the time of the observations reported 

above: Bz = - 30 nT, Br = 21 nT, Bx '_ 0 nT, BT = 39 nT (cf. also 

Sandholt et al., 1986a, their Figure la). 

Acknowledgement. The authors are grateful to Dr. R. Lepping, 

Goddard Space Flight Center, for provision of the IMP-8 data and 

to Dr. A. Brekke/Mr. B. Holmeslett, University of Tromsø and Dr. 

W. Krainsky, Polish Academy of Science, Warsaw for magnetometer 

data used in this paper. We also thank the Director and staff of 

EISCAT for their assistance: EISCAT is supported by the research 

councils of France (CNRS) , West Germany (MPG) , Norway (K.-.'/F) , 

Sweden (NFR), Finland (SA), and the UK (SERC). Thanks are due to 

the Norwegian Polar Research Institute, NAVF and Kyoikusha, LTD, 

for the support to the optical observation campaign at Ny Åle

sund. 

Hidday.sur. 



31 
REFERENCES 

Axford, W. I., Magnetic field reconnection, in Magnetic Reconnec-
tion in Space and Laboratory Plasmas. Geophys. Monogr. Ser., 
Vol. 30, ed. by E. W. Hones, Jr., pp. 1-8, AGU, Washington, 
D.C., 1984. 

Baumjohann, W. and G. Paschmann, Solar wind-magnetosphere coup
ling: Processes and observations, Physica Scripta, T 18, 61-
72, 1987. 

Bromage, B. J. I., Errors in velocities determined from EISCAT 
data, J. Atmos. Terr. Phvs., 46, 577-591, 1984. 

Burch, J. L., Quasi-neutrality in the polar cusp. Geophys. Res. 
Lett., 12. 469-472, 1985. 

Cogger, L. L., J. S. Murphree, S. Ismail, and C. D. Anger, Char
acteristics of dayside 5577A and 3914A aurora, Geophvs• Res• 
Lett-, 4, 413-416, 1977. 

Cowley, S. H. H., The causes of convection in the Earth's mag
ne tosphere: A review of developments during the IMS, Rev. 
Geophvs. Soace Phv».. 20, 531-56S, 1982. 

Cowley, S. W. H., Solar wind control of magr.etospheric convec
tion, in Achievement» of the International Maqnetospheric 
Study IMS. 483-494, ESA SP-217, ESTEC, Noordwijk. Netherland. 
1984. 

Cowley, S. W. H., Tha iapact of recant observations on theoreti
cal understanding of tha solar wind-magnetosphere interac
tions, J. Gsomagn. Oeoeloctr.. 38., 1223-1256, 1986. 

Clauar, C. *.., P. M. Banks, A. Q. Smith, T. S. Jdrgensen. E. 
PrUs-Christensen. S. Vennerstrim. V. B. Wickwar, J. D. Kelly. 
and J. D. Doupnlk, Observations of interplanetary magnetic 
field and of Ionospheric plasma convection In the vicinity of 
the dayside polar cleft. Geophys. Res. Lett.. U - 891-894. 
19(4. 

trlandson. R. B., L. J. Zanettl. T. A. Potemra. and P. F. By-
throw. IMP B< dependence of region 1 Birkeland currents naar 
noon. J. QeonhYS. Raa.. 9J. 9804-9814. 19*8. 

Etemadi. A.. S. V. K. Cowley. K. Lockwood. B. J. :. Broaag*. D. 
M. UiUis. and H. LQhr. The dependence of high-latitude day-
side Ionospheric flows on the north-south cooponent of the 



32 
IMF: A high time resolution correlation analysis using EISCAT 
"POLAR" and AMPTE UKS and IRM data. Planet. Space Sci. . 36., 
471-498, 1988a. 

Etemadi, A., S. W. H. Cowley, and M. Lockwood, The effect of 
rapid changes in ionospheric flow on velocity vectors deduced 
from radar beamswinging experiments, J. Atmos. Terr. Phvs.. in 
press, 1988b. 

Farrugia, C. J., M. P. Freeman, S. W. H. Cowley, D. J. Southwood, 
M. Lockwood, A. Etemadi, Pressure-driven magnetopause motions 
and attendant response on the ground. Planet. Space Sci.. in 
press, 1989. 

Friis-Christensen, E., Solar wind control of the polar cusp, in 
Solar Wind - Magnetosphere Coupling. Ed. Y. Kamide and J. A. 
Slavin, Terra, Tokyo, 1986. 

Friis-Christensen, E., H. A. McHenry, C. R. Clauer, and S. Ven-
nerstrom. Ionospheric traveling convection vortices observed 
near the polar cleft: A triggered response to sudden changes 
in the solar wind, Geophvs. Res. Lett., 15, 253-256, 1988. 

Fukushima, N., Equivalence in ground geomagnetic affect of Chap-
man-Vestine and Birkeland-Alfvén electric current systems for 
polar magnetic storms. Rapt. Ionosph. Space Res.. Japan, 23, 
219-227, 1969. 

Galeev, A. A., H. M. Kuznetsova, and L. H. Zeleny, Magnetopause 
stability threshold for patchy reconnection. Space Sci. Rev.. 
14, 1-41. 1986. 

Glassmeier, K.-H., H. Hoenish. and J. Untledt, A new type of 
short period transient magnetic variations at high latitudes. 
J. Oeoehvs. Res., in press, 1988. 

Goerti, C. It., E. Nielsen. A. Korth. K.-H. Classmeier. C. Haldou-
pis. P. Hoeg, and 0. Harvard. Observations of a possible 
ground signature of flux transfer events. J. Geoohys. Res.. 
Jfl. «069-4078. 1985. 

Kan. J. R.. A theory of patchy and Intermittent reconnectlons for 
magnetospherlc flux transfer events. J. Geoohv». Res.. 9J. 
5613-5623. 1988. 

Kokubun. $.. T. Yamamoto. K. Hay ash 1. T. Ogruti. and A. Sgeland. 
Impulsive PI bursts associated with poleward moving auroras 
near the polar cusp. J. Oeowaon. Oeoelectr..40. 537-551. 1988. 



33 

Lanzerotti, L. J., L. C. Lee, C. G. Maclennan, A. Wolf, and L. v. 
Medford, Possible evidence of flux transfer events in the 
polar ionosphere, Geophvs. Res. Lett., 13. 1089-1092, 1986. 

Lee, L. C. and Z. F. Fu, A theory of magnetic flux transfer at 
the magnetopause, Geophvs. Res. Lett.. 12, 105-108, 1985. 

Lee, L. C , Y. Shi, and L- J. Lanzerotti, A mechanism for the 
generation of cusp region hydromagnetic waves, J. Geophys. 
Res., 93, 7578-7585, 1988. 

Lemaire, J., Impulsive penetration of filamentary plasma elements 
into the magnetospheres of the Garth and Jupiter, Planet.Space 
Sci-, 25, 887-890, 1977. 

Lockwood, M. and S. W. H. Cowley, Observations at the magneto-
pause and in the auroral ionosphere of momentum transfer from 
the solar wind. Adv. in Space Res., in press, 1989. 

Lockwood, M., and M. P. Freeman, Recent ionospheric observations 
related to solar wind-magnetosphere coupling, Phil. Trans. 
Rov. Soc. (London), A. in press, 1989. 

Lockwood, M., A. P. Van Byken, B. J. I. Bromage, D. M. Willis, 
and S. H. H. Cowley, Eastward propagation of a plasma convec
tion enhancement following a southward turning of the inter
planetary magnetic field, Ceophva. Res. Lett.. 13, 72-75, 
1986. 

Lockwood, M., H. F. Smith, C. J. Farrugia, and G. L. Siscoe, 
Ionospheric ion upwelling in the wake of flux transfer events 
at the dayaide magnatopause. J. Geophvs. Res.. 93. 5641-5654. 
1988a. 

Locicwood. H., S. V. H. Cowley, and H. P. Freeman, The excitation 
of ionospheric convection. J. Geophvs• Res.. submitted, 1988b. 

Lockwood, M.. P. B. Sandholt. and S. W. H. Cowley, Dayaide auro
ral activity and monentun transfer from the aolar wind, geo
phvs. ««a. Lett.. 14. 33-36. 1989. 

Lundln. R.. Solar wind energy transfer reglona Inaida the dayaide 
aagnetopeuae. II, Evidence for an HBO generator proceaa. 
Planet, «pace Sel.. 3J. 757-770. 19*4. 

Lundin. R.. Processes in the «agnetoapheric boundary layer. Phy-
alca Scripts. Til. 15-102. 1917. 

Marklund. 0.. Auroral arc classification acbeae based on the ob
served arc-asaociated electric field pattern. Planet. Space 



34 
Sei., 32, 193-211, 1984. 

McHenry, M. A. and C. R. Clauer, Modeled ground magnetic signa
tures of flux transfer events, J. Geophvs• Res., 92, 11231-
11240, 1987. 

McHenry, M. A., C. R. Clauer, E. Friis-Christensen, and J. D. 
Kelly, Observations of ionospheric convection vortices signa
tures of momentum transfer. Adv. in Space Res-, in press 1989. 

Meng, C.-I. and R. Lundin, Auroral morphology of the midday oval, 
J. Geophvs• Res., 91, 1572-1584, 1986. 

Moses, J. J., G. L. Siscoe, R. A. Heelis, and J. D. Winningham, A 
model for multiple throat structures in the polar cap flow 
entry region, J. Geophys. Res., 9_3, 9785-9790, 1988. 

Mozer, F. S., Electric field evidence on the viscous interaction 
at the magnetopause, Geophys. Res. Lett.. 11, 135-138, 1984. 

Newell, P. T., and C.-I. Meng, Cusp width and Bz: Observations 
and a conceptual model, J. Geophva. Res.. 92, 13673-13678, 
1987. 

Oguti, T., Questions on the dayside reconnection in connection 
with magnatospheric convection and open-closed boundary, J. 
Oeomaon. Geoelactr.. submitted Sept. 1988. 

Oguti, T., T. Yamamoto, K. Hayashi, S. Kokubun, A. Egeland, and 
J. A. Holtat, Daysid* auroral activities and related magnetic 
impulses in the polar cusp region, J. Geoaagn. Geoelectr.. 40. 
387-408. 1988. 

Paachmann, G., I. Papamastorakis, W. Baumjohann, N. Sckopke, C. 
W. Carlson, B. U. O. Sonnerup. and H. Luhr. The magnetopause 
(or large magnetic shear. AMPTE/IRM observations, J. Geophys. 
Re». 21. 11099-11115. 1986. 

Potemra, T. A., L. J. Zanetti. K. Takahaahi. R. E. Erlandaon. H. 
Luhr. 0. T. Marklund. L. p. Block, and A. Lazarus. Hulti-
aatallit* and surface observations of transient ULP waves, -l^ 
Gaophvs. Re»., submitted 198$. 

Race. H. H. and D. Luckey. Auroral electron energy derived from 
ratio* of apectroecoplc emission». 1. Hodel computations. J_̂  
G.ophva. Res.. 2*. 5181-518*. 1974. 

Ree», K. K. and R. 0. Roble. txcltatlon of 0(10) atoma ln aurora 
and amission of the (OI) 6300A line. Can. J. Phv».. 6J. 1608-
16U. 1986. 



35 
Reiff, P. H. , T. W. Hill, and J. L. Burch, Solar wind plasma 

injection at the dayside magnetospheric cusp, J. Geophvs. 
Res., 8_2, 479-491, 1977. 

Rijnbeek, R. P., S. W. H. Cowley, D. J. Southwood, and C. T. 
Russell, A survey of dayside flux transfer events observed by 
ISEE 1 and 2 magnetometers. J. Geophvs. Res-, 89. 786-800, 
1984. 

Rishbeth, H., P. R. Smith, S. W. H. Cowley, D. M. Willis, A. P. 
van Eyken, B. J. I. Bromage, and S. R. Crothers, Ionospheric 
response to changes in the interplanetary magnetic field ob
served by EISCAT and AMPTE-UKS, Mature. 318. 451-452, 1985. 

Robinson, R. M., R. R. Vondrak, K. Miller, T. Dabbs. and D. 
Haidy, On the calculation of conductances from the flux and 
energy of precipitating electrons, J. Geophvs• Res•, 92. 2565-
2569, 1987. 

Russell, C. T. and R. C. Elphic, ISEE observations of flux trans
fer events at the dayside magnetopause, Geophvs. Res. Left.. 
6, 33-36. 1979. 

Sandholt, P. E., Interplanetary and geophysical effects of a 
coronal transient, Ann. Geophys.. 5A, 219-230, 1987. 

Sandholt, P. E., IMF control of the polar cusp and cleft auroras, 
Adv. in Space Re»., in press, 1989. 

Sandholt, P. E. and A. Egeland, Auroral and magnetic variations 
in the polar cusp and cleft - Signatures of magnetopause 
boundary layer dynamic». A»trophv«. Space Sci.. 144. 171-199. 
1988. 

Sandholt. P. E., A. Eg»land. J. A. Holtet. B. Lybekk. K. Svanes. 
and S. Ashsim, Largs- and ssall-acal» dynamic» of th» polar 
cu.p. J. Gsophvs. »»».. 2fl. 4407-4414. 198S. 

Sandholt. P. 8.. C. S. Deshr. A. Bgslsnd. 8. Lybekk. R. Vi»r»ck. 
and G. J. Romlck. Signatures In the daysid» aurora of plasma 
transfer from th» nagnstoshsath. J. Oaophv». Re».. 91. 10063-
10079. 19«6a. 

Sandholt. r. «.. A. Igelsnd. and a. Lybskk. On the »p«tlal rela
tionship between auroral «Missions and magnetic »lgnatures of 
plasma convection in the Midday polar cusp and cap ionosphere» 
during negativ» snd positive IMT Bt: A cas» study. J. Osophv»• 
ftfJu.. U - 12101-12112. 1916b. 



36 

Sandholt, P. E., B. Lybekk, A. Egeland, R. Nakamura and T. Oguti, 
Midday auroral breakup, J. Geomaqn. Geoelectr., in press, 
1989a. 

Sandholt, P. E., B. Jacobsen, B. Lybekk, A. Egeland, P. F. By-
throw, and D. A. Hardy, Electrodyna/uics of the polar cusp 
ionosphere - A case study, J. Geophvs. Res., in press, 1989b. 

Saunders, M. A., Origin of the cusp Birkeland currents, Geophvs• 
Res. Lett., submitted 1988. 

Saunders, M. A., C. T. Russell, and N. Sckopke, Flux transfer 
events: Scale size and interior structure, Geophvs. Res. 
Lett., 11, 131-134, 1984. 

Schindler, K., On the role of irregularities in plasma entry into 
the magnetosphere, J. Geophys. Res., 84, 7257-7266, 1979. 

Scholer, M., Magnetic flux transfer at the magnetopause based on 
single X line bursty reconnection, Geophvs. Res. Lett.. 15, 
291-294, 1988. 

Sibeck, D. G. and J. T. Gosling, Solar wind dynamic pressure 
variations and possible ground signatures of flux transfer 
events, J. Geophvs. Res., in press, 1989. 

Sibeck, D. G., W. Baumjohann, R. C. Elphic, D. K. Fairfield, J. 
F. Fennel1, W. B. Gail. L. J. Lanzerotti. R. E. Lopez. H. 
LQhr, A. T. V. Lui. C. G. HacLennan, R. W. McEntire, T. A. 
Potemra, T. J. Roaanberg. and K. Takahashi, The magnetospheric 
responsa to 8 minute-period strong amplitude upstream pressure 
variations, J• Geophvs. Ras•. in press, 1988a. 

Sibeck, 0. O., H. Baumjohann, and R. E. Lopaz, Solar wind dynamic 
pressure variations and cranaianc magnetoepheric signatures. 
Gaophvs. Raa. Latt., submitted 1988b. 

Sonnerup, B. U. O., G. Paschmann. I. Papamastorakea. N. Sckopke. 
G. Kaerendel. S. J. Barne, J. R. Aabrldge. J. T. Gosling, and 
C. T. Ruaaell. Evidence (or magnetic field reconnection at the 
Earth's magnetopause. J. Geophvs. Ras.. i&. 10049-10067. 1981. 

Southwood. 0. J.. Theoretical aapacte o( lonoaphere-magneto-
ephere-aolar wind coupling. Adv. in Space Res., J. 7-14. 198*. 

Southvood. 0. J.. The Ionospheric signature o( flux transfer 
events. 3. Oaoohve. Res. JJ. 3207-3213. 1987. 

Southvocd. 0. J.. Mill. Trana. Roy. Soc. (London). A. in press. 



37 

Southwood, D. J., C. J. Farrugia, and M. A. Saunders, What are 
flux transfer events ?, Planet. Space Sci., 36. 503-508, 1983. 

Stern, D. P., The origins of Birkeland currents. Rev. Geophys. 
Space Phvs., 21, 125-138, 1983. 

Todd, H., B. J. I. Bromage, S. W. H. Cowley, M. Lockwood, A. P. 
van Eyken, and D. M. Willis, EISCAT observations of bursts of 
rapid flow in the high latitude dayside ionosphere, Geophys• 
Res. Lett., 13_r 909-912, 1986. 

Todd, H., S. W. H. Cowley, A. Etemadi, B. J. I. Bromage, M. Lock-
wood, D. M. Willis, and H. Luhr, Flow in the high-latitude 
ionosphere: measurements at 15-second resolution mode using 
the EISCAT "POLAR" experiment, J. Atmos. Terr. Phvs., 50, 423-
446, 1988a. 

Todd, H., S. W. H. Cowley, A. Etemadi, M. Lockwood, D. M. Willis, 
and H. Luhr, Response of flow in the high latitude ionosphere 
to sudden changes in the north-south component of the IMF, 
Planet. Spa*"?. Sci.. 36. 1415-1428, 1988b. 

Van Eyken, A. P., ::. Rishbeth. D. M. Willis, and S. W. H. Cowley. 
Initial observations of plasma convection at invariant latitu
des 70-77», J. Atmoa. Terr. Phvs•• 46. 635-641. 1984. 

Willis, D. H., M. Lockwood, S. W. H. Cowley, A. P. van Eyken, B. 
J. I Bromage, H. Riahbath. P. R. Smith, and S. R. Crothers. A 
survey of simultaneous observationa of the high-latitude iono
sphere and interplanetary magnetic field with EISCAT and 
AHPTE-UKS. J. Atmoa. Tarr• Phva.. ig.. 987-1008. 1986. 

Wright, A. W., The avolution of an isolated reconnected flux 
tuba. Planet. Space Sci• J5. 813-819. 1987. 

Wygant, J. R.. R. B. Torbart. and t . S. Hoxer. Comparison of SJ-3 
polar cap potential dropa with the interplanetary magnetic 
field and aiodela of magnecopause reconnect ton. J. geophvs. 
Raa.. U . 5727-S73S. 1983. 



38 

Table 1 Discrete aurora and ionospheric conductances 

Time (UT 1(630.0) 1(427.8) El.energy El.energy J> E« 
(zenith (keV) flux (mhos) (mhos) 
angle) (ergs cm - 2 s- ' ) 

09:21:50 6.8 kR 1.6 kR 0.5 8 6.6 3.0 
(27°SZ) (28»SZ) 

09:23:00 4.5 KR 0.5 kR 0.2 2.5 1.7 0.4 
(18» SZ) I23°SZ) 



39 

FIGURE CAPTIONS 

Fig. 1. The relative orientations of the southern half of the 

scan covered by the photometers at Ny Ålesund (dashed line), and 

the two azimuths employed by the EISCAT CP-4 experiment. The open 

circles are the points for each range gate, midway between the 

two azimuths, to which the vector data are ascribed. Also shown 

are the locations of magnetometers at Ny Ålesund (NA), Hornsund 

(H), Bjørnøya (B), and Tromsø (T). The locations of 630.0 nm 

emissions, for an assumed altitude of 250 km, are shown for 

various zenith angles (positive northward) at Ny Ålesund. 

Fig. 2. Photometer and EISCAT observations on 12 January, 1988. 

The panels show the intensity of (a) 630.0 nm and (b) 557.7 nm 

emissions as a function of zenith angle (zero corresponding to 

overhead at Ny Ålesund) and universal time. Panel (c) shows the 

observed ionospheric flow vectors, (d) the potential, ytu , obser

ved across the north-south extent of the EISCAT field-of-view and 

panels (e)-(i) show the 10-second line-of-sight velocities (posi

tive away from radar) observed in gates 1-5; circles being for 

azimuth 1, crosses for azimuth 2. The locations of the equator-

ward boundary of the persistent cusp-like emission as well as the 

transient arcs at 09.09-09.12 and 09.20-09.27 UT. are marked in 

panel (c). These estimates are obtained from the optical data, 

assuming emission altitudes of 250 and 130 km (lower border) for 

the red and the green lines, respectively. 

Fig. 3A. All-sky TV picture sequence of discrete auroral forms 

within 09.19.40-09.24.45 UT in zenith angle-geographical azimuth 

coordinates. 

Pig. 3B. Auroral intensity contours in geographical coordinates 

Cor the picture sequence shown in Fig. 3A. obtained from digital 

TV images and assuming the lower border of the discrete aurora at 

130 km altitude. The optical observation lite at My Ålesund (t.TA) 

with the ,notometer scanning plane and the magnetometer stations 

•e Hornsund (HSD) are marked in the Figure. 
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Fig. 4. Schematical illustration of the local time distribution 

(panel a) of the discrete optical events (solid curved arrows) as 

well as the detailed time history of one individual event (09.20-

09.27 UT on 12 January, 1988). Panel a is based on observation 

from one single ground station as it moves with the earth fro-

pre-noon to post-noon hours (not snapshot). The real recurrence 

time for these events is much shorter than indicated in the 

sketch. 

Fig. 5A. Horizontal component magnetograms from Ny Ålesund, 

Bjørnøya and Tromsø (cf. Fig. 1 for locations) with arrows mark

ing three major optical/radar events discussed in the text. 

Fig. 5B. Z, D, and H-component magnetograms from Ny Ålesund. 

Fig. 5C. Z, D, and H-component magnetograms from Hornsund. 

Arrows mark three major optical/radar events discussed in the 

text. 

Fig. 6. IMP-8 IMF data: Total field (Bi ), and IMF orientation 

expressed in GSE azimuth (A) and latitude (6) angles are shown in 

the three panels, respectively. 

Fig. 7. Panel (a) shows sketch of typical time development of 

latitudinal ()>•) and longitudinal (}<•) potential drops across 

the radir field of view as well as scanning photometer trace of 

che simultaneous discrete aurora, t, and Ci mark auroral breakup 

and subsequent photometer intensification, respectively. Panel 

(b) shows two simplified snapshots of ion flow pattern and rela

tionship with discrete auroral arc in two phases during a typical 

event (compare panel (c)>. Radar field of view and photometer 

scanning plana are marked in Che figure. Panel (c) shows a meri

dian cross section of Che cusp/cleft region with downward field-

aligned current (IMF BT > 0} in the persistent arc and tilaaen-

tary current system coupled with the discrete, transient aurora 

further north. 
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Fig. Al. North-south meridian-scanning photometer profiles of 

the red oxygen line at 630.0 nm (left panel) and the blue band 

(H2 I at 427.8 nm (right panel) obtained from Longyearbyen, Sval

bard. Arrows in the left panel mark the spans in zenith angle and 

time of a transient auroral event. The zenith angle position of 

250 km altitude aurora above Hy Ålesund is indicated on the 

horizontal axis in the left panel (from Sandholt et al., 1986a). 

Fig. A2. H, D, and Z-component magnetograms from Ny Ålesund for 

December 10, 1983. The duration of the photometer event shown in 

Figure Al is marked by horizontal bars in each panel. 
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